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I ABSTRACT |
Acute viral meningitis (AVM) constitute an important cause of mortality and neurological morbidity within the last decades, in spite

of all diagnostic and therapeutic advances in medical technology. Diagnostic procedures consist of lumbar puncture, hemoculture,
complete blood cell count (including, leukocytes), procalcitonin, lactate and glucose to give an overall insight for disease; while
polymerase chain reaction (PCR) and cerebrospinal fluid (CSF) analyses (urine reagent strips, glucose, protein, and microscopic
examination) are used to diagnose herpetic meningeal involvement and most other viral infections affecting central nervous system
(CNS). Findings in blood and CSF work-up after a clinical index of suspicion result in a high yield of diagnosis. Technological ad-
vances should be coupled with clinical findings to produce an accurate clinical management in the target population. This review is
intended to analyze the epidemiology, clinical manifestation, findings on examination, and diagnostic tools to be utilized in patients
suspected to have AVM in light of recent advances and research data, and to culminate up-to-date concept of AVM for primary care
and emergency physicians.
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DIAGNOSTIC ADVANCES INF ACUTE VIRAL MENINGITIS:
ANY NOVELTY FORTHE PHYSICIAN? |

Patients with AVM tends to be younger than those with
bacterial meningitis. The prompt diagnosis of meningitis mainly

comptiseS direct work-up of the fluid and/or the presence of rel-

Definitions, and Characteristics in the Diagnosis

A- cute meningitis s described as an acute inflammation of men-
ingeal membranes involved by causative agents.!

Viral agents can infect central nervous system (CNS) via
various mechanisms including direct involvement and/or replica-
tion within the neural tissue leading to encephalitis, and/or men-
ingitis? Acute meningitis in humans stems from various septic
(bacterial and fungal) and aseptic (viral) pathogens. acute viral
meningitis (AVM) (a.k.a. aseptic meningitis) consists of signs and
symptoms of meningismus and pathologically boosted number of
cells within the cerebrospinal fluid (CSF) in conjunction with a
sterile bacterial hemoculture.?

evant antigenic material in the CSF following a lumbar puncture
(LP). These tests are not highly sensitive, and they are not useful
in the differential diagnosis in up to a half of the patients in the
samples.*

Viallon et al* demonstrated that best possible diagnosis
is AVM in patients with negative direct CSF examination: up to
71% of these patients turned out to have AVM in a recent French
study.’ Within the sample of 218 patients with AVM, the causative
agent could be identified in eighty-five (39%): enteroviridae (25%),
herpes (9%), varicella species and Paramyxoviridae (the latter two
microorganisms constitute 5%).

Acute viral encephalitis (AVE), on the other hand, is the
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result of human virus inflicting the CNS. There are two types of
encephalitis—primary and secondary. Primary AVE is encountered
in the situation of viral involvement of the CNS and the spinal
cord directly, while secondary encephalitis (a.k.a. post-infectious
encephalitis) is seen when an infection propagates to brain from
another organ or system. The identification of the patients is most-
ly based on laboratory investigations. AVE is mostly a pathological
diagnosis and represents inflammation of the brain parenchyma
which may be visualized on magnetic resonance imaging (MRI).?
MRI can reveal focal or diffuse changes in signal intensity, cerebral
edema, restricted diffusion, hemorrhages, necrosis, and enhance-
ment.’
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Morbidity and mortality in viral meningitis are lower
than bacterial infection, despite easier spread is common in pa-
tients with AVM. Viral meningitis is more frequent than bacterial
in young adults, especially in women between the ages of the 20s to
40s.®> An elaborate travel history may enlighten causes of viral etiol-
ogy, e.g. Toscana Virus (South Europe), Tick-Borne Encephalitis
(ITBE) Virus (Europe), other meningococcal (Africa), West NileVi-
rus (United States), Lyme disease (Europe and United States) and
parasitic meningitis (e.g,, Naegleria Fowleri or trypanosomiasis).

Specific Agents

Diagnostic features and characteristics of AVM caused by various
specific viral agents were summarized in Table 1.

Table 1. Diagnostic Features of Acute Viral Meningitis and Encephalitis in the Emergency Setting

Causative agent

Signs and symptoms

Involvement site detected on radiology (CT or MRI)

Notes on expected clinical course

Human immunodeficiency
virus (HIV)

Dementia, neurocognitive problems

Periventricular and white matter

High mortality rate unless treated
accordingly. Antiretroviral treatment is
essential.

Although the course is generally mild,

CT and MRl:calcifications in the junction between
cortical and subcortical white matter, decreased

Zikavirus is transmitted via bites
of infected arthropods. It causes
microcephaly, Guillain Barré syndrome,

focal neurodeficits

Zika virus neuroimmunological disorders, brain volume, ventriculomegaly. A X I
. . . . neurological Zika syndrome, meningitis,
meningoencephalitis, and myelitis can ocur. MRI: Enlarged cisterna magna, delayed . L .
o . . L meningoencephalitis, and myelitis ensue
myelination, malformations symmetrical in majority.
commonly.
. Altered mental status, fever, headache, may be . Cerebral atrophy and/or
Varicella Thalamus, cerebellum, cortex, basal ganglia

encephalomalacia can develop.

Cytomegalovirus

Commonest in neonates and
immunocompromised adults.

Cerebral hemispheres, periventricular

Focal neurodeficits, hydrocephalus, and
developmental retardation can be noted.

Herpes simplex virus type-|

Altered mental status, fever, seizures

Temporal and frontal lobes

High fatality rate unless treated
accordingly.

Herpes simplex virus type-2

Mostly neonatal disease. Altered mental
status, fever, seizures

Global/diffuse involvement of the brain

High fatality rate unless treated
accordingly. Encephalomalacia,
paranchymal calcification can develop.

Creutzfeldt-Jakob’s Disease

Rapidly deteriorated dementia, myoclonic
jerks

Thalamus, cerebral, cortex, basalganglia

Rapidly ensuing cerebral atrophy

Tick borne encephalitis
(TBE)

In the vast majority of cases, an infection with
TBEV has a subclinical course.

The thalamus is the most common site of
involvement. In MRI, lesion contrast wasstrong, with
a hyperintense T2 signal of nerveroots, plexuses

and peripheral nerves.The extent of spatial lesions
and patterns exceeded the clinical manifestations

of disease

In some cases, it leads to brain edema,
meningitis, meningoencephalitis,
myelitis, or meningoencephaloradiculitis.
Decompressive craniectomy might be
considered in extremecases.

West Nile virus

Mostly neuroinvasive, it causes meningitis,
encephalitis, or acute flaccid paralysis, mostly
in adult and elderly males.

Cortical thinning in both hemispheres-primarily in
the frontal and limbic cortices. Regional atrophy in
the cerebellum, brainstem, thalamus, putamen, and
globus pallidus.

Death is rare. Mostly involves adults
and elderly males.Weakness, decreased
reflexes can be seen.

Herpes simplex viruses (HSV-1 and HSV-2): These are viruses
which trigger a latent infection in the neurons of the dorsal root

ganglia.

HSV encephalitis is a widespread cause of fatal ence-
phalitis in the world. Temporal lobe abnormalities are among the
most common radiological culprits.” Among the causes of AVE,
HSE is different from most because it is treatable.

Varicella-zoster virus (VZV): This encephalitis can be remarka-
ble following primary infection, and reactivation of VZV may lead
to AVE. Meanwhile, VZV invasion of cerebral arteries triggers
vasculopathy, which is evident as an acute cerebrovascular accident
or stroke.”

West Nile virus: These triggers neurocognitive outcomes in pa-
tients. In a large series, Murray et al® reported that abnormal neu-
rological findings were noted in almost half of the patients, with
a majority being unilateral.® Since no effective treatment measures
are in use, preventive strategies against infection are of vital im-
portance.

Zika virus infections: These are known to inflict severe cerebral
damage due to congenital infection. Around four-fifths of the ca-
ses are asymptomatic and symptomatic cases are mostly mild.”'’
The mosquito Aedes aegypti was most commonly accused of viral
transmission, followed by sexual transmission, vertical transmis-
sion, and blood transfusion.!' Its diagnosis is somewhat clusive.
Blood and urine testing were proved most useful in acute diagnosis.
In case series from Brazil, only around one-third of children are
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identified positively with IgM antibodies against the agent in CSE."2
It is most recognized with a constellation of radiological findings
coupled with typical clinical features such that microcephaly and
neuroimmunological diseases such as Guillain Barré syndrome
and neurological Zika syndrome."® Since important cerebral im-
pairment is encountered on imaging in a majority of the infected
individuals, the disease should be in the differential diagnosis list
of the emergency practitioner in the inflicted or ‘endemic’ areas.

Primary human immunodeficiency virus type 1 (HIV-1): This
infection can affect almost all parts of the CNS."* Both neuro-
logist and the emergency care provider should be cognizant of
symptomatic primary HIV infection, to allow an expedient and
accurate diagnosis of HIV infection and the consideration of ti-
mely antiretroviral therapy.!® HIV-infected patients can develop
Cryptococcus meningitis, toxoplasmosis, primary CNS lymphoma,
and progressive multifocal leukoencephalopathy.!® HIV can also
induce acute aseptic meningitis manifested with fever, headaches,
and meningismus.

Tick-Borne encephalitis (TBE): It is an infection triggered by
an RNA virus which is prevalent in some parts of Europe and
Asia.'” The causative agent is mostly transmitted by tick bites but
also occasionally by unpasteurized milk from goats.'”® Turkish
sheep encephalitis virus and Greek goat encephalitis viruses are
thought to be included in the TBEV species.'”?’ The majority of
patients are middle-aged and eldetly male.?!

TBE ensues after incubation of around eight days
following tick bite.”? Especially in patients inflicted by European
form of the agent, TBE can go unnoticed in about one-third of
the involved ones and mostly follows a biphasic course.

In a majority of patients, the infection has a mild or ‘sub-
clinical’ course. However, in some cases, it leads to AVM and/or
AVE and relevant neurological symptoms. The disease manifests
as AVM in around half of the patients, as AVE in 40 % and as en-
cephalomyelitis in 10%.'8 In about one-third of meningitis cases,
meningoencephalitis or meningomyelitis is developed.” CNS and
spinal imaging have a low yield to diagnose AVE and/or AVM,
but it can be of value in the differential. In 2016, Lenhard et al?!
reported that significantly more MRI abnormalities of any kind
were seen in those with meningoencephaloradiculitis (58.3%) than in
ME (17.4%).*!

Post-encephalitic syndrome may be the complication of
the infection, presenting with neurological symptoms. Vaccination
against TBE is recommended for the whole population older than
1-year in certain endemic areas.” A tick bite does not warrant post
-exposure prophylaxis.

Ebola virus: It is one of the agents causing biggest death tolls
known so far. The entity mostly manifests with febrile chills, ce-
phalalgia, copious vomiting and/or gastroentetitis, and may dete-
riorate to hemorrhagia, AVE and seizures. Following an Ebola ou-
tbreak in West Affrica, neurologic complications including seizures,
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memory loss, headaches, cranial nerve abnormalities and tremor
were noted in a large number of patients.” The mechanisms how
Ebola affects the CNS is unknown, and treatment is still mainly
supportive.

Signs and symptoms

Those with bacterial meningitis commonly look worse or more
ill than those with nonbacterial illness. AVE is marked by cogni-
tive malfunction and patients commonly have a stiffness of the
neck muscles, but this feature is mild when compared to ABM.
Those with viral meningoencephalitis have both neck stiffness and
mental confusion.?® Patients with AVE mostly share similar clini-
cal characteristics and findings to indicate a specific causative viral
culprit are commonly elusive.

AVM is most difficult to diagnose, because “classical”
presentation for meningitis i.e., a stiff neck, altered mental status
and high core temperature- are seldom present in the patients.

In French study patients with AVM had similar, and even
higher mean temperature and nuchal rigidity than bacterial cases
(mean temperatures were 39.1 #s5. 38.9 C and nuchal rigidity 55% vs.
46%, respectively).” Headache is noted more commonly in AVM
than bacterial infections (72% »s. 40%). In contrast, confusion is
more prevalent in bacterial meningitis than AVM.

DIAGNOSTIC ADVANCES, BIOMARKERS FOR
IDENTIFICATION |

Apart from history and clinical findings, laboratory adjuncts are
of value in certain specific viral infections. A specific pathogen
diagnosis is based on serum and/or CSF tests. The CSF Gram
stain and CSF lactic acid levels provide the most rapid, reliable and
cost-effective tests to diagnose bacterial infection.?® CSF lactic acid
levels have long been known to be of value in expedient diagno-
sis of bacterial meningitis and distinguish from nonbacterial CNS
diseases such asAVE and AVM.?” To be more specific, CSF lac-
tate levels above 6 mm/L forms the basis of reliable diagnosis of
bacterial meningitis.”® Patients with AVE involve mainly parenchy-
mal brain and infection of the CSF is a minor component of the
disease process. Therefore, most patients with AVE have negative
culture results of viral pathogens in the samples of CSE. In those
with AVE, the electroencephalogram (EEG) usually demonstrates
global bilateral symmetrical slow-wave activity?® In patients with
AVE, the EEG/MRI can give clues indicating a particular part of
the brain, such as basal ganglia, West Nile encephalitis etc.”*%

Patients with AVE/AVM have CSF WBC counts higher
than those with ABM. Neurosyphilis, AVE, AVM, tuberculosis
are commonly accompanied by the lymphocytic pleocytosis in the
CSF and these mostly present initially with a PMN dominance.
CSF pleocytosis in ABM is >90% PMN:s, especially if not admin-
istered antibiotics yet.®®? Likewise, atypical lymphocytes are sug-
gestive of certain viral agents, for example, EBV, VZV.*
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Classically, HSV encephalitis is associated with red blood
cells. In Herpetic AVE, red blood cells are proportional to the de-
gree of frontal/temporal damage. Interestingly, CSF lactate levels
are proportional to the number of red blood cells found in CSE.

Next-generation sequencing (NGS) is the diagnostic mo-
dality of choice to screen for viral deoxyribo nucleic acid (DNA)
in CSF in cases with strong suspicion for AVM or AVE.*

Polymerase chain reaction (PCR) is used to diagnose
herpetic meningeal involvement. Of note, identification of HSV
DNA in the CSF by PCR is of diagnostic value in herpetic menin-
goencephalitis.” In patients with AVE due to viruses with a CSF
result masquerading as ABM, such that in acute herpetic menin-
goencephalitis, normal CSF lactate levels can be used to rule out
ABM.*

Routine wotkup on blood samples (e.g leukocytes, neu-
trophil ratios and platelets), rarely give clues in the diagnosis of
AVM. Bacterial infection may be identified in the wotk-up of the
CSF via an LP to be performed in suspicion of bacterial origin of
meningoencephalitis. Likewise, Gram stain/culture of the patho-
gen is mostly useless in viral infections of CNS.

PCR is used to identify VZV DNA in the CSF and may
be used as a diagnostic clue for encephalitis and/or vasculopa-
thy In a case seties, mean CD4 T-cell count was around 142x10°
cells/L.

Etiologic diagnosis of TBE is only made on basis of lab-
oratory analyses, namely, reverse transcription-PCR (RT-PCR).%
The technique is used to verify the presence of virus in the blood
and CSE The suspected diagnosis is verified by the detection of
TBEV-specific IgM and IgG antibodies in the sera and the pres-
ence of elevated cell counts in CSE'®

A simple concurrent bedside glucose measurement in
the samples from blood and CSF can allow rapid identification
of AVM.?*! The best cut off point for the proportion of CSF over
blood glucose produced via a point-of-care glucometer has been
noted as 0.40, (it has 94.1% sensitivity, 91% specificity, and a posi-
tive likelihood ratio of 10 in discerning these two entities). The
above mentioned practical modality carries the potential to pro-
vide faster diagnostic evaluation of the disease.

Viallon et al’ reported that serum PCT and CSF lactate
are the best markers for differentiating between bacterial infection
and AVM, even in the lack of microbiologic biomarkers on presen-
tation and/or on admission to hospital.’

Role of Neuroimaging

CT or MRI can be utilized to rule out CNS mass lesions, e.g., brain
abscess, brain tumors, bleed. These modalities may also be of value
in the differential diagnosis of AVM, such that sarcoid meningitis
and carcinomatous meningitis.
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CONCLUSION |

AVM is an outstanding emergency which can lead to morbidity and
mortality all over the world. Findings in blood and CSF work-up
after a clinical index of suspicion result in a high yield of diagnosis.
Technological advances should be coupled with clinical findings
to produce accurate clinical management in the target population.
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