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Learning Objectives

== Describe the infectious etiologies of meningoencephalitis.

== Recognize distinguishing clinical features of meningoen-
cephalitis by etiology.

= |dentify possible etiologies for meningoencephalitis by
identified risk factors.

= List the appropriate diagnostic tests that should be con-
sidered during the evaluation of a patient with meningo-
encephalitis.

25.1 Definitions

Meningoencephalitis - inflammation of the meninges and the brain
parenchyma

Rhomboencephalitis - inflammation of the brainstem

Hypoglycorrhachia - an abnormally low glucose concentration
detected in the cerebrospinal fluid

Meningoencephalitis, defined as inflammation of the brain
parenchyma and the surrounding meninges, manifests as
cerebral dysfunction often resulting in permanent neurologic
sequelae. The underlying cause of the problem frequently
goes undetected, even after thorough diagnostic evaluation.
Precise etiologies, when identified, include infection, auto-
immune disease, vasculitis, neoplasm, and metabolic disor-
ders [1, 2]. The focus of this chapter is on infectious causes of
meningoencephalitis [»> Call Out Box 25.1].

25.2 Clinical Evaluation

Meningoencephalitis is an acute disease process that presents
with fever and headache together with signs of both menin-
geal irritation, such as nuchal rigidity and cerebral inflamma-
tion manifesting as an altered mental status, abnormal
behavior or speech, focal neurologic deficits, and/or new-
onset seizures [3, 4] [» Call Out Box 25.2]. The evaluation of a
patient with suspected meningoencephalitis should begin
with a thorough history and physical examination. The age,
past medical history, and medication list may identify patients
at risk for intracranial hemorrhage, cerebral vasculitis, or cen-
tral nervous system (CNS) depression, all potential mimics of
meningoencephalitis that is caused by infection. Medications
that by themselves, can cause symptoms consistent with
meningoencephalitis, include amoxicillin, methylphenidate,
rituximab, ibuprofen, and immunoglobulin intravenous
(IgIV) [5-8]. A vaccination history could highlight increased
risk for meningoencephalitis due to vaccine-preventable dis-
eases, including varicella, measles, mumps, and polio. A pro-
longed duration of symptoms, particularly with no history of
fever or systemic illness, is more suggestive of an intracranial
mass, while the history of a respiratory tract infection or non-
specific febrile illness days to weeks before the development
of neurologic symptoms suggests a post-infectious process,
such as acute disseminated encephalomyelitis (ADEM) [9].

Call Out Box 25.1

All patients with suspected infectious meningoencephalitis
should be treated empirically with intravenous acyclovir until
herpes simplex virus infection has been ruled out.

Call Out Box 25.2
Clinically, meningoencephalitis includes features of both
meningitis and encephalitis.

Meningoencephalitis

Meningitis Encephalitis Typical of all CNS
infections

Nuchal rigidity Altered mental Fevers

status
Positive Kernig Headache
sign
Positive Focal neurologic ~ Photophobia
Brudzinski sign  deficits

Seizures

Epidemiologic data and details learned by taking a thor-
ough travel history may offer clues regarding the etiology
since several of the known infectious causes are restricted to
specific geographic locations or are more likely to circulate
during certain times of the year (8 Table 25.1). For example,
Powassan virus causes disease in Northeastern and
Northcentral United States and the bordering areas of
Canada, disease caused by Colorado tick fever is restricted
to the Western United States, and cases of tick-borne
encephalitis virus are seen predominately from Europe and
Asia [10-13]. Furthermore, enteroviral disease peaks dur-
ing summer, while arboviruses are transmitted in areas
where their mosquitoes and ticks vectors thrive. Herpes
simplex virus infections occur year-round [1]. A thorough
exposure history may also provide clues to the etiology of
disease process. For example, a history of swimming in
warm freshwater lakes should raise the suspicion for the
diagnosis of infection by Naegleria fowleri, while a history
of cat scratches suggests Bartonella henselae infection as the
trigger (B Table 25.1).

Patients clinically suspected to have meningoencephali-
tis should undergo a complete physical examination with
extra care to focus on overt or subtle neurologic findings.
The clinical presentation and degree of symptom severity are
determined by the anatomic component of the central ner-
vous system that is affected. Encephalitis, or inflammation of
the cerebral parenchyma, presents with a disturbance in
brain function, with signs and symptoms that include altered
mental status, changes in behavior or speech, and seizures.
Very few pathogens are described as causing isolated
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O Table 25.1 Infectious etiologies of meningoencephalitis to
consider based on known exposures
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O Table 25.2 Signs and symptoms associated with meningo-
encephalitis that may offer clues about the underlying etiology

Exposure Infectious etiologies to consider
Warm Naegleria fowleri or other free-living
freshwater amoebae

Arthropod bites

Associated signs/
symptoms

Vesicular rash
Maculopapular rash
Parotitis

Gastrointestinal

Suggested underlying etiologies

VZV, HSV, EV, herpes B virus
HHV-6, WNV
Mumps

Shigellosis

Mosquitoes WNYV, EEE, WEE, VEE, SLE, JEV, La Crosse virus,
Zika virus, Plasmodium spp.
Ticks Borrelia burgdorferi, Powassan virus,

rickettsia, Colorado tick fever virus, TBE

Animal contact

Cats Bartonella henselae, Coxiella burnetii,
Toxoplasma gondii

Dogs, skunks Rabies virus

foxes

Bats Rabies virus, Nipah virus

Macaque Herpes B virus

monkeys

Rodent Lymphocytic choriomeningitis virus

excretion

Raccoons Baylisascaris procyonis, rabies virus

Geography

United B. burgdorferi, Powassan, EEE, WNV, La Crosse

States—East virus, SLE, rickettsia, Histoplasma capsulatum

United
States—West

WEE, WNV, Colorado tick fever, SLE, rickettsia,
B. burgdorferi, Coccidioides immitis

Central/South EEE, Rabies, SLE, VEE, WEE, WNV, Plasmodium

America spp., rickettsia

Europe TBE, WNV, B. burgdorferi

Australia Hendra virus, JEV, H. capsulatum

Asia Nipah virus, JEV, Plasmodium spp., rabies,
WNV, B. burgdorferi, TBE, Powassan,
H. capsulatum

Africa Rabies virus, WNV, Plasmodium spp.,

H. capsulatum

WNV West Nile virus, EEE eastern equine encephalitis virus,
WEE western equine encephalitis virus, SLE St. Louis ence-
phalitis virus, JEV Japanese encephalitis virus, VEE Venezuelan
equine encephalitis virus, TBE tick-borne encephalitis virus

encephalitis, that is, without associated meningeal inflam-
mation. Two viruses that are known to be associated with
encephalitis without necessarily causing an associated men-
ingitis are rabies and herpes simplex virus.

Specific focal neurologic findings may provide hints as
to the etiology of the central nervous system disease. For
example, the findings of cranial nerve deficits, in addition
to meningoencephalitis, can be seen in patients infected
with Borrelia burgdorferi, Mycobacterium tuberculosis, and

prodrome

Respiratory prodrome  Mycoplasma pneumoniae, influenza

viruses

Lymphadenopathy CMV, EBV, WNV, HIV, measles,
Bartonella henselae

Urinary symptoms SLE

Pneumonia Adenoviruses, Nipah virus, Hendra

virus, VEE, Coxiella burnetii, Histo-
plasma capsulatum

Flaccid paralysis WNV, EV, JEV, TBE, poliomyelitis virus

Isolated tremors SLE

Cerebella ataxia EBV,VZV

Cranial nerve deficit EBV, HSV, VZV, Borrelia burgdorferi,

Mycobacterium tuberculosis, Coccidioi-
des immitis

Rhomboencephalitis EV-71, HSV, WNV

Hydrophobia, Rabies

aerophobia,
pharyngeal spasm

VZV varicella zoster virus, HSV herpes simplex virus, EV
enterovirus, HHV-6 human herpesvirus-6, WNV West Nile virus,
CMV cytomegalovirus, EBV Epstein-Barr virus, HIV human
immunodeficiency virus, SLE St. Louis encephalitis virus,

VEE Venezuelan equine encephalitis virus, HSV herpes sim-
plex virus

varicella zoster virus [14-16]. Flaccid paralysis is a classic
presentation of neuroinvasive West Nile virus infection
[17]. Meningoencephalitis that primarily involves the tem-
poral lobe strongly suggests herpes simplex virus as the
underlying etiology, although herpes simplex can involve
any or all parts the brain. Cerebellar dysfunction can be
seen in patients infected with varicella zoster virus or
Mpycoplasma pneumoniae [15, 18]. Rhomboencephalitis is
most typical for infections caused by enterovirus 71, West
Nile virus, and herpes simplex virus [19]. The presence of
new-onset seizures can occur with meningoencephalitis
from any cause, while isolated tremors are more character-
istic of St. Louis encephalitis virus infection [20-23].
While the focus of the physical examination is the neuro-
logic component, a thorough evaluation of the other organ
systems should also be performed in search of additional
clues (B Table 25.2). The presence of a vesicular rash is typical



270 M. Suryadevara

during infection with varicella zoster virus and some entero-
viruses. The presence of parotitis suggests mumps infection,
particularly in unvaccinated individuals. The finding of
generalized lymphadenopathy in a patient with meningoen-
cephalitis suggests several possible infectious causes
including Epstein-Barr virus, West Nile virus, and human
immunodeficiency virus. Measles virus infection can also
cause meningoencephalitis in association with generalized
lymphadenopathy, but in this case, the other classic findings
of measles, cough, coryza, conjunctivitis, and a morbilliform
rash will also be present. A respiratory prodrome followed by
acute meningoencephalitis is consistent with infection by
influenza virus or M. pneumoniae, while acute onset of
meningoencephalitis following a gastrointestinal prodrome
has been described with rotavirus infection [1, 18, 24]. Fever
and seizures that can mimic meningoencephalitis are also
seen regularly in patients with intestinal shigellosis, but the
central nervous system manifestation is secondary to the
effects of a bacterial toxin, not from central nervous system
invasion by the organism itself. Neonates with meningoen-
cephalitis caused by herpes simplex virus, enteroviruses,
adenoviruses, or human parechoviruses can present with
viral sepsis with associated hepatitis, pneumonia, and/or
rash [25-27].

25.3 Diagnostic Evaluation

Cerebrospinal fluid (CSF) analysis is essential in the diagnos-
tic evaluation of patients with suspected meningoencephalitis
[28-30]. It is important to note, however, that a lumbar punc-
ture should not be performed on patients with intracranial
masses or midline shift, hemodynamic instability, respiratory
failure, signs of disseminated intravascular coagulopathy, tak-
ing anticoagulation medications, or who are known to have
severe thrombocytopenia [29]. Indications for obtaining neu-
roimaging prior to performing lumbar puncture include
impaired consciousness, signs of increased intracranial pres-
sure (such as papilledema or bradycardia with hypertension),
focal neurologic deficits, new-onset seizures, immunocom-
promised state, or a prior history of a central nervous system
leison [29].

If there are no contraindications to performing the lum-
bar puncture, the procedure should be performed without
delay. Opening pressure should be documented, and gener-
ous amounts of CSF collected to be sure there is sufficient
fluid available to allow the laboratory technicians to perform
all of the desired diagnostic tests. Routine CSF analysis
should include a total nucleated cell count with differential,
the concentrations of glucose and protein, a Gram stain, and
a bacterial culture. CSF findings typically seen in cases of
viral meningoencephalitis include a CSF pleocytosis with a
mononuclear cell predominance, an elevated protein con-
centration, and a normal or slightly depressed glucose con-
centration [31-35]. Less commonly, the CSF may be acellular
or show a pleocytosis with a neutrophilic predominance,
especially when sample is obtained very early in the course of

infection. Since most patients with meningoencephalitis
have normal or only slightly depressed CSF glucose concen-
trations, results showing the characteristic findings of CSF
pleocytosis with a mononuclear cell predominance and ele-
vated protein concentration in association with a moderate
to profound hypoglycorrhachia should immediately be rec-
ognized as highly unusual and inconsistent with a viral etiol-
ogy. The CSF analysis pattern described is absolutely classic
for Mycobacterium tuberculosis infection and, less com-
monly, fungal meningitis [1, 31, 32]. Immediate recognition
that the CSF findings are unusual and classically seen with
central nervous system tuberculosis infection, and less com-
monly in patients with fungal disease, is essential for two
reasons. First, medications are available for the treatment of
both M. tuberculosis and fungal central nervous system
infections, so an appropriate empiric antimicrobial treat-
ment regimen can be started without further delay. Second,
testing for these pathogens is not a routine or automatic pro-
cedure in microbiology, so the clinical microbiology team
should be contacted to be sure that all appropriate cultures
and other diagnostic studies have been included in their
laboratory work-up. Of note, patients with noninfectious
causes of meningoencephalitis typically have fewer cells
observed in their CSF compared to those with infectious eti-
ologies [32, 34, 35]. The presence of red blood cells in the
CSF is often simply blamed on trauma to a small blood vessel
in the path of the spinal needle during the lumbar puncture,
but it is important to remember that their presence could
also indicate the presence of blood in the subarachnoid space
secondary to hemorrhagic meningoencephalitis. Infections
with a hemorrhagic component due to herpes simplex virus,
herpes B virus, and parasitic infections, like Angiostrongylus
cantonensis, and primary amebic meningoencephalitis is
quite typical [36-38].

A CSF analysis profile that includes pleocytosis, with the
presence of eosinophils, should also be recognized as highly
unusual. The observation is a clue that the patient’s meningo-
encephalitis could be caused by a roundworm, such as such
as Baylisascaris procyonis, and should likewise trigger a call
to the microbiology team to be sure all appropriate diagnos-
tic studies are underway. B. procyonis infection is seen almost
exclusively in young children with pica and those who have
had contact with infected raccoon feces [39].

Further diagnostic testing to determine a specific infec-
tious etiology for meningoencephalitis is driven by the epi-
demiologic circumstances, known and potential exposures,
and other clues discovered during the history and physical
examination. Identification of the infecting organism may
involve direct visualization on CSF wet mount or after stain-
ing, culture, polymerase chain reaction (PCR), serologic
testing, or other methods (B Table 25.3). Historically, the
isolation of viruses from spinal fluid culture was the primary
diagnostic method for patients with a viral CNS infection.
However, the availability of PCR testing has dramatically
improved diagnostic yield over traditional viral cultures. The
sensitivity of CSF cultures is very low and when successful
often requires days to weeks. On the other hand, PCR testing
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O Table 25.3 Diagnostic tests for infectious agents causing

meningoencephalitis

Pathogen

Viruses
Herpesviruses

Herpes simplex
viruses 1 and 2

Varicella zoster
virus (VZV)

Epstein-Barr virus
Cytomegalovirus

Human herpes
virus 6

Enteroviruses

Respiratory viruses

Influenza virus

Measles virus

Mumps virus

Adenovirus

Arboviruses?

Human immunode-
ficiency virus

Rabies virus

Bacteria

Borrelia burgdorferi

Bartonella henselae
Coxiella burnetii

Mpycoplasma
pneumoniae

Rickettsial
infections

Mpycobacterium
tuberculosis

Appropriate diagnostic studies

CSF PCR, surface viral cultures or PCR
(neonates), DFA or PCR of skin, mouth,
and/or genital lesions

CSF PCR, CSFVZV IgM, IgM and IgG
serologies, DFA of skin lesion

CSF PCR, IgM, and IgG serologies
CSF PCR, IgM, and IgG serologies
CSF PCR

CSF PCR, PCR on respiratory sample,
stool culture

Antigen testing or PCR of respiratory
sample

CSF PCR, CSF measles IgM, IgM and 1gG
serologies, culture or PCR of nasopha-
ryngeal or urine sample

CSF PCR, IgM and IgG serologies, culture
of saliva or urine

PCR of respiratory sample

CSF PCR (if available), CSF virus-specific
IgM, IgM, and IgG serologies

IgG serology, quantitative RNA PCR, CSF
PCR

Immunofluorescent antigen test
performed on skin snip taken from the
nape of the neck or on corneal
impressions (earliest, and most sensitive
diagnostic test), salivary PCR, viral
culture of saliva, CSF PCR, CSF
virus-specific IgM, IgM, and 1gG
serologies

IgM and IgG serologies using two-tier
testing (EIA with Western blot confirma-
tion)

IgM and IgG serologies
IgM and IgG serologies

PCR of respiratory sample, IgM and I1gG
serologies

IgM and IgG serologies

Purified protein derivative skin testing,
Interferon gamma release assay using
whole blood, large volume CSF culture
(10 ml or more)
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O Table 25.3 (continued)

Pathogen Appropriate diagnostic studies
Fungal

Cryptococcus CSF antigen testing, CSF fungal culture,
neoformans CSF multiplex PCR

Histoplasma IgM and IgG serologies for yeast and
capsulatum mycelial phases, urine antigen, CSF

fungal culture

Coccidioides species  IgM and IgG serologies, CSF fungal

culture
Amoeba

Direct visualization in CSF on wet
mount or stain. Culture using a lawn
of E. coli bacteria, PCR of CSF or brain
biopsy sample

Naegleria fowleri

Acanthamoeba PCR of CSF or brain biopsy sample
species

Balamuthia PCR of CSF or brain biopsy sample
mandrillaris

Including but not limited to West Nile virus, Japanese
encephalitis virus, Powassan virus, Western equine virus, Eastern
equine virus, La Crosse virus, and St. Louis encephalitis virus

is now available for the more common viral etiologies of
meningoencephalitis as a timely highly sensitive diagnostic
assay [4, 40]. It is important to understand that while PCR
testing has high sensitivity and specificity for many viruses,
this does not hold true for all causative agents of meningoen-
cephalitis [4, 41]. Viruses for which PCR testing has proven
useful include herpes simplex virus, enteroviruses, Epstein-
Barr virus, cytomegalovirus, varicella zoster virus, human
herpes virus-6, adenoviruses, human immunodeficiency
virus, JC virus, rabies virus, and some of the arboviruses,
including eastern equine encephalitis virus, St. Louis enceph-
alitis virus, and the California serogroup viruses [28-30, 40,
42]. It is important to note, however, that detection of viral
genome fragments in the spinal fluid, using PCR, should be
interpreted carefully as the presence of specific nucleic acid
may not actually correlate with the acute disease process. The
detection of virus-specific IgM antibody in CSF is also quite
useful for identifying the etiologic agent of meningoenceph-
alitis, but generally later in the course of disease, when PCR
assays may be negative. The detection of virus-specific IgM
in CSF is particularly useful for the diagnosis of VZV and
arboviruses infections. For example, the earliest and most
sensitive assay used for the identification of neuroinvasive
West Nile disease in a virus-specific IgM test performed on
CSF [43].

Standard serologic testing can also be used diagnostically.
Serum obtained from blood collected during the acute infec-
tion can be evaluated for the presence of pathogen-specific
IgM and/or IgG antibody for Epstein-Barr virus, cytomega-
lovirus, parvovirus B19, human immunodeficiency virus,
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O Fig. 25.1
image of the brain on the left is a coronal view showing extensive inflam-
matory changes and edema (arrows) in the right temporal lobe of a
young adult patient presenting with fever, seizures, and altered level of
consciousness alternating with bizarre, combative behavior. Cerebrospi-
nal fluid tested positive for herpes simplex virus type 1 by polymerase
chain reaction. Despite treatment with intravenous acyclovir, the

The gadolinium contrast-enhanced magnetic resonance

Borrelia burgdorferi, and many of the arboviruses. In some
instances, acute and convalescent titers will be necessary.
Serum samples that are collected early during the illness are
archived until a convalescent sample becomes available
3-6 weeks later. In general, the serologic test result is
considered positive if the antibody titers detected from the
paired samples differ by fourfold or more.

Diagnostic testing performed on CSF and serologic test-
ing performed on blood are important to establish the micro-
biologic diagnosis, but definitive results often require
somewhat lengthy turnaround times. Clues that may help to
predict the underlying cause of the infection while waiting
for the definitive reports can sometimes be gleaned from the
patterns of results already available from routine laboratory
tests. A careful review of available results from complete
blood counts, serum electrolytes, blood urea nitrogen creati-
nine, and hepatic transaminases may show patterns that sup-
port a particular etiology. The presence of leucopenia and/or
thrombocytopenia suggests rickettsial infections, particu-
larly in those patients with hyponatremia and modest eleva-
tions in serum transaminases. The presence of a significant
atypical lymphocytosis in combination with mild hepatic
transaminitis is highly suggestive of EBV infection. Peripheral
blood eosinophilia is characteristic of parasitic infections,
including those caused by migratory roundworms. Collecting
a nasopharyngeal sample for rapid turnaround, multiplex
PCR testing for respiratory pathogens can be considered. The

patient died 4 days later. Autopsy revealed extensive areas of hemor-
rhagic necrosis involving the entire right temporal lobe, extending
superiorly to the right parietal lobe and anteriorly into the frontal lobe.
The image on the right shows a coronal section of the brain, as seen at
autopsy, prepared from an anatomic position at approximately the same
level as the magnetic resonance image on the left from 4 days earlier.
(Image provided by Dr. Joseph Domachowske)

detection of M. pneumoniae, adenoviruses, influenza viruses,
and enteroviruses from the respiratory tract is, at best, indi-
rect evidence that the central nervous system illness is caused
by the same pathogen, so care should be taken to interpret
the results in the proper context. Chest radiographs may also
be indicated, depending on the history and physical exami-
nation findings. Pathogens with the potential to initiate
infection in the respiratory tract with subsequent spread to
the central nervous system include influenza viruses, adeno-
viruses, M. tuberculosis, Nocardia spp., Histoplasma capsula-
tum, and other dimorphic fungi.

Neuroimaging is an important diagnostic study that
should be performed in patients with meningoencephalitis
to help exclude noninfectious causes of their illness and to
evaluate the extent of parenchymal brain involvement.
Magnetic resonance imaging (MRI) of the brain is the pre-
ferred neuroimaging modality in the evaluation of meningo-
encephalitis. It is more sensitive than computed tomography
(CT) for the detection of parenchymal disease, including
demyelination. The use of CT scans is appropriate if MRI is
unavailable or cannot be performed [28]. Some etiologies of
meningoencephalitis have characteristic neuroimaging find-
ings. For example, focal lesions in the basal ganglia, thalami,
and brainstem are typical of arbovirus infection, while the
presence of edema and hemorrhage in the frontotemporal
lobes is most characteristic of infection with herpes simplex
virus [44-46] (B Fig. 25.1).



Meningoencephalitis

25.4 Infectious Causes
of Meningoencephalitis: Viruses

25.4.1 Human Herpesviruses

Human herpesviruses are ubiquitous, globally distributed,
DNA viruses which cause infection all year-round. Initial
exposure to a human herpesvirus results in primary infec-
tion, which may be subclinical or symptomatic, followed by a
period of latency. Since all herpesviruses establish latency,
they have the potential to reactivate at a later time. Nine
members of the Herpesviridae family are known to cause
human infection. All nine have neurotropic potential, but
some are much more likely than others to cause central ner-
vous system infection. [»> Call Out Box 25.3].

25.4.1.1 Herpes Simplex Virus

Herpes simplex viruses (HSV) are among the leading causes
of identified sporadic infectious meningoencephalitis world-
wide [1, 2, 32, 47, 48]. There are two types of HSV: HSV-1
and HSV-2. Both virus types can cause primary infection and
establish latency in the mucosal of the oropharynx or the
genital tract. HSV-1 is the more usual cause of infection
around the mouth and lips (cold sores), while HSV-2
accounts for a majority of genital HSV infections. Both
HSV-1 and HSV-2 contribute to the overall burden central
nervous system infection. While HSV-1 causes most cases of
meningoencephalitis in immunocompetent adults, both
HSV types contribute to disease seen in newborns.

HSV infection can be divided into neonatal disease and
that occurring beyond the neonatal period. Neonates
acquire HSV through contact with infected secretions,
either during delivery or from symptomatic or asymptom-
atic shedding by a parent, sibling, or other caregiver during
the immediate postnatal period. Infants born to mothers
who experience a primary HSV infection close to the time
of delivery are at the highest risk of acquiring neonatal HSV

Call Out Box 25.3

Cause CNS Cause CNS Not typically
infections in both infection in associated with
healthy and immunocom- CNS infections
immunocompro- promised

mised patients patients only

Herpes simplex Cytomegalovirus ~ Human herpes

virus type 1 virus 7
Herpes simplex Human herpes
virus type 2 virus 8

Epstein-Barr virus
Varicella zoster
virus

Human herpes
virus 6

Herpes B virus
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disease compared to those infants born to mothers with
known recurrent genital herpes. Other factors associated
with the perinatal transmission of herpes infection include
maternal HSV antibody status, prolonged duration of rup-
tured membranes, and the use of fetal scalp monitoring
electrodes [49]. Similarly, transmission of HSV to a suscep-
tible person, beyond the neonatal period, occurs through
close contact with an individual who is symptomatically or
asymptomatically shedding the virus from their skin or
mucosal membranes.

Individuals who are exposed to HSV become infected
when the virus gains entry through injured skin or mucosal
membranes. Primary infection may be subclinical, may be
associated with fairly impressive signs and symptoms at the
inoculation site, or may less commonly erupt as a severe sys-
temic illness with or without involvement of the central ner-
vous system. During the primary infection, the virus invades
local sensory nerve endings, traveling retrograde along the
axon to the sensory ganglion. As the host immune system
controls the primary infection, virus in the sensory ganglion
remains latent until reactivation. During virus reactivation,
the virus migrates anterograde along the axon back to the
original inoculation site on the skin or mucous membranes.
HSV reactivation results in either symptomatic disease, as
occurs with recurrent cold sores and recurrent genital her-
pes, or in asymptomatic virus shedding [49].

HSV meningoencephalitis is an uncommon complication
of primary HSV infection. Presenting signs and symptoms
include mental status changes, headaches, focal neurologic
deficits, fever, and seizures [21, 31, 45, 46]. Complications
include status epilepticus, intracranial hemorrhage, acute
respiratory failure, cerebral edema, brainstem herniation, and
death [21]. Neuroimaging and electroencephalogram (EEG)
studies may reveal the typical temporal or frontotemporal
lesions associated with HSV encephalitis (8 Fig. 25.1), but
any part of the brain can be involved [31, 45, 46].

The diagnosis of HSV meningoencephalitis is confirmed
by performing an HSV-specific PCR-based assay on the
patient’s cerebrospinal fluid [50, 51]. HSV PCR assays are
highly sensitive (~96%) and specific (~99%) for the diagno-
sis. Essentially all infected patients will have a positive HSV
PCR test at the onset of their neurologic symptoms. PCR is so
sensitive that testing remains positive even after 5 days of
antiviral therapy. Before PCR-based testing became routinely
available, a definitive diagnosis often depended on HSV-
specific stains and cultures performed on tissue obtained
from a brain biopsy [50-52]. Other antigen and antibody-
based assays that were once used to aid in the diagnosis of
HSV meningoencephalitis have likewise been replaced by
PCR [51].

It is important to note that false negative PCR results can
occur very early in disease; therefore, if clinical suspicion for
HSV meningoencephalitis is high and the PCR result is nega-
tive, treatment with acyclovir should continue at least until a
repeat cerebrospinal fluid sample is collected and tested
3-7 days later [43, 50, 53]. If the level of suspicion for HSV
meningoencephalitis remains high despite repeat negative
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PCR test results, some experts recommend that the patient
should receive a full 21-day treatment course with intrave-
nous acyclovir unless or until a logical alternative diagnosis is
confirmed as the results of other diagnostic tests become
available.

All PCR-confirmed cases of HSV meningoencephalitis
should be treated with intravenous acyclovir for at least
21 days. Cerebrospinal fluid should be collected by repeat
lumbar puncture performed near the end of therapy so that a
posttreatment HSV PCR can be performed. If the posttreat-
ment PCR result is still positive, antiviral therapy should be
extended beyond 21 days [28].

Without treatment, 70% of patients with HSV meningo-
encephalitis will die from the infection. Even with appropri-
ate treatment, HSV meningoencephalitis can be a devastating
disease. Permanent neurological sequelae should be expected.
Extensive brain injury leaves some patients completely
dependent on others for care. Spasticity, with motor planning
problems and other developmental issues are common
sequelae in children. Lifelong neurocognitive problems such
as memory impairment, personality and behavioral changes,
and psychiatric conditions are not uncommon [43]. Factors
that are associated with worse outcomes include age more
than 30 years, a Glasgow Coma Score of less than 6 during
the acute phase of the illness, symptoms for more than 4 days
before antiviral therapy is initiated, and a positive cerebrospi-
nal fluid HSV PCR at the end of therapy [28]. In an effort to
reduce the morbidity and mortality associated with central
nervous system HSV disease, intravenous acyclovir should
be administered empirically to all patients with suspected
meningoencephalitis until HSV infection has been ruled out.

Intravenous acyclovir is also used to treat perinatal HSV
infections in newborns. Following treatment, all newborns
remain at risk for central nervous system reactivation.
Suppression of reactivation is achieved by administering oral
acyclovir for 6 months starting immediately after the intrave-
nous course of therapy has been completed. Oral acyclovir
suppression of HSV reactivation is associated with improved
neurodevelopmental outcomes [54]. In contrast, a large clin-
ical trial found no improvement in the neuropsychological
testing results of adults who received 3 months of oral valacy-
clovir suppression after completing a course of intravenous
acyclovir [55].

25.4.1.2 Varicella Zoster Virus

Varicella zoster virus (VZV) is a fairly common identified
cause of meningoencephalitis. VZV infection results in two
distinct clinical entities: varicella (chickenpox), seen with
primary infection, and herpes zoster (shingles) seen with
reactivation disease. Varicella epidemiology changed drasti-
cally after the introduction of varicella vaccination programs
during the mid-1990s [56].

Varicella zoster virus is highly contagious. Transmission
is airborne, similar to measles and smallpox. Aerosolized
virus spreads from infected individuals to infect the respi-
ratory mucosa of susceptible individuals with a very high

attack rate [56]. Primary VZV infection in susceptible hosts
causes varicella (chickenpox). The illness begins as a febrile
respiratory infection. As the infection progresses, vesicles
begin to appear on the skin. The rash is intensely itchy,
typically starting on the scalp or at the hairline, moving to
the trunk and then out to the extremities, sparing the palms
and soles. When they first appear, the small vesicles sit on
an erythematous base and contain clear fluid. Crops of
vesicles turn to small pustules, eventually scabbing over as
crops of new vesicles continue to appear. In 7-10 days, all
vesicles have scabbed, and no new ones are formed. Varicella
infection self-resolves for the majority of patients, at which
time the virus remainslatent in sensory ganglia. Reactivation
of latent VZV results in herpes zoster (shingles) as a pain-
ful, burning, or tingling vesicular rash typically limited to a
single dermatome. VZV meningoencephalitis can compli-
cate either the primary infection or the reactivation illness.

VZV central nervous system disease can manifest as (a)
acute cerebellar ataxia, a self-limiting process that occurs in
children approximately 1-3 weeks after the onset of varicella
infection and typically results in full recovery; (b) diffuse
meningoencephalitis, a severe complication of VZV infec-
tion seen more commonly in adults that can lead to neuro-
logic sequelae; or (c) aseptic meningitis. While initially
thought to affect only immunocompromised patients, stud-
ies describing VZV central nervous system infection in
immunocompetent patients have been reported [15, 16, 57].

The clinical presentation of VZV meningoencephalitis
includes fever, headache, nausea, vomiting, altered mental
status, and cranial nerve involvement, most commonly
involving the seventh and eighth cranial nerve [15, 16, 58]. A
cutaneous rash may or may not be present; thus, the absence
of a rash does not exclude the possibility of central nervous
system VZV infection [15, 16, 57, 58]. Neuroimaging may
show diffuse encephalitis with vasculitis, ischemic stroke,
demyelination, or swelling of the cerebral cortex, basal gan-
glia, or cerebellum [3, 28].

The diagnostic test of choice for VZV meningoencepha-
litis is virus-specific PCR performed on fluid from a vesicu-
lar skin lesion, saliva, or cerebrospinal fluid. This test will
provide rapid and sensitive results for the detection of virus.
VZV infection can also be diagnosed using antigen testing
by direct immunofluorescence, detecting virus-specific anti-
bodies in the cerebrospinal fluid, or through serologic test-
ing, all of which have lower sensitivity and/or specificity
compared to PCR-based assays [3, 28, 59, 60]. There is little
utility in attempting viral culture for VZV. The virus is diffi-
cult to propagate in the laboratory even if the cell monolay-
ers that support its growth are inoculated directly, at the
bedside [59].

Currently, there are no clinical trials to guide the treat-
ment of varicella encephalitis. However, based on the favor-
able safety profile of acyclovir and data suggesting that
acyclovir treatment reduces symptoms and disease severity
during primary varicella infection, intravenous acyclovir is
recommended for the treatment patients with VZV menin-
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goencephalitis [28, 60]. Ganciclovir can be used as an alter-
native agent. Corticosteroids can be considered as adjunctive
therapy in patients with VZV CNS disease [28].

25.4.1.3 Other Human Herpesviruses

Exposure to other human herpesviruses, including Epstein-
Barr virus (EBV), cytomegalovirus (CMV), and human her-
pesvirus 6 (HHV-6), most commonly results in asymptomatic
or subclinical infection, but these viruses have also been identi-
fied as causes of meningoencephalitis in both immunocompe-
tent and immunocompromised patients. Meningoencephalitis
caused by EBV infection can be associated with the unusual
symptom of metamorphopsia. Metamorphopsia is described
as visual perceptions (hallucinations) of three-dimensional,
overlapping, colorful geometric shapes and figures that expand
and shrink in size in one visual field. It's a very rare, bizarre
complaint sometimes referred to as “Alice in Wonderland” syn-
drome that has also been described by some patients with vas-
cular headaches.

The clinical presentation of meningoencephalitis caused
by human herpesviruses includes fever, headache, photo-
phobia, altered level of consciousness, seizures, confusion,
hallucinations, —and memory changes [61-63].
Neuroimaging may reveal involvement of the temporal
lobe, corpus callosum, basal ganglia, thalamus, and/or
periventricular areas [63-71]. The diagnosis of meningoen-
cephalitis due to these human herpesviruses is made pri-
marily through the use of virus-specific PCR assays
performed on CSF [28]. The diagnosis of acute EBV infec-
tion is based on serologic testing, which includes the pres-
ence of EBV antiviral capsid antigen (VCA) IgM and IgG,
Epstein-Barr nuclear antigen (EBNA), and the early anti-
gen (EA). The presence of VCA IgM is indicative of acute or
recent infection. The presence of EBNA in combination
with a positive VCA IgM suggests recent infection over
acute infection because the EBNA takes several weeks to
months to appear. The presence of both the VCA IgG and
EBNA reflects a past EBV infection.

There are no clear treatment guidelines for meningoen-
cephalitis caused by EBV, CMV, or HHV6. However, the
combination of ganciclovir and foscarnet has been used to
treat HIV-infected patients with CMV encephalitis, with the
understanding that therapeutic concentrations of these anti-
virals are unlikely to be achieved in the cerebrospinal fluid
[28]. Since CMYV infection typically happens during severe
immunosuppression, reducing immunosuppressive therapy,
if possible, should be a component of the therapeutic man-
agement [28].

25.4.1.4 Herpes B Virus

Herpes B virus, a zoonotic virus endemic among macaque
monkeys, is a known cause of meningoencephalitis among
humans who are bitten or scratched by infected monkeys,
typically in a research laboratory setting [72]. Symptoms,
including fevers, lymphadenitis, and peripheral neuropa-
thy, occur a few days to weeks after exposure, followed by
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the development of a destructive hemorrhagic meningoen-
cephalitis. The diagnosis of herpes B virus infection includes
serologic testing, PCR-based testing, and viral cultures
from the wound. Treatment for individuals with herpes B
central nervous system infection is intravenously adminis-
tered ganciclovir. Prophylaxis of exposed individuals,
including those who have been bitten or scratched by a
macaque known to be seropositive for or shedding herpes B
virus, or whose status is unknown, involves early wound
cleaning and irrigating and a 14-day course of valacyclovir
or acyclovir [72].

25.4.2 Picornaviruses

Enteroviruses and parechoviruses are non-enveloped, single-
stranded RNA viruses in the Picornaviridae family [73, 74].
These viruses cause a wide spectrum of disease, from clini-
cally asymptomatic infection to febrile illness with nonspe-
cific rash and to aseptic meningitis (very common) and
meningoencephalitis (rare). Enteroviruses, such as coxsacki-
eviruses A and B; echoviruses 4, 5, 9, 11, 19, and 30; and
enteroviruses 71, 75, 76, and 89, and human parechovirus 3
have all been implicated in sporadic and epidemic cases of
meningoencephalitis, worldwide. Enterovirus 71, in particu-
lar, has been identified as an aggressive neurotropic virus
causing outbreaks of life-threatening rhomboencephalitis
[75]. Enterovirus and parechovirus infections are seen more
commonly during the summer and fall months in temperate
locations and year-round in the tropics. While these viruses
infect individuals of all ages, the most common infections are
seen in young children.

Transmission of enteroviruses and parechoviruses occurs
through fecal-oral contamination or by contact with infected
respiratory secretions. The initial viral replication occurs in
the epithelial cells of the intestinal mucosa. The virus, then,
crosses the intestinal cells to reach the lamina propria, where
replication is more robust, eventually leading to viremia and
secondary infection of the central nervous system [73].
Following primary infection, shedding of virus in upper
respiratory secretions and feces can occur for weeks to
months [74]. The most common manifestation of central
nervous system disease is aseptic meningitis.

Patients with enterovirus or parechovirus meningoen-
cephalitis present with the same non-specific signs and
symptoms typically associated with the disease process,
including fever, headache, vomiting, altered mental status,
and focal neurologic deficits [16, 43, 76]. In addition, these
patients may have associated symptoms of rash and diarrhea.
Magnetic resonance images of patients with human parecho-
virus meningoencephalitis reveal inflammatory changes in
the white matter, while images of those with enteroviral dis-
ease more typically show lesions in the medulla oblongata,
pons, midbrain, and dentate nuclei of the cerebellum [76,
77]. These changes tend to be temporary, although long-term
deficits have been described.



276 M. Suryadevara

The preferred diagnostic test for enterovirus infection
used to be isolation of virus through culture. However, with
the advent of RT-PCR, with its improved sensitivity and spec-
ificity and a faster turn-around time for results, enterovirus-
specific PCR assays from blood, CSF, and oropharyngeal or
rectal swabs, are the new gold standard for the diagnosis of an
enterovirus or parechovirus CNS infection [75].

There are currently no available antiviral treatment options
for enterovirus or human parechovirus meningoencephalitis.
Pleconaril, a viral capsid inhibitor with high oral bioavailability,
has shown promise but remains unavailable. Immunoglobulin
intravenous (IgIV) has been used anecdotally to treat patients
with enteroviral or parechoviral meningoencephalitis, but evi-
dence regarding treatment efficacy are lacking.

25.4.3 Arboviruses

Arboviruses, or viruses transmitted by arthropods (such as
mosquitoes and ticks), include several small RNA viruses
belonging to one of four families: Togaviridae, Flaviviridae,
Bunyaviridae, and Reoviridae [78]. The arthropod vector
acquires virus after feeding on an infected animal. The virus
replicates in the arthropod, which then transmits infection
when it bites a human. As arboviruses are dependent on their
host vector’s life cycle to cause human disease, these viruses vary
in their geographic distribution and seasonality of infection.

25.4.3.1 West NileVirus (WNV)

WNV, a virus in the Flaviviridae family found across the world,
is now the leading cause of mosquito-borne viral meningoen-
cephalitis in the United States [78]. It is transmitted primarily
by the female Culex spp. mosquito, which acquires the virus
from infected birds and then passes the virus onto humans
during feeding. Transmission of WNV has also been docu-
mented to occur from blood transfusions, organ transplanta-
tions, and exposure to body fluids during delivery [17].
Infection during pregnancy can result in congenital infection
with neurological sequelae in the newborn. It has been esti-
mated that while 25% of those infected with WNV develop a
febrile illness, only about 1% develop central nervous system
involvement [17, 79]. Risk factors for the development of neu-
roinvasive disease include increasing age, male gender, non-
white race, organ transplant recipients, and comorbid medical
conditions, such as diabetes, hypertension, and cancer [80-82].

In symptomatic WNV infection, the clinical presentation
includes a non-specific febrile illness with an associated mac-
ulopapular rash that appears around time of defervescence.
Those who develop central nervous system involvement tend
to do so during this phase of the infection. Neuroinvasive
WNYV manifests as either aseptic meningitis, meningoen-
cephalitis, or flaccid paralysis. Cranial nerve palsies and
movement disorders, such as tremors, myoclonus, and
parkinsonism have been described among those diagnosed
with WNV infection [83, 84]. Laboratory evaluation may
show a mild leukocytosis, hyponatremia, cerebrospinal fluid
pleocytosis, and elevated CSF protein concentrations.

Magnetic resonance imaging may reveal lesions in the pons,
basal ganglia, thalamus, brainstem, and cerebellum [17, 84].
The diagnosis of WNV central nervous system infection is
made through the detection of IgM antibody in cerebrospi-
nal fluid and serum. The majority of infected patients will
have detectable IgM antibodies in their CSF during the first
week of symptoms [17]. On the other hand, if initial IgM
testing is negative, acute- and convalescent-phase serologic
testing may aid in the diagnosis [17]. Currently, there is no
antiviral therapy available for the treatment of severe WNV
infection. The prognosis is variable for patients with neuroin-
vasive WNV infection. Those who present with aseptic men-
ingitis are most likely to fully recover, and those who present
with meningoencephalitis are at a higher risk for morbidity,
including persistent movement disorders and cognitive defi-
cits. A small subset of patients do not survive the infection.

25.4.3.2 Eastern Equine Encephalitis (EEE)
Virus

EEE, a virus in the Togaviridae family that is most com-
monly found in the western hemisphere, is transmitted by
the Culiseta melanura mosquito. Interestingly, this mosquito
does not usually bite humans, and people are generally
infected by Aedes spp. or Culex spp. mosquitoes which act as
bridging vectors between infected birds and humans [84].
Reports of EEE cases are very rare. In the United States,
cases of EEE are typically seen during the summer and fall
months [84].

Clinically, EEE infection may manifest as a non-specific febrile
illness with headache, nausea, and vomiting, followed by either
resolution or by the development of meningoencephalitis.
Once neurologic symptoms develop, clinical deterioration
occurs rapidly, and many cases are fatal. Laboratory evaluation
may reveal leukocytosis, hyponatremia, cerebrospinal fluid
pleocytosis with a neutrophil predominance, and elevated pro-
tein concentration. Magnetic resonance imaging may show
lesions in the basal ganglia, thalamus, and brainstem [44]. The
diagnosis of EEE meningoencephalitis can be confirmed by
detecting EEE IgM in CSE, observing a fourfold rise in serum
antibody titers collected during the acute and convalescent
phases, or isolating EEE virus from the tissue, blood, or
CSE There is no treatment currently available for EEE infec-
tion. Mortality rates exceed 30% [85]. Patients who survive EEE
meningoencephalitis are left with severe neurologic sequelae.

25.4.3.3 St. Louis Encephalitis (SLE) Virus

SLE virus, a flavivirus transmitted by Culex spp. mosquitoes
found widely throughout the Americas, was among the lead-
ing causes of arboviral meningoencephalitis in the United
States until the arrival and spread of WNV. SLE infection is
most common in summer and fall months during peak mos-
quito activity. Uncommon modes of transmission of infec-
tion also include solid organ transplantation and blood
transfusions.

The clinical spectrum of SLE virus infection varies from
asymptomatic infection, to a non-specific febrile illness, to
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severe meningoencephalitis. Advancing age is associated
with an increased risk of central nervous system involvement
and is associated with higher mortality [86, 87]. SLE virus
meningoencephalitis presents with high fevers, headache,
and altered mental status. Tremors of the eyelids, lips, and
extremities, cranial nerve palsy, cerebellar ataxia, and sei-
zures can also be seen [84]. Associated clues typical of SLE
infection include urinary frequency, urgency, and retention.
Respiratory symptoms and acute flaccid paralysis may also
accompany the illness [87]. Laboratory evaluation typically
shows a mild leukocytosis, hyponatremia due to the syn-
drome of inappropriate antidiuretic hormone secretion, ster-
ile pyuria, and/or elevated hepatic transaminases and
creatinine kinase. CSF pleocytosis with a lymphocytic pre-
dominance and elevated protein concentration are likely to
be present. Neuroimaging is often normal.

The diagnosis of SLE virus meningoencephalitis is presumed
by the presence of virus-specific IgM in the serum or CSE,
although these antibodies may cross-react with West Nile
virus antibodies. Paired acute and convalescent SLE virus
antibody titers that demonstrate a fourfold rise or more is
diagnostic of infection. Isolation of virus from the blood or
cerebrospinal fluid is very difficult and associated with a low
yield. There is currently no available treatment for SLE
meningoencephalitis; however, a small pilot study suggested
that early use of interferon-alpha2b may reduce the severity
and complications of SLE meningoencephalitis [88]. While
recovery from acute SLE virus infection can occur in the first
2 weeks, neurocognitive deficits, including gait imbalances,
neuropsychiatric symptoms, and tremors, may persist.

25.4.3.4 La Crosse Virus

La Crosse virus, a member of the Bunyaviridae family trans-
mitted by the Aedes triseriatus mosquito, is the most com-
mon and most pathogenic of the California encephalitis
group viruses. Infection is most commonly seen in school-
aged children during the summer months, when the mos-
quito activity peaks.

The clinical presentation of La Crosse virus CNS infec-
tion includes fevers, headache, vomiting, seizures, alerted
mental status, or focal neurologic deficits. Increased intracra-
nial pressure leading to herniation and death has been
described [89, 90]. The laboratory evaluation may reveal
hyponatremia, leukocytosis, and CSF pleocytosis, while neu-
roimaging will likely show generalized cerebral edema with
focal areas of gadolinium enhancement [89]. There are no
currently available treatment options for La Crosse virus
infections.

25.4.3.5 Rabies

Rabies virus, a Lyssavirus in the Rhabdoviridae family, is a
zoonotic infection found worldwide that is responsible for
the deaths of 55,000 people annually. Most deaths occur in
developing countries where there is a lack of rabies control
among domesticated animals. Transmission of infection
occurs through the bite of an infected animal, particularly
dogs, raccoons, skunks, bats, or foxes. Virus transmission can

277

also occur from inhaling contaminated aerosols while
exploring caves or from accidental occupational exposure in
the laboratory. Rabies virus has also been transmitted from
an infected donor during organ transplantation [91, 92].

The incubation period for rabies averages between 1 and
3 months but can be several years. Clinical symptoms of rabies
infection start with a non-specific prodrome, including low-
grade fevers, malaise, and anorexia. The prodrome is then fol-
lowed by either an encephalopathic phase, which includes
progressively worsening altered mental status, autonomic
instability, dysphagia, hydrophobia, and agitation, or a paraly-
sis phase, evident by an ascending paralysis similar to Guillain-
Barre syndrome [91, 93]. The progression of disease almost
always results in death within a few weeks of symptom onset.

Diagnostic testing for rabies infection must come from
multiple sources: a saliva sample for virus isolation and/or
reverse-transcription PCR, serum and CSF for rabies anti-
bodies, a skin biopsy including hair follicles from the nape of
the neck for rabies antigen detection by direct fluorescent
antibody testing, and corneal impressions for rabies antigen
detection by direct fluorescent antibody testing. There is cur-
rently no known effective therapy for rabies infection once
symptoms develop; however rabies treatment protocols con-
tinue to explored systematically using variations of the
Milwaukee protocol.

The best strategies for preventing the development of rabies
infection include both pre- and postexposure prophylaxis.
Pre-exposure rabies prophylaxis is indicated for those indi-
viduals who are at high risk for exposure, including veterinar-
ians and lab workers, those who work with rabies virus or
rabid animals, and international travelers who may come into
contact with rabid animals. Active vaccination of these at-risk
groups, with regular booster doses for those who continue to
be at risk, is recommended. Postexposure rabies prophylaxis,
including rabies vaccine and rabies immunoglobulin (RIG), is
indicated for those individuals who have been exposed to an
animal known or possibly infected with rabies virus.

25.5 Infectious Causes of
Meningoencephalitis: Bacteria

25.5.1 Bartonella henselae

This fastidious Gram-negative bacillus is responsible for most
cases of cat-scratch fever, an illness that is occasionally associ-
ated with central nervous system involvement and does not
always cause fever. Despite the occasional nature of the compli-
cation, Bartonella henselae is the most common cause of bacte-
rial meningoencephalitis [35]. B. henselae infect the cat flea,
Ctenocephalides felis, which transmits infection from cat to cat
when it feeds. Humans most commonly acquire infection after
being scratched by an infected, asymptomatic kitten. Perhaps a
better name for the illness would be “kitten scratch disease”
Infection is sometimes transmitted through bites or via muco-
sal contact with contaminated flea feces. Puppies and adult cats
and dogs can also be sources of infection.
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Cat-scratch disease (the most widely accepted medical
term for this illness) begins with the appearance of a papule
at the site of inoculation. Lymphadenopathy develops in the
local or regional draining lymph nodes, often persisting for
several weeks. On physical examination, the inflamed lymph
node can feel unusually hard raising concern for possible
malignancy. Fevers are not always present, but ironically, cat-
scratch disease is one of the most common causes of pro-
longed, unexplained fevers in children.

Atypical manifestations of cat-scratch disease include
hepatosplenic involvement, retinitis, endocarditis, and
meningoencephalitis. Meningoencephalitis presents abruptly
with fevers and seizures between 1 and 6 weeks after the
onset of lymphadenopathy [35]. Neuroimaging study results
are often normal but may show subtle non-specific abnor-
malities. Acute and convalescent antibody titers are used to
make the diagnosis of cat-scratch disease. If the acute titer is
already markedly elevated in a patient with illness manifesta-
tions that are consistent with cat-scratch disease, a convales-
cent sample is unnecessary. Treatment of cat-scratch disease
meningoencephalitis is supportive. Treatment with antibiot-
ics, including doxycycline or azithromycin, with or without
the addition of rifampin, may speed recovery [28]. The prog-
nosis is excellent. The vast majority of patients recover with-
out sequelae within 2 weeks or less.

25.5.2 Mycoplasma pneumoniae

M. pneumoniae, a fastidious bacterium lacking a cell wall, is
ubiquitous, causing infection year-round, worldwide. The
organism is a leading cause of pneumonia among school-aged
children and young adults. Respiratory infection can be asso-
ciated with various immunological phenomenon including
the production of cold agglutinin antibodies, sometimes with
evidence for an associated autoimmune hemolytic anemia.
Infection with M. pneumoniae is also one of the most com-
mon known infectious triggers for the development of
Stevens-Johnsons syndrome. Meningoencephalitis has been
described as another, much less common complication of
M. pneumoniae infection. Transmission of M. pneumoniae
occurs through contact with the respiratory droplets of an
infected individual.

Patients with M. pneumoniae meningoencephalitis pres-
ent with fevers, altered mental status, seizures, and/or focal
neurologic deficits [94]. Results of neuroimaging studies are
usually normal. In contrast, electroencephalogram (EEG)
studies are usually abnormal showing either diffuse slowing
or identifying focal abnormalities [94]. The failure to reliably
and convincingly demonstrate the presence of M. pneumoniae
in cerebrospinal fluid via culture or PCR under these circum-
stances and the proclivity of the organism to trigger unusual
immunologic events have led to the suggestion that menin-
goencephalitis may be a noninfectious, immune-mediated
complication of the pulmonary infection. Treatment options
for M. pneumoniae infection include azithromycin, doxycy-
cline, or fluoroquinolones [28].

25.5.3 Borrelia burgdorferi

Borrelia burgdorferi is the bacterium that causes Lyme dis-
ease. The most common central nervous system manifesta-
tions of Lyme disease occur during the early disseminated
phase of infection and include aseptic meningitis and sev-
enth cranial nerve palsy, among others. Meningoencephalitis
is a rare but very serious manifestation of late Lyme disease.
Comprehensive discussions on all aspects of Lyme disease
are included in » Chap. 32. Additional information about
central nervous system manifestations can be found in
» Chap. 22.

25.6 Amoebic Meningoencephalitis

Primary amoebic meningoencephalitis (PAM) is caused by
the free-living amoeba, Naegleria fowleri. This parasitic dis-
ease causes a devastating, rapidly fatal central nervous sys-
tem infection. N. fowler is most commonly found in warm
bodies of freshwater, including lakes, rivers, and hot springs.
Infections are most commonly reported from the southern
United States. Transmission occurs when water contami-
nated with the parasite enters the nasal passages while the
head is partially or completely submerged, as with swimming
[95]. Amoebae migrate in retrograde fashion along the olfac-
tory nerves to the olfactory bulb directly into the brain.

Patients with PAM present similarly to those with bacterial
meningitis, with fevers, bifrontal or temporal headaches, nau-
sea, vomiting, and nuchal rigidity. These early signs and symp-
toms are followed by progressive neurologic dysfunction with
altered mental status, seizures, behavioral changes, and cranial
nerve palsies [95, 96]. Results from neuroimaging and routing
laboratory testing are non-specific. The diagnosis of PAM is
made primarily through real-time PCR assays of performed
on cerebrospinal fluid. Direct visualization on wet mount, or
with staining techniques, is also possible. Cultures can also be
requested. CSF is incubated on a lawn of E. coli bacteria. As the
amoebae reproduce, they consume the bacteria leaving behind
trails that can be visualized microscopically.

The mortality rate for PAM exceeds 95%. Optimal treat-

ment is unknown; however liposomal amphotericin B is a
recommended therapy when this disease process is suspected
[28].
Granulomatous amebic meningoencephalitis, caused by
either Acanthamoeba species or Balamuthia mandrillaris, is a
chronic infection that progresses much more slowly than
PAM, leading to death in weeks to months following the first
signs of infection. These free-living amoebae are found
worldwide in freshwater, soil, and dust. Infection occurs after
inhalation of amebic cysts that are present in the water or
following contact with contaminated soil [96].

Patients with granulomatous amebic meningoencephali-
tis present with gradual onset of behavioral changes, vision
loss, ataxia, headaches, and seizures over the course of weeks
to months [96]. Findings on neuroimaging are non-specific
and of limited value in making diagnosis. The diagnostic tests
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of choice are organism-specific real-time PCR assays
performed on cerebrospinal fluid. Treatment options for
Acanthamoeba spp. infection include various combinations
of trimethoprim-sulfamethoxazole, miltefosine rifampin,
fluconazole, pentamidine, and sulfadiazine [28].

25.7 Special Populations

Immunodeficient patients are susceptible to the development
of central nervous system infections from a variety of causes.
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For example, patients with underlying agammaglobulinemia
and CD40 ligand deficiency are at risk for developing chronic
enteroviral meningoencephalitis. The chronic nature of the
infection results in a gradual loss of developmental milestones
with progressive neurologic dysfunction over the course of
several months to years before causing the patient’s death. A
second example includes patients with primary immune defi-
ciencies involving the toll-like receptor (TLR) 3 signaling
pathway. Patients with these TLR3-associated signaling defi-
ciencies are at an increased risk for the development of recur-
rent HSV meningoencephalitis [97].

Case Study

Practical Example
A previously healthy 5-year-old male
presents to the Emergency Department

with a 2-day history of fevers and patient?
headaches when he developed seizures and A.

altered mental status. After securing the of the brain
airway, a diagnostic evaluation was B.

initiated including a complete blood count, (@

electrolytes, creatinine, hepatic transami- acyclovir
nases, blood cultures, a nasopharyngeal D.

swap for respiratory virus studies, and

25.8 Exercises

complete cerebrospinal fluid analysis.
Which of the following is the next
appropriate step in the management of this

Magnetic resonance imaging (MRI)

Electroencephalogram (EEG)
Intravenous administration of

Computed tomography (CT) scan of
the brain and spine

(C) In the management of patients with
meningoencephalitis, it is important to
treat for herpes simplex virus infection as
soon as the diagnosis is suspected to
improve outcomes associated with
disease process. Following the adminis-
tration of intravenous acyclovir, MR
imaging of the brain will aid in determin-
ing the severity of disease, and EEG
studies will assist in the evaluation of the
persistent seizure activity.
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