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Preface

Primary infections of the central nervous system (CNS) such as meningitis or 
encephalitis typically present with fever and obvious neurologic impairment, facili-
tating management. In contrast, when neurologic disease occurs secondary to a sys-
temic infection or with an insidious presentation, diagnosis and treatment may be 
delayed, often with catastrophic results. The goal for this book is to highlight 
uncommon causes of neurologic dysfunction that may not be easily recognized.

The first part reviews the general diagnostic approach for any patients presenting 
with suspected CNS infection. Molecular diagnostic testing has revolutionized the 
ability to rapidly identify CNS pathogens without an invasive procedure; however, 
understanding the strengths and limitations of available assays is crucial in inter-
preting results and guiding additional testing and treatment. When diagnostic evalu-
ation is unrevealing, it is important to consider the possibility of antimicrobial-induced 
neurotoxicity, which paradoxically may mimic infection of the central ner-
vous system.

Parts II to IV highlight specific pathogens causing CNS infection. These chapters 
include updated discussions of common neurotrophic pathogens, such as HSV or 
VZV, as well as neurologic manifestations of systemic infections, such as bacterial 
endocarditis and HIV.  International travel and immigration have broadened the 
spectrum of infections seen domestically. Infectious disease physicians, neurolo-
gists, and neuro critical care providers need to consider not just endemic pathogens 
but also imported infections such as neurocystercercosis or neurobrucellosis if there 
is a compatible travel history.

Diseases of the spinal cord are discussed in Part V. This includes both bacterial 
processes, such as epidural abscesses and myelitis, typically seen with viral infec-
tions. Importantly, this part includes a chapter on post-infectious encephalomyelitis, 
an autoimmune sequela of systemic infection.

The final part includes miscellaneous infections. The chapter on tick-borne 
infections highlights the broad spectrum of infections caused by bacteria, viruses, 
and protozoa transmitted through tick bite. Whipple’s disease is a diagnostic chal-
lenge, particularly when infection is limited to the CNS. Prion disease remains a 
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uniformly fatal syndrome, with early consideration of this diagnosis key in preven-
tion of secondary cases through neurosurgical procedures or tissue donation.

As new pathogens are identified, new diagnostic techniques introduced, and new 
antimicrobials developed, it is likely that causes of neurologic complications associ-
ated with infectious diseases will continue to expand. Recognition of these uncom-
mon and less easily identified syndromes has the potential to expedite treatment and 
improve neurocognitive outcomes.

Houston, TX, USA Rodrigo Hasbun, MD, MPH
Nashville, TN, USA Karen C. Bloch, MD, MPH
Cleveland, OH, USA Adarsh Bhimraj, MD

Preface
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Series Editor’s Introduction

This volume on Neurological Complications of Infectious Diseases edited by and 
with contributions from Drs. Rodrigo Hasbun, Karen Bloch, and Adarsh Bhimraj 
appears at an opportune time amidst the current rapidly evolving recognition of the 
myriad ways in which systemic infection is associated with central nervous system 
(CNS) complications. Initial reports regarding the current worldwide COVID-19 
pandemic have emphasized the widespread systemic pathologies which involve 
upper and lower respiratory, cardiovascular, gastrointestinal, and hematologic sys-
tems. More recently, various attacks on the central and peripheral nervous system 
have become increasingly appreciated, including stroke due to small vessel throm-
bosis, acute encephalitis, encephalopathy, myelitis, and Guillain Barre Syndrome. 
As with other neurological complications of infectious disease, these include direct 
infectious as well as immunologically mediated complications. As outlined by the 
editors in their preface, this volume begins with a clinical and molecular approach 
to diagnosis in patients with suspected CNS infection including consideration of 
antimicrobial-induced neurotoxicity. Subsequent parts include discussions of the 
specific infectious pathogens which cause CNS infection, various spinal cord com-
plications, and post-infectious encephalomyelitis. In view of the Corona-caused 
pandemics of recent years, the importance of travel- and immigration-derived infec-
tious illness is also given appropriate emphasis.

Daniel Tarsy, MD
Professor of Neurology, Harvard Medical School
Beth Israel Deaconess Medical Center
Boston, MA, USA
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Chapter 1
Diagnostic Approach to a Patient 
with Suspected CNS Infection

Adarsh Bhimraj, Karen C. Bloch, and Rodrigo Hasbun

A diagnostic hypothesis for a suspected CNS (Central nervous system) infection 
has two components: an anatomic and a microbiologic or etiologic diagnosis. The 
anatomic diagnosis localizes the inflammation to a specific part of the CNS. The 
microbiologic or etiologic diagnosis identifies the pathogen or etiology that is caus-
ing the CNS inflammation. An accurate anatomic and microbiologic hypothesis 
requires a detailed history (including symptoms, duration, exposure & epidemio-
logic risk factors), a complete physical exam including a thorough neurologic exam, 
and an appropriate diagnostic work-up including imaging, labs and cerebrospinal 
fluid (CSF) testing (in meningitis and encephalitis but not in focal suppurative intra-
cranial lesions). Prognosis and management depend on a rapid and accurate diag-
nostic hypothesis and testing.

A practical approach to the patient with suspected CNS infection would be to 
answer the following questions, to make a diagnostic and prognostic hypothesis:

 1. Where is the “itis” or inflammation (anatomic site)?
 2. How long has it been going on (duration of illness)?
 3. Is it community acquired or healthcare acquired?
 4. What is the exposure or epidemiological history?

A. Bhimraj 
Department of Infectious Diseases, Apt 635, Cleveland Clinic Foundation,  
Cleveland, OH, USA 

K. C. Bloch 
Division of Infectious Disease, MCN A-2200, Vanderbilt University, Nashville, TN, USA
e-mail: Bkaren.bloch@vumc.org 

R. Hasbun (*) 
UT Health McGovern Medical School, Houston, TX, USA
e-mail: Rodrigo.Hasbun@uth.tmc.edu
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 5. Is the patient a “normal host” or an “immuno-compromised host”?
 6. Is it an acute severe infection or a chronic stable infection?
 7. What is the type of CSF inflammatory response on routine CSF analysis?

 1: Where Is the Inflammation?

Microorganisms have tropism to certain anatomic sites in the CNS, and outside the 
CNS. So anatomic localization helps identify the etiology or organism. S. pneu-
moniae and Neisseria meningitidis have tropism to the leptomeninges or pia- 
arachnoid [1]. Herpes simplex virus-1 (HSV-1) has tropism to the medial temporal 
lobe, and West Nile virus and Japanese encephalitis have tropism for the basal gan-
glia [2]. At a cellular level, poliovirus and West Nile virus infects the anterior horn 
cells causing an acute flaccid paralysis, and JC virus infects the oligodendrocytes, 
which produce myelin in the central nervous system causing white matter lesions 
caused by demyelination on magnetic resonance imaging (MRI). Anatomic local-
ization can be done based on history, neurologic exam, imaging especially with 
MRI of the CNS, and CSF analysis. A patient with meningitis can have headache, 
meningeal signs, leptomeningeal enhancement on a T1 post contrast MRI of the 
brain, and increased white blood cells, with a low glucose on routine CSF analysis. 
The patient with HSV-1 encephalitis can present with amnesia, and temporal lobe 
changes on brain MRI [2]. Often clues to the diagnosis can be present at anatomic 
sites outside the CNS. Nocardia causes brain abscesses and also causes lung nod-
ules. Sarcoidosis causes a chronic basilar leptomeningeal meningitis resembling 
tuberculosis, sometimes with bilateral hilar lymphadenopathy [3, 4]. Classifying the 
patient into the following anatomic syndromes can be helpful as it gives clues about 
the possible etiology.

• Meningitis: Leptomeningeal meningitis is inflammation of the pia-arachnoid and 
pachymeningitis is inflammation of the dura.

• Encephalitis: This is inflammation within the brain parenchyma.
• Myelitis or Myelo-radiculitis: This is inflammation of the spinal cord with or 

without involvement of the spinal nerve roots. Myelitis can happen with or with-
out concomitant encephalitis.

• Space occupying ring enhancing lesions in the brain on post contrast CNS 
imaging.

• Stroke or stroke-like syndromes involving vascular territories of the brain.

 2: How Long Has It Been Going on?

Meningitis can be divided into acute, subacute or chronic if the duration of symp-
toms is less than 5 days, 6–30 days, or > 30 days, respectively [5]. Etiologies such 
as bacterial meningitis (e.g., S. pneumoniae or N. meningitidis) causes severe acute 
meningitis [1], but indolent slow-growing organisms like fungi and Mycobacterium 

A. Bhimraj et al.
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tuberculosis cause subacute or chronic meningitis [3–5]. A patient can also have 
recurrent acute CNS infections such as meningococcal meningitis due to terminal 
complement deficiencies or due from reactivation of a latent virus such as HSV-2, 
which can cause a benign recurrent lymphocytic meningitis (Mollaret’s meningi-
tis) [1].

 3: Is It Community Acquired or Healthcare Acquired?

In the CNS, healthcare acquired ventriculitis or meningitis (HCAVM) usually occur 
after neurological trauma or neurosurgical procedures [6]. Once the skull and dura 
are breached by trauma or surgery, do hospital acquired pathogens like Pseudomonas 
aeruginosa, E. coli and Staphylococcus aureus find a portal of entry into the CNS 
[6]. These organisms, unlike organisms that cause community acquired bacterial 
meningitis like S. pneumoniae or N. meningitidis, lack the capacity to directly 
invade the CNS.

 4: What Is the Exposure or Epidemiological History?

The following three factors are essential for the pathogenesis of a CNS infection:

• The organism should be able to infect the human host and also have CNS tropism.
• The host should be susceptible to an infection by a particular organism. S. pneu-

moniae is a highly virulent organism capable of causing an infection even in a 
normal host and is also neurotropic. On the contrary Listeria monocytogenes 
usually causes meningitis in the elderly and hosts with deficient T cell immu-
nity [1].

• A conducive environment and host behavior for transmission (exposure or epide-
miology) is necessary, in addition to the host and pathogen factors. A mosquito 
bite in an endemic area could place the patient at risk for West Nile virus, 
Japanese encephalitis or even cerebral malaria [1]. On the contrary anyone can 
sporadically get HSV encephalitis.

Obtaining a tailored exposure history is very important in establishing the etiol-
ogy, and ordering appropriate diagnostic tests. A few examples are as below.

• Travel: Travel to Arizona puts the patient at risk for chronic meningitis from 
Coccidioidomycosis [7].

• Insect bites: Tick bites are a risk factor for neuroborreliosis, and mosquito bites 
for arboviral infections [1].

• Animal bites: Raccoon bites or bat contact puts one at risk for rabies [2].
• “Sick contacts”: Close contact with someone with meningococcal meningitis 

(in a college dorm or military barrack) increases risk for acquiring it [1]. Health 
care workers and prison inmates are at a higher risk for chronic meningitis from 
tuberculosis [4].

1 Diagnostic Approach to a Patient with Suspected CNS Infection
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• Sexual history: An acute lymphocytic meningitis in a patient with recent unpro-
tected sexual intercourse could be acute retroviral syndrome or neurosyphilis [1].

 5: Is the Patient a “Normal Host” or 
an Immunocompromised Host?

The susceptibility of a patient to different infections depends on which arm of the 
immune system is compromised and the net state of immunosuppression. 
Opportunistic pathogens are organisms that are usually nonpathogenic in a normal 
host, but are pathogenic in an immunocompromised host. Hematopoietic stem cell 
transplant patients, are at a higher risk for opportunistic infections pre-engraftment, 
and subsequently if they need to be treated with immunosuppressive medications 
for graft versus host disease. Solid organ transplant patients, are at highest risk 
immediately after transplantation, and subsequently if they need to be treated for 
transplanted organ rejection.

The differential diagnosis for the same anatomic syndrome, changes signifi-
cantly based on the host. For example, ring enhancing lesions or abscesses on brain 
imaging (post contrast MRI or CT) in an immunocompetent host are usually bacte-
rial abscesses. However in a HIV patient with a CD4 count of less than 100/μL, 
cerebral toxoplasmosis should be considered. In a solid organ transplant recipient, 
invasive molds are higher on the differential.

 6: Is It an Acute Severe Infection or a Chronic 
Stable Infection?

Differentiating an urgent treatable condition from a chronic stable infection is vital. 
Risk factors associated with an urgent treatable cause include: (1) abnormal host 
(immunosuppressed or elderly), (2) abnormal neurological exam (seizures, focal 
neurological findings, abnormal mental status), and (3) abnormal laboratory values 
(CSF glucose<45 mg/dl, CSF protein >100 mg/dl or Serum WBC >12,000) [8]. 
Clinicians should act fast if a patient has acute worsening of mental status or rapidly 
progressive neurological deficits within hours. Antibiotic delay in the treatment of 
bacterial meningitis can increase mortality [1]. A patient with a spinal epidural 
abscess who develops sudden lower extremity weakness and incontinence needs 
emergent surgery [9]. On the contrary, there is no rush to treat a patient who pres-
ents with headaches for weeks and no focal neurological features from chronic sta-
ble lymphocytic meningitis.

A. Bhimraj et al.
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 7: What Is the Type of CSF Inflammatory Response?

Routine cell counts and chemistry analysis of the CSF can be done quickly and can 
provide valuable diagnostic information. CSF can be obtained either by lumbar 
puncture from the subarachnoid space or from the cerebral ventricles via an external 
ventricular drain or ventricular shunt.

• CSF total nucleated cell count (WBC count) and differential- If the CSF 
WBC count/μL is in the thousands and is predominantly neutrophilic, it is sug-
gestive of a bacterial meningitis from a virulent organism like S. pneumoniae. If 
the CSF WBC count/μL is close to 100,000 and is neutrophilic, it is suggestive 
of intra-ventricular rupture of a brain abscess. The differential diagnosis for a 
mild to moderate lymphocytic CSF pleocytosis is very broad, including viral, 
fungal, mycobacterial, neoplastic and immune mediated meningitis or encepha-
litis. The differential diagnosis for a predominantly eosinophilic CSF pleocytosis 
(greater than 10%) is very narrow and includes parasitic worm infections, 
Coccidioidomycosis, or an adverse reactions to intrathecally administered drugs. 
Certain CNS infections like Creutzfeldt-Jakob disease (CJD) and progressive 
multifocal leukoencephalopathy (PML) do not usually cause CSF pleocytosis.

• CSF: Blood glucose ratio is another discriminatory test. A very low ratio (0.4 or 
less) is suggestive of a bacterial, fungal, mycobacterial or neoplastic meningitis. 
It is important not to rely just on the CSF glucose level, and to obtain a blood 
glucose level at 30–45 min around the time of CSF sampling. CSF glucose levels 
usually equilibrate with blood levels in less than an hour. CSF glucose of 60 mg/
dl is “normal”, but the CSF: blood glucose ratio would be very low if the patient’s 
blood sugar were 600 mg/dl.

 Diagnostic Testing in a Patient with a CNS Inflammatory or 
Infectious Syndrome

It is beyond the scope of this chapter to go into the details of diagnostic testing, but 
we will briefly discuss general principles of testing. Diagnostic imaging especially 
MRI brain with and without contrast is not just useful for anatomic localization, but 
the radiographic pattern on different sequences can give clues about etiology. For 
example, a ring enhancing lesion on T-1 post contrast MRI with restricted diffusion 
in the center on diffusion weighted images, is more suggestive of an abscess than 
a tumor.

Tests for organism detection can be performed in the blood, serum, CSF or tissue 
from a biopsy of the brain or meninges. Traditional stains and cultures for bacteria, 

1 Diagnostic Approach to a Patient with Suspected CNS Infection
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fungi, and mycobacteria still play an important role, though the yield might be low 
especially when the CSF or tissue sample is of an inadequate volume. There are 
newer CSF molecular diagnostic tests like Multiplex PCR’s, universal 16S or 18S 
ribosomal RNA PCR’s, and unbiased meta-genomic sequencing available for organ-
ism detection. The same principles of diagnostic testing that apply to traditional 
stains and cultures are also relevant when interpreting molecular diagnostic tests. 
There could be false positive tests from contamination during specimen collection 
both with traditional and molecular tests. An example would be of a single colony 
of Staphylococcus epidermidis that grows from the CSF bacterial culture, or is 
detected by a molecular test. Both these “positive CSF tests” are suggestive of a 
contamination. Latent viruses like EBV, CMV and HHV-6, can reactivate in the 
context of another CNS inflammatory disease and a positive test from the CSF does 
not necessarily mean they are the cause.

Serum and CSF antibodies, both for infectious and immune mediated etiologies, 
are also problematic to interpret. Antibodies to infectious organisms often remain 
positive for months and years after the resolution of the infection, and a positive test 
doesn’t always mean that the patient has an active infection. Borderline positive 
antibody tests are often false positive. The clinician should be extremely cautious in 
interpreting these “positive” tests especially in the workup of chronic meningitis 
and chronic encephalitis, as the false positive rate increases with the number of tests 
ordered.

 A Clinical Syndrome Based Approach to CNS Infections

 Acute Meningitis

This is inflammation of the meningitis which occurs rapidly within hours to days. 
Acute neutrophilic meningitis in adults is usually from community acquired bacte-
rial pathogens like S pneumoniae, N. meningitidis and Listeria. Acute lymphocytic 
meningitis is usually from enteroviruses or arboviruses like West Nile. In the post 
craniotomy patient, virulent pathogens like E. coli and Staphylococcus aureus can 
cause an acute meningitis or cerebral ventriculitis. It is also important to note that 
post craniotomy meningitis from indolent pathogens like Staphylococcus epidermi-
dis can present as chronic meningitis.

 Recurrent Acute Meningitis

The differential diagnosis depends on the type of CSF pleocytosis. The causes of 
recurrent lymphocytic meningitis are:

• Mollaret’s meningitis from recurrent HSV-2 reactivation in the pia-arachnoid.

A. Bhimraj et al.
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• Intermittent leaking into the subarachnoid space from epidermoid cysts or 
craniopharyngiomas.

• Recurrent episodes of autoimmune disease (Bechet’s, sarcoid, or granulomatous 
polyangiitis), medication (NSAID’s, Trimethoprim, or IVIG).

The causes of recurrent neutrophilic meningitis are:

• Recurrent bacterial meningitis secondary to anatomic communication of the sub-
arachnoid space with a non-sterile surface (mucosa or skin). This could be sec-
ondary to congenital defects or from trauma to the face, head or spine. If the 
patient has clear rhinorrhea or otorrhea, then test the fluid for beta-2 transferrin. 
It’s presence in the fluid is highly suggestive that it is CSF.

• Immunoglobulin deficiency or asplenia can lead to recurrent infections from 
encapsulated organisms like S pneumoniae, N. meningitidis and Haemophilus 
influenzae. These organisms are neurotropic and cause meningitis.

 Chronic Meningitis

This is meningitis that has an indolent presentation and lasts weeks to months [3]. 
Often an etiologic diagnosis is difficult, requiring multiple lumbar punctures and 
extensive testing. A few of the causes to consider in the differential diagnosis are:

• Cryptococcus neoformans
• Coccidiodomycosis, Histoplasmosis, Blastomycosis
• Spirochetes (Syphilis, Lyme, Leptospirosis)
• Acanthamoeba
• Mycobacterium tuberculosis
• Leptomeningeal carcinomatosis (adenocarcinomas of the lung, breast and 

melanoma)
• Lymphomatous leptomeningitis (NHL, ALL)
• Leptomeningeal gliomatosis

The differential diagnosis for chronic meningitis that predominantly involves the 
basilar leptomeninges includes fungal meningitis, tuberculous meningitis, neoplas-
tic meningitis and neurosarcoidosis. If there is concomitant uveitis (inflammation of 
the iris, ciliary body or choroid of the eye) then consider the following etiologies

• Sarcoidosis.
• Bechet’s syndrome, which can also involve the brainstem.
• Vogt-Koyanagi-Harada syndrome which presents with meningitis, deafness, 

granulomatous uveitis, alopecia, vitiligo, poliosis of eyelashes, eyebrows 
and hair.

• Wegner’s granulomatosis
• Sjogren’s syndrome
• Tropheryma whippeli.

1 Diagnostic Approach to a Patient with Suspected CNS Infection
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 Encephalitis

This is inflammation of the brain parenchyma. An etiologic diagnosis is unknown in 
more than half of the patients [10]. Most common known etiologies are either infec-
tions (usually viral) or immune mediated encephalitis. The most common infectious 
etiology for acute sporadic encephalitis is Herpes simplex virus, which has a predi-
lection to involve the medial temporal lobes. Episodes of encephalitis involving 
deep gray matter (basal ganglia) during the summer and fall in the US is suggestive 
of West Nile viral infection. Japanese B encephalitis, which is more common in 
Asia, can have a presentation similar to West Nile encephalitis.

Autoimmune encephalitis has to be considered as quickly as the most common viral causes have 
been ruled out [2]. It was initially described as a paraneoplastic syndrome, but is now reported 
without any association with tumors as well. It is either associated with antibodies against neu-
ronal cell surface synaptic proteins, or with antibodies against intracellular proteins [2].

 Myelitis or Myelo-Radiculitis

Myelitis is inflammation of the spinal cord and myelo-radiculitis is inflammation of 
both the spinal cord and spinal nerve roots. The causes are infectious, post infec-
tious or post vaccination, or autoimmune. Symptoms can include weakness, pares-
thesias, and/or bowel, bladder or sexual dysfunctions. Infectious organisms that 
usually cause extensive transverse and vertical myelitis are herpes simplex and vas-
cular zoster (VZV). CMV usually causes myeloradiculitis in immunocompromised 
patients especially in HIV patients with CD4 counts of 100/μL or less. Certain 
viruses have a predilection to infect anterior horn cells and cause acute flaccid paral-
ysis. These viruses are West Nile virus, nonpolio enterovirus like enterovirus D68, 
and Japanese B encephalitis virus. Among the noninfectious etiologies of extensive 
myelitis, the most important is Neuromyelitis optica, which can cause significant 
CSF pleocytosis and can mimic an infectious myelitis.

 Space Occupying Rim Enhancing Lesions in the Brain

Space occupying rim enhancing lesions in the brain on post contrast T-1 MRI can 
be caused by brain abscesses, demyelinating lesions, tumors or hematomas. Multiple 
brain abscesses in different vascular territories of the brain are usually from heam-
atogenous spread, and are caused by a single organism like Staphylococcus aureus 
or Streptococcal species. Solitary brain abscesses are usually infections that spread 
from a contiguous focus like mastoiditis or paranasal sinusitis and are polymicro-
bial with gram-positive cocci, anaerobes, and sometimes gram-negative rods. 
“Complete” ring enhancement of the lesions is usually seen in brain abscesses and 
tumors, whereas “incomplete” ring enhancement or the letter “C” shaped enhance-
ment is usually seen in demyelinating lesions like acute demyelinating encephalo-
myelitis (ADEM) or in tumefactive demyelinating lesions.

A. Bhimraj et al.
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 Stroke or Stroke Like Syndromes from Infectious 
and Inflammatory Etiologies

Infections of the central nervous system can cause ischemic strokes either by direct 
invasion of the vessel wall to cause vasculitis, or when meningeal inflammation in 
meningitis spreads to the Virchow Robin-spaces surrounding the blood vessels, and 
eventually to cerebrovascular arterial wall to cause strokes. Infectious and inflam-
matory causes of stroke are:

• Varicella Zoster vasculitis
• Meningovascular syphilis
• Basilar meningitis from yeasts like Cryptococcus, Candida & dimorphic fungi, 

or Mycobacterium tuberculosis
• Secondary to systemic vasculitis like granulomatous polyangiitis, giant cell arte-

ritis, or Takayasu’s arteritis.
• Primary CNS angiitis, which is a diagnosis of exclusion of other secondary causes
• Intravascular lymphoma
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Chapter 2
Molecular Diagnostics in Central Nervous 
System Infections

Tamara Nawar, Anna Kaltsas, and Yi-Wei Tang

Central nervous system (CNS) infections are a major cause of morbidity and mor-
tality worldwide. During the last decade, one million cases were reported with 
almost 100,000 deaths, mostly from the sub- Saharan African region, prompting the 
World Health Organization to create the “Defeating meningitis by 2030” project 
(https://www.who.int/immunization/research/Defeating_meningitis_2030_
TTFJuly2018_report.pdf).

CNS infections can become life threatening particularly if not diagnosed early. 
Hence, timely and accurate diagnosis is essential in guiding early interventions [1, 
2]. In addition, the unique anatomic characteristics of the CNS play a major role in 
the pathogenesis of infections. Although protected by the blood brain barrier, the 
CNS remains susceptible to microbial invasion [3].

CNS infections can be classified depending on their anatomic location: meningi-
tis, encephalitis and myelitis represent infections of the meninges, brain, and spinal 
cord, respectively. Although the classic triad of fever, neck stiffness and altered 
mental status has a sensitivity of only 40% for diagnosing adults with bacterial 
meningitis, most infections present with at least one of these symptoms [4]. These 
symptoms, however, may be subtle or completely absent in the immunocompro-
mised or elderly patients.
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The brain, spinal fluid, and spinal cord may function as a milieu for infections by 
various environmental or commensal organisms including viruses, bacteria, fungi, 
protozoa or parasites. Time to treatment is vital in decreasing morbidity and mortal-
ity related to these infections.

Conventional techniques including direct examination, culture and antigen/anti-
body detection can have major limitations. Patients are usually kept on broad spec-
trum antibiotics for a prolonged period until cultures result [5]. Furthermore, these 
techniques have reduced sensitivity, specifically for the detection of viral infections. 
For instance, using the example of enteroviruses, one of the most frequent patho-
gens causing meningitis, direct microscopic examination has a sensitivity between 
65% and 75% with a mean retrieval time of 3.7–8.2 days [6]; while in other cases, 
viruses such as Coxsackievirus A are difficult to culture [7].

To overcome these diagnostic limitations, molecular methods are becoming one 
of the mainstays of detecting CNS infections, and their use has been associated with 
reduced length of hospital stay in some studies [8]. When compared to culture and 
other microscopic examinations,16S ribosomal ribonucleic acid (rRNA) PCR 
detected meningitis pathogens in 65% of CSF analytes compared to only 35% when 
using conventional methods [9]. In another study which compared broad-range bac-
terial PCR combined with DNA sequencing to culture-based methods for examin-
ing CSF, the specificity was high for both study arms, but the sensitivity of PCR vs 
culture was 59% vs 43%, respectively [9].

 Conventional Techniques

 Microscopic Examination

CSF gram stain has a 60–90% sensitivity and 97% specificity [10] for the diagnosis 
of bacterial meningitis. Rarely, false positive results have been described in the lit-
erature [11, 12].

Multiple variables can alter the sensitivity of gram stain. The sensitivity of gram 
stain can be as high as 80% in patients who have not been treated with antimicrobial 
therapy and as low as 40% in those who have already received some treatment. The 
sensitivity is also highly related to the pathogen, as gram stain can detect as many 
as 90% of Streptococcus pneumoniae [13, 14], but can be significantly lower in 
Listeria monocytogenes, the third most common cause of bacterial meningitis [15]. 
In tuberculous meningitis, modified Ziehl-Neelsen staining was highly sensitive in 
patients with probable or definite tuberculosis infection but had a low specificity 
with high false positive rates [16].

In cryptoccocal infections of the CNS, India ink examination is positive in 
50–75% of patients with cryptococcal meningitis and the yield can increase to 
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almost 90% in patients with AIDS [2, 17]. In some studies, the sensitivity of India 
ink stain was as high as 93% and the specificity was almost 100% [18]. In addition, 
amoebae such as Naegleria fowleri are best diagnosed by direct observation of the 
trophozoites in the CSF by trichome or Giemsa staining [19].

Although microscopic examination is of limited value in viral infections, patho-
logic examination of brain tissue revealing the cytopathic effect of the virus can be 
highly suggestive of certain diagnoses. For instance, detection of Negri bodies in the 
CNS is pathognomonic of Rabies infection. Intranuclear eosinophilic bodies sur-
rounded by halos usually suggest HSV infection.

Unfortunately, while microscopic examination and culture remains the gold stan-
dard for certain infections, its role in other infections remain marginal. For instance, 
in patients with infections caused by Treponema pallidum, Borrelia burgdorferi or 
Toxoplasma encephalitis, there are no highly effective stains to identify these organ-
isms and other studies are needed to aid in the diagnosis [2]. Finally, obtaining brain 
tissue for culture and special stains is invasive and challenging and not often easily 
obtained.

 Culture

CSF culture aids in the diagnosis of bacterial, mycobacterial and fungal infections 
[11] and allows for subsequent antibiotic susceptibility testing and targeted therapy 
(Table 2.1). However, the yield of culture growth is greatly impacted by the prior 
use of antibiotics. Current guidelines recommend a CT scan prior to a lumbar punc-
ture in patients with meningitis and altered consciousness or focal neurological defi-
cits, which in most instances delays culture collection and administration of directed 
therapy [91]. In practice, most patients receive antibiotics prior to lumbar punc-
ture [5].

The volume of CSF collected also alters culture sensitivity. In one study, 
optimal results for fungal and mycobacterial infection were reported if >10 cc 
of fluid was cultured [80, 92]. Although it remains the gold standard for diag-
nosing bacterial and fungal infections, the role of culture remains limited for 
viral infections.

Some viruses grow poorly in culture; examples include cytomegalovirus, vari-
cella zoster and adenovirus as suggested by Polage et  al. In a study comparing 
nucleic acid amplification testing to culture in diagnosing viral infection, only 
<0.1% of viral cultures were positive [93]. The same applies to other viruses such 
as West Nile virus, which are also poorly recovered from conventional microbio-
logic cultures [94–96]. Moreover, the sensitivity of enterovirus culture in another 
study was only 65 to 75% and required up to a week for detection of the viral cyto-
pathic effect [97].

2 Molecular Diagnostics in Central Nervous System Infections
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Table 2.1 Laboratory methods in detecting common pathogens causing CNS infections

Organism
Diagnostic 
methodology Advantages Limitations References

Viruses
Adenovirus Viral culture, Viral 

PCR
Viral culture 
remains the gold 
standard for 
diagnosis

Cultures do not 
detect types 40 and 
41 and take 2–7 days 
to diagnose
PCR sensitivity 96% 
and specificity 100% 
with faster results

[20, 21]

Japanese 
encephalitis virus

Viral Serology 
IgM ELISA, Viral 
Antigen

Viral serology has a 
sensitivity of 
65–85% and 
specificity 89–100%
Antigen detection is 
most useful during 
the first week of 
illness “window 
period”

Serology have Cross 
reactivity with other 
viruses which might 
alter the results

[22–24]

Powassan virus Viral serology 
IgM in CSF and 
serum

False negative results 
in CSF
Cross reactivity with 
other viruses alters 
specificity
Cross reactivity with 
Lyme serology has 
been reported

[25, 26]

St Louis 
encephalitis virus

Viral serology 
IgM, Duplex 
microsphere-based 
immunoassay, 
metagenomics 
next-generation 
sequencing has 
been used

Results can be as 
fast as 4 h in 
immunoassay

Viral serology can 
also have cross 
reactivity with other 
viruses which may 
alter the specificity 
of the test

[27, 28]

Zika virus Viral serology 
IgM, PCR

PCR results quickly 
within 4 h of testing 
with high sensitivity 
up to 96%

Serology have cross 
reactivity with other 
viruses alters 
specificity

[29, 30]

West Nile virus Viral serology 
IgM in serum and 
CSF, Plaque 
reduction 
neutralizing test 
(PRNT), PCR

PCR is most helpful 
in immune 
compromised 
patients who do not 
have sufficient 
amounts of 
antibodies

Viral serology can 
have cross reactivity 
with other viruses 
that can alter the 
specificity of the test 
which is not seen 
with PRNT

[31–33]

T. Nawar et al.



17

Table 2.1 (continued)

Organism
Diagnostic 
methodology Advantages Limitations References

Rabies virus PCR, Serology, 
Pathology with 
cytopathic effect; 
Negri bodies

PCR has a high 
sensitivity and 
specificity up to 
98% for both

Caution while 
interpreting serology 
results in patients 
who have received 
the rabies vaccine

[34, 35]

Rubella virus Viral serology 
IgM, PCR

Both have high 
sensitivity and 
specificity Serology 
(Sensitivity 
84.2–96.5%, 
Specificity 
96.8–99.9%) and 
PCR (Sensitivity 
83–95% and 
Specificity 100%)

Serologic testing can 
have false positive 
results in presence of 
rheumatoid factor or 
other viral infections 
(CMV, EBV or 
parvovirus B19)

[36, 37]

Measles virus Viral serology 
IgM, PCR

Serology can detect 
and infection as 
early as 3 days

There has been false 
positive mostly when 
cross reacting with 
other viruses such as 
Parovovirus B19 and 
false negative results

[38, 39]

Mumps virus Viral serology 
IgM, PCR and 
culture

Serology should be 
interpreted 
cautiously in patients 
who have received 
the vaccine. Cultures 
are rarely since they 
are positive in only 
17–58% of cases

[40, 41]

Enterovirus PCR Sensitivity almost 
100%
Specificity almost 
100%

Difficulty in 
identifying 
enterovirus D68 and 
enterovirus A71

[42, 43]

HIV Viral serology and 
PCR

The sensitivity of 
serology is as high 
83–98% and the 
specificity can be as 
high as 100%
PCR is useful in 
quantifying viral 
load and monitor 
treatment response

Serologic testing 
cannot detect HIV2 
infection

[44, 45]

CMV PCR Sensitivity 
82–100%
Specificity 
95–100%

[46, 47]

(continued)
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Table 2.1 (continued)

Organism
Diagnostic 
methodology Advantages Limitations References

EBV Viral serology and 
PCR

Serology can help 
distinguish between 
acute and past 
infection

Caution when 
interpreting 
serologic testing in 
immune 
compromised 
patients
PCR can have false 
positive results and 
should be interpreted 
clinically

[48, 49]

HSV1 and HSV2 PCR Rapid turnaround 
time
Sensitivity >95%
Specificity 100%

Rarely false positive 
results
False negative results 
early in the disease

[50–52]

HHV6 PCR discrimination 
between HHV-6A 
and HHV-6B

Hard to distinguish 
between active 
infection, latent 
infection and 
chromosomally 
integrated viral DNA

[53, 54]

VZV Viral Serology and 
PCR

Serology is mostly 
valuable in detection 
of VZV vasculitis.
PCR has a 
specificity as high 
as 95%

[55, 56]

JC virus PCR and brain 
biopsy

Both have a high 
specificity up to 
100%

PCR in patients with 
AIDS on ART can 
have a low positive 
predictive value 
(58%)

[57, 58]

Bacteria
Streptococcus 
pneumoniae

CSF Culture, 
Antigen testing 
and PCR

Cultures has a 
sensitivity of almost 
100% and can 
predict the 
susceptibility of the 
organism. Antigen 
testing may have a 
high specificity 
(96%) but lower 
sensitivity
PCR is most widely 
used and permits 
rapid detection

The time to culture 
is longer than PCR 
testing

[5, 42, 59]
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Table 2.1 (continued)

Organism
Diagnostic 
methodology Advantages Limitations References

Listeria 
monocytogenes

CSF Culture and 
PCR

PCR testing has a 
high sensitivity and 
specify

Cultures can have a 
low sensitivity

[15, 60, 
61]

Mycobacterium 
tuberculosis

Culture
Antigen testing
PCR

Susceptibility 
testing
Sensitivity as high 
as 88%
Elevated titers can 
correlate with 
severity
Sensitivity almost 
80%
Specificity almost 
98%
Detection of drug 
resistance
Newer techniques 
can detect low levels 
DNA of the 
bacterium

False negative results
Serial specimens are 
needed to increase 
the diagnostic yield
Large volume of 
CSF required to 
improve sensitivity

[62–65]

Anaplasma 
phagocytophilum

Blood smear, 
morulae in 
neutrophils
Serology
PCR

Cost-effective
Rapid

False negative results 
depending on 
granulocytes count

[66]

Ehrlichia 
chaffeensis

Serology
Blood smear, 
morulae in 
neutrophils
PCR

Rapid
Cost-effective

False negative results 
in the acute phase of 
the illness
Cross-reactivity with 
similar pathogens
Low sensitivity 
20–30%

[67, 68]

Rickettsia
(Rocky Mountain 
spotted fever)

Serology
PCR

High sensitivity 
95%

False negative results 
in the acute phase of 
the illness
Cross-reactivity with 
similar pathogens
Treatment may blunt 
serologic response
Low sensitivity

[69–71]

Borrelia 
burgdorferi

Serology (ELISA 
and Western Blot)
PCR

False negative in the 
acute phase of the 
illness
Low sensitivity

[26, 72]

(continued)
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Table 2.1 (continued)

Organism
Diagnostic 
methodology Advantages Limitations References

Treponema 
pallidum

Microscopic 
examination 
through dark field 
microscopy
Serology
VDRL
FTA-ABS

Highly specific
High specificity
High sensitivity

Requires technical 
qualifications
Low sensitivity
Low specificity

[73–75]

Fungi
Coccidioides Culture

Serology
Antigen testing

High specificity
High specificity
Higher sensitivity 
compared to culture
Higher sensitivity 
compared to culture

Only 15% positive 
results
False negative results 
early in the disease

[76, 77]

Cryptococcus 
neoformans

Microscopic 
examination
Antigen testing

Rapid
Specificity almost 
100%
Sensitivity 
(93 ~ 100%) 
Specificity 
(93~98%)

Positive in 50–75% 
of patients
Rarely false positive 
results and 
cross-reaction with 
other species

[18, 78, 
79]

Histoplasma 
capsulatum

Culture
Antigen testing
Serology

High sensitivity Time to culture 
7 days
Recovered in only 
25–65% of 
specimens
Cross-reactivity with 
other fungal 
infection
Negative in the acute 
phase of the illness
Cross-reactivity with 
other fungal 
infection
Negative in immune 
suppressive states

[80, 81]

Protozoa
Plasmodium 
falciparum

Microscopic 
examination
Antigen testing
PCR

Quantification of 
parasitemia
Rapid
High sensitivity
High specificity
Detection even in 
low levels 
parasitemia

Observer dependent
False negative results 
in low parasitemia
Prozone effect in 
high parasitemia

[82–84]
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 Antigen Testing

Although antigen testing in the setting of bacterial meningitis has a poor sensitivity 
[98] it can provide for rapid detection of some bacteria such as Mycobacterium 
tuberculosis. Antigen detection such LAM, ESAT, Ag 85 complex and the 65-kDa 
in the CSF have been used for the diagnosis of tuberculous meningitis with promis-
ing sensitivity and specificity [99]. Furthermore, in a study evaluating the value of 
ESAT-6 (Early Secreted Antigen test) in tuberculous meningitis, the sensitivity was 
as high as 88% and most importantly the authors were able to conclude that higher 
levels of antigens were associated with worse clinical severity [62].

Uni-Gold ICT has been used to detect pneumococcal antigen in CSF. When com-
pared to PCR detection of Streptococcus pneumoniae in CSF, the test showed strong 
correlation results, with a specificity of up to 96% and a sensitivity of 86% [59].

Although the role of antigen detection has been limited in bacterial infections, its 
use has been more robust for diagnosis of CNS fungal infections.

Cryptococcal antigen testing in the CSF is widely used. The test relies on the 
detection of the fungus capsular polysaccharide antigen in the CSF [100]. Immuno- 
Mycologics Inc. (IMMY) lateral flow assay (LFA) and enzyme immunoassay (EIA) 
are commonly used antigenic tests [78] which have demonstrated high sensitivity 
(93~100%) and specificity (93~98%) [101]. In the setting of proper sample han-
dling, these tests have low false positive rates if titers are greater than or equal to 1:4 
[102]. Rarely, false positive rates have been reported when cross reactions occur 
with other fungal infections such as Trichosporon asahii (beigelii) or non- 
neoformans Cryptococcus [79]. Serum antigen has been used in indirectly diagnos-
ing cryptoccocal meningitis in high risk AIDS patients where the prevalence of the 
infection is high and where ability to obtain CSF sampling is hindered [103, 104]. 
Furthermore, polysaccharide antigen titer (peak titer >1:1024) gives solid general 
prognostic information, with higher titers representing higher load of infection and 
a greater chance of therapeutic failure [69].

Table 2.1 (continued)

Organism
Diagnostic 
methodology Advantages Limitations References

Toxoplasma 
gondii

Serology
PCR

Sensitivity 83% False negative results 
in immune 
suppressed states
False positive results 
(IgM) have been 
reported
Specificity 95%

[85–87]

Helminths
Taenia solium Serology False negative results

Positive results may 
demonstrate a prior 
infection

[88–90]
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Aspergillus galactomannan antigen and 1,3-beta-D-glucan in the serum have 
also seen increased widespread use for the detection of possible invasive fungal 
infection. In 2012, Lyons et al. used these fungal markers to detect Exserohilum 
rostratum meningitis in patients who had received contaminated methylpredniso-
lone injections [105]. The galactomannan antigen has also been used as an indirect 
marker of infections caused by aspergillosis or fusariosis [6]. CSF Beta-D-glucan 
has been used to detect CNS fungal infections [106]. Moreover, patients receiving 
antifungal therapy exhibit a reduction in CSF Beta-D-glucan which makes it a use-
ful biomarker in monitoring treatment response [107].

 Serology

Serologic diagnosis of CNS infections relies on the detection of antibodies against 
microorganism antigens. The “window” period until the seroconversion and a posi-
tive test results can sometimes delay the time of diagnosis, and a negative test does 
not necessarily rule out an infection. Furthermore, in certain populations such as 
immune compromised patients, such tests have a lower sensitivity due to lower 
antibody response, and nucleic acid amplification has largely replaced these assays 
[108, 109]. Although many of these tests have largely lost their appeal as diagnostic 
modalities, they remain valuable in certain types of infections. In Zika virus infec-
tion, antibodies (IgM followed by IgG) for Zika virus are positive within one week 
after the infection and can remain positive for up to 2 months. There are currently 5 
FDA approved serologic assays for the detection of antibodies to Zika virus. These 
tests should be interpreted cautiously considering the cross-reactivity with other 
flaviviruses. False positive results have also been reported in patients who have 
received the Japanese encephalitis or Yellow fever vaccine. In a recent study, MMB 
Zika assays had 88–97% sensitivity [29].

The identification of IgM for West Nile virus in CSF can occur as early as 3 days 
after the infection but may persist for months. However, as seen in Zika virus infec-
tion, false positive results have been also reported in patients infected with other 
viruses and those who have received certain vaccines. This limitation is due to the 
structural similarity of the envelope E protein among Flavivirus genus members. As 
such antibodies produced against the E protein can be cross-reactive among viruses 
of the same genus and lead to false positive results [22]. Targeting the virus specific 
E protein have been suggested as a as solution in patients who have coinfection with 
other viruses or who were previously immunized [110]. False negatives may occur 
in immune compromised patients such as those who have received Rituximab [111], 
which is a limitation of serologic assays in diagnosing West Nile virus.

Although molecular testing using viral DNA have been widely used in the diag-
nosis of VZV encephalitis, antibodies to varicella zoster virus in the CSF still remain 
the most commonly used method to detect the infection [112]. Moreover, serologi-
cal assays have been used to diagnose venereal infections affecting the CNS, includ-
ing neurosyphilis which can be confirmed by VDRL testing (venereal disease 
research laboratory) [113].
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 Molecular Diagnostics

Molecular diagnostic tests rely on nucleic acid amplifications and detection of 
organisms’ deoxyribonucleic acid (DNA) or ribonucleic acid (RNA) in a sample. 
These means of diagnosis have dramatically impacted the management of certain 
infectious diseases [114, 115]. It has allowed the rapid detection of fastidious or 
previously uncultivable organisms. While traditional methods of culture have the 
advantages of phenotypic identification of organisms, allowing for antimicrobial 
susceptibility testing and strain characterization, they remain limited in strain dif-
ferentiation, rapid detection, and as mentioned earlier, can fail to detect fastidious 
organisms and can be affected by prior antibiotic treatment [3, 116, 117].

Helpful in the diagnosis of CNS infections is the fact that CSF, spinal and brain 
tissue are naturally sterile specimens, which means that even the detection of minute 
concentration of microbes in them would be suggestive of an infection if not a con-
taminant. Molecular diagnostics have also allowed for the quantification of viral 
loads which guides the duration of therapy in certain infections. For certain infec-
tions and molecular tests, the sensitivity and specificity can approach 100 percent. 
These techniques have impacted the diagnosis and early treatment of multiple viral 
encephalitides and decreased some of the morbidity associated with more invasive 
testing. For instance, prior to molecular testing, brain biopsy was the gold standard 
for the diagnosis of HSV encephalitis [118] due to the lack of ability of different 
techniques to identify the pathogen in CSF [119]. Once obtained, the specimen was 
examined for HSV culture, antigen or DNA by in situ hybridization [120]. However, 
brain biopsy is obviously invasive and associated with serious complications includ-
ing stroke, hemorrhage and neurologic deficits [121]. After the implementation of 
nucleic acid amplification, testing using this modality has proven to be the test of 
choice for the diagnosis of CNS infections due to herpes group viruses and entero-
viruses [116, 122–124]. Indeed, several molecular diagnostic techniques have been 
implemented and have gained success in the past decades.

 Monoplex Assays

This technique includes the three steps of sample extraction, target nucleic acid 
amplification and detection, in a “closed system” which overcomes the carryover 
contamination risk and has accelerated the transition to molecular testing. Multiple 
monoplex PCR tests have been approved for CNS infections:

Simplexa HSV-1&2 was FDA approved for the diagnosis of herpes infections in 
the CNS with a rapid turnaround time (∼75 min sample to result) [50]. In March 
2007, The Xpert EV assay (Cepheid, Sunnyvale, CA) was approved for the diagno-
sis of Enterovirus meningitis. This technique had a high sensitivity 94.69% and 
specificity 100% with a 100% positive predictive value [125]. CE marked NucliSens 
EasyQ Enterovirus assay is another monoplex assay approved for Enterovirus CNS 
infections with comparable sensitivity and specificity as previous tests, with results 
reported in almost 5 h [126].
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Zika infection was first detected in Uganda in 1974 and today has become a 
public health emergency. In 2015, after the infection was identified in 24 patients in 
Brazil, it began to draw public attention. Due to the infrequency of Zika virus infec-
tion prior to 2015 (at least as far as was known), there were no commercially avail-
able assays for the detection of the virus at that point. After 2016, additional 
molecular testing was developed, in which highly conserved RNA regions in the 
virus genome, membrane junction and partial envelope regions were used as rRT- 
PCR primer and sequence targets [127, 128].

In 2016, the FDA approved Zika Virus Molecular Emergency Use Authorization 
(EUA) Assays; Trioplex Real-time RT-PCR Assay that simultaneously detects 
Chikungunya, Dengue and Zika viruses. It targets the Zika E gene and can detect the 
virus in the serum, CSF, amniotic fluid, blood and urine. This assay can detect as 
many as 2430 genomic copies equivalent/mL from a whole blood sample in 4 h 
turnaround time. The assay has the ability to detect the nucleic acid of the virus on 
potentially the day of symptom onset and throughout the first 7 days of the illness.

Real time PCR has also impacted the diagnosis of many bacterial infections. This 
technique has shown promising results in diagnosing neurobrucellosis when com-
pared to cultures in a report of 6 patients [129].

Mycobacterium tuberculosis (MTB) infection of the CNS remains the most 
severe form of infection with tuberculosis. Children and HIV patients are at highest 
risk for the infection [63]. In light of the high morbidity and mortality associated 
with CNS infection, prompt diagnosis and treatment are key in managing the dis-
ease. Currently, nucleic acid amplification is the preferred diagnostic modality due 
to its rapid turnaround time and high specificity [63]. This innovation has revolu-
tionized the global health challenge of TB management and the institution of early 
life saving therapy.

Xpert MTB/RIF is widely used in the United States for the diagnosis of TB men-
ingitis. This test allows for the simultaneous detection of MTB complex and the 
presence of Rifampin resistance, a strong predictor of multi-drug resistant TB. The 
technique uses molecular-beacon technology to target the rpoB gene, which in turn 
predicts rifampin resistance. In addition, the gene is flanked by MTB specific DNA 
sequences, which makes it possible to detect, concurrently, the infection and drug 
resistance [130]. When compared to culture, in a meta-analysis of 18 studies Xpert 
MTB/RIF had a sensitivity of 81% and a specificity of 98% [131]. In another pro-
spective study in a Sub-Saharan African population, Xpert MTB/Rif had a sensitiv-
ity of 62% (42–75%) and a specificity of 95% (87–99%). Although this test exhibits 
a lower sensitivity, it remained higher than the sensitivity of conventional culture or 
smear (30% and 12% respectively). The sensitivity of the test depends on the tech-
nique and the volume of CSF used. Centrifuged samples had a higher sensitivity 
when compared to non-centrifuged samples (28% sensitivity with 2 mL of uncentri-
fuged CSF vs 72% in 6 mL of centrifuged CSF) [63].

Due to the variable sensitivity in the Xpert MTB/RIF test, in 2017, the World 
Health Organization recommended the use of Xpert MTB/RIF Ultra assay as the 
initial diagnostic test for MTB meningitis. The Ultra assay has shown improved 
sensitivity when compared to Xpert MTB/RIF assay in an HIV cohort in Uganda 
(95% sensitivity Xpert MTB/RIF Ultra assay compared to 45% sensitivity for Xpert 
assay) [132].
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 Multiplex Assays and Syndromic Panel Testing

In 2015, the Film Array Meningitis/Encephalitis panel (MEP) (BioFire Diagnostics, 
LLC) received FDA approval as a diagnostic test [133]. It can detect up to 14 patho-
gens involved in CNS infections including viruses (Cytomegalovirus, Enterovirus, 
Herpes simplex virus 1 and 2, human herpes virus 6, human paraechovirus and 
varicella-zoster virus), bacteria (Escherichia coli K1, Haemophilus influenzae, 
Listeria monocytogenes, Neisseria meningitides and Streptococcus pneumoniae) 
and fungal infections (Cryptococcus neoformans- C. gattii). This multiplex assay is 
a closed system that performs nucleic acid purification, extraction, transcription and 
amplification. The results are reported within one hour. This novel technique dem-
onstrates almost 100% sensitivity in Herpes simplex infection with a specificity 
close to 100% and similar results for Enterovirus and VZV [133]. When compared 
to Cepheid Xpert Enterovirus assay in a Children’s Hospital Colorado study, the 
MEP identified 68/72 samples (94.4%) that were positive by the former assay. 
Moreover, MEP detected an additional sample that tested negative by the Cepheid 
Xpert Enterovirus assay, the results of which were confirmed by discrepancy analy-
sis [134].

HSV encephalitis is the most common cause of encephalitis worldwide. While 
HSV2 is capable of causing encephalitis especially in neonates and infants, HSV1 
is still responsible for almost 90% of these infections in adults [135]. If untreated, 
the mortality related to these infections can approach almost 70% [136] and patients 
can have severe permanent neurologic deficits as a result of this infection. Early 
recognition of HSV is critical as even patients who are treated can develop compli-
cations related to the infection such as behavioral changes, retrograde amnesia and 
lasting cognitive impairment [137, 138]. Moreover mortality from the virus has 
been reported as high as 30% [139, 140]. Molecular testing has allowed for the early 
diagnosis of HSV infections with a rapid turnaround time. In a recent study, CSF 
PCR for HSV has also decreased the overuse and duration of Acyclovir ther-
apy [141].

Multiple PCR assays have been proven to be effective at diagnosing HSV infec-
tion. Simplexa™ HSV 1 & 2, FilmArray Meningitis/Encephalitis panel and 
MultiCode RTx HSV 1&2 kit have been FDA approved for the detection of these 
pathogens in the CNS [50, 133, 142]. Sensitivity and specificity of PCR in HSV 
encephalitis in adults has ranged between 96–98% and 95–99%, respectively [143]. 
In neonates and infants, the sensitivity was variable, ranging from 75% to 100% 
[144]. HSV PCR assays can have variable performance characteristics and results 
need to be interpreted cautiously.

False positive results for HSV encephalitis with MEP have also been reported. A 
recent study describes the case of a tuberculous meningitis that was misdiagnosed 
as HSV encephalitis with MEP panel [145]. False negative results have also been 
described in the literature. Usually these results have been reported early in the 
course of the disease. In a prospective analysis of 27 patients, 10 patients had HSE 
by positive PCR of CSF samples, 2 of which had negative results when obtained at 
time of admission. Samples that were later collected at day 4 and 7 tested positive 
for HSV [51]. Hence in patients with negative PCR results, the test should be 
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repeated 3–7 days after presentation for those who have a presentation that remains 
suggestive of herpetic encephalitis [55]. False negative results have been also asso-
ciated with WBC count <10 leukocytes/mm3 in the CSF. Other factors that could 
alter CSF results include the presence of hemoglobin and lactoferrin as well as large 
numbers of RBCs in the fluid that may inhibit the PCR [146]. Due to the limitations 
of the test results, all patients with suspected HSV encephalitis should be initiated 
on Acyclovir at time of diagnosis until further elucidation of test results. Moreover, 
in a recent Enterovirus encephalitis outbreak in Catalonia in 2016, the MEP detected 
4 CSF samples positive Enterovirus that were negative on pan-Enterovirus real-time 
PCR assay [147].

CMV PCR testing in the CSF is the standard for diagnosis of CMV related neu-
rologic disease. Prior studies have shown that in patients with biopsy proven CNS 
disease, 12/13 samples tested positive for CMV by PCR [46]. Several PCR tech-
niques have been validated for the diagnosis of CMV in multiple specimens. EraGen 
Multicode, Focus Simplexa, Elitech MGB Alert CMV and Abbott CMV were com-
pared in a study involving 200 specimens, of which 25 were from CSF. Although 
only 2 specimens were positive for CMV, EraGen and Focus Simplexa techniques 
demonstrated a 100% sensitivity [47]. In a recent study evaluating the FilmArray 
meningitis/encephalitis (ME) panel 3/3 specimens were true positives for CMV 
infection [148].

In a recent study in HIV infected patients, the FilmArray panel was 100% sensi-
tive in patients with culture positive CSF Cryptococcus neoformans; it also demon-
strated an excellent negative predictive value in patients with culture negative 
CSF. In this study, the sensitivity of the MEP was directly proportional to the amount 
of recovered organism in fungal culture [149]. False positive rates with this assay 
occurred mostly in bacterial meningitis, and then mostly due to Streptococcus pneu-
moniae. It is unclear if false positive results in this instance were related to handling 
or preparation of the specimen or cross reactivity. The overall positive agreement 
rate for Streptococcus pneumonia was close to 80% and the negative agreement rate 
closer to 100% between the meningitis encephalitis panel and conventional bacte-
rial culture [150].

 Next Generation Sequencing

Molecular assays have revolutionized the management and diagnosis of infections. 
With a shorter turnaround time, higher sensitivities and specificities, they have 
replaced more invasive and time-consuming methods. However, molecular methods 
do require a prior knowledge of the likely pathogenic organism. The primer inde-
pendent next generation sequencing (NGS) technology led to its application for the 
diagnosis of infections when knowledge of the possible organism is lacking. 
Multiple reports have demonstrated its use in diagnostically challenging diseases. 
Due to the blood-brain-barrier, the CNS is considered a sterile environment which 
makes the interpretation of results easier. The role of NGS was demonstrated in a 
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case of a fourteen-year-old boy with immune deficiency who ultimately was diag-
nosed with meningoencephalitis due to Leptospirosis that was recovered from the 
patient’s CSF but not serum [151]. In a recently published systematic review, NGS 
was used to diagnose 44 cases of CNS infections [152]. A more recent case report 
describes a woman who presented with recurrent bouts of headache and sensory 
deficit. NGS revealed Taenia solium-DNA that was later confirmed by serologic 
testing [88]. Moreover, this technique has also allowed for the identification of 
novel organisms. A recent study indicate that metagenomic NGS of CSF obtained 
from patients with meningitis or encephalitis improved diagnosis of neurologic 
infections and provided actionable information in some cases [153]. Recent cases 
outlining the usage of next generation sequencing in CNS infections are listed in 
Table 2.2.

Table 2.2 Representative cases of usage of next generation sequencing in CNS infections

Organism identified Presentation
Specimen 
used Reference

Astrovirus 42-year-old with chronic lymphocytic 
leukemia who underwent allogeneic bone 
marrow transplant presents with hearing 
loss, tinnitus and behavioral changes

Brain 
tissue

[154]

Brucella Case series of four patients who presented 
with fever, headache, back pain and 
weigh loss

CSF [155]

EBV 44-year-old female with facial paralysis 
and brain lesions

Brain 
tissue

[156]

Japanese encephalitis virus 16-year-old boy with fever, rigors, 
diarrhea and limb weakness

CSF [157]

JC virus 52-year-old male with R sided 
hemiparesis and seizures

Brain 
tissue

[156]

Leptospira santarosai 14-year-old with severe combined 
immune deficiency presents with 
headache, fevers and seizures

CSF [151]

Listeria monocytogenes Case series of 3 patients who presented 
with nausea, vomiting, fever and 
headache
One of the patients progressed to coma

CSF [158]

Mycobacterial infections
(Mycobacterium 
immunogenum 
Mycobacterium ilatzerense)

40-year-old female with headache, left 
sided vision loss, night sweats and right 
sided numbness with brain lesion noted 
on MRI

Brain 
lesion

[159]

Mycobacterium tuberculosis 67-year-old with multiple brain and spinal 
lesions

Brain 
tissue

[156]

Taenia solium 
(Neurocysticercosis)

44- year-old female with chronic 
headache and focal weakness

CSF [88]

Taenia solium 
(Neurocysticercosis)

Case series of 4 patients who presented 
with fever, headache, seizures, loss of 
consciousness or visual impairment

CSF [89]
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 Conclusion

The microbiologic diagnosis of CNS infections has seen a seismic shift in recent years 
away from traditional microbiologic techniques of culture, gram stain, and pathology 
looking for viral cytopathic changes, and towards molecular based techniques such as 
monoplex, multiplex PCRs, and next generation sequencing. These newer methods 
have allowed for more rapid and accurate diagnosis of previously difficult to identify 
viruses, fungi and bacteria, allowing for decreased associated mortality, morbidity, 
and hospital lengths of stays, as well as for decreased utilization of empiric antibiotics 
and antivirals. Finally, next generation sequencing may offer a tantalizing and exciting 
possible solution to making the diagnosis of rare or unexpected CNS infections from 
samples of brain tissue or CSF in particularly challenging cases.
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Chapter 3
Neurological and Psychiatric Side Effects 
of Antimicrobials

Madison K. Bangert and Rodrigo Hasbun

Antimicrobial-associated neurotoxicity presents in a variety of ways, including 
headache, encephalopathy [1], psychosis, and seizure. When treating with antimi-
crobials it is important to be conscious of any changes in the natural history of dis-
ease or neurologic deterioration of the patient as it may signify a neurotoxic adverse 
effect of the chosen antimicrobial(s). Neurotoxicity from antimicrobial use is rela-
tively rare, but being cognizant of it helps prevent misdiagnosis or delayed treat-
ment. The goals of this section are to identify different neurotoxic side effects (SEs) 
of antimicrobials in adults, describe proposed mechanisms underlying those adverse 
reactions, and offer general management recommendations.

 Drugs and Their Side Effects

 β-Lactams

β-lactams have known neurologic adverse drug reactions (ADRs) and seizure- 
inducing properties. The epileptogenic capability of β-lactams was established by 
1945 during early investigations of the direct effects of penicillin on the cerebral 
cortex of monkeys and intrathecally in humans with CNS infections [2–5]. 
Neurotoxicity of β-lactams is best approximated by brain tissue concentration rather 
than the amount in the CSF [7–10]. The most readily accepted hypothesis of 
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neurotoxicity is antagonism of gamma-amino butyric acid (GABA) through binding 
of the GABAA receptor. This action results in diminished inhibitory and heightened 
excitatory effects leading to a greater predisposition to seizures. Differing charac-
teristics of GABAA receptor binding of the distinctive classes of β-lactams leads to 
varying levels of seizure activity [2]. The β-lactam ring structure directly correlates 
to GABAA receptor affinity. Prior studies revealed the elimination of the in vivo 
excitatory effects of penicillin on the cerebral cortex following removal of the 
β-lactam ring [3].

 Penicillins

Bhattacharyya et al. found numerous reports of penicillin-induced encephalopathy 
over a 67-year span (1946–2013). Of the 72 reports, most were related to procaine 
penicillin use followed by classic penicillins then “other.” Based on the data found, 
penicillins were categorized, along with cephalosporins, into type 1 antibiotic- 
associated encephalopathy (AAE). Within this class, symptom onset occurs within 
days and seizures, along with myoclonus, are common. Other characteristics include 
abnormal EEGs, normal MRIs, and symptom resolution within days of discontinu-
ation [1]. Procaine penicillins were categorized as AAE type 2 based on their link to 
psychosis and less tendency toward seizures.

Even penicillins considered low risk of causing neurologic ADRs (i.e. ampicil-
lin, amoxicillin) can lead to anxiety, encephalopathy, seizures, and abnormal behav-
ior [2]. A study investigating mechanisms of antibiotic neurotoxicity discovered 
ampicillin does not induce cellular destruction of human primary neuron cells, 
which may posit an explanation as to why it is not commonly implicated in neuro-
toxicity [6].

Piperacillin (-tazobactam) is closely associated with disorientation [11]. 
Cognitive disturbance is most common in patients inappropriately dosed for their 
kidney function [12–14]. This drug’s neurotoxic SEs are further impacted by age, 
nutrition status, albumin levels, and inflammation [11, 14].

 Cephalosporins

Cephalosporins from each of the 5 generations are associated with neurotoxicity, 
with the exception of the 5th generation; which were well tolerated in phase III tri-
als with minimal neurotoxic SEs. Headaches occurred in 5.8% of trial participants 
on ceftolozane and 3.4–5.2% on ceftaroline [15–18]. Insomnia occurred in ceftaro-
line and ceftolozane at 3.1% [16] and 3.5% respectively [18]. Ceftobiprole had very 
low rates of neurotoxicity in its early trials [19].

Cefazolin, cefoselis, ceftazidime, cefoperazone, and cefepime are considered 
high-risk cephalosporins for neurotoxicity based on prior literature. The same 
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article classified cephalexin, cefatoxime, and ceftriaxone as low-risk [20]. The 
French Pharmacovigilance Database (FPVDB) retrospectively identified 511 
adverse reports linked to cephalosporin use. This study implicated 20 different 
cephalosporins in the causation of neurologic SEs; the most responsible were (in 
descending order) cefepime, ceftriaxone, ceftazidime, cefotaxime, and cefazolin 
[21]. Onset ranged 1–10 days [20] with a mean of 7.7 days [21]. After discontinua-
tion of the responsible drug, resolution occurred between 2 and 7 days [20]. In the 
examination of antibiotic use in critically ill patients, a prospective study concluded 
that 1st-3rd generation cephalosporins increased the risk of delirium slightly more 
than twofold (OR 2.2) after controlling for confounders [22]. No relationship 
between delirium and cefepime, penicillins, carbapenems, fluoroquinolones, or 
macrolides was established [22–24]. It’s proposed that in addition to having high 
affinity for GABAA receptors and competitively antagonizing GABA, cephalosporin- 
associated neurotoxicity may be related to a cytokine storm facilitated by endotoxin 
release [13, 20].

Cefepime causes a variety of neurologic SEs, from mild to severe. Its increased 
ability to cause neurotoxicity is attributed to its penetrance of the blood brain barrier 
(BBB) [13, 25]. Restlessness, hallucination, fluctuating mentation, myoclonus, 
tremor, coma, seizure, and nonconvulsive status epilepticus (NCSE) are common 
neurotoxic manifestations of cefepime [22, 25–28]. Looking specifically at 135 
patient cases, the 4 most frequent neurologic SEs were altered mental status, reduced 
consciousness, confusion, and myoclonus [25]. Seizure is also commonly reported, 
particularly in the elderly or those with renal failure [25, 26]. In early trials, seizures 
were noted in 9/4445 (0.2%) cefepime-treated patients [26]. Encephalopathy is 
another frequent SE. A 60 y.o. patient with ESRD on HD developed confusion, 
agitation, and hallucinations following 5 days of cefepime. Despite continued HD, 
these symptoms persisted until cefepime was stopped [22]. NCSE presents as 
altered consciousness while its EEG is characterized by epileptiform discharges. 
NCSE also promptly responds to anticonvulsants [20, 29]. Although NCSE is most 
often correlated with cefepime use, a few cases followed treatment with ceftriaxone 
and cefixime [29–31]. Due to the clinically significant relationship between NCSE 
and cefepime, the US FDA made a formal statement in 2012 to healthcare profes-
sionals describing the link [32]. In a systematic review looking at EEG changes in 
cefepime-induced neurotoxicity, 100% of EEGs performed were abnormal (EEGs: 
98, 73% of total cohort). Only 25% of the patterns were consistent with NCSE 
while triphasic waves (40%), focal sharp waves (39%), and myoclonic status epilep-
ticus (7%) made up the remaining percentage [25]. Of the 511 patients with 
cephalosporin- induced neurotoxicity in the FPVDB, EEGs were performed in 195. 
Abnormal patterns were found in 158 or 81% [21]. The EEG findings were often 
indicative of nonspecific toxic-metabolic encephalopathy; demonstrating diffuse 
slowing with triphasic waves and the absence of epileptiform discharges [20].

Use of cefoxitin resulted in a unique case of catatonia in a 60 y.o. woman with 
end stage renal disease (ESRD). Despite appropriate dosing, she displayed waxing 
and waning cognition accompanied by mumbling, mutism, rigidity, and frightened 
appearance. Her symptoms resolved after the cessation of all antibiotics [27]. 
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Ceftazidime, is closely associated with myoclonus as demonstrated in an article by 
Ong and Qin that highlighted 10 patients, of which 7 had myoclonus [32]. In addi-
tional literature on cephalosporins, myoclonus was also relatively common [20, 
21, 28].

 Carbapenems

Imipenem-cilastatin was the 1st carbapenem approved for clinical use; unfortu-
nately, use is limited, especially for meningitic dosing, due to neurotoxic SEs [9]. 
Seizure frequency of imipenem-cilastatin was 0.2% in phase I-III trials [33]. After 
analysis of 26 phase III studies, seizures were noted in 0.7% of the sample popula-
tion – only 0.4% were considered drug related [34]. Epileptogenic capabilities of 
imipenem-cilastatin are variable depending on the study. Higher rates range from 
3% (Townsend et al.) to 6% (O’Donovan et al) [10]. A 50-month prospective study 
following 1951 patients documented seizures in only 4 patients (0.2%); all of which 
were excessively dosed [35, 36]. A meta-analysis of 37 papers written between 
1984 and 1999, regarding seizure activity of imipenem-cilastatin, showed a seizure 
rate of 1.4% in a population >6000 patients [37]. Underlying CNS or renal dysfunc-
tion place individuals at greater risk of seizures.

In standardized mouse models, meropenem was shown to be less epileptogenic 
than imipenem (30% v 60% respectively) [38]. Contrary to that study, another trial 
found the incidence of seizures to be similar between the different carbapenems 
when all participants with potential risk factors were excluded (meropenem 0.38% 
v imipenem-cilastatin 0.43%) [39]. Seizure provoking properties of carbapenems, 
much like other β-lactams, comes from their ability to bind the GABAA receptor. An 
additional mechanism of seizure provocation is through interactions with the recep-
tor complexes of N-methyl-D-aspartate (NMDA) and alpha-amino-3-hydroxy-5- 
methylisoxazolepropionate leading to excitatory activity [40]. The difference in 
epileptogenic power of carbapenems is directly linked to the basicity of a C2 side 
chain. The more basic the side chain, the greater the affinity it has for the GABAA 
receptor resulting in increased seizure activity [1]. In both human and animal mod-
els, doripenem demonstrated less epileptogenicity than all other carbapenems. This 
trait is attributed to its weaker affinity of GABAA receptors. On review of multiple 
clinical trials utilizing doripenem, 0/202 patients experienced convulsions. 
Postmarketing surveillance of doripenem in Japan further supports this conclu-
sion [41].

In a study that compared the rate of seizures in meropenem to cefepime, merope-
nem was found to cause significantly less episodes of convulsions (0.54–2.73%) 
[32]. Meropenem showed a similar seizure rate as the third generation cephalospo-
rins ceftriaxone or cefotaxime. Carbapenem-induced seizures are typically general-
ized tonic-clonic; however, simple and partial seizures are also documented [42].

Case reports of carbapenem-induced neurotoxicity have shown encephalopathy, 
delirium, hallucinations, myoclonus, and psychosis [42–45]. In one case study, 
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ertapenem caused profound neurologic changes in a dialysis-dependent 74 y.o. male 
being treated for ESBL Klebsiella bacteremia. Despite appropriate dosing for his 
HD schedule, patient presented with vocal tremor, weakness, confusion, and forget-
fulness after a week of therapy. Ertapenem was discontinued and symptoms resolved 
shortly thereafter [43]. Similar findings occurred in a 42 y.o. female that developed 
hallucinations, myoclonus, and altered mental status on the 7th day of ertapenem. 
After discontinuation of ertapenem, her symptoms resolved and she returned to 
baseline within 2 days [44]. Four additional case reports demonstrated similar neu-
rotoxic effects of ertapenem, although these cases were specific to those with preex-
isting spinal cord injuries. The authors suggested that due to ertapenem’s high 
protein binding property, those with hypoalbuminemia, such as those with long- 
term spinal cord injuries, might be at greater risk of developing neurotoxic ADRs 
associated with ertapenem [46]. In vivo studies have shown binding at ~95% with a 
plasma level of <100 μg/mL or at ~85% for plasma concentrations of 300 μg/mL 
[47]. Albumin levels for the patients included in the case reports ranged from 2.3 to 
3.1 g/dL. This particular article found that the onset of symptoms ranged from 2 to 
14 days, with a median of 5 days – consistent with additional reports of ertapenem- 
associated neurotoxic SEs [46].

There are a few reported cases of carbapenem-induced exacerbations of myas-
thenia gravis (MG). One example involves a 45 y.o. male requiring mechanical 
ventilation after developing diplopia, weakness, and respiratory distress after being 
started on imipenem [48]. Although the exact mechanism with imipenem is unclear, 
other antibiotics are known to block presynaptic and postsynaptic cholinergic activ-
ity [49, 50]. A similar mechanism is suspected with carbapenems.

Meropenem and imipenem-induced delirium is seldom reported [51]. A 64 y.o. 
man in septic shock from a UTI received imipenem-cilastatin, within 24 hours of a 
dose increase he developed acute psychosis with violent visual and auditory hallu-
cinations. Following speciation and sensitivities, the antibiotic was changed and the 
patient returned to his norm. Re-challenge 2  months later for an additional UTI 
resulted in similar symptoms [52]. Package inserts for imipenem, issued by the US 
FDA, warn against seizures, confusion, and myoclonus. The European Medicine 
Agency package inserts reveal that hallucinations due to imipenem-cilastatin range 
from 0.1% to 1.0%. There were 412 reports to the World Health Organization 
(WHO) Collaborating Center for International Drug Monitoring showing a caus-
ative relationship between imipenem use and various psychiatric disorders, delirium 
being the most common [52].

 Macrolides

Macrolide use may lead to acute psychiatric syndromes or psychosis. Clarithromycin 
is most likely to cause psychosis, while azithromycin is the least. Clarithromycin 
also causes dizziness, agitation, confusion, depersonalization, and hallucinations 
[50, 53]. Abouesh et  al. termed the concept of antibiotic-induced mania 
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“antibiomania” [54]. Their literature review revealed 6 cases of mania linked to 
clarithromycin and 1 to erythromycin. Of 82 cases of antibiotic-induced mania 
reported to the WHO, 23 involved clarithromycin. The US FDA similarly found 
clarithromycin to commonly precipitate mania [54]. Over 219 episodes of psychiat-
ric syndromes are attributed to clarithromycin exposure [53]. Nightingale et  al. 
reported two cases of mania – both characterized by hyperactivity, delusions, para-
noia, and insomnia  – secondary to 2  g daily of clarithromycin for disseminated 
mycobacterium avium complex (MAC) infections. Symptoms subsided quickly 
after discontinuation, but one patient developed psychosis within 24  h after re- 
challenge [55]. Five major diagnoses are linked to clarithromycin-induced psychi-
atric episodes based on 38 reports found in literature between 1994 and 2009: 
delirium (31.5%), acute psychosis (29%), mania (26%), hallucinations (3%), and 
major depressive episode (<1%). Symptom onset ranged 1–10 days, with a mean of 
5. ADRs tended to resolve in <6 days following discontinuation [56]. Headache was 
actually the most common neurotoxic SE of clarithromycin in early trials. Of 3768 
patients in the trials, 1.7% complained of headache [57, 58]. There are multiple 
hypotheses as to what the underlying mechanism is for CNS toxicity related to mac-
rolides. Examples of possible etiologies include: drug interactions, metabolite accu-
mulation, modification of cortisol and prostaglandin metabolism, and alterations of 
neurotransmitters (i.e. glutamate and GABA) [11]. The neurotoxicity of erythromy-
cin and clarithromycin may occur in conjunction with concurrent use of medica-
tions metabolized by the cytochrome P450 isoenzymes of the CYP3A family, as 
both antibiotics (E  >  C) inhibit the pathway. Clarithromycin specifically has an 
active lipid-soluble metabolite with potential to cause neurotoxicity. Manev et al. 
found that macrolides demonstrate inhibitory effects on glutamatergic pathways, 
which may culminate in macrolide-associated psychiatric disorders [53, 59]. Risk 
factors for neuropsychiatric SEs include old age and preexisting neurologic dys-
function [50].

Macrolides – along with β-lactams, metronidazole, and fluoroquinolones – are 
amongst the most common antibiotics to cause encephalopathy [50]. Macrolides are 
classified as AAE type 2 due to their predilection to induce psychosis, rarely pro-
voke seizures, and have normal imaging/EEG [1].

Macrolides are also implicated in the development of ototoxicity and, unlike the 
psychiatric ADRs of macrolides, are dose-dependent. In studies involving guinea 
pigs, the administration of erythromycin to the middle ear resulted in complete 
destruction of cochlear hair cells [2]. Two patients with liver dysfunction were given 
high dose erythromycin when they developed hearing loss. Of note, they both 
received additional ototoxic agents; however, hearing improved after decreasing the 
dose of erythromycin and resolved completely following discontinuation of the 
drug [60]. Long-term azithromycin use for prophylaxis of MAC in patients with 
AIDS has also caused transient deafness, albeit rarely. Phase II/III trials of azithro-
mycin reported a low rate of hearing loss in patients at <0.2% [61]. A study looking 
at therapeutic azithromycin use for MAC treatment found that 8/46 (17%) patients 
experienced hearing loss after an average of 7.9 weeks of treatment. Hearing loss 
was accompanied by vertigo, tinnitus, and the sensation of “plugged ears.” 
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Audiometry of the eight patients revealed mild-to-moderate sensorineural hearing 
loss and reflex decay. Symptoms took 4.9 weeks on average to return to baseline 
after stopping azithromycin [62]. An additional study showed ototoxicity in 3/21 
(14%) patients while being treated for MAC. Onset occurred between 4–12 weeks 
and resolved 2–5 weeks after cessation of the drug. Symptoms recurred on rechal-
lenge [63]. Risk factors for hearing loss include preexisting hearing impairment, use 
of additional ototoxic agents, and renal or liver dysfunction [60].

Macrolides are strongly associated with the induction of MG exacerbations [50]. 
Acute myasthenic crisis is more commonly precipitated by azithromycin and eryth-
romycin than clarithromycin [64]. Severe exacerbation of MG may take place 
within an hour of taking azithromycin [65]. Telithromycin has been associated with 
several case reports of MG, often with onset within 2 h of administration [66]. The 
US FDA issued a boxed warning regarding the relationship in 2007 [67]. The pro-
posed mechanism is that macrolides interrupt presynaptic processes leading to a 
crisis [65]. However, Perrot et al. concluded that telithromycin was unlikely acting 
presynaptically because reflexes and pupil diameter were unaffected. They hypoth-
esized it was also not a matter of receptor interference because affected patients had 
varying MG antibodies; therefore, they purposed disruption of an unknown target 
on the neuromuscular (NM) junction [66].

 Fluoroquinolones (FQs)

Like most antibiotics, FQs are well tolerated, but have a number of SEs, both minor 
and serious [68]. Safety profiles of FQs differ between the individual drugs. 
Headache, dizziness, somnolence, and insomnia are common neurologic SEs of the 
drug class. The more serious FQ-associated neurotoxic SEs are peripheral neuropa-
thy, psychosis, delirium, seizures, and suicidal ideation and/or behavior. 
Neurotoxicity is the 2nd most common ADR category for FQs [69] based on inci-
dence estimates of 1–2% [68] by one account and 1–3.3% in another [2].

The US FDA changed its label on FQs in 2013 to address the risk of developing 
peripheral neuropathy [70, 71]. As a response to the change, Etminan et al. com-
pleted a case control trial investigating the probability of developing FQ-induced 
peripheral neuropathy [70]. Over a 10-year period, 6000 cases were identified along 
with 24,000 control subjects from a cohort of men aged 45–80. The study concluded 
that “current users” of FQs were at high risk of developing peripheral neuropathy 
while “current new users” had the greatest risk with a rate ratio of 2.07 (compared 
to 1.83). Risk associated with individual FQs did not vary much; meaning there is 
not an inherently greater risk with any specific FQ. The big picture conclusion of 
this study was that any FQ use resulted in a 30% increased risk of peripheral neu-
ropathy [70].

Episodes of psychosis may develop with FQ use [1, 68, 70]. Confusion, halluci-
nation, agitation, and delusion were the most frequently described FQ-associated 
psychiatric SEs in 590 cases (51%, 27%, 13%, and 12% respectively) [72]. Due to 
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the relationship between FQ use and psychosis, they are grouped into type 2 AAE 
with sulfonamides and macrolides [1]. Abouesh et al. cited FQs as one of the classes 
of antibiotics to cause “antibiomania.” Out of the 82 cases of psychosis associated 
with antibiotic use reported to the WHO, FQs accounted for 26 of them, with cipro-
floxacin responsible for 12/26 [54]. US FDA reporting also supports ciprofloxacin 
as a leading drug in the precipitation of mania [54]. In some cases, causality was 
clearly demonstrated by re-administration of the suspected drug resulting in a resur-
gence of SEs [54, 73]. Insomnia is another commonly reported SE of FQs. The 
FPVDB reports insomnia in ~8% of those taking FQs [72]. About 4.7% of patients 
treated with ofloxacin report insomnia, while <1% demonstrate psychosis [68].

A potentially fatal neuropsychiatric ADR of FQ use is the development of sui-
cidal thoughts and behaviors. Samyde et al. combed the WHO’s adverse drug reac-
tion database between 1970–2015 for reported suicidal thoughts and behaviors that 
correlated with FQ treatment [74]. There were 608 reports meeting the criteria 
amongst the 992,097 reports of adverse reactions overall with FQs. Unfortunately, 
97/608 individuals completed suicide.

Although categorized as AAE type 2 due to the low rate of seizures with FQ use 
[1], they are still a concerning SE [50]. Incidence of FQ-induced seizure is between 
0.1% and 0.5% [50]. Ciprofloxacin is more commonly associated with seizures than 
other FQs [2, 68]. Concurrent exposures to NSAIDs increases the likelihood of 
seizures. The degree of CNS penetration does not seem to correlate directly with 
epileptogenic activity [20, 68].

FQs can precipitate MG exacerbations [50]. Over 30 cases of a MG exacerbation 
following the administration of systemic FQ have been described. Average time to 
onset was 1 day after initial exposure [75]. In an in vitro study, FQs were found to 
progressively diminish miniature endplate potentials and currents in a dose- 
dependent manner. The pattern is suggestive of a direct influence on the acetylcho-
line receptor ion channel [76]. Additionally neostigmine did not reverse the NM 
blockage supporting a post-synaptic process.

There are several suggested mechanisms to explain the various neurotoxic SEs of 
FQs. Medications in this class cause encephalopathy that mimics psychosis related 
to illicit drug use, which develops via alterations in NMDA glutamate receptors and 
dopamine pathways. Due to the similarity, those pathways may play a role in devel-
oping FQ-induced neurotoxicity. An additional hypothesis is that FQs cause inhibi-
tion of GABA receptors [69] or at least a relative imbalance between the GABAergic 
and glutamatergic systems [74]. FQs do not directly bind NMDA receptors; rather 
they activate the receptor by removing the Mg2+ blockade from the ion channel [74]. 
Excessive activation leads to neurotoxic features of FQs, like seizures. This antibi-
otic class demonstrates weak GABA binding capabilities and interaction with 
GABAA receptors, leading to increased activity in the CNS [74]. A rat model showed 
that repeated dosing of ciprofloxacin created anxiety in the rats that correlated with 
decreased GABA concentrations in the brain [77]. There are reports that ofloxacin 
causes a Tourette-like syndrome suggesting some potential interaction with the D2 
dopaminergic pathway [78]. Another neurotransmitter possibly affected by FQ use 
is serotonin. Rats in a forced swimming test displayed depressive symptoms 
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following ciprofloxacin administration. Cerebral levels of serotonin of these rats 
were noted to be lower than controls [77]. Decreased serotonin concentrations have 
been linked to depression and anxiety disorders [74]. Oxidative stress and altered 
microRNAs are additional hypotheses behind the neurotoxic ADRs of fluoroquino-
lones [74, 77].

Risk factors for FQ-induced neurotoxicity are numerous. Dosing and duration of 
therapy play a role in the development of SEs. Previous neurologic damage, known 
epilepsy, and alcohol use places patients at greater risk of seizures [2, 68] while 
comorbid psychiatric illnesses may increase the risk of psychosis or mood disor-
ders. Concurrent conditions that independently cause peripheral neuropathy further 
increases the risk of developing potentially persistent or permanent neuropathies. 
Old age and renal dysfunction increase the risk of developing neurotoxicity overall.

A distinctive quality of FQs is their ability to cause delayed ADRs by inducing 
mitochondrial and cellular toxicity [79]. Slow onset of mitochondrial damage can 
lead to a progression of adverse outcomes despite discontinuation of the antibiotic. 
A number of cases highlight the postponed, persistent, and at times progressive, 
neurologic SEs of FQs. The 1st case is a 28 y.o. woman treated with a 7-day course 
of levofloxacin followed by an additional 10-day course several weeks later. She 
developed severe neurologic symptoms – peripheral, sensory, and autonomic ner-
vous system disturbances – in addition to musculoskeletal and gastrointestinal com-
plaints. Following discontinuation of the drug, her symptoms progressed to the 
point of complete disability from muscle spasms, fasciculations, and atrophy. An 
additional three cases in men and women demonstrated musculoskeletal pain and 
peripheral neuropathy, as well as CNS manifestations of mood disturbance, cogni-
tion impairment, and insomnia. Again, the symptoms worsened even after stopping 
the FQs. All patients had broad workups that were negative for other possible 
etiologies.

 Aminoglycosides (AGs)

Neurotoxicity related to AG use most commonly manifests as ototoxicity, but may 
additionally present as peripheral neuropathy, encephalopathy, delirium, and inhibi-
tion of NM transmission. Individual AGs are structurally similar to one another 
resulting in a shared mechanism of action and comparable ADR profiles. There are 
slight variations in the gravity and regularity of SEs due to minor chemical differ-
ences [80].

AG-associated ototoxicity affects the vestibular or cochlear systems of the ear, 
and in some cases, both simultaneously. Hearing loss associated with AG use is 
often bilateral and permanent [81]. Permanence often occurs in patients with con-
tinued hearing loss after withdrawal of the AG, severe loss (>25 dB), or delayed 
presentation of symptoms [82]. Onset of symptoms may occur shortly after initia-
tion of treatment; however, they most commonly develop during a protracted treat-
ment course. Duration of therapy also plays a role in hearing loss. Between 1975 
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and 2006, 64 patients were treated with AGs for an average of 20 months for tuber-
culosis (TB), of which 19% developed irreversible hearing loss. Of those 12 people, 
6.3% had hearing loss involving frequencies of normal speech [83].

Kanamycin, neomycin, and amikacin are AGs correlated with cochlear function 
disruption [84]. Cochlear toxicity is hallmarked by hearing loss, tinnitus, inner ear 
pressure, and occasionally ear pain. Some patients are asymptomatic and only have 
audiometric changes noted during screening. Clinically apparent hearing loss occurs 
in ~2–4% of patients with AG exposure, while pure tone audiometry hearing loss is 
~26% [82]. High frequency hearing dysfunction often occurs long before clinically 
manifesting by preferentially affecting the basal turn of the cochlea [84]. Hearing 
impairment is the result of cochlear hair cell harm. Studies have found that individu-
alized therapy based on peak and trough concentrations leads to less damage on the 
cochlear system [85]. Hair cell destruction it thought to be secondary to reactive 
oxygen species (ROS) created from overstimulation of NMDA receptors by the AG 
[81, 86]. Other studies report that the formation of iron-AG complexes potentiate 
damage of hair cells by the release of free oxygen radicals [2, 87]. This theory is 
supported by a reduction in damage in the presence of iron chelators and radical 
scavengers in in vitro studies. Hearing loss can ultimately progress to complete 
deafness as hair cell damage spreads from the cochlear base [81, 84, 87].

Vestibular ototoxicity is less common than cochlear, and is often overlooked 
[80]. It manifests as disequilibrium, dizziness, vertigo, ataxia, and nystagmus. 
Vestibular dysfunction occurs in ~1.4–3.7% of AG exposures. Gentamicin is the AG 
most often associated with vestibular toxicity. Unlike cochlear toxicity, vestibular 
disruption is often reversible, although it may take 1–6 months for symptoms to 
resolve [87]. Vestibular impairment is more closely related to therapy duration 
rather than serum concentration levels [78].

Risk factors for increased susceptibility to aminoglycoside ADRs include poor 
renal function, baseline hearing abnormalities, age, severity of illness, and dehydra-
tion. Ototoxicity is often seen in conjunction with nephrotoxicity as it results in 
elevated trough levels [78]. Patients with Ménière’s disease have greater risk of 
developing hearing loss with AGs; seen in up to 30% of patients in one study. 
Significant drug related factors include dosing (daily and cumulative), duration, and 
prior exposure. In a guinea pig model, gentamicin was detected 11 months after the 
cessation of therapy in the outer hair cells. This may contribute to the toxicity seen 
on subsequent exposures [86]. Multiple ototoxic agents should not be used con-
comitantly if possible. Intermittent hearing exams should continue for at least 1 year 
after discontinuation of the AG as damage can continue to progress despite drug 
removal [81]. There is a population of genetically susceptible individuals that 
develop deafness acutely with AG exposure due to a specific mitochondrial DNA 
mutation [88].

AGs are considered one of the major classes of antibiotics to induce NM block-
ade. Gentamicin, streptomycin, and amikacin are the 3 main AGs associated with 
inhibition of NM transmission [11, 89]. The hypothesized mechanism of NM block-
ade is that it’s mediated by AG antagonism of calcium in the presynaptic neuron 
preventing acetylcholine release. In support of this argument is the finding that the 
addition of calcium can reverse the blockade or protect against it [89].
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There have been individual reports of AG-associated peripheral neuropathy and 
encephalopathy, specifically with gentamicin. Nerve biopsy revealed lysosomal 
abnormalities similar to those found in gentamicin-induced nephrotoxicity [90]. 
Additional lesions were found in brain tissue following intrathecal gentamicin. An 
experiment on rabbits found similar CNS lesions that were directly related to brain 
tissue and CSF concentrations [91].

 Polymyxins

In the 1970s, polymyxins fell out of favor due to high rates of toxicity. This antibi-
otic class has made a recent reappearance due to the number of multidrug resistant 
organisms sensitive to polymyxins. ADRs are noted in up to 25% of exposures, with 
neurotoxicity in up to 7% of patients, even with normal renal function. Neurotoxicity 
is believed to be dose-dependent and attributed to the concentration of an active 
metabolite in the blood [92]. Most SEs are mild-to-moderate [93]. Weakness, head-
aches, and dizziness are regular neurotoxic manifestations while paresthesia, ataxia, 
seizures, and apnea are less frequent [93]. The incidence of paresthesia – general-
ized, facial/circumoral, or peripheral – varies depending on route of drug adminis-
tration, with greater incidence associated with intravenous (IV) rather than 
intramuscular administration. Other infrequent ADRs include visual and auditory 
disturbance, vertigo, and hallucinations. A myasthenia-like syndrome, hallmarked 
by muscle weakness and NM blockade, may lead to respiratory muscle paresis or 
paralysis resulting in respiratory failure when severe [50, 94]. Meningeal irritation 
and CSF pleocytosis can occur after intrathecal administration of polymyxins. 
Severe CNS irritation may culminate in convulsions.

The chemical structures of polymyxins contain fatty acids that permit interaction 
with brain tissue and lipophilic portions of neurons resulting in disruption of activ-
ity [11]. Neuromuscular blockade may be secondary to the prevention of presynap-
tic release of acetylcholine due to polymyxin interference on receptor sites [11, 94]. 
Others hypothesize the precipitation of the myasthenia-like syndrome occurs 
because polymyxins competitively bind at acetylcholine receptor sites and cause 
calcium depletion within neurons, leading to prolonged depolarization [94]. Risk 
factors for neurotoxicity are impaired renal function, history of MG, hypoxia, con-
comitant CNS modifying drugs, and being female. Resolution of symptoms occurs 
after discontinuation and may be facilitated by dialysis if necessary [11].

 Tetracyclines

Neurotoxicity is rarely associated with tetracyclines [2]. Early reports noted cranial 
nerve toxicity and in rare cases caused NM blockade. Action at the NM junction is 
responsible for the individual case reports of exacerbations of MG [20, 50, 95]. 
Seldomly, tetracyclines have been associated with benign intracranial hypertension 
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that self-resolves within 2–5 days after discontinuation of the responsible agent [2, 
96]. In a trial looking at the effects of 18-months of minocycline on the progression 
of Parkinson’s Disease, participants frequently experienced headaches and dizzi-
ness [97].

There are a variety of psychiatric symptoms associated with doxycycline use. A 
case series in 2013 showed a link between doxycycline and suicidality among three 
patients. Of the 3 patients, 2 completed suicide. The 3rd individual stopped therapy 
with doxycycline and returned to his baseline mood without the need for ongoing 
psychotropic medications. A few siblings of the individuals also experienced anxi-
ety while on low doses of doxycycline. No definitive mechanism of action was 
found [98]. These case reports are further supported by 317 past reports of mood 
disturbance in patients on doxycycline sent to the US FDA.  This includes 16 
attempts at suicide.

A few animal models have actually shown that some tetracyclines, have dose- 
dependent neuroprotective qualities against partial seizures [99]. Other studies have 
shown beneficial effects, such as improved function, of minocycline when given 
over a 3-month period following acute ischemic strokes [100, 101].

 Glycylcycline

In general, tigecycline has a favorable safety profile, with mild SEs. Its neurotoxic 
ADRs – headache, dizziness, and insomnia – are of no exception [102]. Since the 
drugs approval, there have been relatively few neuropsychiatric ADRs reported. 
Delirium was noted in a case report of an elderly Asian man with ESRD receiving 
tigecycline for a COPD exacerbation. The patient became altered and aggressive 
shortly after a loading dose infusion. Symptoms resolved after discontinuation, but 
when re-challenged, the patient once again became delirious [103].

 Sulfonamides

Sulfonamides commonly cause headache and drowsiness. Trimethoprim- 
sulfamethoxazole (TMP-SMX), specifically, can cause tremor, aseptic meningitis, 
and delirium but seldomly does. TMP-SMX also causes abrupt behavioral changes, 
restlessness, and aggressiveness during acute episodes of psychosis [104]. 
Hallucinations, both visual and auditory, have been described [105]. Psychiatric 
symptoms often start to improve within 24  h of discontinuation. HD may help 
remove the drug if needed [104, 106–108]. Neurotoxicity risk factors include old 
age, preexisting psychopathology, malnutrition/folate deficiency, increased perme-
ability of the BBB, additional agents capable of inducing psychosis, and renal or 
hepatic dysfunction [104, 106, 107]. IV formulations also put patients at greater risk 
of SEs than oral preparations. An immunocompromised state may additionally play 
a role as a study found that psychosis had an incidence of 11.9% with TMP-SMX 
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use in HIV patients [109]. To further support this notion, TMP-SMX ADRs are 
noted in ~8% of the general population, while ADRs are reported about 83% of the 
time in HIV positive patients [11]. Those with cytochrome P450 2C9 class muta-
tions are at risk at developing SEs from TMP-SMX as its metabolized through this 
pathway. Mutant forms slow enzyme activity and the drug accumulates, including 
in the brain/CSF since TMP-SMX has good CNS penetratration [107]. Psychosis is 
likely dose-dependent, as Lee et al. found that for every 1 mg/kg increase in the dose 
of trimethoprim, the incidence of acute psychosis raised by 40% [109]. They also 
calculated that ~1/5 dosed at >15  mg/kg/day of trimethoprim develop psychosis 
[109]. In renal transplant patients receiving TMP-SMX, 25% of patients developed 
a psychiatric syndrome when dosed at ≤15 mg/kg. As the individual dose surpasses 
15 mg/kg, the rate of acute psychiatric episodes increases to 100% [104, 110]. This 
is also corroborated by a case in which a patient was treated with TMP-SMX prior 
to stem cell transplantation for prophylaxis without issue. After the transplant, the 
patient was treated for PJP with higher dosed IV formulation TMP-SMX.  After 
5 days of therapy the patient had tremor, restlessness, and insomnia that progressed 
to hallucinations, disruptive behavior, and confusion [111]. Patient returned to base-
line within 48 hours of medication withdrawal. Treatment 6 months later with an 
oral, reduced dose of TMP-SMX took place without complication.

Bhattacharyya et al. classified sulfonamides as type 2 AAE due to their predilec-
tion to cause psychiatric syndromes. They found encephalopathy to be associated 
with delusions, hallucinations, or psychosis with macrolides at 63%, FQs at 67%, 
and sulfonamides at 68%. Sulfonamide-induced encephalopathy was only linked to 
seizures 16% of the time. Range of SE onset was 1–16  days with a median of 
3 days. Resolution of symptoms ranged from 1–5 days.

 Glycopeptides

There are reports of vancomycin causing a dose-dependent, typically reversible 
ototoxicity; however, it remains controversial due to a lack of supporting animal 
models [112–114]. The hypothesized mechanism of vancomycin ototoxicity is 
direct damage to the auditory branch of the 8th cranial nerve by supratherapeutic 
serum concentration levels of 80–100 μg/mL [113, 115]. A 63 y.o. man treated 
with intrathecal vancomycin for meningitis developed bilateral, complete, and 
permanent sensorineural hearing loss following two doses [116]. Ototoxicity risk 
factors include prolonged dosing, renal dysfunction, older age, preexisting hear-
ing loss, and concomitant use of additional ototoxic agents. A retrospective study 
analyzing audiograms taken before and after prolonged vancomycin use 
(~27 days), found that 12% had subclinical changes on audiometry posttreatment 
[117]. There is evidence to support that vancomycin augments aminoglycosides 
leading to increased risk of ototoxicity when used concomitantly. Vancomycin 
also rarely causes dizziness, vertigo, and tinnitus [113, 115, 118]. Tinnitus acts as 
a harbinger of impending hearing loss, therefore it should prompt cessation of 
vancomycin [113, 115].
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During early safety trials of teicoplanin, 0.3% of patients developed hearing 
impairment [119]. Guinea pigs treated for 28 days with max doses of teicoplanin 
(75 mg/kg/day) failed to show any ototoxicity at any level – functionally or histo-
logically [120]. Maher et al. discovered asymptomatic high frequency hearing loss 
in a 39 y.o. man with Down syndrome on routine audiogram on day 31 of teico-
planin use. Serum levels were within recommendations. Five months after discon-
tinuation of the drug, a repeat audiogram showed only slight improvement of his 
high frequency hearing loss. The researchers tested 100 additional cases for teico-
planin ototoxicity, but did not find a single additional case. Maher et al. attributed 
the hearing loss in the man with Down syndrome to the premature aging associated 
with the disorder [121]. In 2004, a study following 12 patients treated with teico-
planin for severe staphylococcal infection showed a slight, but significant, increase 
in high frequency hearing thresholds on audiometry, specifically at 4 and 8 kHz 
[122]. These studies suggest that teicoplanin, like vancomycin, has ototoxic poten-
tial, but is relatively rare and often subclinical.

 Lipoglycopeptides

Lipoglycopeptides are well tolerated and induce very few nervous system ADRs 
and those they do cause are mild and short-lived. Other than 25% of participants 
reporting headache, dalbavancin had a favorable SE profile during phase I-III trials 
[123]. In an additional article looking at data from seven randomized clinical trials 
between dalbavancin and comparators, headache and insomnia were among dalba-
vancin’s top 10-reported SEs. Out of 1178 participants, 7% reported headaches 
while 2% developed insomnia [124]. There was no evidence of ototoxicity. Adverse 
effects lasted 7.7 days on average [125].

No neurotoxic SEs were noted with ortivancin in early studies while only one 
pharmacokinetic study reported headache. In one clinical trial, the ortivancin group 
did experience more tremor than the comparator group [125].

Telavancin has recurrently caused psychiatric disorders, headache, and paresthe-
sia. In the FAST-2 trial it was found to alter taste, change sleeping patterns, and 
cause head discomfort [125].

 Lipopeptide

In daptomycin phase III trials, the incidence of headaches was 5.4% [126, 127], 
dizziness 2.2% [126], while a few other neurotoxic effects – vertigo, mental status 
change, or paresthesia – occurred <1% experienced. In a separate arm of the phase 
III trials, difficulty sleeping developed in 9% [126].

Other neurological ADRs documented as “possibly or probably drug-related” 
during the early trials were dyskinesia, paresthesia, and hallucinations. Peripheral 
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neuropathy was not seen in early trials; rather it arose as a problem during postmar-
keting surveillance. Animal models using dogs have elicited peripheral neuropathy, 
but only when using supratherapeutic, nonclinical doses. The appearance of periph-
eral neuropathy was demonstrated at 40 mg/kg/day in the adult dogs, while clini-
cally relevant doses are generally 4–6 mg/kg/day. The neuropathy was characterized 
as axonal degeneration accompanied by loss of reflexes and pain perception. Deficits 
were noted within 2 weeks of treatment and improved within 2 weeks of drug ces-
sation [126]. In a randomized trial comparing 6 mg/kg/day of daptomycin to a com-
parator therapy, 11/120 patients in the daptomycin group developed peripheral 
nervous system SEs (i.e. paresthesia, dysesthesia). Only 2/116 of the comparator 
experimental group developed comparable symptoms [128]. All daptomycin symp-
toms fully resolved. Phase II trials also noted a few cases of neuropathy when 
patients were treated with 3 mg/kg twice daily [129].

 Oxazolidinones

Based on early trials, linezolid and tedizolid are well tolerated. In a phase I trial of 
tedizolid, no SEs were severe enough to warrant dropping from the study [130]. In 
a direct comparison trial, linezolid and tedizolid had similar safety profiles and SEs. 
The main neurotoxic ADRs were insomnia (1.5% v 0.7%), dizziness (1.8% v 2.1%), 
and headache (6.2% v 5.9%) [131].

Linezolid-induced peripheral neuropathy is a treatment-limiting ADR. Due to an 
increased potential to develop painful paresthesia in the extremities following 
4 weeks of linezolid, it’s recommended that patients receive less than 28 days total 
[132–135]. In a study looking at 828 treatment courses of linezolid, only 32.9% 
extended beyond 28 days. Peripheral neuropathy was rare with only 3 (0.36%) of 
the patients developing neuropathic pain; all three patients were treated >28 days 
[136]. Linezolid-associated peripheral neuropathy is often symmetrical and can be 
a disruption of small nerve fibers, large nerve fibers, or a combination of both [132–
134]. A mild motor component to the peripheral neuropathy is often present [133]. 
The neuropathy is most often irreversible, although reversibility has been noted in 
some cases following discontinuation of linezolid [135, 137]. Bressler et al. found 
that 9/12 cases reported irreversible changes [135]. Risk factors for the development 
of linezolid-induced neuropathy are long duration of therapy, preexisting neurologi-
cal disease, diabetes, alcoholism, or concomitant use of chemotherapeutic or anti-
retroviral therapies [138]. Most reports of neuralgia develop following 4–6 months 
of treatment but there are exceptions. For example, a 35 y.o. female treated with 
linezolid 600 mg PO daily for multidrug resistant tuberculosis (MDR-TB) devel-
oped painful, bilateral paresthesia in her lower extremities after only 20 days. On 
exam she had impairment of pain and temperature sensation, mild disturbance of 
proprioception, diminished vibration at distal toes, and weakness of foot muscles. 
Reflexes were absent in the legs. Nerve conduction studies demonstrated decreased 
sensory and motor action potentials in the bilateral lower extremities [134]. Patient 
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was diagnosed with a small and large fiber neuropathy. Patient fully recovered 
within 2 months after stopping linezolid.

Linezolid largely induces a small fiber neuropathy by means of mitochondrial 
impairment in neurons and Schwann cells as demonstrated in in vivo and in vitro 
studies [139]. In the in vivo model, mice were given clinically relevant doses of 
linezolid over 4 weeks. At the end of the trial period, the mice exhibited increased 
reaction time to cold stimulus, prolonged latency time, and reduced amplitudes of 
sensory nerve action potentials [139]. In vitro studies showed increased sensory 
neuron death and shortening of axons with direct administration of linezolid [139]. 
In an additional study, linezolid lead to dose-dependent and time-dependent 
decreases in mitochondrial respiratory enzyme activity in tissues experiencing neu-
ropathic dysfunction. The amount, structure, and sequence of mitochondrial DNA 
were not significantly altered [140].

Optic neuropathy is another feared side effect of linezolid; however, unlike the 
peripheral neuritis, it is generally reversible with discontinuation. Linezolid-induced 
optic neuropathy (LON) is characterized by bilateral, painless, and progressive visual 
changes; including alterations in visual acuity or color vision, optic disc swelling or 
pallor, and decreased central vision greater than peripheral vision loss [141, 142]. 
Optic changes induced by linezolid are consistent with a toxic metabolic neuropathy, 
which are presumed secondary to mitochondrial dysfunction [141]. The incidence of 
LON remains unknown, as the largest study to date did not report any vision loss or 
changes. In a study looking at patients receiving linezolid for MDR-TB, 24/86 
reported a minimum of 1 ocular complaint during treatment; blurred vision represent-
ing the majority. Five (5.8%) had optic neuropathy based on ophthalmologic testing 
[142]. In one meta-analysis, optic neuropathy was diagnosed in 13.2% of 121 patients 
being treated for MDR-TB with linezolid [143]. In an additional meta-analysis, 
peripheral neuropathy was quite frequent at 31%, while optic neuritis was only noted 
in 8% patients (sample 246) [144]. Linezolid-induced peripheral neuropathy often 
precedes LON when occurring in the same patient and tends to persist despite discon-
tinuation of linezolid and resolution of the vision irregularities [141, 142].

Tedizolid appears to have a lower risk of peripheral and optic neuropathy based 
on current data. In a phase I trial using healthy volunteers, no participants developed 
peripheral neuropathy; however, the trial was shorter than the average onset of 
linezolid- induced neuropathy [145]. In an animal model using rats, tedizolid was 
administered in varying doses over 1–9 months with no peripheral or optic neuropa-
thy noted in the rats at any milestone [146]. In a case report, tedizolid was used for 
18 months as suppressive therapy without the development of peripheral or optic 
neuropathy [147]. In a case series of 24 patients being treated for nontuberculous 
mycobacterium infections, 21% developed peripheral neuropathy while 0 devel-
oped optic neuritis. The median use of tedizolid during this case series was 101 days 
(range 15–369) [148].

Linezolid and tedizolid are weak reversible inhibitors of monoamine oxidase 
(MAO) activity in vitro; consequently decreasing the metabolism of serotonin. 
Linezolid is a nonselective inhibitor and therefore affects MAO-A and MAO-B, 
subsequently increasing serotonin and catecholamines [11]. In combination with 
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additional serotonin augmenting medications, serotonin syndrome (SS) may 
develop, albeit rarely. SS is a potentially fatal syndrome characterized by changes in 
mental status, autonomic hyperactivity, and neuromuscular abnormalities [149, 
150]. Linezolid most often contributes to the development of serotonin toxicity 
when given concomitantly with selective serotonin reuptake inhibitors (SSRIs) 
[151]. Linezolid-associated SS has only rarely occurred without concurrent SSRIs 
or MAO inhibitors [152]. SS did not occur in phase III studies of linezolid or 
tedizolid. Additionally, when tedizolid was given at 30x the human equivalent dose, 
it was not found to increase head twitching in a murine animal model, suggesting no 
increase in serotonin [153]. To prevent linezolid-associated SS, recommended pro-
visions include instituting a 14 day washout of any SSRIs/MAOIs prior to starting 
linezolid, reducing doses of other serotonin modifying drugs, and monitoring 
patients undergoing concomitant therapy. If SS develops, the medication should be 
held and supportive measures given [152].

Even more uncommonly, linezolid use may lead to the development of Bell’s 
palsy [154], seizures [155–157], encephalopathy [138], and syndrome of inappro-
priate antidiuretic hormone (SIADH) [158, 159]. Bell’s palsy was noted in a 49 y.o. 
female that developed facial hemi-paralysis 3 weeks into therapy. Linezolid was not 
immediately suspected but patient subsequently redeveloped facial paralysis on re- 
challenge [154]. Underlying mechanism was suspected to be mitochondrial dys-
function. Linezolid-induced seizures mostly occur in patients at increased risk due 
to history of epilepsy [155–157], In phase II/III trials with tedizolid, no seizures 
were reported [160]. A case report illustrates early onset encephalopathy following 
concomitant use of linezolid and hydroxyzine. Onset of encephalopathy was within 
1.5 days of starting linezolid. The combination of an antihistamine with anticholin-
ergic effects and linezolid’s nonselective MAO inhibition may have potentiated tox-
icity through disruption of neurotransmitter concentrations [11, 138]. There are at 
least two reports of SIADH induced by linezolid use. In both cases the patients 
developed symptomatic hyponatremia shortly after starting linezolid. After its dis-
continuation, sodium levels normalized and remained stable [158, 159].

 Lincosamide

Clindamycin’s best-known SE is the detrimental effect it has on the gut microbiome 
resulting in overgrowth of Clostridiodes difficile. There are no well-defined neuro-
logic ADRs linked to clindamycin use, but there have been cases of prolonged peri-
ods of NM blockade following inappropriate doses of clindamycin. One example 
involves a 58 y.o. woman that required ventilator assistance following an intraop-
erative clindamycin overdose [161]. Patient was unintentionally given 2400  mg 
instead of the requested 600  mg following the start of surgery. She remained 
ventilator- dependent for 11 h postoperatively, long after the effects of her anaesthe-
sia/paralytics wore off. It’s uncertain if this was a direct effect of clindamycin or a 
drug interaction with other medications used intraoperatively.
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 Nitroimidazole

In the short-term, metronidazole is generally well tolerated; however, when used for 
prolonged periods it can cause central and peripheral nervous system ADRs, includ-
ing encephalopathy, cerebellar dysfunction, peripheral neuropathy, optic neuritis, 
seizures, and ototoxicity [162]. Overt psychosis, characterized by restlessness, dis-
orientation, delusions, and/or hallucinations [163], has also been documented with 
metronidazole use, especially when taken in conjunction with disulfiram [164]. 
Metronidazole-induced encephalopathy (MIE) is a distinct, stereotypical pattern of 
encephalopathy specific to metronidazole use. Due to the unique pattern of MIE, 
metronidazole was classified into its own class of AAE, type 3 [1]. This class is 
characterized by an onset weeks after commencing the treatment regimen, frequent 
cerebellar dysfunction, rare seizures, nonspecific EEG findings, and an abnormal 
but patterned MRI [1]. MIE demonstrates a distinctive collection of abnormalities 
on MRI, potentially including changes in the cerebellar dentate nuclei, dorsal brain-
stem, or splenium of the corpus callosum [165]. MRI findings are suggestive of both 
vasogenic and cytotoxic effects. The exact mechanism of how neurotoxicity devel-
ops is not known, however, it is hypothesized that ROS and thiamine metabolism 
derangements play a role. In in vitro studies, metronidazole is transformed into a 
thiamine analog that impedes thiamine phosphorylation [166].The histopathology 
of brains from thiamine-deficient rats is similar to changes caused by toxic levels of 
metronidazole [167]. In humans the MRI findings resemble nonalcoholic Wernicke’s 
encephalopathy. There are likely additional factors at play as the lesions are only 
similar and not identical, suggestive of underlying pathophysiology differences [1]. 
An experimental study by Xiao et al. revealed that metronidazole triggers apoptosis 
of human neuron cells but does so via an unclear ROS-independent pathway [6].

Neurologic SEs of metronidazole were once thought to be dose-dependent, how-
ever, there is no direct relationship between dose and symptom onset [162]. In a 
review of 64 cases of MIE, the average daily dose of metronidazole was 719 mg 
with ranges from 250 mg to 2000 mg. The average cumulative dosing amount prior 
to cessation was 93.4 g with a range from 0.25 g to 1095 g [162]. In a larger review 
(136 cases), cumulative exposure ranged from 5 g to 2000 g [168]. Looking at mul-
tiple reviews of MIE, the mean duration of therapy prior to the onset of symptoms 
ranges from 47.2 to 75 days [162, 168, 169]. Kuriyama et al. found that the majority 
of MIE cases occurred after at least 1 week of therapy (63%) while a small percent-
age developed in under 3 days (11%) [162]. One outlier case is of an 83 y.o. woman 
with dysarthria only 2 days after beginning metronidazole (and ciprofloxacin) for a 
recurrent liver abscess. Symptoms progressed over 2 weeks to include gait unsteadi-
ness and bilateral lower extremity paresthesia culminating in the inability to stand. 
Her MRI was consistent with MIE and metronidazole was discontinued. Patient 
recovered completely within 6 days of cessation [162]. A more classical case of 
MIE can be seen in a 61 y.o. man with a history of a kidney transplant treated for an 
abdominal subcutaneous gas-containing fluid collection with metronidazole (plus 
meropenem later substituted by amikacin) for 11 weeks [169]. The patient devel-
oped cerebellar signs and gait instability with frequent falls towards the end of his 
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treatment. MRI demonstrated archetypal MIE changes. Metronidazole was discon-
tinued and the patient began improving within 24 h.

Liver disease was found to be the leading preexisting comorbidity in patients 
with MIE in a systematic review by Sorensen et al. [168] Bhattacharyya et al. found 
a degree of hepatic dysfunction in 14% of MIE cases [1]. The liver partially metabo-
lizes (30–60%) metronidazole; therefore, hepatic dysfunction leads to a prolonged 
half-life and elevations of serum and CSF concentrations [170]. In 2 review articles, 
men were predominantly affected with a disproportionate ratio of 2:1 in 1 article 
[162, 168].

With prompt intervention, patients with MIE have good outcomes with most 
fully recovering, including full resolution of MRI lesions [162, 168–172]. Degree of 
recovery is not associated with total dose received by the patients [168]. Contrary to 
the majority, the death of a 65 y.o. female with hepatitis B cirrhosis was attributed 
to metronidazole use. Patient was sent home on a 3-week course of ciprofloxacin 
and metronidazole for spontaneous bacterial peritonitis. Patient returned to the hos-
pital on day 11 with slurred speech, confusion, and disorientation. Mental status 
further declined. On day 22 of metronidazole her MRI showed MIE and metronida-
zole was stopped. Despite discontinuation, the patient continued to deteriorate and 
MRI lesions progressed. Additional causes of encephalopathy were ruled out, and 
although not definite, it’s believed she died from progression of MIE [171]. One 
additional death and 1 case of persistent vegetative state have been attributed to 
Metronidazole [168, 171].

Metronidazole can also cause a peripheral neuropathy that may present in con-
junction with MIE or independently. When present together, the symptoms tend to 
develop consecutively, with peripheral neuropathy developing first followed by 
CNS dysfunction [173]. Patients may experience a variety of sensory symptoms 
ranging from numbness to pain. Diminished reflexes, weakness, and/or atrophy may 
accompany the sensory derangements [174]. The mechanisms behind the nerve 
damage are hypothesized to be the same as those seen in MIE: free radical produc-
tion during the metabolism of metronidazole [175] and enzymatic conversion of 
metronidazole into a competing thiamine analog [166]. Additionally, metronidazole 
and products of degradation can bind directly to RNA resulting in the inhibition of 
protein synthesis and subsequent damage to axonal nerve fibers [176]. In review of 
40 cases of metronidazole-induced peripheral neuropathy, most cases developed 
when use extended beyond 4 weeks and cumulative exposure was over 42 g [174]. 
Following discontinuation of metronidazole, outcomes were generally good with 
partial to complete resolution. Time to resolution was variable and did not correlate 
to severity of neuropathy or dosing regimen. In the same review, peripheral neu-
ropathy rates varied from 0% to 50% [174] making it difficult to estimate a true 
incidence. In a study comparing peripheral to central toxicity effects, peripheral 
neuropathy endured longer and had more residual symptoms [173].

There have been a handful of cases of optic neuritis with metronidazole. Duration 
of use prior to onset has significant variability (range 7–365 days). A 67 y.o. female 
developed bilateral visual acuity loss after 8 months of treatment. As the inciting 
source was unknown at the time of presentation, she was continued on metronida-
zole for another 2 months resulting in progression of visual disease and worsening 
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peripheral neuropathy. After cessation of metronidazole, her vision improved sig-
nificantly [177]. Not all cases of metronidazole-induced optic neuropathy are asso-
ciated with neither peripheral neuropathy nor are all cases bilateral.

 Nitrofurans

Nitrofurantoin’s most common SE is headache, followed by dizziness and drowsi-
ness [178]. In a study looking at the safety of long-term urinary tract infection pro-
phylaxis with nitrofurantoin, neurologic SEs were found to be uncommon. Of the 
219 participants only 2 felt faint, 3 complained of headache, and 3 were excessively 
fatigued. After 12 months, just one patient developed paresthesia of the fingertips 
and the sensation dissipated after discontinuation of nitrofurantoin.

Peripheral neuropathy is a known rare SE of nitrofurantoin. It was noted to occur 
in 0.0007% of those that used the medication long-term in a study that compared all 
those that had symptoms to the number of prescriptions written [179]. This particu-
lar neuropathy is categorized as a degenerative axonal sensorimotor neuropathy that 
is primarily sensory disturbance to start followed by motor-predominance [180]. 
The majority of cases develop after prolonged nitrofurantoin use but there have 
been reports after recurrent intermittent use [2, 181]. Development of neuropathy is 
hypothesized to be a result of dose-dependent depletion of glutathione [182]. 
Women and elderly are more often affected [183, 184]. Patients with predisposing 
conditions to neuropathy (i.e. diabetes mellitus) or renal failure are also more prone 
to nitrofurantoin-induced neuropathy [180]; however, there are reports in otherwise 
healthy individuals [182]. A unique case of nitrofurantoin-induced neuropathy in of 
a 38 y.o. woman that presented with thigh and chest pain rather than distal neuropa-
thy after taking nitrofurantoin for over 7 years [180]. Her neuropathy progressed to 
involve her entire body culminating in numbness of her genitalia. Due to a delay in 
diagnosis and continued use of the nitrofurantoin, her symptoms did not improve 
until 21 months after cessation. She ultimately partially recovered but had perma-
nent mild neuropathic pain, numbness, and temperature changes in her distal 
extremities [11, 180]. A case report analysis of over 100 cases of nitrofurantoin- 
induced polyneuropathy found that 34% fully recovered, 45% partially recovered, 
13% failed to improve following discontinuation, and 8% died from unrelated 
events and could not comment on the status of their neuropathy [181]. Delayed 
diagnosis and continued use of nitrofurantoin after the onset of neuropathy often 
leads to poorer outcomes [180].

 Antimycobacterials, First-Line Therapy

Medications in all lines of therapy used to treat TB have neurotoxic SEs. Of the 
classic, first line 4-drug regimen (rifampin, isoniazid, pyrazinamide, and ethambu-
tol), three are associated with neurologic ADRs. Pyrazinamide is the only the only 
exception in the group.
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 Isoniazid (INH) and Pyridoxine (Vitamin B6)

Isoniazid has well documented peripheral and central neurotoxic SEs. INH-induced 
peripheral neuropathy is one of INH’s most common neurotoxic effects with an 
incidence of 0.2–2% [185]. INH’s antagonism of pyridoxine can result in peripheral 
neuropathy [127, 186] characterized by damage of myelinated and unmyelinated 
nerve fibers [186]. This axonal injury results most commonly in lower extremity 
burning, pricking, tingling, and numbness but can develop in all appendages. It also 
potentially impairs perception of light touch, pain, temperature, and position or 
manifests as weakness or hyporeflexia. Symptoms of neuropathy tend to surface 
after at least 6 months of therapy [186–188], but the earliest documented onset is 
just 2 weeks after initiation [188]. Risk factors for toxicity include old age, mal-
nourishment, pregnancy, “slow acetylation,” and comorbid conditions at high risk 
for peripheral neuropathy (i.e. alcoholics, HIV, etc.) [185, 186, 189, 190]. “Slow 
acetylators” are individuals with an autosomal recessive state leading to slow acety-
lation of INH that increases the risk of neurotoxicity because it delays the inactiva-
tion of INH and results in increased drug levels [186, 189, 190]. Prophylactic 
pyridoxine supplementation is recommended in those with known risk factors of 
peripheral neuropathy [191, 192]; however; neuropathic changes have been noted in 
individuals without risk factors and require treatment with pyridoxine [185]. For 
example, an otherwise healthy 45 y.o. female developed sensorimotor polyneuropa-
thy manifesting as muscle weakness and numbness following the initiation of RIPE 
therapy for a tubercular psoas abscess. Electromyography (EMG) showed severe 
axonal sensorimotor polyneuropathy with slowed conduction. Patient was started 
on pyridoxine resulting in slow improvement, but unfortunately, had mild long- 
lasting sensory peripheral neuropathy extending beyond her course of RIPE [185]. 
Prophylactic dosages of pyridoxine vary between 10-100  mg daily based on 
assumed risk [192].

Isoniazid use also has the potential to cause other neuropsychiatric SEs, includ-
ing insomnia, agitation, headaches, optic neuropathy, and psychosis [2, 186, 189]. 
Overt psychosis  – manifested as disorganized thought, hallucinations, delusions, 
peculiar behavior – may be precipitated by isoniazid, and is estimated in 1.9% of 
patients [2, 186]. The timing of psychosis varies but the onset of florid psychosis 
may be preceded days to weeks in advance by a collection of milder symptoms – 
anxiety, restlessness, irritability, and/or headache [193, 194]. The mechanism 
behind INH-induced psychiatric episodes is not well defined, but there are several 
hypotheses. One suggested pathogenesis is that INH interferes with MAO activity 
leading to the accumulation of serotonin and catecholamines [2, 195]. Conflicting 
opinions exist regarding the usefulness of pyridoxine at the onset of psychosis, as 
psychiatric syndromes have occurred in regimens with [196] and without the use of 
pyridoxine [195]. Psychosis generally dissipates with the removal of INH alone as 
seen in a case report of an 84 y.o. man that developed psychosis after initiation of 
RIPE therapy. After the substitution of INH for another agent, he was successfully 
continued on anti-tubercular treatment without further cognitive disturbance [197]. 
According to Bhattacharyya et al., INH does not fit clearly into the categories of 
AAE; therefore, placed in a category of its own. General characteristics of this 
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group are: weeks to months to onset, common psychosis, rare seizures, and fre-
quently abnormal EEGs with nonspecific patterns [1].

Cognitive decline without clear psychosis is another SE of INH as demonstrated 
in a prospective study looking at cognitive patterns of patients receiving 9 months 
of INH monotherapy. Mild and temporary impairment was documented in 7% of 
the sample population. Advanced age was a key risk factor [198]. INH-induced pel-
lagra can cause additional cognitive effects, such as dementia and encephalopathy 
[186], as result of INH’s antagonism of pyridoxine and inadequate creation of nia-
cin. The administration of pyridoxine does not guarantee the avoidance of pellagra 
[199]. Unlike traditional pellagra, niacin deficiency may lead to dementia and/or 
confusion alone, without the other components of the classic triad – diarrhea or 
dermatitis. Malnourished or those with strict dietary restrictions are considered high 
risk [199, 200].

Incorrect dosing of INH, in the acute or chronic setting, may lead to excessive 
accumulation of the drug [201]. INH overdose generally presents in a typical 
sequence of events starting with vomiting, dysarthria, and incoordination followed 
by confusion and mental deterioration, including coma and repetitive grand mal 
seizures [186, 189]. Sizeable doses of pyridoxine are used to treat INH-induced 
seizures. Pyridoxine is generally given in comparable doses to the amount of INH 
consumed [202, 203]; however, if the amount ingested is unknown, then the initial 
dose of pyridoxine is 5 g given over 5–10 min with repeat dosing as necessary. 
Diazepam is often given in conjunction with pyridoxine as it has the best results in 
regards to attenuating seizure activity. HD is an effective treatment of refractory 
seizures [186]. The epileptogenicity of INH is credited to diminished GABA con-
centrations and amassing of glutamic acid [204]. Animal models support a disrup-
tion of neurotransmitters as a possible nidus for seizures; however, animal studies 
find a resulting increase in GABA and decrease of glutamate following INH over-
dose [205–207]. On the surface this appears contrary to the suggested notion that 
diminished GABA leads to seizures; however, in one particular study, the rats were 
sacrificed several days after the manifestation of seizures and hind limb paralysis 
and therefore glutamate may have already been consumed [205]. In additional stud-
ies, inhibition and activation of particular enzymes, glutamic acid decarboxylase 
(GAD) and GABA aminotransferase (GABA-T), appear to play major roles. GAD 
is responsible for converting glutamic acid into GABA while GABA-T flows in the 
opposite direction creating glutamate from GABA. In an experiment on chicks by 
Woods and Peesker, they noted initial inhibition of GAD and GABA-T with the 
inhibitory effects on GAD more significant early on leading to decreased GABA 
[206]. The inhibition of GABA-T was prolonged compared to GAD ultimately 
resulting in decreased glutamate and increased GABA levels. Wood and Peesker 
found that seizures were not clearly associated with either stage, rather a function of 
the combined disruptions [206]. A study performed in 1981 found that hydrazine, a 
metabolite of INH, caused a significant increase in inhibition of GABA-T without 
affecting GAD [207]. According to the authors, this suggests that the metabolite 
plays a greater role later in the development of neurotoxicity while INH’s effects on 
pyridoxine make an impact earlier in the process. They also concluded that INH 
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disturbs cellular energy metabolism leading to disruptive disorders of neurotrans-
mission and cell death culminating in neurotoxicity [207].

Of note, pyridoxine does have the potential to be neurotoxic and create a gener-
ally reversible, painful pure sensory neuropathy [182, 186]. When used in small 
doses along with isoniazid it is protective; however, if taken inappropriately it 
becomes harmful. In a rare case, pyridoxine use was attributed to a concomitant loss 
of all deep tendon reflexes [208].

 Rifampin/Rifampicin

Rifampin is rarely associated with neurologic SEs, and when it is, they are more 
commonly due to drug-drug interactions. This is due to rifampin’s effect on the 
metabolism of many drugs through its strong induction of cytochrome P450. The 
neurotoxic SEs rifampin may cause on its own are mild and include: headache, diz-
ziness, drowsiness, or ataxia [186].

 Ethambutol

Neurotoxicity associated with ethambutol can be life altering as it can cause perma-
nent bilateral visual impairment. Ethambutol optic neuropathy (EON) manifests as 
a painless and progressive loss of central vision. Blurred vision, color changes, or 
frequent alterations in prescriptions of corrective lenses are all possible patient com-
plaints. Most patients with EON notice symptoms within the first 9 months of ther-
apy, but rarely within the first month. Overall, the incidence of EON is ~1% with 
some slight variation between countries. Based on findings of multiple studies, this 
particular SE is likely dose-dependent [186, 209, 210]. Over a 10 year period, a 
Taiwanese study looked at 4803 patients treated an average dose of 16 mg/kg of 
ethambutol and found the incidence to be 1.29% [209, 211]. In India a cumulative 
incidence of EON by all taking ethambutol was 2.25%, with permanent vision loss 
of 0.43%. Exclusion of patients on doses >27.5 mg/kg/day, decreases the incidence 
to 1.92% with only 0.23% developing permanent loss [212]. After discontinuation 
of ethambutol, recovery took an average 3 months. A study of 415 patients on an 
average ethambutol dose of 14.5 mg/kg/day for treatment of pulmonary MAC found 
an EON incidence of 0.7%. Analysis including only those patients on <15 mg/kg/
day, reduced incidence further to 0.3% [210].

EON risk factors include duration of therapy, age over 65, hypertension, and 
renal dysfunction [213]. Age and optic atrophy are prognostic indicators. Prior stud-
ies showed greater recovery in patients <60 years old. Of 10 patients with severe 
EON, only 5 improved to some degree and of those 5 patients, only 1 (20%) was 
>60 [214]. The presence of optic atrophy is another prognostic indicator, with its 
development suggestive of a poor outcome, especially when early on [209].
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Routine vision screening is important before, during, and after ethambutol use. A 
baseline eye exam that checks visual fields, visual acuity, color vision, and the fun-
dus should always be done before or immediately after initiation of ethambutol 
[209]. Clinical and subclinical visual changes should prompt immediate discontinu-
ation of ethambutol to prevent progression of visual impairment.

The disease process of EON is still not entirely clear; although Chung et al. may 
have found a possible explanation related to ethambutol’s ability to act as a zinc 
chelator [215, 216]. They found that ethambutol stimulated vacuole production in 
cultured retinal cells. Vacuole number is dependent on the concentration of intracel-
lular zinc – absence of free zinc leads to fewer vacuoles, while the presence of zinc 
increases their production [215]. The vacuoles were actually revealed to be lyso-
somes full of zinc. The researchers conjectured that the lysosomes are essential for 
confining and eradicating the mycobacterium. In general the process is beneficial; 
however, lysosomal excess within the retina likely causes disruption of normal 
function and results in toxicity [216].

 Other Anti-infectives

Antimicrobials other than antibacterials, including antifungals, antiparasitics, anti-
virals, antimalarials, and antiretrovirals, all have neurologic SEs of their own.

 Antifungals

A variety of the different types of antifungals may cause neurotoxic ADRs. Azoles 
and polyenes are specific classes known to cause neurologic SEs. On the other end 
of the spectrum, echinocandins cause no known neurotoxic SEs [217].

A meta-analysis of antifungals found that voriconazole use substantially 
increases the probability of neurotoxicity [218]. Plasma drug levels of voriconazole 
relate closely to its efficacy and toxicity. Neuropsychiatric SEs, such as confusion, 
agitation, or hallucination, are more likely to occur at a serum concentration level 
>5.0–5.5 mg/L. [219, 220] In a study by Dolton et al., CNS toxicity developed in 
~10%. Average onset of symptoms was 4 days [219] after initiation while resolution 
occurred between 2 and 5 days following cessation [220].

In phase II/III trials of posaconazole, dizziness and headache were the only doc-
umented neurotoxic SEs. In the <6 month treatment group, 2% reported dizziness 
while 3% reported headache. For those treated >6 months, 1% reported dizziness 
and 3% reported headaches. Only 5/428 trial participants dropped from the studies 
due to CNS-related SEs [221].

Itraconazole may cause headaches and rarely dizziness. Delirium was described 
in an individual case report involving a 74 y.o. man treated for disseminated histo-
plasmosis [222]. The patient rapidly recovered to baseline after the itraconazole was 
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stopped. Delirium resurfaced when the patient was re-challenged with the drug. The 
delirium is hypothesized to be a result of prostaglandin and cytokine stimulation, 
ultimately affecting the release of neurotransmitters. An indirect mechanism is sus-
pected because itraconazole does not cross the BBB to cause direct effects of its 
own [222].

In one study investigating the treatment of severe fungal infections, 2–5% of 232 
patients developed headache, dizziness, and seizures following treatment with flu-
conazole. Delirium and dysesthesia were reported in only 3/232 participants [223]. 
Generally, the most severe CNS-related SEs tend to occur when doses are >1200 mg/
day; at such levels, the SEs may become treatment limiting [224]. Renal dysfunc-
tion is a known risk factor for ADRs. In two patients with renal failure, prolonged 
use resulted in convulsions. Once the dosages were appropriately reduced, the sei-
zures stopped [225].

Polyenes, specifically amphotericin, are known to cause significant ADRs, 
including neurotoxicity. Amphotericin most commonly results in headaches, but 
may additionally cause seizures, tremor, weakness, or neuropathy [127]. In an indi-
vidual case, amphotericin was linked to the sudden onset of dysphoria, suicidal 
ideation, and altered sensorium [226].

Terbinafine, an allylamine, can lead to several neurologic SEs. Headache was 
frequently reported and noted in up to 12.9% of 465 participants in clinical trials 
[227]. Alterations in 4 out of the 5 major taste sensations via an olfactory-indepen-
dent mechanism was found in 0.6–2.8% based on self-reporting; however, chemo-
sensory disruption is often poorly reported and therefore may be an underestimation 
[228]. Following the discontinuation of terbinafine, taste recovery may be pro-
longed; often taking weeks to months to possibly over a year [227]. Risk factors of 
taste disruption include age > 65 and low body mass [228].

 Antiparasitics

Albendazole use may lead to a wide range of neurotoxic ADRs; however, most of 
the SEs are secondary to the death of the targeted parasite rather than the drug itself. 
For example, a CNS syndrome, consisting of fever, headaches, nuchal rigidity, and 
photophobia, may be seen following the treatment of neurocysticercosis [127]. 
Additional treatment consequences may include hydrocephalus, cerebral edema, 
and/or intracranial hypertension [229, 230]. Steroids are recommended to help pre-
vent or treat ADRs. Albendazole, on occasion, has also worsened extrapyramidal 
disorders and increased seizure frequency in those with epilepsy [231]. Another 
drug in the same class, mebendazole, has mild SEs including headache and dizzi-
ness. Although the symptoms occur frequently, they are generally tolerable [127].

Praziquantel is used to treat a number of different types of infections [232] and 
is usually well tolerated. It generally causes very few severe SEs, but may cause 
life-threatening complications when treating the acute form of neurocysticercosis or 
other forms of parasitic parenchymal brain cysts [233]. Praziquantel, similar to 
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albendazole, results in an inflammatory response secondary to parasite destruction 
leading to headache, fever, nuchal rigidity, vasculitic stroke, and/or the exacerbation 
of preexisting neurological deficits [234, 235]. Steroids are again recommended for 
prevention and treatment of serious intracranial sequelae. Death may occur, but is 
extremely rare [234]. Other neurologic ADRs include seizures, headache, drowsi-
ness, and dizziness [236–238]. Those with epilepsy or history of seizure are at 
greater risk of developing seizures during treatment [238]. Dizziness occurs in 
~14% of patients when treated with high doses [237]. Headache and drowsiness are 
generally temporary and improve with eradication of the lesions [127]. In general, 
symptom severity is usually correlated with degree of parasitic burden [232].

Ivermectin has demonstrated effectiveness with only mild CNS-related ADRs 
over the course of its many years in use; however, the drug may be implicated in 
more serious neurological SEs than previously described, specifically when used for 
indications other than Onchocerciasis. With general use for all indications, there 
were a total of 16,668 adverse event reports with the most common neurologic SEs 
being headache and dizziness [239]. When stratified by ADR type, neurological SEs 
made up 426 reports, of which 156 were considered serious. After excluding cases 
involving the treatment of Onchocerca volvulus, a wide range of neurological SEs 
was documented, including incoordination, seizure, syncope, confusion, and coma. 
Improvement followed discontinuation of ivermectin [239]. Drug-drug interactions 
were believed to be the underlying mechanism for the ADRs. One fatal case revealed 
elevated doses of ivermectin in brain tissue despite the last dose being given 14 days 
prior to death [240]. No genetic or iatrogenic factors were found to explain the pro-
longed elevation of ivermectin concentrations. The authors suggested that a hyper-
infection with Strongyloides might have been at fault. Chandler goes on to suggest 
that infectious weakening of the BBB may result in increased drug penetration and 
therefore greater neurological SEs than reported in the package insert of ivermectin 
[239]. In a trial involving 109 patients given ivermectin for strongylodiasis, nervous 
system SEs reported were dizziness (2.8%), vertigo (0.9%), tremor (0.9%), and 
somnolence (0.9%) [241]. In an additional study looking at healthy volunteers given 
fixed dosing regimens of ivermectin, headache was the main SE reported, at 6.02% 
[242]. There are known serious complications when treating Onchocerca with a 
concomitant infection of Loa loa with ivermectin. Loa loa encephalopathy is a pro-
gressive syndrome that starts within 3–5 days of receiving ivermectin with the onset 
of new neurological deficits that may ultimately progress to coma that lasts for 
several days. Due to this complication, Loa loa should be pretreated prior to starting 
ivermectin for Onchocerca [243]. Loa loa encephalopathy appears to be particularly 
prominent in those with high infectious burden or older in age.

Pyrantel and nitazoxanide are additional antiparasitic medications; both of which 
have good tolerance and generally cause minor, temporary SEs that do not lead to 
discontinuation of the drugs. Common SEs of pyrantel include headache, drowsi-
ness, and dizziness [244, 245]. Ototoxicity, optic neuritis, and hallucinations have 
been reported in individual cases, but no definitive causal link to pyrantel has been 
established [244]. Pyrantel use is connected to a report of an exacerbation of MG 
[246]. In an Egyptian study of nitazoxanide, 137 patients were given 500 mg for 
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6 days with only 3 reported ADRs, none of which were neurologic [247]. In an 
additional study, 16 volunteers were given 500 mg nitazoxanide for 7 days with no 
significant difference found between the experimental and placebo groups in terms 
of SEs. When the dose was increased to 1000 mg, four reported headache [248]. 
Analysis of >2000 clinical trial participants revealed that >1% experienced tempo-
rary dizziness that did not affect compliance to the drug [249].

 Antimalarials

A majority of the different types of antimalarials cause significant neuropsychiatric 
side effects. Mefloquine use is associated with forgetfulness, mood disorders, hal-
lucinations, attention difficulties, and paranoia [13]. In 2013, the US FDA modified 
its package inset to warn against the potential development of severe, and poten-
tially permanent, neurologic or psychiatric SEs with general use [250]. The previ-
ous label only advised caution when prescribing mefloquine in those with preexisting 
mental health disorders [251]. Vertigo is an extremely common SE, experienced by 
up to 96% of those taking mefloquine; with ~70% of cases severe enough to require 
bed rest and additional medications to help mitigate symptoms. Vertigo often takes 
up to 3 weeks to resolve and may even be permanent [250, 252]. Additional frequent 
SEs include headache, tinnitus, imbalance, and dizziness [252]. Women tend to 
have more pronounced ADRs [253]. In multiple head-to-head studies, mefloquine 
caused significantly more neuropsychiatric SEs when compared to atovaquone plus 
proguanil [254, 255]; with one study reporting neuropsychiatric SEs in 29% of the 
mefloquine group compared to 14% in the atovaquone plus proguanil group [254]. 
Mefloquine caused considerably more CNS-related SEs and sleep disruptions than 
a quinine-based antimalarial regimen despite both groups reporting similar rates of 
SEs overall [256]. For those with severe malaria treated with mefloquine, ~4–5% 
develop postmalaria syndrome; a condition marked by tremor, encephalopathy, and 
seizures [257]. There are at least two published cases of mefloquine-induced periph-
eral neuropathy [258]. The vast array of mefloquine- associated CNS SEs are 
hypothesized to be secondary to a direct effect on the limbic system. Due to meflo-
quine’s lipophilic structure, it is able to directly affect CNS tissue and neurons and 
may therefore preferentially accumulate in the limbic system and disrupt intercel-
lular interaction [259].

Atovoquone and proguanil may lead to sleep disturbances and abnormal dreams 
but are often not a harbinger of worse symptoms to come and therefore the medica-
tion can often be continued [260].

Malaria-dosed chloroquine is better tolerated than when used for autoimmune 
disorders; despite this finding, there are still a number of neuropsychiatric SEs 
linked to the drug at antimalarial dosing. Sleep disturbance and insomnia are com-
monly reported. Chloroquine may lead to symptoms that resemble a temporary psy-
chotic episode with delusions, derealization, agitation, hallucinations, and even 
suicidality. Rare reports of catatonia and transient amnesia are also documented 
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[260]. CNS drug levels influence the development of neuropsychiatric ADRs [127]. 
Those with epilepsy are at risk of seizures and elderly are at greater risk of develop-
ing general neurotoxicity. Chronic use or inappropriately dosed chloroquine in the 
short term may lead to neuromyopathy [261].

Quinine can provoke a variety of psychiatric SEs, including depression, anxiety, 
mania, and irritability [260], in addition to causing headache, vertigo, and tinnitus 
[127]. Acute overdose may result in seizures and coma. A 24 y.o. woman that 
acutely overdosed, presented with a number of the know ADRs of quinine, includ-
ing headache, blurry vision, vertigo, tinnitus, hearing loss, disorientation, and inco-
herent thought, she ultimately progressed to convulsions and coma. Her symptoms 
resolved with withdrawal of the medication. In severe acute toxicity, dialysis can be 
beneficial [262]. Serotonin dysregulation is hypothesized as the main underlying 
mechanism for CNS-related SEs via disruption of tryptophan uptake and metabo-
lism [263].

Despite a track record of being tolerated well, antimalarial medications derived 
from artemisinin showed mixed results in animal models [264–266]. Tremors, gait 
abnormalities, ataxia, incoordination, and imbalance – symptoms of brainstem tox-
icity – were evidenced in numerous such studies. There are also cases of hearing 
disturbance associated with this class of drugs [266]. Over 30% of patients experi-
ence headache and dizziness, common SEs of artemether. Rarely, ataxia, clonus, or 
sensory impairment results from artemether use [264]. Artesunate’s most frequent 
CNS ADRs are dizziness, headaches, and ringing in the ears. Tinnitus may occur 
with and without hearing loss. Artesunate, on rare occasion, may lead to peripheral 
neuropathy or isolated paresthesia [265].

 Antivirals

Use of acyclovir, valacyclovir, and ganciclovir may lead to myoclonus, waxing and 
waning consciousness, tremor, speech difficulties, fatigue, hallucinations, and 
imbalance [13, 267]. Neuropsychiatric symptoms are most commonly associated 
with acyclovir, while headaches are associated with all three drugs. Oral acyclovir 
use leads to headache in 0.6–5.9% of those taking the drug [267]. Acyclovir-induced 
neurotoxicity of 24 patients helped describe and quantify the frequency of CNS 
effects. The collection of symptoms, in descending order of percentage of presenta-
tion, included: tremor/myoclonus, confusion, agitation, lethargy, hallucinations, 
extrapyramidal symptoms, clouding of consciousness, dysarthria, and unilateral 
focal symptoms [268]. Intravenous acyclovir results in more neurotoxicity than oral 
administration. A major risk factor for acyclovir-induced neurotoxicity is renal dys-
function. Studies have shown that >2/3 of acyclovir-associated neurotoxicity are 
marked by new or preexisting renal impairment [267]. The half-life of acyclovir 
drastically lengthens from 3 to 20 h in ESRD, potentially precipitating neurotoxic-
ity if not dosed for [267]. Elderly patients are also at increased risk of developing 
toxicity [269]. Manifestations of acyclovir-associated neurotoxicity may arise 
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1–3  days after initiation, correlating with peak serum concentrations [13, 267]; 
however, it has been seen within hours following a single supratherapeutic dose 
[13]. Acyclovir alone may precipitate its own neurotoxicity by provoking renal 
injury. Additionally, valacyclovir is the prodrug to acyclovir, so when converted to 
acyclovir it may lead to the same problems of nephro- and neurotoxicity [13, 270]. 
Changes on EEG may be noted from these medications [270]. Removal of acyclo-
vir, valacyclovir, or ganciclovir promotes symptom resolution within 2–7  days 
[268]. HD expedites clearance and improvement. The accumulation of active 
metabolites is hypothesized to be the cause of resultant CNS toxicity [269].

Foscarnet is rarely associated with neurotoxic SEs, but may induce headache, 
seizure, hand cramping, and paresthesia [271, 272]. In early drug trials, muscle 
twitching was experienced by 14–30% of participants [273]. Foscarnet-associated 
peripheral neuropathy has been reported in individual cases. For example, a 41 y.o. 
female developed polyneuritis several months into foscarnet therapy (in addition to 
renal failure requiring HD); symptom exacerbations corresponded with drug infu-
sions. Clinical exam exhibited reduced sensory perception and absent reflexes. 
EMG revealed symmetrical neuropathy of all limbs, while biopsy showed axonal 
and myelin deterioration [271]. Suggested rationale for the development of the 
patient’s polyneuritis was foscarnet interrupted peripheral nerve metabolism lead-
ing to myelin destruction, axon degeneration, and vacuole formation in Schwann 
cells and peripheral nerve histiocytes. Risk factors for neurologic ADRs with fos-
carnet are renal dysfunction, serum electrolyte abnormalities, or preexisting CNS 
impairment [272]. Foscarnet should be discontinued at the onset of ADRs if feasi-
ble; despite withdrawal, symptoms may persist.

 Anti-retrovirals

Memory and attention impairment, executive function disruption, and cognitive 
processing delay are all known cognitive adverse effects of HIV.  Furthermore, 
opportunistic infections may affect the CNS and result in diminished function or 
neurologic deficits. Fortunately, consistent use of antiretroviral drugs may delay/
prevent neurologic decline associated with HIV as well as diminish the risk of con-
tracting secondary infections; however, some antiretroviral medications cause neu-
ropsychiatric effects of their own.

Nucleoside reverse transcriptase inhibitors (NRTIs) can lead to a symmetrical, 
distal peripheral neuropathy via mitochondrial toxicity [274]. Motor symptoms are 
often absent. Risk factors include old age and poorly controlled HIV with CD4 
counts below 150 cells/mm3. When stavudine and didanosine are used together, a 
mild-to-moderate peripheral neuropathy is experienced in up to 12% within 
4 months of starting therapy [275]. Symptoms resolve with removal of the offend-
ing agents.

Non-nucleoside reverse transcriptase inhibitors are associated with many psychi-
atric SEs. Nightmares, hallucinations, irritability, depression, and psychosis are 
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associated with efavirenz use [275, 276]. Use can reveal undiagnosed mood disor-
ders or other mental health conditions. Efavirenz is also linked to suicidal ideation 
and behavior; therefore, use is contraindicated in HIV positive patients with comor-
bid psychiatric disorders. Risk of SEs is increased with elevated serum concentra-
tions [277]. Taking efavirenz with food also increases the risk of toxicity as it boosts 
plasma levels of the drug. If patients don’t have a severe reaction to the drug and can 
keep with it, ADRs tend to improve after several weeks of therapy [275]. Rilpivirine 
causes neuropsychiatric SEs such as insomnia, headache, dizziness, and depression 
[275]. In direct comparison studies, rilpivirine precipitated neuropsychiatric effects 
less often than efavirenz [278].

The most frequent neurotoxic ADRs of integrase strand transfer inhibitors 
(INSTI) include headache and insomnia; both of which are not severe enough to 
discontinue therapy [274]. In early trials of bictegravir, headaches occurred in 2–5% 
of patients, while insomnia and dizziness occurred in 2% each [279]. Dolutegravir 
causes insomnia in 3–15% of those taking it [280]. Similar to other INSTIs, ralte-
gravir causes insomnia, headaches, and dizziness ≥2% [281].

The protease inhibitor (PI), tipranavir is no longer used due to its association 
with serious, potentially fatal complications of intracranial hemorrhage for which a 
boxed warning is issued [282]. Other PIs may lead to headache or taste disturbance 
[283]. The entry inhibitor, ibalizumab, most commonly causes dizziness [274]. As 
like many other antiretrovirals, maraviroc, another entry inhibitor, can cause head-
ache and dizziness [283].

 Management

Discontinuation of the responsible medication is the primary remedy for 
antimicrobial- induced neurotoxicity. Upon cessation of the offending medication, 
patients typically return to baseline after reversal of the neurotoxic ADR, though 
some SEs persist, even permanently. The protracted neurotoxic SEs can consider-
ably reduce quality of life and spur further complications. For instance, patients 
with peripheral neuropathy are subjected to pain and distress, as well as heightened 
susceptibility to injury or even death.

Attentiveness and thoroughness are compulsory to uncovering the root cause of 
any changes in cognition, mental status, or neurologic condition. Symptoms should 
be evaluated in the context of the known SEs of the administered drug to determine 
whether the drug itself is the culprit. Recall of a medication’s common risks or pro-
pensities for certain SEs can facilitate determination of the neurotoxic instigator 
from among the array of possible sources. Medication plasma level tracking can be 
an additional resource when available.

Use of supportive efforts, such as supplemental symptom-mitigating medica-
tions or dialysis may be required. Hemodialysis can actively purge the inciting drug 
to more rapidly resolve symptoms. Antipsychotics, benzodiazepines, or mood stabi-
lizers may counterbalance the severity of mood disorders or psychiatric syndromes 
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precipitated by antimicrobials. Antiepileptics may assuage seizures while the pro-
voking drug is still present within the system, though they are rarely needed over 
prolonged durations.

Prevention is a key component of management. Neurotoxicity may be avoided or 
lessened by correct dosing, circumventing adverse drug interactions, and using 
alternate drugs, when possible, if the patient has known risk factors for develop-
ing ADRs.

 Conclusion

Antimicrobials have great potential to save lives and reduce morbidity, but as with 
any medication, they have known SEs. The severity of SEs differs between the vari-
ous drugs and individual patients, but antimicrobials do have the ability to cause 
pronounced harm. In a physician’s best attempt to “do no harm,” it is important that 
physicians are aware of the neurotoxic SEs of antimicrobials and have a level of 
suspicion of their conceivable role in the development of new neurologic signs and 
syndromes. By being cognizant of the potential ADRs, physicians can better detect 
SEs and change treatment accordingly.
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Chapter 4
Neurological Complications of Infective 
Endocarditis

Marie Cantier, Mikael Mazighi, and Romain Sonneville

Infective endocarditis (IE) is a severe disease associated with high mortality rates. 
Neurologic complications are the most frequent extra-cardiac complications of left- 
sided IE, occurring in 20–55% of patients [1, 2]. They contribute to a poor progno-
sis, including an increased mortality and morbidity from disabling sequelae [1, 3]. 
Neurologic complications may impact diagnosis and therapeutic plans, particularly 
in patients requiring emergent cardiac surgery.

Many questions on the pathophysiology and natural history of neurologic events 
during left-sided IE are still unanswered. Cerebral embolism from vegetations may 
not be the only mechanism involved in cerebrovascular complications.

The initial management of patients with IE includes early identification of 
patients at risk for developing new or recurrent neurologic events, an accurate evalu-
ation of those complications with appropriate neuroimaging tools, and the identifi-
cation of optimal timing of cardiac surgery, when indicated [4]. Additionnal 
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important points include the management of antiinfectious agents, antithrombotic 
agents (anticoagulants, anti-platelet therapy) and endovascular therapy in acute 
brain infarction, and specific therapy for mycotic aneurysms. A multidiscpilinary 
management by an expert team is of paramount importance to improve outcomes in 
such patients [4, 5].

The aim of this chapter is to provide recent insights and perspectives in manage-
ment of neurologic complications of endocarditis.

 Epidemiology and Outcomes of Neurologic Events in IE

The reported prevalence of neurologic complications in IE patients is variable, 
depending on the severity of illness, and considering non-symptomatic events 
detected only by systematic brain imaging. Recent studies conducted in patients 
admitted to the ICU with severe IE reported a prevalence of 55% of neurologic 
complications at admission [2, 6]. Studies conducted with use of systematic brain 
MRI at hospital admission reported an incidence of neurologic complications in up 
to 80% of patients [7]. The main risk factors for neurologic events in severe IE 
patients include infection with Staphylococcus aureus, large vegetations measured 
on echocardiograpy (>10  mm), mitral valve involvement and non-neurologic 
embolic events [1, 2, 8].

Cerebrovascular events represent more than 65% of neurologic complications, 
and include brain infarction, transient ischemic attack, intracranial hemorrhage, 
cerebral microbleeds (CMB), and subarachnoid hemorrhage [2, 8]. Brain infarction 
is the most frequently observed complication, occurring in 60–80% of cases. 
Although embolic complications can be the presenting symptom of IE, these often 
occurs during the first week of antibiotic therapy. In contrast, infectious complica-
tions (i.e. abscesses, meningitis) seem to be less common, occurring in 1–20% of 
cases [9, 10] (Fig. 4.1d). Compared to primary bacterial meningitis, meningitis sec-
ondary to IE is associated to higher rates of brain ischemic and hemorrhagic events, 
and less favourable outcomes, with increased disability and mortality rates [9].

More than two-thirds of patients admitted to the ICU with neurologic manifesta-
tions of IE either die or have residual neurologic sequelae [2]. Altered mentation at 
IE onset represents a major predictor of mortality in IE, irrespective of its underly-
ing mechanism [11]. Symptomatic brain infarction and hemorrhage are determi-
nants of poor outcome and mortality, unlike silent neurologic events [8, 12]. 
Non-neurological predictors of poor prognosis include septic shock and multiorgan 
failure, vegetation size ≥15 mm, and prosthetic mechanical valve IE [11, 13]. Early 
cardiac surgery is independently associated with improved outcome, irrespective of 
severity at ICU admission. Performed within 48 h in patients with acute left-sided 
IE and severe valve regurgitation, surgery is associated with a significant reduction 
in the composite endpoint of embolic events or death at 6 weeks [14].

The onset of neurologic complications in IE patients remains a serious issue, 
whose management and diagnosis are challenging.

M. Cantier et al.



85

a b

c d

e f

Fig. 4.1 Ischemic, hemorrhagic and infectious cerebral complications in a 40-years old patient 
with mitral valve endocarditis due to Streptococcus salivarus. (a, b) diffusion-weighted MRI 
showing multiple hyperintensities corresponding to recent cerebellar infarctions. (c) susceptibility- 
weighted imaging showing hypointensities corresponding to deep and superficial micro- 
hemorrhages (or cerebral microbleeds), associated with subarachnoid hemorrhages due to a 
ruptured mycotic aneurysm (non-visible on MR angiography), and hemorrhagic tranformation of 
an ischemic lesion. (d) gadolinium-enhancing T1 lesions corresponding to cerebral abscesses. (e) 
mycotic micro-aneurysm located in a distal segment of the left middle cerebral artery. (f) mycotic 
micro-aneurysm located in a distal segment of the right middle cerebral artery
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 Pathophysiology of Neurologic Complications in IE

Septic embolism from vegetations is commonly accepted as the main mechanism 
responsible for the observed brain lesions in IE.  In fact, the nature of IE-related 
cerebral events at the acute and subacute phases is still debated: many hypotheses 
are discussed, including cerebral small-vessel vasculitis, mediated by autoimmune 
or vasa vasorum embolic processes occurring after the embolic phase [15–17]. The 
radiological brain lesion pattern in IE patients is similar to those observed in cere-
bral vasculitis, e.g. central nervous system primary vasculitis [18–21]. The latter is 
described as the coexistence of cortical cerebral CMB, microabscesses and small 
ischemic lesions, located in multiple vascular territories and of different ages. 
However, this nonspecific pattern is observed in other small-vessel diseases. The 
histological brain lesion pattern in primary cerebral vasculitis has been described to 
be limited exclusively to small and medium arteries. Interestingly, central nervous 
system primary vasculitis is thought to be triggered by infections, and secondary 
CNS vasculitis is most commonly associated with infections. Moreover, it has been 
reported that, in S. aureus-related IE, uncontrolled sepsis is risk for developing dif-
fuse vasculitis [22]. Systemic inflammation related to bacteremia in IE may act as 
the trigger of small-vessel cerebral vasculitis and subsequent neurologic complica-
tions. Post-mortem histopathological cerebral studies in IE patients and experimen-
tal studies on brain lesions in pigs and rats with IE support this hypothesis, reporting 
the same lesion pattern with septic emboli associated with extensive pyogenic arte-
ritis (small vessels transmural infiltrates composed of inflammatory cells), dissemi-
nated brain infarctions, CMB, abscesses, and meningitis [23–27]. Interestingly, in 
experimental models of IE, cerebral lesion load is larger on histopathological stud-
ies than the one observed on MRI, and bacteremia appears to amplify the observed 
brain injury, supporting the hypothesis of synergistic conditions leading to neuro-
logic complications of IE.

Hemorrhagic lesions may involve other complex mechanisms. One third of brain 
hemorrhages are actually hemorrhagic transformation of ischemic lesions. 
Regarding CMB, recent clinical data from MRI studies report their presence in 
more than 50% of IE cases [7, 15]. Physiopathology hypotheses for CMB include 
endothelial injury and blood brain barrier leakage after septic embolism leading to 
small vessels rupture, coagulatopathy and erythrocytes stasis, and vasculitis with 
segmental arterial wall disorganizations of small cerebral arteries [28, 29]. 
Interestingly, CMB are also described in patients with mechanical valves (without 
IE), supporting a possible link between CMB and thromboembolism from valvular 
lesions, withour any associated infection [30].

Few data are available on the pathophysiology of meningitis occurring in the set-
ting of IE. As above-mentioned, meningitis in IE patients may increase the risk of 
cerebral ischemic and hemorrhagic events. Brain infarction is a well described com-
plication of bacterial meningitis, whereas hemorrhages are rarely observed [9, 10]. 
However some studies suggest a higher risk of cerebral bleeding in patients on 
anticoagulant therapy presenting with IE and secondary meningitis [31]. 
Interestingly, cerebral vasculitis, responsible for ischemic and hemorrhagic lesions, 
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is associated with infectious diseases including meningitis and IE. Bacteremia, val-
vular infection and meningeal reaction in IE patients, may all trigger cerebral 
vasculitis.

All these findings support the hypothesis of a synergistic combination of throm-
boembolism from valvular damage, meningitis and small-vessel cerebral vasculitis 
triggered by additional sepsis, to generate a distinctive pattern of neurological 
lesions in IE.

 Brain MRI in Management of IE Patients

The prevalence of neurologic complications is difficult to estimate because of 
asymptomatic events. Symptomatic neurologic events are observed in 10–40% of 
patients with IE [1, 7]. Conversely, asymptomatic events detected on brain MRI are 
present in 60 to 80% of patients. Consequently, about one third of embolic events 
would be clinically silent [17, 32–34].

The most frequent observed patterns on brain imaging include acute ischemic 
lesions and CMB [2, 15] (Fig. 4.1a–c). To identify such complications, brain CT 
scan is often the initial imaging because it is easily available and highly sensitive for 
the detection of brain hemorrhages and large ischemic stroke [35]. However, isch-
emic lesions in IE are characterized by small, multiple, and disseminated infarc-
tions. The superiority of MRI is now established, as this is more sensitive than CT 
in IE patients with neurologic symptoms. This holds true for both the detection of 
clinically symptomatic events (100 versus 81% of patients, respectively), and of 
additional asymptomatic events (50 versus 23% of patients, respectively). A recent 
study found that each millimeter increase in vegetation length was associated with 
a 10% increase in the rate of ischemic lesions detected on brain MRI [36]. MRI 
results can impact diagnosis or therapeutic plans in up to 28% of patients [7, 32]. In 
fact, the use of systematic brain MRI in IE may improve prognostic assessment and 
aid in decision-making, especially for cardiac surgery indication and timing [33]. 
Embolic events are significantly associated with worsened long-term mortality [11]. 
A few studies suggest that patients with symptomatic and asymptomatic embolism 
had similar long-term mortality [34, 37]. Conversely, others found higher survival 
rates in patients with asymptomatic embolism than in patients with symptomatic 
events or without neurologic complications. These results are thought to be related 
to a higher rate of surgery in patients with asymptomatic embolism, suggesting a 
protective role of valve replacement, guided by systematic MRI [33]. Taking into 
account recent literature, the detection of asymptomatic events may induce substan-
tial changes in prognosis assessment and therapeutic decisions.

The current guidelines of the European Society of Cardiology recommend rou-
tine brain imaging and valve replacement in all patients presenting with embolic 
event (symptomatic or silent) with large vegetations persistence [4]. Systematic 
brain MRI in IE patients represents a necessary approach to assess the determinants 
of neurologic complications.
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 Right Timing of Cardiac Surgery in IE Patients 
with Neurologic Complications

Valve replacement surgery is required in about 50% cases during the acute phase of 
IE and is associated with a reduction of embolic envents and mortality rates [14]. 
Current indications for cardiac surgery include heart failure (severe acute regurgita-
tion or obstruction with refractory pulmonary edema or signs of poor hemodynamic 
tolerance), uncontrolled infection (locally uncontrolled infection, persistant fever or 
positive blood cultures >7 days, or difficult-to-treat pathogens) and prevention of 
embolism (in patients with large vegetations, after one or more embolic events 
despite appropriate antibiotic therapy or other predictors of complicated course).

In patients with neurologic complications, the optimal timing of surgery remains 
controversial. On the one hand, cardiopulmonary bypass and anticoagulation 
required during valve replacement can be responsible for neurologic deterioration, 
as a consequence of infarct or hemtoma growth, hemorrhagic transformation, or 
new ischemic and/or hemorrhagic lesions [38]. On the other hand, IE patients with 
a delayed surgery strategy are exposed to heart failure and recurrent cerebral embo-
lism, that are associated with increased morbidity and mortality. Some authors 
found early surgery (i.e. performed within 2–4 weeks following IE diagnosis) per-
formed in patients with moderate to severe brain infarction, or brain hemorrhage, 
was associated with perioperative neurologic deterioration and higher mortality [8].

Other recent cohort studies suggest that early surgery (i.e. performed within 
1 week following diagnosis) in IE patients with ischemic stroke is not associated 
with increased perioperative complications or mortality [14, 39–41]. Studies con-
ducted with systematic brain MRI before surgery suggest that brain infarction is 
present in 55 to 72% of patients [16, 38, 42]. Preoperative acute ischemic lesions 
detected on MRI did not predict postoperative complications. In sicker patients 
requiring ICU admission, no association between timing of surgery and mortality 
could be determined [11, 38, 43, 44].

In the same way, the risk of postoperative neurological deterioration resulting 
from the exacerbation of hemorrhagic lesions seems relatively low, even in IE 
patients who underwent valve surgery within 2 weeks of hemorrhage onset [45, 46].

Although statistically insignificant, a recent retrospective study found that early 
surgery (i.e. performed within 2 weeks following neurologic event) was associated 
with lower mortality rates in patients with brain infarction, unlike those with brain 
hemorrhage, who had higher mortality rates [41].

Above-mentioned conclusions need to be carefuly analyzed, considering the 
variability in early surgery timing definitions, and the retrospective nature and small 
samples of some studies [38, 43]. For these reasons, experienced multidisciplinary 
team (intensivists, cardiac surgeons, cardiologists, infectious diseases specialists, 
neurologists, neurosurgeons) should assess individual benefit-risk to determine the 
right timing of cardiac surgery in IE patients with neurologic complications, through 
the help of the current guidelines. The latter include the 2015 recommendations 
from the European Society of Cardiology (ESC), the American Heart Association 
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(AHA) and the Society of Thoracic Clinical Practical Guidelines [4, 47, 48]. Except 
for patients with imminent risk of death, delay of 4  weeks is recommended for 
major neurological injury due to ischemic stroke, or hemorrhagic strokes. No delay 
for surgery can be considered if neurologic events are minor or asymptomatic, to 
manage heart failure, uncontrolled infection or abscess, high risk of embolism, or 
recurrent systemic embolism or stroke.

 Specific Management of Mycotic Aneurysms

Hemorrhages account for 12–30% of neurological complications observed in IE 
patients [1, 2, 8]. They may be the consequence of ruptured infectious intracranial 
aneurysms (mycotic aneurysms) (MA). MA correspond to arterial dilatations 
caused by septic emboli. Bacterial invasion of the arterial wall, local inflammatory 
responses and pulsatile pressure on the vessel wall lead to aneurysmal dilatation. 
MA are observed in 2–4% of IE patients, and detected in 5–15% of those with neu-
rologic symptoms [34, 49]. In a recent meta-analysis, 72% of patients with MA had 
hemorrhages (subarachnoid (22%), intraparenchymal (28%), and intraventricular 
(5%) hemorrhage) [50]. In fact, their overall prevalence remains difficult to quantify 
because the diagnosis, of asymptomatic unruptured MA located in small distal ves-
sels, is sometimes challenging.

Brain vascular imaging is indicated in every patient with IE presenting with 
intracranial hemorrhage, to rule out a ruptured MA. Conventional cerebral angiog-
raphy is though to be much more sensitive than noninvasive neuroimaging (CT or 
MRI), particularly for detection of small MA (<3  mm) [49] (Fig. 4.1e, f). 
Nevertheless, the absence of hemorrhage on noninvasive imaging provides a strong 
negative predictive value for the presence of MA [51]. The sensitivity of multislice 
CT angiography has been reported to be 100% for large MA (>13 mm) and 90.6% 
for medium-size MA (5–12 mm) [52]. However, as small aneurysms may not be 
identified with non-invasive imaging, conventional angiography remains the gold 
standard for the detection of MA. Considering these data and risks of the procedure, 
conventional angiography might be reserved for patients with evidence of hemor-
rhage on noninvasive imaging.

Given the lack of evidence-based data due to the rarity of MA, there are no cur-
rent recommendations to guide clinicians in management. Ruptured MA should be 
immediately secured by surgical or endovascular approach. In such cases, cardiac 
surgery is often delayed. For unruptured MA, the literature supports a medical 
approach. In fact, MA may resolve with antibiotic therapy. Surgical or endovascular 
treatment should be considered in case of persistent MA despite directed antibiot-
ics, or if cardiac surgery is indicated [1, 53]. Some authors suggest an endovascular 
approach prior to cardiac surgery, which should not be delayed. The decision- 
making process should take into account the risk of rupture, based on symptoms, 
size, location, growth rate and anatomic characteristics of MA. Smaller MA may be 
monitored by clinical and imaging follow-up, wherever possible since MA are 
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dynamic lesions [49]. Assessing medical practices is difficult, due to the heteroge-
neity of the studies. In a meta-analysis, surgical management was performed in 45% 
versus an endovascular approach in only 17% of patients. Overall, 5% of patients 
died prior to surgical or endovascular intervention, 12% died following interven-
tion, 20% had neurological decline, and 62% had favorable outcome after interven-
tion [50]. Progress is needed in MA detection and management to improve outcome.

 Antibiotic Therapy and Neurologic Complications

Early appropriate antibiotic therapy is the cornerstone of IE management. Of note, 
the incidence of neurologic events appears to be dramatically reduced 2 weeks after 
antibiotic initiation [8, 54]. However, significant neurotoxicity may occur in patients 
treated with high-dose beta-lactams, especially in older patients with renal failure 
[55]. A recent study monitored therapeutic drug concentrations in patients treated 
with oxacillin 12  g/day for severe staphylococcal infections, and revealed over-
dosed plasma concentrations in more than 80% of cases. Oxacillin overdose con-
tributed to significant neurological deterioration during antibiotic therapy, in the 
form of delirium or coma [56]. In this regard, therapeutic drug monitoring of beta- 
lactams levels during IE treatment may be necessary in case of unexplained neuro-
logic symptoms (i.e. deterioration of mental status or non-convulsive seizures). The 
presence of neurologic complications does not modify the recommended antibiotic 
regimens except in patients who develop S. aureus brain abscess requiring the use 
of molecule with high cerebral diffusion (rifampin, fluoroquinolones).

 Uncertainties About Antithrombotic Therapies

There is scant data regarding the management of anticoagulation in IE patients with 
mechanical valve and neurologic complications. Decisions must consider the need 
for embolism prevention, versus the risk of brain hemorrhage progressing or hemor-
rhagic transformation of ischemic lesions. European guidelines suggest that unfrac-
tionated or low molecular weight heparin should replace oral anticoagulation for 
1–2 weeks in patients with ischemic stroke, or with high risk of neurologic lesion. 
Interruption of anticoagulation is recommended in case of brain hemorrhage, and 
should be reinitiated as soon as possible [4]. In case of indicated cardiac surgery in 
patients with brain lesions, some authors prefer bioprosthetic to mechanic valves to 
not extend the duration of anticoagulation [57].

Thrombolysis is not recommended in IE patients presenting with acute ischemic 
stroke, because data on efficacy and safety are few, contradictory, and based on 
case-reports [58]. Thrombectomy could be an alternative in selected patients [59], 
but no data are currently available in IE patients.
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Decisions on antithrombotic therapies may be discussed on a case-by-case basis 
with a multidisciplinary experienced team for IE patients presenting with brain 
lesions.

 Conclusions

Neurologic complications of left-sided IE, mainly consisting of ischemic or hemor-
rhagic events, are frequent and associated with poor outcomes. Pathophysiology 
may involve synergistic mechanisms leading to neurologic events, including throm-
boembolism form vegetations, sepsis, meningitis and cerebral vasculitis. 
Asymptomatic neurologic lesions may be identified in the majority of patients 
through radiographic screening, and may impact prognosis and therapeutic plans. 
Systematic brain MRI on all patients with IE should be considered, especially 
before cardiac surgery. Recent studies suggest that early cardiac surgery, when indi-
cated, could be performed safely in patients with cerebral ischemic events. Many 
other important points remain debated in IE patients presenting with neurologic 
complications, including optimal anti-infectious therapy, use of antithrombotic 
therapy, and the management of intracranial mycotic aneurysms. Management of 
such patients requires a multidisciplinary experienced team for decisions made on a 
case-by-case basis.
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Chapter 5
Neurobrucellosis

Murat Kutlu and Önder Ergönül

Brucellosis is one of the most common zoonotic infections in many parts of the 
world including the Mediterranean countries and Middle East, Central Asia, India, 
Central and South America [1, 2]. Brucellosis is caused by the bacterial genus 
Brucella. Brucella is a small gram- negative, non motile and facultative intracellular 
bacterium. Among the Brucella species (spp.), B. melitensis, B. abortus, B. suis, and 
B. canis are the most common causative agents of brucellosis in humans [3]. In 
neurobrucellosis (NB), the most commonly B. melitensis and B. abortus and less 
commonly B. suis are the causative species [4, 5]. B. ceti and B. pinnipedialis which 
were isolated from marine mammals, were reported as the responsible agents of 
intracranial granuloma formation [6]. B. neotomae was reported to be isolated from 
cerebrospinal fluid samples from two patients with NB [7]. Although there are few 
studies about the effect of different species in the pathogenesis of the human brucel-
losis [8, 9] virulence and neurotropisim of B. melitensis are considered to be higher 
than the other species [10, 11].

Brucella infection usually presents with an acute febrile illness, but could cause 
to subacute or chronic diseases in human. The bacterium can affect various systems 
or organs and may present with a broad spectrum of clinical manifestations [12]. 
The clinical features of brucellosis changes according to the stage of infection and 
affected organ or system. In some occasions brucellosis can be insidious or present 
atypical features which can mimic various disorders [3, 13].
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Any neurological involvement caused by brucellosis is defined as neurobrucel-
losis. Neurobrucellosis may develop at any stage of the disease and this serious 
complication is affected by several factors, such as affected area in the nervous 
system and duration of neurological involvement. Thus, NB may lead to widespread 
involvement of nervous system, including meningitis, meningoencephalitis, enceph-
alitis, myelitis, peripheral and cranial neuropathies, subarachnoid haemorrhage and 
psychiatric manifestations [1, 2, 14].

 Epidemiology

Brucellosis has been eliminated in several developed countries, but it is still endemic 
in some parts of the world [15]. Globally half a million new human cases are esti-
mated to have the disease annually [16]. The vast majority of these cases are occur-
ring in developing or undeveloped coutries and the main sources of human diseases 
are the contact with infected animals and consumption of infected animal products 
in these countries. Brucella spp. can infect various animals, such as B. melitensis in 
goats and sheep, B. abortus in cattle, and B. suis in pigs [17]. Brucella spp. can be 
transmitted to humans by direct contact with infected animals, through cuts and 
abrasions, or inhalation of aerosols, or ingestion of unpasteurized milk or milk 
products [1, 18]. Occupational exposure is more important in developed countries 
and brucellosis is usually seen in the farm workers, veterinarians, and hunters [19]. 
Other risk groups are immigrants from endemic countries, people traveling to 
endemic countries, and laboratory workers [19–21]. In developing countries, the 
consumption of raw or unpasteurized milk and dairy products have more prominent 
role in transmission of brucellosis. Besides, the presence of widespread infection 
among animals increases the occupational risks in endemic countries, too [22–25].

The frequency of NB was reported as 4% in brucellosis in a systematic review 
[26]. In two series of brucellosis from China and Kosovo NB was reported as 11.8% 
and 12.6%, respectively [27, 28]. On the other hand the prevelance of NB was 
reported as 37.5% in a prospective study from a tertiary center in Turkey [29].

 Pathogenesis

Brucella spp. do not have toxins that cause direct damage to host cells and structural 
determinants that are important for virulence, such as capsule and fimbria, but they 
have some other virulence factors [30]. Pathogenic Brucella spp. can evade host 
immunity and multiply in phagocytic cells. This property of the bacteria is recog-
nized as the major factor in the pathogenesis of disease [31]. The inhibition of apop-
tosis of the infected macrophage and dendtritic cell maturation are the other factors 
influencing the development of disease and could explain the chronicity in animals 
and humans [32–34].
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The mechanism of central nervous system (CNS) invasion by the Brucella spp. 
is still obscure. Central nervous system ivolvement usually occurs by hematogenous 
dissemination but CNS involvement may be secondary to septic embolism in endo-
carditis or with the spread of parameningeal infection [35]. One of the mechanisms 
for CNS invasion is infection of endothelial cells [36]. In a B. abortus in vitro model 
demonstrated that B. abortus to adhere, invade and replicate in human brain micro-
vascular endothelial cells [35]. Mononuclear phagocytic cells that the bacteria infect 
and multiply, play an important role in the spread of the bacteria. It is considered 
that infected macrophages and other phagocytes mediate the CNS invasion. It was 
reported that, in an vitro model, B. Abortus could pass the endothelial barrier if the 
monocytes were [35].

Brucella spp. can live both in the astrocytes and microglial cells following CNS 
invasion and lead to cytokine release like, TNFα, IL-6, IL-12 and IL-1β [37–39]. 
The innate immunity is responsible for the primary response. In vitro studies dem-
onstrated that B. abortus could not directly infect and damage the neural cells. The 
damage was demonstrated to be related to the activation of TLR 2 and release of NO 
[40]. Among the macaques those were infected with B.melitensis via aerosols, 
growth in astrocytes, branching and increased TLR2 activity in white substance 
were detected in histopathologic examinations [41]. The inflammatory response 
caused by Brucella spp., which is relatively less severe but more chronic, result in 
tissue damage [42]. Inflammatory cell infiltration, astrogliosis, apoptosis of the 
astrocytes and reactive microgliosis are the main pathological findings in tissue 
materials from patients and experimental models [6, 37, 38, 40, 41, 43]. Occasionally 
CNS invasion can result from a neighbouring abscess or granuloma [10]. In some 
cases, vasculitis secondary to inflammation may develop and may cause to spasm, 
thrombus amd infarction [14, 44, 45].

Brucella spp. can cause an indirect effect of triggering an immunological mecha-
nism leading to neural pathology. The demyelinating lesions that can accompany 
neurobrucellosis may be due to a vasculitic process or “molecular mimicry” mecha-
nisms [46, 47]. Guillain-Barré syndrome (GBS) can also accompany to NB and 
similar molecular mimicry is considered as the possible pathogenetic mechanism. 
Additionally, B. melitensis infection can induce anti-GM1 ganglioside production 
and lead to flaccid limb paresis in mouse models [48]. However, the lack of antigan-
glioside antibody in a NB patient with Miller-Fischer syndrome is disproving this 
hypothesis [49]. Still, there is not enough evidence to prove that antiganglioside 
antibodies are present in patients with brucellosis and neurobrucellosis.

 Clinical Characteristics

Both brucellosis and NB can present in a broad spectrum and various signs and 
symptoms (Table 5.1). Many authors have tried to classify the clinical presentations 
according to several aspects, like involvement site, course of the disease, and com-
plications. However, these classifications have many limitations in terms of 
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accuracy [46, 49, 50]. Clinical syndromes are ultimately diverse, and the clinical 
picture may be confused by the coexistence of two or more syndromes in the same 
patient. Neurobrucellosis can present during the acute stage of brucellosis or other 
complications of brucellosis and several months later with a wide variety of symp-
toms. Clinical characteristics are discussed under three sub-headings; clinical fea-
tures of brucellosis, common neurologic clinical presentations, and rare neurologic 
clinical presentations.

 Clinical Features of Brucellosis

Patients with brucellosis have various signs and symptoms (Table 5.1) [29, 51, 52]. 
However, these signs and symptoms are non-specific for brucellosis and clinical 
presentations may resemble other diseases. It might be difficult to recognize brucel-
losis in non-endemic areas even sometimes in endemic areas.

 Common Neurologic Clinical Features

In spite of many non-specific signs and symptoms patient with brucellosis may only 
have neurological signs and symptoms (Table 5.1). The nervous system involve-
ment in brucellosis is variable and the signs and symptoms of neurobrucellosis 
depend, in part, on the site of infection and different pathogenetic processes play 
important role in the variability of the clinical features (Table 5.2) [29, 53].

The most common presentations of neurobrucellosis are acute or chronic menin-
gitis or meningoencephalitis [29, 49]. The most frequent symptom in NB is severe 

Table 5.1 The signs and symptoms of 
brucellosis and neurobrucellosis

Brucellosis Neurobrucellosis

Fever Severe and persistent headache
Headache Nausea
Fatigue Vomiting
Chill Lethargy
Sweating Hearing loss
Anorexia Blurred vision
Myalgia Loss of vision
Arthralgia Motor weakness
Low back pain Sensory loss
Weight loss Walking difficulty
Arthritis Incontinance
Splenomegali Neck stiffness
Hepatomegali
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and persistent headache [14, 29, 49, 54]. Patients may present with nausea, vomit-
ing, lethargy, hearing loss, blurred vision and loss of vision. Disease may result in 
motor weakness and sensory loss, walking difficulty and incontinance. In a case 
series, less than half of the patients with acute or chronic meningitis had neck neck 
stiffness [14, 49, 55]. Alterations in mental status is found in a minority of patients 
with brucellar meningitis. Besides, different than menengitis due to other infectious 
agents, the concomitance of the classic triad of meningitis (fever, neck stiffness and 
altered mental status) is rare.

Brucella infection can involve any parenchymal site in CNS, but cerebral white 
matter, cerebellum and medulla spinalis are more frequently affected in 
NB. Encephalitis is usually accompanied by meningeal and/or spinal involvement 
and rarely alone [10, 14]. Various signs and symptoms such as headache, nausea, 
vomiting, mental blunting, mild to moderate reduction in alertness, epileptic sei-
zure, motor deficite, tremor, and ataxia can be seen depending on the affected area 
[10, 14, 56].

Spinal involvement is usually accompanied by other CNS involvements [57]. 
Myelitis often develops in months or years following systemic brucellosis, but 
sometimes occurs with acute meningoencephalitis [10, 58]. Myelitis may occur by 
compression of the abscess or irritation of the spondylodiscitis. Difficulty in walk-
ing, sphincter problems, paresis, spasticity, hyperreflexia and extensor plantar 
response are seen in NB patients. Additionally, myelitis can be associated with sen-
sory loss and ataxia without cerebellar involvement [49, 58–60].

The cranial nerves (CNs) are at particular risk in NB and a pooled analysis from 
Turkey reported that CN involvement is present in one-fifth of the cases [54]. The 
eighth cranial nerve isparticularly at risk, therefore sensorineural hearing loss can 
occur. The isolated deafness or hearing loss may be the only clinical finding in some 

Table 5.2 Clinical presentations of 
neurobrucellosis

Frequent
  Meningitis/meningoencephalitis
  Encephalitis/myelitis/myeloencephalitis
  Cranial nerve involvement
  Peripheral neuropathy/Radiculopathy
  Cerebellar syndromes
  Vascular syndromes
  Psychiatric manifestations
Rare
  Brain/intramedullary abscess or granuloma
  Demyelinization syndromes
  Pseudotumor syndromes
  Isolated papilledema
  Isolated hearing loss
  Isolated seizures
  Diabetes insipidus

Data from Pappas et al. [53]
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NB cases [61]. The sixth and seventh cranial nerves may also be ivolved more fre-
quently than other CNs [14, 29, 46, 54, 55]. Blurred vision, painful eye movements 
and relative afferent pupillary defect may occur due to optic nerve involvement. 
Damage of optic nerve can also lead to optic atrophy and permanent loss of vision 
[62–64]. Rarely, occulomotor nerve involvement was reported [64, 65].

Peripheral nerve involvement may occur as radiculopathy or polyradiculopathy 
in NB patients [14, 46, 66–68]. In a study from China, peripheral nerve involvement 
was reported in 47% of the patients with NB [27]. The usual clinical picture in 
peripheral nerve involvement is proximal polyradiculopathy without sensory loss, 
however in some cases sensory changes were reported [68, 69]. On the other hand 
Zhao et al., reported that the disease mainly involves axonal damage, and the sen-
sory nerve involvement is higher than the motor nerve involvement [27]. Generally, 
lower extremities are affected and the clinical presentation is characterized by back 
pain, leg weakness and flaccid paraparesis.

Some psychiatric disturbances, including sleep disorders, nightmares, depres-
sion, agitation, behavioural disorders, irritability, psychosis and mutism can occur 
in NB [14, 46, 59, 70, 71]. During the course of brucellosis, depression may be seen 
without neurological involvement, however its frequency was 5% in NB [54]. Eren 
et  al., have shown that significant improvemet can be achieved in Hamilton 
Depression Scale and Mini-Mental State Examination with anti-infective treatment 
in NB patients with psychiatric findings [70].

During the course of the diseases, some vascular complications such as sub-
arachnoid hemorrhage, mycotic cerebral aneurysms, subdural hematoma, intracere-
bral hemorrhage, venous thrombosis, and ischemia may occur [14, 55, 60, 66, 72]. 
Gul et al., reported that cerebrovascular complications of NB were as frequent as 
3.2% [54]. Vasospasm, vasculitis, and reccurent septic emboli that originate from 
the endocardium can play a role in the pathogenesis of meningovascular complica-
tions [44, 73].

 Rare Neurologic Clinical Features

Guillain–Barre´ syndrome rarely develops following Brucella infections. There are 
reports that emphasize the misdiagnosis of GBS because of poyradiculopathy [74]. 
On the other hand GBS can be found concomittantly during Brucella infections [49, 
75–79]. Axonal and the demyelinating forms of GBS were reported with NB [80].

Mass lesions in the brain are uncommon in Brucella infection. However, paren-
chymal abscess or granuloma in the brain, cerebellum and spinal cord and epidural 
absces can be seen in NB [6, 81–86]. Additionally, NB may cause a space- occupying 
intracranial mass lesions mimicking cerebral tumor [87–89]. Radiologic findings of 
these lesions also interfere with other diseases such as other infectious disease, 
autoimmune disease, neurosarcoidosis, and lymphoma [86, 89].

Demyelinating disorders can be seen in cases with NB. Some of these cases are 
mimicking multiple sclerosis [47, 90]. Neurobrucellosis may only present with 
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pseudotumor cerebri and increased intracranial pressure [91–95]. Rarely, epileptic 
seizures were reported [96]. The pituitary region involvement of brucellosis may 
cause diabetes insipidus or other hormonal disorders [97, 98].

 Diagnosis

The first step for diagnosis of NB is having suspicion about it. Brucellosis could be 
at the top of the preliminary diagnosis list in endemic countries, however it is diffi-
cult to diagnose brucellosis in non-endemic coutries. It is important to suggest bru-
cellosis in patients who are among the risk groups for brucellosis and have signs and 
symptoms that can not be explained with any other reasons. The broad spectrum of 
neurological signs and symptoms can make the diagnosis more difficult. A detailed 
history to identify the risk factors for Brucella infection and neurological evaluation 
is required. According to some authors, the diagnosis of neurobrucellosis might be 
based on clinical neurological symptoms, whereas according to some other authors 
the diagnosis is based on microbiological and/or biochemical evidences from cere-
brospinal fluid [10, 29, 55, 99]. The presence of any one of the criteria listed in 
Table 5.3 is required for the diagnosis of NB.

Besides neurological signs and symptoms headache, nausea and vomiting were 
predictive for neurologic involvement in brucellosis [29, 55]. Increased age and a 
prolonged duration of disease were risk factors for NB in patients with brucellosis 
in another study [27].

Cerebrospinal fluid (CSF) analysis is required in NB diagnosis [55]. 
Lymphocytosis, increased protein and decreased glucose levels in the CSF indicate 
NB. The rates of isolation of Brucella spp. are low, therefore usually the NB cases 
were diagnosed by using serological methods. Tube agglutination test of CSF is 
widely used worldwide and it is a gold standart test for diagnosis of NB, as well. 
However, low antibody titres and the presence of incomplete antibody in the CSF 
may lead to false negative results. Also, tube agglutination test may be negative in 
the early stages of Brucella infection. Occasionally, it is possible to obtain positive 
results from tube agglutination with Coombs test and / or isolate the Brucella spp. 

Table 5.3 Diagnostic criteria for neurobrucellosis among laboratory confirmed brucellosis 
patients

Symptoms and signs for suspect of neurobrucellosis (neurological signs, headache, nausea and 
vomiting)
The presence of lymphocytosis, increased protein and decreased glucose levels in the 
cerebrospinal fluid (CSF)
Isolation of Brucella spp. from CSF and/or presence of anti-Brucella antibodies in CSF and/or 
PCR positivity in CSF for Brucella spp
Findings in cranial MRI or CT

CSF cerebrospinal fluid, CT computed tomography, MRI magnetic resonance imaging, PCR 
polimerase chain reaction
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in CSF, in case of negative tube agglutination test [29, 63, 100, 101]. The diagnostic 
cut-off value for antibody titre in CSF is controversial, but according to many 
authors it is acceptable to diagnose neurobrucellosis even with low antibody titers 
in CSF [98, 102–104]. Guven et al., showed that tube agglutination with Coombs 
test in CSF is highly sensitive and specific when the cut-off value is above or 1/8 
[29]. Slide agglutination test (Rose Bengal) which is an easy and cheap test can also 
be used to detect the antibodies in CSF [105, 106]. This test could be false negative 
if the titer of antibodies was low. Another serological test, the enzyme-linked immu-
nosorbent assay (ELISA) has a high sensitivity and specifity for diagnosis for NB 
and it is particularly recommended for chronic disease instead of tube agglutination 
test [107–110].

Polymerase chain reaction (PCR) test has a high sensitivity and specificity in 
isolating Brucella spp. from CSF samples. This diagnostic test is more rapid and 
safe for laboratory workers than classic isolation methods [111]. Recently, the next- 
generation metagenomic sequencing of CSF was used in diagnosis of NB [112, 113].

The findings of computed tomography (CT) or magnetic resonance imaging 
(MRI) are usually nonspecific and about half of patients affected with NB presents 
with radiological abnormalities. The MRI is the preffered imaging modality 
(Fig. 5.1). The cranial neuroimaging can reveal findings of inflammation such as 
menigeal, perivascular and nevre root enhancement, granuloma and abscess, white 
matter changes, and vascular changes [61].

On the other hand, there are supportive diagnostic methods to reveal CNS 
involvement, such as pathological and electrophysiological investigations. 
Pathological evaluation of the biopsy materials revealed that modarete mononuclear 
cell infiltration, reactive astrogliosis and microgliosis and astrosit apopitosis were 

a b c

Fig. 5.1 A 41-year- old male with paraparesis, urinary incontinence and hearing loss for 1 year. In 
Cerebrospinal fluid (CSF) cell count was 20/mm3 protein 565, and glucose 21 mg/dL. The Rose 
Bengal Test was positive in CSF, Brucella tube agglutination level in the CSF was 1/256, and 
1/1024 with Coombs serum. (a) Images with magnetic resonance at bilateral cerebral hemispheres 
showed hyper intense regions in white substance with T2 section. (b) Contrast uptake in menengial 
structures which is more prominent in brain stem and medial temporal regions. (c) Contrast uptake 
in menengial structures, which is more prominent at the left side and at the cerebellopontine region
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the main evidences of inflammation [6, 37, 38, 43]. However, the histopathological 
evidence of NB is limited in literature, because biopsy is rarely performed in patients 
with NB. Occasionally, the histopathological evaluation of intracranial mass lesions 
that are operated on can show marked nonnecrotizing granulomatous or non- granu-
lomatous encephalitis with perivascular infiltration [86–88, 114]. Electromyography 
and electroencephalography can also provide additional evidence in the differentiat-
ing the involvement site of NB. Moreover, brain stem auditory evoked potentials 
(BAEPs) can display the dysfunction of the 8th cranial nerve in NB patients with 
hearing loss [115, 116]. On the other hand, BAEPs test is normal in patients with 
brucellosis and neurobrucellosis without any hearing loss complaints [117].

 Differential Diagnosis

Wide variety of symptoms and signs of NB makes the diagnosis difficult with a long 
list of differential diagnosis. Differential diagnosis of NB includes various infec-
tious diseases such as tuberculosis, neurosyphilis, neuroborreliosis, and vascular, 
autoimmune, and neoplastic diseases [14, 59, 87–89, 118]. In terma of imaging 
findings, differential diagnosis list includes other infectious disease, autoimmune 
disease, neurosarcoidosis, and neoplastic diseases [61, 86, 89].

 Treatment

There is no randomized trial for the choices of antibiotic, dose, and duration of the 
treatment for neurobrucellosis. Triple combination therapies with doxycycline, 
rifampicin, trimethoprim- sulfamethaxazol (TMP-SMX), ceftriaxone, streptomy-
cin, or gentamicin for more than 2 months were recommended [1, 14, 59, 66, 104, 
119]. Doxycycline, rifampicin, ceftriaxone and TMP-SMX sufficiently can pass the 
blood-brain barrier (BBB), but streptomycin and gentamicin can pass in the pres-
ence of inflammation. The adverse events, including neurotoxicity and ototoxicity 
should be noted if an aminoglycoside was used. A major approach should be com-
bination of doxycycline, rifampicin with ceftriaxone or TMP-SMX [1, 27, 28, 104]. 
Ceftriaxone-based regimens have been reported to be more successful and shorter 
than the oral standard treatment protocols [95].

The duration of treatment is another controversial issue in the treatment of 
NB.  Although extreme examples of treatment durations like 19  months were 
reported in the literature, in many series antimicrobial treatment was continued for 
4–9 months [29, 46, 55, 60, 67]. The cessation of treatment can be decided on the 
basis of normalization of the cell count and biochemical parameters in CSF and 
improvement in clinical findings [67, 104].

There are no adequate data for the use of corticosteroids in the treatment of neu-
robrucellosis. Lulu et  al., reported that short-term corticosteroid therapy may be 
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effective in reducing the neurological deficit, especially in optic neuritis, arach-
noiditis and demyelinating lesions [120]. In some case series and case reports, 
short-term steroid use have been reported in various situations such as myelitis, 
cranial nerve involvement, pseudotumor cerebri and hydrocephalus [69, 121–125].

 Prognosis

Brucellar meningitis is considered to have a better prognosis than other meningitis, 
but mortality rates have been reported between 0% and 27% in neurobrucellosis 
cases [14, 58, 60]. The treatment reduced mortality, however neurologic sequelae 
were reported despite appropriate antibiotic therapy [14, 29, 46, 93]. Early diagno-
sis and treatment is important. The rate of neurologic sequelae is increased in case 
of myelitis, polyradiculopathy, cranial nerve involvement and underdiagnosed cases 
[29, 67, 104].
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Chapter 6
Neurological Complications of Syphilis

Deanna Saylor and Christina Marra

Syphilis is a sexually transmitted infection caused by the spirochete bacterium 
Treponema pallidum subspecies pallidum. It is an important public health problem 
worldwide with approximately 6 million new cases each year [1]. Syphilis is rele-
vant to neurologists because it can be complicated by neurosyphilis, which can 
occur at any time after initial infection. Neurosyphilis can manifest with multiple 
neurological syndromes including meningitis, stroke, cranial neuropathies, sensory 
ataxia, and dementia. Due to diagnostic limitations, a high degree of suspicion must 
be maintained in order to recognize and appropriately treat neurosyphilis. Here, we 
review the epidemiology, clinical manifestations, diagnosis, management and 
pathophysiology of neurosyphilis.

 Epidemiology

After the introduction of penicillin as effective treatment of syphilis in the early 
20th century, much progress had been made in controlling syphilis in the United 
States (US). However, since the turn of the 21st century, syphilis rates in the US 
have risen steadily [2]. Much of this rise has been due to an increase in the number 
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of syphilis cases among men who have sex with men, but a marked increase in 
syphilis has also been noted amongst women and heterosexual men since 2012 
(Fig. 6.1). As a result of increasing infection rates amongst women, there has also 
been a sharp rise in rates of congenital syphilis, which is the second leading cause 
of stillborn deaths globally [2, 4]. Despite this increase in incidence, deaths from 
syphilis have decreased dramatically in the US over the past 50 years, with deaths 
from neurosyphilis decreasing six-fold [5]. Only congenital syphilis deaths have 
risen, with deaths increasing in proportion to the incidence of syphilis 
amongst women.

From a global perspective, regional syphilis rates vary drastically with Africa 
demonstrating the highest prevalence [6]. Furthermore, as in the US, local increases 
have been noted in several areas of the world since 2000, including Russia, China, 
Canada and England [6, 7]. In particular, increasing rates of syphilis have been 
observed among men who have sex with men in Europe and other high-income 
countries [8, 9]. As a result, a World Health Organization (WHO) analysis of global 
syphilis trends suggests a concerted reduction effort is needed before 2021 not only 
in order to achieve WHO target reduction goals but also in order to prevent a rise in 
the global incidence of syphilis [10].

The prevalence of neurosyphilis, however, is largely unknown for a variety of 
reasons. First, the diagnosis is often missed as patients may be minimally symptom-
atic and presentations can mimic many other neurological diseases, so a high clini-
cal suspicion is required. In addition, guidelines vary on when screening for 
neurosyphilis is indicated, especially in regards to asymptomatic neurosyphilis 
which may become symptomatic if not detected early. Finally, the diagnosis requires 
cerebrospinal fluid (CSF) investigations, which are unobtainable in many parts of 
the world. As a result, most estimates of neurosyphilis prevalence are thought to 
underestimate the true prevalence of the condition. What is known is that, like syph-
ilis in general, cases of neurosyphilis markedly decreased after the introduction of 
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Fig. 6.1 Prevalence of syphilis infections by sex in the United States between 1990 and 2017. This 
graph illustrates the rising incidence of syphilis in the general population of the US since 2000 and 
the more recent increase in incidence rates amongst women since 2012. (From Centers for Disease 
Control and Prevention [3])
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penicillin. However, a nearly tenfold increase of early neurosyphilis cases with 
meningeal or meningovascular involvement was seen after the introduction of peni-
cillin, likely in patients with early neurosyphilis who were inadequately treated with 
standard penicillin regimens for uncomplicated syphilis [11]. In contrast, cases of 
late neurosyphilis (e.g. tabes dorsalis, general paresis) declined significantly after 
the introduction of penicillin [12, 13]. This suggests that partial treatment of neuro-
syphilis may affect the immune response to the infection in a way that increases the 
risk of early neurosyphilis. An increase in reported neurosyphilis cases, especially 
asymptomatic and early neurosyphilis, has been noted in individuals co-infected 
with human immunodeficiency virus (HIV) [14, 15].

Of the data that are available, most estimates of neurosyphilis from the US and 
Europe suggest that neurosyphilis occurs in approximately 1–3% of all cases of 
syphilis [16, 17]. A 2018 review of neurosyphilis cases reported to the Notifiable 
Diseases Surveillance System of the Centers for Disease Control and Prevention 
(CDC) found a reported prevalence of neurosyphilis amongst individuals diagnosed 
with syphilis in the US between 2009 and 2015 of 1.8% (Fig. 6.2) [18]. Of note, 
large regional and temporal variations were observed in the percentage of reported 
syphilis cases from which data on neurosyphilis were included, suggesting there is 
likely an under-ascertainment of neurosyphilis. As such, some studies have found 
higher prevalence rates of neurosyphilis. A review of syphilis cases from King 
County, Washington between 2012 and 2013 found a confirmed neurosyphilis prev-
alence of 3.5%. However, 7.9% of individuals reported either hearing or vision 
changes that could be consistent with neurosyphilis, not all of whom were investi-
gated as such, again suggesting an ascertainment bias in the diagnosis [19]. A regis-
try from sexually transmitted infections (STI) clinics in the Netherlands identified a 
10–11% prevalence of neurosyphilis among patients with syphilis, but this was 
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based on clinician reported diagnoses and no consistent case definitions were used 
[20]. Despite accounting for the highest prevalence of syphilis in the world, a pau-
city of data regarding the prevalence of neurosyphilis exists from Africa. A system-
atic review of neurosyphilis data from Africa found a limited number of studies 
available for inclusion, most of which demonstrated poor methodologic quality. 
Because of this, the strongest conclusion that could be drawn was that neurosyphilis 
accounted for approximately 3% of all meningitis cases and was a frequent cause of 
dementia in northern Africa [21]. Given the increasing rates of syphilis in key popu-
lations and in many areas of the world in conjunction with the potentially devastat-
ing consequences of neurosyphilis, more standardized approaches to screening and 
reporting of neurosyphilis are needed.

 Clinical Characteristics

Neurosyphilis can develop at any time after acquisition of infection with T. palli-
dum. Animal models suggest T. pallidum invasion of the central nervous system 
(CNS) occurs within hours to days after primary infection [22], and human studies 
suggest CNS invasion is common [23], may be asymptomatic [24], may occur with 
or without concomitant CSF abnormalities [25], and may be either persistent or 
transient [24]. Early forms of neurosyphilis, occurring months to a few years after 
primary infection, primarily affect the meninges and cerebral blood vessels, while 
late forms, occurring decades after primary infection, primarily affect brain paren-
chyma and the spinal cord (Fig. 6.3).
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Early

Early symptomatic
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Fig. 6.3 Natural history of neurosyphilis. (From Marra [26], with permission.)
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 Clinical Syndromes

 Asymptomatic Neurosyphilis

Asymptomatic neurosyphilis is defined as abnormal CSF studies meeting diag-
nostic criteria for neurosyphilis (see below) without associated neurological 
symptoms. The true prevalence of asymptomatic neurosyphilis is not known as 
CSF investigations are not routinely pursued in asymptomatic individuals with 
untreated syphilis. In addition, it is known that some people will have transient 
neuroinvasion by T. pallidum, which resolves without treatment and does not 
cause clinical symptoms [24, 25]. Risk factors for persistent neuroinvasion have 
not been identified, but some evidence suggests that it is independent of HIV sta-
tus [23, 27]. Because it is unknown whether CNS invasion will be transient or 
persistent, most experts favor completing a treatment course for neurosyphilis in 
individuals identified to have asymptomatic neurosyphilis in order to prevent pro-
gression to symptomatic neurosyphilis. However, a study of neurologically 
asymptomatic persons living with HIV (PLWH) at high risk for neurosyphilis 
(defined by a high rapid plasma reagin (RPR) titer and/or low CD4 cell count) 
found only 1 of 59 patients had asymptomatic neurosyphilis after completing 
standard treatment for early syphilis [28]. This suggests that a single dose of peni-
cillin (standard treatment for early syphilis) may be sufficient to treat early syphi-
lis and prevent neurosyphilis even in individuals at high- risk of neurosyphilis. The 
small sample size in this study, however, and contradictory evidence suggesting 
PLWH are at higher risk of treatment failure after treatment for early syphilis [29] 
indicates the need for further research to define the optimal clinical approach to 
screening for and managing asymptomatic neurosyphilis, especially in individu-
als with HIV co-infection.

 Symptomatic Meningitis and Meningovascular Syphilis

Symptomatic syphilitic meningitis presents identically to subacute meningitis 
from other causes with fevers, headache and neck stiffness. Confusion, seizures, 
and cranial neuropathies may also be present. Focal deficits may also be found, 
especially in individuals with gummas, focal mass lesions that usually arise from 
the pia mater (Fig. 6.4). Occasionally, the spinal cord may also be involved as part 
of meningomyelitis or with myelopathies secondary to spinal cord gummas. 
Meningeal syphilis can also cause an arteritis, which leads to meningovascular 
syphilis. This form of neurosyphilis presents with stroke, most commonly affect-
ing the middle cerebral artery, and is often preceded by non-specific systemic 
prodromal symptoms such as headache, dizziness or confusion in the days to 
weeks prior to stroke onset.
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 General Paresis

Called by many names (e.g. syphilitic dementia, general paralysis of the insane, 
dementia paralytica), this syndrome most commonly develops 5–25 years after pri-
mary infection and has a wide variety of manifestations [26]. Initial manifestations 
are primarily memory impairment and personality changes, and, in most cases, 
these symptoms continue to progress to frank dementia. However, some individuals 
will develop a wide variety of psychiatric symptoms including psychosis, mania and 
depression. If untreated, general paresis can progress to seizures, immobility and 
incontinence [25]. Neurological examination is usually normal save for mental sta-
tus early in the disease but can evolve to include pupillary and reflex abnormalities 
and intention tremor later in the disease course.

 Tabes Dorsalis

Also called locomotor ataxia, tabes dorsalis was the most common form of neuro-
syphilis before the introduction of penicillin, but it is now uncommon [26]. Early 
symptoms may present as radicular paresthesias, which progress to vibration and 
proprioceptive loss in the lower extremities with progressive sensory ataxia. Bowel 
and bladder involvement is common, but involvement of the upper limbs is 
uncommon.

a b

Fig. 6.4 Magnetic resonance image (MRI) showing an intracranial gumma. (a) Axial fluid attenu-
ated inversion recovery (FLAIR) image showing vasogenic edema in the left fronto-parietal region. 
(b) Coronal post-contrast T1-weighted image showing the gumma as an enhancing dural-based 
mass with surrounding edema and mild mass effect. (Courtesy of the author, Dr. Marra)
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 Ocular Syphilis

Like neurosyphilis, ocular syphilis can occur at any stage of syphilis, and its 
prevalence is largely unknown due to inconsistent screening and surveillance 
practices. However, in late 2014 and early 2015, several clusters of ocular syph-
ilis were reported in the US suggesting that its incidence may be increasing and 
resulting in a clinical advisory being issued by the CDC [30]. Subsequent analy-
sis of ocular syphilis prevalence in eight US jurisdictions during the same time 
period found a prevalence of 0.6% of ocular syphilis among individuals with 
syphilis, with five jurisdictions reporting increasing incidence [31]. The demo-
graphics of this population matched those of the overall syphilis epidemic in the 
US with most being men who have sex with men about half of whom were 
PLWH [31].

Ocular syphilis can involve almost any structure of the eye and may present as 
panuveitis, posterior uveitis, anterior uveitis, optic neuropathy, retinal vasculitis, 
and interstitial keratitis. The most common forms in most cohorts are panuveitis 
or posterior uveitis, and the majority of patients present with bilateral disease 
[32–36]. A 2009–2017 cohort from Israel, however, found that 78% of ocular 
syphilis cases were due to optic neuropathy with papilledema as the most com-
mon finding [37]. This was a retrospective cohort from a single center, and only 
30% of the cohort were PLWH, which may account for some of the differences 
observed. Ocular syphilis may occur in association with or independent from neu-
rosyphilis, with approximately one-third to two-thirds of individuals with ocular 
syphilis having CSF findings consistent with neurosyphilis [31, 33, 34, 36]. While 
ocular syphilis can result in permanent visual changes, including blindness, visual 
outcomes after appropriate antibiotic treatment are good in the majority of cases 
with earlier treatment initiation linked to improved visual outcomes [32, 33, 
35, 38].

 Atypical Manifestations

In recent years, there have been an increasing number of reports of neurosyphilis 
presenting with temporal lobe encephalitis complicated by seizures and mimick-
ing herpes simplex virus encephalitis [39–42]. Several reports of neurosyphilis 
mimicking limbic and/or autoimmune encephalitis with prominent temporal lobe 
involvement have also emerged [43, 44]. In addition, a 2019 prospective study of 
patients with general paresis revealed that those with greater medial temporal lobe 
atrophy had both more severe cognitive impairment and a poorer cognitive out-
come after antibiotic therapy [45]. Taken together, these findings suggest T. pal-
lidum may have a predilection for the temporal lobes, a finding which should be 
further explored.
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 HIV Co-Infection

Much of the increase in neurosyphilis cases in recent decades has coincided with the 
HIV epidemic as HIV and syphilis co-infection is common. A 2018 review of 92 
cases of neurosyphilis in PLWH in China found that nearly half were diagnosed 
with asymptomatic neurosyphilis, one-third of which were in individuals with ocu-
lar syphilis. Syphilitic meningitis and stroke accounted for the majority of the 
remaining cases, with late neurosyphilis making up only 14% of the diagnoses. In 
addition, the CSF profile of PLWH with neurosyphilis also varied depending on the 
diagnosis. Syphilitic meningitis was more likely to have a pleocytosis than other 
forms, and asymptomatic neurosyphilis was less likely to have an elevated pro-
tein [46].

Since early in the HIV epidemic, PLWH with syphilis were noted to develop 
neurosyphilis soon after completing antibiotic treatment regimens for early syphilis 
at much higher rates than HIV- individuals with early syphilis [15, 47]. Furthermore, 
some studies have found rates of symptomatic neurosyphilis are up to 3–4 times 
higher among PLWH than HIV- individuals [17, 48]. Failure rates of standard, 
uncomplicated, syphilis treatment are also much higher among PLWH than HIV- 
individuals [29]. This increased treatment failure may be due to higher rates of 
undiagnosed neurosyphilis that is inadequately treated with standard antibiotic regi-
mens for uncomplicated syphilis. As noted above, this finding in particular suggests 
that regular screening for asymptomatic neurosyphilis may be indicated in HIV+ 
patients with early syphilis and, if found, likely warrants full treatment for neuro-
syphilis. However, the approach to asymptomatic neurosyphilis remains 
controversial.

Given the association between HIV infection and cognitive impairment and the 
high rates of syphilis co-infection amongst PLWH, the question of whether syphilis 
co-infection contributed to cognitive impairment was an open one. A study of 136 
PLWH found that those with a history of syphilis had a greater degree of cognitive 
impairment than those with no history of syphilis, even after controlling for educa-
tion and premorbid intelligence [49]. However, two contemporary studies revealed 
no association between neurosyphilis or syphilis and cognition in PLWH.  In the 
first, 132 men with syphilis and HIV co-infection underwent CSF investigations and 
the mental alternation test as an assessment of cognitive impairment. While men 
with neurosyphilis had higher levels of HIV RNA and inflammatory CSF cytokines, 
they were not more cognitively impaired than those without neurosyphilis [50]. In a 
subsequent study of 623 PLWH and 246 HIV- controls, a history of syphilis was 
more common in PLWH (22%) than in HIV- (8%) individuals, but individuals with 
syphilis were not more likely to have cognitive impairment or depression [51]. Of 
note, this study did not limit participants to those with confirmed neurosyphilis; 
rather, it included anyone with a history of any form of syphilis. Still, its results are 
similar to the prior study and suggest neurosyphilis does not significantly contribute 
to cognitive impairment among PLWH.
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 Diagnosis

Diagnosis of neurosyphilis is based on clinical findings, serologic tests, CSF exami-
nations, and, often, neuroimaging results.

 Serologic Tests

Serologic tests for syphilis are divided into two types – nontreponemal and trepone-
mal tests. Nontreponemal tests – which include RPR, VDRL, and the toluidine red 
unheated serum test (TRUST) – detect IgG and IgM antibodies to a synthetic car-
diolipin- cholesterol-lecithin antigen and are expressed as titers. Higher titers are 
generally indicative of greater disease activity, and titers decline over time – even 
without treatment – so many individuals with late syphilis will have non-reactive 
results. In addition, titers should decrease with at least a four-fold reduction or 
reversion to non-reactive after successful syphilis treatment. False positive results 
can occur in the setting of certain autoimmune diseases, pregnancy, injection drug 
use and older age. False negative results can occur when antibody levels in the blood 
are so high that they greatly outnumber available antigen and flocculation does not 
occur, a phenomenon known as a prozone reaction.

Treponemal tests include the fluorescent treponemal antibody absorption (FTA- 
ABS), Treponema pallidum particle agglutination assay (TPPA) and the Treponema 
pallidum hemagglutination assay (TPHA), as well as a variety of chemiluminescent 
and enzyme immunoassays (EIAs and CIAs). These tests detect IgG and IgM anti-
bodies to whole organisms or recombinant T. pallidum proteins, and they generally 
remain positive for the duration of an individual’s life, even after treatment. The 
combination of treponemal and non-treponemal tests can help to determine an indi-
vidual’s syphilis and treatment status (Table 6.1).

 CSF Investigations

Most individuals with neurosyphilis will have either a pleocytosis or elevated pro-
tein on basic CSF investigations. However, these abnormalities are more common 
in asymptomatic or early neurosyphilis while patients with tabes dorsalis may have 
entirely normal CSF. Non-treponemal tests, in particular the CSF VDRL, are often 
utilized for a diagnosis of neuroysphilis. In fact, a positive CSF-VDRL is consid-
ered the gold standard test for neurosyphilis, but its sensitivity, which ranges from 
30% to 70%, limits its utility [26]. It is very specific, so a positive test establishes 
the diagnosis of neurosyphilis, but a negative test does not exclude the diagnosis. 
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CSF-RPR and CSF-TRUST have also been investigated for neurosyphilis. While 
specific, they likely have even lower sensitivity with prior studies demonstrating 
that these assays miss up to one-third of CSF-VDRL-positive cases [52, 53]. 
However, a 2019 study from Brazil found CSF-RPR was in 100% agreement with 
CSF-VDRL in a series of 121 samples from individuals with confirmed neurosyphi-
lis (CSF-VDRL reactive), suspected neurosyphilis (compatible clinical syndrome 
and CSF VDRL non-reactive), and controls (systemic syphilis but no suspicion of 
neurosyphilis and CSF VDRL non-reactive), suggesting the utility of CSF-RPR in 
the diagnosis of neurosyphilis needs further study [54]. CSF treponemal tests are 
sensitive but not specific and perform better in excluding asymptomatic than symp-
tomatic neurosyphilis. High-titer CSF-TPHA and CSF-TPPA (greater than or equal 
to 1:640) have both shown promise as diagnostic tests for neurosyphilis with speci-
ficity similar to CSF-VDRL and the possibility that these assays may detect some 
cases of neurosyphilis missed by CSF-VDRL [55, 56]. In addition, several CSF 
PCR assays have also been developed to detect T. pallidum nucleic acid, but studies 
of their utility have largely been small and underpowered. A 2018 systematic review 
of these studies found sensitivity of CSF PCR assays varied between 40% and 70% 
when compared to CSF-VDRL with specificity ranging from 60% to 100% [57]. 
The lack of a sensitive and specific diagnostic gold standard makes such studies 
difficult, but the demonstrated low sensitivity of these assays suggests they likely 
have a limited role in the diagnosis of neurosyphilis.

As such, a diagnosis of neurosyphilis can be made based on a combination of 
serological treponemal and non-treponemal tests and CSF investigations for both 
asymptomatic and symptomatic neurosyphilis. However, criteria for asymptomatic 
neurosyphilis differ between HIV- individuals and PLWH and, amongst those with 
HIV co-infection, parameters of HIV control including CD4 T cell count, plasma 
viral load and antiretroviral therapy status (Table 6.2). In particular, because HIV 
infection itself can cause a pleocytosis, a higher CSF white blood cell count and a 
reactive CSF treponemal test are needed in order to make the diagnosis of 

Table 6.1 A combination of treponemal and non-treponemal tests are used to diagnose syphilis

Treponemal test
Negative

Treponemal test
Positive

Non- 
Treponemal 
test
Negative

No syphilis 
infection

Syphilis infection:
  Very early syphilis
  Treated syphilis
  Late stage untreated syphilis

Non- 
Treponemal 
test
Positive

No syphilis 
infection
False positive 
non-treponemal 
test

Syphilis infection:
  If non-treponemal test demonstrates high titers, this is 

indicative of active untreated syphilis
  If non-treponemal test demonstrates low titers, this is 

indicative of either previously treated syphilis or 
untreated late syphilis or very early syphilis

The various combinations of results are indicative of stage of syphilis infection and/or treatment 
status as shown in this figure. (Treponemal tests: FTA-ABS fluorescent treponemal antibody 
absorption; TPHA Treponema pallidum hemoagglutination assays; TPPA Treponema pallidum 
particle agglutination assay. Non-treponemal tests: RPR rapid plasma reagin; VDRL venereal dis-
ease research laboratory, TRUST toluidine red unheated serum test)
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asymptomatic neurosyphilis in PLWH with CD4 T cell count >200 cells/μL, unsup-
pressed plasma HIV viral load, and not on antiretroviral therapy (i.e. those likely to 
demonstrate a CSF pleocytosis secondary to HIV itself).

Of note, evidence suggests that diagnostic criteria for neurosyphilis are inconsis-
tently applied in a clinical setting. In one review of antibiotic therapy initiated after 
CSF analysis for suspicion of possible neurosyphilis, only 86% of patients with 
definite neurosyphilis (CSF VDRL reactive) were treated with an antibiotic regimen 
appropriate for neurosyphilis, and half of patients with CSF findings supportive of 
neurosyphilis were not treated with an antibiotic regimen for neurosyphilis. 
Furthermore, 17% of patients treated for neurosyphilis had no CSF findings sugges-
tive of the diagnosis [58]. These findings reflect the complexity of making a diagno-
sis of neurosyphilis and the clinical practice heterogeneity that results.

 Risk Factors

Given the complexities of confirming a diagnosis of neurosyphilis, it is imperative 
to both have a high clinical suspicion for and also to identify individuals at highest 
risk of developing neurosyphilis. Unfortunately, symptoms cannot be the only 
guide. In a study of 81 HIV- individuals and 385 PLWH with syphilis who under-
went lumbar puncture (LP) and in which neurosyphilis was defined as a reactive 

Table 6.2 Diagnostic criteria for neurosyphilis

Asymptomatic neurosyphilis Symptomatic neurosyphilis

Any HIV status Reactive serum treponemal 
test
Reactive CSF-VDRL

Reactive serum treponemal 
test
Symptoms and signs of 
neurosyphilis
Reactive CSF-VDRL

If CSF VDRL is negative…

HIV-uninfected (HIV−) Reactive serum treponemal 
test
CSF WBC > 5 cells/μL or 
CSF protein >45 mg/dL

Reactive serum treponemal 
test
Symptoms and signs of 
neurosyphilis
CSF WBC > 5 cells/μL or 
CSF protein >45 m/dL

HIV-infected (HIV+) AND
  Plasma CD4 T cell 

count <200 cells/μL AND
  Undetectable plasma HIV RNA 

AND
  On antiretroviral therapy

Reactive serum treponemal 
test
CSF WBC > 5 cells/ μL

HIV-infected (HIV+) AND
  Plasma CD4 T cell 

count > 200 cells/ μL OR
  Detectable plasma HIV RNA OR
  Not on antiretroviral therapy

Reactive serum treponemal 
test
Reactive CSF FTA-ABS
CSF WBC > 20 cells/μL

All criteria listed must be met for a diagnosis of either asymptomatic or symptomatic neurosyphilis
CSF cerebrospinal fluid, FTA-ABS fluorescent treponemal antibody absorption, VDRL venereal 
disease research laboratory, WBC white blood cells

6 Neurological Complications of Syphilis



122

CSF-VDRL, absence of neurological symptoms did not exclude the diagnosis of 
neurosyphilis. Amongst PLWH, odds of neurosyphilis were higher with mild or 
greater photophobia, vision loss, and gait incoordination and moderate or greater 
hearing loss. While the specificity of these symptoms were high (92–100%), the 
sensitivity was very low (2–38%). Furthermore, no symptoms were more common 
amongst HIV- individuals with neurosyphilis [59]. Diplopia has recently been asso-
ciated with several case reports of neurosyphilis with authors suggesting that it is 
often overlooked as a neurosyphilis symptom because it is a common symptom in 
other neurological disorders as well [60]. Furthermore, in a large multicenter study 
of CSF-VDRL reactive neurosyphilis, diplopia was the only symptom associated 
with a poor outcome after diagnosis [61]. Thus, it may serve as both a harbinger of 
the diagnosis and an indication for aggressive treatment and close monitoring after 
treatment.

In both PLWH and HIV- individuals, higher RPR titer is associated with increased 
risk of neurosyphilis [62, 63]. In one analysis, an RPR titer >1:32 was associated with 
a nearly 11-fold increased risk of neurosyphilis in HIV- individuals and a 6-fold 
increased risk in PLWH when both asymptomatic and symptomatic cases were 
included [62]. In another combined cohort of PLWH and HIV- individuals, an RPR 
titer >1:128 conferred twice the odds of neurosyphilis as a combined endpoint includ-
ing both asymptomatic and symptomatic neurosyphilis [14]. An analysis of HIV- indi-
viduals with syphilis found those persons with RPR titers ≥1:4 or TPPA titers ≥1:2560 
were much more likely to have neurosyphilis [64]. Elevated serum creatine kinase 
levels were also associated with increased risk of neurosyphilis in this study. Amongst 
PLWH, low CD4 count (particularly at or below 350 cells/μL), not taking antiretrovi-
ral therapy, and detectable plasma HIV RNA are also associated with risk of neuro-
syphilis [14, 62, 63, 65, 66]. Additionally, some experts believe that, despite the 
increased incidence of asymptomatic neurosyphilis, the majority of PLWH with neu-
rosyphilis present with symptomatic rather than asymptomatic neurosyphilis. For 
example, one study found that 38 LPs would need to be performed amongst neuro-
logically asymptomatic PLWH with syphilis in order to detect one case of asymptom-
atic neurosyphilis, suggesting that not every PLWH with syphilis needs to undergo an 
LP [63]. However, the participants in this study were not selected based on the afore-
mentioned criteria that would have designated them as high-risk for neurosyphilis. 
Still, a study of PLWH at high-risk for neurosyphilis found that only 1 of 59 PLWH 
had evidence of asymptomatic neurosyphilis after completing treatment for uncom-
plicated systemic syphilis, again suggesting that LP’s amongst all individuals with 
HIV co-infection may not be necessary as rates of asymptomatic neurosyphilis are 
low even after treatment for uncomplicated syphilis [28].

 Treatment

Per CDC guidelines, standard treatment for neurosyphilis is with intravenous peni-
cillin G for 10–14 days (i.e. 18–24 million units/day administered in six divided 
doses or a continuous influsion). Intramuscular procaine penicillin (2.4 million units 
daily) in combination with oral probenecid (500 mg four times daily) can also be 
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utilized for 10–14 days. In penicillin allergic patients, intravenous high-dose ceftri-
axone (2 g intravenously daily x 14 days) can be employed, although the recom-
mendation is based off of small studies and has less data to support their widespread 
use [67].

Treatment response is monitored with serial non-treponemal test titers, most 
commonly serum RPR titers. In early syphilis, titers should be obtained at 6 months 
and 12 months post-treatment in HIV- individuals and 6, 12, 18, and 24 months 
post-treatment in PLWH. In late syphilis, follow-up titers should be obtained 6, 12 
and 24 months post-treatment in HIV- individuals and 3, 6, 9, 12, and 24 months 
post-treatment in PLWH.  Treatment success is defined by at least a four-fold 
decrease in titers or reversion to non-reactive [67]. Treatment failure should be con-
sidered in any individual whose non-treponemal test titers fail to decline at least 
four-fold or revert to non-reactive after treatment. Any individual meeting these 
criteria after treatment for uncomplicated syphilis should be evaluated for neuro-
syphilis as unrecognized neurosyphilis, especially in early syphilis, may account for 
persistently high titers. For example, in one cohort of PLWH who did not achieve a 
four-fold reduction in their RPR titers one-year after treatment for uncomplicated 
syphilis, treatment failure was attributed to unrecognized neurosyphilis (based on 
CSF findings 12 months post-treatment) in 42%, with those with low CD4 counts, 
with high plasma HIV RNA, and not taking antiretroviral therapy most likely to 
have neurosyphilis [68]. In a cohort of 400 HIV- Chinese patients without an ade-
quate reduction in RPR titer after treatment of uncomplicated syphilis, one-third 
were found to have asymptomatic neurosyphilis (based on post-treatment CSF stud-
ies) with middle age and high baseline RPR titers identified as risk factors [69].

In individuals with neurosyphilis who obtain at least a four-fold decrease or nor-
malization of serum non-treponemal test titers, a repeat lumbar puncture may not be 
needed to confirm successful neurosyphilis treatment. Two studies have shown that 
normalization of serum RPR titers corresponds to normalization of CSF and clinical 
abnormalities in both PLWH and HIV- individuals after treatment for neurosyphilis 
[70, 71]. However, in the largest systematic study of PLWH, serum RPR normaliza-
tion did not correctly predict CSF normalization after neurosyphilis treatment in 
those not taking antiretroviral therapy. As such, the CDC recommends that repeat 
CSF examinations be performed in all individuals treated for neurosyphilis every 
6 months after completion of treatment until resolution of CSF abnormalities. If the 
CSF pleocytosis has not decreased after 6 months or if CSF abnormalities persist 
2  years after treatment, re-treatment is recommended [67]. Of note, CSF white 
blood cell count is the most sensitive measure of therapy effectiveness. However, 
CSF-VDRL titers and protein levels should also normalize after therapy, but these 
changes generally occur more slowly [70, 72].

 Pathophysiology

The striking differences in rates of neurosyphilis, types of CSF abnormalities, and 
response to treatment seen between PLWH who are virally suppressed and on anti-
retroviral therapy and those who are antiretroviral therapy-naïve illustrate the 
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importance of host immunity in the course of syphilis. Several studies have delin-
eated the role of B cells and CXC chemokine ligand-13 (CXCL13), also called B 
lymphocyte chemoattracant (BLC) and B cell-attracting chemokine-1 (BCA-1), in 
the pathophysiology of neurosyphilis. A 2004 study of 46 PLWH and syphilis and 
26 PLWH without syphilis found an elevated percentage of B cells in the CSF of 
those with neurosyphilis [73]. In a later study of CSF from individuals with neuro-
syphilis (defined by CSF abnormalities and including both asymptomatic and symp-
tomatic neurosyphilis) and controls (individuals with syphilis but no evidence of 
neurosyphilis), CSF from individuals with neurosyphilis was found to be enriched 
in B cells with higher immunoglobulin indices compared to controls. Ectopic ger-
minal centers were observed within an intracranial syphilitic gumma in one patient 
who underwent surgical resection. CXCL13 levels were higher in these CSF sam-
ples and mediated B cell migration and aggregation both in vitro and in vivo [74]. In 
a study of HIV- individuals with neurosyphilis defined by either CSF-VDRL or 
CSF-FTA-ABS positivity, uncomplicated syphilis and healthy controls, CXCL13 
levels did not differ in the blood but were significantly higher among individuals 
with neurosyphilis than other groups. Furthermore, CSF CXCL13 levels were asso-
ciated with increased CSF pleocytosis, protein levels, and IgG index as well as 
higher levels of CSF interleukin (IL)-6 and IL-10 and lower levels of IL-12. CSF 
CXCL13 levels then significantly reduced after treatment [75]. On the other hand, 
CSF CXCL13 levels in PLWH with neurosyphilis (defined by vision or hearing loss 
and/or CSF abnormalities) are independent of CSF pleocytosis, plasma HIV RNA, 
CD4 T cell count, and antiretroviral therapy use, and odds of neurosyphilis increased 
more than two-fold for each log increase in CSF CXCL13 concentration [76]. Taken 
together, these results indicate the humoral immune response of neurosyphilis is 
driven a least in part by CXCL13-mediated mechanisms, and CXCL13 may have 
utility as both a diagnostic indicator of neurosyphilis and a marker of therapeutic 
response.

Different strains of T. pallidum have been identified, and their role in the devel-
opment of neurosyphilis has also been investigated. Initially, studies of six different 
T. pallidum strains in a rabbit model suggested strains varied in their neurovirulence 
with one strain not showing any evidence of CNS invasion and other strains differ-
ing markedly in the time to CNS invasion and the degree of CSF pleocytosis elicited 
[77]. An enhanced method of molecular phenotyping of samples from 158 individu-
als from the US, China, Ireland and Madagascar identified 25 unique strains, most 
of which had large regional overlap. One particular strain, subtype 14d/f, was more 
common in those with a reactive CSF-VDRL, with 50% of infected individuals hav-
ing neurosyphilis compared to only 24% of individuals infected with all other 
strains [78]. However, these findings were not confirmed in a study of ocular syphi-
lis in which no clear oculotropic strain of T. pallidum was identified [79]. Further 
investigation in larger and geographically diverse cohorts are needed to definitively 
understand the role of T. pallidum strains in the development of neurosyphilis, find-
ings which may lead to improved understanding of neurosyphilis pathophysiology 
and, subsequently, diagnosis and management.
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In addition to pathogen genetics, there is also emerging evidence that host genet-
ics may play a role in the development of neurosyphilis. Common polymorphisms 
in toll-like receptors (TLRs) which impair cell signaling in response to T. pallidum 
lipoproteins have been identified in vitro. A study of single nucleotide polymor-
phisms (SNPs) in TLR genes amongst 456 white patients with syphilis identified a 
common TLR-1 polymorphism that was associated with increased risk of laboratory- 
confirmed neurosyphilis (CSF VDRL reactive) and common TLR2 and TLR6 poly-
morphisms that were associated with clinically defined neurosyphilis [66]. In 
another study, two IL-10 promoter polymorphisms were found to be associated with 
higher levels of CSF IL-10 and a higher risk of neurosyphilis [80]. Because IL-10 is 
a potent anti-inflammatory chemokine, it is possible that the lower levels of inflam-
mation create a local environment in the CSF that facilitates T. pallidum 
persistence.

 Future Work

While syphilis remains a major public health issue worldwide, the prevalence of 
neurosyphilis is largely unknown due to inconsistent screening practices and diag-
nostic criteria requiring CSF analysis. Lack of a true gold standard diagnostic test 
hinders neurosyphilis identification and leads to a body of research with heteroge-
nous cohorts utilizing different definitions of the disease. Further work to identify a 
gold standard diagnostic assay with high sensitivity and specificity is urgently 
needed. In addition, further research is also needed to develop accurate screening 
protocols in order to identify patients at greatest risk of asymptomatic neurosyphilis 
or those who are minimally symptomatic who should undergo LP screening. Finally, 
better understanding the host and pathogen factors that lead to the development of 
neurosyphilis in some individuals but not others may lead to improved understand-
ing of the pathophysiology of the disease and, subsequently, improved treatment 
regimens.
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Chapter 7
Arboviral Central Nervous System 
Infections

Carolyn Gould and Marc Fischer

Arthropod-borne viruses (arboviruses) are transmitted to vertebrate hosts by certain 
types of insects and arachnids, including mosquitoes, sand flies, midges, and ticks 
[1]. These viruses typically are maintained in the environment between arthropod 
and vertebrate hosts through an enzootic cycle of transmission. With some impor-
tant exceptions, humans are not the natural hosts for most arboviruses and do not 
develop a sufficient level of viremia to infect an arthropod and propagate transmis-
sion. Arboviral transmissions to humans most often result in asymptomatic infec-
tion. For persons who develop clinical disease, syndromes may include generalized 
febrile illness, neuroinvasive disease, polyarthralgia, or hemorrhagic fever. 
Neuroinvasive disease typically manifests as aseptic meningitis, encephalitis, or 
myelitis. Other neurologic complications, such as Guillain Barré syndrome, can 
result from some arboviral infections. Neuroinvasive disease is rare and is more 
likely to occur with certain viral pathogens as well as host factors such as age and 
underlying medical diseases, especially immunocompromising conditions. This 
chapter will discuss arboviruses that can cause acute central nervous system infec-
tion, with a focus on arboviruses transmitted locally in the United States (domestic 
arboviruses). These viruses are spread by various species of mosquitoes or ticks and 
belong to one of three virus families: Flaviviridae, Peribunyaviridae, and 
Togaviridae. A brief overview of non-domestic neurotropic arboviruses affecting 
travelers is provided.
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 Domestic Arboviruses Causing Acute Central Nervous 
System Infections

 Flaviviridae

 West Nile Virus

West Nile virus is a single-stranded RNA virus in the family Flaviviridae, genus 
Flavivirus, related antigenically to other members of the Japanese encephalitis sero-
group, including Japanese encephalitis, St. Louis encephalitis, and Murray Valley 
encephalitis viruses [2]. Culex species mosquitoes are the primary vectors for West 
Nile virus transmission, and birds are the natural amplification hosts. Although the 
vast majority of human infections are mosquito-borne, multiple non-vector modes 
of transmission of West Nile virus have been described, including blood transfu-
sion, organ transplantation, breastfeeding, intrauterine, and percutaneous or con-
junctival exposure in laboratory workers [2–7]. Because of its prevalence, West Nile 
virus is one of only two arboviruses (including Zika virus) for which blood donation 
screening is performed in the United States.

Distributed throughout much of the world, West Nile virus was first recognized 
in the western hemisphere when it caused an outbreak of meningitis and encephali-
tis in New York City in 1999 [8]. West Nile virus subsequently spread to all 48 
contiguous states and became the leading cause of neuroinvasive arboviral disease 
in the United States, with large regional outbreaks in 2002, 2003, and 2012 [9]. 
From 1999–2017, >48,000 cases of West Nile virus disease were reported in the 
United States, including nearly 23,000 cases of neuroinvasive disease and > 2100 
deaths. The average annual incidence of West Nile virus neuroinvasive disease 
increases with age, ranging from <0.1 per 100,000 in persons aged <20 years to 1.1 
per 100,000 in persons aged ≥70 years [10]. Most human cases occur from July 
through September, although warmer regions of the United States have a lon-
ger season.

The incubation period for West Nile virus disease following a mosquito bite is 
typically 2–6 days but can be as long as 14 days [2]. Immunocompromised patients 
can have prolonged incubation periods; the longest documented duration from 
infection through organ transplantation to symptom onset was 37 days [3, 4]. The 
clinical spectrum of infection ranges from asymptomatic in 70–80% of cases to a 
non-specific febrile illness (“West Nile fever”) in 20–30% [11]. Fewer than 1% of 
infected people develop neuroinvasive disease, most commonly aseptic meningitis, 
encephalitis, or acute flaccid myelitis [12]. A less common neurologic complication 
is Guillain-Barré syndrome (GBS). The major risk factor for neuroinvasive disease 
is age ≥ 60 years [13]. Patients with immune suppression are at increased risk for 
West Nile virus encephalitis [4, 14]. Other risk factors for neuroinvasive disease 
include chronic kidney disease, cancer, hypertension, diabetes, and alcohol 
abuse [13].
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Initial symptoms of West Nile virus disease include fever, headache, fatigue, 
myalgia, nausea, vomiting, and occasional rash. Patients with aseptic meningitis 
typically develop neck stiffness and photophobia. The clinical presentation of West 
Nile virus encephalitis may include confusion, lethargy, seizures, cranial nerve pal-
sies, and movement disorders, such as tremor, parkinsonism, or cerebellar ataxia 
[15–18]. Acute flaccid myelitis is caused by viral infection of spinal cord anterior 
horn cells. Neurologic symptoms develop within 24–48  h after onset of fever. 
Patients develop limb weakness, which tends to be asymmetric, with an absence of 
sensory symptoms, although pain can occur in the affected limbs. Some patients 
develop paralysis of diaphragmatic and intercostal muscles due to viral involvement 
of the lower brainstem, leading to respiratory failure and need for emergent intuba-
tion [15]. GBS, an immune-mediated demyelinating peripheral neuropathy, is a less 
common presentation and is distinguished from acute flaccid myelitis by clinical, 
laboratory, and electrophysiologic features. The onset of GBS is typically later 
(1–8 weeks) following acute infection. Weakness is usually symmetric and ascend-
ing, involving the distal and proximal muscles. Sensory loss and painful paresthe-
sias are characteristic [15].

The case fatality rate for West Nile virus neuroinvasive disease is approximately 
10%, with higher mortality in patients with encephalitis or acute flaccid myelitis 
[16]. Immune suppression also is associated with higher morbidity and mortality [4, 
13, 14]. Patients with encephalitis can have long-term neurologic sequelae, such as 
headaches, movement disorders, cognitive difficulties, and neuropsychiatric symp-
toms. Recovery from acute flaccid myelitis is variable, but the long-term functional 
outcome is often poor [15, 16].

 St. Louis Encephalitis Virus

Like West Nile virus, St. Louis encephalitis virus is a single-stranded RNA virus in 
the family Flaviviridae, genus Flavivirus, and Japanese encephalitis serogroup. The 
clinical presentations of West Nile virus and St. Louis encephalitis virus disease are 
similar, and they share the same mosquito vectors. Culex spp. mosquitoes are the 
primary vectors, with birds as the main amplification hosts [19]. Possible transmis-
sion of St. Louis encephalitis virus through blood transfusion was documented dur-
ing a concurrent outbreak of St. Louis encephalitis virus and West Nile virus disease 
in Arizona [20]. One case of St. Louis encephalitis virus disease has been reported 
as a result of accidental laboratory exposure [7].

In contrast to West Nile virus, St. Louis encephalitis virus is geographically lim-
ited to the Americas, from southern Canada to Argentina [21]. Following its recog-
nition in 1933, St. Louis encephalitis virus caused periodic urban disease outbreaks 
in roughly 10-year cycles in the eastern and central United States. In the western 
United States, disease primarily occurred in rural, agricultural areas [19]. The inci-
dence of St. Louis encephalitis virus disease has declined in recent decades. From 
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2008–2017, a total of 97 St. Louis encephalitis virus disease cases were reported to 
CDC, including 71 neuroinvasive disease cases associated with 5 (7%) deaths. An 
average of seven neuroinvasive disease cases were reported annually (range, 1–19 
annual cases) [22]. Peak season is August and September, with cases occurring from 
June through October.

Most St. Louis encephalitis virus infections are asymptomatic. Neuroinvasive 
disease manifestations include aseptic meningitis and encephalitis, sometimes 
accompanied by hyponatremia due to the syndrome of inappropriate antidiuretic 
hormone secretion (SIADH) [23]. After an incubation period of 4–14 days, illness 
onset may be abrupt or gradual in onset, with fever, headache, dizziness, and nau-
sea. Findings of encephalitis include confusion, disorientation, ataxia, weakness, 
tremors, and coma [19]. The major risk factor for severe disease is older age. Case 
fatality associated with neuroinvasive disease is 5–20% but may be higher in elderly 
patients [19, 22, 24]. Depending on the age of the patient and severity of illness, 
patients can have long-term neurologic or psychiatric sequelae, such as irritability, 
memory loss, headaches, depression, or tremors [21].

 Powassan Virus

Powassan virus is a single-stranded RNA virus in the family Flaviviridae, genus 
Flavivirus, and tick-borne encephalitis serogroup. There are two lineages of 
Powassan virus, lineage I and lineage II (also known as deer tick virus), which are 
clinically and serologically indistinguishable [25]. Powassan virus is transmitted by 
Ixodes spp. ticks, including I. scapularis, I. cookei, and I. marxi [25]. I. scapularis 
bites humans more frequently than the other species and also transmits multiple 
other pathogens, including the agents of Lyme disease, anaplasmosis, ehrlichiosis, 
and babesiosis. The range of the vector includes the eastern United States and 
Canada, and most cases of Powassan virus disease have been reported from the 
upper Midwest and northeastern United States [24]. The animal hosts include small- 
to medium-sized mammals (e.g., white-footed mice, woodchucks, squirrels) [25]. 
Probable transmission of Powassan virus through blood transfusion has been identi-
fied and a case of laboratory transmission has been reported [7, 26].

Human disease cases of Powassan virus have been reported in Russia, Canada, 
and the United States. Although still rare, the incidence of reported cases in the 
United States has increased in recent years [27]. From 2008–2017, a total of 125 
cases of Powassan virus disease were reported to CDC, including 114 neuroinvasive 
disease cases associated with 9 (8%) deaths. An average of 11 neuroinvasive disease 
cases were reported annually (range, 2–33 annual cases) [28]. Because of the 
extended tick season relative to that of mosquitoes, the seasonal distribution of 
reported Powassan virus disease cases is longer; most cases have illness onset from 
May to September, with a peak in May and June [27].

Powassan virus infection can be asymptomatic or cause a non-specific febrile 
illness. Neuroinvasive disease can present as aseptic meningitis or encephalitis 
which can be severe. Following an incubation period of approximately 1–5 weeks, 
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illness may develop over several days with fever, headache, lethargy, generalized 
weakness, dizziness, vomiting, confusion, seizures, and focal neurologic deficits 
[25, 29–32]. A diffuse maculopapular rash may be present in some cases [30, 31]. 
Complications such as obstructive hydrocephalus and intra-parenchymal hemor-
rhage have been described [33–36]. Case fatality of encephalitis is approximately 
10%, and about half of survivors have neurologic sequelae, such as headaches, cog-
nitive and neurologic deficits, or functional disabilities [25, 27, 29–31, 34].

 Peribunyaviridae

 La Crosse Virus

La Crosse virus is a single-stranded RNA virus in the family Peribunyaviridae, 
genus Orthobunyavirus, and California encephalitis serogroup. The primary vector 
is Aedes triseriatus which breeds in root cavities of hardwood trees and water- 
collecting containers such as discarded tires. The animal hosts are small mammals, 
primarily squirrels and chipmunks [21].

Unlike most arboviruses, La Crosse virus disease occurs more commonly in chil-
dren than adults, and it is the leading cause of pediatric arboviral neuroinvasive 
disease in the United States [37]. La Crosse virus has been found only in North 
America, with highest incidence in the Appalachian and Midwestern regions of the 
United States [37]. From 2008–2017, a total of 703 cases of La Crosse virus disease 
were reported to CDC, including 645 neuroinvasive disease cases associated with 9 
(1%) deaths. An average of 65 neuroinvasive disease cases were reported annually 
(range, 31–116 annual cases) [38]. Peak season is July through September, but cases 
can occur from June through October.

The incubation period ranges from 5–15  days, and neurologic manifestations 
include aseptic meningitis and encephalitis. La Crosse virus infection has not been 
associated with acute flaccid paralysis [39]. La Crosse virus encephalitis is charac-
terized by fever, headache, and vomiting; disorientation and seizures occur in almost 
half of cases [21, 40]. Hyponatremia, present in 20% of cases, and elevated body 
temperature are associated with clinical deterioration such as development of 
increased intracranial pressure [40]. Recovery is the general rule, with a case fatal-
ity <1%; neurologic sequelae, such as cognitive and behavioral difficulties, occur in 
6–15% of survivors [40].

 Jamestown Canyon Virus

Like La Crosse virus, Jamestown Canyon virus is a single-stranded RNA virus in 
the family Peribunyaviridae, genus Orthobunyavirus, and California encephalitis 
serogroup. Jamestown Canyon virus has been isolated from multiple mosquito spe-
cies, but its primary vectors are believed to be Aedes, Anopheles, and Culiseta 
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species, depending on geographic region and time of year, and deer are the primary 
amplification hosts [41, 42].

Unlike La Crosse virus, Jamestown Canyon virus primarily affects adults 
(median age, 48 years) and has a wider geographic distribution, ranging throughout 
much of the United States and Canada [43]. From 2000–2013, a total of 31 cases of 
Jamestown Canyon virus disease, including 17 neuroinvasive disease cases, were 
identified in 13 states [43]. Although most cases have been reported from northern 
states, cases are distributed widely throughout the United States. A recent increase 
in reported cases (75 diseases cases reported in 2017) is likely related to increased 
awareness, surveillance, and routine testing for the virus [9]. Transmission of 
Jamestown Canyon virus begins as early as April, likely because of the hatching of 
vertically infected snowmelt mosquitoes. This is followed by a later peak transmis-
sion season of July through September attributed to horizontally infected mosquito 
species [41].

The incubation period for Jamestown Canyon virus disease is unknown. While 
most cases of infection are asymptomatic, neuroinvasive disease can occur. A respi-
ratory prodrome, with sore throat, nasal congestion, and cough, beginning 2 days to 
2 weeks prior to onset of neuroinvasive illness, has been described in case reports 
[44–46]. Patients can develop severe headaches with migraine-like features [47]. 
Although half of reported cases are hospitalized, fatalities are rare and have been 
primarily reported in immunocompromised patients [43].

 Cache Valley Virus

Cache Valley virus is a single-stranded RNA virus in the family Peribunyaviridae, 
genus Orthobunyavirus, and Bunyamwera serogroup. Although the virus has been 
isolated from multiple different mosquito species (e.g., Anopheles, Culiseta, Aedes 
spp), the primary vector is unknown [48]. Its primary vertebrate amplifying hosts 
are likely large, hoofed animals such as deer, cattle, horses, and sheep [48].

First isolated from mosquitoes in Utah in 1956, the virus is widely distributed in 
the United States, Canada, and parts of the Caribbean [48]. Human cases, which are 
rarely reported, have occurred from May through November.

The incubation period is unknown. Disease cases initially present with a febrile 
illness, including headache, fatigue, myalgias, nausea, vomiting and, in some cases, 
rash. Patients who develop neurologic disease can present as aseptic meningitis or 
encephalitis. The first recognized human cases of Cache Valley disease occurred in 
three immunocompetent persons during the fall in 1995, 2003, and 2011, with dis-
ease ranging from aseptic meningitis to fatal encephalitis with multisystem organ 
failure [49–51]. While the aseptic meningitis cases were self-limited, residual head-
aches and memory loss were reported. A protracted clinical course presenting as a 
fatal, progressive meningoencephalitis over 3 years was described in a patient with 
X-linked agammaglobulinemia [52], and a fatal case of meningoencephalitis was 
reported in an immunocompromised patient receiving rituximab therapy [53].
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 Togaviridae

 Eastern Equine Encephalitis Virus

Eastern equine encephalitis virus is a single-stranded RNA virus in the family 
Togaviridae, genus Alphavirus [54]. The virus circulates in an enzootic cycle 
between Culiseta melanura mosquitoes and birds in freshwater hardwood swamps 
[21, 54]. Bridging vectors — Coquillettidia and Aedes spp. mosquitoes — transmit 
the virus to humans and horses, which are dead-end hosts. In the southeastern 
United States, cycles involving several species of mosquitoes and wading birds, 
along with reptiles, might play a role in maintaining viral transmission during the 
winter months [55]. Eastern equine encephalitis virus can be transmitted through 
the aerosol route, as documented in accidental laboratory infections and animal 
studies, and through solid organ transplantation [7, 56, 57].

Since the first human outbreak was identified in Massachusetts in the 1930s, 
eastern equine encephalitis has become recognized as one of the most severe 
domestic arboviral encephalitides [24, 58, 59]. Eastern equine encephalitis virus 
is primarily distributed in North America, but a related virus (Madariaga virus) is 
found in Central and South America. Although Madariaga virus is generally 
thought to be less virulent it caused an outbreak of encephalitis among children in 
Panama in 2010 [60]. Most eastern equine encephalitis cases in the United States 
are reported from Atlantic and Gulf coast states, but cases also occur in areas 
bordering the Great Lakes. From 2008–2017, a total of 71 cases of eastern equine 
encephalitis virus disease were reported to CDC, including 70 neuroinvasive dis-
ease cases associated with 30 (43%) deaths. An average of seven neuroinvasive 
disease cases were reported annually (range, 3–15 annual cases) [61]. Most 
reported human cases of eastern equine encephalitis occur from July through 
September, although cases have occurred as early as June in Florida, where the 
virus circulates year-round [62].

The typical incubation period is 5–8 days [63]. Neuroinvasive disease is rare, 
occurring in <5% of infections based on limited, early seroprevalence surveys [64]. 
Risk factors for eastern equine encephalitis include close proximity to forested 
areas near swamps or marshes in endemic regions and age, with children aged 
<15 years and adults aged >55 years being at greatest risk [21, 64]. The clinical 
course of eastern equine encephalitis often involves a prodrome lasting several days, 
with fever, headache, nausea, vomiting, malaise and generalized weakness, fol-
lowed by neurologic symptoms, including confusion, somnolence, movement dis-
orders, meningeal signs, focal neurologic deficits, and seizures, with rapid 
deterioration to stupor and coma [58, 65]. Death typically occurs 2–10 days after 
neurological symptom onset. Case-fatality in those with neurological illness is typi-
cally 30–40% but was reported to be 50–75% during early outbreaks [21, 24, 37, 58, 
61, 65]. Up to 90% of survivors have severe, debilitating neurologic sequelae, such 
as cognitive impairment, seizures, spastic hemiplegia, and cranial nerve deficits, 
and many die within several years [21, 65–67].
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 Western Equine Encephalitis Virus

Western equine encephalitis virus is a single-stranded RNA virus in the family 
Togaviridae, genus Alphavirus [68]. In the western United States, the virus amplifi-
cation cycle involves Culex tarsalis mosquitoes and wild birds, primarily finches 
and sparrows [69]. During the summer, the mosquitoes shift to feeding on mam-
mals, coinciding with the occurrence of cases among humans and equines, consid-
ered dead-end hosts [69]. Accidental transmission of western equine encephalitis 
virus to laboratory personnel has been described [7].

Western equine encephalitis virus historically caused large outbreaks of disease 
among horses and humans in the western United States and Canada, with cases 
peaking in the 1940s and 1950s [69]. The incidence of disease has since declined. 
From 1964–1989, a total of 636 cases were reported to CDC. Only four cases have 
been reported since 1990, the most recent case from Minnesota in 1999 [24]. The 
reason for the lack of recently identified cases is unknown [69–71]. The virus also 
is a rare cause of equine and human disease in South America.

The incubation period following western equine encephalitis virus infection is 
approximately 1 week. The clinical spectrum of symptomatic disease ranges from 
mild febrile illness to neurologic complications including aseptic meningitis and 
encephalitis. Infants and young children are at greatest risk of symptomatic and 
severe disease [69]. Onset of illness is abrupt and includes fever, chills, headache, 
drowsiness, nausea, vomiting, and sometimes respiratory symptoms. If illness pro-
gresses to neuroinvasive disease, patients may develop lethargy, stiff neck, photo-
phobia, confusion, tremors, and seizures. Infants typically present with fever, 
irritability, seizures, rigidity, and neurologic deficits [72, 73]. The case fatality of 
neuroinvasive disease is relatively low at 3–4% but has been reported to be 8–15% 
during epidemics [69, 74]. Persistent neurologic sequelae, including cognitive and 
motor deficits, spastic paralysis, seizures, and psychological disorders, occur in 
15–30% of patients and are more common among infants and young children [67, 
73]. Some adults have developed parkinsonism [67, 75].

 Non-domestic Arboviruses Causing Acute Central Nervous 
System Infections Among Travelers

Evaluation of a returned traveler with signs and symptoms of a central nervous sys-
tem infection should take into account the clinical syndrome, timing of symptom 
onset in relation to exposure, location and duration of travel, the traveler’s activities, 
and potential exposure to an arbovirus through the relevant vectors or other modes 
of transmission. The major international neurotropic arboviruses of concern (not 
including viruses that are also domestic) fall into three families, Flaviviridae (e.g., 
Japanese encephalitis, tick-borne encephalitis, Usutu, and Zika viruses), 
Phenuiviridae (e.g., Toscana virus), and Togaviridae (e.g., Venezuelan equine 
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encephalitis virus). These selected viruses are discussed briefly (Table 7.1) [76, 77]. 
Many arboviruses, such as dengue virus, can cause rare cases of neurologic disease 
[78, 79].

Japanese encephalitis virus is a flavivirus maintained in a cycle between mosqui-
toes and amplifying hosts, mainly pigs and wading birds, in Asia and parts of the 
western Pacific. It is transmitted to humans primary by Culex species mosquitoes, 
which breed in standing water and rice paddy habitats. The incidence of Japanese 
encephalitis among travelers from non-endemic countries to Asia is <1 case per 1 
million. However, travelers who stay for prolonged periods in rural areas with active 
Japanese encephalitis virus transmission have a higher risk. Most infections are 
asymptomatic, but clinical symptoms range from a mild febrile illness to aseptic 
meningitis or encephalitis after an incubation period of 5–15 days. Encephalitis can 
be severe, with seizures in up to 85% of children and 10% of adults. The case fatal-
ity is 20–30%, and up to half of survivors have neurologic or psychiatric sequelae. 
A licensed Japanese encephalitis vaccine is available in the United States for travel-
ers at risk (see section “Prevention”) [80].

Table 7.1 Characteristics of selected arboviruses that cause central nervous system infections

Virus Family Vector
Animal 
hosts Distribution

Peak 
months

Domestica

Cache Valley Peribunyaviridae Mosquito Ungulates North America Sep–Nov
Eastern equine 
encephalitis

Togaviridae Mosquito Birds Americas Jul–Sep

Jamestown Canyon Peribunyaviridae Mosquito Deer North America Jul–Sep
La Crosse Peribunyaviridae Mosquito Rodents United States Jul–Sep
Powassan Flaviviridae Tick Rodents United States, 

Canada
May–Jun

St. Louis encephalitis Flaviviridae Mosquito Birds Americas Aug–Sep
Western equine 
encephalitis

Togaviridae Mosquito Birds Americas Jul–Aug

West Nile Flaviviridae Mosquito Birds Worldwide Aug–Sep
International
Japanese encephalitis Flaviviridae Mosquito Pigs, birds Asia May–

Sepb

Tickborne 
encephalitis

Flaviviridae Tick Rodents Europe, Asia Jun–Jul

Toscana Phenuiviridae Sand fly Unknown Europe Aug
Usutu Flaviviridae Mosquito Birds Africa, Europe Jun–Oct
Venezuelan equine 
encephalitis

Togaviridae Mosquito Birds, 
rodents

Americas Year 
round

Zika Flaviviridae Mosquito Monkeys Americas, Asia, 
Africa

Apr–Sep

aPeak months in the United States
bYear round in tropical areas
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Tick-borne encephalitis virus, a flavivirus closely related to Powassan virus, 
includes three subtypes and is endemic in focal areas of Europe and Asia. Ixodes 
species ticks are the primary vector and reservoir, and small rodents are the main 
amplifying hosts. Tick-borne encephalitis virus can also be acquired by ingesting 
unpasteurized dairy products, such as milk and cheese, from infected goats, sheep, 
or cows. Less common routes of transmission include accidental laboratory expo-
sure, slaughtering of viremic animals, blood transfusion, solid organ transplanta-
tion, and breastfeeding [7, 81, 82]. Most cases occur from April through November, 
with peaks in early and late summer when ticks are active. Travelers with exposure 
to forested areas through outdoor recreational or occupational activities are at great-
est risk. The disease is unlikely in travelers who remain in urban or unforested areas 
and who do not consume unpasteurized dairy products [83]. From 2000 through 
2017, only eight cases of tick-borne encephalitis among U.S. travelers to Europe 
and China were reported. Approximately one third of infected persons develop clin-
ical illness following a median incubation period of 8 days (range, 4–28 days). The 
incubation period following ingestion of unpasteurized dairy products is shorter 
(3–4 days). Disease can present as a mild febrile illness with complete recovery or 
a biphasic illness with initial febrile illness that lasts several days and remits, fol-
lowed by a second phase with central nervous system invasion that can present as 
aseptic meningitis, encephalitis, or myelitis. Disease severity increases with age and 
varies by viral subtype [83, 84].

Usutu virus was first identified as causing febrile rash illness in patients in Africa, 
but more recently has emerged and spread through parts of Europe where it has 
caused rare cases of neurologic disease. Similar to West Nile virus, Usutu virus is a 
flavivirus maintained in a cycle between Culex species mosquitoes and birds. While 
most infections are asymptomatic, clinical symptoms range from a febrile illness to 
aseptic meningitis or encephalitis. In Europe, Usutu virus infections have been iden-
tified in asymptomatic blood donors and patients with meningoencephalitis; no 
deaths have been reported [85–87].

Zika virus is a flavivirus that was first isolated from a monkey in the Zika forest 
in Uganda in 1947 and later caused sporadic cases in parts of Africa and Asia. In 
2007, Zika virus emerged in the Pacific, causing outbreaks in Micronesia and later 
in French Polynesia. After being detected in Brazil in 2015, Zika virus rapidly 
spread throughout Central and South America. In the United States, limited local 
transmission of Zika virus occurred in south Florida and Texas in 2016. Zika virus 
is transmitted to humans by Aedes species mosquitoes. In contrast to most arbovi-
ruses, Zika virus infection can create a high enough level of viremia in humans to 
infect mosquito vectors, thus propagating transmission. Most infections with Zika 
virus are asymptomatic or lead to a mild, self-limited febrile illness. Intrauterine 
transmission leading to congenital infection can cause microcephaly and other con-
genital defects. In contrast to the developing fetus, children and adults are less sus-
ceptible to neuroinvasion with Zika virus infection; however, Zika virus infection 
has rarely been reported to cause meningitis, encephalitis, acute disseminated 
encephalomyelitis, myelitis, and sensory neuropathies [88]. Multiple studies during 
the epidemics in the Pacific and the Americas established an association between 
the immune-mediated disorder GBS and Zika virus infection. Zika virus-associated 
GBS is characterized by a more rapid onset (median 5–10 days) following a viral 
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prodrome, compared to the more classical form of GBS which tends to occur 
2–4 weeks following infection. However, the severity of disease is similar to other 
forms of GBS [88, 89].

Toscana virus, in the family Phenuiviridae, genus Phlebovirus, is transmitted by 
sandflies in several European countries bordering the Mediterranean Sea, including 
Italy, France, Spain, Portugal, and Greece. Clinical course following Toscana virus 
infection varies from asymptomatic infection to meningitis or encephalitis. Disease 
occurs from May to October, with a peak incidence in August [90, 91].

Venezuelan equine encephalitis virus is in the family Togaviridae, genus 
Alphavirus, and is classified among the New World alphaviruses, along with eastern 
and western equine encephalitis viruses. The virus is transmitted in an enzootic 
cycle between mosquitoes and rodents, with spillover to humans. Horses can also 
serve as amplification hosts for epizootic strains of the virus, leading to further 
transmission by mosquitoes. Human and equine disease outbreaks have been 
reported in South and Central America and Mexico, with some cases occurring in 
southern Texas. Subtype II of the Venezuelan equine encephalitis complex 
(Everglades virus), is endemic in southern Florida and is a rare cause of human 
disease [92]. The clinical course of Venezuelan equine encephalitis virus infection 
ranges from asymptomatic infection or mild febrile illness to encephalitis, in some 
cases fatal (<1%). The incubation period is 2–5 days. Children have a higher risk of 
developing fatal encephalitis (case fatality up to 35% in children <5 years of age) 
and having permanent neurologic sequelae than adults [93–95].

 Clinical Laboratory and Neuroimaging Findings

Cerebrospinal fluid (CSF) analysis in patients with arboviral infections of the cen-
tral nervous system often demonstrates a lymphocyte-predominant pleocytosis, 
usually with <200 white blood cells/mm3, although higher leukocyte counts have 
been reported, particularly for eastern equine encephalitis virus [15, 30, 40, 65]. 
Typically, the glucose is normal and protein is moderately elevated. Some patients 
might present with a peripheral leukocytosis and hyponatremia related to SIADH 
[23, 40, 65]. In contrast to patients with neuroinvasive disease, cerebrospinal fluid 
in patients with GBS typically shows an absence of cells but elevated protein (cyto-
albuminologic dissociation) [15, 88].

Electroencephalographic patterns in patients with arboviral encephalitis are 
characterized by diffuse, non-specific slow-wave abnormalities, with periodic epi-
leptiform discharges in some patients [15, 30, 40, 65]. Electrodiagnostics in patients 
with GBS are consistent with predominantly demyelinating polyneuropathy [15].

Computed tomography scan of the head in patients with encephalitis might show 
generalized or multifocal edema but often is normal and not helpful in diagnosis, 
except for excluding other possible etiologies of disease [15, 40]. Magnetic reso-
nance imaging also can be normal, but the most common findings are increased 
signal intensity on T2-weighted-fluid-attenuated inversion recovery sequences in 
the basal ganglia, thalami, and cerebral cortex; less often, abnormalities are seen in 
the brain stem, cerebellum, meninges, or periventricular white matter [15, 30, 40, 
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65]. In severe cases, large lesions can lead to mass effect and obstructive hydro-
cephalus [34, 65].

 Diagnosis of Arboviral Diseases

In the approach to the workup of central nervous system infection, the goal of the 
clinician should be to distinguish arboviral infection from disease caused by treat-
able organisms (i.e., bacteria, mycobacteria, fungi, and herpes viruses). Diagnosis 
of arboviral infection usually involves detection of virus-specific antibody in serum 
or CSF.  Acute-phase serum specimens should first be tested for virus-specific 
immunoglobulin (Ig) M antibody, typically by enzyme-linked immunosorbent 
assays or microsphere immunoassays. IgM antibodies usually are detectable within 
the first week of illness and remain detectable for 30–90 days, but longer durations 
(months to years) have been documented for some arboviruses [96–98], making 
timing of infection difficult to determine in some cases. Patients with immunosup-
pression can have a delayed or reduced antibody response [99]. IgG antibody usu-
ally becomes detectable shortly after the IgM and persists for years. In patients with 
a positive IgM antibody test, virus-specific neutralizing antibodies should be evalu-
ated using the plaque-reduction neutralization test (PRNT) to confirm the IgM anti-
body results and resolve cross-reactivity, particularly among flaviviruses [100]. A 
four-fold rise in neutralizing antibody titers between acute and convalescent serum 
samples also can help establish whether the infection was acquired recently.

Less commonly, viral culture and nucleic acid tests (NATs) can be performed on 
acute-phase serum, CSF, or tissue specimens from a biopsy or autopsy. However, 
most arboviruses (with the exception of some arboviruses that do not typically 
cause neuroinvasive disease) have a short duration of viremia, and testing for viral 
RNA is negative by the time the patient presents with symptoms. These tests are 
sometimes useful in immunocompromised patients who can have a delayed or 
reduced antibody response and prolonged viremia. Immunohistochemical staining 
can be performed to detect viral specific antigen in fixed tissue.

Most state public health laboratories and commercial laboratories can perform 
IgM antibody testing for the common domestic arboviruses. Confirmatory neutral-
izing antibody testing with PRNT, NATs, viral culture, immunohistochemical stain-
ing, and testing for less common domestic and international arboviruses are 
performed at the Centers for Disease Control and Prevention (CDC) and a few refer-
ence laboratories. The relevant state health departments should be consulted if arbo-
viral testing at the state public health laboratory or CDC is needed.

 Treatment

There are no proven specific treatments for arboviral infections, and manage-
ment is supportive. Antipyretics and analgesics can be used in patients with 
fever and headache, and antiemetic therapy for associated nausea and vomiting. 
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Patients with encephalitis should be monitored closely and managed for ele-
vated intracranial pressure and seizures, and patients with encephalitis or acute 
myelitis should be monitored for the need for airway protection and ventilatory 
support. Temporary reduction in immunosuppressive agents, when possible, is a 
common approach to management of immunosuppressed patients with neuroin-
vasive disease [4].

A review of the literature for healthcare providers of therapies evaluated or used 
empirically for West Nile virus disease was recently conducted [101]. The use of 
various products, such as polyclonal immune globulin, interferon, ribavirin, and 
corticosteroids, has been reported in case reports or case series, or evaluated in 
small clinical trials for infections due to West Nile virus or other related flaviviruses 
with no clear benefit shown. The National Institutes of Health also maintains a reg-
istry of clinical trials [102].

 Prevention

Prevention of arboviral infection involves using personal protective measures to 
avoid exposure to the arthropod vectors, vaccination, blood donation screening, and 
community vector control measures.

 Personal Protective Measures

Vector avoidance strategies include staying indoors during peak mosquito feeding 
times and avoiding walking through wooded, brushy areas with high grass and leaf 
litter where ticks live. The use of air conditioning or window and door screens and 
bed nets can reduce exposure to mosquitoes. If exposure is anticipated, Environmental 
Protection Agency-registered insect repellants should be used, and long-sleeved 
shirts and long pants worn. Clothing and gear also can be treated with permethrin. 
Clothing, skin, pets, and gear should be examined for ticks after being outdoors 
[103, 104].

 Arboviral Vaccines

Human vaccines are available only for a limited number of neurotropic arboviruses. 
An inactivated Vero cell culture-derived Japanese encephalitis vaccine (Ixiaro) is 
licensed and available in the United States for use in adults and children aged 
≥2  months. The CDC Advisory Committee on Immunization Practices recom-
mends the use of this vaccine for certain travelers to Asia who have increased risk 
of exposure based on travel location, duration, frequency, season, activities, and 
accommodations [80].
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Several inactivated tick-borne encephalitis virus vaccines are available in Europe, 
Russia, and China but none is licensed or available in the United States. Candidate 
vaccines against West Nile, eastern equine encephalitis, western equine encephali-
tis, and Venezuelan equine encephalitis viruses have been evaluated in clinical tri-
als, but none is currently licensed for use in humans [105]. Several veterinary 
vaccines against arboviruses are licensed for use in horses, including West Nile 
virus and equine encephalitides viruses.

 Blood Donation Screening

The use of screening assays for arboviruses to prevent transmission through blood 
and organ donation depends on the prevalence of the virus, utility and availability of 
screening assays, and potential risk to recipients. Beginning in 2003, the U.S. Food 
& Drug Administration (FDA) recommended routine screening of blood donations 
for West Nile virus RNA because of the endemicity of the virus and reports of 
transfusion-transmitted infections from asymptomatic, viremic donors [3, 106, 
107]. In 2016, the FDA recommended screening of blood donations for Zika virus 
RNA, given reports of blood transmission of Zika virus in Brazil and the potential 
risk of congenital infections following transfusion to pregnant women or their sex-
ual partners [108–110]. Other neurotropic arboviruses have been documented to be 
transmitted through blood transfusion, including St. Louis encephalitis, Powassan, 
tickborne encephalitis, and Japanese encephalitis viruses [20, 26, 82, 111]; how-
ever, blood donation screening is not performed in the United States given the low 
incidence of these infections and lack of available commercial NATs. Persons who 
have been infected with these viruses should be deferred from donating blood for 
6 months after their illness.

West Nile, eastern equine encephalitis, and tick-borne encephalitis viruses have 
been transmitted through organ transplantation [4, 57, 81]. Although some organ 
procurement organizations screen potential organ donors for West Nile virus infec-
tion, there are no recommendations for routine screening for these pathogens 
because of limitations and lack of availability of screening assays and limited sup-
ply of available organs for transplant. Awareness and identification of possible 
infectious encephalitis among organ donors is critical for prevention of transmis-
sion [112].
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Chapter 8
Update on HSV and VZV Encephalitis 
in Adults

J. P. Stahl and A. Mailles

 The Viruses

 Types of Human Herpes Virus (HHV)

Eight different herpes viruses are known to be strict human pathogens [1]. All of 
them are neurotropic and can be responsible for encephalitis, although only a small 
proportion of those infected will develop this severe clinical presentation, and 
sometimes only under specific circumstances (HHV6, CMV, HHV8):

• HHV-1 = HSV-1 (Herpes simplex virus 1)
• HHV-2 = HSV-2 (Herpes simplex virus 2)
• HHV-3 = VZV (Varicella Zoster virus)
• HHV-4 = EBV (Epstein-Barr virus)
• HHV-5 = CMV (Cytomegalovirus)
• HHV-6 = Roseolovirus
• HHV-7 = close to HHV6
• HHV 8 = KSHV (Kaposi’s sarcoma-associated herpesvirus)
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In this chapter, we will focus on HSV and VZV, as they are the most frequent 
viruses of this family responsible for encephalitis in western countries.

All HHV have the same structure: they carry an important genome (152-kbp), 
with linear double-stranded DNA, coding for 100–200 different genes. The DNA is 
inserted in an icosahedral capsid envelope, so-called virion. The complete genomic 
DNA sequence of HSV-1 was published in 1988 [2].

The evolutionary origins of human HSV have been investigated using phyloge-
netic and molecular dating analyses [3]. The models suggest that HSV-1 resulted 
from an ancient codivergence with its host during several million years, whereas 
HSV-2 might have arose from a spillover transmission event from the ancestor of 
modern chimpanzees to an extinct Hominid, ancestor of modern Homo sapiens, 
around 1.6 millions of years ago.

 Pathophysiology

The viral envelope links to the membrane receptors of a cell of the host, and the 
virion is then transferred into the cell cytoplasm, where it is destructured. This 
makes possible the migration of viral DNA to the cell nucleus. In this nucleus, viral 
DNA duplicates and is transcribed to a limited number of latent viral genes. This 
explains the viral persistence in the human cell, during a long asymptomatic period. 
In case of reactivation, due to some independent aggressions toward the host (other 
infection, immunodeficiency, chemical or physical stimulation), the virus reassem-
bles and comes back to its initial pathogenicity. This pathogenicity is related to the 
activation of lytic genes, leading most frequently to the cell death. Besides this com-
mon mechanism in cell, HSV and VZV have specific pathways explaining clinical 
neurological presentations.

 HSV Encephalitis (HSVE)

After primary infection of the mucosal or skin epithelium, HSV interacts with cell- 
surface glycosaminoglycans and then infects sensory neurons [4]. It reaches the 
neuronal cell body in the dorsal root ganglion using a fast retrograde axonal trans-
port. They are still hypothesis and debate about mechanisms of HSV access to the 
central nervous system. The most likely mechanisms are retrograde transport 
through the olfactory or trigeminal nerves, or viremia. Nevertheless, viremia is less 
credible as the orbitofrontal and mesiotemporal lobes infection are not in favor of 
this hypothesis.

The olfactory nerve pathways connect directly to the frontal and mesiotemporal 
lobes (including the limbic system) and do not go through the thalamus as other 
cranial nerves. Some clues support the hypothesis of viral spread to the CNS through 
the olfactory way, but this hypothesis is not fully demonstrated. Another route of 
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contamination of the brain could be the trigeminal nerve that innervates the menin-
ges. The viral spread to the orbitofrontal and medial temporal lobes could also use 
this pathway.

HSVE results most frequently from reactivation of latent virus, but encephalitis 
following primary infection is possible as well. The most likely mechanism in case 
of reactivation is HSV multiplication in the trigeminal ganglia with subsequent 
spread of infection to the temporal and frontal lobes. In 50% of HSVE cases with 
documentation of the strains, the viral strain responsible for encephalitis is different 
from the strain isolated from herpetic skin lesions in the same patient.

HSV affects otherwise healthy patients and only a small minority of HSV-1–
infected individuals develop encephalitis. Some genetic determinants have been 
identified as risk factors of HSVE, since some years after the initial publication [5]. 
These authors demonstrated a genetic predisposition for HSVE in two children pre-
senting with autosomal recessive deficiency in the intracellular protein 
UNC-93B. This deficiency resulted in impaired cellular interferon-a/b and -l antivi-
ral responses. This single-gene immunodeficiency does not compromise immunity 
to most pathogens, unlike most known primary immunodeficiencies. It explains it is 
undetectable in routine life.

A more recent study [6] used an in vivo chemical mutagenesis screen for HSV-1 
susceptibility in mice. Authors identified the role of the Rel gene (RelC307X), 
encoding for the NF-κB transcription factor subunit c-Rel, in HSE disease suscepti-
bility in mice. However, the identified genetic risk factors explain only a minority 
of cases.

 VZV Encephalitis

Neurological presentation after VZV infection can be related to various mecha-
nisms: parenchymatous encephalitis (with or without demyelination), microglial 
influx, small as well as large vessel vasculopathy inducing strokes, meningitis or 
necrotizing myelitis [7, 8]. The vascular as well as immunological involvement is 
crucial in this presentation.

Precise knowledge about VZV viruses responsible for encephalitis was provided 
in a study aiming at evaluating the genetic diversity of VZV recovered from the 
central nervous system (CNS; encephalitis or meningitis) and from non-CNS sam-
ples [9]. Viruses recovered from CSF of patients presenting with meningitis showed 
a similar diversity to those recovered from vesicular fluid. This finding suggests that 
self-limiting VZV meningitis might be caused by reactivation and replication of the 
virus from a limited number of neurons. VZV wild-type infections are probably due 
to few virions, with restricted genome diversity within vesicles. By contrast, in case 
of encephalitis, the authors demonstrated a wider genetic diversity of the viruses 
that might be related to accumulated mutations, perhaps under the control of the 
immune system. In this hypothesis, more severe cases, due to the virus spread into 
brain parenchyma, may be due to the failure of this same immune control, resulting 
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in the spread of multiple different viruses/virions. The results of this study suggest 
that VZV infection of the CNS is not related to single viral polymorphisms, and that 
immune control is of major importance in restricting infection as well as selecting 
more viruses.

 Importance of Resistance to Viral Infection

 Interferon Is of Major Importance in Fighting Viral Infection

The importance of a deficiency in interferon regulatory factors (IRF3 and IRF7) was 
evaluated in an HSVE model [10]. The case-fatality rates of infected IRF3 and IRF7 
deficient mice were higher than those of controls. This finding was also associated 
with higher viral loads in animals’ brain. After infection, negative IRF7 mice exhib-
ited a deficit in IFN-β production. This finding suggests that interferon production 
might protect against poor outcome.

TLR3 is a sensor of double-stranded RNA.  It is required for innate immune 
responses to HSV-1  in neurons and astrocytes [11]. It has been recently demon-
strated that TLR3 recruited mTORC2, the metabolic checkpoint kinase complex 
leading to the induction of chemokines and trafficking of TLR3 to the cell periphery 
[12]. This trafficking activated molecules necessary for the induction of type I inter-
ferons. Authors showed that HSV-1 brain infection of animals was increased when 
TLR3 responses were impaired by an inhibitor. This underlines the final role of 
interferon in the defense against HSV infection of the brain, if needed.

 Chemokines

CXCR3, a chemokine receptor, was previously identified as having an important 
impact on the course of HSV encephalitis in mouse models. Zimmermann et al. [13] 
compared CXCR3-deficient mice with controls. They demonstrated that CXCR3- 
deficient mice cleared HSV-1 more efficiently 14 days after infection. Moreover, 
inhibition of CXCR3 signalling reduced T cell infiltration and microglial activation. 
They concluded that interruption of the CXCR3 pathway leads paradoxically to an 
enhanced viral clearance after intranasal infection.

 Epidemiology Worldwide

HSV 1 and 2 are the most frequently identified agent responsible for infectious 
encephalitis, except in the context of outbreaks (ex.: Japanese encephalitis, EV 
A71). In a French study HSV accounted for 42% of identified causes of encephalitis 
[14]. A US study [15] reported similar results, with HSV being accountable for 37% 
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of cases with an etiological diagnosis. In a UK study [16], the authors reported HSV 
as responsible of 19% of cases, but this study included all causes of encephalitis, 
including auto-immune encephalitis and inflammatory causes. Nevertheless, HSV 
was the most frequent pathogen.

Immunosuppression has been reported to be a concurrent disease of 31% of HSV 
E cases [17].

VZV is the second cause identified in patients presenting with infectious or sus-
pected infectious encephalitis in the same western countries if using the same crite-
ria for diagnosis (France, UK, US). Due to the pathophysiological features, VZV 
encephalitis is more likely to occur in patients with significant co-morbidities, 
including immunosuppression: 50% of proven VZV encephalitis in the French 
study [7].

However, in countries where domestically acquired arboviral infections occur, 
other causes might be more frequently identified, especially at a regional level. In 
South East Asia, Japanese encephalitis can be more locally more frequent than HSV.

 Clinical and Imaging Presentations

 HSV

HSV encephalitis involves most frequently temporal and frontal cerebral lobes and 
typical clinical presentation is linked to this localization: inappropriate behavior, 
dysexecutive syndrome, hallucinations of any type are typical symptoms, as well as 
language and memory disorders, at the very beginning. Nevertheless, there is no 
real specific clinical presentation of HSV encephalitis, making it impossible to con-
firm or rule out this causative agent without biological tests [17]. Finally, any clini-
cal suspicion of encephalitis should lead to perform a lumbar puncture and test HSV 
in CSF by PCR, which is considered a “mandatory” first level of etiological 
investigation.

More precise information thanks to major improvements of imaging tools sug-
gest the importance of vascular involvement [18]. In this recent review of the litera-
ture (from 2000 to January 2018), in cases of HSV encephalitis complicated with 
vascular involvement, intracerebral hemorrhage was identified as the most frequent 
lesion (89%). Hematoma was present on the first brain imaging in 32% of these 
cases. Infarction was frequently multifocal and preceded by hemorrhage in 20% of 
cases. Cerebral vasculitis exclusively located in large-sized vessels was present in 
63% of these cases. HSV-1 was a most frequent cause of hemorrhagic complica-
tions, whereas HSV-2 was the most frequent in case of ischemic presentation. 
Authors of this review reported case-fatality rate of 21% in case of hemorrhage and 
0% in case of infarction.

Nevertheless, some atypical cases are reported, and imaging can be normal or 
atypical, in case of proven HSV encephalitis [19]. The authors retrospectively 
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evaluated all consecutive PCR-proven HSV encephalitis cases (18 patients) treated 
in their hospital from January 1, 2013 to February 28, 2018. The most common 
clinical features were altered mental status (77.8%), focal neurologic deficits 
(72.2%) and fever (72.2%). Four of these patients (22.2%) had a normocellular 
cerebrospinal fluid (CSF) on admission. Initial CT scans were normal in 11 out of 
16 patients (68.8%). These findings mean that treatment with acyclovir should be 
initiated early, even when the initial presentation is atypical [20].

 VZV

In a study including 17 adult patients (among 20 VZV encephalitis including adults 
and pediatric cases), previous or concomitant cutaneous zoster was reported in eight 
cases only [7].

Nine adults presenting with VZV encephalitis had comorbidities, three of which 
could be considered having immunosuppressive comorbidities: osteosarcoma, 
recent heart–lung transplant and systemic lupus erythematosus with long-term cor-
ticosteroid treatment.

Six patients (30%) required admission to intensive care units, four were mechan-
ically ventilated. The most frequent neurological symptoms were disorientation and 
confusion (70%), meningeal signs (60%), focal neurological signs (55%) and apa-
thy (50%). Cranial nerve palsy was present in eight patients (40%), namely central 
facial nerve paralysis in seven cases and oculomotor nerve paralysis in one case.

In this cohort, all patients underwent brain imaging. Vascular lesions (MRI) were 
surprisingly demonstrated in only three cases, although VZV encephalitis is sup-
posed to be most frequently due to vascular involvement. The other cases presented 
with non-specific images: non-vascular lesions; brainstem lesions suggesting 
rhombencephalitis; right-side temporal, parietal and occipital hypersignals; non- 
specific abnormalities (cortical atrophy). Seven patients had no visible 
abnormalities.

In conclusion, absence of cutaneous lesions or vascular lesions on MRI cannot 
rule out diagnosis of VZV encephalitis.

 Biological Diagnosis

The current gold standard is PCR in CSF, for both viruses [20, 21]. Sensitivity and 
specificity are respectively 98% and 94%, with positive predictive value of 95% and 
negative predictive value of 98% [22].

In some cases, HSV PCR positivity is delayed from the onset of neurological 
symptoms, but no more than 4 days [20]. That means that, in case of negative result, 
one cannot rule out diagnosis of HSV encephalitis until the result of a PCR per-
formed after this delay.
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VZV PCR results should be interpreted according clinical presentation, as it is 
frequent to observe positive PCR in case of zoster without encephalitis. Diagnosis 
of encephalitis should meet clinical criteria as well as biological results [23].

 Treatment

 Antiviral Treatment

 HSVE

Intravenous acyclovir is the standard treatment of HSV encephalitis. The acyclovir 
dosage for adult patients presenting with HSV encephalitis is 10 mg/kg every 8 h, 
with infusion of at least 1 h and IV saline final concentration < 5 mg/mL [20, 21]. 
The recommended treatment duration is 14  days in immunocompetent adults. A 
21-day treatment is recommended for immuno-compromised patients only.

Acyclovir has been associated with a potential renal and neurological central 
toxicity, boosted by excessive doses, rapid infusion rate, high concentration of the 
infusion solution, combination with other nephrotoxic drugs, and older age. 
Decreasing the infusion rate reduces the renal toxicity. The use of nephrotoxic drugs 
during acyclovir treatment should be restricted to strictly necessary treatments. An 
adequate rehydration is needed, and doses should be adapted to the renal function.

There is no evidence-based data supporting the relation between a positive CSF 
HSV PCR at the end of treatment and the positive or negative outcome of encepha-
litis. In other words, the result of an HSV PCR at the end of the treatment is neither 
predictive of the outcome or the evolution of the patient, and its interpretation is 
impossible. It is difficult to report a reliable clearance of HSV in CSF, as LP is not 
usually performed in patients with a good outcome. Nevertheless, in one study, the 
authors reported positive PCRs up to 28 days [24]. In another study, 24% of patients 
with a correct treatment procedure presented with positive PCR in CSF 7 days after 
initiation of treatment [25]. These positive results were not correlated with a worse 
outcome. For these reasons, it is not recommended to check the CSF HSV PCR at 
the end of treatment in case of positive outcome.

In case of a non-favorable clinical outcome at the end of the 14-day treatment, a 
lumbar puncture with HSV PCR and autoantibodies detection in CSF should be 
performed. A positive result of the HSV PCR may lead to extend the acyclovir treat-
ment to 21 days.

In this case, it is possible to investigate resistance to acyclovir and pharmacoki-
netic parameters (acyclovir concentration measurement in blood and CSF) after 
multidisciplinary evaluation. Acyclovir resistance has been demonstrated mostly in 
immunocompromised patients.

A delay in implementing the Acyclovir treatment has been proven to be indepen-
dently associated with a negative outcome of HSV encephalitis. Acyclovir treat-
ment must be rapidly initiated in patients with a suspected encephalitis, before 
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biological confirmation of the diagnosis, ideally within 6 h after hospital admission. 
In case of high clinical suspicion of HSV encephalitis, but unconfirmed with the 
first PCR test, acyclovir must be continued while waiting for a second CSF HSV 
PCR sampled at least 4 days after neurological signs onset.

 VZV Encephalitis

VZV encephalitis is associated with a high case-fatality rate and with significant 
neurological sequelae in the absence of treatment, especially in elderlies and immu-
nocompromised patients [7]. Treatment with acyclovir reduces VZV encephalitis- 
related case fatality and neurological sequelae. As for HSV, IV acyclovir is the 
standard treatment, with some modification of dosage. In vitro, VZV is less sensi-
tive to acyclovir than HSV. The recommended dosage of acyclovir in the treatment 
of VZV encephalitis is 15 mg/kg for 1 h every 8 h [20, 21] The recommended treat-
ment duration for VZV encephalitis is 14 days, even if no literature data helps in 
defining the optimal acyclovir treatment duration.

Foscarnet, ganciclovir, and cidofovir have been suggested in the second-line 
treatment of VZV encephalitis in immunocompromised patients, without any evi-
dence of their benefit. There is currently no data on the use of these molecules in 
immunocompetent adults.

 Supportive Treatment

Incidence of seizures during the acute phase of HSV encephalitis varies from 7% to 
67% [26, 27]. Their clinical presentations range from subclinical and local seizures 
to status epilepticus [28]. Whenever subclinical seizures are suspected, EEG should 
be performed in order to confirm or rule out their diagnosis and adapt the treatment 
[29]. The presence of seizures at eh onset of encephalitis is a risk factor for the per-
sistence of seizures as sequels, after the recovery from the infection [26]. Seizure 
are also related to worse outcome, with case-fatality rate of 30%, combined with 
severe initial coma and failure of anticonvulsants [26, 30]. Risk factors for seizures 
during encephalitis are age < 15 years, coma, cortical involvement, MRI images 
and HSV.

There is no data demonstrating the benefit of anticonvulsants at the initial phase 
of encephalitis, for prevention of seizures [31], thus it is not recommended to pre-
scribe them. In case of seizure, there is no evidence of superiority of any drug, and 
they should be treated according to standard recommendations.

VZV encephalitis can be complicated by cerebral vasculopathy, and so adjuvant 
corticoid therapy could be considered, but clinical studies are scarce and poorly 
convincing. So far it is not recommended to administer an adjuvant corticoid ther-
apy in the treatment of VZV encephalitis [20].
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 Outcome

 Case Fatality Rate

Before the generalization of acyclovir, up to 70% of patients experiencing HSVE 
died. Case-fatality rate of HSVE now ranges from 5% to 20% according studies, the 
discrepancies being related to the selection criteria of studied populations [15–17, 
32, 33].

The case-fatality ratio of VZV encephalitis was evaluated to 15% and related to 
co-morbidities and/or age [7, 34].

 Outcome and Sequelae Following HSE Et VZV Encephalitis

Sequelae following HSVE have been known for long to be frequent and severe, and 
to be a cause of major cognitive impairment and behavioral disorders in surviving 
patients [35, 36].

In a more recent study focused on encephalitis sequelae, authors reported that 
only 42% of patients presenting with HSVE experienced a favorable outcome, com-
pared with 68% in other encephalitis patients. Moreover, only 14% of HSVE 
patients had fully recovered at follow-up, compared with 49% in other encephalitis 
patients. Compared with other patients, patients with HSE more frequently experi-
enced concentration and behavioral disorders, especially disinhibition, but the fre-
quencies of memory impairment and speech disorders did not differ significantly [37].

VZV encephalitis sequelae have been less studied. In the same cohort study, 
moderate to severe sequelae (Glasgow outcome scale 3 or 4) were reported in 41% 
of patients with VZV encephalitis patients, 3 years after the onset of the infection 
[7, 34]. Like HSVE, VZV encephalitis can results in long-term memory disorders 
Speech disorders are reported in up to 30% of patients [34, 37].

 Auto-Immune Disorders Following HSVE

The awareness on auto-immune encephalitis due to antibodies targeting some recep-
tors of neurons membrane arose in 2006. Since the first publications, numerous 
cases have been diagnosed and could benefit from a targeted treatment. Limbic 
auto-immune encephalitis are now considered a major differential diagnosis if 
HSVE [38, 39].

Various studies recently confirmed the importance of auto-immune encephalitis 
triggered by HSE. The most recent study concluded that there is a predictable time 
frame of approximately 5  weeks in which 27% of patients with HSE develop 
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immune responses against NMDAR and other neuronal surface proteins, with neu-
rological symptoms [39]. Among the remaining patients, 30% developed auto- 
antibodies in serum (and some in CSF) without symptoms.

As a consequence, recent guidelines recommend looking for autoantibody secre-
tion in CSF in case of failure of the antiviral treatment or recurrence of symptoms 
despite an early appropriate management [20].

The physiopathological explanation of this auto-immune disorder is still unclear, 
but some hypothesis could be raised [40]: molecular mimicry, release of antigenic 
proteins from neuronal injury becoming autoimmune targets, host autoinflamma-
tory responses specific to herpesvirus infection, genetic risk factors, role of some 
degree of immunodeficiency. A recent case-report demonstrated a TLR3 deficiency 
in a patient experiencing auto-immune encephalitis following HSVE [41]. This 
finding opens the way to more research to understand, and possibly propose early 
interventions to prevent these severe complications of HSVE.

 Conclusion

HSV and VZV encephalitis are severe diseases with a high case-fatality rate, and 
moreover a very high frequency of post-encephalitis sequelae. Acyclovir I.V., 
together with nonspecific neurological care, is the standard of care.

HSV is a trigger for auto-immune encephalitis as a complication of the infection, 
but the mechanisms still need to be uncovered.

Better knowledge about inflammatory process could lead to additional treat-
ments such as steroids to prevent complications and limit the acute brain paren-
chyma necrosis (that are not currently recommended) of monoclonal antibodies and 
possibly predictive scores.
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Chapter 9
Neurologic Disease in HIV Infection

Eric A. Goethe, Naomi R. Kass, and Joseph S. Kass

 Human Immunodeficiency Virus

First described in 1981 [1], acquired immunodeficiency syndrome (AIDS) presents 
as a constellation of signs, symptoms, and opportunistic diseases reflecting the 
human immunodeficiency virus’s (HIV) infection, dysregulation, and destruction of 
immune cells involved primarly in the cellular immune response such as CD4+ T 
lymphocytes but also including members of the monocyte/macrophage lineage such 
as central nervous system (CNS) microglia. The Centers for Disease Control and 
Prevention (CDC) defined AIDS as a CD4+ T-lymphocyte count below 200 cells/
microliter and also identified a number of AIDS-defining conditions, both opportu-
nistic diseases arising from a devastated cellular immune as well as conditions man-
ifesting as a direct consequence of the immune dysregulation characteristic of HIV 
infection. The entire neuroaxis is susceptible to the HIV-related damage, and many 
AIDS-defining conditions manifest in the central nervous system (CNS). Immune 
status, comorbid conditions, environmental exposures, and cART efficacy, adher-
ence, and side effects all modulate the susceptibility of the nervous system to HIV- 
related complications.

Even in the cART era, treatment naïve or nonadherent HIV-infected patients may 
still present with a fulminant AIDS defining nervous system condition such as 
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cerebral toxoplasmosis, primary central nervous system lymphoma (PCNSL), pro-
gressive multifocal leukoencephalopathy (PML), cytomegatlovirus (CMV) enceph-
alitis or polyradicultis, a fungal meningitis, most commonly due to cryptococcus 
infection, tuberculosis meningitis, HIV-associated dementia, or even HIV-associated 
vascular myelopathy. With cART initiation, these patients become susceptible to 
Immune Reconstitution Inflamattory Syndrome (IRIS), which may result in serious 
neurological morbidity and even death. However, patients adherent to cART whose 
CD4+ T-lymphocyte level remain above 200 cells/microliter remain susceptible to 
peripheral neuropathy, HIV-associated neurocognitive disorder (HAND), and even 
rarer conditions such as CD8+ encephalitis. This chapter describes common com-
plications of HIV infection including nervous system AIDS-defining conditions and 
other direct or opportunistic processes that damage the neuroaxis.

 Neuropathogenesis

Shortly after systemic HIV infection, CCR5+/CD4+T-lymphocytes and CCR5+/
CD4+ monocytes traffic HIV across the blood-brain barrier (BBB) into the central 
nervous system (CNS), releasing virus, viral particles such as vpr, tat, nef, and 
gp120, and a plethora of cytokines and chemokines and unleashing a cascade of 
inflammation and apoptosis in both microglia and astrocytes [2]. Initially, systemic 
and CNS HIV strains remain the same, but as infection progresses T-trophic virus, 
preferentially infecting CCR5+ /CD4+ T-cells, drives meningeal infection, whereas 
the M-trophic virus strain, preferentially infecting CCR5+/CD4+ perivascular mac-
rophages and microglia, evolves along its own trajectory within the brain and spinal 
cord [3]. Perivascular macrophages and microglia are the only CNS cell types pro-
ductively infected with HIV, transforming these cells into unique sources of viral 
production within the CNS [4]. Infected microglia aggregate to form multinucleated 
giant cells, the pathologic hallmark of HIV encephalitis. Infected microglia damage 
the brain and spinal cord by not only serving as reservoirs of viral production but 
also producing many excitotoxic molecules that damage adjacent neurons and glial 
cells and induce synaptic dysfunction [5]. These excitotoxic species also kill off 
adjacent cells, although with less potency than infected peripheral CD4+ T lympho-
cytes [6]. In response to this explosion of excitotoxicty and inflammation, the brain 
upregulates neuroprotective and regenerative proteins in an attempt to repair dam-
age, although neither the patient’s immune system nor cART can eradicate the virus 
from the brain [7].

Although HIV infects neither neurons nor oligodendrocytes, the virus does infect 
the astrocyte, the most abundant CNS cell type, through CD4 receptor independent 
mechanisms [8]. Unlike microglial infection, astrocytic infection does not yield a 
productive source of viral replication but nonetheless damages infected astrocytes 
and other adjacent glial cells and neurons by undermining the astrocyte’s critical 
ability to maintain homeostasis, by, among other mechanisms, dampening astro-
cytes’ ability to dampen locally generated excitotoxicity [5]. Additionally, because 
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astrocytes form an integral part of the blood-brain barrier (BBB), dysfunctionalin-
fected astrocytes damage BBB endothelial cells, inducing apoptosis in local, unin-
fected astrocytes [9]. Along with microglia, astrocytes do remain HIV viral 
reservoirs, and a viral strain can exist for a long time within the CNS because both 
astrocytes and microglia turn over very slowly. The unique biology of these glial 
cells also offers at least a partial explanation for the continued damage HIV wrecks 
on the brain despite appropriately targeted systemic cART therapy [10].

 HIV-Associated Neurocognitive Disorder

 Diagnostic Criteria

Before combination antiretrovial therapy (cART) transformed the natural history of 
HIV infection into a survivable, chronic disease, the single most common  CNS 
AIDS-defining condition was the rapidly progressive subcortical dementia initially 
called AIDS Dementia Complex (ADC) [11–13]. The pathological substrate of this 
condition, HIV encephalitis, is characterized by cortical atrophy, leukoencephalop-
athy, microglial nodules, and multinucleated giant cells [14]. ADC underwent its 
first nomenclature revision in 1991 with the American Academy of Neurology 
(AAN) criteria dividing the condition into the milder Minor Cognitive Motor 
Disorder (MCMD) and more advanced and inexorably fatal HIV-Associated 
Dementia (HAD) (AAN 1991). The 2007 Frascati criteria established a new nosol-
ogy for what is now called HIV-Associated Neurocognitive Disorder (HAND) in 
recognition of the changes in this condition in the cART era [15].

The Frascati criteria divide HAND into three stages: (1) asymptomatic neuro-
cognitive impairment (ANI); (2) mild neurocognitive disorder (MND); and (3) 
HIV- associated dementia (HAD). An ANI diagnosis requires an acquired impair-
ment (defined as scoring more than 1 standard deviation below the mean, adjusted 
for age and educational) in two or more cognitive domains on neuropsychological 
testing, but these deficits should not impact daily function. MND patients experi-
ence the same degree of acquired cognitive deficit on neuropsychological testing 
as ANI patients, but patients are diagnosed with MND when they report mild 
functional impairment due to these deficits. HAD patients experience severe func-
tional impairment as a result of their severe acquired deficit in at least two cogni-
tive domains on neuropsychological testing (defined as more than 2 standard 
deviations below the mean, adjusted for age and education). However, HAD typi-
cally impacts more than two cognitive domains [15]. The Frascati criteria do not 
establish a specific battery of tests with which to diagnose HAND but do require 
assessment of at least five of the following domains normed appropriately for 
patient demographic factors such as age and education: (1) attention-information 
processing; (2) language; (3) abstraction-executive function; (4) complex percep-
tual motor skills; (5) memory, including learning and recall; (6) simple motor 
skills; and (7) sensory perceptual skills. Other causes of dementia as well as 
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psychiatric and substance-related confounders must be excluded. Functional 
impact may be typically assessed either by self-report or by using self-adminis-
tered questionnaires [15, 16].

 HAND Demographics

Along with a change in disease phenotype, the demographics of HAND have 
changed over time. Before cART, HIV-infected individuals experiencing cognitive 
dysfunction passed rather quickly through mild stages of HAND, progressing to 
HAD and death over several months. In the pre-cART era, 20% of subjects in the 
Multicenter AIDS Cohort Study (MACS) developed HAD, making HAD the most 
common AIDS-defining CNS condition at the time. In the cART era, HAND itself 
is no less common than before, but the milder forms of HAND are considerly more 
common than HAD. Depending on the cohort studied, among cART-treated indi-
viduals, approximately 30% have ANI, 10–30% have MND, and only 2–8% have 
HAD [17]. However, regardless of treatment era, cognitive impairment appears to 
increase with advancing immunosuppression, and low CD4+ T lymphocyte count 
nadir is the single most critical HAND risk factor. A patient’s current level of immu-
nosuppression, estimated duration of infection, and CSF viral suppression are pre-
dictors of impairment in untreated patients only [18]. Therefore, an evaluation of a 
patient who has experienced an appropriate immune and virologic response to 
cART presenting with a cognitive complaint must include a determination of the 
patient’s most profound level of immunocomprimise, because for the treatment 
experienced patient, a CD4+ T-lymphocyte count nadir below 200 cells/microliter 
is the most critical HAND risk factor.

Effective antiretroviral therapy has changed not only the prevalence but also the 
natural history of HAND.  An untreated HIV seropositive patient who remains 
untreated once presenting with a mild cognitive complain will progress to a bedrid-
den, akinetic mute, and incontent state and then to death over several months [19]. 
In patinets who respond as expected to cART, HAND stage remains stable in major-
ity of individuals over several years. Both the Longitudinal CNS HIV Antiretroviral 
Therapy Effects Research (CHARTER) Study [20] and the Multicenter AIDS 
Cohort Study [19] sought to describe the natural history of HAND in these large 
cohorts. CHARTER investigators studied both the incidence and predictors of neu-
rocognitive change over a mean of 35 months in 436 the people living with HIV 
who were members of an ethnically diverse, predominantly male, predominantly 
cART treated cohort.  Members of this cohort  experienced a variety of non-HIV 
comorbidities that potentially affected cognitive outcomes. The CHARTER investi-
gators found that 22.7% declined, 60.8% remained stable, and 16.5% improved. In 
multivariate analysis significant risk factors for earlier cognitive decline were 
Hispanic ethnicity (reflecting that population’s late presentation to diagnosis and 
difficulties accessing healthcare), high impact comorbidities confounding a HAND 
diagnosis, low albumin and hematocrit values (factors associated with poor health 
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status), lack of cART treatment, a lifetime diagnosis of methamphetamine use, and 
a high burden of depressive symptoms. Having a higher premorbid IQ, lower total 
protein and AST levels, and no lifetime diagnosis of major depressive disorder 
predited cognitive improvement. In the Multicenter AIDS Cohort (MACS), a study 
of HIV infection in men who have sex with men, investigators found that depending 
on the time period studied, between 25% and 33% of their cohort met HAND crite-
ria, lower than the 47% reported in the CHARTER cohort. Also, whereas in the 
CHARTER cohort 60.8% of subjects experienced no neurocognitive change over a 
mean of 3 years, in the MACS cohort 77% of 197 HIV-infected subjects had no 
change in cognitive status over 4  years, with only 13% deteriorating and 10% 
improving. Similar to the CHARTER findings, those with ANI were twice as likely 
to develop symptomatic HAND compared to those who were cognitively normal at 
baseline. The MACS study identified hypercholesterolemia as a predictor of cogni-
tive decline, possibly reflecting an impact of cerebrovascular disease on cognitive 
change. Differences between MACS and CHARTER likely reflect the demographic 
differences between the two cohorts, since MACS subjects were generally better 
educated, healthier, more likely to be on cART, less ethnically diverse, and exclu-
sively male.

 Comorbidities and HAND

The CHARTER study examined the impact of comorbidities on HAND diagnosis 
by applying the Franscati criteria to over 1555 HIV-infected individuals at four 
university-based HIV clinics, determining whether comorbities were incidental to 
(54.2%, n = 843), contributed to (30.4%, n = 473), or confounded (15.4%, n = 239) 
a HAND diagnosis. Overall, 52% of subjects experienced cognitive impairment, 
and those with a greater comorbidity burden experienced higher rates of impairment 
(40% incidental vs. 83% confounding). Comorbities commonly encountered were 
low baseline reading level, placement in special education classes, current psychiat-
ric disease—in particular major depressive disorder, a psychotic disorder, or a sub-
stance use disorder—and a medical history of traumatic brain injury, seizures, 
systemic medical illness, or CNS opportunistic infections. Excluding severely con-
founded cases, 33% of subjects were diagnosed with ANI, 12% with MND, and 
only 2% with HAD. Consistent with previous studies, CHARTER found that a his-
tory of a low CD4+ T lymphocyte count nadir was associated with a greater risk of 
HAND, even in patients who at the time of the study had responsed to cART with 
appropriate immune system recovery and viral suppression [21]. In addition to 
CHARTER, a number of other studies have found a strong correlation between 
CD4+ cell count nadir and the risk of HAND [22]. In addition to the CHARTER- 
identified comorbidities, comorbidities increasing the risk of cerebrovascular dis-
ease have been found to affect cognition in HIV-infected patients. One study found 
that hypertension and hyperlipidemia correlate better with baseline neuropsycho-
logical testing performance than current CD4+ T lymphocyte count and viral load 
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in middle aged men [23]. Other studies have found that central obesity, systemic 
inflammation, and diabetes mellitus (at least for older HIV-infected patients), were 
also associated with worse cognition [24, 25]. As mentioned earlier, the MACS 
study found hypercholesterolemia to be a risk factor for cognitive decline [19].

 Patient Presentation: History and Examination

Diagnosing HAND begins with the patient’s cognitive complaint and continues 
with a thorough history. The patient and, if at all possible, an informant should be 
asked to elaborate on the nature of the cognitive complaint, asking for specific 
examples of cognitive changes and the time course over which the cognitive deficit 
has evolved. HAND evolves insidiously and in virologically and immune optimized 
patients, progresses slowly if at all. Patients may initially complain of memory loss 
but rather than the frank anterograde amnesia typical of Alzheimer’s disease, HAND 
patients will typically describe difficulty with information retrieval and multitask-
ing. They may lose track of a conversation or the goal of a task part way through. 
However, given time or reminders, patients can typically re-engage with the task at 
hand. Some patients may also report symptoms that may mimic depression such as 
irritability, apathy, and social withdrawal. They may also notice subtle changes in 
fine motor skills and increased clumsiness [26]. Either an acute onset of a cognitive 
change or a rapid decline from normal to impaired demands a rapid evaluation for 
an opportunistic CNS condition or other non-HIV related disease impairing cogni-
tion such as acute cerebrovascular disease [27].

The clinician should establish the patient’s cognitive baseline by inquiring about 
the highest level of educational and professional attainment and any history of scho-
lastic difficulty and should also assess the impact of cognitive changes on the 
patient’s performance of both instrumental activities of daily living (IADLs) and 
basic activities of daily living (ADLs). IADLs include higher order functions criti-
cal for independent living such as shopping, managing finances, cleaning, cooking, 
and finding ones way around the community. ADLs include more basic tasks such 
as bathing, grooming, dressing, and feeding. Even early MND patients are at 
increased risk of unemployment, medication non-adherence, and difficulty driving, 
and they may need to rely on others for help with IADLs [26]. A full cognitive his-
tory must include screening for changes in both mood and behavior, and patients 
should be screened for depressive and psychotic symptoms. The clinician should 
also inquire about a history of traumatic brain injury, cerebrovascular disease, CNS 
opportunistic disease, seizures, and significant psychiatric disease as well as current 
and past alcohol and substance use. Because cognitive dysfunction can impact a 
patient’s ability to earn an income and live independently, the social history should 
include an assessment of the patient’s overall economic and physical safety, includ-
ing domicilary status and ability to access food and transportation relaibly. These 
medical, psychological, and social comborbidities may influence baseline cognitive 
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status independently of HAND and may also render the brain more susceptible to 
the affects of HIV-related insults.

The next step in diagnosing HAND is performing a thorough examination, 
beginning with a bedside cognitive assessment. HAND typically creates a “subcor-
tical” pattern of cognitive dysfunction, with impairments in attention and speed of 
information processing, abstraction and executive function, and working memory 
[28]. However, some investigators have found evidence that in the cART era patients 
are experiencing a shift from a predominantly subcortical to a more cortical pattern 
of cognitive dysfunction. Unfortunately, when compared to the gold standard of 
formal neuropsychological testing, bedside cognitive tests typicaly used to assess 
cognitive function in HIV patients (e.g., the International HIV Dementia Screen, the 
HIV Dementia Scale, Z scores of several brief neuropsychological tests used in the 
AIDS Clinical Trials Group, or the Montreal Cognitive Assessment) are insensitive 
to the more subtle neuropsychological changes patients with ANI and MND experi-
ence. Furthermore, they do not possess adequately benchmarked norms  for the 
diverse HIV-infected populations. These psychometric challenges may affect the 
sensitivity and specificity of a HAND diagnosis and complicate treatment monitor-
ing. Using patients as their own controls may get around the issue of inadequate 
norms, but that choice creates its own pitfalls because of a practice effect from 
repeated testing [29–31].

After the bedside assessment of cognitive function, the patient should undergo a 
thorough physical examination, including a neurological exam, looking for evi-
dence of extrapyramidal features (i.e., Parkinsonism) as well as focal neurological 
signs. Extrapyramidal features have long been recognized in patients with HAND, 
well before the cART era. The Hawaii Aging With HIV Cohort found that even in 
cART treated men, having three extrapyramidal signs was associated with cognitive 
impairment and a HAND diagnosis, an association even stronger in the older sero-
positive cohort. The extrapyramidal signs with the best predictive value were slow-
ness of hand movements, body bradykinesia, action/postural tremor, and hypomimia, 
and the least useful sign was resting tremor. This correlation between increasing 
number of extrapyramidal signs and worsening cognition correlates with findings 
from neuroimaging studies demonstrating that both cognitive and motor impair-
ments are associated with reductions in basal ganglia volume as well as with atro-
phy of nigro-striatal and fronto-striatal circuits [32, 33], areas of the brain in which 
dysfunction results in extrapyramidal signs and cognitive slowing.

Focal neurological findings are not part of HAND and should prompt an investi-
gation for an alternative cause of cognitive dysfunction, such as a opportunisitic 
CNS condition or other focal disease process such as cerebrovascular disease. HIV 
infection increases stroke risk, and cerebrovascular disease and cerebrovascular risk 
factors may cause cognitive and behavioral dysfunction [23, 25, 34]. Although 
patients with HAND and no current or previous history of brain injury (regardless 
of etiology) should not demonstrate focal neurological deficits, they may have signs 
of generalized pyramidal tract dysfunction in the form of symmetric hyperreflexia 
(although Achilles reflex may be depressed due to HIV-associated distal symmetric 
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polyneuropathy) along with frontal release signs, especially in patients with 
HAD. In fact, as was typical in the pre-cART era, HAD may often evolve into an 
illness of not only profound cognitive dysfunction but also progressive myelopathy 
with spastic paraparesis, dorsal column dysfunction, and incontince but without a 
spinal sensory level typically seen in myelopathy from a compressive spinal lesion. 
These additional myelopathic findings are identical to those of vacuolar myelopa-
thy, since both HAD and vacuolar myelopathy are thought have a smilar neuro-
pathogenesis [26].

 Patient Work-Up: Serum, CSF & Neuroimaging

Every HIV-infected patient presenting with a cognitive deficit should undergo a 
basic laboratory work, neuroimaging evaluation, and cerebrospinal fluid analysis. In 
addition to the typical serologic work recommended by the American Academy of 
Neurlogy Practice Guideline for the evaluation of dementia (i.e. complete blood 
count, electrolytes, renal, and hepatic function, glucose, thyroid function tests, and 
B12 level), all HIV seropositive patients should also be screened for syphilis and 
should undergo both cerebrospinal fluid analysis and neuroimaging to exclude 
HAND mimics such as an opportunistic CNS infection, PCNSL, or non-HIV-related 
CNS conditions such as cerebrovascular disease or non PCNSL brain tumors [27].

The CSF profile in HAND ranges from a normal white blood cell count to a mild 
mononuclear pleocytosis of up to 20 cells/microliter, although cART treated patients 
as well as those with severe immunosuppression tend to have lower CSF white 
blood cell counts. Protein level may be mildly elevated, indicating BBB disruption. 
Some patients also demonstrate intrathecal antibody production with the presence 
of oligoclonal bands and an elevated IgG index [27]. If there is concern about CSF 
HIV viral escape as a cause of cognitive decline (see below for more details), then 
CSF HIV viral load and genotype for resistence pattern, if available, may help guide 
therapy to address the different resistance  pattern  that has developed  within the 
CNS as compared to the periphery. Concern for either leptomeningeal neoplasm or 
CD8+ encephalitis should prompt CSF analysis for cytology and flow cytometry.

A gadolinium-enhanced brain MRI is the neuroimaging modality of choice in 
the evaluation of all patients with cognitive dysfunction, regardless of HIV status. If 
gadolinium is contraindicated due impaired renal function, than an unenhanced 
MRI may be adequate to rule out a HAND mmic. If MRI itself is contraindicated, 
then a contrast-enhanced CT would be the next best imaging choice, followed by a 
non-contrast head CT, the least sensitive neuroimaging test to evaluate for HAND 
mimics. Brain MRI findings in HAND patients may range from mild cortical and 
white matter atrophy without significant white matter changes to significant gener-
alized atrophy, enlarged ventricles, and significant periventricular subcortical white 
matter as well as the basal ganglia hyperintensities on T2 sequences that do not 
enhance on a T1 with gadolinium sequence. In contrast to PML, HAND white mat-
ter hyperintensities typically spare the cortical U-fibers [27]. Neither atrophy nor 
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white matter hyperintensity are unique to HAND, and therefore the radiologist 
should be made aware of the patient’s HIV history to interpretate these findings in 
the appropriate clinical context. However, changes due to cerebrovascular disease 
may be difficult to distinguish from HAND-related changes, especially in older 
patients and those with co-morbid cerebrovascular risk factors. In fact, in cART- 
treated patients in the Hawaii Aging with HIV cohort, the extent of white matter 
hyperintensity correlated with age and blood pressure rather than with virologic and 
immune status [35].

The cortical atrophy detected on MRI may reflect neuronal and myelin loss [36]. 
Findings from volumetric MRI studies in HIV-infected individuals demonstrate 
smaller thalamic volumes and enlarged frontal sulci [37]. Futhermore, reduced 
brain basal ganglia, caudate, corpus callosum, cerebral cortex, and hippocampal 
volumes correlate with neuropsychological testing deficits [38–43].

HIV seropositivity may accelerate brain aging. HIV-related atrophy occurs inde-
pendently of age-related atrophy in cART treated individuals when compared to 
age-matched seronegative individuals. For example, cART responsive HIV sero-
positive men demonstrated significant atrophy of the anterior regions of the caudate 
and putamen as compared to age-matched seronegative men. Basal ganglia volume 
was inversely associated with the time since initial seropositivity, suggesting that 
either a chronic subclinical process continues to damage the brain despite appropri-
ate immune and virologic response to cART or a pre-treatment brain effect deter-
mines the extent of atrophy [44]. Studies examining the brains of acutely infected 
individuals lend support to the theory that early HIV infection leaves an early struc-
tural and functional impact on the brain. For example, one study examing 15 
untreated subjects within 100  days of HIV infection compared to 20 uninfected 
controls found that seropositive subjects already demonstrated reduced brain paren-
chymal volume, expansion of third ventricle, and brainstem enlargement [45].

 Other Neuroimaging Biomarkers

In addition to structural MRI, other imaging modalities also offer insight into the 
pathophysiology of HAND. For example, magnetic resonance spectroscopy (MRS) 
studies consistently find that cART-naïve patients demonstrate reductions in 
N-acetylaspartate, a signature of neuronal injury, along with an increase in myoino-
sitol and choline levels, indicative of glial proliferation, especially in the frontal 
white matter and basal ganglia, areas that also show changes on volumetric MRI 
analyses. These elevations of myoinositol and choline may normalize after 
6–9  months of cART [46]. Diffusion tensor imaging (DTI) has demonstrated 
reduced white matter integrity of the corpus callosum and alterations in the caudate. 
Cognitive impairment has also been associated with reduction in the integrity of 
cortical white matter, the corpus callosum, and the corona radiata. Blood oxygen 
level dependent (BOLD) fMRI studies have demonstrated variable findings depend-
ing on the type of tasks subjects were asked to perform [47]. Compared with control 
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subjects, patients with HIV demonstrated greater brain activation than seronegative 
controls in the lateral prefrontal cortex despite normal performance during fMRI on 
a neuropsychological assessment [48]. Such findings suggest that brains of HIV 
seropositive individuals must deploy additional metabolic resources compared to 
seronegative controls to carry out normal cognitive processes. Resting state func-
tional connectivity MRI (rs-fcMRI) changes in the salience and default networks in 
HIV-infected patients are similar to those that deteriorate in normal aging [49]. 
18-FDG PET studies have revealed both cortical hypometabolism and basal ganglia 
hypermetabolism [50].

 Plasma and CSF Biomarkers

Because current CD4+ cell count and plasma viral load do not correlate with the 
risk of cognitive impairment for patients on cART, researchers have sought plasma, 
CSF, and neuroimaging biomarkers for HAND. Plasma biomarkers have included 
markers of activated monocytes and macrophages (e.g. increased plasma-soluble 
CD14 linked to impairment in attention and learning), and CSF biomarkers have 
focused on markers of inflammation (e.g. increased CSF neopterin, MCP-1), neuro-
nal injury (e.g, increased neurofilament) as well as on CSF viral escape (presence of 
virus in CSF despite systemic viral suppression) and viral genomics [51–54].

 Treatment

The HAND diagnosis does not distinguish between two types of HIV infected indi-
viduals: treatment naïve versus cART-treated individuals. For treatment naïve 
patients, cART offers a treatment target by either reversing the disease or arresting 
the cognitive decline. For those developing HAD despite an effective systemic viro-
logic and immune response to cART, the approach to treatment is much less clear 
[7]. Discovering a biological target for treating either ANI or MND in cART treated 
individuals is especially difficult because neither ANI nor MND is associated with 
specific neuropathological correlates [29, 53], although ANI patients are between 2 
and 6 times more likely to progress to either MND or HAD than HIV infected 
patients without ANI [55].

 HAND may be preventable with early virologic control and prevention of 
a CD4+ cell nadir below 200 cells/microliter [56, 57]. The only effective treatment 
for HAND remains cART. By 48 weeks after cART initiation, 41% of patients with 
mild to moderate cognitive impairment experience clinically meaningful and sus-
tained cognitive improvement [58]. Yet even on cART, a large percentage of HIV- 
infected patients continue to experience cognitive impairment [21]. Because the 
BBB does not allow all anti-retroviral agents (ARV) to penetrate the brain in equal 
measure, HIV may evolve independently in the CNS. Despite systemic suppression 
of viral replication, even low-level CNS viremia may perpetuate a deleterious 
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inflammatory, excitotoxic, and ultimately degenerative effect on the brain. 
Neuropathological studies have supported this hypothesis, finding that despite 
plasma viral suppression, high levels of microglial activation is found in the basal 
ganglia and hippocampus [59]. In fact, while 50% of patients had no detectable HIV 
RNA in examined brain regions, among those with evidence of HIV RNA, the low-
est levels were identified in the CSF and the highest in the caudate, even in patients 
on cART [60].

By studying the CSF pharmacokinetics of the different AVRs, a CNS penetration 
effectiveness ranking system has been validated [61]. More penetrant cART leads to 
more prolonged CSF viral suppression. However, the impact on cognitive perfor-
mance of more penetrant cART regimens is variable. Although some studies have 
shown that more penetrant cART positively affects neuropsychological test perfor-
mance [62], other studies have suggested that more penetrant cART may have a 
deliterioius impact on cognitive function since those with more penetrant cART 
experienced a greater risk of HAD but not of other opportunistic processes [63].

Aside from cART, no other pharmacologic interventions have proven effective in 
improving cognitive function in HAND patients. Trials have studied medications 
targeing microglial activation, cytotoxic elements, NMDA levels, and variety of 
neurotransmitter levels. The studies medications include nimodipine, selegiline, 
minocycline, rivastigmine, and memantine, among others [64–69]. Although a 
small pilot study demonstrated improved processing speed with rivastigmine, no 
adjunctive strategy has been proven effective in improving cognitive function in a 
large, controlled study.

 CD8+ Encephalitis

 Background

CD8+ Encephalitis (CD8+E) is a neurocognitive manifestation of HIV character-
ized by massive perivascular infiltration of CD8+ lymphocytes [70]. This is a unique 
manifestation of HIV classically affecting patients with well-controlled disease and 
is often associated with viral escape [71]. Patients with CD8+E typically present 
with acute to subacute, nonspecific symptoms of encephalitis such as seizures, con-
fusion, or focal deficits [70]. The overall prognosis of CD8+E is poor; even with 
appropriate treatment, less than a third of patients can be expected to return to neu-
rologic baseline [70]. Without treatment, CD8+E is typically fatal [71].

 Diagnosis and Treatment

The differential diagnosis of encephalopathic signs and symptoms in an HIV patient 
is broad, and the initial workup of such patients may be nonspecific [71, 72]. 
However, as the common culprits which cause such presentations are unlikely to do 
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so in patients with well-controlled disease, clinicians should maintain a high degree 
of suspicion for CD8+E in patients  with well-controlled HIV disease [70–72]. 
While imaging findings may be nonspecific, MRI spin-echo sequences can demon-
strate foci of  post-contrast perivascular enhancement [70]. CSF studies show a 
CD8+ lymphocytic pleocytosis [70].

Lescure et al. [70] observed an inverse relationship between time to treatment 
and mortality in a series of patients with CD8+E, again highlighting the importance 
of clinical suspicion. The standard treatment for CD8+E is high-dose corticoste-
roids [70, 72], but Salam et al. [71] report a case of CD8+E successfully treated with 
mycophenolate.

 Myelopathic Manifestations of HIV

HIV may affect any spinal cord segment or its exiting nerve root [73]. Data regard-
ing spinal cord disease in HIV are sparse, owing to the widespread use of cART, 
though viral escape may induce a pro-inflammatory state inside the spinal cord even 
with perpetually well-controlled disease [73]. The differential diagnosis of myelop-
athy in HIV patients is broad and includes HIV-associated transverse myelitis, vacu-
olar myelopathy, other  infections such as HTLV-1 or VZV myelopathy  [73].  In 
addtion, patients with HIV may develop myelopathy from disease states typical of 
the HIV seronegative population, such as trauma, degenerative disc disease, and 
neoplasms.

 HIV-Associated Acute Transverse Myelitis

 Background

HIV-associated acute transverse myelitis (HIV-ATM) generally occurs at the time of 
seroconversion or in very early stage disease (and thus in patients with normal 
CD4+ counts), though it is exceedingly rare in patients receiving cART [73]. HIV- 
infected peripheral monocytes cross the blood-CNS barrier, fusing with microglial 
cells to form multinucleated giant cells that secrete inflammatory mediators, caus-
ing HIV-ATM [73]. Patients present with acute segmental spinal cord inflammation 
with resulting motor, sensory, and autonomic dysfunction [74].

 Diagnosis

The first step in the workup of any progressive myelopathy is an MRI to rule out 
an indication for neurosurgical intervention from a compressive spinal cord lesion 
[75]. MRI may be normal in HIV-ATM [73], transverse T2 hyperintensity may 
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also be present, similar to findings in non-HIV ATM [73, 76]. CSF examination is 
also essential to rule out other autoimmune and infectious etiologies; studies show 
HIV RNA, normal to elevated protein, and a lymphocytic pleocytosis [73, 75].

 Treatment

The treatment for HIV-ATM consists of cART initiation and corticosteroids [73, 
75]. Although data on HIV-ATM are sparse, this regimen has been documented to 
lead to clinical recovery [74, 75].

 HIV Vacuolar Myelopathy

 Background

HIV vacuolar myelopathy (VM) is a rare myelopathic manifestation of AIDS, 
strongly associated with the presence of other AIDS-defining illnesses [77], that has 
grown less common in cART-treated patients [73]. VM is characterized by myelin 
vacuolization in both afferent and efferent tracts and invasion of the cord by lipid- 
filled macrophages [73, 78]. Lesions may ultimately progress to areas of complete 
demyelination or axon destruction [73]. Patients thus present with a subacute para-
paresis that eventually progresses to bladder and bowel dysfunction and gait ataxia 
[73, 77]. Co findings are the results of corticospinal track, dorsal columns, and 
autonomic involvement. However, patients are often asymptomatic with one study 
[77] finding that only 28.6% of autopsy-proven VM cases exhibited symptoms 
 during life.

 Diagnosis

Spine MRI of VM patients may be nonspecific and can show cord atrophy, patho-
logic cord signal change, or no abnormal findings at all [78]. As with HIV-ATM, 
CSF analysis is critical for ruling out infectious etiologies of myelopathy, though 
results are generally nonspecific and may only demonstrate elevated protein and a 
mild lymphocytic pleocytosis [73, 79]. While HIV-ATM manifests as HIV translo-
cates into the spinal canal, there is no association between VM and the presence of 
HIV RNA in CSF [73, 78]. Somatosensory-evoked potentials may demonstrate 
delayed conduction times, [73] but this finding  is nonspecific [78]. HAND often 
occurs concurrently with VM, likely due to a shared pathophysiology between HAD 
and VM. Patients with HAND, especially HAD, often have physical exam findings 
of pyramidal tract injury that open spares the upper extremities (lower extremity 
weakness with hyperreflexia at the patellas, spasticity, and an extensor plantar 
response) as well as autonomic and dorsal column dysfunction (impaired vibration 
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and proprioception) with superimposed neuropathy from HIV-associated distal 
symmetric polyneuropathy (stocking distribution lower extremity numbness or par-
asthesias with depressed Achilles reflexes). Thus, patents presenting with HAD 
should be evaluated for myelopathic findings and those with findings of VM should 
be assessed for cognitive decline [78].

 Treatment

Unlike the treatment of HIV-ATM, the treatment for VM is incompletely defined 
[73, 77]. Some patients experience symptomatic improvement with cART initia-
tion, but neither randomized nor prospective data exist [73, 77, 80, 81]. In addi-
tion to cART, symptomatic management is also critical. Spasticity can be treated 
with baclofen, tizanadine, or botulinum toxin and incontinence with bladder 
training or anticholinergics [82].

 Immune Reconstitution Related Syndrome 
in the Nervous System

Immune Reconstitution Inflammatory Syndrome manifesting in the nervous sys-
tem, NeuroIRIS, results from immune recovery rather than immune deficiency. Risk 
factors for developing NeuroIRIS include a low CD4 T-lymphocyte nadir, infection 
with an opportunistic process at the time of cART initiation, as well as a rapid 
immune recovery rate, indicated by the speed of either plasma viral load decline or 
CD4+ T lymphocyte cell count rise [83]. IRIS-related immune activation may prop-
agate ongoing damage even in settings of chronic, low-level infection [84].

 CSF Escape

Patients with detectable HIV plasma viral loads are expected to have a CSF viral 
load 10% of the plasma viral load, whereas patients with undetectable plasma HIV 
viral loads should also have undetectable CSF viral loads [3]. However, between 4% 
and 21% of cART treated individuals experience “CSF escape,” a rise in CSF viral 
load from expected baseline despite no change in the plasma HIV viral load [85]. 
CSF escape may be  asymptomatic, neuro-symptomatic, or  secondary [3]. 
Asymptomatic CSF escape, the CSF equivalent of a brief, clinically insignificant 
rise in plasma HIV viral load, does not impair patients neurologically, and patients 
do not experience a detectable plasma viral loads or a CSF pleocytosis. The CSF 
viral loads ranges between 50 and 200 copies/mL.  Patients  with simplified 
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antiretroviral regimens who experience asymptomatic escape should undergo cART 
intensification [3]. Secondary CSF escapte, likely the rarest form, occurs when a 
secondary non-HIV related infection results in a rise in CSF HIV replication but 
without neurological symptoms [3].

Neuro-symptomatic patients experience CNS virologic failure despite a 
median plasma CD4+ T-lymphocyte count of 520 cells/ uL (range 106–660) and 
present with neurological symptoms, a CSF lymphocytic pleocytosis, elevated 
CD8+ T-lymphocyte levels, a mean CSF viral load of approximately 1000 cop-
ies/mL, and a marked reversal in the typical CSF:plasma viral load ratio. These 
patients typically  have a past history of severe immunocomprimise, with a 
median CD4+ T-lymphocyte nadir of 55 cells/ uL (range 2–250). Some cases of 
neuro- symptomatic CSF escape have demonstrated CD8+ T-cell encephalitis, 
characterized by infiltration of CD8+ T-cells into the perivascular and parenchy-
mal infiltration. This entity is discussed in more detail in the following sec-
tion [3].

Symptoms reported in patients with neurosymptomatic CSF escape range from a 
subacutely progressive dementia syndrome with cognitive, behavioral, long-track, 
and brainstem signs to a more acute meningoencephalitis with seizures, headache, 
stiff neck, and diminished consciousness [54]. MRI findings vary. MRI in patients 
with the CSF escape-related acute meningoencephalitis are reported to reveal lepto-
meningeal thickening and gadolinium enhancement as well as focal T1 gadolinium- 
enhancing lesions, whereas those with a subacute dementia with motor and 
brainstem signs demonstrate hyperintense signal on T2-weighted images in the sub-
cortical white matter, the basal ganglia, cerebellum, and brainstem either without or 
with only subtle gadolinium enhancement. Because these MRI findings are not spe-
cific and may overlap with HAND, HIV CSF escapte must remain high on the dif-
ferential diagnosis, and spinal fluid should be analyzed early on to diagnose and 
manage these patients appropriately [3].

CSF escape likely results from two interconnected processes. Many cART regi-
mens penetrate the BBB poorly. In addition, because of the relatively protected 
nature of the CNS, HIV strains within the CNS may develop drug resistance inde-
pendently of systemic HIV strains. Given these findings, CNS escape can be treated 
by modifying antiretroviral therapy to account for both the plasma and CSF resis-
tance genotype [3]. To address the issue of poor CNS penetrance, antiretroviral 
clinical penetration effectiveness (CPE) scores were developed to identify the CNS 
penetration of antiretroviral drugs based on a drug’s specific molecular structure, 
pharmacokinetics, and pharmacodynamics. However, the clinical utility of CPE 
score-guided therapy to combact CSF escape has been more difficult to prove. The 
development of CSF:plasma viral load discordance (viral load [VL] in CSF 0.5 
log10 copies HIV-1 RNA greater than plasma VL) was associated with CD4+ T 
lymphocyte count nadir rather than CPE scores [86]. Thus, focusing on drug pene-
tration alone provides an inadequate account of the reason for and appropriate treat-
ment of CSF escape.
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 CD8+ T-Cell Encephalitis

CD8+ T lymphocyte encephalitis (CD8+ encephalitis) is a severe, often treatable 
condition presenting with symptoms of a subacute encephalopathy—progressive 
cognitive decline with headache and seizures—thought to arise from autoreactive 
CD8+ cells attacking HIV-infected CD4+ lymphocytes and causing diffuse perivas-
cular and intraparenchymal lymphocytic CD8+ T-cell and CD68+ macrophage 
infiltration with reactive astrocytosis [71]. CSF analysis reveals a CD8+ lympho-
cytic pleocytosis with marked CSF:plasma HIV viral load discordance. MRI find-
ings include T2 hyperintensities in the white matter greater than gray matter with 
multiple gadolinium enhancing perivascular lesions on T1 spin echo that also dem-
onstrate restricted diffusion [87]. Definitive diagnosis is made through brain biopsy, 
and corticosteroid treatment appears to yield variable results. Rare patients have 
been treated successfully by changing antiretroviral therapy to account for the CSF 
genetic resistance pattern without the use of corticosteroids, just like in neuro- 
symptomatic CSF escape [88].

CD8+ encephalitis occurs both in patients recently started on cART, those on 
stable cART, and in those with neuro-symptomatic CSF escape. Previously stable 
cART-treated patients may report either a brief lapse in cART adherence or a recent 
infection and have a mean duration of cART treatment of 4.2 years with a CD4 cell 
count > 200/uL during the 6 months prior to onset of symptoms [70]. In a series of 
14 CD8+ encephalitis patients, 5 recovered completely, and 5 died within an aver-
age of 9 months. Although CD8+ encephalitis is generally steroid responsive but not 
steroid dependent, at least one patient experienced relapsing disease when steroids 
were tapered and therefore required a chronic steroid sparing agents to treat the 
condition definitively [71].

 Toxoplasmosis

 Background

Cerebral toxoplasmosis, caused by the protozoan toxoplasma gondii, is an oppor-
tunistic infection that for unclear reasons is more common in AIDS patients than 
in those with other immune deficiencies. Patients are at increased risk for toxo-
plasma infection once their CD4+ T-lymphoctyte count falls  below 100 cells/
microliter. Patients on trimethoprim-sulfamethoxazole (TMP/SMZ) for pneumo-
cystis jiroveci prophylaxis are relatively protected from cerebral toxoplasmosis 
[89, 90]. While the incidence of cerebral toxoplasmosis has decreased with cART, 
this condition remains a significant cause of morbidity and mortality [89] and is 
the most common space-occupying lesion in individuals with AIDS [91].

 Cats  are the only hosts in which toxoplasma can  complete its full 
 reproductive  cycle [90]. Humans ingest bradyzoite-containing cysts by 
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ingesting infected  undercooked meat, handling infected cat feces, such as 
when cleaning cat litter, via organ transplantation, or via transplacental trans-
mission [90]. These bradyzoites proliferate inside intestinal epithelial cells, and 
in the setting of immune compromise, they  convert to tachyzoites and cause 
active infection in neural and muscular tissue. The immune-mediated response 
to this infection ultimately results in tissue necrosis [89]. While infection in the 
general population is usually subclinical, up to 30% of AIDS patients not on 
TMP/SMZ prophylaxis will experience reactivation of this infection. 

 Presentation

Toxoplasma can infect any neural tissue and can thus present quite variably. 
Therefore, it should be on the differential diagnosis for any HIV-positive patient 
who presents with neurologic signs or symptoms [89, 90]. Most commonly, patients 
will present with one or more intracranial abscesses [89]. Between 67% and 83% of 
patients will have more than one ring-enhancing mass on MR or CT imaging [90]. 
These masses are typically hypometabolic on positron emission tomography (PET) 
[92] and have decreased blood flow on single photon emission computed tomogra-
phy (SPECT) [93], as opposed to the hypermetabolic lesions of primary CNS lym-
phoma. Symptoms are initially nonspecific but over weeks progress to focal deficits 
corresponding to the locations of the toxoplasma abscesses [89]. Toxoplasma has a 
predilection for the basal ganglia, so patients may present with corresponding 
movement disorders like hemiparkinsonism or hemiballism [89].

Other CNS manifestations of toxoplasma are much less common. Toxoplasma 
may rarely cause a diffuse encephalitis, which should be suspected in patients pre-
senting with nonspecific findings like altered mental status and seizure. It may also 
cause chorioretinitis,  which is typically unilateral, with scattered gray or yellow 
lesions and hemorrhages of various ages [89].

 Diagnosis

The mainstay of molecular testing involves Polymerase Chain Reaction (PCR) of 
CSF [89], but, while this test is nearly 100% specific, it is only 44–65% sensitive 
[90]. Serum toxoplasma IgG is generally evaluated and should be tested routinely. 
Ayoade et al. [90] suggest that a presumptive diagnosis of toxoplasmosis can be 
made in 90% of cases if the following four criteria are met:

 1. CD4+ count is <100, and patient is not on either  TMP/SMZ or 
atovaquone prophylaxis

 2. Compatible clinical syndrome
 3. Seropositivity for toxoplasma IgG
 4. Mass lesions present on imaging
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 Treatment

Pyrimethamine and sulfadiazine taken in combination are the first line treatment for 
CNS toxoplasmosis [89, 90]. Treatment response is often rapid and dramatic, with 
50% of patients showing improvement by day 3 [90]. Patients can be treated empiri-
cally unless on routine prophylaxis, with TMP/SMZ or atovaquone, in which case 
patients likely are infected with a different organism and can be harmed by a delay 
in appropriate treatment [89]. Because of its invasiveness, brain biopsy should not 
be an initial test but should be reserved for patients who are strongly suspected of 
having toxoplasmosis but have negative serology [89] or for patients whose symp-
toms persist after 10–14 days of appropriate therapy and who may have PCNSL [90].

IRIS is a feared complication of initiating cART during treatment for any oppor-
tunistic infection. The rates of IRIS in CNS toxoplasmosis are much lower than 
those seen in patients with tuberculous or cryptococcal infections, so cART should 
not be unduly delayed in these patients [90].

 Primary CNS Lymphoma

 Background

Immunocompromised patients are more than 3000 times more likely than the gen-
eral population to develop primary CNS lymphoma (PCNSL), an extranodal form 
of non-Hodgkin’s disease [94]. While often confined to the CNS, systemic disease 
has been found in up to 8% of patients [95]. Though classically considered an 
AIDS-defining illness, with the advent and spread of cART, most patients with 
PCNSL are HIVseronegative, immunocompetent individuals [96].

 Presentation

Patients with PCNSL develop signs and symptoms over a subacute period—most com-
monly focal neurologic signs, though approximately a third may have either altered 
mental status or signs of increased intracranial pressure (ICP) [97]. In contrast to CNS 
toxoplasmosis, most PCNSL presents as a single, supratentorial, homogenously-
enhancing mass lesion [89, 97]. The eyes may be involved in up to a quarter of cases, 
and spinal cord involvement is rare [97]. The classic “B symptoms” of lymphoma are 
rare in PCNSL and have been observed in as few as 2% of patients [95].

 Diagnosis

The PCNSL Collaborative has published guidelines regarding the clinical, laboratory, 
imaging, and histologic workup of patients with suspected PCNSL. Clinical exami-
nation should be conducted with particular attention to neurologic findings, mental 

E. A. Goethe et al.



183

status and cognition, and lymph nodes. Patients should also have a dilated fundo-
scopic exam to assess for retinal involvement. In addition to routine labs, serum LDH 
should be drawn, as levels have demonstrated prognostic value. Contrast-enhanced 
MRI of the brain should be obtained, and CSF should be sent for analysis [95].

CSF cytology and routine studies are of questionable yield in PCNSL, as cell 
counts have been found to be normal in more than half of patients with lymphoma 
with CNS involvement, rendering CSF cytology only 2–32% sensitive for detecting 
malignant cells. CSF glucose may be low, but this finding has a sensitivity of 27%. 
CSF protein may be normal in more than half of patients [98]. Given the association 
of PCNSL with Epstein-Barr Virus, CSF EBV PCR is a more appropriate test. This 
test has been shown to have 87.5% sensitivity and 100% specificity by DeLuca et al. 
[99]. Flow cytometry has a reported sensitivity of 80% in identifying lymphoma 
cells in CSF [98]. Because of the high prevalence of extracranial disease, the PCNSL 
Collaborative also recommends that every patient undergo a bone marrow biopsy 
and a contrast-enhanced CT of the chest, abdomen and pelvis. All patients should 
also undergo stereotaxic brain biopsy to confirm diagnosis [95].

 Treatment

In contrast with other intracranial neoplasms, surgical resection of PCNSL yields no 
clinical benefit and merely increases the rate of complications [95, 97]. Instead, the 
mainstay of treatment is chemotherapy, administered in an induction and a consolida-
tion phase. Typically, induction is conducted with high-dose methotrexate and ritux-
imab, along with other agents (which vary depending on geography and provider 
preference), including vincristine and procarbazine [97]. Consolidation is typically 
conducted with radiation, cytarabine-based regimens, high-dose chemotherapy with 
stem-cell rescue, or, in the elderly, observation. There is no survival benefit to the addi-
tion of intrathecal chemotherapy, the administration of which may increase the risk of 
neurotoxicity and infectious complications [97]. Despite treatment, relapse can occur 
in up to 50% of patients, usually within 2 years of diagnosis. No consensus exists 
regarding treatment of refractory disease, though some investigators have observed 
high response rates with methotrexate rechallenge [97]. IRIS seems to be of minimal 
concern when initiating ART in patients being treated for PCNSL; in a series of 51 
consecutive patients with AIDS-related PCNSL there were no instances of IRIS [100].

 Cytomegalovirus

 Background

While up to 90% of the general population has antibodies to cytomegalovirus 
(CMV), [101] nervous system infection, which is almost universally devastating, 
typically arises only in patients with profound immune suppression [89, 102] (typi-
cally with CD4+ counts <50 cells/microliter) and is therefore rarely seen in cART 
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treated patients [103]. CMV nervous system infection can present as a retinitis, 
transverse myelitis, polyradiculitis, meningitis, ventriculitis, or encephalitis [89, 
101, 102]. Retinitis is the most common neurological manifestation of CMV infec-
tion (up to 25% of cases); patients may complain of either floaters or decreased 
vision [89]. Patients with CMV meningitis, ventriculitis, or encephalitis may 
either have a fulminant meningoenecephalitic presentation or present with a rapidly 
progressive cognitive decline. CMV transverse myelitis presents with an acute 
myelopathy, and CMV polyradiculitis presents with a rapidly progressive cauda 
equina syndrome of painful ascending flaccid paraparesis, lower extremity pain and 
numbness, and sphincter and sexual dysfunction. Pathology shows inflammatory 
necrosis of the caudal nerve roots.

 Diagnosis

Imaging findings in patients with CNS involvement of CMV are highly variable. 
Typically, patients with brain involvement have scattered foci of periventricular T2 
hyperintensity, though lesions may occur anywhere in the CNS and may be 
either  ring-enhancing or nodular [101]. Ependymal and meningeal enhancement 
may be seen in ventriculitis and meningitis, respectively [101]. Given the relative 
non-specificity of MRI, CMV CSF PCR should be ordered in patients suspected of 
having a nervous system CMV infection, since this test has a sensitivity of 95% and 
specificity of 85% [89, 102–105]. CSF demonstrates a lymphocytic pleocytosis in 
patients with meningits, encephalitis, or ventriculitis but a polymorphonuclear pleo-
cytosis in patients wth CMV polyradiculaitis. Patients with suspected CMV retinitis 
should additionally undergo fundoscopy, which typically shows hemorrhage and 
opacification of the retina [89].

 Treatment

CMV infection in HIV patients is treated with intravenous ganciclovir and foscar-
net (or prolonged foscarnet if ganciclovir resistance is encountered) [89]. Once 
patients demonstrate clinical response (as guided by CSF titers), maintenance 
therapy with oral valganciclovir is initiated [89]. Patients with isolated CMV reti-
nitis can be treated either with oral valganciclovir alone or with intravitreal injec-
tion for more centrally-located lesions (though this is controversial) [89]. In spite 
of available treatments, CNS infection with CMV is still deadly: Silva et al. [103] 
report at 38% mortality rate in patients receiving antiviral treatment. As with any 
opportunistic infection, the mainstay of treatment is initiation of ART [89, 105]. 
Maintenance therapy may be ceased if CD4+ counts remain >100 for 
6 months [105].
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 Varicella Zoster Virus

 Background

Varicella zoster virus (VZV) is a herpesvirus with significant neurotropism [106]. 
After causing primary infection (chicken pox), the virus remains latent in ganglion 
cells, and re-activation can take on a number of different forms [106, 107]. Perhaps 
the most commonly-known manifestation is shingles, which can cause significant 
and chronic neuropathic pain, but the entire neuroaxis and its supporting vascula-
ture are at risk [106, 107]. In HIV patients, VZV infection can cause encephalitis, 
ventriculitis, myelitis, radiculitis, vasculitis, aneurysm formation, and infarction—
both ischemic and hemorrhagic [106, 108–110]. VZV tends to affect the nervous 
system in patients with low CD4+ T-lymphocyte counts but may still present in 
those with counts above 200 cells/mm3 [111]. Presenting symptoms depend on spe-
cific manifestations and may include altered mental status, focal neurologic deficits, 
radiculopathy, or meningismus [107, 111].

 Diagnosis

CSF will typically demonstrate a nonspecific lymphocytic pleocytosis with elevated 
protein [108, 112]. A virologic diagnosis of VZV-associated CNS disease can be 
made by a positive CSF VZV PCR or the detection of intrathecal anti-VZV IgG 
[112]. Because VZV DNA levels drop off within 1–3 weeks of acute neurological 
symptoms, a patients presenting with an acute VZV-related CNS disease such as 
either meningitis or encephalitis who is evaluated rapidly is more likely to have a 
positive CSF VZV PCR result; however, for conditions such as VZV vasculopathy, 
where the delay form VZV reactivation to neurological symptoms may be on the 
order of months, the PCR is likely to be negative. However, intrathecal anti-VZV 
antibody production is more likely to be detected [112]. Imaging findings are non-
specific and vary depending on the presentation [111]. Patients with vasculopathy 
may have segmental arterial stenoses or aneurysms on angiographic studies [107, 
109]. MRI may demonstrate meningeal enhancement, focal hyperintensity, or non- 
specific white matter changes [111].

 Treatment

CNS VZV in HIV patients is treated with IV acyclovir, which has been shown to 
lead to recovery in most patients [111]. Prompt treatment is essential, as acyclovir 
administration within 48 hours has been shown to decrease the risk of adverse out-
comes [113].
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 Progressive Multifocal Leukoencephalopathy

 Background

Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease that 
results from infection of the CNS with the John Cuningham (JC) virus [114–117]. 
It remains the second most common cause of death in HIV patients [115]. While it 
has been reported in other immunocompromised populations like patients taking 
monoclonal antibodies, multiple sclerosis therapies, or those with hematalogic 
malignancies, PML is most commonly associated with HIV infection [114, 115, 
117]. The incidence of PML has declined significantly in the cART era, though it 
may rarely occur in HIV patients with CD4+ counts above 200 cells/mm3 or even 
those stabilized on cART [114, 115, 118]. Patients typically present with focal neu-
rologic deficits, such as hemiparesis, ataxia, cortical visual field disturbances, apha-
sia, ataxia as well as with seizures or dementia [114, 115, 119]. The propensity of 
PML to cause focal deficits (80% of cases) may help to differentiate it from other 
causes of encephalopathy in HIV patients [115].

 Diagnosis

The gold standard for diagnosis of PML is brain biopsy, with sensitivity as high as 
96% and a specificity of nearly 100%, though the invasiveness and complications of 
the procedure must be considered [115]. In the cART era, JC virus PCR remains 
very specific (98%) but may be inadequately sensitive (as low at 76% if viral levels 
are low due to immune reconstitution and increased JC virus DNA clearance from 
CSF) [89, 115]. On MRI, PML presents with T1 non- enhancing hypointense, T2 
hyperintense white matter lesions involving the subcoritical U-fibers but without 
mass effect or edema [114, 115]. A diagnosis of PML is considered definite with 
histopathologic evidence of infection with JC virus protein identification or with a 
combination of classic MRI findings and positive JC virus PCR [114].

 Treatment

There is no specific therapy available for PML, though treatment with cART can lead 
to clinical stabilization in approximately half of affected patients [15, 115]. Without 
cART, PML is rapidly and nearly always fatal [114]. However, cART initiation can 
lead to paradoxical worsening due to IRIS, a significantly augmented inflammatory 
response driven by CD8+ T cells [114, 115, 119]. The risk of PML IRIS is increased 
in cART naïve patients and in those with a CD4+ T-lymphocyte count below 50 cells/
mm3 [119]. On MRI, PML IRIS may demonstrate contrast enhancement and vaso-
genic edema [114]. Shahani et al. [119] report resolution of PML IRIS in a patient 
treated with CCR5 antagonist maraviroc. Although no specific therapy exists, cori-
tosteroids may be used if the patient’s clinical condition warrants.
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 Cryptococcal Infection

 Background

Cryptococcosis, caused by the yeasts Cryptococcus neoformans or Cryptococcus 
gattii., is one of the most common opportunistic infections in HIV patients [120, 
121]. Despite its association with late-stage disease (i.e. CD4+ counts <50 cells/
mm3), even during the cART era [122] cryptococcosis is still responsible for up to 
20% of the infection-related HIV deaths worldwide [89]. Infection is acquired 
through inhalation of spores from either the soil or bird droppings [89, 122, 123]. 
Once inside the body, cryptococcus has a predilection for the CNS, explaining why 
meningitis is the most common presentation of infection, although cryptococcus 
may less commonly cause pulmonary and disseminated infections [89, 120, 123]. In 
addition to meningitis, patients may also develop cryptococcomas within the brain 
parenchyma [120]. Only 25% of patients present with classic meningeal signs, with 
the rest experiencing subacute, nonspecific symptoms such as headache, fever, 
altered mental status, and malaise [89, 120]. Patients with cryptococcomas (up to a 
quarter of patients with cryptococcal infection) [89] may experience seizures and 
develop focal neurologic deficits [120]. Another hallmark of cryptococcal infection 
is its ability to substantially raise intracranial pressure, further contributing to both 
morbidity and mortality [120].

 Diagnosis

Cryptococcal CNS infections may be diagnosed in several ways. Cryptococcal anti-
gen detection in CSF has a reported sensitivity of over 90% [89, 122]. CSF India ink 
staining is reported to have a sensitivity of up to 86% [89, 120]. In resource-poor 
settings, either latex agglutination assays or lateral flow immunochromatographic 
assays are used with sensitivities of over 99% [89]. CSF may demonstrate mono-
nuclear pleocytosis and increased protein [89]. A lumbar puncture has the added 
benefit of relieving intracranial hypertension [120].

MRI is the preferred imaging modality in cryptococcal infection, though results 
may be normal in up to 8% of patients [89]. In addition to meningitis, MRI may also 
demonstrate lacunar cortical and subcortical infarcts, dilated Virchow-Robin spaces, 
or, in the case of cryptococcomas, enhancing mass lesions.

 Treatment

Even with appropriate treatment, cryptococcosis remains a devastating disease, 
with mortality rates for patients receiving appropriate therapy of 20% in North 
America and up to 70% in Sub-Saharan Africa [124]. Treatment of CNS cryptococ-
cal infections in HIV involves an induction-consolidation-maintenance antifungal 
therapy model [89, 122, 124]. Typically, induction includes 2 weeks of intravenous 
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liposomal amphotericin B and flucytosine [89, 122, 124]. The addition of flucyto-
sine has been shown to improve mortality over amphotericin B alone [89, 122]. 
Longer consolidation phases should be instituted in patients failing to show clinical 
improvement after 2 weeks [120]. An 8-week consolidation phase with oral flucon-
azole follows, with maintenance therapy consisting of 12 months of low-dose oral 
fluconazole [89]. Maintenance therapy may be safely discontinued when patients 
have CD4+ T-lymphocyte counts above 100 cells/mm3 and a suppressed viral load 
[89]. Management of increased intracranial pressure is of special concern, as intra-
cranial hypertension is associated with increased mortality from cryptococcal men-
ingitis [124]. Some studies have demonstrated an improvement in survival with 
therapeutic lumbar puncture even among patients with normal ICP [89, 120, 124]. 
Treatment guidelines for managing cryptococcal disease state that if CSF pressure 
is 25 cm of CSF or greater, and the patient is experiencing symptoms of intracranial 
hypertension (e.g., headache, altered mental status, nausea, vomiting, diplopia, 
vision loss) then  daily CSF drainage by lumbar puncture  is recommended. In 
patients with severally elevated ICP, pressure should be reduced by 50% of opening 
pressure. For others with elevated ICP, pressure should be reduced to a normal pres-
sure of below 20 cm of CSF. Daily CSF drainage should be continued until CSF 
pressure and symptoms have stabilized for at least 2 consecutive days. Furthermore, 
mannitol, acetazolamide, and corticosteroids should be avoided in managing intra-
cranial hypertension in these patients. Patients receiving treatment whose intracra-
nial hypertension cannot be managed with daily CSF drainage may be candidates 
for ventriculoperitoneal shunt placement, even if complete sterilization of CSF has 
not yet been accomplished [125].

 Special Considerations: IRIS and Drug Interactions

The predilection of cryptococcus for patients with advanced disease raises questions 
about the appropriate timing for the initiation of cART because early initiation of 
ART in patients with cryptococcosis can lead to IRIS. IRIS may result in clinical 
worsening in patients with an established diagnosis or a  new presentation of the 
disease through an “unmasking” phenomenon [122, 126]. Between 20% and 45% of 
AIDS patients with cryptococcosis develop IRIS, [89] and cryptococcus IRIS carries 
the highest morality rate of any other IRIS, approximately 20% [126]. However, an 
inappropriately long delay in cART initiation can predispose patients to other oppor-
tunistic pathogens [120]. Recent recommendations are that cART be initiated 
between 2 and 10 weeks after the initiation of antifungal therapy [120, 126], although 
30% of patients receiving ART within 4 weeks have been found to develop IRIS [126].

Several cART-antifungal drug interactions must be considered when simultane-
ously treating cryptococcus and HIV. Fluconazole can decrease clearance of both 
nevirapine and potentiate zidovudine [126]; it can also increase serum concentra-
tions of NNRTIs and protease inhibitors [120]. Flucytosine and zidovudine in com-
bination can lead to life-threatening bone marrow suppression [126]. Thus, caution 
must be exercised when selecting appropriate antifungal and antiretroviral regimens.
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 Peripheral Nervous System Disorders in HIV

HIV infected individuals are susceptible to a wide range of peripheral nervous sys-
tem disorders, manifesting at all stages of HIV disease and often simultaneously 
with central nervous system disorders. Peripheral neuropathy remains common in 
HIV seropositive individuals because of a range of factors: the neurotoxicity of 
some anti-retrovirals, inflammatory conditions associated with HIV-associated 
immune activation, opportunistic infections, vasculitides, and neoplasms [127]. 
Co-morbidities such as older age, diabetes mellitus, and advanced immunodefi-
ciency also increase the risk of neuropathy significantly [128]. Diagnosing the cor-
rect type of neuropathy, determined by determining the pattern of peripheral nerve 
involvement clinically and electrophysiologically, is vital to targeting treatment 
appropriately. Distal sensory polyneuropathy, sensorimotor polyneuropathy, poly-
radiculopathy, and mononeuropathy are the most common subtypes of peripheral 
neuropathy among HIV infected individuals.

Distal sensory polyneuropathy (DSP) is the most prevalent HIV-associated sen-
sory neuropathy, and patients present with symptoms of numbness, burning, and 
paresthesia arising symmetrically in the distal lower extremities and progressing in 
a distal to proximal distribution. DPS is the end result of Schwann cell and macro-
phage release of inflammatory factors that induce apoptosis and axonal degenera-
tion of small myelinated and unmyelinated nerve fibers [129]. Electrodiagnostic 
studies may show either normal or diminished sensory action potentials. Normal 
results  suggest involvement is limited to  unmyelinated  small nerve fibers  whose 
dysfunction is not appreciated through electrodiagnosis. Nerve biopsy is not 
required for diagnosis but shows reduced intraepidermal nerve fiber density. 
Treatment first involves managing co-morbidities, withdrawing neurotoxic agents, 
followed by administration of medication to treat the pain. Symptoms may improve 
with withdrawal of neurotoxic ART [128]. Clinical trials of neuropathic pain agents 
in DSP have generally failed to demonstrate benefit. However, most clinicians use 
the agents used to treat neuropathic pain in non-HIV associate neuropathies.

DSP has also been attributed to certain nucleoside reverse transcriptase inhibi-
tors (NRTIs) specifically, didanosine, stavudine, and zalcitabine [130]. Metabolic 
factors such as cyanocobalamin and pyridoxine deficiencies may play a role in 
selected cases, and HTLV co-infection may also promote development of a mixed 
axonal and demyelinating distal, symmetric, sensory neuropathy [127].

Sensorimotor polyneuropathy initially presents like DSP; however, the etiologies 
are distinct and crucial to differentiate clinically. Acute inflammatory demyelinating 
polyradiculoneuropathy (AIDP), also known as Guillain Barre Syndrome (GBS), is 
an ascending polyradiculoneuropathy progressing over several hours to days and 
nadiring in intensity by 28 days. Exam findings classically show symmetric weak-
ness with few sensory symptoms. In HIV patients, AIDP can develop in several 
settings including in the setting of seroconversion. In addition to clinical signs, elec-
trodiagnostic findings show delayed or absent F-waves and prolonged distal laten-
cies with slowed conduction velocities, the same criteria as for seronegative 
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AIDP patients. Cerebrospinal fluid (CSF) analysis reveals elevated protein but in 
contrast to those without HIV, HIV-infected individuals may have a CSF lympho-
cytic pleocytosis of up to 50 lymphocytes/uL.  If symptoms either progress for 
greater than 8 weeks or relapse, the patient is diagnosed with chronic inflammatory 
demyelinating polyneuropathy (CIDP). CIDP presents with symmetric, four-limb, 
proximal and distal motor involvement. Although sensory symptoms are not typi-
cally as prominent as the motor symptoms, sensory symptoms are more pronounced 
in CIDP than in AIDP. AIDP and CIDP both produce diminished or absent reflexes. 
In addition to flaccid weakness, patients may report dyesthesias even in the absence 
of significant sensory loss. Among HIV-infected patients, CIDP is more common 
than AIDP and is seen in both early HIV infection and advanced disease [127]. Just 
as with HIV seronegative patients, HIV infected patients with both AIDP and CIDP 
should be treated with either intravenous immunoglobulin (IVIG) or plasmaphere-
sis [131].

Another cause of sensorimotor polyneuropathy among HIV patients is diffuse 
infiltrative lymphocytosis syndrome (DILS). Pain is the hallmark feature of DILS- 
related sensorimotor polyneuropathy. Although DILS was originally described in 
the setting of Sjogren syndrome, that condition is not a requisite. Patients will have 
hyperlymphocytosis with CD8 > 1000 cells/uL with typically no change in CD4 
count. Electrodiagnostic studies show axonal involvement, and nerve biopsy dem-
onstrates perivascular CD8+ T-cell infiltration in the neural fiber layers without 
necrosis [132]. Although most DILS patients develop a distal, length dependent, 
symmetric polyneuropathy, one third do develop focal, progressive findings [133]. 
Treatment involves both prednisone and cART in the treatment naïve.

Vasculitic neuropathy also presents with pain, but it typically arises as a mono-
neuritis multiplex that may worsen to mimic a symmetric polyneuropathy. Nerve 
biopsy is required to establish the diagnosis, and treatment is with corticosteroids, 
other immunotherapies, and cART in the treatment naïve. Lumbosacral polyradicu-
litis in both HIV seropositive and seronegative patients may arise from reactivation 
of the herpes simplex virus type 2 (HSV-2) and represents an acute ascending, nec-
rotizing vasculitic neuropathy.
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Chapter 10
Fungal Infections of the Brain

Maria Fernanda Gonzalez-Lara and Luis Ostrosky-Zeichner

Fungi are ubiquitous organisms living on soil, water, plant debris and sites of veg-
etable decay. Some, like Candida, are commensals on human mucous membranes. 
Each year, over 150 million people suffer from serious fungal infections and over 
1.6 million die, a rate comparable with tuberculosis. High morbidity and elevated 
cost contribute to the burden of serious fungal diseases. The incidence of Invasive 
fungal infections (IFI) has increased with the expansion of at-risk population: the 
HIV epidemic, the improvement of immunosuppressive and cancer chemotherapy, 
patients undergoing transplant, major surgery, increasingly older populations and 
premature neonates. Improved diagnostic methods and increased awareness also 
contribute [1–4]. An estimated 1.5–5 million species of fungi are found worldwide, 
approximately 300 cause human disease and 15% can cause central nervous system 
(CNS) infection. The most common fungal CNS infection is cryptococcal meningo-
encephalitis. The frequency of CNS involvement in common mycoses is described 
in Table 10.1.

Penetration of fungi to the CNS may occur endogenously via hematogenous 
seeding of a distant infection, by contiguous spread of orbital and paranasal sinus 
infection, or by exogenous inoculation through trauma or invasive procedures [5]. 
Fungi access the CNS directly crossing the blood brain barrier (BBB). Yeasts are 
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mechanically trapped in the vasculature, bind endothelial cells through specific pro-
teins and transmigrate through trans or paracellular mechanisms. Yeasts can also 
enter indirectly after infecting phagocytes in the periphery and directing them to the 
CNS. After CNS infection, the microglia, astrocytes and endothelial cells act as 
antigen presenting cells, express complement receptors and produce cytokines, che-
mokines and nitric oxide. Unregulated inflammation can lead to severe tissue dam-
age. Mold infections (Aspergillus and the Mucorales) spread from contiguous sites 
such as the cribriform plate, periorbital and paranasal sinuses. Due to their angioin-
vasive nature, they cause brain abscesses, encephalitis and vasculitis resulting in 
neurological deficits, seizures and altered mental status. Any situation that enhances 
the BBB permeability promotes fungal CNS invasion, such as reduced immunity 
(reduced circulating T lymphocytes), trauma, surgery, activation of the microglia, 
and cytokine production [5–8]. Fungal CNS infections present as distinct syn-
dromes: space occupying lesions (abscess or granulomas), hydrocephalus, menin-
goencephalitis, stroke and spinal infection [2]. Each syndrome and the most frequent 
etiologic agents are described in Table 10.2.

 Yeast Infection

 Cryptococcal Meningoencephalitis

One million cases of cryptococcosis are diagnosed each year, of which 650,000 die. 
Classical taxonomy recognized more than 30 species of Cryptococcus, of which the 
C. neoformans/ C. gattii complex is the most commonly known to cause human 
disease. C. neoformans variety grubii and variety neoformans typically causing dis-
ease in immunocompromised patients and C. gattii, in immunocompetent patients 
[9]. To date, it is known that C. gattii causes infection in patients with underlying 
lung disease, steroid use, smokers and subclinical immune defects (Anti-granulocyte- 
macrophage colony stimulating factor autoantibodies and subclinical antibody defi-
ciencies) [10–11] C. neoformans var. grubii is found worldwide, C. neoformans var. 
neoformans is primarily found in Europe and C. gattii historically restricted to 
tropical and subtropical regions has been increasingly identified in North America 

Table 10.1 Prevalence of 
CNS involvement in invasive 
fungal infections

Mycosis CNS involvement (%)

Disseminated cryptococcosis 67–84
Invasive candidiasis 3–64
Blastomycosis 40
Disseminated coccidioidomycosis 25
Disseminated histoplasmosis 5–20
Mucormycosis 12
Invasive aspergillosis 4–6

Data from Goralska et al. [5]
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(Pacific Northwest, British Columbia and Vancouver Island) and Australia [10–11]. 
A new classification based on phylogenetic and genotyping studies has been pro-
posed. As a result, the C. neoformans / C. gatti species complex was divided into 
three varieties, five serotypes and eight molecular subtypes: C. neoformans var. 
grubii with three genotypes: VNI, VNII and VNB, C. neoformans var. neoformans 
(genotype VNIV) and five cryptic species: C. gattii, C. deuterogattii, C. tetragattii, 
C. decagattii and C. bacillisporus (genotypes VGI to IV) [9].

The most common risk factor for cryptococcosis is advanced HIV infection 
(CD4 cell counts < 100 cells/μL), followed by solid organ transplant (SOT) related 
immunosuppression [12]. Patients who receive steroids, cytotoxic chemotherapy, 
TNF-α antagonists are also susceptible. In some centers 17–22% of cases occur 
among otherwise immunocompetent individuals [13].

Symptoms develop over several weeks, although an abrupt onset of headache can 
occur. Fever, cranial palsies, altered mental status, lethargy and memory loss are 
common. Obstructive hydrocephalus due to elevated yeast burden obstructing CSF 
outflow, leads to intracranial hypertension (ICH) [12]. Non-HIV non-transplant 
patients have a similar presentation, but diagnosis is usually delayed [13]. Other 
manifestations accompanying disseminated disease are pulmonary infiltrates, cryp-
tococcemia, cutaneous, prostatic and osteolytic lesions.

The occurrence of an immune reconstitution inflammatory syndrome (IRIS) is 
common in the setting of cryptococcal meningitis (CM). It is defined as the onset of 
new or worsening signs and symptoms (including neuroimaging findings) of cryp-
tococcosis after a rapid reversal of immune deficiency [14]. In HIV positive patients 
without a previous diagnosis of CM, unmasking IRIS occurs in a median time of 

Table 10.2 CNS fungal infection syndromes

Syndrome Clinical manifestations Fungi

Meningitis, 
meningoencephalitis

Headache, nausea, stiff neck, fever, 
personality changes, seizures, 
cranial nerve palsies, 
hydrocephalus

Cryptococcus, Coccidioides, 
Blastomyces, Paracoccidioides, 
Sporotrix, Histoplasma, Candida

Space occupying 
lesions

Granulomas, abscesses, cysts Candida, Aspergillus, 
Cryptococcus, Cladosporium, 
Mucormycosis

Rhino-orbito-cerebral 
syndromes

Nasal discharge or blockage, 
periorbital pain, recurrent 
headache, proptosis, impaired 
ocular movements, visual loss

Mucormycosis, Aspergillus, 
Cladosporium

Acute cerebrovascular 
events

Ischemic or hemorrhagic
Paranasal sinusitis leads to 
angioinvasion and thrombosis
Cardioembolism

Aspergillus, Mucorales, Candida 
(cardioembolism), Coccidioides, 
Histoplasma, Cryptococcus

Spinal infection Destructive lesions of vertebrae 
upper thoracic level most common
Intradural affection as part of 
leptomeningitis
Myelopathy

Common: Coccidioidomycosis, 
blastomycosis, aspergillosis by 
proximity of lung infection
Uncommon: Candida, Aspergillus 
by hematogenous seeding
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9 weeks after ART in 33% of patients with subclinical cryptococcosis and 0.2–1.2% 
of those with latent infection. Paradoxical IRIS occurs in 8–49% with known cryp-
tococcal disease, with a median of 1–10 months onset after ART. IRIS is more fre-
quent when baseline CD4 cell counts <50 cells/μL increase substantially along with 
a decrease in viral load of >1 log10 copies/mL.  IRIS occurs in 5–15% of SOT 
patients, typically after 4–6 weeks. It is associated with the reduction of immuno-
suppression and can lead to renal graft loss [14–17]. The pathogenesis involves 
calcineurin inhibitors suppressing Th1 and Th17 cells, while increasing a Th2 
response and Treg lymphocytes function to promote graft tolerance. Antifungal 
treatment upregulates the Th1 responses and the transcription of inflammatory che-
mokines. The reversal of anti-inflammatory to proinflammatory response occurs 
[16]. Immunocompetent hosts can also experience IRIS. Antifungal therapy reverses 
the Th2 to a Th1 response, leading to an exuberant host response against residual 
sites of disease [17].

Definitive diagnosis is made by isolating Cryptococcus from the CSF or direct 
yeast detection. India ink staining has a sensitivity of 30–50% in non-AIDS patients, 
and 80% in AIDS related disease. CSF culture is positive in 90% of patients with 
CM after 48–72 h incubation, appearing as white to cream colonies. Capsular anti-
gen detection (CrAg) by latex agglutination provides sensitivity and specificity of 
93% and 100%, respectively. A lateral flow assay is also available with sensitivity 
and specificity greater than 98% in CSF. CrAg does not distinguish between C. neo-
formans and C. gattii, the use of Canavanine-glycine-bromthymol blue agar can 
differentiate C. gatti, but it’s not routinely used [18].

Computed tomography (CT) and magnetic resonance imaging (MRI) are non-
specific, ranging from normal findings to hydrocephalus, cerebral edema, leptomen-
ingeal enhancement, infarction, intraventricular or intraparenchymal 
cryptococcomas. Dilated perivascular spaces can dilate to form a mucoid collection 
called gelatinous pseudocyst. These lesions are commonly found in the basal gan-
glia and thalamus and can be visualized as hypodensities on CT. MRI shows diffu-
sion restriction, hypodensity on T1 and hyperintensity on T2. Contrast enhancement 
may be absent. Larger lesions, cryptococcomas, are hyperintense on T2-FLAIR and 
have a ring-like or solid enhancement (Fig. 10.1) [19].

Treatment consists of an induction phase followed by consolidation and mainte-
nance. The favored regimen for induction is a combination of amphotericin B 
(AmB) with 5-flucytosine (5-FC) for 2 weeks. Lipid formulations of AmB are pre-
ferred because of reduced nephrotoxicity despite similar outcomes, especially in 
patients at risk for acute kidney injury. Combination therapy is associated with 
faster CSF yeast clearance, fewer relapses and less mortality. Recommended doses 
are: Liposomal AmB (LAmB): 3–6 mg/Kg/d, lipid complex AmB (ABLC): 5 mg/
kg/d or AmB deoxycholate (AmB-d): 0.7–1  mg/kg/d and 5-FC: 100  mg/kg/d in 
divided doses. In areas where 5-FC is not available, combination therapy of AmB 
with fluconazole (800 mg/d) is a better alternative than monotherapy [20]. A longer 
induction phase (4–6 weeks) is reasonable in patients with positive CSF cultures 
after 2 weeks, non-HIV non-transplant, C. gattii meningitis or multiple cryptococ-
comas. Newer alternatives have been described in recent studies for resource 
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limited settings: The ACTA trial showed 1 week of AmB-d plus 5-FC was non-
inferior to 2 weeks of AmB based therapy, and had a lower 10-week mortality [21]. 
The AMBITION-cm trial showed that a single 10  mg/Kg/d of LAmB was non- 
inferior to daily 3 mg/Kg/d for 14 days to reduce CSF cryptococcal burden. Phase 3 
trial results are pending [22]. Following induction, a consolidation phase with flu-
conazole 400–800 mg/d for 8 weeks is recommended. Finally, a long-term mainte-
nance with fluconazole 200–400 mg for 6–12 months in non-HIV patients and a 
minimum of 1 year (until reaching >100 CD4 cells/μL and undetectable viral load 
>3 months) in patients living with HIV is recommended [20].

The management of ICH should be aggressive. A basal CSF opening pres-
sure > 25 cmH2O requires daily therapeutic lumbar punctures, until pressure and 
symptoms are stable for >2 days. A ventriculoperitoneal shunt or ventriculostomy 
may be considered if refractory ICH occurs. The use of mannitol, corticosteroids or 
acetazolamide is not recommended [20].

In ART naïve patients, initiation is usually delayed for 2–4 weeks, because of 
increased mortality attributted to IRIS, seen in the COAT trial [23]. Reduction of 
immunosuppression should be done with caution in solid organ recipients. The rec-
ommended approach is to reduce immunosuppression with a gradual taper of ste-
roids after beginning antifungal therapy. Drug interactions between fluconazole and 
calcineurin inhibitors should be anticipated [12, 15, 16]. Minor signs of IRIS usu-
ally resolve spontaneously. Serial therapeutic LPs should be done in patients with 
ICH.  Corticosteroids do not reduce mortality, they have been associated with 
adverse effects and are not recommended routinely. However, they may be consid-
ered as a life-saving intervention in selected cases with a dose taper over 2–6 weeks 
[16, 24].

a b c

Fig. 10.1 Brain MRI in a patient with cryptococcal meningitis. A 31-year-old HIV positive male 
who presented with headache, vomit, diplopia and malaise. On examination he had bilateral pap-
illedema. He had a CD4 count of 47 cell/ml. CSF analysis showed 2 leucocytes, glucose 44 mg/dL, 
proteins 46  mg/dL, opening pressure 35  cm2H2O, positive CSF cryptococcal antigen and CSF 
culture grew C. neoformans. Head MRI showed multiple bilateral nodular lesions with hyperin-
tense rims, predominantly in the head of the left caudate nucleus (arrows). (a) Axial FLAIR, (b) 
Axial T2 FSE (c) Coronal T2 FSE. (Courtesy of Dr. Griselda Teresa Romero-Sanchez. Department 
of Radiology and Imaging, Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán)
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In the case of relapse or persistent disease (Positive CSF cultures after 1 month 
of therapy) resumption or a longer duration of induction therapy are suggested. 
Increasing doses may be considered. Salvage therapy with posaconazole, voricon-
azole and isavuconazole showed favorable results in 48–50% of patients with cryp-
tococcal meningitis who were refractory or intolerant to conventional antifungal 
treatment. Antifungal susceptibility testing should be pursued since elevated MICs 
have been found in relapsed cases [25–27].

Cryptococcal meningoencephalitis is fatal without treatment. Despite optimal 
care 3-month mortality approaches 20% in HIV patients and 20–30% in non-HIV 
non-transplant patients. Poor prognostic factors in HIV patients are: a baseline CSF 
cryptococcal antigen > 1:1024, abnormal mental status, a CSF leucocyte count < 
20/ μL and a positive culture after 2 weeks of treatment [28, 29]. Cryptococcemia, 
increased opening pressure and altered mental status are associated with increased 
mortality in non-HIV non-transplant patients [13]. The presence of IRIS can 
increase mortality in the HIV population up to 83% and 50% among patients with 
SOT (1,2) [16, 29].

 Candida

Invasive candidiasis (IC) includes candidemia and deep-seated candidiasis (pres-
ence of yeasts in sterile sites such as peritoneum, pleural cavity, etc). Candidemia is 
among the four most common nosocomial bloodstream infections, with most 
national surveys showing an incidence of 3–5 per 100,000 people in the general 
populations and 1–2% of all ICU admissions. There are more than 30 species, but 
>95% of infections are caused by Candida albicans, C. glabrata, C. tropicalis, 
C. parapsilosis and C. krusei. Despite regional variations and the epidemiological 
shift towards non-albicans species in the last decades, C. albicans is the most com-
mon pathogen. Candida auris is a novel multidrug organism causing outbreaks 
worldwide [30].

Candida is a commensal of the gastrointestinal and genitourinary tract. Invasive 
disease is a consequence of increased fungal burden and disruption of skin and 
mucous membranes. Colonization of prosthetic devices or indwelling catheters is 
common due to biofilm formation. Common risk factors for IC are prematurity, 
prolonged ICU stay, mechanical ventilation, neutropenia, intravascular catheters, 
total parenteral nutrition, malignancy, immunosuppression, broad spectrum antibi-
otics, necrotizing pancreatitis, major surgery and hemodialysis [30].

CNS infection is underestimated and unsuspected. Acute meningitis with micro 
abscesses or chronic meningitis with a dense exudate at the base of the skull can 
occur. Autopsy studies report parenchymal involvement in 50% patients with candi-
demia [31] and up to 66% of candidemic neonates, possibly due to an immature 
BBB. An LP is recommended routinely in candidemic newborns. Bone and joint 
involvement are frequent in this age group [32]. Fundoscopy showing retinal infil-
trates should raise suspicion of CNS involvement. Micro abscesses are usually 
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found at the joint between the gray and white matter, the basal ganglia and cerebel-
lum. Concomitant renal and myocardial involvement was found in 80–90% autop-
sies [33].

Signs and symptoms of candida meningitis are subacute onset of fever, head-
ache, neck stiffness and mental status impairment [31]. Large abscesses have been 
described in children and adults with chronic granulomatous diseases or CARD9 
deficiency causing focal neurological deficits and increased intracranial pressure 
[34]. Less frequently, Candida presents as vasculitis, thrombosis, subarachnoid 
hemorrhage from rupture of mycotic aneurisms, cranial neuropathy, spinal granulo-
mas and myelitis [5, 31, 35]. Exogenous Candida infection occurs as a complication 
of neurosurgery in the form of surgical site infection, ventriculostomy or hardware 
infection. These infections usually manifest months after the surgical procedure. 
Meningitis, intraventricular fungal balls or hydrocephalus can occur. Shunt dys-
function may be the only manifestation [35].

The reference standard for diagnosis is the growth of Candida from sterile sites 
(blood, peritoneal, pleural fluid or CSF). Cultures are insensitive so a large volume 
of CSF (30 ml) is recommended to maximize positivity. Candida meningitis causes 
neutrophilic or monocytic infiltrate with elevated proteins and low glucose (in 60% 
if cases), Gram staining is usually negative. In patients with neurosurgical infec-
tions, pleocytosis may be absent [35]. β-D glucan is a fungal cell wall constituent 
(except for Zygomycetes), usually measured in the serum for IC diagnosis. Elevated 
CSF levels may aid the diagnosis of fungal meningitis [36].

Cranial CT may be normal or show hydrocephalus in shunt infections. 
Microabscesses appear as multiple nodular or ring enhancing nodules on contrast 
CT but are better visualized on MRI. Macroabscesses on CT appear as iso, hypo or 
hyperdense lesions with nodular or ring enhancement. Meningeal enhancement and 
calcifications may be seen. Histopathological study shows necrosis and non- 
caseating granulomas containing yeasts and pseudohyphae [35, 37].

Treatment should be based on antifungal susceptibility testing. Although there 
are no randomized trials, the first line of treatment is LAmB (3–5 mg/Kg/day) with 
or without 5-FC (25 mg/Kg/day) for several weeks, based on in vitro synergism and 
the excellent CSF concentrations achieved with 5-FC. Fluconazole (6–12 mg/Kg/
day) is the stepdown agent for maintenance therapy if susceptibility confirmed, and 
should continue until all signs, symptoms and radiological abnormalities resolve. 
The combination of fluconazole and 5-FC has been successful in some cases. 
Voriconazole may be considered when C. glabrata or C. krusei are isolated. The 
echinocandins (anidulafungin, micafungin or caspofungin) are not recommended 
for CNS candidiasis, but there are case reports of success with elevated doses [33].

Removal of infected devices is necessary, since biofilms are difficult to eradicate. 
Intraventricular administration of antifungals is not routinely recommended but 
reserved for patients refractory to systemic treatment or when device removal is not 
possible [38]. The dose of intraventricular AmB-d varies from 0.01 to 1 mg in 2 mL 
of 5% dextrose. Chemical ventriculitis, headache, nausea and vomiting are frequent 
side effects [33]. Adjunctive treatment with granulocyte-macrophage 
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colony- stimulating factor in a patient with CARD9 deficiency and recurrent Candida 
meningoencephalitis contributed to eradication in a case report [39].

Mortality ranges from 10% to 30%. Intracranial hypertension, hypoglycorrha-
chia less than 35 mg/dL, focal neurologic deficits and onset >2 weeks have been 
related to a worse prognosis [31].

 Dimorphic Fungi

Dimorphic fungi exist as tissue-invasive yeast forms at human body temperature 
and as molds in the environment. They are geographically restricted so a careful 
travel history must be taken to anticipate diagnosis.

 Histoplasmosis

Histoplasma capsulatum is found around the Ohio and Mississippi rivers, Central 
America, the north of South America, Southeast Asia, India and in China. 
Approximately 500,000 infections occur each year after the inhalation of microco-
nidia from soil contaminated with avian droppings or bat guano. One in 2000 acute 
infections present as progressive disseminated histoplasmosis (PDH) in hosts with 
impaired cellular immunity such as AIDS, lupus, SOT, CD4 lymphopenia, common 
variable immunodeficiency, hyper-IgE syndrome and defects in the IL-12 / IFNγ 
pathways. A third of cases occur in immunocompetent patients. PDH presents as 
fever, fatigue, weight loss and respiratory symptoms. Common sites of involvement 
are the liver, spleen, gastrointestinal tract and bone marrow [40]. CNS histoplasmo-
sis occurs in 5–25% PDH. It may present as acute, subacute or chronic meningoen-
cephalitis, focal brain or spinal lesions, stroke syndromes (due to emboli or 
vasculitis) and hydrocephalus. Infrequent presentations are: Seizures, focal lesion, 
cognitive dysfunction, hemichorea and ventriculoperitoneal shunt infection [41–44].

CNS histoplasmosis is confirmed by the detection of H. capsulatum in CSF or 
CNS biopsy cultures. CSF analysis may show low glucose, elevated proteins and 
myeloid pleocytosis. At least 10 ml of CSF should be sent because of reduced sen-
sitivity of cultures. The most sensitive method for diagnosis includes the combina-
tion of antibody and antigen detection in the CSF. An elevated antigen may be found 
in the CSF of 75% cases, with titers higher compared to serum levels, reflecting 
production in the CSF [40, 45]. Serologic tests for anti-histoplasma antibodies 
(complement fixation and immunodiffusion) show positive results in 50–90% of 
cases [42, 46]. Brain biopsy may be needed if non-invasive testing fails to provide a 
diagnosis. Testing non-CNS specimens in patients with PDH is useful. Biopsies of 
involved sites may show ovoid budding yeasts with a narrow base, often within 
macrophages. The highest yield may be achieved in respiratory and bone marrow 
samples. Cultures are positive in >75% in PDH but take 4–6 weeks to isolate the 
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organism. Antigen testing of both serum and urine achieves the highest yield. Cross 
reactivity with blastomycosis, paracoccidioidomycosis and Penicillum marneffei 
infection occurs.

Brain MRI reveals meningeal enhancement, hydrocephalus, brain abscess, gran-
uloma formation or multiple lesions with a ring-enhancing pattern. Lesions are T1 
hypointense and T2 variable, with reduced diffusion [46].

The first line of treatment for CNS histoplasmosis is a 4–6-week induction with 
LAmB or AmBd followed by itraconazole for at least 1 year or until CSF abnor-
malities or antigen positivity resolve [47, 48]. Lifelong maintenance treatment may 
be needed in immunocompromised patients. Measurement of itraconazole levels 
throughout the treatment is recommended. Case reports showed success with vori-
conazole or posaconazole treatment [48]. Interferon-γ may be a useful adjunct ther-
apy in patients with defects in the IFN/Il-12 pathway. Surgery is rarely needed [3]. 
The mortality of CNS histoplasmosis is 39%. A recent study showed a relapse rate 
of 6% in three cases of advanced HIV infection, compared to 50% in previous stud-
ies. The mean survival rate at 12 months in patients treated amphotericin B was 
8–10.6 months in a recent study [41].

 Coccidioidomycosis

Coccidioides immitis and C. posadasii are found in the desert soil of southwestern 
United States, northern Mexico and parts of Central and South America. Following 
inhalation, arthrocondia turn into spherules that easily rupture leading to the spread 
of endospores via hematogenous and lymphatic seeding. Vulnerable people are con-
struction and farm workers, military personnel, excavators, archaeologists and per-
sons in correctional facilities. Sixty percent develop asymptomatic infection, or a 
mild auto-limited respiratory illness known as Valley Fever. Disseminated disease 
occurs in 1–3%, the most commonly involved sites include the skin, lymph nodes, 
bones and CNS. Individuals at risk for dissemination include HIV positive, recipi-
ents of TNF-α inhibitors, chemotherapy, high-dose corticosteroids, SOT, diabetes 
mellitus, women in the third trimester of pregnancy, defects in the IFN-γ/IL-12 or 
STAT3 pathways, African Americans and Filipino ethnicity [49, 50]. Meningitis 
occurs in nearly half of those with disseminated disease [51]. Coccidioidal menin-
gitis presents within weeks to months after primary infection with headache, blurry 
vision, photophobia, meningismus, altered mental status, hearing loss and focal 
neurological deficits. Hydrocephalus is the most frequent complication, it can occur 
early or late in the course of infection as a result of suppurative inflammation and 
fibrosis of the subarachnoid space. Vasculitic stroke, cranial neuropathy, arachnoidi-
tis and cerebral abscess are other complications.

The diagnosis is based on positive CSF serology or culture [51]. Sampling other 
sites of disseminated disease may be useful, since CSF cultures are insensitive. 
Histopathological examination shows endosporulating spherules. Neuroimaging 
studies will reveal hydrocephalus in 30–50% of patients throughout the course of 
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disease. Common findings are diffuse meningeal enhancement, focal or nodular 
enhancement of basal cisterns, parenchymal or parameningeal abscesses and white 
matter abnormalities. Contrast MRI reveals basilar cisternal enhancement or vascu-
litic stroke in 15–20%. Subarachnoid hemorrhage can occur from aneurysmal rup-
ture or dural venous sinus thrombosis [20].

IDSA guidelines recommend initial treatment with fluconazole, 400–1200 mg 
per day. Higher doses (800–1200 mg) are preferred due to high clinical failure rates 
with 400  mg [49]. The estimated time for symptom resolution is 4–8  months. 
Because of the elevated rates of relapse, lifelong treatment with azoles is recom-
mended [52]. Patients with refractory symptoms or CSF abnormalities require 
higher doses or changing to a different azole [53]. Oral itraconazole 400–600 mg 
daily with close monitoring of drug levels to assure adequate absorption is an alter-
native [49]. Voriconazole and posaconazole have been used successfully in refrac-
tory cases [54]. Azole therapy should be avoided in the first trimester of pregnancy. 
Intrathecal (IT) AmB-d was the mainstay of treatment before the advent of flucon-
azole. The technical difficulties associated with IT administration and the high rate 
of chemical arachnoiditis, limit its use to refractory cases and pregnant patients 
during the first trimester [49]. A detailed guide to prepare and administer IT AmB-d, 
has been published [55]. Intravenous AmB-d is not recommended due to poor CSF 
penetration and toxicity. The safety and efficacy of intravenous lipid formulations of 
AmB have been described in animal models only, their use is reserved for refractory 
cases [49].

Intracranial pressure must be assessed, values >25 cm H2O require CSF removal 
as described for cryptococcal meningitis. The presence of ICH or hydrocephalus 
requires neurosurgical consultation to evaluate ventriculoperitoneal shunting. The 
use of corticosteroids for vasculitic stroke is controversial and not routinely recom-
mended [49]. Coccidioidal meningitis is universally fatal without treatment, fluco-
nazole reduces mortality to 40% [51].

 Blastomycosis

Blastomyces dermatitidis is found in the Mississippi and Ohio River valleys, US 
Midwest and southeastern states, and the Canadian provinces that border the Great 
Lakes. After inhalation, B. dermatitidis conidia escape phagocytosis and convert to 
the yeast form. They are characterized by thick, retractile cell walls and broad-based 
budding that spread by hematogenous dissemination. Blastomycosis ranges from 
asymptomatic to disseminated infection that most commonly involves the lungs, 
skin, bones and genitourinary tract. CNS infection occurs in 5–10% of patients with 
disseminated disease. Common risk factors are HIV, transplant, TNF-α inhibitors 
and pregnancy [54]. Forty percent of patients with advanced HIV in the preHAART 
era presented CNS involvement. Manifestations include acute meningitis, isolated 
chronic meningitis and intracranial abscesses. Other organs are affected in 77% of 
CNS cases [56]. Recognition of skin lesions may be a clue for diagnosis: Verrucous 
lesions with raised irregular borders, ulcerative with sharp borders and exudate or 
crusted appearance, violaceous nodules or pustules. Facial lesions are common [54].
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Isolation of B. dermatitidis from the CSF is unlikely, cell wall antigen testing by 
enzyme immunoassay (Mira Vista Diagnostics, Indianapolis, IN) is helpful. 
Detection of the antigen in urine has 93% sensitivity but low specificity because of 
cross reactivity with histoplasmosis. Serum samples have a lower sensitivity (60%) 
[54, 57].

The initial treatment of CNS blastomycosis is a lipid formulation of AmB 
(3–5 mg/Kg daily) for 4–6 weeks. After an initial response, step down therapy to 
oral itraconazole (200  mg TID for 3  days and then 200  mg BID), voriconazole 
(400 mg BID for 2 doses and then 200–300 mg BID) or fluconazole (800 mg QD) 
is recommended. Treatment for at least 1 year or until resolution of CSF abnormali-
ties is required. Lifelong suppressive therapy may be needed in immunocompro-
mised hosts [57]. CNS blastomycosis mortality can reach 18%.

 Other

Paracoccidioidomycosis is caused by Paracoccidioides brasiliensis and 
Paracoccidioides lutzii [58]. CNS infections are typically reported in disseminated 
chronic paracoccidioidomycosis, which is caused by a reactivation of a primary 
infection in men aged 30–60 years. The most frequent symptoms are paresis and 
seizures. Imaging usually shows brain or spinal cord lesions that correspond to 
granulomas. Large yeasts with daughter yeasts in a pilot-wheel configuration can be 
seen in histopathology. Serological tests are available, with variable sensitivities 
and specificities. Those who target the gp43 antigen will identify P. brasiliensis but 
not P. lutzii [50] Talaromyces marneffei infections occur in southeast Asia in patients 
with advanced HIV infections. Disseminated infections with CNS disease manifest 
as fever, altered mental status and erythematous nodules or verrucous lesions. 
Imaging usually show multiple brain abscesses. Galactomannan essays will show 
positive results. Prognosis is poor [59]. CNS involvement in sporotrichosis is infre-
quent and usually seen among patients with advanced HIV or immunosuppression. 
CNS involvement manifests as meningoencephalitis and hydrocephalus, with fever 
and headache, skin lesions. Other sites of dissemination are the lungs, sinuses, liver, 
kidneys, eyes and heart (endocarditis) [60, 61].

 Mold Infection

 Aspergillosis

Aspergillus causes a spectrum of disease that ranges from colonization, allergic 
responses, chronic aspergillosis and invasive disease. Pulmonary and sinonasal 
infection may result in angioinvasion and disseminated disease. A mean of 27 cases 
of invasive aspergillosis (IA) per 100,000 patients occur per year [62]. Aspergillus 
fumigatus is the most frequent species followed by A. flavus, A. niger, A. terreus, 
A. nidulans and A. versicolor. The population at the highest risk are hematologic 
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stem cell transplant (HSCT) recipipents during two specific phases: The prolonged 
neutropenia of preengraftment and after 100 days when graft versus host disease is 
usually treated with steroids and immunosuppression. Lung transplant receptors 
with Aspergillus colonization, liver and small intestine transplantation with con-
comitant CMV infection, acute myeloid leukemia during induction chemotherapy, 
chronic granulomatous disease and steroid users are other risk factors. Clinical 
manifestations include fever, respiratory symptoms, nodular and cavitated lung 
infiltrates. Fungal sinusitis is characterized by pain, facial swelling, purulent rhinor-
rhea with bone erosion on CT imaging [63].

Between 10% and 20% patients with IA demonstrate CNS involvement, 
which can be higher (14–60%) in patients with acute leukemia and HSCT [64]. 
Up to 24% of cases occur among otherwise immunocompetent patients with 
sinonasal and lung infection. Isolated intracranial infection is seen in 23% [65, 
66]. The pathogenesis in concomitant sinus or ear infection is determined by 
direct invasion and hematogenous dissemination from pulmonary aspergillosis. 
The clinical presentation includes focal neurologic deficits, seizures, mental sta-
tus changes, fever and headache. Stroke-like syndromes with infarction, hemor-
rhage and mycotic aneurisms are more frequent than in Candida or Cryptococcus 
infection. Aspergillus causes thrombosis of the small perforating arteries, affect-
ing the thalamus, basal ganglia and the corpus callous. It may cause acute stroke 
due to cerebral anterior and middle artery obstruction (Fig.  10.2) [65]. The 
occurrence of cavernous sinus thrombosis with periorbital pain, ophtalmople-
gia, proptosis, or orbital apex syndrome with visual loss is a neurosurgical 
emergency. Multiple cranial nerve palsies may occur when there is involvement 

a b c

Fig. 10.2 Brain MRI in a patient with disseminated invasive aspergillosis. A 33-year-old male 
who had liver transplant and retrasplant within 16 days. He presented with multiple nodular lung 
opacities, positive serum galactomannan, tracheal aspirate grew A. fumigatus. He developed fever, 
personality changes, inattention and aggressiveness. CSF analysis showed glucose 55 mg/dL, pro-
tein 61 mg/dL, 2 leukocytes and a positive CSF galactomannan with an optical density index of 13. 
HEAD MRI showed a heterogenous mainly hyperintense left frontal lesion. (a) Axial T2 FSE (b) 
Axial T1 the lesion is iso to hypointense. (c) Axial GRE with blooming foci in keeping with fungal 
elements (arrow). (Courtesy of Dr. Griselda Teresa Romero-Sanchez, Department of Radiology 
and Imaging, Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán)
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of the base of the skull. Meningitis is infrequent. In a review of 93 cases of 
Aspergillus meningitis, 69% occurred among immunocompetent hosts, of which 
25% were due to iatrogenic inoculation during epidural anesthesia, 25% related 
to neurosurgery, 11.5% in intravenous drug abusers, 11.5% due to direct exten-
sion of ear, paranasal or orbital disease. No predisposing factor was identified in 
25% [67].

Definitive diagnosis of IA requires Aspergillus isolation from sterile sites or his-
topathological observation of septate hyphae with acute angles (45*) and concomi-
tant tissue necrosis or angioinvasion. Antigen detection of galactomannan in the 
serum or bronchoalveolar lavage detects pulmonary IA with a variable sensitivity 
depending on the host (44–90%) Coupled with PCR testing, sensitivity may achieve 
98% and specificity 93% [67]. Galactomannan, PCR and β-d glucan measurement 
in the CSF are helpful to support CNS aspergillosis, with a high negative predictive 
value. Galactomannan showed an overall sensitivity of 86.7% in Aspergillus menin-
gitis cases with a median optical density index of 6.58 (range 2.2–578), while PCR 
has shown 100% sensitivity [67–68].

CSF fluid analysis is not typically useful in the case of focal lesions. In the case 
of meningitis, pleocytosis is present in 95% of patients with a neutrophil predomi-
nance. A positive CSF culture is found in 31% [69, 70]. Imaging frequently shows 
a mass lesion. Brain MRI can show multiple abscesses and ring enhancing lesions. 
Lesions are hypointense or isointense in T1 with bright and dim enhancement in T1 
and T2 respectively [71]. Blood vessel infiltration with ischemic lesions near the 
orbit or paranasal sinus using diffusion-weighted imaging can be seen. The differ-
ential diagnosis includes brain tumors such as gliomas, lymphoma, metastasis and 
infectious etiologies such as tuberculomas, toxoplasmosis and pyogenic 
abscesses [69].

The first line treatment of CNS aspergillosis is voriconazole [70]. Open label 
studies suggest a benefit over amphotericin B, with complete and partial responses 
of 35% and 31%, respectively. Historic reports showed complete and partial 
response of 6 and 3% among patients treated with amphotericin B or itraconazole 
[71–73]. A systematic review of 120 cases of CNS aspergillosis showed a median 
survival of 159 days and 47% success with voriconazole. A targeted through vori-
conazole concentration of 2–5.5 mg/L was suggested [74, 75]. Lipid formulations 
of amphotericin are reserved for those refractory or intolerant to voriconazole. Case 
reports have described efficacy of the echinocandins [70]. Treatment length is vari-
able, with a median duration of 48 days (range 1–1128) in a systematic review [73]. 
Patients with Aspergillus meningitis in the literature received voriconazole with dif-
ferent lengths from 8–14 weeks to 5–12 months. Drug interactions between vori-
conazole and antiepileptic agents such as phenytoin and phenobarbital result in 
diminished voriconazole levels. Surgical management is encouraged, since it was 
associated with improved survival in a retrospective study of 81 patients. The rever-
sal of immunosuppression is essential to improve outcome.

CNS aspergillosis is a devastating infection with 50–100% mortality. Patients 
with HSCT have a worse prognosis. Concomitant surgical resection might reduce 
mortality to 25–28% [4–7].
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 Mucormycosis

Mucormycosis (MM) includes a spectrum of subacute, acute and sometimes rapidly 
progressive infections caused by the aseptate hyphae of the order Mucorales. The 
most frequent agents are Rhizopus sp, Mucor sp, Rhizomucor and Leichtimia. Other 
genera are Cunninghamella, Saksenae and Apophysomyces [74]. Traditional risk 
factors are poorly controlled diabetes mellitus (DM), especially in the setting of 
ketoacidosis, high dose steroids and chelation therapy with deferoxamine. MM 
among patients with hematological malignancies and HSCT has increased in recent 
years. High suspicion must be maintained in prolonged neutropenia, high risk 
HSCT (unrelated haploidentical, cord blood or T-cell depleted) and exposure to 
voriconazole. Intravenous drug users may present with septic emboli [75].

The Mucorales have tropism for angioinvasion, resulting in infarction and necro-
sis. The most common sites of involvement are the sinuses (39%), lungs (24%) and 
skin (19%). Disseminated disease (>2 non-contigous sites) develops in 23% of the 
cases [74]. The clinical presentation of disseminated disease includes pulmonary, 
cutaneous or gastrointestinal infection. CNS infection can occur as rhino-orbital 
cerebral mucormycosis (ROCM) in 69% of cases or as hematogenous dissemina-
tion of pulmonary infection in 15%. ROCM occurs more frequently in patients with 
DM. Sinusitis produces necrotic eschars in the nasal mucosa or palate. After sino-
nasal infection, these molds cab reach the sphenoid and cavernous sinus, the orbits 
and the brain via the orbital apex or cribiform plate. ROCM causes facial numbness 
and pain, orbital cellulitis, orbital abscesses, ptosis and proptosis. Cavernous sinus 
thrombosis is characterized by involvement of the third and fifth cranial nerves with 
diplopia, ophtalmoplegia, acute loss of vision or blurred vision. Contralateral hemi-
paresis warrants internal carotid artery thrombosis. Intracranial complications 
include epidural and subdural abscess, cavernous and less frequently sagittal sinus 
thrombosis (Fig.  10.3) [74]. Hematogenous dissemination can lead to mycotic 
aneurisms. Meningitis is rarely observed. Isolated brain involvement without 
ROCM occurs in 16% of all MM cases and typically affects the basal ganglia in 
intravenous drug users [75, 76].

The hallmark of mucormycosis is the finding a black necrotic eschar with broad, 
thin walled, aseptate hyphae with irregular branches at right angles. The absence of 
a necrotic eschar does not exclude MM, so all immunocompromised patients with 
paranasal sinus symptoms must undergo rapid ENT exploration and biopsy of sus-
picious lesions. Perineural invasion is frequent. Cultures lead to recovery in 40–50% 
of biopsy proven cases. CSF offers a poor yield [75]. Sinus CT may show fluid filled 
sinuses, edematous mucosa, with bony destruction as a late finding. MRI can iden-
tify cavernous sinus thrombosis, thrombosis of cavernous portions of the internal 
carotid artery and perineural spread [77].

The management of MM is based on multiple simultaneous interventions that 
include intravenous AmB, immediate surgical consultation for debridement, immu-
nosuppression reduction and controlling predisposing factors (taper steroids, con-
trol hyperglycemia and acidosis, increase neutrophil counts) [78, 79]. The first line 

M. F. Gonzalez-Lara and L. Ostrosky-Zeichner



215

of treatment is AmB, with the preference of lipid formulations. (5 mg/Kg/day of 
LAMB or 1.2–1.5 mg/Kg/day amphotericin B deoxycholate). The European guide-
lines suggest a high dose (10 mg/Kg/day) in the setting of CNS involvement can be 
considered on an individual basis. Increased nephrotoxicity and electrolyte imbal-
ances are cause for concern [80]. There are no data comparing the outcomes of CNS 
mucormycosis with different AmB doses. A multicenter non-randomized pilot trial 
in patients without CNS involvement found 45% response at 12 weeks and creati-
nine level doubling in 40% of patients receiving 10 mg/Kg/day [80]. The DEFEAT 
Mucor study showed patients receiving a median dose of LAmB of 7.5–8 mg/Kg/
day had a global success 56% at 90 days [81]. The combination of lipid-based AmB 
and caspofungin has been successful in a limited number of diabetic patients with 
ROCM [82]. Posaconazole and isavuconazole are the only azoles with activity 
against the Mucorales [83]. Posaconazole can be used as step down or salvage ther-
apy in refractory cases or intolerance to treatment, with complete response rates of 
73–80%. The recommended dose is 800 mg divided in 2–4 doses [78]. Isavuconazole 
was approved for the treatment of mucormycosis, based on the VITAL study, a 

a b c
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Fig. 10.3 Brain MRI in a patient with Disseminated Mucormycosis. A 19-year-old male with 
acute lymphoblastic leukemia who underwent remission induction chemotherapy, had prolonged 
severe neutropenia and presented with fever and multiple bilateral pulmonary cavitated nodules, 
splenic and renal infarcts. Pulmonary biopsy showed aseptate hyphae. He developed paraparesia. 
Head MRI showed a hyperintense cortical-subcortical lesion in the left precentral region. (a) Axial 
FLAIR and (b) Axial T2 FSE (c) Axial GRE with blooming foci in keeping with fungal elements. 
(d) T1, (e) and (d) axial and (f) coronal gadolinium images with peripheral enhancement. (Courtesy 
of Dr. Griselda Teresa Romero-Sanchez, Department of Radiology and Imaging, Instituto Nacional 
de Ciencias Médicas y Nutrición Salvador Zubirán)
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phase 3, single arm, open-label noncomparative trial. However, increasing reports 
of breakthrough IFI infections on isavuconazole, including mucormycosis, is of 
concern [84].

Surgical resection of necrotic tissue is essential, it improves survival in patients 
with pulmonary and ROCM [78, 84]. An endoscopic approach is preferred in 
patients with limited disease, while open surgery is preferred for extensive disease. 
A survival benefit in radical surgeries (maxillectomy, orbital exenteration or cranio-
facial resection) in patients with limited life expectancy is uncertain [82]. Antifungal 
treatment duration is not established, it is defined on an individual basis. It should 
continue until resolution of all clinical, imaging signs and symptoms resolve. In 
general, patients that respond to AmB can be switched to oral posaconazole after at 
least 3 weeks [85].

Overall mortality remains at 25–40% with localized infection but may reach 
70–90% in disseminated disease. Isolated cerebral infection has a mortality of 62% 
while disseminated disease with CNS involvement may reach 98% [74]. Poor sur-
vival has been found in ROCM patients with delayed diagnosis, hemiparesis, lid 
gangrene, bilateral sinus involvement and facial necrosis [86]. In patients with 
hematological malignancies or HSCT relapsed malignancy or protracted neutrope-
nia are often related to a worse prognosis.

 Emergent Fungi

 Dematiaceous Molds

Dematiaceous molds are a group of fungi that contain melanin-like pigment in their 
cell walls and produce brown hyphae. They belong to distantly related orders of 
Ascomycota that cause a variety of infections collectively known as phaeohypho-
mycosis (from the Greek “phaeo” for dark) They range from mild cutaneous infec-
tions (such as Exophiala dermatitidis and Hortaea wernecki), subcutaneous 
infections like chromoblastomycosis and systemic mycosis including brain 
abscesses [87]. These fungi are found commonly in tropical and subtropical regions. 
Some species are endemic to the Middle East, East Asia or India. Inhalation with 
hematogenous dissemination, traumatic introduction or local extension from adja-
cent sinusitis are involved in their pathogenesis. The most common neurotropic 
fungi are: Rhinocladiella mackenziei, Cladophialophora bantiana, Exophiala der-
matitidis and Fonsecae monophora. Other species like Exserohilum, Bipolaris, 
Chaetomium, Alternaria are related adjacent chronic sinusitis.

Most cases of CNS infection occur among immunocompetent patients. Several 
cases among solid organ transplant recipients, malignancy, HIV and intravenous 
drug use have been reported [8–10, 88, 89]. C. bantiana and R. mackenziei were the 
most frequent etiologic agents in a large series, mainly identified in India and the 
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Middle East, respectively. The most frequent presentation are brain abscesses (sin-
gle or multiple) causing focal neurologic deficits and seizures. Meningitis caused by 
Aureobasidium, Bipolaris and Cladophialophora has been described [88, 90]. 
Exserohilum rostratum, another dematiaceous mold, was involved in a multistate 
outbreak that resulted in 63 deaths in the USA during 2012. More than 750 patients 
developed fungal infections after receiving steroid injections contaminated with 
E. rostratum and other fungi. Fungal meningitis was detected in 384 patients, some 
of which developed stroke-like syndromes including basilar stroke and paraspinal 
infections with septic arthritis. The contaminated products were produced and dis-
tributed by a single compounding pharmacy. All products were recalled, and E. ros-
tratum was recovered from unopened vials [91].

Diagnosis of phaeohyphomycosis can be made by culture or histopathologic 
exam of abscess aspiration or biopsy, that show branching, septate hyphae with 
brown pigment in haematoxylin and eosin or a KOH preparation. Fontana-Masson 
staining helps to identify the melanized nature of the fungi. Cultures show growth 
of black molds on Sabouraud or potato dextrose agar, species identification may 
require ITS sequencing [87]. Determination of CSF β-D-glucan and PCR were use-
ful to confirm suspected cases during the E. rostratum outbreak [91].

The treatment of cerebral phaeohyphomycosis includes surgical resection or 
abscess aspiration and antifungal therapy. Most dematiaceous molds are susceptible 
to triazoles and AmB. Susceptibility testing is encouraged although not standard-
ized, treatment options are based on in vitro data and published case reports. 
Occasionally, Lomentosopora prolificans, Curvularia spp, Exophiala spp and 
R. mackenziei are resistant to AmB, while L. prolificans is resistant to all azoles. The 
outcome is usually poor, even with antifungal therapy. Mortality reaches 50–70%. 
Voriconazole and posaconazole may provide clinical improvement. In practice, 
voriconazole is preferred. Initial combination therapy with amphotericin B, an echi-
nocandin or flucytosine until clinical response and continued therapy with an azole 
is an option [87, 92, 93]. The length of treatment must be individualized, most 
patients need several months.

 Blastomyces helicus

Recently, B. helicus (formerly called Emmonsia) was recognized as a species. It was 
first isolated in 1970 from the brain and lungs in a patient in Alberta, Canada. It is 
found in regions of Western Canada and the USA not considered endemic for 
B. dermatitidis. It causes fatal disseminated (including CNS) disease in immuno-
compromised patients and companion animals. Histopathological findings include 
small yeast-like cells with single or multiple budding, sometimes proliferating to 
form hyphal like elements. The mycelial phase is characterized by the absence of 
conidia an occasional formation of coiled helices [94].
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 Antifungal Agents and the CNS

The BBB and blood-cerebrospinal fluid barrier (BCSF) create an obstacle for free 
diffusion of compounds into the CNS [95, 96]. Systemic infection alters cerebral 
blood flow, blood and tissue pH and intra / extracellular fluid volumes, all of which 
influence on systemic pharmacodynamics and drug penetration into the 
CNS. Meningeal inflammation may increase the concentrations of some antimicro-
bial agents in the CSF. When the BBB is disrupted, unrestricted drug passage may 
reach to the pathogen. Many drug characteristics influence drug penetration: lipo-
philicity (a greater lipophilicity translates into better CNS penetration), protein 
binding (reduced protein binding increases CNS penetration) and efflux bombs like 
P-glycoprotein present in the BBB and BCSF that remove compounds from the 
CNS.  Some antifungals exhibit non-linear or highly variable pharmacokinetics 
(PK), which require therapeutic drug monitoring. This variability is critical when 
CNS penetration is considered, making plasma concentrations an unreliable surro-
gate marker. Studies of antifungal drug CNS penetration in humans are limited, 
information is derived from preclinical animal models [95, 96].

Fluconazole is able to traverse the BBB and achieves a high concentration in the 
CSF which is dose dependent. This drug achieves a CSF/plasma concentration of 
0.6–0.8 and is readily detectable in the brain parenchyma. It has plasma protein 
binding of 10% and is not a substrate of P-glycoprotein. Itraconazole levels in the 
CSF are very low, with CSF /plasma concentration ratios of <0.002–0.12, even in 
the setting of infection. This has been attributed to rapid binding to red blood cells 
and 98% binding to plasma proteins. Murine experiments show this drug penetrates 
the brain rapidly, maintaining a lower than plasma concentration and rapidly declin-
ing due to efflux through P-glycoprotein (P-gp). The concentration achieved by 
itraconazole makes this drug a second line therapy for CNS infections. Voriconazole 
has a lipophilicity that is intermediate between fluconazole and itraconazole, a low 
molecular weight and is a weak substrate for Pgp. It penetrates human brain tissue 
and abscess material, exceeding the concentrations seen in plasma. CSF/plasma 
concentrations vary from 0.22 to 1, which is consistent with a plasma protein bind-
ing of 58% and extensive PK variability. Posaconazole penetrates the CNS poorly, 
with CSF/plasma concentrations of 0.009. Diffusion is increased by meningeal 
inflammation and it is an inhibitor of Pgp. Brain tissue concentrations are dose 
dependent and may achieve 70–80% of the plasma concentration at supratherapeu-
tic doses (40 mg/Kg), being able penetrate into fungal abscesses. Although tablet 
and intravenous administration have less variation in bioavailability and PK, it is not 
a first line treatment for CNS infections. Isavuconazole has a higher molecular 
weight than voriconazole and fluconazole and 99% plasma protein binding. It is not 
a substrate of Pgp and the brain/plasma concentration ratio is 1.8. There is no exten-
sive experience treating CNS infections with this agent [95, 96].

AmB has a large molecular weight that impairs CNS penetration. L-AmB is the 
formulation that achieves the highest CNS concentration. Despite low concentra-
tions, efficacy for most CNS mycosis including cryptococcal meningitis, is well 
established. A likely explanation are high meningeal concentrations [95, 96].

M. F. Gonzalez-Lara and L. Ostrosky-Zeichner



219

5- FC achieves a high CNS penetration due to low molecular weight, low protein 
binding and polarity. The CSF and brain concentrations are similar to the plasma 
with a ratio of 0.74–0.8. It is not recommended as monotherapy because of the rapid 
development of resistance [95, 96].

Caspofungin, micafungin and anidulafungin are inhibitors of β-D- glucan syn-
thesis. They have large molecular weight and high level of protein binding that 
achieve brain/plasma concentration ratios <0.01. CNS penetration has been observed 
only with supratherapeutic doses (>2 mg/Kg). Case reports of human data show 
consistently low CSF and brain/plasma ratios. At this point echinocandins have no 
role in the treatment of CNS infections [95, 96].

 Conclusions

CNS fungal infection presents as meningoencephalitis, brain abscesses, stroke syn-
dromes or spinal infections due to hematogenous dissemination, local extension of 
paranasal sinus infection or iatrogenous inoculation. CNS involvement is possible 
in the setting of healthcare associated IFI or endemic mycosis. The most frequent 
entity is cryptococcal meningitis. Immunocompromised hosts are most affected but 
disease can occur in healthy individuals. Antifungal treatment is a challenge due to 
reduced CNS penetration of most antifungals, the need for prolonged treatments 
and neurosurgical consultation. Morbidity and mortality remain elevated.
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Chapter 11
Neurocysticercosis and Other CNS 
Helminthic Infections

M. B. Tanabe, M. Schilling, and A. C. White Jr.

The term helminth refers to multicellular organisms that are members of the animal 
kingdom. These include roundworms (phylum Nematoda), and flatworms (phylum 
Platyhelminthes). The latter includes the tapeworms (subphylum Cestoda) and the 
flukes (subphylum Trematoda). A wide range of helminths can cause central ner-
vous system (CNS) infections. Globally, human helminth infections are extremely 
common, though less so in wealthy countries. However, even in non-endemic coun-
tries, helminths can cause serious infections, especially among immigrants and trav-
elers. Table 11.1 summarizes the clinical presentation, diagnosis and treatment of 
all the helminthic CNS infections covered in this chapter.
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 CNS Diseases Caused by Cestodes

 Neurocysticercosis

Taenia solium is a cestode parasite that has two distinct morphologic forms. The 
intestinal tapeworm form is only found in humans and the cystic larval form that is 
found in both humans and pigs. Cysticercosis refers to infection by the larval form 
of Taenia solium. Neurocysticercosis refers to cysticercosis of the central nervous 
system. Neurocysticercosis is a major cause of seizures and other neurologic mor-
bidity worldwide.

 Epidemiology

Cysticercosis is endemic in most regions of Central and South America, Sub-
Saharan Africa, and India. It is also endemic in parts of China, Southeast Asia, and 
Oceania. There are no good data on the global burden of disease, but somewhere 
between 8 and 50 million people are thought to have symptomatic infections. 
Cysticercosis is endemic in every region, in which there are pigs with access to 
human fecal material, and the prevalence is usually higher in rural or periurban 
areas. NCC has been clearly associated with seizures and epilepsy. In some endemic 
areas, the rate of epilepsy approaches 3%, with 25–40% of these cases having evi-
dence of cysticercosis [1, 2]. A meta-analysis suggested that 29% of seizures in 
endemic regions are due to NCC [3]. Cases in non-endemic countries, such as 
United States, Europe, and the Persian Gulf are seen in the immigrant population. 
Even these areas occasionally note local transmission from tapeworm carriers. 
Reviews of the US Nationwide Inpatient Sample found an estimated 2000 hospital-
izations per year related to neurocysticercosis [4, 5]. Using inpatient data alone 
largely underestimates burden of disease. For example, a study using Oregon data-
base from 2010 to 2013 found as many new cases of NCC among outpatients as 
among inpatients [6]. Neurocysticercosis was documented in 2% of patients pre-
senting to US emergency departments with seizures [7].

 Life Cycle/Parasitology

The lifecycle of the T. solium includes two hosts. Pigs are the intermediate host. 
Cysticerci (cystic larvae) are found in the muscle of pigs. Humans develop infesta-
tion with tapeworm (termed taeniasis) if they ingest undercooked pork contami-
nated with T. solium cysticerci. Once ingested, the scolex evaginates and attaches to 
the intestine wall by hooks and suckers. Segments termed proglottids develop from 
the base of the scolex and form a long ribbon-like chain, which can reach up to a 
length of up to 30 ft. Mature proglottids are shed from the distal end and are off 
white in color, 0.5–1 cm wide, 1–2 cm long and 1–3 mm thick. The species can be 
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identified by noting 9–14 uterine branches in the terminal proglottids. Taeniasis is 
mostly asymptomatic. Both proglottids and microscopic ova are intermittently shed 
in stool. The ova are sticky and can be found under the fingernails of tapeworm 
carriers.

When pigs ingest ova or proglottids, the eggs hatch in the intestine of the pig and 
release invasive larvae called oncospheres. The oncospheres penetrate the intestinal 
mucosa using hooklets and proteases and enter the bloodstream. They travel through 
the blood to tissues, where they form cysticerci. Cysticerci appear in the muscle as 
thin-walled translucent oblong balloons, approximately 0.5–1 cm in diameter and 
1–2 cm long.

Human cysticercosis follows ingestion of ova from a tapeworm carrier. Tapeworm 
carriers can infect themselves by ingestion of the ova or infect others around them. 
After ingesting the ova, oncospheres penetrate into the blood stream and travel to 
tissue such as muscle, brain and eyes. Most data suggest that cysticercosis is 
acquired by close contact usually within households. Note that cysticercosis is not 
acquired directly from eating pork. For example, cysticercosis has been noted in 
orthodox Jewish children in New York city (from domestic servants, who were tape-
worm carriers) and among vegetarians in India.

 Pathogenesis/Pathology

Tissue cysticerci develop over a period of weeks after ingestion of the ova. Mature 
cysticerci in the brain appear as translucent balloon-like structures, approximately 
1–2 cm in diameter with an invaginated scolex appearing as an off-white opaque 
nodule attached to the side. The viable phase is usually asymptomatic and usually 
persists for a few years. Several parasite molecules have been shown to suppress the 
host inflammatory response. The cysticercus evades complement-mediated destruc-
tion by means of parasite paramyosin (which inhibits C1q), taeniastatin (which 
inhibits both classical and alternate pathways and may interfere with lymphocyte 
proliferation and macrophage function), and sulfated polysaccharides (which acti-
vate complement away from the parasite). Cysticerci also induce production of 
alternatively activated macrophages and prostaglandin, which downregulate the 
inflammatory response. Cysts remain viable for years but eventually lose the ability 
to evade the host response. The cyst is then attacked by a granulomatous inflamma-
tory infiltrate composed of plasma cells, lymphocytes, macrophages and eosino-
phils. This response is associated with release of Th1 cytokines such as Interleukin-12, 
Interferon-y and Interleukin-2 [8, 9]. The walls of the cyst degenerates and is 
invaded by the inflammatory cells. As the host inflammation progresses, the cyst 
collapses leaving a residual granuloma. At this stage the parasite is no longer viable. 
Eventually, the granulomatous tissue is replaced by fibrosis and calcifications [10].

Neuroimaging studies using CT and MRI have noted similar findings to above 
described pathologic stages [11, 12]. Cysticerci appear as round, cystic lesions, 
typically 1–2 cm in diameter. The cyst fluid is often isodense with cerebral spinal 
fluid. The early inflammatory response causes the cyst wall to increase in density 
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and to enhance with contrast. As the cysticercus degenerates, cyst fluid increases in 
density from inflammatory cells. and eventually becomes fibrotic and collapses. 
Neuroimaging reveals focal enhancement, suggestive of granuloma formation. The 
final stage is defined by focal areas of dense calcification, typically several millime-
ters in diameter. Presence of brain calcifications has been associated with seizures 
[13–15].

Infection per se does not typically cause symptoms. The main clinical manifesta-
tion, seizures, is caused by the host inflammatory response. In most cases with sei-
zures and cystic lesions are associated with signs of inflammation on neuroimaging 
studies (either edema or contrast enhancement). By contrast, asymptomatic lesions 
found incidentally at autopsy are not associated with significant inflammation. 
Among the inflammatory factors, the neuropeptide substance P is a critical mediator 
of seizures [16]. Seizures can also occur with calcified lesions. Some of the calcified 
cysticerci are associated with intermittent inflammation, likely due to granuloma 
break down and release of parasite antigens [17]. In addition, there is some evidence 
that fibrosis or hippocampal sclerosis associated with calcified lesions also lead to 
seizures.

Cysticerci in the ventricles do not typically present with seizures, but instead 
present with obstructive hydrocephalus. In most cases, this is due to mechanical 
obstruction of cerebrospinal fluid flow by cysticerci lodging in the ventricular out-
flow tracks (e.g. foramen of Monroe, Aqueduct of Sylvia, or foramena of Luschke 
and Magendie). The cysticerci are large and cannot pass readily through these nar-
rowings (which are typically 1 mm in diameter).

Cysticerci in the basilar cisterns can also be associated with arachnoiditis. The 
arachnoiditis may lead to angiitis with small or large vessel strokes. The strokes are 
usually ischemic, but can be hemorrhagic. Additionally, chronic arachnoiditis may 
lead to CSF outflow obstruction and communicating hydrocephalus.

 Clinical Manifestations and Classifications

NCC is a spectrum of diseases, with variable clinical presentations depending on 
the location of the lesions, viability of the parasite and the host response. NCC is 
divided into parenchymal and extraparenchymal NCC.  In general, parenchymal 
NCC is associated with seizures or headache. Extraparenchymal NCC is associated 
with symptoms of elevated intracranial pressure such as headache, nausea, vomit-
ing, dizziness, and altered mental status. The seizures can be focal, focal with gen-
eralization or generalized. Patients can present with a variety of other neurologic 
manifestations which include headaches, spinal radiculopathies, cerebral vascular 
accidents (lacunar infarcts, thrombotic or hemorrhagic strokes), visual changes, 
meningitis or mass lesions. NCC has been associated with neurocognitive deficits 
and decreased quality of life. One study suggests that learning disabilities are more 
commonly seen in infected children [18]. It is important to understand how to cor-
rectly classify cysticercosis in order to correctly diagnose and manage the disease.
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 Parenchymal Disease

Parenchymal lesions can be further subdivided into single enhancing lesion, cystic 
parenchymal lesions and calcified parenchymal lesions. Single enhancing lesion is 
the most common presentation in hospital-based series from the USA and India [19, 
20]. This form is also referred to as solitary cysticercal granuloma. This stage rep-
resents the parasite in transition from viable to degenerating in response to host 
inflammation. Imaging studies may demonstrate a ring or focal area of enhance-
ment, often with surrounding edema Fig. 11.1c. Patients typically present with one 
or more seizures and/or headaches. Symptoms such as fever, hilar or cervical ade-
nopathy, or weight loss or focal neurologic findings suggest an alternative diagnosis 
such as tuberculosis, brain abscess or tumor.

Viable parenchymal cysticerci is the most common presentation in hospital-
based series from Latin America [21]. In most cases, patients present with seizure 
and/or headache. On neuroimaging studies, they present with one or more cystic 
lesions (Fig. 11.1a, b). The cysticerci are typically round, 4–20 mm in diameter and 
have cyst fluid that is isodense with CSF. The cyst wall is thin (<1 mm) and may not 
be visible. The scolex when apparent, is a round or tubular mass 1–3  mm long 
attached to the cyst wall. It may be equal or more dense than brain parenchyma. 
Symptomatic lesions usually have associated contrast enhancement of the cyst wall 
or surrounding edema. This definition overlaps with single enhancing lesion.

Calcified parenchymal lesions are the most common radiographic abnormality 
seen on population-based studies in endemic areas [22, 23]. Figure  11.1f shows 
imaging finding of multiple calcified parenchymal lesions. Most of these lesions are 
asymptomatic. Those that are symptomatic are often found to have associated per-
ilesional edema or enhancement. The edema is thought to be due to periodic break-
down of the granuloma leading to intermittent inflammation. Nash et al. prospectively 
followed a cohort of patients with calcifications and perilesional edema. They found 
that perilesional edema episodes were common and often associated with symptoms 
(most commonly seizures) that in some cases symptoms that were disabling [15]. 
Calcified parenchymal lesions may also be associated with hippocampal atrophy 
that likely predispose to recurrent seizures [24].

A minority of patients with parenchymal cysts present with numerous cysticerci 
and diffuse cerebral edema. Termed cysticercal encephalitis, this form of disease is 
the result of host inflammatory response to a large number of cysts in the brain 
parenchyma. This form has been more commonly reported in young females [25].

 Extraparenchymal Disease

Extraparenchymal disease can be subdivided into ventricular, subarachnoid, spinal 
and ocular cysticerci. In general, extraparenchymal disease is associated with a 
worse prognosis than parenchymal disease. In ventricular NCC, cysticerci are found 
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in the ventricular cavity or attached to the choroid plexus. These comprise about 
10–20% of NCC cases in hospital-based series [26]. Typically, symptoms develop 
when cysticerci block the ventricular outflow tracts, leading to symptoms of obstruc-
tive hydrocephalus and increased intracranial pressure, such as chronic headache, 
nausea, vomiting, altered mental status. Occasionally, patients can present with epi-
sodes of sudden loss of consciousness related to head movements, caused by inter-
mittent obstruction of the third or fourth ventricle by mobile cysts. This is termed 
Brun’s syndrome [27].

Subarachnoid neurocysticercosis refers to NCC involving the subarachnoid space 
of the basilar cisterns and/or Sylvian fissures. This term is typically not applied to 
those with cystic lesions in the gyri over the brain convexity. The latter group, while 
technically having subarachnoid neurocysticercosis, are grouped with parenchymal 
disease due to a similar clinical presentation, pathogenesis, and response to therapy. 
Basilar subarachnoid neurocysticercosis occurs in about 5% of hospitalized cases. 
Patients present with headaches, meningeal signs, hydrocephalus, vasculitis or stroke 
[28]. They also frequently have cysticerci in the brain parenchyma (presenting with 
seizures) or the ventricles (presenting with obstructive hydrocephalus). Cysticerci in 
the Sylvian fissures can enlarge up to 10 cm in diameter, termed giant cysticerci, since 
cyst growth is not limited by pressure from the brain parenchyma. This can present 
mass effect or midline shift. Cysticerci in the basilar cistern can be difficult to see on 
imaging studies. The cyst walls are thin and the cyst fluid is often isodense with cere-
brospinal fluid. Chronic arachnoiditis may develop as a result of local inflammation, 
which may be seen as focal or diffuse meningeal enhancement, vasculitis or stroke. 
Cysticerci in the basilar cisterns are frequently associated with cyst involvement of the 
spine, which can sometimes be asymptomatic [29].

Spinal cysticerci occurs in approximately 1% of hospitalized cases [30]. It pri-
marily involves the subarachnoid space with inflammatory changes and demyelinat-
ing changes in the nerve roots, which leads to radicular pain or myelopathy. Rarely, 
cysticerci can involve the spinal medulla, resembling a transverse myelitis.

Ocular cysticercosis occurs in approximately 1–3% of hospitalized cases [31, 32]. 
Involvement may include cysticerci in the anterior chamber, vitreous humor, subreti-
nal space, conjunctiva or extraocular muscles. The latter leads to ocular palsies. 
Subconjunctival cysts may be visible on the surface of the eye. Symptoms of vitreal 
or subretinal disease include impaired vision, eye pain and diplopia. Ocular cysticer-
cosis should be excluded by fundoscopic exam in all patients with NCC and direct 
visualization of the parasite is pathognomonic for diagnosis of cysticercosis [33].

Clinical cases with large number of cysticerci often include more than one of the 
above forms of NCC.  The clinical presentation may reflect each location of the 
cysticerci.

 Diagnosis

Recent guidelines for NCC management were publish that discuss proper diagnosis 
and management of NCC [33]. Del Brutto et al. recently released revised diagnostic 
criteria that has been validated with subarachnoid and ventricular cysticercosis [34, 
35]. NCC should be suspected in patients with seizures and/or manifestations of 
elevated intracranial pressure in the setting of exposure. Diagnosis relies heavily on 
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neuroimaging. All patients with suspected NCC should undergo a thorough history 
and physical examination, with a focus on exposure history. Exposure history 
should include residence or prolonged exposure in an endemic area. Queries about 
access to sanitation throughout life, contact with pork-raising areas (especially 
among family or neighbors), or known contact with asymptomatic carrier can help 
calrify exposure. Since tapeworm carriers can infect themselves, patients should be 
asked about exposure to undercooked pork as well. History should include query 
about symptoms of disease that can present like NCC (e.g. fever, night sweats, 
weight loss would suggest TB). Examination should similarly look for evidence of 
mimics to NCC.  For example, regional adenopathy could suggest TB or malig-
nancy. A thorough neurologic examination is also important. Focal findings are 
unusually in patients with parenchymal or ventricular neurocysticercosis and would 
suggest other diagnoses. Ophthalmologic examination should be performed on all 
suspected patients to exclude ocular cysticercosis. As mentioned above, direct visu-
alization of the parasite on fundoscopic exam is pathognomonic for NCC. Evaluation 
of suspected NCC should include neuroimaging with both non-contrast CT and 
MRI of the brain. Non-contrast CT is highly sensitive for identifying calcifications 
and demonstrates most parenchymal cysticerci, as well as cysticerci involvement of 
the eye and orbits [30, 36]. MRI is more sensitive at detecting small lesions, evaluat-
ing for degenerative change such as edema and/or enhancement surrounding calci-
fied lesions, and visualizing the scolex within cysts [37, 38] (Fig. 11.1). MRI is also 

a b c

d e f

Fig. 11.1 (a–f) Stages of human neurocysticercosis. (a) FLAIR MRI sequence T1, showing 
Parenchymal viable cysts. (c) post contrast T1 MRI sequence, single enhancing lesion extensive 
basal. (d), FLAIR MRI sequence with subarachnoid neurocysticercosis in the anterior fossa. (e), 
FLAIR MRI sequence, viable cyst in the IV and intraparenchymal brain calcifications. FLAIR 
fluid-attenuated inversion recovery. (From White and Garcia [44], with permission)
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better at identifying intraventricular and subarachnoid cysticerci, as viable cysti-
cerci are isodense with CSF and difficult to detect on non-contrast CT. New three-
dimensional MRI sequences such as Fast Imaging Employing Steady-State 
Acquisition (FIESTA), 3D constructive interference steady state (CISS) and bal-
ance fast field echo (BFFE) have improved the sensitivity and specificity of MRI for 
detecting cysticerci within the cerebrospinal fluid [39]. Patients found to have basal 
subarachnoid involvement should also undergo MRI of spine, as spinal involvement 
is often found in cases of basal subarachnoid cysticercosis [39].

Serologic testing can be important as a confirmatory test in patients with sus-
pected NCC and is especially important in those whose diagnosis is uncertain based 
on clinical and radiographic findings. Antibody test of choice is the enzyme-linked 
immunoelectrotransfer blot assay, which detects antibodies to T. solium in serum 
through lentil lectin purified glycoprotein antigens [35, 40]. This assay is available 
from the United States Centers for Disease Control and Prevention (CDC) and some 
reference laboratories. Sensitivity of this immunoblot assay varies with form of 
NCC. Serum specimen is generally more sensitive that CSF. In those with multiple 
parenchymal cysticerci, subarachnoid or ventricular lesions, then sensitivity is 
nearly 100%. However, the sensitivity patients with only one lesion is as low as 
50–60% [41]. Thus, a negative serologic test does not exclude NCC in patients with 
compatible clinical and radiographic findings [42]. There are only rare false positive 
results. However, positive antibody tests may be seen in individuals from endemic 
areas with previous infection and/or extraneural cysticercosis Enzyme-linked 
immunosorbent assays using crude antigen to detect antibody are not recommended 
given their poor sensitivity and specificity. Assays for parasite antigen in CSF, 
serum and urine have been developed. They are less sensitive than EITB but may be 
useful in tracking a response to treatment if available [43]. Brain biopsy is only 
rarely needed, but may be helpful when the diagnosis is not clear after imaging and 
serologic testing.

 Management

Prior to initiation of therapy for cysticercosis, all patients should have fundoscopic 
exam performed to exclude intraocular neurocysticercosis and screen for papill-
edema [44]. In those patients who are likely to require prolonged steroid course 
(greater than 1-month course), the Infectious Disease Society of America/American 
Society for Tropical Medicine and Hygiene guidelines recommend screening for 
latent tuberculosis infection prior to initiation of steroids. Strongyloides stercoralis 
is coendemic with T. solium in many areas. Thus, it is important to consider coinfec-
tion of Strongyloides and the risk of hyperinfection with corticosteroid use. There is 
controversy on whether the best management approach is screening or empiric ther-
apy for Strongyloides coinfection. Given that diagnosis of Strongyloides infection is 
often difficult, some experts recommend empiric treatment with ivermectin [33].

Initial approach to treatment should focus on symptomatic treatment of increased 
intracranial pressure and seizures. Symptoms and signs of elevated intra-cranial 
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pressure include headache, nausea/vomiting, papilledema, and altered mental sta-
tus. Management of diffuse cerebral edema consists of corticosteroids. In cases 
where elevated intra-cranial pressure is due to hydrocephalus, surgical intervention 
is required. For ventricular disease, the typical approach is removal of the obstruct-
ing cyst. Regardless of the cause of elevated intracranial hypertension, antiparasitic 
therapy is contraindicated and can only be considered after addressing the intracra-
nial hypertension.

Seizures due to NCC generally respond well to monotherapy with first-line anti-
epileptic drugs. Choice of anti-epileptic drugs should be guided by local availabil-
ity, cost, drug interactions and potential side effects. Most cases have used phenytoin, 
carbamazepine or phenobarbital, however newer agents such as levetiracetam may 
be preferable to older agents given less drug interactions [33]. Risk factors for sei-
zure recurrence after withdrawal of anti-epileptic drugs include persistent viable 
parenchymal cysts, abnormal EEG, residual calcifications, breakthrough seizures or 
frequent seizures, perilesional gliosis or hippocampal sclerosis on MRI.  For the 
patient with a single enhancing lesion and no risk factors for recurrence, AEDs can 
be safely withdrawn if imaging studies are negative at 6 months Patients with more 
than one lesion should be seizure free for two or more years prior to considering 
anti-epileptic drugs are withdrawn, as is the case for idiopathic epilepsy [33, 45]. 
Patients with single enhancing lesions, with few seizures, no breakthrough seizures, 
and a negative MRI, can safely be tapered off anti-epileptic drugs after 6 months of 
treatment [33, 43].

Antiparasitic therapy is warranted for all patients with viable and/or degenerat-
ing parenchymal cysts on neuroimaging. Initiation of antiparasitic therapy is never 
an emergency and should be deferred until patient is stabilized. Increased intracra-
nial pressure is a contra-indication to antiparasitic therapy. Studies have shown that 
use of antiparasitic medications hastens resolution of cysts and diminishes seizure 
risk [46]. However, antiparasitic therapy may transiently exacerbate neurologic 
symptoms due to inflammation caused by host response to the dying parasite. 
Adjunctive corticosteroids should be started prior to initiation of anti-parasitic ther-
apy. This has been shown to be associated with fewer seizures [33, 47].

Patients with single enhancing lesions usually present with seizures and thus 
should be treated with anti-epileptic drugs. Recent meta-analyses suggest that 
albendazole (15 mg/kg/day in two divided doses taken with food) in combination 
with steroids slightly decreases seizure recurrence [47]. Therefore, the IDSA/
ASTMH guidelines recommend a short 1-week course of albendazole and steroids 
in addition to antiepileptic drugs for these patients [33].

For viable parenchymal cysticercosis, two randomized control trials have shown 
more rapid radiographic resolution of cysts and fewer seizures when patient are 
treated with antiparasitic medications and corticosteroids [48, 49]. For patients with 
1–2 cysticerci, there is no difference in response to monotherapy using albendazole 
when compared to combination with both albendazole and praziquantel. However, 
in those with >2 cystic lesions, significantly higher rates of resolution were seen 
with the combination of albendazole and praziquantel compared to albendazole 
alone [50, 51]. Based on this, albendazole alone (15 mg/kg/day in two divided doses 
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taken with food) is recommended for those with one to two cystic lesions, and com-
bination albendazole with praziquantel (50 mg/kg/day in three divided doses) for 
those with more than two cystic lesions [33]. Duration of treatment is 10–14 days 
for viable parenchymal cystic lesions. Even with combination therapy, not all 
patients resolve their lesions. Thus, if parenchymal lesions persist on MRI 6 months 
after completion of the initial course of therapy, retreatment is recommended.

Calcified parenchymal lesions do not contain viable parasite. Thus, there is no 
indication for antiparasitic therapy. Calcified lesions can intermittently develop per-
ilesional edema from host response that can serve as a focus for seizures. Anti-
inflammatory medications such as high dose corticosteroids or methotrexate may 
help to control edema. However, some data suggest that steroid withdrawal may 
exacerbate perilesional edema [33, 52]. Currently only symptomatic therapy is rou-
tinely recommended for isolated calcified lesions.

There are limited data on optimal dosing of adjunctive corticosteroids. Commonly 
used doses include prednisone 1 mg/kg/day or dexamethasone 0.1 mg/kg/day (usu-
ally split into three daily doses) begun 1 day prior to antiparasitic therapy, continued 
for duration of antiparasitic therapy and followed by a rapid taper. Garcia et al. sug-
gested that a higher, prolonged dose (dexamethasone 8 mg/day for 28 days followed 
by a taper vs. 6 mg/day for 10 days) had fewer seizure recurrences [53].

Currently, there is no controlled trial data on management of intraventricular 
NCC.  Patients generally present with symptoms and signs of obstructive hydro-
cephalus. The presentation may vary from a mild chronic headache to severe acute 
coma. In those with stable hydrocephalus, management depends on whether cysts 
appear inflamed or adherent to the ventricular wall. In patients with non-adherent 
intraventricular cysticerci, treatment with minimally invasive neuroendoscopy has 
been associated with a favorable response, especially with cysticerci in the lateral 
and third ventricles [54]. Some experts have reported good response with neuroen-
doscopy for cysts in the fourth ventricle using an anterior approach. This approach 
is easier if the aqueduct is dilated by hydrocephalus. However, there is a high risk 
adverse outcomes with this approach given requirement to navigate through the 
aqueduct with adjacent critical brain structures [55–57]. IDSA/ASTMH guidelines 
recommend an individualized approach to cysts in the fourth ventricle depending on 
experience of the neuroendoscopist and the degree of dilation of the aqueduct. If the 
cysts can be completely removed with endoscopy, there is no indication for subse-
quent treatment with antiparasitic therapy [33]. Those with adherent cysts should be 
managed with CSF diversion, given high risk of hemorrhage with attempted removal 
of the cysts [33]. If patients undergo shunt placement alone, there is a high risk of 
shunt failure. There are some data that steroids and antiparasitic drugs may decrease 
the risk of subsequent shunt failure.

Subarachnoid NCC is a particularly severe form of the disease and is difficult to 
treat. Those patients that present with communicating hydrocephalus often require 
CSF diversion via VP shunt, followed by antiparasitic therapy and corticosteroids. 
Endoscopic removal of subarachnoid cysticerci via third ventriculostomy has been 
described in those without hydrocephalus but is unproven [54]. Subarachnoid cysts 
do not respond to short courses of antiparasitic therapy used for parenchymal 
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neurocysticercosis. Current guidelines recommend continuing anti-parasitic ther-
apy until resolution of cysticerci on MRI, often requiring a year or more of treat-
ment. Patients treated with longer than 2 weeks of albendazole require monitoring 
for hepatotoxicity and leukopenia. It is recommended to check blood counts and 
liver enzymes weekly for the first month and monthly thereafter. IDSA/ASTMH 
guidelines suggest that methotrexate can be used as a steroid-sparing agent after 
initial stabilization in those patients requiring prolonged courses of anti-inflamma-
tory therapy [33, 58]. Nash et  al. reported using etanercept as a steroid-sparing 
agent [59].

There is no evidence that management of NCC should be different in children 
than in adults. Dosing of therapy should be weight based [33]. Management of NCC 
during pregnancy presents challenges due to concerns about teratogenicity of the 
drugs. Those who have elevated intra-cranial pressure should be managed aggres-
sively as is the case for non-pregnant patients. Generally, anti-parasitic therapy can 
be differed until after delivery.

 Prevention

Prevention strategies should target each of the stages of transmission, including 
human tapeworm, porcine cysticercosis and reducing transmission between humans. 
Preventing human tapeworm infection can be done by eliminating human consump-
tion of contaminated pork. This can be accomplished by inspection of pork for 
cysticerci, which can be visible in raw meat. Freezing or adequately cooking the 
meat also destroys the cysticerci. Transmission of porcine cysticercosis can be 
stopped by eliminating access of pigs to human feces via improved sanitation and 
confining pigs. A vaccine for porcine cysticercosis is commercially available in 
India. Use of the vaccine along with mass chemotherapy of pigs with oxfendazole, 
and treatment of tapeworm carriers can lead to elimination of transmission [60, 61].

 Echinococcosis

Echinococcosis is a zoonosis caused by larval stages of Echinococcus spp. The 
parasites of the Echinococcus granulosus complex are responsible for cystic echi-
nococcosis, whereas Echinococcus multilocularis causes alveolar echinococcosis 
[62, 63]. Echinococcus granulosus, formerly considered a single species, is now 
known to comprise a number of species and genotypes. Cystic echinococcus is 
endemic in South America, the Mediterranean region, Near and Middle East, East 
Africa and central Asia, including parts of China. Alveolar echinococcus is found in 
central and eastern Europe, central Asia, Alaska and Canada [62–64].

The definite hosts of E granulosus complex parasites are dog and other canines. 
The intermediate hosts are usually ruminants (sheep, cattle, goats, camels and pigs). 
The definite hosts of E. multilocularis are mainly foxes and wolves. Intermediate 
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hosts are rodents. Definite hosts acquire infection by ingesting viscera of intermedi-
ate hosts contaminated with cysts. The life cycle of both Echinococcus spp. are 
similar with exception of the lack of internal protoscolexes in E. multilocularis, 
spreading via budding of multiple internal vesicles that may spread hematogenously 
to other organs.

Humans acquire the infection by ingesting ova shed by definite hosts. After 
ingestion, the oncosphere (invasive larvae) is released. It penetrates the intestine and 
migrates through the bloodstream to other organs. E. granulosus complex has a 
predilection for the liver (66%) and lungs (25%). CNS involvement is only noted in 
1–2% of cases, most frequently in children [65–67]. E. multilocularis also is found 
almost exclusively in the liver but CNS lesions usually present as a consequence of 
late metastatic disease.

Hepatic disease presents with symptoms resembling a hepatic malignancy with 
symptoms of mechanical compression. Ruptured cysts may present with eosino-
philia, fever, pruritus, urticaria or anaphylaxis. In the CNS, echinococcosis presents 
as a mass lesion [66, 67]. Symptoms include headaches, visual changes, seizures, 
focal abnormalities or symptoms of increase intracranial pressure due to compres-
sion to adjacent structures. Infection in the spinal cord has predilection for thorax 
and presents with spinal compression.

CNS echinococcosis diagnosis is made via imaging studies. In the brain, the E 
granulosus complex cysts are well-defined single supratentorial spherical lesions 
with smooth borders, rare calcifications and minimal edema [66–69]. Most of them 
are found in the distribution of the middle cerebral artery. In contrast, E. multilocu-
laris lesions are multiple, semisolid, multi-loculated with frequent calcification and 
edema. By MRI, the wall of E granulosus complex cysts has low signal intensity on 
T2 imaging in contrast to the high intensity fluid content. Protoscolices within the 
cyst (“Hydatid sand”) are not as often seen with CNS cysts, but when found, are 
diagnostic (Fig.  11.2). Less common locations for the hydatid cysts include the 
pons, ventricles, subarachnoid spaces, cavernous sinus, cerebellum and skull. 
Serologic diagnostic testing via ELISA or IFA, is directed against Antigen 5 and 
Antigen B for CE, and Antigen Em2 and Antigen Em18 for AE [70, 71]. Both may 
cross react with Taenia solium. Sensitivity and specificity are not optimal for extra-
hepatic disease.

For CNS disease, surgical removal and adjunctive antiparasitic treatment with 
albendazole are the gold standard. Prolonged medical treatment is recommended 
for unresectable cases and for CNS E. multilocularis, as it presents as part of dis-
seminated disease. At present time, there is no serological marker for therapy effi-
cacy, as serology testing remains positive for years after therapy. Long-term 
follow-up relies on imaging and clinical symptoms.

 Sparganosis

Sparganosis is a zoonosis caused by larvae of Spirometra spp. Humans are inciden-
tal hosts acquiring the disease through contact with intermediate or definite hosts 
via ingestion of undercooked or raw meat, poultices and larva-infected water [72, 
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73]. While Spirometra species are found worldwide, most human cases are due to 
Spirometra erinaceieuropaei, Spirometra ranarum or Spirometra proliferum, which 
are found in Southeast Asia, Japan, China and Korea.

The lifecycle consists of adult tapeworms living in the intestines of definite hosts 
(domestic and wild carnivores). Copepods are the first intermediate hosts. Frogs, 
snakes and fish are the second intermediate hosts [73]. After ingestion or contact 
with the infected hosts, the larvae can invade the human tissues of the eyes, brain, 
breast, spinal cord and subcutaneous tissues. Incubation period depends on the 
infection route (6–11 days up to several years). The proliferative form of spargano-
sis (S. proliferum), invades systemically via continuous branching and budding at 
different organs (lungs, abdomen, brain) which gradually expand over 5–25 years of 
infection [73].

Sparganosis presents as inflammatory nodules in the subcutaneous tissues and 
muscles, abdominal cavity, perirenal fat, breast, genitourinary system, lymphatics, 
lungs, eyes and CNS. Ocular sparganosis causes periorbital edema, proptosis, pain-
ful eye movements, ptosis, orbital cellulitis, corneal ulcerations and vision changes. 
Central nervous system disease, usually presents with seizures, hemiparesis and 
headache. It can also present as cerebral hemorrhages or obstructive hydrocephalus. 
When invading the spinal canal, symptoms are similar to tumors [73–76].

On neuroimaging studies, sparganosis presents as mainly supratentorial periph-
eral lesions with irregular, patchy, serpentigenous patterns and surrounding edema 
[73–76]. Brain lesions with live parasites may present with “worm-body sign”, 
“tunnel sign” and “migration signs” [73]. Intracerebral hemorrhage or hematoma 
can be present, representing capillary lesions along the path of the larvae.

Fig. 11.2 CNS 
Echinococcosis with 
daughter cysts. MRI of 
brain T2 FLAIR sequence 
demonstrating large cyst in 
right frontoparietal area 
with daughter cysts within 
(arrows). (From Vidhate 
et al. [71], with 
permission)
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Detection of specific IgG antibodies from peripheral blood or CSF by ELISA 
have sensitivities of 85.7–90% and specificities 87–97.5% [72]. Cross-reactivity has 
been noted with clonorchiasis, cysticercosis and paragonimiasis. Gold standard is 
direct visualization of the larva in lesion or biopsy. PCR provides a sensitive method 
to distinguish between subspecies.

Surgical removal or stereotactic aspiration of active nodules has been the stan-
dard for both diagnosis and treatment. Recent studies note cure with high dose pra-
ziquantel therapy (50–75 mg/kg/d for at least 14 days, repeated monthly), especially 
in patients considered unresectable [73, 74, 77].

 CNS Diseases Caused by Nematodes

 Angiostrongyliasis

Angiostrongyliasis or neuroangiostrongyliasis is a disease caused by Astrongylus 
cantonensis, the rat lungworm [78, 79]. It is the most common cause of eosinophilic 
meningitis. The disease was formerly considered to be mild and of low morbidity 
and mortality, however recent cases reported severe neurological presentations such 
as paralysis and hemorrhagic encephalitis with sequelae despite appropriate treat-
ment [80, 81].

Neuroangiostrongyliasis is an emerging zoonosis. Although traditionally con-
sidered a disease of the Far East (SE Asia and Southern China), it is currently 
being reported in many subtropical and temperate regions (Pacific Islands includ-
ing Hawaii, Egypt, Caribbean, South America, and the southern United States) 
[78, 82]. The definite hosts of A. cantonensis are rats. As the name implies, “the 
rat lungworm” adult form resides and deposits eggs on the pulmonary arteries and 
right ventricle of the heart of rats. The intermediate hosts (mollusks including 
freshwater snails, semi-slugs, and slugs) are infected via water contaminated with 
rat feces. In humans, the most common cause of infection is consumption of 
undercooked or raw infected mollusks, as well as vegetables and fruit juice con-
taminated by slime from the mollusk hosts. After ingestion, A. cantonensis pene-
trates the intestines and migrate via blood vessels, and infect the CNS and eyes 
[79, 83, 84].

Incubation period lasts between 1 and 35 days (mean 2 weeks) after consumption 
of infected material. Early presentation includes non-specific gastrointestinal symp-
toms that coincides with migration of parasite. CNS angiostrongyliasis present with 
severe headaches (95% cases), neck stiffness, nausea, photophobia, paresthesias 
and limb pain [79, 80, 83, 84]. Identification of migratory focal neurological signs, 
cranial nerve abnormalities or migratory hyperesthesias that do not follow dermato-
mal distribution should prompt the clinical suspicion of the disease [83]. Encephalitis 
and radiculomyelitis are less common presentations. Ocular angiostrongyliasis is 
rare and presents with diplopia, conjunctivitis, retinal abnormalities, blindness or 
symptoms compatible with optic neuritis [84].

Presumptive diagnosis is made based on clinical symptoms, lumbar puncture 
(LP) findings and exposure history. The hallmark of the diagnosis is eosinophilia in 
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the CSF studies, usually >10% of eosinophils. CSF shows variable leukocytosis 
(0–160 cells/mm), increase protein and normal glucose concentrations. Diagnosis is 
confirmed with presence of parasites in CSF. Real time PCR for A. cantonensis in 
the CSF is available for confirmation in endemic areas. Ophthalmologic examina-
tion may reveal the parasite in ocular angiostrongyliasis. Serologies are no longer 
recommended [83]. Peripheral blood eosinophilia can be present but does not aid in 
the diagnosis. CT and MRI are usually non-specific. They may demonstrate edema 
and ventricular dilation, leptomeningeal enhancement, subcortical white matter 
changes [84] (Fig. 11.3).

a b

c d

Fig. 11.3 (a–d) Cerebral and spinal cord Angiostrongylus infection
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High dose corticosteroids have been accepted as standard therapy, due to improve 
outcomes in non-comatose patients [83]. Antihelminthic drug use is controversial. 
Albendazole may reduce the duration of symptoms when given along with cortico-
steroids [80, 83, 85]. For ocular angiostrongyliasis, treatment is surgical removal of 
the parasites via open surgery or laser mediated killing.

MRI scans of the brain with contrast, demonstrating patchy asymmetric liner and 
nodular enhancement (A-B). MRI of the lumbar spine with contrast, showing cauda 
equina enhancement (C) and multifocal nodular enhancement (D). Image courtesy 
of Foster MD et al. [86].

 Gnathostomiasis

Gnathostomiasis is a human foodborne zoonotic disease. Of the five species patho-
genic to humans, G. spinigerum is most common and the sole cause of human CNS 
symptomatology. The disease can be divided into cutaneous, ocular and visceral 
(includes neurognathostomiasis).

Gnathostomiasis is distributed in Southeast Asia, Latin America, and sub-Saha-
ran Africa [87–89]. Neurognathostomiasis is confined to Thailand (>90% of cases) 
and Southeast Asia [87]. Gnathostomiasis can have a long incubation period and 
present in immigrants living in non-endemic countries.

Definite hosts depend on the species: domestic and wild cats and dogs (G. spini-
gerum), domestic and wild pigs (G. hispidum), wild boars (G. doloresi) and weasles 
(G. nippodicum). First intermediate hosts are copepods, while second intermediate 
hosts are fish, frogs, snakes, eels, birds and fowls. In humans after ingestion of para-
sitized flesh, the larvae pass through the intestines and continue to migrate to differ-
ent tissues such as subcutaneous tissues, skeletal muscles and CNS. The larva’s size 
causes mechanical injury with subsequent inflammation and hemorrhage along 
their tract [90].

Nausea, vomiting, pruritus and upper abdominal pain occur 24–48  h after 
ingestion of the infected material. Afterwards, there is an incubation period of 
3 weeks to 5 years. The typical presentation is a self-resolved recurrent migratory 
edema with eruptions, nodules, or abscesses in the subcutaneous tissues. With 
CNS involvement, symptoms are often more severe than neuroangiostrongyliasis. 
The classic presentation involves severe radicular pain with or without headache 
(from meningitis or subdural hemorrhage) lasting 1–5 days and subsequent paral-
ysis of extremities or cranial nerves (most commonly CN VI) [87, 89]. Spinal cord 
disease presents in 55% of patients. In decreasing order of frequency, it causes 
radiculomyelitis, radiculomyeloencephalitis, meningitis, meningoencephalitis, 
subarachnoid and intraparenchymal hemorrhage. Reported mortality ranges from 
7% to 12%, commonly due to involvement of vital areas of the brainstem, hemor-
rhage or secondary infections. Up to 46% of patients will have permanent neuro-
logical sequelae. Ocular gnathostomiasis presents as uveitis, iritis, hemorrhage, 
glaucoma, retinal disease [89].
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Definitive diagnosis is by demonstration of the parasite in tissues from biopsy or 
removal from subcutaneous tissue. In CNS disease, recovery of larva is usually not 
possible [87]. Eosinophilia in peripheral blood can be found during the invasive 
stages. A hallmark finding is eosinophilic pleocytosis in CSF studies with 40–54% 
of eosinophilia. CSF studies show normal glucose, mildly elevated protein, elevated 
opening pressure and xanthochromia [87]. MRI may demonstrate tracts of migra-
tory parasites often accompanied by intra-cranial hemorrhage [91]. In the spine, 
MRI shows hyperintense lesions associated with diffuse swelling of multiple seg-
ments of the spine. An immunoblot assay has nearly 100% specificity, but is not 
available in the Americas [87].

There are no randomized controlled trials of antihelminthic therapy for neurog-
nathostomiasis. Reported cases have used 3–4 week course of albendazole therapy 
for CNS infection with variable results and frequent relapses [87]. Steroids are 
given for relief of brain and spinal edema. For ocular involvement, removal of the 
parasite is recommended.

 Trichinellosis

Trichinellosis (or trichinosis) is a foodborne infection caused by Trichinella cysts. 
Infection has been detected worldwide except in Antarctica. Trichinellosis has been 
traditionally linked to undercooked or raw pork. However, due to improved sanitary 
controls in pork production, most cases are now associated with game meats (includ-
ing wild boars in Europe and polar bears in North America) [92].

Most infections are asymptomatic. However, non-specific gastrointestinal symp-
toms can develop 2–10 days after the ingestion of infected tissue. After a week of 
infection, larvae begin to migrate to muscle and other tissues causing periorbital and 
facial edema, fever, myalgias, weakness, rashes and splinter hemorrhages. Fevers 
can persist for 1–3 weeks. Severe manifestations include myocarditis, pneumonitis 
and CNS involvement, usually occurring after 3 weeks post infection [93]. CNS 
involvement occurs in 10–20% of cases with mortality up to 50% of cases [88]. 
Patients present with delirium, encephalitis, meningitis, cranial neuropathies, para-
plegia, cerebellar symptoms and focal symptoms corresponding to affection to dif-
ferent lobes of the brain [94].

Early diagnosis is challenging. Demonstration of Trichinella larvae cysts in 
affected tissue provides a definitive diagnosis. Peripheral eosinophilia is found in 
90% of cases and elevated creatinine phosphokinase and lactate dehydrogenase are 
common. CSF is usually unremarkable. CT and MRI can demonstrate multiple ring 
enhancing or nodular lesions with calcifications. Detection of anti-Trichinella IgG 
(ELISA or IFA) using excretory-secretory antigens is the most commonly used 
serologic method with good sensitivity and specificity (100% and + 80% respec-
tively) [95].

In severe cases, treatment with steroids is recommended to reduce inflammation. 
Mild disease is usually self-limited but symptoms may persist for 2–6 months. Most 
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experts recommend antiparasitic therapy with albendazole in severe cases, with lon-
ger course of antihelminthics in chronic infections [93]. Post exposure prophylaxis 
might be beneficial when given within 6 days of possible infection [96].

 Strongyloidiasis

Strongyloides stercolaris is a common soil-transmitted helminthiasis worldwide. 
High burdens of disease are found in warm, humid areas of Central and South 
America, Sub-Saharan Africa and Southeast Asia [97, 98]. Humans acquire the 
infection primarily through skin contact with contaminated soil. Infectious filari-
form larvae penetrate the skin, migrate through the bloodstream to the lungs, pene-
trate the alveoli, migrate up the airway, and develop into female adult parasites in 
the wall of the small intestines. Larvae are released in the intestinal wall, penetrate 
into the lumen and are shed in stool. A portion of the larvae mature into invasive 
filariform larvae, which can reinvade through the colon or skin, leading to an auto-
infectious cycle that can persist for decades. Patients with chronic infection typi-
cally have few symptoms. Some note non-specific gastrointestinal symptoms, 
pruritus, or larva currens (a fleeting, intermittent serpiginous rash below the waist 
area at the site of larval penetration) or they are noted to have eosinophilia. In a 
subset of patients, the autoinfection cycle accelerates, which can lead to hyperinfec-
tion, in which autoinfection escapes control by the host, causing massive parasite 
proliferation and symptomatic larval migration [97]. During this severe and even 
fatal process, mobile larvae can carry enteric bacteria during migration to sterile 
locations, causing polymicrobial bacteremia, meningitis and other types of infec-
tion. The main risk factors for severe disease and hyperinfection are treatment with 
corticosteroids, HTLV-1 infection, malnutrition, and other diseases that compro-
mise neutrophil and eosinophil function [88, 97, 99, 100].

Hyperinfection can present with localized symptoms from larval migration (e.g. 
abdominal pain, pulmonary hemorrhage, asthma, or gastrointestinal bleeding) or 
with symptoms from bacterial superinfections. The latter can present with septic 
shock, vasculitis, DIC, pneumonia, and neurological complications [97, 99]. In the 
CNS, the most common presentations are meningitis or meningoencephalitis due to 
gram negative or other enteric bacteria. Other presentations are cerebritis, cerebral 
vasculitis, cranial nerve palsies, seizures and focal neurological deficits [99].

Definite diagnosis is made by demonstration of parasites in stool, bronchial aspi-
rate/sputum, or duodenal aspirate [99]. PCR is the most sensitive test, but is not 
widely available [101]. Eosinophilia is common during chronic infection but 
unusual in severe cases. CSF studies are concordant with aseptic or bacterial men-
ingitis [97]. Imaging is usually unremarkable but can show brain abscesses, vascu-
litis, focal hemorrhage and necrosis. Blood cultures can be positive in severe 
infections, usually due to polymicrobial enteric bacteremia. Serology (IgG) is use-
ful in chronic infections with a sensitivity of 83–89% and specificity 97.2%, but has 
cross-reactions with filariasis and other helminths. PCR in the blood has shown to 
be unreliable for screening but may be use in confirmatory testing [102].
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The recommended treatment is ivermectin, which is more effective than albenda-
zole and has fewer side effects than thiabendazole [103]. Antibiotics are given if 
bacterial infections are found. Immunosuppression with corticosteroids should be 
discontinued or reduced if possible.

 Toxocariasis

Toxocariasis is a global zoonotic helminthic disease caused by Toxocara canis and 
T. cati transmitted by dogs and cats respectively. Eggs shed by the definite hosts 
(dogs and cats respectively) and mature in the environment. When humans ingest 
the eggs, the larvae hatch in the intestines, penetrate the intestinal wall, and migrate 
through the blood stream to reach tissues including liver, lungs, heart, muscle, eyes 
and brain.

Most infections are asymptomatic, but clinical presentations can include visceral 
larva migrans, ocular larva migrans, and neurotoxocariasis [104, 105]. Visceral lar-
val migrans is more common in children and is typically asymptomatic. Heavy 
infection may cause abdominal pain, anorexia, fever, myalgias, hepatomegaly, 
cough, and bronchospasm. Ocular larva migrans presents with unilateral vision loss, 
strabismus or eye pain [104]. CNS involvement (neurotoxocariosis) is rare with 
slightly over 100 cases reported. Neurologic disease presents as myelitis (60%), 
encephalitis (47%), eosinophilic meningitis (29%), or a combination of them [106, 
107]. Diagnosis should be suspected in patients with history of exposure to animals, 
geophagia and eosinophilia. Imaging of the brain are usually unremarkable, but can 
show migratory tracts or focal enhancing lesions [107]. Antibodies against Toxocara 
spp. can be detected in serum or CSF [106]. ELISA for detection of antibodies 
against secreting-excreting antigens have varied sensitivities and specificities, with 
better performance when recombinant antigens are used [104, 108]. Serology con-
firmation is done via western blot.

Anti-inflammatory therapy with corticosteroids is the mainstay of therapy, 
especially with larvae in the eye or nervous system. In visceral larva migrans, 
antiparasitic treatment is aimed to avoid the larvae reaching the CNS or the eye 
[104]. Albendazole for 5  days is the treatment of choice for visceral larva 
migrants. Prolonged courses of albendazole (e.g. >3 weeks) have been used in 
neurotoxicariasis [106]. Mortality rate is estimated to be 6%, with frequent 
relapses.

 Baylisascariasis

Baylisascariasis is a zoonosis caused by the raccoon roundworm Baylisascaris pro-
cyonis, which is endemic in North America, but has also been noted in Europe and 
Japan. While it can cause visceral and ocular larva migrans, most cases present with 
neurologic involvement [109, 110].
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Raccoon latrines (areas for common defecation) are known to be the major 
source of infection. Humans are infected by ingesting eggs. Upon ingestion, the 
larvae penetrate the intestines and migrates to different tissues. The parasites and 
associated inflammation form necrotic linear tracks in the CNS tissues. Larvae can 
become stagnant and encapsulate in different tissues and organs causing granulomas.

In contrast to toxocariasis, human bayliscariasis typically presents with severe 
CNS disease. A prodrome of fever, ataxia, lethargy, somnolence or irritability pre-
cedes frank neurologic involvement. Fulminant eosinophilic meningoencephalitis 
presents with spasticity, hemi/quadriparesis, ocular or cranial nerve involvement, 
seizures, coma and death. Death was reported in 28% of cases, while survivors often 
suffer severe neurological sequelae.

Laboratory tests typically include peripheral eosinophilia. CSF shows pleocyto-
sis with eosinophilia. Serology is usually positive in blood, vitreous fluid and 
CSF. ELISA, Immunoblot or IFA can be used for IgG against excretory-secretory 
antigens [110–112]. Imaging is non-specific, revealing atrophy and some periven-
tricular and deep matter white changes.

Treatment should be started immediately and not wait for a definitive diagnosis. 
Treatment consists of high dose corticosteroids and albendazole (25–50 mg/kg/d for 
20 days) [109, 110, 112, 113]. However, even with treatment, the prognosis is poor. 
Systemic steroids have been used in most of the CNS cases. Treatment with antihel-
minthics is also recommended after possible exposure.

 CNS Diseases Caused by Trematodes

 Schistosomiasis

Schistosomiasis, also known as blood fluke or bilharzia, is a water-borne disease 
caused by Schistosoma spp.. Intestinal schistosomiasis is caused by Schistosoma 
mansoni, S. japonicum, S. S. mekongi and S. intercalatum. Urogenital schistosomia-
sis is caused by Schistosoma haematobium. Neuroschistosomiasis is a severe infec-
tion in the CNS that can be caused by all subspecies except intercalatum.

Schistosomiasis is endemic in tropical and subtropical areas, in areas with inad-
equate sanitation and freshwater snail hosts. Schistosoma spp. have a distinct geo-
graphical distribution. S. mansoni (Africa, Middle East, Caribbean, South America), 
S. japonicum (China, Indonesia, the Phillipines), S. mekongi (Laos, Cambodia), 
S. intercalatum (central Africa), S. haematobium (Africa, Middle East). Humans are 
the definite hosts. Eggs are shed in the feces or urine of infected people and make 
their way into water. Miracidia released from the eggs infect freshwater snails, the 
intermediate hosts, which in turn release the cercariae (invasive larvae) into the 
water. When humans are exposed to contaminated water, the cercariae penetrate the 
human skin, transform into schistosomula, which migrate through the bloodstream 
and settle in veins [114–116]. S. japonicum usually localizes to the superior mesen-
teric veins, while S. mansoni is found the inferior mesenteric veins. S. haematobium 
resides in the venous plexus of the bladder as well as the rectal venules. Schistosoma 
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spp. lay eggs in the small venules, and are transported into the intestines and bladder 
by host granulomas. Patients may present with a popular rash at the time of infec-
tion (cercarial dermatitis), an acute illness 2–10 weeks later with fever, cough, rash, 
and hepatomegaly (Katayama fever), or with chronic disease from granulomas (por-
tal hypertension, intestinal schistosomiasis, hematuria, renal failure).

Neuroschistosomiasis is thought to result from aberrant migration of the adult 
worms, but some cases may be due to aberrant migration of ova. Neuroschistosomiasis 
occurs in less than 5% of infected patients. S. japonicum and S. mekongi are associ-
ated with cerebral involvement, whereas S. mansoni and S. haematobium more 
often involve the spinal column. Cerebral involvement presents as acute schisto-
somal encephalopathy with fever, headache, diffuse encephalopathy and seizures 
[115, 117]. Most patients have peripheral eosinophilia. In the chronic phase, pseu-
dotumor encephalic schistosomiasis presents as a slow growing tumor-like lesion 
causing headache, nystagmus, focal neurological signs, cranial nerve dysfunction 
and intracranial hypertension. Spinal cord schistosomiasis presents as a non-spe-
cific myelopathy or transverse myelitis, as well as flaccid paraplegia, arreflexia.

Definite diagnosis is made with demonstration of egg in biopsy from affected 
tissues. CSF may show some pleocytosis (lymphocyte predominant with or without 
eosinophilia), increased protein, normal glucose and increased intracranial pres-
sures, but does not contain ova. Eosinophilia can be present in blood. Imaging can 
be compatible with cerebral edema or atrophy in acute schistosomal encephalopa-
thy [115, 116]. In the chronic phase, a tree like pattern with central linear enhance-
ment surrounding by enhancing nodules that correspond to granulomas surrounding 
ova [118]. Hydrocephalus and intracranial hemorrhages can also be present in 
chronic neuroschistosomiasis. In spinal cord disease, MRI shows enlargement of 
the spinal cord and thickening of the conus medullaris and cauda equina. Antibody 
tests can aid in diagnosis, but stool and urine microscopy is usually negative. FAST-
ELISA is available for antibodies against Schistosoma spp.. Sensitivity is high for 
S. mansoni (99%) and S. haematobium (95%) but low for S. japonicum infections 
(−50%). Immunoblots are available for confirmation, using antigens that are spe-
cies specific. PCR are available as lab-based testing, but they are not commercially 
available.

Medical therapy with praziquantel is the standard of care, duration and dosage 
depends on the species [117]. Treatment may need to be repeated after 2–4 weeks 
to kill all immature worms, as antihelminthics are only effective against mature 
forms. Prophylaxis with praziquantel via mass drug administration in endemic areas 
has proven to aid in elimination of the disease. In neuroschistosomiasis, adjunctive 
therapy with steroids is indicated.

 Paragonimiasis

Paragonimiasis is a disease caused by flukes of the genus Paragonimus. The classic 
form involves the lungs, however extrapulmonary disease including CNS disease 
and subcutaneous nodules are common manifestations for some species (e.g. 
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Paragonimus skrjabini). Most of the world’s burden of paragonimiasis has been 
noted in China (mainly Paragonimus westermani and P skrjabini). However, dis-
eases is also endemic in Southeast and South Asia (mainly due to Paragonimus 
heterotremus), central and west Africa (Paragonimus africanus), the pacific coast of 
Latin America (Paragonimus mexicana), and Northern America (Paragonimus kell-
icotti) [119].

The adult parasites reside in the lungs of the definite hosts (dogs, pigs, cats, and 
wild carnivores); eggs shed into sputum are coughed, swallowed and excreted in the 
feces. The cycle requires two intermediate hosts, snails and crustaceans respec-
tively. Humans, as accidental hosts, become infected by ingestion of raw or under-
cooked crustaceans. In humans, parasites penetrate the intestines and invade the 
pleura and lungs. Aberrant migration of the larvae can lead to infection of other 
tissues like the brain and subcutaneous tissues. This appears to be more common 
with some species (e.g. P. skrjabini) [120, 121].

Infection can be asymptomatic. Symptomatic patients present with chronic 
cough, chest pain, and/or hemoptysis which may be confused with pulmonary 
tuberculosis in endemic areas [122, 123]. Patients with cerebral infection can pres-
ent with headache, mental confusion, behavioral and visual changes, seizures, focal 
motor signs due to tumor like lesions. Other presentations are meningitis, myelopa-
thy, hydrocephalus and cerebral hemorrhage [121].

Nearly all cases have peripheral eosinophilia Definite diagnosis is made by dem-
onstration of eggs in sputum, BAL or stool. Antibodies can be positive in blood and 
CSF by ELISA or immunoblot. Imaging findings are non-specific, presenting as 
low attenuating lesions or masses with edema and migration tracts.

Recommended treatment is praziquantel, second line is triclabendazole. Steroids 
are usually added in CNS paragonimiasis to decrease inflammation [121]. Acute 
disease has better prognosis than chronic cases when fibrosis and mechanical dam-
age has already occurred.
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Chapter 12
Free-Living Ameba

Jennifer R. Cope, Ibne Karim M. Ali, and Ourania Georgacopoulos

Free-living amebae (FLA) are eukaryotic protozoa that exist freely in nature and 
only invade hosts as opportunistic pathogens. Their name is representative of the 
crawling locomotion they use to move about their environment, with characteristic 
formation of pseudopodia protruding from the cytoplasm. FLA are distributed glob-
ally and are found in natural sources including soil and water, but can also be found 
on contaminated surfaces such as contact lens cases [1]. FLA exist in nature in 
several life stages, the most common being the trophozoite and cyst. The trophozo-
ite stage is a vegetative stage during which the ameba is metabolically active, feed-
ing on bacteria, yeast and detritus found in its environment. During times of 
environmental adversity, the trophozoite will morph into a protective and dormant 
cyst, capable of withstanding environmental conditions and shielding itself from 
stress until favorable conditions are restored. The transformation from trophozoite 
to cyst is known as encystation.

Many genera of FLA exist that are benign, however, three genera are known 
human pathogens that cause highly fatal central nervous system (CNS) infections in 
humans. These are Acanthamoeba spp. , Balamuthia mandrillaris, and Naegleria 
fowleri. Additionally, two other genera of FLA, Sappinia pedata and Paravahlkamp
fia francinae, have caused two types of CNS infections in humans. Acanthamoeba 
spp. and Balamuthia mandrillaris both cause the highly fatal granulomatous amebic 
encephalitis (GAE). Naegleria fowleri, also commonly referred to as the brain- 
eating ameba, causes primary amebic meningoencephalitis (PAM), which can infect 
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any individual whether immunocompromised or not. Acanthamoeba spp. mostly 
infect immunocompromised patients, while cases of Balamuthia mandrillaris can 
infect any individual. Cases of PAM usually occur in children and young adults and 
have a high fatality rate. Only one case of Sappinia pedata has been recorded, hav-
ing caused encephalitis in an otherwise healthy person. Paravahlkampfia francinae 
caused headache, fever, and nausea in an otherwise healthy 18-year old male, and 
was detected in the patient’s cerebrospinal fluid (CSF) [1] A commonality between 
all CNS infections from FLA are their propensity to cause fulminant, highly fatal 
disease that often go undiagnosed or are only identified post-mortem.

 Primary Amebic Meningoencephalitis (PAM) Caused by 
Naegleria fowleri

 Microbiology/Pathogenesis

Naegleria fowleri is an ameboflagellate, protist pathogen that causes the highly fatal 
PAM. It is the only species out of 40 identified Naegleria species that is a human 
pathogen. Eight distinct genotypes of Naegleria fowleri have been identified, and 
are found distributed across the globe except in Antarctica [2].

Naegleria fowleri is thermophilic, growing best at temperatures 40–46 °C but 
can survive for a short amount of time at higher temperatures. It has been isolated 
from soil and freshwater pools, puddles, lakes, rivers, swimming pools, hot springs, 
thermally polluted effluents from power plants, hydrotherapy pools, aquaria, sew-
age canals, irrigation canals and humans’ throat and nasal canals. However, 
Naegleria fowleri cannot survive in salt water, and colder temperatures render it 
inactive [1]. Like other FLA, Naegleria fowleri can also serve as a host for bacteria 
such as Legionella pneumophila [1, 3].

The ameba exists in three stages: cyst, flagellate and trophozoite. Naegleria fowl
eri is only pathogenic in the trophozoite stage when it is metabolically active, feed-
ing and reproducing. The trophozoite measures about 10–25  μM and can have 
eruptive locomotion. Trophozoites move with the use of pseudopodia. Trophozoites 
contain a single nucleus, and a characteristic, centrally located, large nucleolus. In 
its natural habitats trophozoites feed on Gram negative bacteria such as Escherichia 
coli. During adverse environmental conditions, trophozoites transiently convert into 
pear-shaped flagellate form containing typically two flagella that propel it. The 
exact trigger of this conversion is largely unknown, but is believed to be linked to 
change in osmolarity of the environment. They are non-feeding temporary forms 
which usually revert back to the trophozoite stage in favorable conditions. During 
harsh environmental conditions, the trophozoite may encyst to protect itself, such as 
during times of low nutrient resources or adverse temperatures. Cysts are usually 
round shaped, and measure 7–15 μM with a smooth cyst wall containing one or 
more pores. The Naegleria fowleri cyst is metabolically inactive. Neither flagellate 
nor cyst forms have ever been detected in CSF or brain tissue.

Humans become infected with Naegleria fowleri when water containing the 
ameba enters the nose and travels through the olfactory neuroepithelia to the central 
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nervous system [3]. The amebae attach to the nasal mucosa and travel via the olfac-
tory nerve through the cribriform plate where they reach the final destination in the 
olfactory bulbs. Once infected, the amebae can provoke a chemotactic response on 
nerve cells. Additionally, the amebae use food cups on the surface of the trophozoite 
to ingest bacteria, yeast and brain tissue, causing necrosis of brain matter [4].

 Epidemiology

Analysis of PAM cases reported in the United States has shown that it is an acute 
and fulminant infection with high mortality (97%). From 1962–2018, there have 
been 145 PAM cases reported in the United States with 0–8 cases reported annually. 
Cases primarily occur in the warm summer months of July and August with the 
most common type of water exposure being lakes, rivers, and ponds followed by 
rivers and streams. Exposures have also occurred in natural hot springs. PAM usu-
ally occurs in children and young adults with a median age of 12 years but can affect 
all ages. Nearly three-quarters of cases are male which is hypothesized to be related 
to the types of activities that males might be more likely to do in water rather than 
an innate susceptibility to infection among males. Generally, in the United States, 
cases have occurred after exposure to warm freshwater in southern tier states, where 
the climate is generally warmer [5].

In the last decade in the United States, some notable changes have been observed 
in the epidemiology of PAM cases. First, beginning in 2010, the first PAM case was 
reported from the state of Minnesota, 600 miles farther north than any previously 
reported case [6]. A second case was reported from Minnesota in 2012 and was 
associated with the same lake as the first. Both cases occurred during unusually 
warm summers. Second, several cases were reported from Louisiana that were asso-
ciated with use of water from treated public drinking water systems, including two 
cases associated with neti pot use and one case who was exposed to tap water used 
on a backyard waterslide [7, 8]. Additional novel exposures have occurred recently, 
including a case occurring after exposure to an artificial whitewater river and a surf 
park venue [9].

Outside of the United States, less is known about the epidemiology of PAM but 
from published case reports, it seems similar in that cases tend to occur in young 
healthy people with exposure to warm, freshwater. A male predominance is also 
noted among international cases.

 Clinical Presentation

The incubation period for PAM (time from exposure to symptom onset) ranges from 
1 to 9 days with a median of 5 days. Early symptoms are nonspecific and include 
headache, fever, nausea, and vomiting. As the illness progresses, the signs and 
symptoms are generally indistinguishable from other types of meningitis, and 
include nuchal rigidity, altered mental status, seizures, and coma. The time from 
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symptom onset to death is 1–18 days with a median of 5 days [10]. Death occurs as 
a result of cerebral edema and intractable intracranial hypertension resulting in 
brain herniation. The collection of cerebrospinal fluid (CSF) from PAM patients 
typically shows an elevated opening pressure. Routine studies show an elevated 
white blood cell (WBC) count with a polymorphonuclear cell predominance, ele-
vated total protein, and low glucose. A wet mount of the CSF might show motile 
trophozoites of Naegleria fowleri when handled by an expert microscopist. 
Additionally, CSF prepared with Wright-Giemsa stain (as is often done for a man-
ual WBC count) might reveal trophozoites. Brain imaging is usually not helpful in 
the diagnosis of PAM. Initial imaging, which is often a computed tomography (CT) 
scan of the brain, is usually normal. Later on in the course, imaging of the brain 
usually shows findings of cerebral edema.

 Diagnosis

Microscopy and H&E staining: Direct microscopic observation of N. fowleri tro-
phozoites in freshly collected CSF is the fastest way to make a preliminary PAM 
diagnosis although a subsequent molecular-based confirmation is still recom-
mended. A wet mount of the CSF might show motile trophozoites of N. fowleri 
when handled by an expert pathologist or microbiologist. Sometimes a low-speed 
centrifugation (at 500 X g for 5 min at room temperature) can help to concentrate 
amebae at the bottom of the tube especially when the ameba burden is low. The 
sedimented CSF containing visible amebae may also be subject to an enflagellation 
experiment [11]. Only N. fowleri trophozoites (30–50% of them) convert into a 
flagellate form as opposed to Acanthamoeba or B. mandrillaris trophozoites. If uni-
directional, motile trophozoites are not seen in the wet mount, but structures resem-
bling trophozoites are seen, CSF should be subject to Wright-Giemsa or Trichrome 
staining to reveal the nuclear morphology of suspected trophozoites [12]. CSF or 
brain tissue may also be subject to hematoxylin and eosin (H&E) staining, which 
may identify trophozoites containing characteristic nuclear morphology – a single 
nucleus with a prominent, centrally-placed large nucleolus. However, identifying 
trophozoites can be challenging due to intense infiltration of macrophages, or pres-
ence of necrotic debris [13]. Gram staining is usually not very helpful as it will also 
stain host cells, and is prone to giving false-positive results. An evaluation of micro-
scopic images through telediagnosis is available via CDC’s DPDx  - Laboratory 
Identification of Parasites of Public Health Concern (https://www.cdc.gov/dpdx/).

Immunohistochemistry (IHC) and indirect immunofluorescence (IIF) assays: 
IHC and IIF assays may be performed with tissue sections obtained from brain or 
other tissue. However, because patients rapidly deteriorate and die within a few days 
of the onset of symptoms, IHC and IIF assays are usually performed on post- mortem 
specimens. Additionally, these assays are time-consuming (requiring 1–2 days to 
complete), and are not suitable for diagnosing critically ill PAM patients. In these 
assays, antisera developed against N. fowleri are used that are not commercially 
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available, further limiting their use in PAM diagnoses. At the Centers for Disease 
Control and Prevention (CDC), an N. fowleri-specific rabbit polyclonal antisera is 
routinely used for these assays at 1:100 dilution.

Indirect immunofluorescence antibody (IFA) assay: An IFA assay is available at 
CDC to detect antibody response in the serum using the N. fowleri-specific rabbit 
polyclonal antisera. However, this assay has very little diagnostic value, because the 
antibody response has rarely been seen in the serum of PAM patients likely because 
of rapid progression of disease and death within a few days giving no time to mount 
an antibody response. A serum titer of 1:128 or above is considered positive for 
N. fowleri by IFA assay. A positive N. fowleri- antibody response was detected in a 
U.S. PAM survivor in which the antibody titer was 1:4096 after 10 days of hospital-
ization [14].

PCR and real-time PCR: Several conventional PCRs and real-time PCRs are 
available for the detection of N. fowleri DNA although the majority of these have 
not been tested for clinical diagnosis [15–21]. PCR is the preferred diagnostic tool 
for N. fowleri because they are: (a) rapid (take only 2–5 hours), (b) highly sensitive 
(DNA from a single ameba can be amplified) and (c) species-specific (i.e., selec-
tively amplifies N. fowleri DNA, and does not amplify DNA from B. mandrillaris 
or Acanthamoeba species). Success of PCR largely depends on the copy number of 
the target being amplified. PCRs with multi-copy targets have higher sensitivity 
than those with single copies. A rapid, and highly sensitive real-time PCR to detect 
N. fowleri DNA is available at CDC [21]. It targets the 18S small subunit ribosomal 
RNA genes of N. fowleri, which have a few thousand copies in the extrachromo-
somal circular plasmids per genome. Currently, this is the gold-standard test for 
N. fowleri detection and is routinely used at CDC. However, one caveat is that real- 
time PCR is not readily available in resource-poor settings as it requires expensive 
instruments and expertise to run.

A genotyping method is available that is based on the N. fowleri internal tran-
scribed spacers 1 and 2 (ITS1 and ITS2) sequences, and mitochondrial small sub-
unit rDNA [22, 23]. Eight distinct genotypes have been detected across samples of 
N. fowleri from the environment and clinical cases worldwide. Three genotypes 
have been detected in the United States including one that appears to be signifi-
cantly less prevalent. Different authors have used different genotype assignment for 
the same genotype, making it difficult to understand the actual prevalence of a par-
ticular genotype. For example, what Zhou et al. [23] described as genotype 2 (or 
more accurately “genotype II” in their article), is genotype 1 in the article by De 
Jonckheere [22].

 Treatment

In the United States, there have been only four confirmed survivors of PAM, with 
another two well-described, confirmed survivors internationally [14, 24–26]. As a 
rare infection, clinical trial data for the treatment of PAM is nonexistent. The 
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recommended treatment protocol is based on in vitro drug susceptibility testing 
against N. fowleri and reports of successfully treated survivor cases. The currently 
recommended treatment protocol is outlined in Table  12.1. Amphotericin B has 
been a mainstay of PAM treatment. It has been used to treat all PAM survivors. 
While liposomal and lipid-complex amphotericin B formulations are commonly 
used in hospitals, conventional amphotericin B is preferred for PAM treatment 
given its lower minimum inhibitory concentration (MIC) against N. fowleri and 
improved effectiveness in a mouse model [27]. Miltefosine is a more recent addition 
to the PAM treatment regimen. It is currently approved in the United States for the 
treatment of leishmaniasis. Its limited availability in hospitals has made it difficult 
to administer to patients in a timely manner. It can be obtained by contacting 
Profounda, Inc. (http://www.impavido.com/order-page) Recent in vitro and in vivo 
work suggests posaconazole might have better activity against N. fowleri than flu-
conazole [28].

This combination of drugs has been used successfully in three recent U.S. survi-
vors including a 12-year-old girl and an 8-year-old boy in 2013 and a 16-year-old 
boy in 2016 [24, 25]. The 12-year-old girl was treated within 36 hours of symptom 
onset and her cerebral edema was aggressively managed with CSF drainage, hyper-
osmolar therapy with mannitol and 3% saline, moderate hyperventilation, and 
induced hypothermia. She made a full neurologic recovery. The 16-year-old boy 
who survived in 2016 was treated similarly and made a full recovery, returning to 
school. The 8-year-old boy in 2013 received the same drug regimen but it was 
started several days after symptom onset. Although the patient survived, he suffered 
permanent neurologic disability. Early diagnosis and treatment as well as aggressive 
management of cerebral edema were thought to have contributed to the survival of 

Table 12.1 Currently recommended treatment protocol for primary amebic meningoencephalitis

Drug Dose Route
Maximum 
dose Duration Comments

Amphotericin 
B

1.5 mg/kg/day in two 
divided doses

IV 1.5 mg/kg/
day

3 days

  then 1 mg/kg/day once daily IV 11 days 14-day 
course

Amphotericin 
B

1.5 mg once daily Intrathecal 1.5 mg/day 2 days

  then 1 mg/day every other day Intrathecal 8 days 10-day 
course

Azithromycin 10 mg/kg/day once daily IV/PO 500 mg/day 28 days
Fluconazole 10 mg/kg/day once daily IV/PO 600 mg/day 28 days
Rifampin 10 mg/kg/day once daily IV/PO 600 mg/day 28 days
Miltefosine Weight <45 kg 50 mg 

BID
Weight >45 kg 50 mg 
TID

PO 2.5 mg/kg/
day

28 days 50 mg 
tablets

Dexamethasone 0.6 mg/kg/day in four 
divided doses

IV 0.6 mg/kg/
day

4 days

J. R. Cope et al.

http://www.impavido.com/order-page


261

these patients. Despite these notable successes, many patients have received similar 
if not the exact same drugs and therapies, but have not survived. The ideal PAM 
treatment regimen remains unknown and PAM remains an illness with very high 
mortality, despite treatment, making prevention measures very important.

 Prevention

Similar to treatment, there are no rigorous studies to support prevention measure for 
PAM. However, given what is known about the transmission of N. fowleri through 
nasal entry, the following are recommended as prevention measures to minimize the 
risk of acquiring PAM. When it comes to recreational water activities in untreated 
freshwater bodies such as lakes, rivers, ponds, and hot springs, the only certain way to 
prevent PAM is to avoid these activities. However, this is not often practical or desired; 
therefore, actions should be taken to limit the amount of water going up the nose dur-
ing these activities such as holding the nose shut, using nose clips, or keeping the head 
above water when taking part in recreational water activities in warm freshwater. 
When performing nasal or sinus rinsing (whether for religious or therapeutic pur-
poses), use water that has been boiled and left to cool, purchased as sterile or distilled, 
or filtered using a filter labeled as “absolute pore size of 1 μM or smaller”.

 Amebic Encephalitis Caused by Balamuthia mandrillaris

 Microbiology/Pathogenesis

Balamuthia mandrillaris was first isolated from a mandrill and correctly identified 
in 1986. Prior to this isolation, Balamuthia mandrillaris was mistaken for 
Acanthamoeba, as the two amebae are difficult to distinguish when using light 
microscopy. Balamuthia mandrillaris is the only species in the genus. Although its 
environmental niche appears to be soil, its main source of food remains unknown 
[29]. Balamuthia mandrillaris has two life stages, the trophozoite (12–60 μM) and 
the cyst (6–30 μM). The trophozoite can be uninucleate or binucleate which is a 
unique characteristics for this species and can be helpful in distinguishing it from 
Acanthamoeba species. Unlike N. fowleri or Acanthamoeba trophozoites, they do 
not show any visible locomotion, or feed on bacteria under laboratory growth 
 conditions. In contrast, they grow on mammalian cell cultures such as human lung 
fibroblast, monkey kidney cells, or microvascular endothelial cells from human 
brains. In mammalian cells, B. mandrillaris trophozoites have a very sluggish 
spider- like walking movement. The cyst is a round shape, usually containing a 
 single nucleus and have an irregular and wavy outer wall and a round inner wall. In 
the mature cysts, a third layer of refractive granules are often seen below the inner 
cyst wall [1, 30].
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Similar to Acanthamoeba spp., Balamuthia mandrillaris causes granulomatous 
amebic encephalitis (GAE) leading to hemorrhagic necrosis of the midbrain, thala-
mus, brainstem and cerebellum. Humans can become infected via several routes, 
the most common being ingestion or introduction of the amebae through a cut in the 
skin, and spread through the blood to the CNS.

 Epidemiology

Of the three known pathogenic free-living ameba genuses, the least is known about 
Balamuthia epidemiology. There are an estimated 200 cases reported in the litera-
ture, with the most reported from the United States and Peru. A recent review of 
Balamuthia cases reported in the United States from 1974 to 2016 identified 109 
cases, 90% of which were fatal [31]. The patients described in this case series 
ranged in age from 4 months to 91 years with a median age of 36 years. The major-
ity of cases were male (68%) and Hispanic (55%). Geographically, cases tended to 
be reported in residents from states in the south and southwest and soil exposure 
was commonly reported. Soil exposures were reported to have occurred as a result 
of gardening, landscaping, and yard work or play as well as farming, ranching, or 
other agricultural activities. However, because of what is likely a prolonged incuba-
tion period, the exact exposures leading to Balamuthia disease are usually unknown. 
Balamuthia cases occur at any time of year with no apparent seasonality. In the 
U.S. case series, alcohol misuse and illegal drug use were reported in nearly one- 
quarter of cases. Over one-third of cases had an immunocompromised condition.

In addition to environmental exposures, Balamuthia disease has also been docu-
mented to occur as a result of solid organ transplantation. To date, this has occurred 
on three occasions in the United States, in which a donor unknown to be infected 
with Balamuthia had organs transplanted into recipients who subsequently devel-
oped encephalitis [32, 33]. The median incubation period for these cases (day of 
transplantation to symptom onset) was 21 days. However, this incubation period is 
thought to be shorter than would be expected for a Balamuthia infection acquired 
from the environment since organ transplantation is a direct inoculation into an 
immunocompromised host.

 Clinical Presentation

The incubation period for Balamuthia disease is unknown (outside of the organ 
transplantation cases noted above) but is generally thought to be weeks, months or 
even years. Balamuthia disease primarily presents as encephalitis (99% in the 
U.S. case series) but can also cause cutaneous disease and a combination of cutane-
ous and central nervous system disease in which a cutaneous lesion precedes the 
onset of encephalitis. In cases for which postmortem exams were performed, 
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evidence of Balamuthia organisms have been found in the lungs, kidneys, pancreas, 
and adrenal glands. Signs and symptoms at initial presentation with Balamuthia 
disease include fever, headache, vomiting, lethargy, altered mental status, seizures, 
and weakness. In the U.S. case series, the median length of time from symptom 
onset to death was 24 days with range from just a few days to over a year [31]. CSF 
studies from patients with Balamuthia encephalitis generally show a mildly ele-
vated WBC (<500 cells/μL) with a lymphocytic predominance, elevated protein, 
and low to normal glucose. Amebae are only rarely visualized in the CSF. Brain 
imaging (such as CT or magnetic resonance imaging [MRI]) is always abnormal in 
Balamuthia encephalitis patients and findings are generally reported as enhancing 
lesions, multifocal lesions, and edema. Lesions can be found in all regions of 
the brain.

Skin manifestations are only rarely reported in the U.S. case series (6% of cases); 
however, skin lesions are commonly seen in Peruvian cases. The lesions are 
described as a painless plaque ranging from 1 to several centimeters in diameter 
commonly located on the central face, especially the nose and extremities [34]. 
Ulceration generally only occurs with larger lesions. Systemic symptoms are usu-
ally absent and skin lesions may precede onset of CNS symptoms by weeks or 
months. Skins lesions, when present, represent an opportunity for early treatment to 
prevent the development of encephalitis.

 Diagnosis

Microscopy and H&E staining Direct microscopic observation of B. mandril
laris trophozoites in freshly collected CSF is rarely seen. Trophozoites and/or 
cysts of B. mandrillaris can be detected in brain biopsy tissues by microscopy, but 
a subsequent molecular-based confirmation is still needed to distinguish them 
from Acanthamoeba species. Trophozoites and cysts of B. mandrillaris may be 
seen in brain or other affected tissue by H&E staining, which may identify tropho-
zoites containing a single nucleus with a prominent, centrally placed large nucleo-
lus. Occasionally, two opposing nucleolus may be seen inside the nucleus, which 
is not seen in the nucleus of N. fowleri or Acanthamoeba species, and is a reliable 
morphologic feature of this species. Gram staining is usually not very helpful and 
may be prone to giving false-positive results as it will also stain host cells. An 
evaluation of microscopic images is available through the telediagnosis support of 
CDC’s DPDx.

IHC and IIF assays These may be performed with tissue sections obtained from 
patient’s brain or other affected tissue (e.g., skin). In the IHC or IIF assays, antisera 
developed against B. mandrillaris are used. However, these specific antisera are not 
commercially available, limiting their general use in B. mandrillaris diagnosis. At 
CDC, a B. mandrillaris-specific rabbit polyclonal antisera is routinely used at a 
1:100 dilution for these assays.
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IFA serology assay An IFA assay is available at CDC to detect an antibody 
response in the patient’s serum using the B. mandrillaris-specific rabbit polyclonal 
antisera at 1:100 dilution. A serum titer of 1:64 or above is considered positive for 
B. mandrillaris by IFA assay. A positive B. mandrillaris- antibody response is usu-
ally detected in immunocompetent GAE patients [29]. However, a positive antibody 
titer might be detected in some healthy individuals likely due to a past exposure to 
this ameba [35]. Because of this, confirming an acute infection solely based on the 
antibody titer is unreliable, and at CDC, the IFA assay is used with other tests, and 
in conjunction with patient’s clinical signs and symptoms. The IFA assay has lim-
ited diagnostic value when used as a standalone method.

PCR and real-time PCR Several conventional PCRs and real-time PCRs are 
available for the detection of B. mandrillaris DNA [21, 36–38]. PCR is the pre-
ferred diagnostic tool for B. mandrillaris because it is fast, highly sensitive, and 
species- specific. The preferred specimen types for B. mandrillaris detection by 
PCR are fresh and frozen tissues that have not been treated with formalin, which 
degrades the quality of DNA resulting in false-negative PCR results. However, one 
group has developed a B. mandrillaris mitochondrial 16S rDNA-based PCR that 
works with the formalin-fixed archived clinical specimens [39]. Success of PCR 
also largely depends on the copy number of the target DNA being amplified. PCRs 
with multi- copy targets have higher sensitivity over those that target single copy 
DNA. A real- time PCR to detect B. mandrillaris DNA is available at CDC target-
ing 18S small subunit ribosomal RNA genes of B. mandrillaris, which are con-
tained as few thousand copies per genome. Because B. mandrillaris are rarely 
detected in CSF, a negative PCR result on CSF does not completely rule out a 
B. mandrillaris infection. However, a positive test with the CSF has the potential to 
eliminate the need for obtaining a brain biopsy tissue, which is a highly invasive 
procedure.

Although B. mandrillaris isolates have been recovered from humans and a range 
of animal GAE cases including non-human primates, there is no reliable genotyping 
tool to answer some of the outstanding questions – (a) Can humans and animals be 
infected with the same isolate/genotype of B. mandrillaris?; (b) Are certain isolates/
genotypes of B. mandrillaris more virulent than the others?; (c) Do they show organ 
tropisms, and certain isolates/genotypes selectively prefer brain tissues as oppose to 
the skin tissues?; and (d) Do multiple species exist within the genera Balamuthia?

 Treatment

An evidence-based approach to the treatment of Balamuthia disease is lacking and 
treatment recommendations are based on in vitro drug susceptibility testing against 
Balamuthia and reports of successfully treated survivor cases. Drugs that have been 
used successfully in combination to treat Balamuthia disease include pentamidine, 
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sulfadiazine, flucytosine, fluconazole, azithromycin/clarithromycin, and miltefos-
ine. Although pentamidine has good amebacidal activity in vitro and has been used 
successfully in the past in combination with the drugs listed below, pentamidine is 
toxic and does not cross the normal, intact blood-brain barrier well so its use must 
be a clinical decision.

 Prevention

Because little is known about the exact environmental exposures that lead to 
Balamuthia infection, there are currently no known ways to prevent it. Organ donors 
should be carefully evaluated and donors who die of unknown neurological causes 
should be evaluated for infections, including Balamuthia, that might be transmitted 
via organ transplantation.

 Amebic Encephalitis Caused by Acanthamoeba spp.

 Microbiology/Pathogenesis

Several Acanthamoeba spp. cause granulomatous amebic encephalitis including 
A. culbertsoni, A. castellanni, A. polyphaga, A. astronyxis, A. healyi and A. divio
nensis. A defining characteristic of this ameba are its acanthopodia radiating from 
the surface of the body. These acanthopodia may help the ameba with cell adhesion 
when infecting the host. Acanthamoeba can be found in natural and man-made envi-
ronments such as soil, fresh and brackish waters, bottled water, cooling towers, air 
conditioning units, humidifiers, hot tubs, hydrotherapy tubs, dental irrigation units, 
dialysis machines, dust, cell cultures, contact lens cases and more. They have also 
been isolated from bodily orifices such as ear discharge, stool samples, and brain, 
lungs, and skin of healthy individuals. Acanthamoeba has two life-cycle stages: a 
trophozoite and a cyst. Trophozoites measure 15–45 μM in length. They are the 
feeding form, and they actively show movement in laboratory growth conditions 
with the help of pseudopodia known as acanthapodia. Trophozoite usually contain 
a single nucleus, with a large, centrally-located nucleolus. Trophozoites feed on 
Gram negative bacteria such as E. coli in the environment. In adverse conditions, 
trophozoites convert into more resistant double-walled cysts that measure 
10–25 μM. Acanthamoeba cysts usually have a wrinkled outer wall, known as the 
ectocyst, and an inner wall, known as the endocyst, which is stellate, polygonal, or 
round-shaped. Cysts with a polygonal endocyst are often used as a unique morpho-
logic feature that distinguishes it from N. fowleri or B. mandrillaris cysts.

Brain autopsies of patients infected with Acanthamoeba show cerebral edema, 
areas of cortical and basal ganglia softening and necrotic and hemorrhagic CNS 
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tissue. Amebic trophozoites and cysts are present throughout the CNS tissue. They 
are thought to enter through cuts and breaks in the skin and spread hematogenously 
to the lungs and brain or may be inhaled. Additionally, the presence of the ameba in 
nasal mucosa may suggest a nasopharyngeal route of entry. Damage to the host tis-
sue is cause by phagocytosis of the host cell. Some species have food cups on the 
surface called amoebastome, which help ingest tissue [1].

 Epidemiology

Acanthamoeba spp. cause disease primarily in immunocompromised patients although 
there are some reports of otherwise healthy individuals being diagnosed with 
Acanthamoeba disease. The types of immunocompromised conditions that are reported 
in Acanthamoeba patients include HIV/AIDS, solid organ transplantation, hematologic 
malignancies, bone marrow transplantation, other cancers, and diabetes. In the United 
States, there have been 0–12 cases of Acanthamoeba disease reported annually since 
1955 with a median age of 42 years and a majority male (72%) (CDC unpublished data). 
The exact exposures leading to Acanthamoeba disease are generally unknown but are 
thought to be soil or water exposures. Recently, five immunocompromised patients with 
Acanthamoeba disease were reported to have performed nasal rinsing with tap water 
prior to becoming ill [40]. There is no apparent seasonality for infection and cases are 
reported from across the United States and around the world.

 Clinical Presentation

The incubation period for Acanthamoeba disease is unknown but is generally 
thought to be weeks, months, or even years. Acanthamoeba disease has a wide 
range of clinical presentations. Acanthamoeba disease can present as encephalitis 
alone or in combination with manifestations in other organ systems. Acanthamoeba 
spp. can also cause skin lesions, rhinosinusitis, osteomyelitis, and pneumonia.

In Acanthamoeba encephalitis, CSF studies generally show elevated protein, low 
or normal glucose, and a mildly elevated WBC (<500 cells/μL) with a lymphocytic 
predominance. Amebae are only rarely visualized in the CSF.  Brain imaging in 
encephalitis cases is usually abnormal and might show single or multiple hypodense, 
ring-enhancing, and/or space-occupying lesions. There might also be hemorrhage 
within the lesions and surrounding edema.

 Diagnosis

Direct microscopic observation of Acanthamoeba trophozoites or cysts in freshly 
collected CSF is rare. Trophozoites and cysts of Acanthamoeba can be detected in 
brain biopsy tissue, but a subsequent molecular-based confirmation is still needed. 

J. R. Cope et al.



267

When structures resembling trophozoites or cysts of Acanthamoeba are seen in 
biopsy tissue or CSF, they should be subject to Wright-Giemsa or Trichrome stain-
ing to reveal the nuclear morphology [12]. Brain tissue may also be subject to H&E 
staining, which may identify cysts containing characteristic polygonal endocysts. 
Again, Gram staining is usually not very helpful. An evaluation of microscopic 
images is available through the telediagnosis support of CDC’s DPDx.

Immunohistochemistry (IHC) and indirect immunofluorescence (IIF) 
assays IHC and IIF assays may be performed with tissue sections obtained from 
patient’s brain or other affected tissue (e.g., skin). In the IHC or IIF assays, antisera 
developed against Acanthamoeba are used. However, these specific antisera are not 
commercially available, limiting their general use in Acanthamoeba diagnosis. At 
CDC, an Acanthamoeba-specific rabbit polyclonal antisera at 1:100 dilution is rou-
tinely used for these assays.

IFA assay Some studies detected antibodies against Acanthamoeba in healthy indi-
viduals, and patients who are acutely suffering from illnesses unrelated to 
Acanthamoeba infection [41]. Patients with Acanthamoeba GAE usually show a posi-
tive antibody titer by IFA assay [12, 41] although immunocompromised GAE patients 
may show a lower antibody titer. An IFA assay is available at the CDC to detect anti-
body response in the serum using the Acanthamoeba-specific rabbit polyclonal anti-
sera. A serum titer of 1:128 or above is considered positive for Acanthamoeba by IFA 
assay. However, because a positive antibody titer might be detected in some healthy 
individuals or patients with unrelated complications likely due to a past exposure, 
confirming an acute infection solely based on the antibody titer is unreliable. At CDC, 
the IFA assay is used with other tests, and in conjunction with patient’s clinical signs 
and symptoms. Thus, the IFA assay has limited diagnostic value.

PCR and real-time PCR Several conventional PCRs and real-time PCRs are 
available for the detection of Acanthamoeba DNA [21, 39, 42, 43]. PCR is the pre-
ferred diagnostic tool as it is rapid, highly sensitive and species-specific (i.e., selec-
tively amplifies Acanthamoeba species). Success of PCR detection largely depends 
on the copy number of the target DNA being amplified. PCRs with multi-copy tar-
gets have higher sensitivity over those that target single copy DNA. A real-time 
PCR to detect Aanthamoeba species DNA is available at CDC. It targets 18S small 
subunit ribosomal RNA genes of this ameba, which are contained about few thou-
sand copies per genome. One caveat, PCR is not readily available in resource-poor 
settings.

A PCR based on the 18S rDNA sequences followed by Sanger sequencing has 
been described for genotyping of Acanthamoeba species [44]. At least 18 different 
genotypes (T1-T18) of Acanthamoeba species have been detected. At least nine of 
these are associated with human infections. Genotypes T1, T12, and T18 are almost 
exclusively associated with GAE; T3, T6, and T11 with Acanthamoeba keratitis; 
and T4, T5, and T10 with both GAE and keratitis. T4 is the predominant genotype 
detected in GAE cases. It is common that more than one species of Acanthamoeba 
share the same genotype. A molecular-based Acanthamoeba speciation (i.e., 
species- specific identification) is currently non-existent.
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 Treatment

There are no definitive treatment recommendations for Acanthamoeba disease and 
several different combination regimens have been reported in cases of successful 
treatment. Drugs that have been used successfully in varying combinations to treat 
survivors of Acanthamoeba GAE and systemic infections include pentamidine, sul-
fadiazine, trimethoprim-sulfamethoxazole, flucytosine, fluconazole, and miltefos-
ine. Cutaneous infections have also be treated with topical formulations of 
chlorhexidine, ketoconazole, and miltefosine. For transplant patients taking immu-
nosuppressive drugs, there may be a role for decreasing their level of immunosup-
pression but this decision must be carefully weighed against the risk of possible 
organ rejection.

 Prevention

Given the likely ubiquitous nature of Acanthamoeba spp. in the environment in both 
soil and water, exposure to Acanthamoeba spp. is difficult to avoid. However, given 
the possible evidence for transmission via tap water used for nasal rinsing, nasal 
rinsing should either be completely avoided among immunocompromised patients 
or the water used should be boiled and cooled, filtered, or purchased as distilled or 
sterile.

Disclaimer The findings and conclusions in this report are those of the authors and do not neces-
sarily represent the official position of the Centers for Disease Control and Prevention
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Chapter 13
Bacterial Infections of the Spine

Maja Babic and Claus Simpfendorfer

 Infections of the Spine

The heterogeneity of clinical syndromes associated with spine infections reflects the 
structural complexity of the spinal column. Historically, all infections of the osteo- 
articular elements of the spine were categorized as vertebral osteomyelitis. Spinal 
epidural abscesses were investigated as a distinct entity, and not as part of the ana-
tomic continuum of an evolving infectious process.

The majority of spine infections arise from hematogenous seeding during epi-
sodes of bacteremia. A minority is related to direct inoculation of pathogenic micro-
organisms during spinal instrumentation. Unlike the hematogenous seeding of the 
long bones in the pediatric population, which has seen a significant decrease in the 
antibiotic era, spine infections in the adult population are on the rise.

The reason is likely multifactorial, and includes an expanding elderly population 
with significant comorbidities subject to frequent invasive procedures, predisposed 
thereby to recurrent bacteremic episodes. The widespread availability of advanced 
imaging likely adds to the increase in diagnosis of spine infections. Despite recent 
advances in our understanding of spine infections, well defined clinical presenta-
tions and easier access to cross sectional imaging, the diagnostic delay of this poten-
tially life-threatening infection remains unacceptably long. Once the diagnosis is 
established, the main therapeutic dilemma remains whether to operate or not. In 
recent years, the conservative approach with antimicrobial therapy only, has proven 
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safe and successful for an increasing number of cases. Patients with overt neuro-
logic deficits and spinal instability require surgery, in addition to antimicrobial 
therapy.

 Anatomy of Spine Infections

Intervertebral discs (IVD) link adjacent vertebral bodies, represent the main 
amphiarthrodial joints of the spinal column and occupy one third of its height. They 
are composed of the outer thick ring of fibrous cartilage called annulus fibrosus, the 
inner gelatinous core or nucleus pulposus and the hyaline endplates. In children, the 
IVD is vascularized, with numerous capillaries originating from interosseous arter-
ies of the vertebral body traversing the endplates. In adults, the vascular channels 
obliterate, making the IVD the largest avascular structure of the human body [1].

Vertebral bodies are the main weight bearing elements of the vertebral column. 
They incorporate physiologic equivalents of metaphyseal plates located along the 
bone-cartilage interface and supplied by terminal arteriolar archades. Metaphyseal 
equivalents are targets of hematogenous bacterial seeding, responsible for establish-
ing the nidus for osteomyelitis [2].

Facet joints are diarthrodial, meniscoid containing, synovial joints interlocking 
adjacent vertebral bodies posteriorly. Facet joints are part of the weight bearing tri-
pod of the spine, comprised of the anterior column and bilaterally symmetric facets 
posteriorly. Along with the IVD, they transfer load and constrain spine move-
ment [3].

Epidural space is a potential space between the periosteum of the vertebral 
column and the spinal dura mater. It extends from the foramen magnum to the sacral 
hiatus. It contains fat, spinal blood vessels, lymphatics and nerve roots with their 
dural sleeves which extend into paravertebral space [4].

 Pathophysiology of Spine Infections

In adults, the infections of the axial skeleton are caused by hematogenous seeding. 
The blood vessels supplying the vertebral end plates are terminal, and therefore 
bacteria laden platelet clots lodge in the end arteriolar arcades causing a septic isch-
emic infarct in bone. As the IVD is an avascular structure which receives nutrients 
through diffusion from the adjacent vertebral end plate, the infection spreads to 
engulf the IVD as well (Fig. 13.1). In children, the IVD is vascularized and can be 
an isolated target for hematogenous bacterial seeding, causing primary discitis 
without involvement of adjacent vertebral end-plates. Facet joints of adults can be a 
target for hematogenous seeding as well. As in other synovial joints of the body, it 
is unclear whether the lack of a basement membrane in the synovium is the entry 
point for bacteria or the obliterated blood vessels of the closed growth plates 
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facilitate bacterial entry through microscopic infarcts. Posterior spread of infection 
from the affected IVD and vertebral bodies into the epidural space results in an 
epidural abscess (Fig. 13.2). If infection spreads antero-laterally, it extends into the 
retropharyngeal space in the cervical spine, into the space limited by the endotho-
racic fascia in the thoracic spine, along the costovertebral joints and ribs, or into the 
psoas muscles in the lumbar spine causing psoas muscle abscesses. Spread of infec-
tion from the facet joints anteriorly extends into an epidural abscess. Posterior 
spread decompresses into the paravertebral musculature (Fig. 13.3). A simplified 
classification of spine infections and their nomenclature is presented in Table 13.1.

A minority of spinal infections are caused by direct expansion of infection from 
adjacent structures, like infected aortic grafts, fistulous tracts and abscesses related 
to inflammatory bowel disease, or contiguous sites of osteomyelitis in areas of 
decubitus ulcers.

Fig. 13.1 Illustration of 
early spondylodiscitis, 
involving the intervertebral 
disc and two adjacent 
vertebral endplates. 
(Reprinted with permission 
Cleveland Clinic Center 
for Medical Art & 
Photography © 
2016–2020. All Rights 
Reserved)
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Fig. 13.2 Illustration of 
advanced spondylodiscitis 
with associated epidural 
abscess and prevertebral 
abscess. (Reprinted with 
permission Cleveland 
Clinic Center for Medical 
Art & Photography © 
2016–2020. All Rights 
Reserved)

Fig. 13.3 Illustration of 
septic facet joint with 
associated epidural abscess 
and paravertebral abscess. 
(Reprinted with permission 
Cleveland Clinic Center 
for Medical Art & 
Photography © 
2016–2020. All Rights 
Reserved)
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 Epidemiology of Spine Infections

The incidence of spine infections is steadily increasing. Reports on annual inci-
dence of vertebral osteomyelitis range from 1 per 100,000 to as high as 7 per 
100,000 inhabitants [5–7]. In a Danish study the incidence tripled from 2/100,000 
to 6/100,000 over a period from 1995 through 2008 [5]. A subsequent 2013 report 
from the Danish Civil Registration system, focused on a 1 year cross section in a 
single region confirmed a 5.3/100,000 cases in the general population, if adjusted 
for age >65 however, the incidence increased to 16.5 per 100,000 [8]. According to 
the Japanese Diagnosis Procedure Combination Database from 2007 to 2010 the 
incidence increased from 5.3 to 7.4 per 100,000 inhabitants. In Spain the incidence 
more than doubled from 0.6 to 1.5 per 100,000 from 1991 to 2009 [7].

The most recent retrospective review of the epidemiology of vertebral osteomy-
elitis in the United States calculated the average incidence of 4.7/100,000 cases of 
vertebral osteomyelitis annually [9]. In contrast to prior European studies, which 
reported a steady increase in incidence by age, with a peak incidence among patients 
70 years of age and older, the majority of cases (49.5%) in the Unites States series 
are younger than 59  years old. The reason for this discrepant finding remains 
unclear, but could be related to a combination of increased awareness of practitio-
ners, easier access to more accurate detection methods, i.e. widespread availability 
of MRI and the ongoing opioid crisis.

 Microbiology

The majority of infections of the spine, in keeping with the rest of osteoarticular 
infections, is caused by gram positive bacteria, Staphylococci and Streptococci. In 
large series of pyogenic spine infections account for 60–90% of all cases [10–12]. 

Table 13.1 Nomenclature of spine infections

Nomenclature of spine 
infections Pathology Characteristics

Discitis Isolated disc infection Hematogenous bacterial seeding of 
vascularized disc in children

Spondylitis Vertebral end plate infection Earliest osteomyelitis of VB in adults
Spondylodiscitis Discitis with adjacent 

vertebral body infection
Extent of most spine infections at 
presentation

Septic facet joint Hematogenous septic 
arthritis of facet joints

Increasingly recognized entity in era of 
MRI

Epidural abscess Purulence in epidural space Contiguous spread of infection from 
infected disc space or septic facet joint
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In recent series that focus on presence of epidural abscess, gram positive organisms 
account for 90% of pathogens [13]. Staphylococcus aureus remains the single, most 
frequently isolated organism in cases of native spine infections [10–16]. The per-
centage of methicillin-resistant S. aureus (MRSA) varies, and seems to correlate 
with the incidence of IVDA and community acquisition.

Streptococci spp. are the second most frequent pathogen isolated from cases of 
spine infections [10, 11, 17]. Streptococci are a heterogenous group, encompassing 
virulent pathogens akin to Staphylococcus aureus, i.e Steptococcus pneumoniae, 
Streptococcus pyogenes and Streptococcus agalactiae as well as less virulent organ-
isms like viridans streptococci. Interestingly, these low virulent organisms are fre-
quently implicated in cases of coinfections of spine and endocarditis [18].

Coagulase negative staphylococci (CNS) are less virulent pathogens. They are 
capable of seeding the spine and establishing overt infect during episodes of pro-
longed bacteremia. Prolonged CNS bacteremia is usually related to artificial mate-
rial infection, like line infections, prosthetic valve endocarditis cases or intravascular 
shunts infections [19].

Gram negative bacilli historically accounted for 15–30% of pathogens in series 
of spine infections [10, 17]. Gram negative spine infections, like E coli, Proteus spp. 
or Klebsiella spp., can be seen following procedures or infections involving the 
genito-urinary or gastro-intestinal tract [20, 21]. It is unclear why the percentage has 
decreased in recent series, with gram positive organisms accounting for almost 90% 
of all microbiologically confirmed infections [13, 16, 22]. Our institution registry 
concurs with the more recent data, with less than 5% of spinal infections caused by 
gram negative pathogens (unpublished data). It is unclear whether a true shift in 
etiology has happened over the past 30 years or whether the extent of gram-negative 
infections has been overestimated in older case series. From an antimicrobial stew-
ardship point, it is crucial to reevaluate the percentage of gram-negative spine infec-
tions and address empirical antimicrobial regimens that were designed to provide 
coverage for both gram positive and gram-negative organisms. Evidence for a par-
ticular choice of empiric antibiotic treatment in culture-negative cases is very 
limited.

Fungal infections, including Candida and Aspergillus species, present a minority 
of spine infections mostly limited to patients with injection drug abuse and immu-
nocompromised hosts [23].

Tuberculosis of the spine and Brucella spp infections are found in endemic areas. 
Hematogenous seeding of the spine usually results in monomicrobial infections. 
Contiguous infections, originating from pelvic abscesses or overlying dehisced sur-
gical wounds, are frequently polymicrobial.

 Risk Factors and Clinical Presentation

Spinal infections remain a diagnostic challenge, since the classical presentation of 
progressive back pain in a patient with fever is frequently masked by concomitant 
distant infections or use of anti-inflammatory medications.
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A high index of suspicion is required, especially in patients with risk factors for 
transient bacteremias, including those with chronic indwelling catheters, dialysis –
dependent patients, intravenous drug abusers and patients subject to frequent medi-
cal procedures. Diabetes, malignancy, alcoholism and immunocompromised status 
are reported in most studies to be risk factors for spinal infections [10, 12, 14, 24].

The sine qua non of spinal infections is back pain, present in more than 80% of 
cases in most series [25–27]. The features of back pain associated with spine infec-
tions differ based on the anatomical location involved and extent of spread. Discitis 
and spondylodiscitis usually present as indolent midline pain exacerbated by move-
ment that slowly progresses to unremitting, nocturnal pain at rest. In cases of lum-
bar spine spondylodiscitis with spread of infection into a psoas abscess, the pain can 
radiate into the side of the involved psoas muscle and can be exacerbated by flexion 
of the hip, as the psoas muscle is a major hip flexor. In thoracic spine spondylodis-
citis, apart from the midline pain, the adjacent costovertebral joint can be involved, 
and the pain can radiate along the ipsilateral rib, mimicking the pain of herpes zos-
ter, pleurisy or pancreatitis [28]. Cervical spondylodiscitis with anterior preverte-
bral spread of infection can present with neck pain associated with dysphagia and 
dysphonia [29]. Involvement of the posterior elements, as in the case of isolated 
hematogenously seeded facet joints, present more acutely, frequently as distinctly 
unilateral pain [30].

Fever is an inconsistent finding in spine infection, present on average in 2/3rds of 
cases, but ranging from 16% to 97% between series [10, 12, 31]. Given the ubiqui-
tous use of anti-inflammatories for back pain, febrile episodes likely remain masked.

Neurological deficits in the form of motor weakness, sensory deficits, radicular 
pain or cauda equina syndrome, are present in 10–50% of cases and are caused by 
the development of an epidural abscess [32–34].

 Diagnosis

The unacceptably long diagnostic delay in establishing spine infection as the cause 
of back pain remains a problem even in today’s era of widespread MRI availability. 
Work up for new onset back pain should always include inflammatory markers. 
Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) in particular, 
are helpful in screening for serious causes of back pain, i.e. infection, fractures and 
metastatic lesions [35]. CRP is the only factor found to significantly shorten the 
diagnostic delay in pyogenic spine infections [36].

 Imaging

Radiographs are frequently the initial examination performed. Changes of spine 
infection on X-ray lag several weeks following symptom onset and include 
decreased bone density, disc space narrowing, end plate destruction followed 
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ultimately by subluxation and instability. The imaging of choice for establishing a 
diagnosis of spine infection is MRI [37]. MRI findings include disc space narrowing 
and increased signal on fluid sensitive, or T2 weighted, sequences with enhance-
ment following contrast administration. The endplates show low T1 signal, increased 
T2 signal and enhancement post contrast administration.

End-plate enhancement is the earliest sign of acute spondylodiscitis on MRI 
[38]. Paraspinal soft tissue inflammation is seen as increased T2 signal with 
enhancement and is crucial in differentiating infection from degenerative disc 
changes [39]. When possible, gadolinium should be administered, as it is essential 
in differentiating epidural abscess formation from phlegmonous inflammation [40]. 
Uniform enhancement is seen in phlegmonous inflammatory changes lacking a cen-
tral liquid component. In contrast, an abscess is seen as a rim enhancing hypoin-
tense collection. The central low intensity signal on T1 weighted images represents 
the necrotic portion of the abscess, while the surrounding rim of granulation tissue 
is well perfused and enhances following contrast administration [41]. These two 
distinct MRI patterns correlate with intraoperative findings of gross purulence that 
can be surgically evacuated in cases of epidural abscesses, versus inflamed granulo-
matous tissue in phlegmon which cannot [42]. When an MRI cannot be obtained 
and the suspicion for epidural abscess is high, a CT myelogram is recommended. 
The block in free contrast flow indicates the level of compression, but can frequently 
not delineate the extent of an epidural abscess or whether it originates from an 
infected disc space or a septic facet joint [43]. It is also an invasive procedure asso-
ciated with risks of infection and bleeding. Typical MRI findings of spondylodisci-
tis are shown in Fig. 13.4. Typical findings of epidural abscess on MRI are shown in 
Fig. 13.5.

In cases where MRI is contraindicated, contrast enhanced CT scan, PET scan, or 
combined gallium/T99c bone scan can help establish the diagnosis [44, 45]. Boney 
structures are better evaluated on CT compared to MRI, like end plate erosions and 
extent of destruction of vertebral bodies. CT is the modality of choice for evaluating 
for possible biopsy to help establish the diagnosis. The addition of intravenous con-
trast to CT makes soft tissue inflammation and abscesses more conspicuous. 
Unfortunately, a major limitation of CT is its inability to delineate epidural 
abscesses [46].

The best alternative to MRI, albeit limited by cost and availability, is FDG- 
PET- CT.  It reliably identifies paraspinal soft tissue inflammation and psoas 
abscesses, as well as end-plated changes characteristic of spondylodiscitis. Its major 
drawback is lack of reliable identification of epidural abscesses [47, 48].

A frequently overlooked entity and underreported imaging finding is the septic 
facet joint. Radiographs are not helpful and typically only show degenerative 
changes. CT findings include erosive changes in the affected facets that are difficult 
to differentiate from degenerative changes, unless additional soft tissue inflamma-
tion, paraspinal or psoas muscle abscesses are present [49]. MRI is the imaging of 
choice for establishing a diagnosis of a septic facet joint, as early as 5 days after 
onset of symptoms [50]. On MRI, fluid in a facet joint with associated edema in the 
surrounding soft tissues of the paraspinal muscles should raise suspicion for 
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infection. Edema is more conspicuous on fat suppressed fluid sensitive sequence, 
T2WI or STIR (Fig. 13.6). The addition of gadolinium is preferred as it can delin-
eate the presence of an epidural abscess originating from the culprit septic facet 
joint. The reported frequency of epidural abscesses originating from septic facet 
joints ranges from 25% to 60% and typically, though not uniformly, involve the 
posterior epidural space, forming a dorsal epidural abscess [30, 51].

 Establishing Microbiological Etiology

Every effort should be made to confirm the microbiological etiology prior to initiat-
ing antibiotic therapy.

Blood cultures should be routinely obtained in patients with back pain who are 
febrile or have imaging findings suspicious for infection. They are positive in 
roughly 60% of bacterial spine infection cases, the yield ranging from 30% to 72% 
[52]. Empiric antibiotics should be withheld until the microbiological diagnosis is 
established in all but critically ill patients with signs of sepsis. In patients with 

a b

Fig. 13.4 (a) Findings of spondylodiscitis on T1W MRI imaging, arrows pointing to edema in 
adjacent vertebral bodies as hypo-intense signal area. (b) Findings of spondylodiscitis on STIR 
MRI, arrowheads pointing to edema of adjacent vertebral bodies as bright signal area
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negative blood cultures or a single set isolate of a contaminant organisms like coag-
ulase negative Staphylococcus, a CT guide or open biopsy is indicated. The yield of 
biopsy ranges from 30% to 75% and is compromised by prior administration of 
antibiotics [53–55]. Given the indolent course, side effects of empiric antimicrobial 
therapy and increased awareness of the need for antimicrobial stewardship, it is 

Fig. 13.5 Findings of 
epidural abscess on 
gadolinium-enhanced T1W 
MRI, arrows delineating 
the proximal and distal end 
of the dorsally located 
epidural abscess

Fig. 13.6 Findings of a 
right sided septic facet 
joint on T2W MRI, 
arrowheads pointing to 
epidural extension and 
arrow pointing to 
paravertebral spread of 
infection
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deemed reasonable to withhold therapy for up to 2 weeks in stable patients [56]. A 
standard biopsy specimen should include an aspirate from the disc space or adjacent 
paraspinal collections, and a core specimen of the affected end plates. Samples are 
sent for both microbiology and pathology. Routine bacterial and fungal stains and 
cultures are done. In cases of exposure history, mycobacterial stains and cultures are 
requested. Pathology evaluation can be helpful in culture negative cases, where the 
presence of white blood cells indicates pyogenic osteomyelitis, or granulomatous 
lesions point towards mycobacterial etiology or Brucellosis [57]. Pathology can 
also be helpful in culture negative cases where imaging findings are equivocal and 
cannot differentiate between infection and non-infectious etiology. The absence of 
white blood cells on pathology can point away from infection in favor of degenera-
tive Modic changes, ankylosing spondylitis, neuropathic-Charcot joint deformities 
of the spine or hemodialysis-associated spondylo-arthropathy [58]. Occasionally, 
crystal deposits can be found on histology, establishing a diagnosis of gout or pseu-
dogout in the spine, entities indistinguishable from infection on both imaging and 
clinical presentation [59].

Cases where no pathogen is identified, either from blood cultures or tissue 
obtained by biopsy, are deemed as culture negative and placed on empiric antibiotic 
therapy. Recent guidelines recommend a second CT guided or open biopsy attempt 
at establishing the pathogen [56]. The yield of a second biopsy ranges from 0% to 
60% and its applicability has been a topic of intense debate [60]. Though post- 
biopsy blood cultures had shown some promise as an adjunct tool to establish a 
microbiologic diagnosis, its overall low yield has made it an obsolete diagnostic 
test [61].

Broad-range PCR has emerged in recent years as an additional tool available in 
cases where microbiological cultures are not sufficiently sensitive, as in patients 
who have previously received antibiotics or when fastidious organisms are present. 
Limitations of these advanced diagnostic techniques are high rate of false positive 
results and lack of susceptibility testing to guide treatment [62, 63].

 Treatment

Once the diagnosis of spine infection is established and the microbiological cause is 
confirmed, antimicrobials can be initiated. The goal of treatment is to eradicate 
infection, relieve back pain and prevent further complications, like cord compres-
sion and progressive bone loss leading to an unstable spine. Uncomplicated cases of 
spine infection, including discitis, spondylodiscitis, septic facet joints without sig-
nificant boney erosions and epidural abscesses without significant neurologic defi-
cits, are treated conservatively with good outcome. Six weeks of targeted antibiotic 
therapy suffices in most cases [64]. More extensive infections with spread into para-
spinal tissue and associated psoas muscle abscesses may benefit from extended 
courses of up to 8–12 weeks [65]. Initial intravenous antibiotic regimens can safely 
be switched to oral antibiotics with high bioavailability once the CRP has decreased 
by 50%, if the pain has resolved and no residual neurological deficits are present 
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[66]. The therapeutic response is monitored clinically and with serial inflammatory 
markers. End of treatment cross-sectional imaging is not recommended if pain has 
resolved and inflammatory markers have normalized [56]. MRI findings can lag up 
to 4–6 weeks behind clinical improvement, and persistence of findings on imaging 
can create a conundrum for the treating physician and the patient. Only in cases 
where back pain persists or recurs, or inflammatory markers fail to improve, should 
repeat imaging be performed [67].

Some patients will require surgery. Surgical indications include acute neurologi-
cal deficits caused by cord compression from epidural abscesses and mechanical 
instability of the vertebral column due to loss of bone stock to infectious osteolysis 
(Figs. 13.7 and 13.8). Occasionally, unremitting pain and prolonged bacteremia can 
present a relative surgical indications. Historically, the treatment of choice for all 
epidural abscesses was surgical decompression [68, 69]. Currently, the dilemma is 
whether or not to proceed with surgical decompression of an epidural abscess. Over 
the past two decades, conservative management of epidural abscesses, with antibi-
otics alone has become a viable option for an increasing number of patient. Epidural 

a b

Fig. 13.7 (a) Findings of cervical spondylodiscitis associated prevertebral and epidural extension 
on STIR MRI. Arrowheads delineate epidural collection causing cord compression with marked 
cord edema, arrow pointing to bright signal in spinal cord. (b) Typical finding of a ventrally located 
epidural abscess on gadolinium-enhanced T1W MRI. Arrowheads delineating rim enhancement of 
the abscess

M. Babic and C. Simpfendorfer



285

abscesses of known causative organism and without neurological deficits can safely 
be managed conservatively, with antibiotics alone [70, 71]. Patients with neurologi-
cal deficits should undergo immediate decompression, as it is not known at which 
point in time the deficits become irreversible [71]. It is acceptable to proceed with 
conservative management in cases of mild neurological deficits with close follow 
up. The failure rate of conservative management ranges from 30% to 40% [72, 73].
The outcome of delayed surgery following conservative management failure is sub-
optimal. It is therefore important to be able to predict which patients are at risk for 
failure. Numerous algorithms for non-operative management failure of epidural 
abscesses have been published, all based on retrospective cohort studies [16, 72, 
74]. Models are based on the presence of risk factors like diabetes, neoplasm, old 
age, presence of methicillin-resistant Staphylococcus aureus, elevated CRP and 
white blood cells. Most of the models were not validated in subsequent cohorts and 
are of limited clinical utility.

Isolated case reports of CT-guide aspiration of epidural collections, as an adjunct 
to conservative management, confirm its feasibility but the practice is not wide-
spread in clinical setting [75, 76]. The concept is based on aspiration and irrigation 
of multilevel epidural abscesses under CT guidance. Only dorsally located epidural 
abscesses with a confirmed liquid component on MRI and absence of significant 
bony destruction associated with spondylodiscitis qualify for percutaneous drainage 
[77]. Routine CT guided procedures can provide therapeutic support. Psoas 

a b

Fig. 13.8 (a) Coronal CT imaging findings of advanced vertebral body destruction due to spondy-
lodiscitis. Arrowheads pointing to extensively eroded vertebral endplates. (b) Sagittal CT imaging 
findings of advanced vertebral body destruction with fracture of proximal vertebral body 
(arrowheads)
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abscesses associated with lumbar spondylodiscitis, if not multiloculated and with 
diameters greater than 3 cm, can be successfully drained to decrease infectious load. 
The optimal therapeutic approach to septic facet joints is unknown. Most are treated 
in accordance with vertebral osteomyelitis guidelines. If they are associated with an 
epidural abscess, the presence of neurological deficits determines the therapeutic 
approach. Occasionally, a septic facet joint can be the source of prolonged bactere-
mia, especially with Staphylococcus aureus. Aspiration under CT guidance of puru-
lent content from the facet joint space can relieve symptoms and help manage source 
control [30].

Surgical management involves radical debridement of all infected tissue and 
reconstruction of lost bone support. Debrided bone defects are filled in with bone 
grafts or, in recent years, titanium mesh cages.

In addition to foregoing the morbid procedure of harvesting bone graft, Titanium 
is more resistant to bacterial adherence compared to other metals, and results in 
higher fusion rates and better sagittal alignment [78–80]. A significant shift in man-
agement occurred when it became evident that placement of metal into an actively 
infected spine did not compromise outcome [79, 81]. Neither the use of Rifampin or 
chronic suppressive antibiotics are needed following hardware placement in acute 
cases of spine infection, as they do not impact long term outcome or failure rate 
[82]. The majority of treatment failures happen within the first postoperative year, 
thus continuing chronic suppressive antibiotics beyond the initial year is unlikely 
beneficial [82]. Intraoperative use of topical antibiotic delivery systems have found 
its applications in surgical management of spine infections. Injectable antibiotic 
eluting bone graft substitutes have been used successfully to eradicate infection and 
promote fusion [83].

 Outcome

Over the course of the past century, spine infection has evolved from an acute, life 
threatening illness of the young, with associated high mortality rates, to a more 
prolonged, indolent disease of the older population, associated with chronic dis-
abling sequelae and lower mortality rates [10]. Estimates of mortality range widely 
between 1.2% and 20% in prior studies, but is reported as 2.1% in-hospital mortality 
in the U.S. by Issa et al. [5, 7, 9, 34, 52, 84, 85]. It appears that long-term mortality 
in spine infections is relates to comorbidities as shown in Table 13.2.

Prior studies of long term functional outcomes of spine infection found signifi-
cant morbidity and high rates of adverse outcomes [86, 87]. Recent data supports 
better recovery rates following eradication of infection and restoration of mechani-
cal stability of the spine [88]. Impaired quality of life is attributable to residual pain, 
paralysis and associated more frequently with female gender. It has been noted pre-
viously by Hadjipavlou et  al. that residual back pain, attributable to kyphosis or 
pseudoarthrosis, was more prevalent in cases of spine infection managed non- 
operatively [11]. Certain features of spine infection may relate to worse outcomes. 

M. Babic and C. Simpfendorfer



287

Infections involving the cervical spine seem to have higher mortality compared to 
lumbar and thoracic locations [89]. Extreme elevation of inflammatory markers, i.e. 
CRP values above 100 mg/L on presentation was found to relate to higher mortality 
[22]. Though spine infections caused by MRSA where associated with prolonged 
bacteremia and more frequent recurrences, compared to MSSA infections, the over-
all mortality did not differ significantly [90]. Most importantly, a diagnostic delay 
exceeding 60 days was associated with poor outcome [91].

 Summary

Infections of the spine are becoming an increasing occurrence in developed coun-
tries with an aging population. Advanced instrumentation predisposes patient to 
frequent transient episodes of bacteremia. The spectrum of spinal infections is a 
result of hematogenous bacterial or rarely fungal seeding of vertebral end plates and 
facet joints. Unopposed infection spreads into adjacent anatomic structures of the 
spine and causes phlegmons or abscesses in the epidural space, paraspinal and psoas 
muscles and prevertebral soft tissue spaces. Back pain is universally present as the 
main complaint, but given its ubiquitous nature adds to the pitfalls of diagnosing a 
spine infection in a timely manner. Though significant progress has been made in 
the treatment of spine infections, the diagnostic delay remains unacceptably long. 
CRP is the sole inflammatory marker that aids in establishing a diagnosis of serious 
causes of back pain and shortens the diagnostic delay in infections of the spine. The 
imaging of choice for diagnosing spine infections is Gadolinium enhanced 
MRI. FGD PET CT scan is a viable option in patients with contraindications to 
MRI. CT myelograms are used for locating a spinal epidural abscess if MRI not 
feasible and clinical suspicion is high. The most frequent etiologic agents are gram 
positive bacteria, namely Staphylococcus aureus. A minority of cases are caused by 
enterobacteriaceae. Fungal infections are mostly restricted to injection drug use and 
severely immunocompromised patients. In today’s era of antimicrobial stewardship, 
a concerted effort has to be made to establish the microbiological diagnosis. In 
hemodynamically stable patients, empiric antimicrobial therapy should be withheld 
until a microbiological agent is recovered either from blood cultures or CT guided 
biopsy samples. Targeted antibiotic therapy can be initiated thereafter. The standard 

Table 13.2 Mortality of spine infections and associated factors

Study Mortality (%) Factors associated with mortality

McHenry (2002) 
[10]

11% Diagnostic delay, motor weakness, paralysis, 
nosocomial acquisition

Akiyama (2013) [7] 6% Older age, diabetes, dialysis, cirrhosis, endocarditis, 
malignancy

Kehrer (2015) [5] 20% Epidural abscess, neurodeficits, comorbidities
Kokabu (2017) [88] 3% vs 15% No comorbidities vs comorbidities
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duration of therapy in uncomplicated cases is 6 weeks. Response to therapy is moni-
tored clinically and by following serial inflammatory markers. Initial antibiotic 
therapy is administered intravenously, but a switch to highly bioavailable oral agents 
is acceptable in cases of clinical improvement and with down-trending inflamma-
tory markers. End of treatment imaging studies are not recommended. Repeat imag-
ing is reserved for cases with suboptimal therapeutic response, with ongoing 
symptoms or persistently elevated inflammatory markers. An increasing number of 
spine infections are managed conservatively, with antibiotic therapy only. In the 
acute setting, onset of neurologic deficits and mechanical instability of the spine 
require surgical intervention. Following completion of therapy, residual mechanical 
instability may be the cause of chronic pain and is eventually managed surgically as 
well. A number of models predicting the failure rate of conservative management as 
a tool to assess the need for early surgery are available. Their applicability in real 
time clinical setting remains to be determined.
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Chapter 14
Infectious Primary Myelitis

Rohini D. Samudralwar and Rodrigo Hasbun

 Myelitis

Myelitis is an inflammation of the spinal cord and can be either be a primary myeli-
tis (directly involving the cord) or a secondary myelopathy due to compression of 
an adjacent epidural abscess [1]. Myelitis can also have an infectious or a noninfec-
tious cause. Magnetic resonance imaging (MRI) of the spinal cord can be used to 
distinguish infectious versus non-infectious causes of myelitis, such as multiple 
sclerosis or neuromyelitis optica spectrum disorder (NMOSD). For the purpose of 
this chapter, we will focus on infectious primary myelitis (see other chapters for 
noninfectious, post infectious myelopathies, or secondary myelopathies).

Primary myelitis can present as either: (1) anterior myelitis, affecting primarily 
gray matter (2) leukomyelitis, affecting white matter, many times in the dorsal region 
or (3) transverse myelitis, involving an entire cross section of the spinal cord 
(Table 14.1) [1]. The most common clinical manifestations of myelitis are pain; motor 
deficits; sensory deficits; abnormalities of reflexes and muscle tone; and bowel/blad-
der dysfunction. The distribution of neurologic deficits depends on the spinal 
segment(s) affected and pattern of involvement. Weakness is present in virtually all 
spinal cord disorders, and may progress over hours, days, or weeks. Tone can be help-
ful in conjunction with weakness. The tone is usually decreased when the anterior 
horn cells of the gray matter are affected in “poliomyelitis” (e.g., polio virus, West 
Nile virus, Enterovirus D68). Involvement elsewhere in the spinal cord creates 
increased tone and spasticity. If the patient has associated radiculopathy, the local pain 
can follow the nerve roots involved. Spinal shock is sudden, characterized by areflexia 
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and loss of tone below the level of the lesion. Bladder dysfunction is usually not an 
early sign of spinal cord disease unless there is spinal shock. Chronic myelopathies 
cause a spastic bladder and result in urgency, frequency, and incontinence [1]. In this 
review; we will discuss the most common infectious causes of primary myelitis.

 Viruses

 Herpesviruses

All human herpesviruses have been implicated in myelitis, especially in the setting of 
immunosuppression. Herpes simplex virus (HSV) types 1 and 2, varicella-zoster virus 
(VZV), cytomegalovirus (CMV), Epstein–Barr virus (EBV), and less commonly 
human herpesviruses 6 and 7 (HHV-6 and HHV-7) can cause myelitis. In adults, the 
most common herpes virus causing myelitis is HSV-2 with reactivation in sacral dorsal 
root ganglia resulting in lumbosacral radiculitis in addition to the myelitis (Elsberg 
syndrome) [2]. The diagnosis is usually made by a positive CSF VZV polymerase chain 
reaction (PCR). The presentation of HSV myelitis may be acute or subacute and intra-
venous high dose acyclovir should be given as soon as possible. The addition of adjunc-
tive steroids should be considered as it may decrease the risk of ascending myelitis [3].

VZV can cause varicella in children or zoster (shingles) in adults. VZV can occur 
with an associated vesicular rash in a dermatomal distribution or without a rash 
(Zoster sine herpete) [4]. It can affect either immunosuppressed or immunocompetent 
patients and the presentation may be acute or subacute with asymmetric weakness and 
sensory deficits at the level where VZV reactivated. MRI may show spinal cord T2 
hyperintensities, cord enhancement, and nerve root enhancement [4]. Patients should 
be treated with IV acyclovir at 10 mg/kg every 8 hours and in patients with severe cord 
edema or severe deficits, adjunctive steroids should be considered.

CMV is almost exclusively seen in immunosuppressed individuals such as those 
with acquired immunodeficiency syndrome (AIDS) or in solid or bone marrow 
transplant recipients [3, 4]. In can also cause a lumbosacral polyradiculitis in addi-
tion to the myelitis. CSF sometimes shows a neutrophilic pleocytosis, elevated pro-
tein, and a mild hypoglycorrachia. The diagnosis is done by obtaining a CSF CMV 
PCR and the treatment is intravenous ganciclovir with or without foscarnet [4]. 
Other herpes viruses that can rarely cause myelitis are Epstein Barr Virus (EBV), 
and human herpesviruses 6 and 7 (HHV-6 and HHV-7). EBV myelitis can occur 
concomitantly or after an infectious mononucleosis and diagnosis should be made 
both by serologies and by a CSF EBV PCR. HHV-6 is most commonly reported in 
the setting of allogeneic hematopoietic stem cell transplantation. The use of myco-
phenolate mofetil can be an important risk factor for HHV-6 myelitis and the treat-
ment usually consists of IV ganciclovir or foscarnet. HHV-7 has been seen as 
isolated case reports of myelitis and can be treated with IV foscarnet [3, 4].

Herpes B virus or Cercopithecine herpesvirus 1 (or also known as Herpesvirus 
simiae), is a naturally occurring virus among primates of the genus Macaca that can 
cause fatal encephalomyelitis in humans following a bite, cage scratch, or other 
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exposure [5]. Patients may develop vesicular lesions at the site of the bite before 
developing neurologic manifestations. In addition to thorough washing, prophylac-
tic oral acyclovir or valacyclovir should be considered after an at-risk exposure. In 
patients with disease, the Centers for Disease Control and Prevention (CDC) should 
be consulted and intravenous acyclovir or ganciclovir should be considered with 
evidence of any disease that can lower the mortality from 80% to 20% [5].

 Enteroviruses

The enteroviruses are well-known causes of infectious myelitis, of which poliovirus 
has been the most historically significant. Poliovirus infection may present with 
fever, meningismus, and muscle spasms followed by acute flaccid paralysis (AFP) 
from infection of anterior horn cells. Largely due to effective vaccination programs, 
poliovirus cases have decreased by 99% and are now only seen in three countries 
(Pakistan, Afghanistan, and Nigeria). Other enteroviruses – such as Coxsackie A 
and B, echovirus, and enteroviruses D68, 70 and 71 – are now one of the most com-
mon causes of AFP. AFP refers to the development of decreased tone and weakness 
secondary to inflammation in the spinal cord that is seen more commonly in chil-
dren and young adults between the months of August and October. The characteris-
tic features include preceding febrile or respiratory illness, limb weakness and/or 
cranial nerve involvement. MRI shows gray matter involvement spanning >1 verte-
bral segment, and CSF analysis with pleocytosis. Limb weakness in AFP is caused 
by involvement of the anterior horn cells (gray matter in spinal cord), located at the 
ventral aspect of the spinal cord, controlling strength and hypertonicity. Damage in 
this area leads to the flaccid, decreased tone, and loss of strength, distinctive of 
this entity.

Enterovirus 71 – the causative agent of hand-foot-and-mouth disease – is an impor-
tant exception and may mimic poliovirus in severity. Besides aseptic meningitis and 
encephalitis, EV 71 can cause myelitis; it may be difficult to distinguish between post 
infectious, immune-mediated cord injury and direct viral invasion. Detection of virus 
in CSF is supportive of direct viral invasion. Enteroviruses can be recovered from CSF 
as well as from blood, respiratory secretions, and stool. The most reliable diagnostic 
test is the enteroviral polymerase chain reaction (PCR) either in the respiratory secre-
tions. Enterovirus is rarely detected by a CSF enterovirus PCR [6].

 Flaviviruses

Since the appearance of West Nile virus (WNV) in the United States in 1999 until 
2018, more than 50,000 WNV disease cases have been reported to the CDC. Although 
most WNV infection is asymptomatic or self-limited, neuroinvasive disease (NID) 
also occurs. AFP is one of the most serious presentations of NID and mimics polio-
myelitis with injury to spinal cord anterior horn cells [2, 4]. AFP commonly accom-
panies WNV encephalitis, appears abruptly, and often results in asymmetric lower 
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extremity weakness. Areflexia, loss of bladder and bowel function, and signs of dener-
vation may develop. In addition to acute flaccid myelitis, WNV can also present with 
cauda equina involvement or posterior cord related involvement leading to proprio-
ceptive and sensory ataxia [7]. MRI of the spine many times can appear normal despite 
focal neurological examination. CSF typically demonstrates pleocytosis; diagnosis is 
done by serologic and CSF testing for WNV IgM. The WNV CSF PCR is not reliable. 
There is no human vaccine and no agents available to treat WNV disease.

Dengue can have several types of neurologic complications including meningi-
tis, encephalitis, mono- and poly-neuropathies, Guillain–Barré syndrome (GBS) 
acute disseminated encephalomyelitis (ADEM), and myelitis [2, 4, 8]. The latter 
three complications are immune-mediated phenomena versus direct viral invasion 
[8]. CSF may demonstrate pleocytosis and elevated protein. Diagnosis is supported 
by serologic studies, CSF antibody testing or PCR, or by isolating the virus in the 
CSF. Care is supportive.

Other flaviviruses that have been associated with myelitis include Japanese 
encephalitis, tick-borne encephalitis, St. Louis encephalitis, Zika, and Hepatitis 
C [2, 4].

 Retroviruses

Two retroviruses can cause myelopathy: HIV and human T-cell lymphotropic virus 
(HLTV-1) (Table 14.2) [2, 4]. HIV can cause vacuolar myelopathy but this is a diag-
nosis of exclusion. Although of distinctive neuropathology, it often coexists with the 
acquired immunodeficiency syndrome (AIDS)-associated dementia complex, also 
known as HIV encephalopathy or encephalitis. Vacuolar myelopathy was found in 
up to 50% of AIDS patients undergoing autopsy before the highly active antiretro-
viral therapy (HAART) era. In severe cases patients develop spastic paraparesis of 
the lower extremities with or without involvement of the arms. The weakness, which 
may be asymmetric, evolves over weeks. Coexisting neuropathy is often present. A 
discrete sensory level is unusual. Sphincter dysfunction occurs late in the course of 
the disease.

HTLV-1 is a retrovirus associated with adult T-cell leukemia/lymphoma and 
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). It is 
endemic in the Caribbean, Japan, Africa, and Italy but can be seen in the US [1, 9]. 
HTLV-1 can cause a chronic meningomyelitis with focal destruction of gray matter 
as well as demyelination of white matter primarily within the posterior columns and 
corticospinal tracts. A characteristic pattern is a longitudinally extensive transverse 
myelitis (LETM) referring to a transverse myelitis that spans at least three vertebral 
bodies. Neurologic disease usually begins in the fifth decade; women are more com-
monly affected than men. Patients have bilateral lower extremity weakness, stiff-
ness, and back pain causing difficulty in walking. Neurogenic bladder and 
neuropathy can occur. Exam shows spastic paraparesis, hyperreflexia, extensor 
plantar reflexes, and reduced vibratory sensation and proprioception. Typically, the 
disease is slowly progressive and may ultimately leave patients wheelchair depen-
dent; the upper extremities are usually not affected. HAM/TSP may be preceded, 
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more commonly in children, by infective dermatitis, a recurrent erythematous, 
scaly, and crusted rash of the scalp, face, neck, axilla, and groin. Diagnosis is estab-
lished by the presence of HTLV-1 seropositivity. No effective antiretroviral or 
adjunctive therapies have been established to date.

 Other Viruses

Other viruses that can occasionally be associated with myelitis include chikungunya 
virus, influenza virus, mumps, measles, hepatitis A and E, JC virus and rabies 
viruses [2, 4].

 Bacteria

 Syphilis

Treponema pallidum can cause four different types of spinal cord infections. (1) 
Tabes dorsalis is the best known manifestation that consists of degeneration of the 
dorsal roots and the posterior column of the spinal cord. Patients present clinically 
with lancinating pains, ataxic gait, paresthesias, and bladder dysfunction. On exam 
they can have Argyll Robertson pupils, diminished reflexes, impaired vibration and 
propiorception impaired pain and temperature with development of Charcot joints 
and extraocular muscle palsies [2, 4]. (2) Meningovascular syphilis causes an end-
arteritis of vessels that can cause thrombosis and infarction of spinal arteries. (3) 
Spinal cord compression from gummas of the meninges and cord and (4) Syphilitic 
meningomyelitis [1, 10]. Because of its varied presentations, syphilis should be 
considered in the differential diagnosis of nearly all diseases of the spinal cord. The 
serum rapid plasma reagin (RPR) titer is usually above 1:32 in neurosyphilis [10], 
and the CSF usually shows a lymphocytic pleocytosis, elevated protein, and normal 
glucose; HIV infection with or without HAART may impact these parameters. The 
CSF Venereal Disease Research Laboratory (VDRL) test is specific but generally 
insensitive. CSF fluorescent treponemal antibody test may also aid diagnosis. 
Steroids may be added to intravenous penicillin to prevent cord edema, ischemia, or 
Jarisch–Herxheimer reaction associated with treatment [1].

 Mycoplasma Pneumoniae

CNS complications of M. pneumoniae infection are probably the most frequent 
extrapulmonary manifestation of infection. Although encephalitis is the most com-
mon neurologic complication, meningitis, polyradiculitis, ADEM, and transverse 
myelitis also occur. The exact pathogenesis of CNS disease is unknown, but it may 
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be secondary to direct invasion, elaboration of neurotoxins, autoimmune complexes, 
molecular mimicry, or vasculitis. A recent respiratory tract infection, especially in a 
child or young adult, should suggest the diagnosis [1, 2]. Diagnosis can be con-
firmed with positive CSF M. pneumoniae PCR or by retrospectively observing a 
four-fold rise in antibody titers. If active infection is present, antibiotic therapy may 
be effective. Doxycycline penetrates the CNS more effectively than macrolides but 
is contraindicated in young children. Steroids, plasmapheresis, and intravenous 
immunoglobulin (IVIG) have also been advocated but remain controversial.

 Brucellosis

Brucellosis is a zoonotic disease caused by an aerobic, Gram-negative coccobacil-
lus that is acquired by drinking unpasteurized dairy products [2]. Neurobrucellosis 
can present as chronic meningitis with cranial nerve palsies, an encephalitis or as a 
myelitis. Myelopathy typically involves the corticospinal tracts and produces a pure 
upper motor neuron syndrome without sensory findings. Secondary myelitis can 
occur from granulomatous spondylitis and epidural abscess. Radiculopathy due to 
chronic inflammation of intrathecal nerve roots complicates neurobrucellosis in an 
eighth of patients. CSF usually reveals a lymphocytic pleocytosis, elevated protein, 
and hypoglycorrhachia. CSF cultures are positive in fewer than 50% of cases. 
Cultures of blood and tissue fluids may become positive in 2–4 days with modern 
automated liquid culture systems, particularly when specimens are first processed to 
release intracellular organisms. PCR methods are reportedly more sensitive than 
culture. Serum tube agglutination (TA) testing can support a diagnosis of brucello-
sis. CSF TA testing can help confirm a diagnosis of neurobrucellosis; however, there 
is no commonly agreed upon titer cut-point for CSF TA titers. Treatment of neuro-
brucellosis consists of intravenous ceftriaxone in combination with doxycycline and 
rifampin [2]. Surgical exploration and decompression may be warranted for symp-
tomatic epidural abscess. Adjunctive steroids early in meningitis may reduce com-
plications from vasculitis [1, 2].

 Neuroborreliosis

Neuroborreliosis are tick-borne illnesses that are caused by Borrelia burgdorferi in 
the US (Lyme disease) and by Borrelia garinni in Europe. Neurological manifesta-
tions of neuroborreliosis include cranial nerve palsies (seventh palsy more com-
monly), radiculitis, peripheral neuropathy, aseptic meningitis and less frequently 
encephalopathy and myelitis. In Europe, neuroborreliosis may present with a pain-
ful meningoradiculitis known as Bannwarth syndrome. Skin manifestations that can 
be a clue for neuroborreliosis are erythema migrans (Lyme disease) and acroderma-
titis chronica atrophicans in Europe [2, 4]. MRI of the spine in myelitis may be 
normal or demonstrate a centromedullary involvement pattern usually affecting the 
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midthoracic or lumbar levels. The CSF has a mild lymphocytic pleocytosis, with a 
normal glucose and a mildly elevated protein [2, 4]. The diagnosis is established 
with a screening enzyme-linked immunosorbent assay followed by a confirmatory 
Western Blot. An elevated CSF antibody index (quantitative comparison of serum to 
CSF Lyme-specific antibody levels) may support the diagnosis [2, 4]. The treatment 
of choice is ceftriaxone 2 gm IV daily for a 14–28 day course.

 Tuberculosis

Mycobacterium tuberculosis may have several ways that can cause spinal cord 
involvment [2, 4]. Patients with tuberculosis meningitis can have radiculomyelitis 
(arachnoiditis), intradural extramedullary tuberculomas, acute or transverse myeli-
tis, vasculitis with cord infarction, vertebral tuberculosis (Pott’s disease), and syrin-
gomelia [2, 4]. Necrotizing tuberculous granulomas may directly affect spinal 
arteries. The thoracic cord is the most commonly affected followed by the cervical 
region [2]. The CSF typically shows a lymphocytic pleocytosis with hypoglycorra-
chia and significantly elevated protein (secondary to spinal block). Besides obtain-
ing a CSF mycobacterial culture, a CSF M. tuberculosis PCR should be obtained 
that can give a rapid diagnosis and check for rifampin resistance [2, 4]. In the 
absence of drug resistance, the treatment is four drug therapy (rifampin, isoniazid, 
pyrazinamide, ethambutol) for 2 months followed by and additional 7–10 months of 
two-drug therapy (rifampin, isoniazid) with adjunctive steroids.

 Parasites

 Schistosomiasis

Schistosomiasis, a trematode, affects more than 230 million people worldwide [4]. 
Neuroschistosomiasis should be considered in the differential diagnosis of acute 
myelopathy in regions where Schistosoma species are prevalent. Myelitis is most 
common with S. mansoni and S. haematobium infection that are endemic in Africa, 
Middle East, and in Central and South America [2, 4]. Schistosoma ova spread 
hematogenously and invade the CNS where the host inflammatory response, includ-
ing granuloma formation, can lead to acute myelopathy. The lower thoracic and 
lumbar cords are most commonly affected. Patients may present with lower extrem-
ity weakness, cauda equina syndrome, or lumbar or radicular pain. Spinal artery 
infarction may be found. Diagnosis is challenging; schistosomal ova are found in 
stool or urine in fewer than half of cases of neuroschistosomiasis [1, 2, 4]. CSF find-
ings may be nonspecific, but may show eosinophils and elevated protein levels. 
Visualization of schistosomal forms in biopsy specimens provides definitive 
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diagnosis. Treatment is with steroids, to reduce inflammatory response, followed by 
praziquantel, though optimal treatment doses and duration are not established.

Toxocara canis and T. catis are round worms and the cause of visceral larva 
migrans and have occasionally been reported as a cause of myelitis. Patients present 
with typical symptoms of myelitis; lower extremity weakness is most common. 
MRI findings often reveal a single inflammatory lesion. Symptoms generally 
improve after albendazole therapy.

Other parasitic diseases found to cause spinal cord disease include gnathosto-
miasis, Acanthamoeba sp, Taenia solium, Toxoplasma gondii, and Echinococcus 
granulosus.

 Fungal Diseases

Fungal infections rarely cause spinal cord disease, and present most commonly 
among immunosuppressed persons. Secondary myelopathy from epidural abscess, 
granuloma, or vertebral compression fracture is most commonly from Aspergillus, 
Cryptococcus, or Candida species. Blastomyces and Coccidioides also causes spi-
nal and paraspinal disease. Fungal myelopathy may result from direct iatrogenic 
inoculation; cauda equina syndrome was noted in 17% of patients in an outbreak of 
Exserohilum rostratum from contaminated glucocorticoid injections. Iatrogenic 
paraspinal aspergillus infection has also been described [1].

 Conclusions

Primary infectious myelitis has several causes that are treatable and a cause should 
be aggressively investigated. The most common causes are viruses such as the her-
pes viruses, arboviruses, enteroviruses and less likely retroviruses such as HIV and 
HTLV-1. The majority of the bacterial, mycobacterial, parasitic and fungal etiolo-
gies are treatable but diagnosis may be challenging. An MRI of the spine and CSF 
examination should be done on patients to help diagnose and guide therapy.
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Chapter 15
Post-infectious Encephalomyelitis

Setty M. Magaña and Ariane G. Soldatos

Acute disseminated encephalomyelitis (ADEM), also known as post-infectious 
encephalomyelitis, is a rare, multifocal inflammatory demyelinating disease of the 
central nervous system (CNS). Historically, it has been classified as post-infectious 
ADEM, post-vaccination ADEM or sporadic ADEM based on suspected etiology 
[1]. The earliest reports of post-infectious ADEM in association with measles and 
smallpox date back to the eighteenth century [2]. Subsequent development of vac-
cinations against measles, mumps and rubella resulted in marked decrease of ADEM 
and neurologic sequelae secondary to those infections [1, 3]. However, ADEM con-
tinues to be among the most frequent pediatric inflammatory CNS demyelinating 
disorders and must be distinguished from infectious meningoencephalitides as well 
as chronic CNS demyelinating diseases, the latter of which require maintenance 
immunomodulatory therapies.
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 Epidemiology

International population-based studies approximate the annual incidence of ADEM 
to be 0.3–0.6/100,000, with one study from California reporting an incidence of 
0.4/100,000 children per year [4, 5]. ADEM occurs more frequently in children than 
adults, with a median age of onset of 5–8  years, and exhibits a male predomi-
nance [6, 7].

ADEM is commonly preceded by viral or bacterial infection in up to 75% of 
cases, manifesting mostly as a nonspecific upper respiratory infection. There is a 
latency up to 1 month between the antigenic trigger and the onset of neurological 
symptoms. Numerous viruses have been associated with ADEM, including cyto-
megalovirus, Epstein-Barr, herpes simplex, human herpes virus-6, hepatitis A, cox-
sackie, coronavirus, HIV, influenza (Fig. 15.1), varicella, West Nile virus, measles 
and rubella. Other pathogens implicated in ADEM include borrelia burgdorferi, 
chlamydia, leptospira, mycoplasma pneumoniae, rickettsia and beta hemolytic 
streptococcus [8–18]. Further evidence for an infectious trigger in ADEM is sup-
ported by seasonal peaks that have been observed in some studies [19, 20].

Post-vaccination ADEM represents less than 5% of all cases and is currently 
most often associated with measles, mumps, and rubella vaccination. Notably, the 
incidence of ADEM previously associated with measles virus infection was approx-
imately 1 in 1000 cases whereas the incidence associated with the live measles vac-
cine is 1–2 per one million cases [18].

Given the high frequency of intercurrent infections in childhood, the observation 
that there is often a prodromal antigenic trigger, such as upper respiratory infection 

Fig. 15.1 ADEM Mimics. Axial T2 and coronal T2 showing bithalamic inflammation in a 3-year-
old diagnosed with post-influenza “ADEM,” found to have RANBP2-associated acute necrotizing 
encephalopathy (ANE)
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or immunization, associated with the onset of ADEM is not surprising and thus 
confounds establishment of causality.

 Clinical Features

ADEM presents acutely with encephalopathy (behavioral change or altered level of 
consciousness), rapidly progressive polyfocal neurologic deficits and is preceded by 
febrile prodromal illness (e.g. malaise, headache, nausea, vomiting, behavioral and 
mentation changes) in 50–75% of children. The presence of encephalopathy was 
added as a required diagnostic criterion in 2007 [21] such that case series prior to 
that change may be difficult to compare given that the antecedent cohorts may 
include more divergent patients. In cases with identifiable infectious trigger or vac-
cination, neurologic symptoms typically occur 4–13 days after the inciting trigger 
and can reach maximal deficits within 2–5 days from onset [19, 20, 22, 23]. Common 
neurological manifestations include pyramidal (long-tract) signs such as hemipare-
sis, cranial neuropathies from brainstem involvement, optic neuritis, speech diffi-
culties, seizures, cerebellar ataxia, and spinal cord involvement (myelitis). Less 
common features include movement disorders, sensory symptoms, and very rarely, 
peripheral nervous system involvement [24]. Severe cases requiring intensive care 
unit admission have been reported in up to 25% of children with ADEM [25].

 Diagnostic Testing

 Neuroimaging

Although magnetic resonance imaging is the preferred modality, a computed tomog-
raphy of the brain may need to be performed acutely to exclude causes of altered 
mental status such as space-occupying lesions (e.g. brain abscess) or severe cerebel-
litis causing posterior fossa swelling and fourth ventricular compression with risk of 
herniation, and ensure a lumbar puncture is safe to perform.

ADEM can affect the brain and spinal cord and result in ill-defined, large conflu-
ent demyelinating lesions with associated edema and swelling. T2-weighted (T2W) 
and fluid-attenuated inversion recovery (FLAIR) brain lesions classically reveal 
multifocal, bilateral, asymmetric, patchy hyperintense lesions that can involve: cen-
tral and subcortical white matter, cortical gray-white matter junction, deep gray 
matter nuclei (thalami, basal ganglia) [26], cerebellum and brainstem. This con-
trasts with multiple sclerosis (MS) lesions which are classically periventricular, 
ovoid, juxtacortical, corpus callosal and well-defined [24, 27]. Gadolinium enhance-
ment occurs in up to 30% of ADEM cases [23, 24, 28] and when present an open- 
ring pattern of enhancement can be seen. Leptomeningeal enhancement should 
prompt evaluation for an alternate diagnosis.
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Spinal cord lesions are observed in 1/3 of patients and are often longitudinally 
extensive lesions (≥3 vertebral segments). Therefore, it is important to look for 
demyelination in other parts of the neuraxis such as with spine MRI to evaluate for 
myelitis, orbital imaging and optical coherence tomography (OCT) for optic 
neuritis.

 Lumbar Puncture

Cerebrospinal fluid (CSF) analyses in ADEM are required to rule out infectious 
etiologies such as bacterial meningitis and herpes simplex encephalitis. If there is 
pleiocytosis it is usually lymphocytic; neutrophilic pleiocytosis can be seen in 
NMOSD. CSF leukocyte count has been reported normal in 42–72% of pediatric 
ADEM cases. CSF oligoclonal bands (OCBs), a marker of intrathecal clonal IgG 
synthesis and characteristically elevated in multiple sclerosis patients, are notably 
rare in pediatric ADEM cases [29]. Other associated features such as IgG index, are 
also unremarkable in the majority of ADEM patients. CSF protein may be elevated 
in 23–62% of ADEM cases.

 Laboratory Studies

Nonspecific markers of inflammation as evidenced by leukocytosis, elevated eryth-
rocyte sedimentation rate and C-reactive protein can be present in up to 2/3 of 
patients [19, 20, 22].

Infectious work-up, including viral and bacterial cultures of nasopharyngeal, 
oropharynx and stool specimens, as well as serological testing is important [17]. It 
is recommended to store a serum sample before IVIg treatment or plasmapheresis 
in the event that additional serology testing is needed.

 Immunopathogenesis

The pathogenesis of ADEM remains incompletely understood, however, several 
pathomechanistic hypotheses have been proposed due to pathologic similarities 
between ADEM and the monophasic experimental autoimmune (allergic) encepha-
lomyelitis (EAE) animal model. EAE is the most common rodent model for study-
ing acute monophasic inflammatory demyelination and can be induced by 
immunization with myelin proteins and peptides [27, 30, 31]. It has been posited 
that ADEM is an autoimmune disorder triggered by an environmental stimulus (e.g. 
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infection) in a genetically susceptible host through molecular mimicry of autoreac-
tive, myelin-specific T cells activated against shared antigenic determinants between 
myelin proteins and the infecting pathogen [8, 9]. Since many cases of ADEM have 
no identifiable infectious trigger, it has also been suggested that ADEM is caused by 
activation of T cells in a nonspecific inflammatory manner [27].

 Pathology

The pathological hallmark of ADEM lesions consists of perivenular sleeves of 
demyelination in association with inflammatory infiltrates of B and T lymphocytes, 
neutrophils, myelin-laden macrophages, microglia and occasional granulocytes and 
plasma cells [32]. In some cases, perivenous lesions can coalesce to form large con-
fluent demyelinated lesions. Edema and swelling can be seen in brain and spinal 
cord, however they may also appear grossly normal. Axonal damage has been 
reported in fatal cases of ADEM and its hyperacute variant, acute hemorrhagic leu-
koencephalitis (AHL) [33]. Additionally, ADEM can exhibit diffuse cortical 
microglial aggregates, independent of cortical demyelinated lesions, that may serve 
as the pathologic substrate for the depressed level of consciousness classically 
observed in ADEM patients [32].

 Diagnosis

ADEM diagnosis relies on clinical criteria, MRI supportive features, and remains a 
diagnosis of exclusion. It is crucial to differentiate infective encephalomyelitis from 
immune-mediated ADEM. In 2013, the International Pediatric Multiple Sclerosis 
Group (IPMSG) updated the diagnostic criteria and case definitions to incorporate 
the widening spectrum of immune-mediated CNS inflammatory demyelinating dis-
orders [21].

 Diagnostic Criteria

ADEM is a heterogenous entity and perhaps best viewed as a ‘syndrome’ rather 
than a specific disorder [21]. The majority of ADEM cases are monophasic, how-
ever diagnostic confusion occurs with recurrent ADEM-like symptoms and deter-
mining whether a relapse is heralding a chronic demyelinating disease such as 
multiple sclerosis (MS) or neuromyelitis optica spectrum disorders (NMOSD) [34]. 
The latter can only be determined in retrospect and with longitudinal monitoring.
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 Monophasic ADEM

Monophasic ADEM represents most pediatric cases of ADEM and requires all the 
following criteria to be met: [21].

 1. A first polyfocal clinical CNS event with presumed inflammatory demyelinat-
ing cause.

 2. Encephalopathy is present and cannot be explained by fever.
 3. Brain MRI is abnormal during the acute (3- month) phase. MRI typically shows 

diffuse, poorly demarcated, large (>1–2 cm) lesions predominantly involving the 
cerebral white matter; deep gray matter lesions (e.g. thalamus, basal ganglia) can 
be present; T1 hypointense white matter lesions are rare.

 4. No new clinical or MRI findings emerge within ≥3 months of ADEM onset.

 Multiphasic ADEM

The term “multiphasic” ADEM has replaced the previous classification of “recur-
rent” ADEM. Multiphasic ADEM is defined as two episodes consistent with ADEM 
occurring at least 3 months apart but without subsequent events. The second ADEM 
event can involve new neurologic symptoms or re-emergence of previous neuro-
logic symptoms, signs or MRI findings. Importantly, relapses beyond the second 
ADEM event are no longer consistent with multiphasic ADEM and indicate a 
chronic CNS demyelinating disorder such as multiple sclerosis or NMO-spectrum 
disorders.

 Variant and Recurrent Forms of ADEM (Fig. 15.2)

As noted above, a subset of ADEM patients will go on to be diagnosed with relaps-
ing, chronic CNS demyelinating disorders. These include ADEM followed by optic 
neuritis (ADEM-ON), multiple sclerosis (ADEM-MS), neuromyelitis optica spec-
trum disorders (ADEM-NMOSD). Anti-myelin oligodendrocyte glycoprotein 
(MOG) antibodies have been identified in a spectrum of pediatric and adult CNS 
demyelinating disorders [35, 36]. Small case series have found increased relapse 
rates in patients with persistent anti-MOG titers compared to transient titers or sero-
negative patients [37]. In a cohort of MOG antibody-associated demyelination, 
presence of ADEM at some point in the clinical course was common in children 
(52%), but rare in adults (4%) in whom a relapsing optic neuritis or a NMOSD 
phenotype is predominant [38]. Autoimmune GFAP (an intracellular astrocytic 
intermediate filament) disease is a more recently described entity and can be tumor- 
associated [39].
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 Differential Diagnosis and Evaluation

As noted previously, the diagnosis of ADEM is made on clinical grounds after thor-
ough exclusion of alternative diagnoses. Priority should be placed on ruling out 
treatable infectious etiologies. Brain and spine MRI (Fig.  15.3) with contrast- 
enhancement, CSF studies including opening pressure, cell count and differential, 

Autoimmune
Astrocytopathies

Monophasic/
Seronegative

Multiple Sclerosis

Autoimmune
Encephalitides

e.g. NMDAR
encephalitis

e.g. MOG-EM
AQP4-NMOSD,

GFAP

ADEM

Fig. 15.2 Types of 
relapsing autoimmune 
demyelinating disorders. 
MOG-EM = MOG-IgG-
associated 
encephalomyelitis  
(myelin oligodendrocyte 
glycoprotein);  
GFAP = autoimmune glial 
fibrillary acidic protein 
astrocytopathy;  
AQP4-associated  
NMOSD = aquaporin 
4-associated neuromyelitis 
optica spectrum disorders; 
NMDAR = N-Methyl-D-
aspartate receptor 
encephalitis

Fig. 15.3 MOG-positive ADEM. Axial FLAIR MRI in a 4-year-old ADEM patient showing dif-
fuse involvement of basal ganglia, thalami, deep and subcortical white matter, and brainstem
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protein, glucose, bacterial culture, polymerase chain reaction (PCR) for herpesvi-
ruses, lactate, IgG index, and oligoclonal bands (compared with paired serum) 
should be obtained. Screening for infectious agents should be guided by clinical and 
exposure history and include herpes simplex virus and others such as enterovirus, 
Epstein-Barr virus (EBV), mycoplasma and arboviruses. Blood work should include 
complete blood count, basic metabolic panel, erythrocyte sedimentation rate, 
C-reactive protein, and consideration of Lyme serology, EBV serologies, NMO- 
IgG, and anti-MOG antibodies.

Distinguishing ADEM from MS and NMOSD (Fig. 15.4) is of prognostic and thera-
peutic importance. Additionally, many autoimmune encephalitides can present with 
overlap of ADEM.  Thus, specific testing for neuronal autoantibodies (e.g. NMDA-
receptor IgG) should be considered [40] (commercially available as so- called “paraneo-
plastic panels” though in children often these autoimmune syndromes are not 
tumor-associated). NMDAR encephalitis can occur after infectious encephalitis, most 
classically Herpes Simplex encephalitis but also has been described more widely after 
multiple other infectious encephalitides [41]. A prominent movement disorder is a clas-
sic accompanying feature of this. Most of these brain cell surface antibody biomarkers 
are sensitive in serum (except for GFAP-IgG which has best sensitivity in the CSF).

If there is a relapsing course or some atypical feature, it is important to recon-
sider possible mimics of ADEM (Table 15.1). For example, primary hemophago-
cytic lymphohistiocytosis (HLH) in children can present with isolated CNS 
manifestations [42]. It is caused by genetic defects impairing the cytotoxicity of 
CD8 T-lymphocytes and natural killer cells. Patients can be asymptomatic until a 
trigger, e.g. EBV, induces the uncontrolled activation of CD8+ T-lymphocytes and 
macrophages (Fig. 15.5).

Fig. 15.4 NMO. Sagittal T2 MRI in a 9-year-old female with NMO, demonstrating characteristic 
involvement of aquaporin 4-rich regions on the brain (e.g. hypothalamus and area postrema of the 
medulla)
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Table 15.1 Differential diagnosis for ADEM

Category Examples Diagnostic tests or clues

Infectious [54] Acute bacterial meningitis CSF gram stain and culture
Herpesviral encephalitis HSV PCR

EBV PCR
Progressive multifocal 
leukoencephalopathy (PML)

JC virus PCR

Flaviviruses (e.g. West Nile) Serology
Lyme Serology
Mycoplasma Nasopharyngeal swab PCR (IgM is 

not specific)
Rabies Nuchal skin biopsy

Rheumatologic Behcet’s Oral/genital ulcers
Neurosarcoid Elevated ACE, chest X-ray for hilar 

adenopathy
Small vessel childhood primary 
angiitis of the CNS (SVcPACNS)

Lumbar puncture
Brain biopsy (conventional 
angiography is often insensitive)

Vasculitides secondary to systemic 
autoimmune disorders (e.g. lupus) or 
triggered by infections such as VZV.

ANA, dsDNA, ANCA, ENA, 
vWFAg

Autoinflammatory Hemophagocytic 
Lymphohystiocytosis (HLH) or 
Macrophage Activation syndrome 
(MAS) (Fig. 15.5)
*Neurological symptoms may be the 
first and only manifestation of the 
disease [42]

↑sIL2R (CD25), ↓NK cell function, 
↑ferritin, ↑triglycerides, ↓fibrinogen, 
cytopenias, hepatosplenomegaly
*Laboratory parameters may be 
normal in CNS-isolated cases
Genetic testing for HLH genes
Look for triggers of secondary HLH 
such as EBV, rheumatologic disease 
or malignancy

Autoimmune Neuronal antibody-mediated 
encephalitides (e.g. NMDAR) [40, 
55]

Anti-neuronal (“paraneoplastic”) 
antibody panels

Multiple sclerosis CSF Oligoclonal bands
Oncologic Gliomatosis cerebri, primary CNS 

lymphoma, astrocytoma
CSF cytology and flow cytometry 
for clonal B or T cells, biopsy

Genetic/metabolic Mitochondriopathies [56] CSF lactate, MR spectroscopy, 
genetic testing

ACE angiotensin-converting enzyme, ANA antinuclear antibodies, dsDNA double-stranded DNA, 
ANCA antineutrophil cytoplasmic antibodies, ENA anti-extractable nuclear antigen, vWFAg von 
Willebrand Factor Ag
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 Treatment (Fig. 15.6)

 Acute Treatment

Although ADEM often has an immunological trigger, it does not represent an active 
CNS infection and thus the mainstay of treatment is immunomodulation. Once an 
active infection has been reasonably excluded, typically first-line agents such as 
steroids and intravenous immunoglobulin (IVIg) are most commonly used. Plasma 
exchange can be considered in more severe cases if the patient remains significantly 
symptomatic despite first-line treatments. ADEM without associated astrocyte anti-
bodies (e.g. MOG or NMO) is typically monophasic and thus maintenance immu-
nomodulation is not recommended empirically.

Commonly used regimens for acute treatment of ADEM consist of intravenous 
methylprednisolone 30 mg/kg/day for <30 kg of body weight, or 1 g/day for >30 kg 
body weight, over 3–5 consecutive days followed by an oral prednisolone taper over 
a few weeks [23]. A taper could consist of prednisolone at a starting dose of 1 mg/
kg/day and tapered over 14–28 days. Potential side-effects include hyperglycemia, 
hypertension, behavioral dysregulation, insomnia, and gastritis such that prophy-
laxis with an H2-antagonist should be considered. There are case reports using addi-
tionally IVIg with a total dose of 1–2 g/kg divided over 2–5 days.

In cases of corticosteroid-refractory patients with fulminant disease, plasma 
exchange has been used, five to seven treatments every 2 days. In a Mayo Clinic 
cohort of patients with CNS demyelination, ten of these patients had ADEM and were 
treated with plasma exchange [43]. Patients received a median of seven exchanges. 

Fig. 15.5 ADEM Mimics. Axial FLAIR showing white matter involvement in the deep white mat-
ter and cerebellum in a 5-year-old female with CNS-isolated HLH due to perforin 1 gene mutation, 
who was initially diagnosed as relapsing ADEM triggered by Varicella immunization

S. M. Magaña and A. G. Soldatos



315

Patients who noted improvement did so within three exchanges and 5 days of treat-
ment in 75% of those responders. For the ADEM patients, marked improvement 
occurred in 40%, mild improvement in 10%, and no improvement in 50%.

There are no clinical treatment trials of ADEM except for a randomized con-
trolled trial of plasma exchange after corticosteroid failure in acute CNS demy-
elinating disease, but only one patient in that cohort had ADEM [44]. In that 
trial, moderate or greater improvement in neurological disability occurred dur-
ing 42% of active treatment courses compared to 6% courses of sham treatment. 
Possible adverse effects of plasma exchange include: anemia, hypotension, 
hypocalcemia, heparin-associated thrombocytopenia, and catheter-related 
complications.

In rare cases of significant tumefactive lesions, decompressive craniectomy has 
been performed.

 Maintenance Immunosuppression If High Risk for Relapse

In cases of NMO-associated encephalomyelitis, the risk of relapse is high, and the 
potential sequelae severe given the typically associated optic neuritis (with sequelae 
of visual impairment) and myelitis (with sequelae of paraparesis and bowel/bladder 
dysfunction). Thus, maintenance immunotherapy is often instituted, commonly 
with rituximab [45, 46].

IVIg
2g/kg divided over 2-5 days

Steroids
IV methylprednisolone for 3-5 days

30 mg/kg/day if weight < 30 kg
or 1g/day if weight > 30 g followed by

PO prednisolone taper over a few weeks

PLEX
5-7 cycles QOD

+/-

Maintenance
immunotherapy

e.g. monthly IVIg, prednisone,
Rituximab,

mycophenolate

if relapse or risk factor (e.g. NMO seropositivity)

if no improvement

Fig. 15.6 ADEM treatment algorithm
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 Prognosis

Despite the often dramatic presentation, most children with ADEM achieve full 
recovery, with neurologic improvement appreciated within days of treatment initia-
tion. However, long-term cognitive deficits have been increasingly reported, par-
ticularly in children afflicted with ADEM before 5 years of age, and may include 
impaired attention, executive function, verbal processing, intellectual quotient and 
behavioral dysregulation [47, 48].

Mortality rates are lower in children than adults with ADEM and range between 
1% and 3% [25, 49]. Mortality is low except in patients with fulminant variants such 
as acute hemorrhagic leukoencephalitis. Brainstem involvement (rhombencephali-
tis, Bickerstaff’s) with dysphagia, respiratory suppression, or autonomic dysfunc-
tion, requires close monitoring and possible cardiorespiratory support in an intensive 
care setting.

 Risk of Relapse

Despite its dramatic clinical and radiological presentations, seronegative ADEM is 
usually monophasic with excellent outcomes. MOG-associated encephalomyelitis 
can follow a relapsing course especially in adults. These patients can often experi-
ence exacerbation of their symptoms upon steroid cessation, therefore a gradual 
taper is recommended.

 Motor Sequelae

Outcome studies often utilize validated standardized scales to measure functional 
status. One example which is commonly used in multiple sclerosis studies is the 
Expanded Disability Status Scale (EDSS.) EDSS heavily emphasizes primarily 
lower extremity motor deficits with regard to ambulation. In a large cohort of chil-
dren with ADEM from Argentina who were followed by the same clinician for a 
mean duration of 6.6 ± 3.8 years [23], 90% had a monophasic course (clinically and 
by serial neuroimaging). Of the 10% having biphasic disease, the second episode 
(new lesions) occurred between 2  months and 8  years. Cranial MRI follow-up 
showed near resolution at a mean of 7.2  months. 89% of the patients had an 
Expanded Disability Status Scale (EDSS) [50] of 0–2.5 (normal neurologic exami-
nation or abnormal signs without disability,) while 11% had an EDSS of 3–6.5 
(abnormal signs plus some degree of disability). The patients who relapsed still had 
complete neurologic recovery with EDSS scores 0–2.5.
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 Neuropsychological Sequelae

Neurocognitive sequelae in ADEM patients is likely underreported. Executive func-
tioning and metacognition domains seem to be more vulnerable. A meta-analysis 
[51] suggested possible attentional, reduced processing speed and elevated internal-
izing symptoms. This suggests that more proactive neuropsychological testing of 
patients who recover from ADEM would be important to maximize educational 
potential. In addition to motor rehabilitation, cognitive rehabilitation and school 
individualized education plans should also be emphasized in patients post-ADEM.

Age of ADEM onset and impact on the developing nervous system versus the 
adult mature nervous system results in different sequelae. Given that ADEM is pre-
dominantly a disorder of children and young adults, large case series describing 
outcomes are reflective of that population. A serial neuroimaging volumetric study 
demonstrated an impact of monophasic acute demyelinating events with onset dur-
ing childhood and adolescence on age-expected growth of the cerebrum and cere-
bellum [52], though this was not associated with any alteration in clinical outcome.

 Risk of Evolution to Multiple Sclerosis

A follow-up study of 40 adult patients in Germany shows there is a higher rate of 
conversion to multiple sclerosis in adults presenting with ADEM [53]. In this cohort 
with a mean follow-up of 38 months, 35% of patients were diagnosed with MS after 
a second demyelinating episode which occurred within the first year of initial pre-
sentation in all patients.

 Conclusion

Acute disseminated encephalomyelitis (ADEM) is an inflammatory demyelinating 
disorder of the central nervous system characterized by encephalopathy and polyfo-
cal CNS neurological deficits, with higher incidence in children. It can be triggered 
by an immunological stressor such as an infection. It is important to differentiate 
ADEM from acute infectious encephalomyelitis because the mainstay of therapy 
for ADEM is immunosuppression such as with corticosteroids.

ADEM is typically a monophasic syndrome with favorable outcome. However, 
recently described variants with auto-antibody or paraneoplastic-associated disease 
may portend a relapsing course or require tumor screening. Examples of these 
include autoimmune astrocytopathies such as myelin oligodendrocyte glycoprotein 
(MOG)-IgG-associated encephalomyelitis and aquaporin 4 (AQP4)-associated 
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neuromyelitis optica spectrum disorders (NMOSD), as well as autoimmune enceph-
alitides associated with antibodies against neuronal surface antigens such as 
N-Methyl-D-aspartate (NMDAR) receptor encephalitis. Additionally, it is critical to 
differentiate ADEM from a first attack of a chronic demyelinating disorder such as 
multiple sclerosis (MS). 

There are multiple mimics to consider in the differential diagnosis of ADEM 
especially in patients with relapses or atypical features (Table 15.1).
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Chapter 16
Tick-Borne Infections of the Central 
Nervous System

Michael J. Bradshaw and Karen C. Bloch

Tick-borne infections, a heterogenous group of diseases caused by bacteria, viruses, 
and protozoa, are under-appreciated causes of central nervous system (CNS) infec-
tion. A number of different tick species can transmit disease (several are shown in 
Fig. 16.1), each with a typical geographic range (Fig. 16.2). The incidence of tick- 
borne infections in the United States has more than doubled in the last decade, with 
>48,000 cases per year reported in 2016 [1, 2]. However, the true burden of tick- 
borne infection is likely significantly higher due to under-diagnosis and reporting. 
For instance, it is estimated that the actual number of Lyme disease infections annu-
ally are ten-fold higher than the number reported to the Centers for Disease Control 
and Prevention (CDC) [3, 4].

Several factors may explain the rising incidence of tick-borne infections. 
Increasing awareness of these infections, coupled with the increasing availability of 
molecular testing has improved recognition and diagnosis. The geographic range of 
known tick vectors has expanded into previously disease-naïve areas [5, 6], and the 
expansion of tick species beyond historically endemic regions has increased the 
population at risk for tick-borne infection (Figs. 16.2 and 16.3) [7, 8]. Finally, in the 
last decade several previously unknown tick-borne pathogens have been identified, 
some of which are neurotropic.
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This chapter focuses on tick-borne infectious agents that cause can involve the 
nervous system in the United States (Table  16.1). Powassan virus, a tick-borne 
infection that causes encephalitis, is discussed in the arboviral chapter. While the 
emphasis of this chapter is on diseases endemic to the United States, it is recognized 
that tick-borne infections are a significant cause of morbidity and mortality globally. 

a b

c d

Fig. 16.1 Select ticks common in North America. (a) Rocky Mountain wood tick, Dermcenter 
andersoni, which transmits Rocky Mountain spotted fever, Colorado tick fever and tularemia. (b) 
Blacklegged tick, Ixodes scapularis, common in the northeastern and upper midwewstern USA 
and transmits Lyme, anaplasmosis, babesiosis and Powassan disease. (c) Lone star tick, 
Amblyomma americanum, common in the southeastern and southern USA and transmits Ehrlichia 
chafeensis, Ehrlichia ewingii, tularemia and STARI. (d) American dog tick (AKA wood tick), 
Dermacentor verabilis, common throughout the Rocky Mountains and some areas of the Pacific 
coast and transmits tularemia and Rocky Mountain spotted fever. Images are not to scale. (From 
https://www.cdc.gov/ticks/tickbornediseases/tickID.html)
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The evolving epidemiology and increasing burden of infections due to ticks requires 
a coordinated public health response as well as clinician education to optimize early 
recognition, diagnosis and treatment of these potentially life-threatening pathogens.

 Bacterial Infections

 Anaplasmosis

 Epidemiology

Anaplasmosis, caused by the obligate intracellular bacterium Anaplasma phagocy-
tophilum, is an increasingly recognized cause of tick-borne infection. Cases reported 
to the CDC increased almost five-fold between 2009 and 2017, with a 39% increase 
between 2016 and 2017 alone [9]. The vector for anaplasmosis is the Ixodes tick and 
therefore the geographic distribution of cases is similar to that of Lyme disease 
(Figs. 16.2 and 16.3). Ixodes is a competent reservoir for multiple human patho-
gens, and co-infections with Anaplasma and Borrelia or Babesia can occur. 
Although most infections are transmitted by tick bite, transfusion-associated trans-
mission has been reported [10].

a b

c d

Fig. 16.2 (a–d) Geographic Distribution of select ticks causing human infection in the USA. (From 
https://www.cdc.gov/ticks/tickbornediseases/overview.html)
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 Clinical

The onset of symptoms is typically 1–2 weeks after transmission through tick bite 
and typically manifests with fevers, chills, malaise, headache, myalgias and gastro-
intestinal symptoms. Infections range in severity from mild to life-threatening ill-
ness. Rash is present in <10% of cases and should prompt consideration of another 
etiology such as Lyme disease or Rocky Mountain spotted fever in the appropriate 
clinical context [11]. Although anaplasmosis is typically considered a milder illness 
than ehrlichiosis, in surveillance data 31% of cases required hospitalization, and the 
overall case fatality rate was 0.3% [12]. Treatment delay is a risk factor for severe 
illness, and is associated with renal or pulmonary failure, disseminated intravascular 
coagulopathy, rhabdomyolysis and central or peripheral nervous system 

Anaplasmosis

Ehrlichiosis

Rocky Mountain
Spotted Fever Tularemia

Lyme Disease

Babesiosis

Fig. 16.3 Tick-borne infection distribution in the USA based on 2015 CDC data. For each case, a 
single dot is placed randomly in the reported county. (From https://www.cdc.gov/ticks/tickborne-
diseases/overview.html)

M. J. Bradshaw and K. C. Bloch
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involvement. Advanced age and immunosuppression are also risk factors for more 
severe illness.

 Neurologic Manifestations

Neurologic manifestations including headache (82% of cases), neck stiffness (45%) 
and confusion (17%) are common [13]. Despite the frequency of these individual 
symptoms, however, meningoencephalitis was documented in less than 1% of ana-
plasmosis cases reported to the CDC between 2008 and 2012 [12]. The presenting 
features of Anaplasma meningoencephalitis are nonspecific and can include seizure 
[13, 14] and lymphocytic pleocytosis [15]. Uncommon neurologic presentations 
include facial diplegia [15], stroke [16], brachial plexopathy [17] and peripheral 
neuropathy [18].

 Diagnosis

As with ehrlichiosis and the spotter fever rickettsioses, laboratory abnormalities 
including leukopenia, thrombocytopenia and elevated transaminase levels may be 
seen. Appropriate testing for Anaplasma is dependent on the stage of the infection. 
In acute infection, microscopy may identify morulae inside neutrophils in >20% of 
peripheral blood smears (Fig. 16.4) [13]. PCR of whole blood samples is increas-
ingly available through commercial laboratories and is highly sensitive if performed 
prior to doxycycline therapy. Anaplasma PCR of CSF is rarely positive, likely due 
to the lower number of granulocytes in spinal fluid [15]. Serology performed on a 
single serum specimen is often misleading, with <50% of acute-phase samples sero-
positive [19]. However, testing of paired acute and convalescent serum specimens 
may allow a retrospective diagnosis.

 Treatment

There have been no clinical trials specifically evaluating the optimal duration of 
treatment of patients with anaplasmosis. Guidelines developed through expert opin-
ion suggest a 10-day course of doxycycline regardless of patient age [19, 20]. There 

Fig. 16.4 Blood smear in 
a patient with anaplasmosis 
with a morula (arrow), 
which is a microcolony of 
the bacteria living within a 
modified lysosome in a 
neutrophil. (Courtesy of 
Bobbi Pritt, MD)

M. J. Bradshaw and K. C. Bloch



331

are no data suggesting a longer course is needed for CNS involvement. A hallmark 
of anaplasmosis is the rapid response to doxycycline, and fever persisting for 
>48 hours after treatment initiation makes the diagnosis unlikely.

 Ehrlichiosis

 Epidemiology

Ehrlichiosis refers to human disease caused by one of three closely related organ-
isms: Ehrlichia chaffeensis, E. ewingii and a newly identified organism E. muris 
eauclariensis. CNS manifestations have only been reported with E. chaffeensis, the 
most common cause of ehrlichiosis. E. chaffeensis is transmitted by the lone star 
tick, Amblyomma americanum (Fig.  16.1), which is endemic throughout the 
Southeast and South-Central United States (Fig.  16.2). As with most tick-borne 
infections almost all cases are seasonal, occurring during Spring, Summer and Fall 
when ticks are most active in the environment.

 Clinical

Clinical manifestations of ehrlichiosis range from asymptomatic infection to fulmi-
nant disease. Symptoms of ehrlichiosis typically develop after a 1–2 week incuba-
tion period and are nonspecific with fever, headache, and myalgias predominating. 
Rash is seen in 60% of pediatric cases but <30% of adults and, when present, typi-
cally develops about five days after symptom onset. The rash seen with ehrlichiosis 
can be either petechial or maculopapular and is non-pruritic. It most frequently 
resembles a nonspecific viral exanthem and is therefore not helpful in suggesting 
the diagnosis. Among cases of ehrlichiosis reported to the CDC through national 
surveillance, 57% required hospitalization. Severe disease can produce renal or 
liver failure, acute respiratory distress syndrome, disseminated intravascular coagu-
lopathy and neurologic complications. Eleven percent of patients experience life- 
threatening complications and the case fatality rate is 1% [21]. As with anaplasmosis, 
immunocompromise, older age and delay in treatment are risk factors for more 
severe disease.

 Neurologic Manifestations

Neurologic manifestations, particularly meningoencephalitis, are common in 
ehrlichiosis. Headache is almost universally present, and confusion is noted in 
approximately 20% of cases [22, 23]. In a series of 46 patients hospitalized with 
ehrlichiosis, nuchal rigidity was documented in 13% and an abnormal neurologic 
exam in 9% [24]. Meningoencephalitis was reported in 5% of all cases and 20% of 
hospitalized cases of E. chaffeensis between 2008 and 2012 [21].

16 Tick-Borne Infections of the Central Nervous System
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Most information on CNS Ehrlichia infection is limited to case reports and small 
case series [25, 26]. The largest series of Ehrlichia meningoencephalitis included 15 
patients who had clinical findings prompting cerebrospinal fluid (CSF) analysis, 
with abnormalities in 53% consistent with meningeal inflammation [22]. CSF 
nucleated cell counts ranged from 6 to 1400 cells/uL and nearly a quarter of cases 
were neutrophil predominant. Elevated protein and hypoglycorrhachia were present 
in 44% and 14% of cases, respectively. In that series, none of the 14 patients who 
underwent head CT had documented abnormalities. In addition to meningoenceph-
alitis, other neurologic manifestations of ehrlichiosis include cranial neuropathy 
such as optic neuritis, seizures, ataxia, brachial plexopathy and peripheral neuropa-
thy [23].

 Diagnosis

Leukopenia, thrombocytopenia and elevated transaminases levels are frequently 
present and may provide indirect clues to the diagnosis of ehrlichiosis. However 
these findings are nonspecific, and are also common in anaplasmosis and Rocky 
Mountain spotted fever, as well as in acute viral infections. Laboratory confirmation 
of infection is required for diagnosis, with the preferred test methodology varying 
based on the stage of infection. Ehrlichiae are intraleukocytic pathogens, and there-
fore whole blood PCR is the most sensitive diagnostic test early in the course of 
disease. Detection in CSF by PCR has been reported, but the sensitivity is signifi-
cantly lower than for blood, presumably due to the presence of fewer infected leu-
kocytes [22]. Serologic testing has a sensitivity of only 30% during the acute illness, 
but increases to >90% for convalescent specimens obtained >2 weeks after onset of 
symptoms. Morulae can be seen inside monocytes on whole blood smear in up to 
27% of cases of E. chaffeensis (Fig. 16.5), however the sensitivity is heavily depen-
dent on the experience and tenacity of the microscopist.

Fig. 16.5 Micrograph of 
kidney biopsy with 
Ehrlichia chafeensis 
immunohistochemical 
staining demonstrating 
morulae (arrow) within 
monocytes. (From https://
www.cdc.gov/ticks/
tickbornediseases/
overview.html)

M. J. Bradshaw and K. C. Bloch
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 Treatment

The standard therapy for CNS ehrlichiosis is doxycycline. Due to the excellent bio-
availability of this agent, oral therapy is as effective as parenteral treatment. Delay 
in initiation of therapy has been associated with more severe infection and adverse 
outcomes [24]. Doxycycline should therefore be started empirically when there is a 
suspicion for a tick-borne rickettsial infection [11]. Reticence among providers to 
prescribe doxycycline to young children due to the perceived risk of dental discol-
oration is unfounded and the American Academy of Pediatrics recommends empiric 
therapy in cases of suspected rickettsiosis (including ehrlichiosis) regardless of age 
[11, 27–29].

 Lyme Disease

 Epidemiology

The spirochete Borrelia burgdorferi causes Lyme disease, the most common tick- 
borne infection in the United States and Europe. In the United States, Ixodes scapu-
laris is the primary vector (Fig. 16.1). Most cases result from the bite of an infected 
nymph, which is roughly the size of a poppy seed (adults are about the size of a 
sesame seed); so bites often go unnoticed. Highly endemic regions include the 
Northeast, Mid-Atlantic and Upper Midwest (Fig.  16.3) [30]. The reported inci-
dence of Lyme disease tripled between 1992 and 2015 [31]. This appears to be 
related to a combination of climate change, land utilization and a marked increase 
in the deer population.

 Clinical

Lyme disease is clinically divided into several stages including early localized, early 
disseminated and late disseminated. The early localized stage is characterized by 
the erythema migrans rash, which develops at the site of the initial bite in over 80% 
of patients within several days to weeks of transmission [32]. Erythema migrans 
lesions are macular, may be round or ovoid, and most often homogenous in color; 
the classic “Bull’s eye” rash with central clearing is less common (Fig. 16.6). The 
rash gradually enlarges over days to weeks as the spirochetes migrate centrifugally. 
Systemic symptoms such as malaise, fevers/chills, headaches myalgias and arthral-
gias may accompany erythema migrans or may develop without the rash [32, 33]. 
Several days to weeks later, the bacteria disseminate hematogenously and patients 
may develop multiple erythema migrans lesions, cardiac, rheumatic or neurologic 
symptoms. In the late disseminated stage, Lyme arthritis, acrodermatitis chronica 
atrophicans (wherein the skin develops a purplish discoloration, becomes paper thin 
and wrinkled) or Lyme neuroborreliosis may be present.

16 Tick-Borne Infections of the Central Nervous System
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 Neurologic Manifestations

Roughly 15% of patients with untreated erythema migrans develop early Lyme neu-
roborreliosis, usually within several weeks of the rash. Erythema migrans may still 
be present at the time of symptom onset, therefore a full skin examination is impor-
tant to perform. The peripheral nervous system is much more frequently affected 
than the CNS and the most common manifestations include cranial neuritis (most 
often the facial nerve, with either unilateral or bilateral palsy), painful meningora-
diculitis (Bannwarth syndrome) and lymphocytic meningitis. Clues to Lyme neu-
roborreliosis include erythema migrans, radiculitis and presentation during the 
warm summer months, particularly in endemic areas. However, delay in onset of 
symptoms or presentation may lead to affected patients presenting in months when 
ticks are not active.

Given the availability of specific treatment, it is important to distinguish facial 
nerve palsy caused by Lyme disease from idiopathic Bell’s palsy, a common misdi-
agnosis. Simultaneous or sequential bilateral facial palsy developing within a few 
days should raise concern for Lyme neuroborreliosis, particularly in children. 
Roughly 1/3 of patients with cranial neuritis from Lyme disease also have pleocyto-
sis on CSF analysis [34–36].

Lyme meningitis most often presents with headache, and can develop acutely or 
subacutely. It is important to distinguish Lyme meningitis from other bacterial and 
viral causes. The “rule of 7s” can help distinguish among between Lyme meningitis 
and aseptic meningitis such as enteroviral meningitis, which also typically presents 
in the summer months [37, 38]. Children with less than 7 days of headache, less 
than 70% mononuclear cells on CSF analysis and no 7th (or other) cranial nerve 
palsy are considered to be low risk of having Lyme meningitis. Elevated intracranial 
pressure with headache, papilledema and transient visual changes can develop, par-
ticularly in children. Parenchymal CNS Lyme such as encephalitis and myelitis are 
exceptionally rare [39, 40].

Lyme radiculoneuritis typically presents initially with multifocal, asymmetric, 
severe, often sharp and lancinating deep muscular pain, which is worse at night and 

Fig. 16.6 Classic “bull’s 
eye” erythema migrans of 
Lyme disease. Note that 
the bull’s eye rash is 
uncommon. (From https://
www.cdc.gov/ticks/
tickbornediseases/
overview.html)

M. J. Bradshaw and K. C. Bloch
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unresponsive to analgesics. Neurologic deficits usually develop within a few weeks 
and mononeuropathies as well as plexopathies may occur [41]. This may eventually 
lead to a chronic mono- or polyneuritis which tends to manifest as sensory predomi-
nant distal axonal neuropathy, though any segment may be affected [42]. When 
present, chronic neuropathy of late Lyme disease characteristically presents with 
acrodermatitis chronica atrophicans.

Late Lyme neuroborreliosis is rare, constituting less than 2% of all cases. Patients 
may present with chronic meningitis, vague cognitive complaints and very rarely 
progressive encephalomyelitis or cerebral vasculitis [43–47].

Patients with Lyme neuroborreliosis respond well to antimicrobial treatment and 
objective neurologic deficits resolve in the vast majority of patients [48]. However, 
some patients develop subjective symptoms after treatment, most often fatigue, 
arthralgias, myalgias and perceived cognitive deficits. When such symptoms persist 
for more than 6 months after treatment, this is termed post-treatment Lyme disease 
syndrome. Post-treatment Lyme disease syndrome appears to be relatively rare (per-
haps 3% of patients) as evinced by prospective studies of patients with erythema 
migrans [49, 50]. The literature does not support a role of persistent infection, nor 
does it support a role for morphological variants of B. burgdorferi in post-treatment 
Lyme disease syndrome [51, 52]. The true nature of this syndrome remains unclear, 
but evidence does not support a role for ongoing antimicrobial treatment [53, 54] 
and clinicians must consider a wide range of treatable explanations for such symp-
toms. Fortunately in most cases these symptoms improve over time with support-
ive care.

 Diagnosis

When there is clinical concern for Lyme disease, serum testing should be pursued. 
The recommended testing strategy is a two-tiered approach, both tests can be per-
formed on the same serum sample [55, 56]. The first test is a sensitive enzyme 
immunoassay (EIA) or indirect immunofluorescence (IFA) followed by a separate 
confirmatory Western blot if the initial test is positive or equivocal. If the screening 
test is negative, no further testing is needed. The IgM Western blot is only indicated 
for disease less than 4 weeks in duration, as the IgG may be negative early in the 
course of infection. Isolated IgM present more than 4 weeks after onset of symp-
toms is almost always a false positive result. IgM Western blot is considered posi-
tive if ≥2/3 bands are present, while IgG is considered positive when ≥5/10 bands 
are present. In Summer 2019, the FDA approved several EIA serological assays, 
which can be used in place of the Western blot as the second tier [55]. Because 
serologic testing is often negative early in the illness, patients with erythema migrans 
should be treated based on the clinical diagnosis.

When epidemiological and clinical features suggest Lyme neuroborreliosis 
affecting the CNS, in general MRI with and without contrast of the affected area 
should be obtained and CSF analysis should be pursued. A modest lymphocytic 
pleocytosis (usually <150 cells/uL) is typical, protein may be elevated (usually 
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<200 mg/dL), glucose is normal; oligoclonal bands may be present and IgG index 
may be elevated as well. Lyme antibody testing on both CSF and serum specimen 
should be performed. A CSF index of >1.3 indicates intrathecal synthesis and in the 
appropriate clinical context supports a diagnosis of Lyme neuroborreliosis with 
high sensitivity and specificity [57, 58]. In the absence of any clinical evidence of 
CNS involvement, CSF analysis is not generally valuable. Unfortunately, neither 
CSF PCR nor cultures are sufficiently sensitive. It is important to note that serum 
Lyme antibodies may remain elevated even long after appropriate treatment. 
Likewise, CSF index may remain elevated long after appropriate treatment.

 Treatment

Early reports indicate that even without treatment, most cases of early Lyme neu-
roborreliosis are self-limited [59, 60]. Lyme disease is readily treatable and the 
overwhelming majority of patients with Lyme or Lyme neuroborreliosis respond 
well to a 2–4 week course of either intravenous ceftriaxone at a dose of 2 g daily or 
oral doxycycline, 100  mg twice per day, which appears to be equally effective, 
although in the rare instance of encephalitis, IV therapy should be given [45, 61, 
62]. In the event that symptoms persist or new neurologic symptoms develop in or 
after the course of treatment, the clinician should consider repeat CSF analysis. If 
CSF pleocytosis persists, a repeat treatment course can be considered; however, 
antibodies can persist in the CSF for years after infection and should not be used in 
the absence of CSF pleocytosis to justify repeat therapy. The same is true of serum 
antibodies.

 Rocky Mountain Spotted Fever

 Epidemiology

Rocky Mountain spotted fever (RMSF)  is a life-threatening infection caused by 
Rickettsia rickettsii, an obligate intracellular bacterium. Named for the Rocky 
Mountain lab in Montana where it was first identified, the syndrome was reclassi-
fied under the broader term “spotted fever rickettsioses” (SFR) in 2010 consequent 
to its serological indistinguishability from other closely related tick-borne rickett-
sial diseases [63]. As many as 60% of SFR occur in Tennessee, North Carolina, 
Missouri, Arkansas and Oklahoma; however, SFR have been reported throughout 
the continental United States [64]. After Lyme disease, SFR represent the most 
common cause of tick-borne infection in the United States and the incidence 
increased by more than 200% between 2004 and 2016 [1]. SFR are under- diagnosed, 
likely related to nonspecific clinical features, under-recognition by providers [65], 
and the low sensitivity of serologic testing at the onset of illness [11]. With early 
initiation of antibiotics and appropriate supportive care, the case fatality rate is 
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3–12% [5, 64, 66], while untreated mortality ranges from 25% to 70% [11]. Children 
and the elderly suffer disproportionally high mortality and morbidity [67–69].

 Clinical

Following local inoculation  by a feeding tick, hematogenous dissemination occurs 
and the bacterium infects endothelial and vascular smooth muscle cells in the gas-
trointestinal tract, skin, liver, lungs, kidneys and brain [68, 70]. After destroying the 
endothelial cells, the bacteria extend centripetally along the intima. Bacterial infec-
tion and host immune responses (particularly cytotoxic CD8+ T-cells) produce 
necrosis and apoptosis of widespread microvascular endothelial cells in all organs 
with consequent infarction/increased vascular permeability and the clinical mani-
festations of multi-system vasculitis [68].

After a 2–14 day incubation period (mean of 7 days), clinical illness develops, 
ranging from asymptomatic infection to a fulminant illness though most clinically 
apparent cases have moderate to severe illness [71]. Patients develop a wide range 
of systemic, cutaneous, cardiac, gastrointestinal, pulmonary, neurologic, renal and 
musculoskeletal manifestations. Early symptoms are nonspecific, including fever, 
malaise, headache, myalgias, arthralgias, nausea, vomiting and abdominal pain 
[71]. Sudden onset of high fever (often >38.9 °C), severe headache and significant 
malaise accompanied by myalgias, nausea/vomiting, abdominal pain and anorexia 
is typical and may be misdiagnosed as a viral illness. The clinical  triad of fever, 
headache and rash is present in a small minority of patients during the first 3 days 
of symptom onset, however [71].

Cutaneous findings develop in approximately 60–70% of patients [71], typically 
within a week of fever (Fig.  16.7) [72]. The earliest skin lesions are blanching 
1–5 mm erythematous macules that typically appear on the wrists and ankles, then 
the palms and soles and eventually the proximal extremities and trunk [73]. After 
~7 days, the rash becomes petechial, and in severe cases may progress to purpura 
and ecchymosis [74] followed by skin necrosis  and gangrene potentially necessitat-
ing amputation [75].

 Neurologic Manifestations

CNS involvement  is among the most serious manifestations of SFR, and is associ-
ated with a 19-fold increased risk of death [64]. In addition to headache, which is 
common in SFR, CNS involvement often manifests with meningoencephalitis, 
which may include meningismus, seizure, stroke, cranial neuropathy and other 
focal neurologic signs [76]. The “starry sky” MRI pattern (multifocal diffusion 
restricting or T2 hyperintense lesions scattered throughout the subcortical and deep 
white matter) likely represents miliary infarcts from arteriolar vasculitis/thrombosis 
[77] and is a readily recognizable clue to the diagnosis of SFR encephalitis 
(Fig. 16.7) [78]. In the largest series of patients with SFR meningoencephalitis to 
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date, the starry sky sign was seen in all children and no adults; however it is not 
exclusive to children and its absence does not exclude infection [76]. Brain MRI is 
recommended for the diagnosis of encephalitis, irrespective of cause, with abnor-
malities visualized in 86% of patients compared to only 6% on head CT [79]. In 
patients with SFR meningoencephalitis, CSF pleocytosis was seen in 87.5% (median 
41 cells/uL, range 0–3250) and was neutrophil predominant in 33%; protein was 
elevated in 87.5% and hypoglycorrhachia present in 18.8% [76]. Ninety percent of 
patients with SFR meningoencephalitis require ICU admission and only 46% made 
a complete recovery by hospital discharge .

 Diagnosis

Definitive diagnosis  of SFR can be a challenge. There are no sensitive diagnostic 
biomarkers that might help the clinician identify cases early in the course of the ill-
ness. Therefore, the clinician must rely on clinical, laboratory, radiological and 

a b

c1 c2 d1 d2

Fig. 16.7 The range of infectious vasculitis associated with Rocky Mountain spotted fever. (a) 
Petechial rash in a child with RMSF meningoencephalitis. (b) Widespread confluent rash in an 
adult with RMSF meningoencephalitis who eventually required amputation of the affected limbs. 
(c1) Axial diffusion weighted imaging (DWI) MRI of a child with RMSF meningoencephalitis 
demonstrating the “starry sky” pattern of multifocal, punctate, diffusion restricting lesions scat-
tered throughout the white matter of both hemispheres, and (not shown) corpus callosum, brain-
stem and cerebellum. (c2) Axial apparent diffusion coefficient (ADC) MRI from the same patient. 
Autopsy studies from patients who died of RMSF meningoencephalitis have demonstrated vascu-
litis with arteriolar thromboses, which is the presumed mechanism of the starry sky sign on 
MRI. (d1–2) Axial DWI and ADC MRI from a child with RMSF meningoencephalitis with flame- 
like diffusion restriction in the subcortical white matter and (not shown) corpus callosum, brain-
stem and cerebellum. All patients survived their index hospitalization
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epidemiologic clues that suggest the possibility of SFR infection [11]. Antibodies to 
SFR do not develop until 7–10 days after exposure and negative serologies do not 
exclude infection, thus the diagnostic utility of serologic testing early in the course 
of the disease is limited [80]. Laboratory confirmation typically requires acute and 
convalescent serum testing and cases are divided into confirmed or probable based 
on the results [81]. Polymerase chain reaction is insensitive [82] but may be helpful 
when combined with immunohistochemistry on biopsy specimens (e.g. skin biopsy 
of rash) [83]. The current gold-standard test is the indirect fluorescent antibody test, 
which is highly sensitive and specific for SFR, but does not distinguish among the 
rickettsiae [83]. Therefore, in the early phase of illness, a high clinical suspicion, 
appropriate historical and examination findings and supportive laboratories are 
needed. Non-specific but helpful laboratory findings include anemia, thrombocyto-
penia, elevated aminotransferases, elevated creatine  kinase and hyponatremia [71].

 Treatment

When the clinical concern  for SFR is high, treatment should not await laboratory 
confirmation. Tetracyclines and chloramphenicol are the only antibiotics with defi-
nite efficacy for RMSF [71], and doxycycline is the preferred first-line agent, 
including for children [11, 27, 28]. Pediatric dosing of doxycycline is 2.2 mg/kg 
divided into two doses per day up to 100 mg BID for a minimum of 5–7 days or 
until the patient is afebrile for at least 2–3 days, whichever is longer. Adult dosing 
is 100 mg BID, oral or intravenous. Some clinicians will give a loading dose of 
200 mg and may give doxycycline IV for more severe cases , although bioavailabil-
ity of oral doxycycline approaches 100%.

 Tularemia

 Epidemiology

Tularemia is a zoonotic infection caused by Francisella tularensis, a highly infec-
tious aerobic Gram-negative bacillus. Several animal species harbor F. tularensis, 
including rabbits, squirrels and muskrats. Tularemia has been reported throughout 
the USA (except Hawaii), but most often occurs in the South Central states. In 
2015 there was a 975% increase in the incidence of tularemia in Colorado, 
Nebraska, South Dakota and Wyoming [84]. Humans can be infected by several 
mechanisms including direct contact with infected animals, ingestion of contami-
nated water or meat, inhalation of aerosolized bacteria or by the bite of an infected 
tick or deer fly [85]. The incidence is higher among men than women, presumably 
owing to greater outdoor exposure and transmission via tick vectors (most often 
D. andersoni, D. variabilis, and A. americanum) is now the most common means 
of infection [86].

16 Tick-Borne Infections of the Central Nervous System



340

 Clinical

When inoculated into the skin bacteria multiply and cause a necrotic, purulent 
ulcerated lesion, which eventually evolves into a granuloma (Fig.  16.8). 
Hematogenous dissemination to the lymph nodes, spleen, liver, lungs and other 
organs can occur early or late in the course of the infection and bacteria may persist 
in tissues for prolonged periods producing a tendency to relapse after treatment. 
After an incubation period of 3–5 days, abrupt onset of fever, chills, malaise and 
headaches are common and myalgias, sore throat, vomiting and abdominal pain 
may also develop [87]. Interestingly, nearly half of patients are observed to have a 
lower pulse rate than expected for the degree of fever (termed pulse-temperature 
dissociation). Although clinical manifestations may overlap, six clinical categories 
have been described including ulceroglandular, glandular, oculoglandular, typhoi-
dal, orophryngeal and pneumonic tularemia.

 Neurologic Manifestations

Tularemic meningitis is very rare with only a handful of cases reported in the litera-
ture [88]. Neurologic manifestations typically develop 5 days after onset of the ill-
ness (range 3–30) and include headaches, confusion, meningismus and rarely 
seizure.

 Diagnosis

CSF analysis usually demonstrates marked pleocytosis (mean 1788 cells/uL, range 
2–13,200) and is usually monocyte predominant, often with hypoglycorrhachia 
with mean glucose 32 mg/dL (9–59 mg/dL). CSF Gram stain has low sensitivity 

Fig. 16.8 Ulcerative 
lesion from tularemia. 
(From https://www.cdc.
gov/ticks/
tickbornediseases/
overview.html)
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(10%). Although human-human transmission has not been reported, tularemia is 
highly contagious including in the laboratory and laboratory personnel should be 
notified, both for their protection and to ensure that appropriate media are used 
when the diagnosis is suspected. Establishing the diagnosis includes serologic test-
ing with tube agglutination, microagglutination or latex agglutination [89]. A pre-
sumptive diagnosis can be established in the appropriate clinical context with a 
single titer of 1:160, but confirmation requires a fourfold increase in the titer 
between acute and convalescent samples.

 Treatment

The preferred antimicrobials for the treatment of tularemia include the aminoglyco-
sides streptomycin (1 g IM BID) or gentamicin (5 mg/kg IV or IM daily) given for 
10 days. Chloramphenicol and doxycycline (100 mg BID for 14–21 days) have been 
used in the past but are associated with higher rates of relapse than aminoglyco-
cides. Ciprofloxacin 750 mg BID IV or PO has been used in recent years with some 
success. When CNS infection is diagnosed, an aminoglycoside should be combined 
with doxycycline or ciprofloxacin, as CSF aminoglycoside levels may be erratic 
[88, 90, 91].

 Viral Infections

 Colorado Tick Fever

 Epidemiology

Colorado tick fever (CTF) is caused by the CTF virus, a non-enveloped, double- 
stranded RNA virus which is prototypical member of the Coltivirus genus. The 
vector, the Rocky Mountain wood tick (Dermacentor andersoni), is found through-
out the western United States and western Canada at elevations of 4000–10,000 feet 
above sea level. CTF is specifically reportable in Arizona, Colorado, Montana, 
Oregon, Utah and Wyoming but not nationally reportable; cases occur not infre-
quently in individuals who have recently travelled to one of the endemic states. 
Between 2002 and 2012, 83 cases were reported to the CDC [92], which based on 
limited reporting is almost certainly an underestimate, with the true incidence more 
likely in the range of 200–400 [93]. Eighty percent of cases occurred between the 
months of May–July and the highest incidence was in Wyoming, followed by 
Montana and Utah [94]. Tick exposure is frequently reported prior to the illness 
although only roughly half of patients report a discreet tick attachment, an observa-
tion that suggests transmission may occur even with brief attachment. Roughly 20% 
of patients are hospitalized in the course of their illness [95].
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 Clinical

After an incubation period of roughly 2–3  days (range 0–14  days), nonspecific 
symptoms including malaise, fever, chills, headache and myalgias develop [96]. 
Sore throat, gastrointestinal upset and macular, maculopapular or petechial rash 
develops in 5–15% of patients [96]. Illness typically lasts several weeks and fever is 
biphasic in roughly half of patients, appropriately termed “saddleback” fever. Severe 
complications such as meningoencephalitis, hepatitis, pericarditis, myocarditis and 
pneumonia rarely develop. However, in the vast majority of cases, the illness is self- 
limited with rare reports of death associated with disseminated intravascular coagu-
lopathy or meningoencephalitis in children. When they occur, neurologic symptoms 
most often develop in children and typically begin within a week of illness [93]. 
Neurologic complications range from meningismus to encephalitis including coma, 
but death is rare [97].

 Diagnosis

Routine laboratory studies typically reveal leukopenia with atypical lymphocytes 
and thrombocytopenia. When meningoencephalitis develops, opening pressure is 
typically normal, a lymphocytic pleocytosis is common (range 0–372 cells/uL), 
protein may be normal or elevated and hypoglycorrhachia may occur [98]. PCR or 
serologies against CTFV can confirm the diagnosis although in the acute setting 
PCR is more sensitive as seroconversion may take 2–3 weeks. Diagnostic testing is 
available at some commercial and state health department laboratories as well as 
through the CDC.

 Treatment

There is no specific treatment for CTF beyond general supportive care. There is cur-
rently no vaccine for CTF and prevention by avoiding tick exposure through best 
practices is recommended for people who engage in outdoor activities in areas 
of risk.

 Emerging Tick-Borne Infections

In the last decade, a number of newly described tick-borne pathogens have been 
identified, however little is known about the clinical spectrum of these diseases. 
Heartland virus (HRTV), a phlebovirus spread by Lone star ticks, is clinically indis-
tinguishable from ehrlichiosis. As of 2018, 35 cases have been confirmed in patients 
residing in the Southeast and South-central US.  HRTV should be suspected in 
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patients with presumptive ehrlichiosis who fail to improve after 48 hours of doxy-
cycline therapy.

In the few cases of HRTV reported in the literature, headache and fever are com-
mon, and confusion has also been reported [99]. A fatal case who presented with 
progressive confusion had normal cerebrospinal fluid and a negative MRI of the 
brain [100]. However, autopsy identified necrosis of the thalamus with viral antigen 
in glial cells by immunohistochemistry, consistent with encephalitis.

Bourbon virus is a tick-borne thogotovirus first identified in 2014. Very few cases 
have been reported in the literature, however the index case (who ultimately died of 
the infection) did not have clinical signs or symptoms suggestive of neurologic 
involvement.

 Parasitic Infections

 Babesiosis

 Epidemiology

Babesiosis is caused by a single-celled intraerythrocytic parasite transmitted by 
Ixodes ticks, the same vector for Lyme disease and Anaplasomosis (Figs. 16.1 and 
16.2) [101]. Less commonly infection can be acquired through transfusion of 
infected red cell products but the infection is not otherwise transmissible human to 
human. Babesiosis is not a nationally reportable disease. In 2017, the last year 
where incidence data are available, a total of 2358 cases were reported, a 24% 
increase from the previous year [102]. Almost 90% of cases occurred in residents of 
Connecticut, Massachusetts, New Jersey, New York, Rhode Island, Minnesota or 
Wisconsin. The number of reported cases is highest among older adults, likely 
reflecting a diagnostic bias towards more severely ill patients.

 Clinical

Asymptomatic infection is common, particularly in healthy children and young 
adults. Symptomatic infections range from a mild febrile illness to fulminant dis-
ease. Older individuals, immunocompromised patients (including those with  HIV/
AIDS), and patients with asplenia are at risk for more severe disease. Mortality 
among hospitalized patients is >10% [103]. The hallmark of babesiosis is hemoly-
sis, and many of the clinical findings and laboratory abnormalities are due to eryth-
rocyte lysis. Symptomatic patients typically develop illness 1–4  weeks after 
exposure from tick bite or 1–9 weeks after exposure to contaminated blood products 
[101]. The illness usually begins with gradually worsening malaise (82%) followed 
by fever (89%), and may be accompanied by chills, sweats, headaches, myalgias, 
arthralgias, anorexia and nonproductive cough [104]. Uncommon manifestations 
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include sore throat, vomiting, conjunctival injection, hyperesthesia and in severe 
disease, jaundice and icterus may be present. Splenomegaly, hepatomegaly and reti-
nopathy with splinter hemorrhages/retinal infarcts can occur. Although the illness 
typically lasts for several weeks, fatigue can persist for months.

 Neurologic Complications

While headache is noted in 47% of patients with babesiosis, neurologic manifesta-
tions are seen almost exclusively with severe infections, correlating with high-level 
parasitemia [104]. A case series of patients hospitalized with severe babesiosis doc-
umented altered mentation in 6% of cases [103]. However, when encephalopathy is 
present, it is often due to hypoxia or uremia rather than direct neurologic involve-
ment. Coma has been reported in patients with high levels of parasitemia. Theories 
to explain CNS symptoms with babesiosis include alterations in erythrocyte cytoad-
herence or cytokine production [105]. Autopsy studies have shown parasitized red 
cells in the brain confined to intravascular space, with no evidence of vasculitis or 
invasion of cerebral tissue.

 Diagnosis

The cardinal laboratory abnormality is hemolytic anemia. Other laboratory find-
ings variably present include thrombocytopenia, increased liver enzyme levels, 
elevated lactate dehydrogenase, and renal insufficiency. When there is high para-
sitemia, microscopic evaluation of thick and thin blood smears may reveal 
intraerythrocytic rings similar to those seen with Plasmodium falciparum malaria. 
Rarely tetrad forms resembling a Maltese cross may be present and are pathogno-
monic for babesiosis (Fig. 16.9). In cases with lower parasitemia levels, micros-
copy may be negative. In this setting, whole blood PCR is the preferred diagnostic 
investigation.

 Treatment

Severe disease is treated with combination therapy of IV clindamycin (300–600 mg 
IV qid) and oral quinine (650 mg PO BID). The duration of treatment varies based 
on host characteristics, with longer duration of treatment often indicated in 
asplenic, elderly or immunocompromised patients. A minimum of 7 days of ther-
apy is recommended; treatment should be extended until fever has abated and 
blood smears do not show residual parasitemia. In patients with parasites identi-
fied in ≥10% of cells or in whom severe hemolysis is present, exchange transfu-
sion is indicated.
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Chapter 17
CNS Whipple’s Disease

Rima El-Abassi, Michael Soliman, Nicole R. Villemarette-Pittman, 
and John England

Whipple’s Disease (WD) was first described by George H. Whipple in 1907 [1]. 
Classic Whipple disease (CWD) is a systemic chronic infection by Tropheryma 
whipplei (T whipplei) that can involve various organ systems such as gastrointesti-
nal tract, joints, and central nervous system (CNS) [2–4]. Central nervous system 
Whipple’s disease (CNS- WD) can be a part of the classical WD, a recurrent phe-
nomenon or an isolated disease. It encompasses a wide array of clinical manifesta-
tions depending on the anatomic region affected by the pathological process [5]. 
Diagnosis is made by polymerase chain reaction testing. It is vital to implement an 
aggressive mode of treatment to reduce the chances of complications like cognitive 
impairment, or disease recurrence, even many years later.

 History

Initially thought to be a disease of lipodystrophy due to the finding of foamy mac-
rophages with cytoplasmatic periodic acid-Schiff (PAS) reactivity in intestinal 
mucosa [6], the etiology was further clarified in 1961 by detecting the bacteria by 
electron microscopy [7, 8] 30 years later, a first specific polymerase chain reaction 
(PCR) assay was established targeting T whipplei 16S ribosomal RNA (rRNA) 
genes from duodenal lesions [9]. In 2000, the bacterium was cultured in human 
fibroblast cells and the genome was sequenced, followed by the development of a 
specific immunohistochemical staining in 2002 [10, 11] and various diagnostic 
PCR assays [12, 13].
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 Epidemiology

The overall prevalence of Whipple’s disease in the USA is 3/1,000,000 and the 
incidence is 0.1–0.6/1,000,000 new cases in Western populations [14] (Table 17.1). 
T. whipplei is an environmental actinomycetes bacteria residing in soil or water that 
concentrates in sewage, thus endangering farmers, sewage plant workers, and other 
outdoor professions. Transmission is postulated to be from person to person [15–
17]. The organism disseminates hematogenously as suggested by the characteristic 
prominent perivascular and subependymal distribution [18]. The naming of the etio-
logic agent, Tropheryma whipplei, comes from the Greek “trophe”, nourishment, 
and “eryma”, barrier. The name refers to nutrient malabsorption [9, 19]. Neurologic 
involvement is the third major manifestation of Whipple’s disease (10–43%) [4, 20]. 
It affects males and females equally and is more common in individuals >65 years 
old [14]. Approximately 20–40% of patients suffer from neurological manifesta-
tions [21] and 5% of patients present with isolated CNS-WD [22]. There is a higher 
incidence in Caucasians as compared to the native Asian and African populations 
[23]. Genetic carriage is common [24, 25].

 Pathophysiology

WD has occasionally been reported in families [26]. These findings are consistent 
with a common environmental exposure and shared genetic susceptibility. The 
organism is detectable in the saliva, dental plaque and feces of healthy hosts without 
invasive infection [27–30] and IgG antibodies are found in about 70% of healthy 
individuals [10].

The organism accumulates in the macrophages as intensely periodic acid-Schiff 
(PAS)-positive intracellular material [6, 31], that exerts no visible cytotoxic effects 
upon host cells, and there is a remarkable lack of inflammatory response to it. This 
is the foundation of the idea that WD is caused by an underlying genetic 
predisposition in affected individuals that leads to colonization of T. whipplei. An 
association between HLA alleles DRB1*13 and DQB1*06 and Whipple’s disease 

Table 17.1 Epidemiology Caucasians > Native Asian and African populations
Males = Females
More common in individuals >65 years
Transmission from person to person
Endangering farmers, sewage plant workers, and other outdoor 
professions
Disseminates hematogenously
Genetic carriage is common
20–40% of patients suffer from neurological manifestations
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was shown in a cohort of 122 European patients [32, 33]. Immunologic studies 
show mononuclear cells’ deficiency in the expression of complement receptor type 
3 (CD11b) [34] and a persistently diminished ability to degrade intracellular organ-
isms [35, 36]. Intestinal macrophages revealed up-regulation of genes encoding 
IL-1 and IL-16 [37–39] contributing to increased T. whipplei replication. There is a 
specific defect in cell-mediated immunity [34], an impaired production of interleu-
kin- 12, a stimulator of T-cell function [34, 40], a decrease in the CD4/CD8 T-cell 
ratio [34] with associated low functional activity of type 1 T-helper cells (Th1), an 
increase in functional Th2 responses and absent or diminished antigen presentation 
by the MHC class II apparatus [41, 42]. Upon stimulating blood and mucosal lym-
phoctes with T. Whipplei antigens, there is decreased intracellular Interferon gamma 
(IFN γ) production [41]. These findings normalize with treatment, suggesting 
immune downregulation by the bacteria [42].

 Clinical Presentation

The clinical picture of CNS-WD involves the entire neurologic spectrum [43]. It 
follows three distinct patterns: (1) neurologic involvement in untreated classic WD; 
(2) exclusive CNS relapse of previously treated classic WD [32], with microscopic 
lesions in the gastrointestinal tract; and (3) isolated neurologic symptoms, CNS-WD 
[44] without histologic evidence of intestinal involvement [4, 22, 45, 46] (Fig. 17.1). 
Isolated spinal involvement is rare in CNS-WD and spinal lesions with pachymen-
ingitis have been rarely described [45, 47–52].

The classic, but not benchmark, triad of CNS-WD is progressive dementia, 
supranuclear gaze palsy, and myoclonus [53, 54].

Cognitive impairment is found in 71% of patients with neurologic signs. 
Cognitive decline can take the form of memory impairment and attention defects, 
apathy and personality changes, typical frontal lobe syndrome, confusion, or frank 
young-onset dementia [21]. Neurocognitive symptoms may pursue a 

Cognitive impairment Movement Disorders & visual features Hypothalamic involvement

Memory impairment
Attention defects

Apathy
Personality changes

Frontal lobe syndrome
Confusion

Young-onset dementia

Polyuria−polydipsia

Amenorrhea

Galactorrhea

Sleep disorders

Qculomasticatory Myorhythmia

Facial/Skeletal Myorhythmia

Supranuclear vertical
ophthalmoplegia

Slowing of vertical saccsdes
Hypometric horizontal saccades

Impaired pursuit

Akinetic rigid choreiform movements

Fig. 17.1 Clinical features of CNS-WD
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remitting- relapsing course. Forty-seven percent of patient with cognitive impair-
ment due to CNS-WD also have psychiatric signs [22].

Cerebellar ataxia occurs in 20–45% of patients with neurologic signs [22, 52, 55, 
56]. Progressive dementia and ataxia are more frequent in patients with isolated 
T. whipplei encephalitis [56]. Cerebellar involvement contributes to gaze-evoked 
nystagmus and esotropia [57]. Clumsy limbs are considered a manifestation of 
appendicular ataxia [21].

Movement disorders suggest the specific involvement of the basal ganglia. 
Myorhythmias are slow (1–4  Hz), rhythmic, or semirhythmic myoclonus, with 
repetitive, jerky movement affecting mainly cranial and limb muscles. They are 
produced by co-contraction of antagonist muscles when one agonist muscle con-
tracts more intensely or for longer time than the antagonist [58]. It has an electro-
myographic discharge lasting 200–300  ms [59–61]. It involves either branchial 
(facial myorhythmia) or spinal (skeletal myorhythmia) muscles, originating from 
the brainstem and spinal cord [62], that disappears during sleep [58].

Oculomasticatory myorhythmias (OMM) are pendular convergent-divergent 
oscillations of the eyes, synchronous with involuntary rhythmic, 1 Hz contraction of 
the muscles of mastication, and thus jaw movements, at a rate of 1/s [63]. It consti-
tutes complete supranuclear vertical ophthalmoplegia [64–67] with selective deficit 
of the vertical saccades, attributed to the involvement of the anterior-rostral [68] 
interstitial nucleus of the medial longitudinal fasciculus (riMLF), the anatomical 
substrate for vertical saccade generation [69]. CNS-WD can also present with slow-
ing of vertical saccades, mimicking progressive supranuclear palsy [70, 71] and 
impaired pursuit and hypometric horizontal saccades attributed to abnormal cere-
bellar gaze control at the level of the paramedian pontine reticular formation [70, 
71], and disinhibition of autorhythmic pacemaker nuclei [58].

Oculo-facial-skeletal myorhythmia (OFSM) constitutes pendular convergent- 
divergent nystagmus in association with myorhythmia that extends beyond the mas-
ticatory muscles, involving any facial, neck, or limb muscles [22]. OMM and OFSM 
both occur in 8–20% of CNS-WD [45, 72, 73], are considered pathognomonic for 
CNS-WD [67, 71, 74–76], and tend to persist during sleep [77].

Other abnormal movements include akinetic rigid forms of parkinsonism [70, 
71, 78, 79] and choreiform movements [80]. Hypothalamic involvement typically 
presents as polyuria–polydipsia; amenorrhea and galactorrhea [43, 45] and sleep 
disorders, mostly hypersomnia occur in 17% of patients [56].

 Differential Diagnosis

The early-onset complete supranuclear gaze palsy in CNS-WD brings progressive 
supranuclear palsy (PSP) in the differential picture. The age of onset is typically 
younger in CNS-WD [81] and has a more rapid evolution [82]. Rigidity and other 
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parkinsonian signs are uncommon compared with PSP.  PSP symptoms rarely 
include early, complete horizontal gaze palsy and myoclonus [73, 83–85]. The asso-
ciation with systemic features in WD is also an important differentiating feature. 
Table 17.2 reviews the factors that should be included in a differential diagnosis.

 Diagnosis

The average delay between first symptoms and diagnosis is 24–30 months for neu-
rologic symptoms [20, 49]. Given its protean manifestations, the diagnosis of 
Neuro-Whipple disease should be considered in a variety of clinical situations.

As outlined in Fig. 17.2, a complete work-up requires a careful history and phys-
ical examination, a combination of DNA detection by polymerase chain reaction 
(PCR), Periodic-Acid-Schiff (PAS) staining, immunohistochemical staining with T 
whipplei antibodies, and MR imaging.

Fenollar et  al. [52] proposed a diagnostic classification system for chronic 
Whipple’s encephalitis. Patients with positive polymerase chain reaction of cerebro-
spinal fluid and/or brain biopsy are classified as definite isolated cerebral 
WD. Patients with positive staining of periodic acid–Schiff and electron microscopy 
of brain biopsy are regarded to have possible isolated cerebral WD.

PAS-staining and PCR are the diagnostic cornerstones [58]. T. whipplei PCR, 
can be performed on a variety of tissues and body fluids [5, 22, 45–48] and is the 
main tool for the diagnosis of localized chronic infections. It is done using broad- 
range primers for amplification of the 16S ribosomal ribonucleic acid (rRNA) gene 
or the intergenic region of the 16  s–23  s rRNA; followed by sequencing of the 
amplified product [12, 86–88].

Table 17.2 Differential diagnosis for CNS-WD

Differential diagnosis
Similarities with 
CNS-WD Differences from CNS-WD

Progressive supranuclear palsy 
(PSP)

Supranuclear gaze palsy 
(SGP)

Older age-onset.
Insidious evolution
Extrapyramidal features
Vertical gaze palsy
Absence of systemic features

Neurodegenerative dementias 
(MSA) Encephalitis

Cognitive impairment

Cerebellar syndromes Ataxia Ataxia in CNS-WD occurs with 
other neurological and systemic 
signs.

Niemann-Pick C and spastic 
ataxia type 1

Ataxia with supranuclear 
gaze palsies (SGP)

Gaucher disease Horizontal SGP

MSA multiple system atrophy, SPG supranuclear palsy
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 Cerebrospinal Fluid (CSF) Analysis

PCR performed on CSF confirms the diagnosis of CNS-WD [89]. CSF PCR is 
strongly considered during the initial diagnostic investigation in patients pre-
senting with localized symptoms consistent with localized CNS WD [58]. CSF 
analysis shows elevated protein level and the presence of oligo-clonal bands. A 
low to moderate pleocytosis (5–100 cells/microL) is mostly made up of lympho-
cytes and monocytes or macrophages. Electron microscopy [90] shows a core 
enclosed within a plasma membrane, surrounded by a three-layered cell wall. 
The inner layer contains polysaccharides that stain positive with PAS [91]. PAS 
staining shows macrophages with rod-shaped and sickle-shaped inclusions, also 
called sickle particle or Sieracki cells [92–96], in about 50% of the cases [22, 
45]. Normal CSF cytology does not rule out neurologic involvement in WD 
[22, 45].

Suspected WD per
history, physical
exam & EMG

Brain MRI CSF PCR

Non-specific
Diagnostic of CNS

WD
PAS (Less specific

than PCR)

PCR/Immunohistoc
hemistory (More

specific than PAS)

Need to be
associated with CSF

PCR to diagnose
CNS WD

Need to be
associated with CSF

PCR to diagnose
CNS WD

Brain Biopsy could be done if all
other tests are negative with
strong suspicion of CNS WD

Gasteroscopy
>5 small bowel

biopsies

Fig. 17.2 Diagnosis of CNS-WD. CSF: Cerebrospinal fluid; PCR: Polymerase chain reaction; 
MRI: Magnetic resonance imaging; WD: Whipple’s disease; PAS: Periodic-acid-schiff; EMG: 
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R. El-Abassi et al.



357

 Biopsy

Gastrointestinal tract involvement is investigated with multiple duodenal biopsies 
[45]. Duodenal biopsies can provide a diagnostic clue even without obvious clinical 
intestinal tract involvement [49]. Small bowel biopsy shows characteristic villous 
atrophy with distension of villi and infiltrates of foamy macrophages with PAS- 
positive granular cytoplasm which are filled with clumps of T whipplei, and rounded 
empty spaces that contain neutral fat; lipodystrophy. PCR or immunohistochemistry 
can identify the agent more specifically [97]. In Localized WD, duodenal PCR as an 
independent, specific method [5, 17, 18, 21, 32, 43, 44] showed increased sensitivity 
compared with PAS staining [4, 15, 49, 58, 98–100].

Searching for systemic involvement is done with lymph node biopsies, which 
should be analyzed with light microscopy, electron microscopy, and PCR [45].

CSF PCR is tested in CWD without clinical neurologic manifestations, to rule 
out central involvement [18, 52, 72].

PCR performed on urine samples is acquiring an important role of noninvasive 
diagnostic strategies, while T. whipplei PCR performed on saliva and stool lack 
specificity for determination of localized WD [13, 101, 102].

When all examinations are negative, if Whipple disease is suspected and a lesion 
is found on brain MRI, a stereotactic cerebral biopsy should be performed. Brain 
specimens demonstrate lymphocytic encephalitis with the presence of abundant 
perivascular foamy macrophages infiltrate with central areas of necrosis and 
hemorrhage.

 Radiology

Radiologically, brain magnetic resonance imaging (MRI) in CNS-WD shows no 
pathognomonic pattern. Patients’ CNS symptoms may or may not reflect the ana-
tomic locations of the lesions, and on the other hand the anatomic abnormality may 
or may not correlate with the extend of neurologic clinical manifestation [103].

Panegyres et al. [43] reported that patients with primary CNS-WD can be divided 
into: (1) patients with focal neurological manifestations due to solitary mass lesion; 
and (2) those with multiple neurological signs and symptoms and multiple nodular 
enhancing MRI or CT lesions. Abnormal T2 signal intensity lesions are most evi-
dent on FLAIR sequences within midline structures, basilar telencephalon, thala-
mus, hypothalamus, quadrigeminal plate, and periaqueductal gray matter, without 
mass effect [93]. Less frequently, scattered lesions of high T2 signal intensity show 
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in a peripheral array involving the gray-white junction with or without associated 
vasogenic edema and mass effect [104, 105]. Nodular parenchymal lesions may 
show enhancement [43, 106, 107] and may have stroke-like presentations of focal 
tumor-like lesions [108–111]. Other radiologic findings include leptomeningeal 
enhancement and ring lesions [105, 112]. It was recently found that 18 FDG-PET 
was associated with a high diagnostic yield in case of neurological involvement, 
showing hypometabolism that resolves with treatment, and thus was suggested to 
facilitate follow-up [55, 102].

 Treatment

Successful treatment with antibiotics was reported in 1952 [56] and remains the 
currently recommended primary treatment of CNS-WD. The two-phase treatment 
involves antibiotics that can infiltrate the CSF [113].

The initial phase of treatment constitutes Cephalosporins e.g. ceftriaxone, 2 g, 
intravenously every 12 hours for 2 weeks. The second phase of treatment consists of 
prophylaxis with oral trimethoprim160 mg- sulfamethoxazole 800 mg twice daily 
for 1–2 years [45, 56, 114] or life-long [32, 115] to decrease the risk of relapses.

Penicillin G, 2 million units every 4 hours for 2 weeks, or Meropenem can also 
be used for the initial phase [113]. For prophylaxis, doxycycline and hydroxychlo-
roquine [115] or oral cefixime, 400 mg once daily [116] were also recommended for 
12 months, followed by life-long doxycycline [115].

Markers of successful treatment are symptom remission. MRI focal lesions gen-
erally resolve with therapy [117]. Given the underlying genetic-based alterations of 
the immune system that predispose individuals to infection, a lifetime susceptibility 
to relapse is possible. Patients are more likely to relapse if PCR positivity persisted 
after clinical response [4, 113, 118].

Based on the insufficient T-cell activation and the reduced percentage of gamma 
interferon-positive (IFN-) CD4 T-cells [119], Human recombinant interferon 
gamma was tried successfully in a case of central nervous system involvement and 
refractory disease [2, 120].

 Complications

Immune reconstitution inflammatory syndrome (IRIS) presents by recurrence of 
clinical symptoms [121] with no evidence of other causes (e.g., infection, manifest-
ing tumor, allergic reaction, etc.), yet negative PCR testing [122]. It may occur in 
the early months of treatment [121], or years after the initial antibiotic therapy. An 
increased risk exists in patients with severe CNS involvement [122] and previous 
immunosuppressive therapy. Risk of complications may be tempered by the timely 
identification of high-risk patients and anticipation of recurrence of inflammatory 
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signs during or after antibiotic therapy. Treatment early on with glucocorticoste-
roids is vital and pre-existing steroid medication must not be stopped during antibi-
otic therapy.

 Follow Up

All WD patients should be followed up clinically, as well as by means of CSF 
examination and T. whipple-specific PCR. The frequency of follow up should be 
every 12 months and should be life-long because of possible late relapse or late 
complications [123]. Cerebrospinal fluid should be analyzed repeatedly during fol-
low- up, and treatment should be discontinued only when the results of PCR assay 
performed on cerebrospinal fluid are negative [45, 124].

 Prognosis

WD is invariably fatal without treatment, but even with treatment, 2–33% of classi-
cal WD patients relapse, most often with a neurologic manifestation [125]. CNS 
involvement of WD carries a 25% risk of having major neurologic sequelae [54]. 
Severe cognitive impairment and dementia caused by T. whipplei is only rarely 
reversible [44]. Approximately 60% of patients do experience some improvement in 
their symptoms during antibiotic therapy [32].

In conclusion, Tropherema whipplei infection remains a challenging-to-diagnose 
infectious syndrome rarely encountered in the United States. Localized CNS-WD is 
prevalent and can present without any gastrointestinal signs. Latency of diagnosis 
and previous exposure to immunosuppressive medications are common. Diagnosis 
of TW infection requires a high degree of suspicion and targeted testing, utilizing 
both histopathology and PCR, recognizing that blood PCR is insensitive.
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Chapter 18
Prion Diseases

Salam Nasralla, Daniel D. Rhoads, and Brian S. Appleby

The prion protein is a normal cellular protein (PrPc) that is most abundant in the 
nervous system, and its function is not well understood. An abnormal conformation 
of this protein is the essential common pathological process of the invariably fatal 
group of diseases named prion diseases (a.k.a. transmissible spongiform encepha-
lopathies, TSE) [1]. Scrapie was the first recognized prion disease, and it occurs in 
sheep and goats. This disease was first recognized in the eighteenth century, and 
only in 1936 was formally demonstrated to be transmissible [2]. Other prion dis-
eases affect non-human mammals, including bovine spongiform encephalopathy 
(BSE) in cattle, camel prion disease in camel, and the current public health concern 
in North American cervids (e.g., deer, elk); chronic wasting disease (CWD).
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The discovery of prion disease in humans, including the discovery of its potential 
transmissibility and the entity responsible for its transmissibility, was aided by prior 
knowledge of animal prion diseases. Human prion disease was first described as 
Creutzfeldt-Jakob disease (CJD). Hans Creutzfeldt first published a case of atypical 
dementia in 1920 that was later included in a case series published by Alfons Jakob 
in 1921, which proposed these cases to be a new clinical entity based upon clinical 
symptoms and neuropathological features of spongiform degeneration [3, 4]. 
However, the transmissible nature of human prion disease was not noted until the 
discovery of kuru, a rapidly progressive cerebellar disorder that occurred in the 
Fore-speaking people of Papua New Guinea [5]. Neuropathological similarities 
between scrapie and kuru were noted by William Hadlow in 1959 and led to the 
discovery of kuru’s transmissibility through ritualistic endocannibalism. Kuru was 
successfully transmitted to chimpanzees by intracerebral inoculation in 1966 [6, 7]. 
Neuropathological similarities between kuru and CJD were also noted, and CJD 
was subsequently successfully transmitted to chimpanzees, bringing it into the cat-
egory of transmissible spongiform encephalopathies [8, 9].

Although the aforementioned clinical entities could be collectively categorized 
based upon transmissibility and spongiform degeneration, the etiologic agent of 
disease remained elusive. Initially thought to be due to a “slow virus” given the 
extended incubation periods observed in transmission studies, accumulating evi-
dence rejected the notion that the etiologic agent contained nucleic acid common to 
bacteria and viruses [10, 11]. The hypothesis that the putative agent could be a 
protein was first postulated by a mathematician named John Griffith in 1967 [12]. 
As increasing evidence towards a protein-only mechanism mounted, Stanley 
Prusiner coined the term “prion” in 1982 [13]. The prion paradigm describes the 
ability of a host encoded protein to assume a pathologic isoform that can undergo 
self-propagation of the pathogenic conformation without nucleic acid. Pathological 
prion proteins (termed prions for the rest of this chapter) were then isolated from 
TSEs, which were subsequently referred to as prion diseases. Many studies support 
the prion hypothesis in these diseases, and it is nearly universally accepted within 
the field [14].

Human prion diseases are categorized according to etiology; sporadic, genetic, 
or acquired. Sporadic prion disease is thought to be due to a spontaneous post- 
translational change of PrPc to PrPSc and includes sporadic Creutzfeldt-Jakob dis-
ease (sCJD), sporadic fatal insomnia (sFI), and variably protease sensitive 
prionopathy (VPSPr). Genetic prion diseases are due to a mutation of the prion 
protein gene (PRNP) and include genetic Creutzfeldt-Jakob disease (gCJD), fatal 
familial insomnia (FFI), and Gerstman-Sträussler-Scheinker syndrome (GSS). 
Acquired prion diseases occur when prion disease is transmitted to an individual 
such as in kuru, iatrogenic Creutzfeldt-Jakob disease (iCJD), and variant Creutzfeldt- 
Jakob disease (vCJD), which is a zoonotic prion disease acquired from eating meat 
contaminated with BSE.

Although neuropathological examination via immunohistochemistry and 
Western blot are the only ways to definitively diagnosis prion disease, a confident 
antemortem diagnosis can often be achieved. Diagnosing prion disease can be 
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difficult due to the rarity of the disease and its ability to mimic many other neuro-
psychiatric conditions. The diagnosis is obtained by recognizing the clinical syn-
drome, ruling out other possible diagnoses, and employing diagnostic testing that 
can support the diagnosis. Electroencephalogram (EEG), brain magnetic resonance 
(MRI), and markers of neurodegeneration found in cerebrospinal fluid (CSF) (e.g., 
14-3-3 and tau proteins) can be useful in ascertaining cases of prion disease. 
Additionally, a recently developed diagnostic test called real time quaking induced 
conversion (RT-QuIC) can detect small amounts of abnormal prion protein via mis-
folding amplification in vitro, and RT-QuIC is usually performed on CSF.

The purpose of this article is to provide an overview of human prion diseases 
including its epidemiology, subtypes, clinical presentation, diagnostic work-up, and 
infection control practices.

 Epidemiology

Human prion diseases are relatively rare, but neurologists and infectious disease 
experts will certainly encounter cases during their career. The most common prion 
disease in humans is sCJD, which accounts for 85% of all prion diseases, followed 
by genetic prion diseases (10–15%), and acquired prion diseases (<1%). Prion dis-
ease affects an equal number of men and women. sCJD typically occurs in individu-
als 65 years-of-age or older and its mean duration is 4–6 months, though there is 
significant variability in both. Genetic prion diseases tend to have an earlier age at 
onset and can have longer disease durations. Acquired prion diseases, especially 
vCJD, typically occur in young to middle aged individuals. vCJD almost exclu-
sively occurs in people less than 55 years of age after long incubation periods that 
can last 17 years or more. The incidence of sCJD is 1–2 new cases per one million 
individuals per year in the United States, which is similar to the worldwide inci-
dence [15, 16]. Two hundred and thirty two cases of vCJD have been documented 
worldwide. Four cases of vCJD have occurred in the U.S., all of which are thought 
to have been acquired in other countries [17].

 Types of Prion Disease

 Sporadic Prion Disease

 Sporadic Creutzfeldt-Jakob Disease (sCJD)

sCJD is the most common prion disease and accounts for approximately 85% of all 
cases. Epidemiologic studies have not consistently demonstrated any common risk 
factors among sCJD cases and it is believed to be due to a spontaneous post- 
translational modification of PrPc. Most cases of of sCJD are characterized by rapid 
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neurocognitive decline with a mean illness duration of 4–6 months. Typical symp-
toms observed during the disease course include dementia, cerebellar dysfunction 
(e.g., ataxia, incoordination), myoclonus, visual changes, parkinsonism, and pyra-
midal symptoms (e.g., weakness, increased tone). Patients reach a stage of akinetic 
mutism towards the end of the illness. Most cases of sCJD will have findings sug-
gestive of prion disease on EEG, CSF tests, and/or brain MRI.

Although typically thought of as having a relatively classic presentation and phe-
notype, there is a fair amount of heterogeneity in sCJD. The U.S. has documented 
cases of sCJD from the teenage years to as old as 104, though the mean age at onset 
is in the early 60’s. Illness duration is typically 4–6 months, but can be as quick as 
a few weeks or as long as a few years. Although most cases will demonstrate the 
classic CJD phenotype consisting of dementia, myoclonus, and ataxia; some may 
present with an isolated atypical dementia or other neurologic symptom before 
developing other classic symptoms [18]. Much of this heterogeneity has been attrib-
uted to the codon 129 polymorphism of PRNP (i.e., MM, VV, or MV) and the prion 
protein type as determined by molecular weight on Western blot (i.e., type 1 or 2). 
The combination of these two variables creates six possible molecular subtypes 
(e.g., MM1, VV2, MV2, etc.) that differ in clinical phenotype, neuropathologic phe-
notype, and diagnostic tests results [19].

 Sporadic Fatal Insomnia (sFI)

sFI is similar to FFI (described later in this article) clinically and neuropathologi-
cally but lacks the characteristic PRNP mutation observed in the latter. sFI cases are 
homozygous for methionine at codon 129 of PRNP, are associated with the type 2 
prion protein, and are distinguishable from sCJD MM2 in that the thalamus under-
goes severe neuronal loss [20]. sFI is rare, with only 34 cases documented in the 
U.S. sFI cases are characterized by a younger age at onset, longer disease duration, 
and the diagnostic tests typically used to diagnose prion disease are usually negative.

 Variably Protease Sensitive Prionopathy (VPSPr)

VPSPr is named for its unique electrophoretic prion protein properties [21]. The 
distribution of the three codon 129 genotypes in VPSPr (MM-11%, MV-24%, 
VV-65%) contrasts with sCJD (MM-68%, MV-16%, VV-16%) [21]. Also, presence 
of valine at codon 129 is associated with shorter disease duration compared to sCJD 
in which valine is associated with a longer disease duration. As of 2018, the number 
of total known cases worldwide is 77 [21]. The mean age of onset is 70 years and 
median duration is 2 years. Patients with VPSPr usually present with nonspecific 
psychiatric abnormalities, cognitive decline, and speech and language deficits. 
Interestingly, 42% of cases have a family history of dementia, raising the possibility 
that genes outside of PRNP may be involved. It is not uncommon for diagnostic 
tests that are typically suggestive of prion disease to be noncontributory to the 
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diagnosis of VPSPr. For example, EEG demonstrated 9% diagnostic sensitivity and 
CSF 14-3-3 protein and total tau protein had a combined sensitivity of 21%. 
Diagnostic sensitivity of brain MRI is approximately 3% and preliminary data sug-
gest that CSF RT-QuIC sensitivity is lower in VPSPr compared to sCJD. The com-
bination of long disease duration, atypical clinical phenotype, and the low sensitivity 
of prion disease diagnostic tests raises the suspicion that undiagnosed cases may be 
misdiagnosed with other forms of dementia and the true prevalence of this disease 
may be unrealized.

 Genetic Prion Disease (gPD)

Genetic prion disease accounts for 10–15% of human prion disease and is due to 
over 40 recognized mutations of PRNP. The majority of mutations are point muta-
tions, but insertions and deletions of an octapeptide repeat region of the gene are 
also recognized. The manifestation of disease in mutation carriers (i.e., penetrance) 
varies by mutation and can vary between <1% and nearly 100% [22]. Genetic prion 
diseases are named primarily based on their neuropathologic phenotype, which 
closely correlates to clinical phenotype, and includes gCJD, FFI, and GSS.

 Genetic Creutzfeldt-Jakob Disease (gCJD)

As suggested by its name, gCJD closely resembles sCJD. The E200K mutation is 
by far the most common mutation observed worldwide and within the U.S. Although 
the majority of gCJD cases will have a family history of prion disease, variable 
penetrance can account for the absence of family history in some cases. Interestingly, 
individuals who carry the same mutation, even within the same family, may have 
different ages at onset, clinical symptoms, and illness durations and some of them 
may not develop prion disease [23]. Consequently, genetic testing (usually per-
formed postmortem) is encouraged to definitely determine the genetic status of 
prion disease cases. The majority of gCJD cases are detected by EEG, CSF analy-
ses, and/or brain MRI. CSF RT-QuIC analyses have not been tested on all gCJD 
mutations, but it ranges from 0% (only one patient of V180I-129V that was tested 
and resulted negative) to 100% sensitive in some types (i.e, E200K). Preliminary 
analyses of gCJD suggests that RT-QuIC demonstrates diagnostic sensitivity close 
to what is observed in sCJD.

 Fatal Familial Insomnia (FFI)

FFI is linked to the D178N mutation coupled with methionine at codon 129 on the 
mutated allele (D178N-129M) and is associated with severe neuronal loss within 
the thalami [20]. Clinical onset is typically between the ages of 40 to 60 and illness 
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duration varies from a few months to a few years. FFI is clinically characterized by 
sleep disturbance either symptomatically or demonstrated by subclinical sleep dis-
turbances on polysomnography (PSG). Other typical symptoms include autonomic 
dysfunction (e.g., tachycardia, hypertension, hyperpyrexia, hyperhidrosis, impo-
tence, lacrimation, and salivation). Patients typically manifest cognitive and motor 
symptoms later in the disease course. EEG, CSF 14-3-3 protein, CSF total tau lev-
els, and brain MRI findings are usually not suggestive of prion disease. The diag-
nostic sensitivity of CSF RT-QuIC is uncertain as one study demonstrated diagnostic 
sensitivity of 83% and other studies have demonstrated low diagnostic sensitivity. 
PSG can be useful, especially since patients and families do not always report sub-
jective sleep symptoms, and typically shows reduction of sleep spindles, loss of K 
complexes, loss of slow wave sleep, reduction of REM sleep, and reduction of total 
sleep time. Brain fluorodeoxyglucose-PET and single photon emission tomography 
(SPECT) typically shows early and prominent thalamic hypometabolism which can 
spread to other brain areas later in the disease course.

 Gerstman-Sträussler-Scheinker Syndrome (GSS)

GSS is characterized neuropathologically by amyloid deposits comprised of prion 
proteins [24]. Several different mutations are associated with the GSS phenotype 
including several point mutations (e.g., P102L, A117V) and higher number octa-
peptide repeat insertions (OPRI). GSS typically affects young to middle aged indi-
viduals and illness durations can be quite long, spanning several years. Initial 
symptoms may be confined to cerebellar dysfunction (e.g., P102L) to atypical par-
kinsonism (e.g., A117V) that may last a few years before other symptoms develop. 
The sensitivity of diagnostic tests typically used to diagnose prion disease vary by 
mutation but are generally lower than what is observed in sCJD. The few cases that 
have reported CSF RT-QuIC results demonstrate that this test captures some cases, 
but lacks the sensitivity seen in sCJD.

 Acquired Prion Disease

 Kuru

Kuru, as described above, was the first human prion disease to be transmitted to 
non-human primates. The clinical phenotype of kuru is characterized by fatal cere-
bellar ataxia accompanied by tremor, choreiform, and athetoid movements. 
Progressive dementia is not the striking feature of kuru. Patients manifest emotional 
changes, inappropriate euphoria and compulsive laughter, hence its original name: 
“laughing death.” The extensive investigation of kuru helped elucidate the 
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neuropathologic characteristics and transmissible nature of prion diseases. In addi-
tion to these lessons, the anthropological study of this culture allowed researchers to 
estimate exposure periods with reasonable accuracy by recording time periods in 
which the patients partook in endocannabalistic mortuary feasts. This knowledge 
was then used to calculate incubation periods, which have been over 50 years in 
some cases. Knowledge of such prolonged incubation periods can then be translated 
to other acquired prion diseases such as vCJD and iCJD.

 Variant Creutzfeldt-Jakob Disease (vCJD)

vCJD is prion disease in humans that is acquired through the ingestion of food con-
taminated with bovine spongiform encephalopathy (BSE). vCJD was first described 
in 1996 after detecting an unusual increase of prion disease in teenagers who did not 
have iCJD risk factors nor mutated genes in the setting of the BSE epidemic in the 
UK [25]. To date, 232 cases of vCJD have been documented worldwide, with the 
UK representing the majority of reported cases (http://www.eurocjd.ed.ac.uk/sur-
veillance%20data%201.html). Because of the recognized transmission of BSE to 
humans, public health and agricultural measures were put into place to prevent fur-
ther exposure. The mean incubation period is approximately 10–15 years; however, 
variability in incubation periods as seen in kuru will translate to continued cases 
stemming from the same initial exposure period [26]. All but one case have been 
homozygous for methionine at codon 129 and a heterozygous case was reported in 
2018 [27]. Because vCJD can be detected in lymphoreticular tissue, several surveys 
of appendices and tonsils was conducted in the UK, estimating an asymptomatic 
carrier rate of approximately 1 in every 2000 UK citizens [28–30]. All codon 129 
polymorphisms were represented in the surveyed samples that demonstrated posi-
tivity for vCJD.

Perhaps because of its zoonotic transmission, vCJD has rather unique neuro-
pathologic and clinical phenotypes. Neuropathologic characteristics include astro-
gliosis, neuronal loss, and spongiform changes as well as the telltale presence of 
florid plaques. vCJD has primarily affected young individuals, but occasional mid-
dle age and elderly cases have been documented. Illness duration is longer than 
sCJD, with a median of 14  months. Initial symptoms include neuropsychiatric 
symptoms (depression, apathy, psychosis) and sensory symptoms that evolve to 
include more characteristic symptoms of prion disease like cerebellar ataxia, move-
ment disorders, and cognitive impairment. EEG is usually not suggestive of prion 
disease and CSF 14-3-3 protein is typically present in 50% of vCJD cases. Brain 
MRI findings differ from sCJD, with vCJD cases typically demonstrating the pulvi-
nar sign (a.k.a. hockey stick sign), which is defined as greater signal in the thalamus 
compared to the basal ganglia on fluid attenuated inversion recovery (FLAIR) 
sequences [31]. Unique to vCJD, a tonsil biopsy can be diagnostic. CSF RT-QuIC is 
reported to be negative in vCJD [32].
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 Iatrogenic Creutzfeldt-Jakob Disease (iCJD)

iCJD is human prion disease that is acquired via medical means. Recognized iCJD 
transmissions have occurred through cadaver derived human growth hormone (c-hGH) 
and gonadotropins, corneal transplants, cadaveric dura mater grafts, and neurosurgical 
instrumentation [33]. vCJD is unique in that secondary transmission has been demon-
strated via blood transfusion. There is no epidemiological evidence suggesting that 
blood transfusions from sCJD or gPD patients has resulted in prion disease transmission 
[34]. The majority of iCJD cases in the US are due to c-hGH, with incubation periods 
extending up to 42 years. No cases of iCJD have been documented in cases that received 
c-hGH through the National Human Pituitary Program (NHPP) after 1977 due to 
changes in purification techniques. Corneal donors are screened for neurologic illness 
prior to donation, most dura mater is synthetically made, and precautions are taken 
when conducting neurosurgery on patients with suspected prion disease to help mitigate 
further cases of iCJD. The prevention of secondary transmission of vCJD is performed 
through blood donor screening and exclusion for those who spent time in Europe during 
the BSE epidemic. Because of the theoretical risk of blood transfusion transmission 
from gPD mutation carriers, the American Red Cross also excludes individuals with a 
family history of prion disease from donating blood. These precautions help limit new 
exposures to prion disease; however, we will likely continue to see cases of iCJD from 
prior exposures due to prolonged incubation periods.

 Diagnosing Prion Disease

Like most medical conditions, the clinical diagnosis of prion disease entails the 
identification of the clinical syndrome, the use of diagnostic tests that may suggest 
the condition, and the appropriate exclusion of clinical mimickers [35]. The only 
way to definitely diagnose prion disease and to determine the type, is via neuro-
pathologic examination. Autopsy is encouraged over biopsy in the majority of cases 
due to improved diagnostic tests, the potential exposure to other patients and medi-
cal staff, and the non-trivial risk of an inconclusive or false negative result.

Diagnostic criteria for probable sCJD entails combining clinical symptoms, with 
suggestive diagnostic tests, in the absence of alternative diagnoses (Table 18.1). Criteria 
for the clinical symptoms necessitate the presence of dementia plus two of the following 
categories: myoclonus, visual and/or cerebellar symptoms, extrapyramidal and/or pyra-
midal symptoms, and akinetic mutism. A clinical picture matching the above descrip-
tion typically requires the disease to have progressed over a certain period of time, 
oftentimes delaying the clinical suspicion of prion disease and subsequently its diagno-
sis. Most cases of sCJD do not present with the above symptoms, but may present with 
isolated syndromes of dementia, ataxia, or visual symptoms for weeks or months before 
developing other symptoms that could suggest the illness [18]. Only a non-specific neu-
ropsychiatric syndrome is required for symptom criteria if RT-QuIC is positive.
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 Electroencephalogram (EEG)

In current practice, EEG is most helpful in ruling out mimickers of sCJD such as 
seizure disorders, but it can also help support a diagnosis of prion disease. Although 
periodic sharp wave complexes (PSWC) are suggestive of prion disease (Fig. 18.1), 
not all cases will demonstrate them [36] and some molecular subtypes of sCJD do 
not demonstrate PSCW [37]. When PSWC do manifest on EEG, they are usually 
time-limited and typically occur about 2/3 of the way through the illness. It is also 
important to remember that other conditions can occasionally demonstrate PSWC, 
including other neurodegenerative disorders. In summary, EEG is helpful in ruling 
out seizure disorders and may be supportive of prion disease if PSWC are seen in 
the proper clinical context.

Table 18.1 Diagnostic criteria for sporadic Creutzfeldt-Jakob diseasea

Definite
  Diagnosed by standard neuropathological techniques; and/or immunocytochemically; and/or 

Western blot confirmed protease-resistant PrP; and/or presence of scrapie-associated fibrils.
Probable
  Neuropsychiatric disorder plus positive RT-QuIC in CSF or other tissues
OR
  Rapidly progressive dementia; and at least two out of the following four clinical features:
   1. Myoclonus
   2. Visual or cerebellar signs
   3. Pyramidal/extrapyramidal signs
   4. Akinetic mutism
AND a positive result on at least one of the following diagnostic tests
  A typical EEG (periodic sharp wave complexes) during an illness of any duration
  A positive 14-3-3 CSF assay in patients with a disease duration of less than 2 years
  High signal in caudate/putamen on magnetic resonance imaging (MRI) brain scan or at least 

two cortical regions (temporal, parietal, occipital) either on diffusion-weighted imaging 
(DWI) or fluid attenuated inversion recovery (FLAIR)

AND without routine investigations indicating an alternative diagnosis.
Possible
  Progressive dementia; and at least two out of the following four clinical features:
   1. Myoclonus
   2. Visual or cerebellar signs
   3. Pyramidal/extrapyramidal signs
   4. Akinetic mutism
AND the absence of a positive result for any of the four tests above that would classify a case 
as “probable”
AND duration of illness less than 2 years
AND without routine investigations indicating an alternative diagnosis

PrP prion protein, RT-QuIC real time quaking induced conversion, CSF cerebrospinal fluid, EEG 
electroencephalogram
aSporadic Creutzfeldt Jakob Disease diagnostic criteria per Center for Disease Control and 
Prevention (https://www.cdc.gov/prions/cjd/diagnostic-criteria.html)
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 Cerebrospinal (CSF) Protein Tests

Although the presence of several proteins can be elevated in prion disease, 14-3-3 
and total tau proteins are the ones most often used to support a diagnosis of prion 
disease. Both proteins are markers of neuronal injury and are thus non-specific. Tau 

a

b

Fig. 18.1 (a) Bipolar electroencephalogram montage of a healthy patient in non-REM sleep. (b) 
Bipolar electroencephalogram montage of a patient who had autopsy confirmed sCJD MM1 
depicting Periodic Sharp Wave Complex (PSWC); in this example they appear 4 times in the first 
half of the page across all electroencephalogram leads
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is more specific than 14-3-3 and achieves greater specificity with higher levels [38]. 
Although uncommon, prion disease can be present even when 14-3-3 and total tau 
are found in concentrations in the normal reference range; this abnormal finding is 
more frequently observed in atypical subtypes of prion disease (e.g., sFI and VPSPr) 
and longer duration illnesses.

 Brain Magnetic Resonance Imaging (MRI)

Brain MRI is important for ruling out other etiologies, but also provides high sensi-
tivity and specificity for sCJD. Typical features are hyperintensity in the caudate/
putamen and/or two or more cortical regions (excluding the frontal cortex) on diffu-
sion weighted imaging (DWI) or FLAIR, with DWI being more sensitive to these 
changes (Fig. 18.2) [39]. Typically, there will also be attenuation of the signal on 
ADC sequences [40]. These changes appear to occur early in the disease course and 
sometimes are the first suggestion that a patient may have prion disease. It is unclear 
how imaging changes over the course of the disease. Some types of prion disease 
will often have normal brain MRIs (e.g., sFI and VPSPr) and there are some impor-
tant brain MRI mimickers that should be appropriately considered (e.g., autoim-
mune encephalopathies).

 Real Time Quaking Induced Conversion (RT-QuIC)

Within the last several years, RT-QuIC has proved to be an important disease- 
specific antemortem diagnostic test. Taking advantage of the prion paradigm and its 
template directed protein misfolding, RT-QuIC is an amplification assay of prions 
that can detect minute amounts of prions in CSF as well as other tissue [41]. Across 
worldwide laboratories, the specificity of CSF RT-QuIC is reported to be 99–100% 
and sensitivity is often reported to be between 80–95% [42]. Like the aforemen-
tioned tests, some atypical prion diseases do not demonstrate positive CSF RT-QuIC 
(e.g., sFI). However, its high specificity has led to a change in the diagnostic criteria 
for sCJD to include any individual with a neuropsychiatric disorder and a positive 
RT-QuIC result [43].This will undoubtedly help with earlier and more confident 
diagnosis as the clinician does not have to wait for the full clinical syndrome to 
evolve in order to make the diagnosis. Unfortunately, enough of the clinical syn-
drome must be present for the clinician to suspect the disease and order the test. 
RT-QuIC has detected prions in other tissues such as olfactory mucosa and skin, but 
CSF is the most widely validated and used specimen type used for clinical testing 
[44, 45].
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 Infection Control for Prion Diseases

Although transmission of prion disease may seem to occur easily under experimen-
tal conditions, human to human transmission is quite difficult and easily preventable 
by following guidelines. With the exception of vCJD, which can be secondarily 

a b

c d

Fig. 18.2 Axial images of brain MRI. (a) MRI-FLAIR sequence of a healthy person. (b) MRI- 
FLAIR sequence of a patient with prion disease, this image detects cortical ribboning; hyperinten-
sity signal mainly within right insular and temporooccipital cortices in this example. (c) MRI-DWI 
sequence of a healthy person. (d) MRI-DWI sequence of the same person in image b, this image 
shows diffusion restriction within the same areas of hyperintensities in FLAIR-sequence
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transmitted via blood products, all recognized iatrogenic transmissions of prion dis-
ease have been through the reuse of central nervous system (CNS) derived tissue 
from cadavers, corneal transplants, and contaminated neurosurgical instruments. 
Epidemiological studies have not consistently demonstrated transmission via other 
means suggesting that if there are unrecognized methods of transmission, they are 
extremely rare.

Although universal precautions are adequate for routine clinical care, special 
precautions are required when dealing with high infectivity tissues. Both CDC and 
the World Health Organization (WHO) have published guidelines for handling tis-
sue and decontaminating instrumentation [46, 47]. Neurosurgical cases should be 
screened for potential symptomatic prion disease or those at risk of developing 
prion disease [48]. For cases in which the diagnosis is unclear, instruments can be 
quarantined until the diagnosis is clarified. Though proper precautions must be 
taken when dealing with potentially contaminated neurosurgical instruments, the 
fact that only four cases of iCJD from contaminated neurosurgical instruments and 
two from neurosurgical depth electrodes have been reported, all of which occurred 
in the last century, suggests that current decontamination practices are likely effec-
tive in removing the majority of infectivity.

 Emerging Threats

Although the epidemic of BSE and its threat to the human food supply has been 
largely mitigated through public health interventions, other possible transmission 
risks exist, namely in the form of chronic wasting disease (CWD) [49]. CWD is a 
prion disease of cervids (e.g., deer, elk, moose) that primarily affects North America, 
but which has also been detected in South Korea, Norway, Finland, and Sweden. 
Unlike BSE, CWD is naturally transmitted among cervids and is excreted in saliva, 
urine, and feces. CWD is also the only animal prion disease that affects primarily 
free ranging animals, making it difficult to cull affected herds. Hence, there are 
already several new challenges from CWD that public health officials have not had 
to contend with before. There is no current evidence that CWD has been transmitted 
to humans and although research suggests that the risk to humans is not high, it 
almost certainly is not zero. The possibility that CWD may transmit to other ani-
mals and then be more apt to cross the species barrier to humans is also a possibility. 
These challenges require broad policy changes at the local and national levels and 
will require the cooperation of a litany of professionals and stakeholders. CWD is 
also a reminder regarding the importance of continued prion disease surveillance as 
much remains unknown and long incubation periods adds an extra layer of com-
plexity to surveillance of this disease. The Centers for Disease Control and 
Prevention (CDC) funds the National Prion Disease Pathology Surveillance Center 
(NPDPSC) (www.cjdsurveillance.com) to assist in neuropathologic surveillance of 
prion diseases to ascertain whether CWD or other novel prion diseases are occur-
ring in the humans. The NPDPSC offers free autopsy coordination and neuropatho-
logic examination for cases of suspected prion disease to aid in this endeavor.
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 Conclusions

Human prion diseases are uncommon and universally fatal neurodegenerative con-
ditions caused by an abnormal conformation of the prion protein. The disease can 
occur sporadically, develop due to a genetic mutation, or in rare instances, be 
acquired. Although not common, several healthcare specialties will certainly care 
for patients with this illness and should be knowledgeable regarding it. Prion dis-
eases are clinically and neuropathologically heterogenous conditions. Clinical diag-
nosis is achieved by recognizing the clinical syndrome and the use of several 
diagnostic tests. The advent of RT-QuIC, which is highly specific, has greatly 
increased the clinical confidence of antemortem diagnosis of prion disease. 
However, definitive diagnosis of prion disease, as well as its subtype, is only achiev-
able via post-mortem neuropathologic examination. Special infection control mea-
sures may be required in certain circumstances, but routine clinical care of prion 
disease patients can proceed as it would in a patient without prion disease. Although, 
the incidence of vCJD seems to be waning, there is concern that CWD could be 
transmissible to humans, which requires continued surveillance of these diseases.
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