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Abstract
Purpose of Review This review describes advances in the diagnosis, treatment, and prevention of non-bacterial meningitis 
and encephalitis, with a focus on emerging viral causes of central nervous system (CNS) infection.
Recent Findings The Infectious Diseases Society of America recently published new guidelines for the management of encepha-
litis. Multiple articles have been published detailing emerging etiologies in human CNS infections, including analyses of neuro-
logical complications in the ongoing COVID-19 pandemic. Finally, several novel viral detection methods have been described, 
which may improve the detection of the specific etiologies of CNS infections (Hongyan et al. Front Neurol 14,[1]).
Summary Meningitis and encephalitis remain important causes of morbidity and mortality. They are as a whole uncommon, 
yet timely diagnosis, treatment, and disposition are still critical to improve patient outcomes. In clinical practice the exact 
cause of encephalitis is frequently unidentified, making supportive care often the only available treatment. Emergency physi-
cians, neurologists, infectious disease doctors, and intensive care unit specialists will benefit from reviewing this discussion 
on emerging pathogens, as well as from reviewing advances in virology, immunology, and the imaging of inflammatory 
CNS conditions.
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Introduction

Meningitis and encephalitis are common neurological emer-
gencies worldwide, with significant morbidity and mortality 
[2–4].

Encephalitis is a defined neurological syndrome, with an 
acute or subacute course. Its pathogenesis involves a pri-
marily brain parenchymal inflammatory process causing 
sustained neurologic dysfunction, manifested clinically by 
some combination of delirium, altered sensorium, epilepsy, 
and focal neurological deficits. Severe cases of encephalitis 
are complicated by coma and cardiopulmonary dysfunc-
tion. Fever, hypothermia, cerebrospinal fluid pleocytosis, 
or specific abnormalities on brain MRI or electroencephalo-
gram may be present [5•, 6, 7•]. Rhombencephalitis denotes 

inflammation in the brainstem and cerebellum, which can 
manifest as an onset of ataxia and cranial nerve abnormali-
ties, followed by hemodynamic instability and respiratory 
failure. Importantly, to diagnose encephalitis, there must be 
evidence of primary brain inflammation, not just encepha-
lopathy. Encephalopathy per se can complicate many serious 
systemic infectious and inflammatory conditions, can result 
from local or systemic circulatory issues, or it can be a sign 
of degenerative brain disorders. The International Encepha-
litis Consortium has proposed the following diagnostic cri-
teria for encephalitis: the presence of encephalopathy for 
at least twenty-four hours plus any two of the following: 1) 
fever; 2) seizures; 3) focal neurological findings; 4) CSF 
(cerebrospinal fluid) pleocytosis; 5) characteristic brain MRI 
or electroencephalogram (EEG) findings.

The cause of encephalitis is unknown in over half 
the cases despite extensive diagnostic workup [6, 8]. 
Autoimmune etiology is diagnosed in twenty percent of 
all cases of encephalitis, and in developed countries it 
is more common than any single infectious cause [5, 9]. 
Autoimmune encephalitis can follow viral encephalitis or 
vaccinations, be paraneoplastic or cryptogenic [7•, 9–11, 
12•]. A constellation of neuropsychiatric manifestations 
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called Kluver-Bucy syndrome (bilateral temporal lobe 
dysfunction- see Table 1) rarely develops and is classically 
associated with herpes simplex encephalitis (see description 
below). New onset of seizures, including atypical febrile 
seizures in children [13•], especially if signs of infection 
are present, should raise suspicion of acute encephalitis.

Meningitis is defined as inflammation of the three protec-
tive neuromembranes that can clinically manifest as menin-
geal irritation signs. Bacterial meningitis is a well-known 
life-threatening reportable disease [14, 15]. Fortunately, 
incidence of bacterial meningitis has been decreasing due 
to effective immunizations targeting common causes [14]. 
Currently, viruses are the most common cause of infectious 
meningitis in children and adults [1, 16]. Once meningitis 
is suspected based on symptoms and clinical signs of acute 
infection and meningeal irritation, it is prudent to initially 
suspect and treat the patient for acute bacterial meningitis, 
which is immediately life-threatening.

Aseptic meningitis is a somewhat misleading term 
for meningeal inflammation from causes other than pus-
producing bacteria [14]. Those causes include infectious 
agents, such as “atypical” bacteria (Borrelia burgdorferi, 
Leptospira spp., Mycobacteria, or Treponema pallidum), 
fungi (such as Cryptococcus neoformans), or a free-living 
ameba (Naegleria fowleri). Noninfectious meningitis can 
have an autoimmune cause triggered by certain medications 
[14], may be due to autoimmune diseases such as systemic 
lupus erythematosus, or can result from malignant inva-
sion of the meninges [15]. The gold standard to diagnose 
(or exclude) meningitis is cerebrospinal fluid analysis and 
culture obtained from a lumbar puncture [4]. Cerebrospi-
nal fluid examination also plays a central role in evaluat-
ing patients with suspected encephalitis [5•]. A reasonable 
suspicion of bacterial meningitis, herpes encephalitis, var-
icella-zoster (VZV) encephalitis or brain abscess should 
prompt administration of antibacterial or antiviral therapy 
without delay. Supportive measures and diagnostic tests, 
including neuroimaging and, so long as no contraindica-
tions to the procedure exist, an expeditious performance of 
a lumbar puncture. Meningoencephalitis is diagnosed when 
meningeal irritation develops following a clinical picture of 
encephalitis, or when encephalitis develops complicating 
meningitis. Importantly, in a patient presenting with fever, 
headache, and altered mental status, initial differentiation 

between meningitis and encephalitis may be impossible 
[12•]. Transverse myelitis is defined by inflammation of 
the spinal cord itself, which can be triggered either by viral 
invasion or by an autoimmune process [3]. It presents with 
acute or subacute symmetric motor and sensory deficits in 
extremities, usually in combination with neurogenic bowel 
and bladder dysfunction which can progress to respiratory 
muscle dysfunction, but without meningeal signs or enceph-
alopathy. Several neurotropic viruses, such as Powassan 
virus, Epstein-Barr virus, and tick-borne encephalitis virus, 
cause encephalomyelitis, presenting with brain inflamma-
tion accompanied by flaccid paresis or paralysis of the 
extremities. Tick-borne encephalitis virus can also cause 
encephaloradiculitis, where pain in radicular distribution 
is a prominent symptom.

Blood‑Brain Barrier (BBB)  
and Blood‑CSF Barrier

Blood-brain barrier (BBB) disruption is thought to be the 
main mechanism of neurotropic viral invasion of brain 
parenchima [17]. BBB consists of specialized endothelial 
cells, glia, and extracellular matrix, and blocks entry of 
most large molecules. Four principal mechanisms of virus 
migration through the BBB are described. Once viremia 
develops, viruses can either directly infect brain microvas-
cular endothelium cells, or pass through them via transcy-
tosis in endocytic vesicles [2]. Alternatively, viral infection 
of monocytes or macrophages that can translocate across 
the BBB (in a process called diapedesis) denotes the “Tro-
jan Horse” mechanism [2, 17], assisted via inflammatory 
cytokine production by viruses. Notably, West Nile virus 
and HIV use this mechanism [17]. Some viruses enter the 
CNS via sensory, motor, or olfactory neurons, using spe-
cialized proteins for neuronal transport [2]. COVID-19 and 
Rabies virus are two notable viruses which use this mecha-
nism. Lastly, Nipah virus can directly infect glia cells that 
form part of the BBB [17]. For a pathogen to infect the 
meninges, it must defeat the blood-CNS barrier formed by 
tight junctions of the arachnoid membrane and the choroid 
plexus’ endothelial cells. That occurs in a manner similar 
to viruses passing through the BBB, using the mechanisms 
detailed above.

Table 1  Kluver-Bucy syndrome 
manifestations (adopted from 
National Libraryof Medicine 
by Joe M. Das and Waquar 
Siddiqui)

1. Hyperorality: compulsion to examine objects by mouth, pica, bulimia
2. Hypermetamorphosis: compulsive tendency to explore and touch the immediate environment, and 

overreaction to visual stimuli
3. Hypersexuality
4. Placidity: flat affect, loss of normal fear
5. Visual agnosia: inability to recognize familiar objects
6. Amnesia
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CSF Analyses and Molecular Diagnostics 
of Viral CNS Infections

Timely performance of lumbar puncture and CSF analyses 
are critical to both the diagnosis of meningitis or encepha-
litis and to establishing the specific etiology of CNS infec-
tion. In immunocompetent patients without focal neuro-
logical abnormalities, prior neurosurgery, recent trauma, 
or papilledema, lumbar puncture can be done without 
performing head CT first [15]. CSF that is not clear, has 
increased opening pressure, has a WBC count above 500 
cells/mL with greater than 80% of neutrophils, has a glu-
cose CSF/blood ratio less than 0.4, and has CSF protein 
above 1g/L, or visible microorganisms, suggests bacte-
rial meningitis [14]. CSF lactic acid above 4.2 mmol/L is 
also strongly associated with bacterial infection [14]. On 
the other hand, CSF pleocytosis of less than 300 cells/mL 
with lymphocytic predominance, clear fluid with normal 
opening pressure, normal or only slightly decreased CSF 
glucose, and normal CSF protein all suggest viral etiology 
[4]. Increased red blood cell count in a non-traumatic tap 
is associated with HSV encephalitis [8]. It is important to 
note that with immunological dysfunction, or if CSF is 
obtained early in the course of the illness, bacterial menin-
gitis can initially present with low white blood count CSF 
pleocytosis, while viral CNS infections can show either 
neutrophilic predominance or no increase in WBC counts 
in the CSF at all [14, 15, 18].

Many laboratories now offer molecular techniques, such 
as various methods for polymerase chain reaction, that have 
better sensitivity and give results faster than viral culture, 
which was used before [19]. There are now two rapid multi-
plex PCR-based panel tests on the market that allow for the 
detection of multiple viral, bacterial, and fungal pathogens 
in CSF from a single sample [20]. This has the potential to 
allow timelier discontinuation of unnecessary antibacterial 
agents, and to permit focusing on supportive measures and 
antiviral therapy where available. While published reviews 
report near-perfect specificity and high sensitivity [1, 20] 
with the use of these tests, caution should be observed in 
relying solely on them in clinical practice given their nov-
elty [19].

Viral Meningitis

Viral meningitis is the most common infection of the 
CNS [1], and numerous viruses can cause this syndrome. 
Recent progress in identifying viruses in biological 
samples allows for more precise and rapid etiological 
diagnosis and more specific treatment [1, 20]. Various 
subtypes of human non-polio enteroviruses, especially 

coxsackieviruses A and B, along with echoviruses are 
the most common causative agents in viral meningitis in 
children and adults. Their incidence peaks in summer and 
autumn [14]. Herpes simplex virus and varicella virus 
are also common culprits [14]. The initial presentation is 
similar to bacterial meningitis [14], with fever, headache, 
and neck stiffness in immunocompetent patients. Those at 
extremes of age, or with abnormal immune systems may 
present with subtle altered mental status and without fever 
or neck stiffness [15]. Septic shock, focal seizures, sta-
tus epilepticus, or disseminated intravascular coagulation 
strongly suggest bacterial etiology when present. Several 
clinical signs described over the years such as Kernig, 
Brudzinski, and jolt headache accentuation, are helpful 
when present but do not rule out the disease if absent, 
and do not help in distinguishing viral from bacterial dis-
ease [21•]. Management of viral meningitis is supportive, 
focusing on headache and fever control, and when nec-
essary, management of seizures. An important exception 
is HSV or varicella zoster (VZV) CNS infections, where 
acyclovir is recommended [18] although it is not as clearly 
beneficial as it is in encephalitis caused by these agents 
[22]. Morbidity and mortality are low in viral meningitis 
[3, 22]. 

Viral Encephalitis

Any patient presenting with acute or subacute onset of 
confusional state (encephalopathy) should be evaluated 
for having developed infectious or autoimmune brain 
inflammation (encephalitis) [23]. Encephalopathy is a 
common presenting complaint in the Emergency Depart-
ment, among hospital floor patients, and in ICUs [5•]. The 
differential diagnosis is extremely broad, as the human 
brain requires a tight homeostasis for appropriate function-
ing. It is important to attempt to consider and differentiate 
psychiatric causes, especially psychosis, mania, and cata-
tonia, from organic brain diseases such as CNS infections, 
seizures including non-convulsive status epilepticus, drug 
withdrawal, and brain trauma.

Documented incidence of hospitalization for enceph-
alitis in the United States is approximately seven per 
one hundred thousand [8] with roughly a third of those 
cases having proven viral etiologies [7•]. However, the 
causes remain unknown in most patients [24••]. HSV is 
the leading viral cause of acute encephalitis in the US, 
while enteroviruses predominate in China [3]. Japanese 
Encephalitis virus is the most common cause worldwide 
[10]. The outcomes of viral encephalitis, unlike viral 
meningitis, are frequently poor, with death and severe 
disability in survivors very common [5•, 7•, 25], febrile 
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seizures accompanying acute fever spikes, brain hypoper-
fusion from shock, or hypoxia or hypercarbia in respira-
tory failure.

Strictly neurotropic viruses, such as rabies or Japanese 
encephalitis virus, only cause CNS disease. Herpes viruses, 
while neurotropic [4], do cause overt neurological infections 
in a minority of infected patients. Lastly, many viruses with 
respiratory or gastrointestinal system tropism only very rarely 
cause encephalitis [10, 25]. It is unclear what host factors 
make apparently immunocompetent persons susceptible to the 
development of viral encephalitis, although age-related varia-
tions in innate and acquired immunity, including T-cell activ-
ity and humoral immunity, likely play a role [8]. Some viruses 
tend to cause more severe disease in the elderly (such as West 
Nile virus), while the population most at risk for developing 
viral encephalitis from any cause are children less than one-
year old [16]. For example, La Crosse virus and California 
encephalitis virus predominately affect children [8].

A CT scan of the head is usually the first imaging study 
performed in workup of acute encephalopathy and can rule 
in space occupying lesions and intracranial hemorrhage. 
MRI imaging of the CNS plays an important role in diag-
nosing encephalitis and differentiating various types of 
encephalitis where certain patterns are observed [12•, 26]. 
As MRI takes time to obtain images, and patient coopera-
tion is required, careful consideration should be given to 
appropriate sedation, monitoring, and airway management 
in these patients. Importantly, early in the clinical course 
MRI may not show any changes in a patient with encepha-
litis [5•, 9, 27].

Once acute encephalitis is suspected, acyclovir should 
be administered intravenously without delay, especially 
as HSV encephalitis outcomes are directly affected by 
timely administration of this antiviral. Administration of 
acyclovir is recommended in cases of VZV CNS infec-
tion as well [28]. Parenteral administration is recom-
mended as oral bioavailability of acyclovir is poor. Oral 
valacyclovir (acyclovir prodrug) administration produces 
higher concentrations of acyclovir in plasma, but CSF 
clinical evidence on its use is scant [18]. Acyclovir can 
cause renal insufficiency (preventable by assuring ade-
quate hydration status of the patient) and accumulates in 
the CNS in patients with renal insufficiency potentially 
causing altered mental status. Ganciclovir and valganci-
clovir are alternative options for HSV treatment, while 
foscarnet and cidofovir are active against both HSV 
and VZV, including against the rare acyclovir-resistant 
strains. All of these are significantly more toxic than 
acyclovir. Patients should be closely monitored, as res-
piratory failure can develop early, especially in cases of 
brainstem encephalitis.

Another priority is to consider the possibility of auto-
immune etiology, especially anti-N-methyl-D-aspartate 

(anti-NMDA) receptor encephalitis, which is a common 
cause of encephalitis in developed countries. Psychiatric 
prodrome is seen in 70% of cases [9] and MRI shows abnor-
malities early in a minority of patients [12•]. Early immuno-
therapy, with either corticosteroids or IVIG, improves out-
comes [9]. Autoimmune encephalitis can develop following 
viral encephalitis and can have a relapsing course [11].

The prognosis of encephalitis remains poor [8, 29] and is 
broadly worse in patients where no etiology is found [7•].

Prevention of Viral CNS Infections

High morbidity and mortality of certain types of viral 
encephalitis, combined with a lack of specific therapies, 
make preventive measures very important if available. In 
cases of encephalitis complicating measles, mumps, or 
varicella-zoster virus disease, or in Japanese encephali-
tis, effective vaccines exist for pre-exposure prophylaxis, 
making both primary infection and its complications 
unlikely. Analyses of CNS varicella disease before and 
after vaccination showed a 60% reduction of this disease 
in Germany [8]. In Nepal, a Japanese encephalitis vacci-
nation campaign reduced case incidence by 78% [8] after 
five years.

There are effective pre- and postexposure vaccines for 
the prevention of rabies encephalitis. As rabies is almost 
always fatal [30] and common in many mammals around the 
world, including stray dogs, strict adherence to postexposure 
prophylaxis with administration of immunoglobulin and vac-
cine is very important. Rabies can occur up to a year after 
exposure and has been described in patients after incomplete 
postexposure prophylaxis was given [31•].

For most mosquito or tick-borne arboviruses that cause 
encephalitis, reducing exposure to arthropod vectors is the 
only known way to reduce the risk of developing the disease. 
This can include the use of mosquito nets, wearing garments 
to make ticks more visible, frequently checking for ticks, and 
application of insect and tick repellants. Visitors can avoid 
endemic areas in seasons when arthropod vectors are par-
ticularly active, such as in Eurasian mixed forest and taiga 
in the spring and early summer.

Emerging Viral Causes of Meningitis 
and Encephalitis

COVID‑19

SARS-CoV-2 virus infection symptoms are highly varia-
ble, and most infected people remain asymptomatic or only 
develop mild symptoms. In symptomatic patients the res-
piratory and digestive systems involvement predominate.



Current Emergency and Hospital Medicine Reports 

Multiple neurological complications have been reported 
in COVID-19 cases, including severe headaches, ischemic 
and hemorrhagic strokes, and delirium [32]. At least one 
series documents COVID-19 to be the most common viral 
cause of encephalitis in a hospital in Africa in the year 
2021 [33]. Initially, olfactory nerve dysfunction without 
overt rhinitis was observed so commonly that screening 
tests were developed to detect COVID-19 infection by 
detecting anosmia, even though the exact mechanism of its 
development was not conclusively elucidated [32]. At the 
time of this writing, the Omicron variant is the predomi-
nant type, and it appears to cause anosmia and ageusia 
much less often than earlier variants. Acute encephalitis 
can complicate severe COVID-19 [34], and at times may 
be the only clinical manifestation of this viral infection 
[35]. Cases of hemorrhagic encephalitis which closely 
mimic HSV encephalitis in both CSF and in MRI of the 
brain findings have also been reported [36, 37]. As with 
other cases of encephalopathy complicating a severe sys-
temic infectious disease, MRI findings can be helpful to 
distinguish encephalitis from CNS complications of severe 
sepsis, and several distinct neuroradiological patterns are 
now described [37]. Similarly to other respiratory viruses, 
COVID-19 infection in children can rarely be manifested 
by cytokine storm, with the development of a multiorgan 
inflammatory state and acute encephalitis [38]. One series 
from NEJM described an observational series where CSF 
analyses failed to detect COVID-19, despite clinical and 
MRI findings highly suggestive of encephalitis [39].

Powassan Virus [4, 8, 12•, 24••, 40]

Powassan virus (PWV) is an RNA arbovirus from the Fla-
viviridae family which causes viral encephalitis in humans, 
with the number of cases increasing in the US over the past 
decade. This zoonotic infection’s primary reservoir is in 
small mammals, and it can spread to humans via the bites 
of several tick species, primarily Ixodes scapularis (the deer 
tick or black-legged tick). This tick is present in the Upper 
Midwest, Northeastern, and Southeastern states, along with 
southeastern Canada, with the area expanding dramatically 
over the past three decades. This tick is a vector for the path-
ogens that cause Lyme disease and Anaplasmosis in addition 
to PWV and may be involved in the development of α-gal 
syndrome (red meat and milk allergy). Most cases of PWV 
encephalitis occur in late spring and early summer. It is not 
known as to why some patients develop encephalitis while 
most patients infected with PWV remain asymptomatic or 
only mildly symptomatic. After an incubation period of one 
to five weeks, an acute febrile illness develops. Within days 
to weeks, it becomes complicated by encephalopathy with 
signs of cerebellar dysfunction, followed in severe cases by 

coma and flaccid paralyses. MRI of the brain findings are 
nonspecific and may be normal early in the disease course. 
If the MRI is positive, inflammation is seen in basal ganglia 
and the thalamic region. The diagnosis is made by measur-
ing IgM titers or PCR detection of the virus in CSF, and it is 
a nationally notifiable disease. The treatment is supportive, 
with a reported fatality rate of 10% and neurological sequela 
in about half of the survivors. Prognosis is worse in patients 
over the age of fifty.

Nipah Virus [6, 10, 24••, 41]

Nipah virus (NV) is a zoonotic virus with documented person- 
to-person spread, both in households of infected people  
and in healthcare settings, raising concerns for a potential 
epidemic. It is a member of the family Paramyxoviridae, 
along with measles virus, mumps virus, and parainfluenza 
virus. NV can infect pigs and humans, with flying foxes 
serving as a natural reservoir. Different flying fox species 
are found in Asia, Africa, Australia, and some Pacific Ocean 
islands. Consumption of food contaminated by infected 
animals, such as raw date palm sap, or close contact with 
infected bats or pigs can result in virus transmission to peo-
ple. The first outbreak of NV encephalitis occurred in 1999 
in Malaysia and Singapore, affecting people who were car-
ing for infected pigs, with three hundred cases and one hun-
dred deaths. Multiple outbreaks have been reported since 
then, mostly in India and Bangladesh, but also in the Philip-
pines. After an incubation period of four to fourteen days, 
an acute febrile illness develops that lasts up to two weeks, 
often with prominent upper respiratory symptoms. Some 
patients go on to develop acute encephalitis, with brain-
stem and upper cervical spinal cord involvement. Coma can 
develop early, with mortality of the neurologic disease of 
up to seventy-five percent. Molecular tests exist to detect 
the viral material obtained in nasal or throat swabs, or from 
CSF; there are also assays for antibody detection in plasma 
or CSF. MRI of the brain, when positive, shows multiple 
hyperintense (without contrast) white matter lesions. There 
is currently no vaccine available for NV disease prevention. 
There are case reports of IVIG therapy in NV encephalitis 
and the use of remdesivir and ribavirin, but the mainstay of 
treatment is supportive care. A monoclonal therapy drug is 
under development.

Tick‑borne Encephalitis Virus [8, 12•, 18, 19, 24••, 42]

Tick-borne encephalitis (TBE) is a zoonosis caused by a 
tick-borne encephalitis virus (TBEV), a flavivirus, occurring 
across Eurasia, from Western Europe and Scandinavia to the 
Japanese island of Hokkaido. There are three subtypes of the 
virus, with the European subtype causing a milder disease 
than the Siberian and Far Eastern subtypes. Small rodents 
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serve as the main reservoir of this virus in nature. It spreads 
via Ixodes spp. ticks and infects humans and livestock, espe-
cially goats. People become infected mainly through tick 
bites, with a minority of cases reported after consuming 
unpasteurized milk or milk products; there is no person-to-
person spread except for rare cases through breastfeeding. 
The peak incidence of the disease is in the spring and early 
summer, and it is called tick-borne spring-summer encepha-
litis in some countries. TBE is not a notifiable condition in 
many countries where it is endemic, making true incidence 
hard to ascertain, but overall reported cases have increased 
over the past several decades with new endemic foci emerg-
ing in Belgium and the Netherlands. No viral transmission 
has been reported in North America so far, but with increas-
ing tourism the chances of US clinicians encountering this 
disease in a returning traveler are increasing, as the incuba-
tion period ranges from two to twenty-eight days (usually 
one to two weeks).

Many patients with TBE do not recall a tick bite. The 
majority of TBEV disease is thought to be minimally symp-
tomatic or asymptomatic, based on serological surveillance 
in endemic areas. The disease typically (but not always) 
follows a biphasic course. Initially, patients develop acute 
febrile illness with muscle aches and headaches, but without 
signs of CNS inflammation. This lasts up to a week, fol-
lowed by defervescence and clinical improvement for two 
to ten days. Some patients progress to the second phase, 
which is heralded by recurrence of high fever, and with CNS 
involvement. This can range from meningitis, more common 
in children, to meningoencephalitis, radiculitis, and myelitis. 
Common symptoms include ataxia, radicular distribution 
of pain in the extremities, followed by the development of 
paresis, with upper extremities more commonly affected. 
In severe cases there are signs of brainstem encephalitis 
with cranial nerve abnormalities, autonomic instability, and 
coma. Diagnosis requires clinical suspicion for the disease, 
based on travel and activities history. Laboratory abnor-
malities, including leukopenia, thrombocytopenia, and liver 
function test abnormalities, are nonspecific and only seen in 
a minority of the patients. In the first phase of the illness, 
viral material can be detected in serum with PCR technol-
ogy, while in the second phase IgM and IgG antibodies are 
usually present in the serum. CSF analysis shows changes 
typical for viral meningitis, although pleocytosis as high as 
1000 cells/mL has been observed and can be confused with 
bacterial meningitis initially. The detection of the virus or 
IgM antibodies in CSF is diagnostic. Brain MRI can show 
basal ganglia and thalamic involvement, but the changes are 
only observed in a minority of cases and are not specific 
to TBE. Importantly, the same Ixodes ticks that transmit 
TBE can carry Anaplasma phagocytophilum and Borrelia 
burgdorferi, which can cause granulocytic anaplasmosis and 
Lyme borreliosis respectively with CNS complications and 

requiring antibiotic administration for treatment. Patients 
may also be coinfected with TBEV and a bacterial pathogen. 
Supportive treatment is a mainstay of care for TBE, with 
case reports of IVIG use for treatment. Prognosis is worse 
in adults compared to children and worsens with advanced 
age. It is also worse in monophasic disease, or in cases of 
simultaneous co-infection. The fatality rate ranges from two 
percent for the European subtype of TBEV to twenty to forty 
percent for the Siberian subtype, and disability affects up to 
fifty percent of survivors, ranging from persistent paresis 
to neuropsychiatric abnormalities. Survivors of this disease 
develop lifelong immunity. Several effective vaccines are 
available for pre-exposure prophylaxis. Usual measures of 
tick avoidance and detection can reduce the risk of exposure 
to TBEV.

Eastern Equine Encephalitis (EEE) [12•, 27, 43]

The eastern equine encephalitis virus (EEEV) is a mosquito-
borne flavivirus from the Togaviridae family that is transmit-
ted to humans by the Aedes, Coquillettidia, and Culex gen-
era of mosquitos from infected birds. While most patients 
affected do not develop CNS inflammation, it can cause 
severe encephalitis with a mortality of thirty to forty per-
cent in those affected and neurological sequela in many 
survivors. Those younger than fifteen and older than fifty 
years old appear to be most at risk. Most human cases in 
the US are reported in the Northeastern and Gulf states, 
but recently new cases were found in the Great Lakes and 
Appalachian regions, and the number of reported cases has 
been rising sharply. It is considered a potential bioterrorism 
agent and can be transmitted through organ transplantation. 
In symptomatic cases, after an incubation period of four to 
ten days, patients develop a nonspecific acute febrile illness, 
followed by meningoencephalitis with seizures, thalamic, 
and brainstem involvement signs. Blood chemistry may 
show hyponatremia, especially in severe cases. CSF analysis 
can show pleocytosis, with neutrophilic predominance and 
a normal CSF/plasma glucose ratio. Etiological diagnosis 
requires detection of anti-EEEV specific IgM antibodies 
in serum or in CSF specimens with the ELISA technique, 
which then must be confirmed using Plaque Reduction Neu-
tralization Tests (PRNT) to detect false positive results. Both 
tests require specialized laboratories or sending the speci-
men to the CDC for analyses. Similarly to West Nile virus, 
PCR technology for direct detection of the EEE virus is not 
well developed, and viral culture is only done on autopsy 
specimens. MRI of the brain shows a characteristic pattern 
of basal ganglia and thalamic T2 hyperintensities. However, 
a similar pattern can be observed in rabies encephalitis and 
in prion disease. The treatment is supportive, and prevention 
requires measures to avoid mosquito bites, as no vaccines 
are available for use in humans.
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Chikungunya Virus [12•, 44, 45]

Chikungunya virus is an alphavirus from the family Toga-
viridae transmitted via Aedes mosquito bites, and vertically 
from mother to fetus causing Chikungunya Virus disease 
(CHVD). Eastern equine encephalitis virus, western equine 
encephalitis virus, and Venezuelan equine encephalitis 
virus are other members of that family transmitted via mos-
quito bite with the potential to cause acute encephalitis. 
Four major subtypes of CHVD are known, and all but one 
are potentially neuroinvasive. There was a large outbreak 
of CHVD in La Reunion, an island in the Indian Ocean 
which is a major tourist destination, in 2005–2006. In the 
Americas humans are the main reservoir for this pathogen, 
while in Africa wild primates also play a role. The first 
cases in the Americas were reported in 2013, with local 
transmission in the US identified in 2014 (in Puerto Rico, 
the U.S. Virgin Islands, Florida, and Texas), and in 2015 
this emerging disease became a nationally notifiable condi-
tion in the US [45]. Most cases of CHVD manifest as self-
limited acute febrile illness, marked with severe arthralgias 
and myalgias, which are a hallmark of the symptomatic dis-
ease. The word chikungunya means “to become contorted” 
in the Kimakonde language of southern Tanzania, where the 
disease was first identified in 1952. Maculopapular rash, 
conjunctivitis, and lassitude are other commonly reported 
symptoms. Acute encephalitis is one of the neurological 
complications of CHVD and is more common in patients 
over fifty, those with diabetes, cardiovascular disease, and 
impaired cellular immunity. CHVD encephalitis is often 
complicated by severe renal failure requiring renal replace-
ment therapy. The white blood cell count can show leuko-
penia typical for acute viral infections. Brain MRI can be 
normal or demonstrate multiple stroke-like lesions in white 
matter [12•]. PCR techniques exist to detect viral mate-
rial in CSF, and anti-Chikungunya virus antibodies can be 
detected in serum and CSF. Treatment is supportive, and the 
disease appears to induce durable immunity against future 
episodes in survivors.
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