TABLE 164-4 Viruses Causing Acute Meningitis and Encephalitis in
North America
Acute Meningitis
Common
Enteroviruses (coxsackieviruses, echoviruses, and human enteroviruses
68–71)
Varicella-zoster virus
Herpes simplex virus 2
Epstein-Barr virus
Arthropod-borne viruses
HIV

Less Common
Rabies
Eastern equine encephalitis virus

Powassan virus
Cytomegalovirusa
Colorado tick fever virus
Mumps

Immunocompromised host. bThe most common cause of sporadic encephalitis.
The most common cause of epidemic encephalitis.

a
c

LABORATORY DIAGNOSIS
CSF Examination The most important laboratory test in the diagnosis of viral meningitis is examination of the CSF. The typical profile
is a pleocytosis, a normal or slightly elevated protein concentration
(0.2–0.8 g/L [20–80 mg/dL]), a normal glucose concentration, and
a normal or mildly elevated opening pressure (100–350 mmH2O).
Organisms are not seen on Gram’s stain of CSF. The total CSF cell
count in viral meningitis is typically 25–500/μL, although cell counts
of several thousand/μL are occasionally seen, especially with infections due to lymphocytic choriomeningitis virus (LCMV) and mumps
virus. Lymphocytes are typically the predominant cell. Rarely, PMNs
may predominate in the first 48 h of illness, especially with infections
due to echovirus 9, West Nile virus, eastern equine encephalitis (EEE)
virus, or mumps. A PMN pleocytosis occurs in 45% of patients with
West Nile virus (WNV) meningitis and can persist for a week or longer
before shifting to a lymphocytic pleocytosis. PMN pleocytosis with low
glucose may also be a feature of cytomegalovirus (CMV) infections in
immunocompromised hosts. Despite these exceptions, the presence
of a CSF PMN pleocytosis in a patient with suspected viral meningitis
in whom a specific diagnosis has not been established should prompt
consideration of alternative diagnoses, including bacterial meningitis or parameningeal infections. The CSF glucose concentration is
typically normal in viral infections, although it may be decreased in
10–30% of cases due to mumps or LCMV. Rare instances of decreased
CSF glucose concentration occur in cases of meningitis due to echoviruses and other enteroviruses, HSV-2, and VZV. As a rule, a lymphocytic pleocytosis with a low glucose concentration should suggest
fungal or tuberculous meningitis, Listeria meningoencephalitis, or
noninfectious disorders (e.g., sarcoid, neoplastic meningitis).
A number of tests measuring levels of various CSF proteins,
enzymes, and mediators—including C-reactive protein, lactic acid,
lactate dehydrogenase, neopterin, quinolinate, IL-1β, IL-6, soluble
IL-2 receptor, β2-microglobulin, and TNF—have been proposed as
potential discriminators between viral and bacterial meningitis or as
markers of specific types of viral infection (e.g., infection with HIV),
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Polymerase Chain Reaction Amplification of Viral Nucleic Acid Amplification
of viral-specific DNA or RNA from CSF using PCR amplification
has become the single most important method for diagnosing CNS
viral infections. In both enteroviral and HSV infections of the CNS,
CSF PCR has become the diagnostic procedure of choice and is substantially more sensitive than viral cultures. HSV CSF PCR is also
an important diagnostic test in patients with recurrent episodes of
“aseptic” meningitis, many of whom have amplifiable HSV DNA in
CSF despite negative viral cultures. CSF PCR is also used routinely
to diagnose CNS viral infections caused by CMV, Epstein-Barr virus
(EBV), VZV, and human herpesvirus 6 (HHV-6). CSF PCR tests are
available for WNV but are not as sensitive as detection of WNVspecific CSF IgM. PCR is also useful in the diagnosis of CNS infection
caused by Mycoplasma pneumoniae, which can mimic viral meningitis
and encephalitis. PCR of throat washings may assist in diagnosis of
enteroviral and mycoplasmal CNS infections. PCR of stool specimens
may also assist in diagnosis of enteroviral infections (see below).
Viral Culture The sensitivity of CSF cultures for the diagnosis of viral
meningitis and encephalitis, in contrast to its utility in bacterial infections, is generally poor. In addition to CSF, specific viruses may also be
isolated from throat swabs, stool, blood, and urine. Enteroviruses and
adenoviruses may be found in feces; arboviruses, some enteroviruses,
and LCMV in blood; mumps and CMV in urine; and enteroviruses,
mumps, and adenoviruses in throat washings. During enteroviral
infections, viral shedding in stool may persist for several weeks. The
presence of enterovirus in stool is not diagnostic and may result from
residual shedding from a previous enteroviral infection; it also occurs
in some asymptomatic individuals during enteroviral epidemics.
Serologic Studies For many arboviruses including WNV, serologic
studies remain important diagnostic tools. Serum antibody determination is less useful for viruses with high seroprevalence rates in the
general population such as HSV, VZV, CMV, and EBV. For viruses
with low seroprevalence rates, diagnosis of acute viral infection can be
made by documenting seroconversion between acute-phase and convalescent sera (typically obtained after 2–4 weeks) or by demonstrating
the presence of virus-specific IgM antibodies. For viruses with high
seroprevalence such as VZV and HSV, demonstration of synthesis of
virus-specific antibodies in CSF, as shown by an increased IgG index
or the presence of CSF IgM antibodies, may be useful and can provide
presumptive evidence of CNS infection. Although serum and CSF IgM
antibodies generally persist for only a few months after acute infection,
there are exceptions to this rule. For example, WNV serum IgM has
been shown to persist in some patients for >1 year following acute
infection. Unfortunately, the delay between onset of infection and the
host’s generation of a virus-specific antibody response often means
that serologic data are useful mainly for the retrospective establishment of a specific diagnosis, rather than in aiding acute diagnosis or
management. In the case of EBV, demonstration of antibody responses
consistent with recent/acute infection (e.g., IgM viral capsid antibody,
antibody against early antigen, absence of antibody against EBVassociated nuclear antigen) may assist in diagnosis.
CSF oligoclonal gamma globulin bands occur in association with a
number of viral infections. The associated antibodies are often directed
against viral proteins. Oligoclonal bands also occur commonly in certain
noninfectious neurologic diseases (e.g., multiple sclerosis) and may be
found in nonviral infections (e.g., neurosyphilis, Lyme neuroborreliosis).
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Acute Encephalitis
Common
Herpesviruses
Cytomegalovirusa
Herpes simplex virus 1b
Herpes simplex virus 2
Human herpesvirus 6
Varicella-zoster virus
Epstein-Barr virus
Arthropod-borne viruses
La Crosse virus
West Nile virusc
St. Louis encephalitis virus
Enteroviruses

Less Common
Herpes simplex virus 1
Human herpesvirus 6
Cytomegalovirus
Lymphocytic choriomeningitis virus
Mumps

but they remain of uncertain sensitivity and specificity and are not 891
widely used for diagnostic purposes.

Other Laboratory Studies All patients with suspected viral meningitis
should have a complete blood count and differential, liver and renal
function tests, erythrocyte sedimentation rate (ESR), and C-reactive
protein, electrolytes, glucose, creatine kinase, aldolase, amylase, and
lipase. Neuroimaging studies (MRI preferable to CT) are not absolutely necessary in patients with uncomplicated viral meningitis but
should be performed in patients with altered consciousness, seizures,
focal neurologic signs or symptoms, atypical CSF profiles, or underlying immunocompromising treatments or conditions.
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