898 several effective flavivirus vaccines are already in human use, creating optimism that a safe and effective human WNV vaccine can also
be developed.

PART 8
Infectious Diseases

SEQUELAE
There is considerable variation in the incidence and severity of
sequelae in patients surviving viral encephalitis. In the case of EEE
virus infection, nearly 80% of survivors have severe neurologic
sequelae. At the other extreme are infections due to EBV, California
encephalitis virus, and Venezuelan equine encephalitis virus, where
severe sequelae are unusual. For example, approximately 5–15% of
children infected with La Crosse virus have a residual seizure disorder, and 1% have persistent hemiparesis. Detailed information about
sequelae in patients with HSV encephalitis treated with acyclovir
is available from the NIAID-Collaborative Antiviral Study Group
(CASG) trials. Of 32 acyclovir-treated patients, 26 survived (81%). Of
the 26 survivors, 12 (46%) had no or only minor sequelae, 3 (12%)
were moderately impaired (gainfully employed but not functioning at their previous level), and 11 (42%) were severely impaired
(requiring continuous supportive care). The incidence and severity of
sequelae were directly related to the age of the patient and the level
of consciousness at the time of initiation of therapy. Patients with
severe neurologic impairment (Glasgow coma score 6) at initiation of
therapy either died or survived with severe sequelae. Young patients
(<30 years) with good neurologic function at initiation of therapy did
substantially better (100% survival, 62% with no or mild sequelae)
compared with their older counterparts (>30 years; 64% survival, 57%
no or mild sequelae). Some recent studies using quantitative HSV
CSF PCR tests indicate that clinical outcome following treatment also
correlates with the amount of HSV DNA present in CSF at the time
of presentation. Many patients with WNV infection have sequelae,
including cognitive impairment; weakness; and hyper- or hypokinetic
movement disorders, including tremor, myoclonus, and parkinsonism. In a large longitudinal study of prognosis in 156 patients with
WNV infection, the mean time to achieve recovery (defined as 95%
of maximal predicted score on specific validated tests) was 112–148
days for fatigue, 121–175 days for physical function, 131–139 days for
mood, and 302–455 days for mental function (the longer interval in
each case representing patients with neuroinvasive disease).

SUBACUTE MENINGITIS
CLINICAL MANIFESTATIONS
Patients with subacute meningitis typically have an unrelenting headache, stiff neck, low-grade fever, and lethargy for days to several weeks
before they present for evaluation. Cranial nerve abnormalities and
night sweats may be present. This syndrome overlaps that of chronic
meningitis, discussed in detail in Chap. 165.
ETIOLOGY
Common causative organisms include M. tuberculosis, C. neoformans,
H. capsulatum, C. immitis, and T. pallidum. Initial infection with M.
tuberculosis is acquired by inhalation of aerosolized droplet nuclei.
Tuberculous meningitis in adults does not develop acutely from
hematogenous spread of tubercle bacilli to the meninges. Rather,
millet seed–sized (miliary) tubercles form in the parenchyma of the
brain during hematogenous dissemination of tubercle bacilli in the
course of primary infection. These tubercles enlarge and are usually
caseating. The propensity for a caseous lesion to produce meningitis is
determined by its proximity to the subarachnoid space (SAS) and the
rate at which fibrous encapsulation develops. Subependymal caseous
foci cause meningitis via discharge of bacilli and tuberculous antigens
into the SAS. Mycobacterial antigens produce an intense inflammatory reaction that leads to the production of a thick exudate that fills
the basilar cisterns and surrounds the cranial nerves and major blood
vessels at the base of the brain.
Fungal infections are typically acquired by the inhalation of airborne fungal spores. The initial pulmonary infection may be
asymptomatic or present with fever, cough, sputum production,
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and chest pain. The pulmonary infection is often self-limited. A localized pulmonary fungal infection can then remain dormant in the lungs
until there is an abnormality in cell-mediated immunity that allows the
fungus to reactivate and disseminate to the CNS. The most common
pathogen causing fungal meningitis is C. neoformans. This fungus is
found worldwide in soil and bird excreta. H. capsulatum is endemic to
the Ohio and Mississippi River valleys of the central United States and
to parts of Central and South America. C. immitis is endemic to the
desert areas of the southwest United States, northern Mexico, and
Argentina.
Syphilis is a sexually transmitted disease that is manifest by the
appearance of a painless chancre at the site of inoculation. T. pallidum
invades the CNS early in the course of syphilis. Cranial nerves VII and
VIII are most frequently involved.
LABORATORY DIAGNOSIS
The classic CSF abnormalities in tuberculous meningitis are as follows:
(1) elevated opening pressure, (2) lymphocytic pleocytosis (10–500
cells/μL), (3) elevated protein concentration in the range of 1–5
g/L, and (4) decreased glucose concentration in the range of 1.1–2.2
mmol/L (20–40 mg/dL). The combination of unrelenting headache, stiff
neck, fatigue, night sweats, and fever with a CSF lymphocytic pleocytosis
and a mildly decreased glucose concentration is highly suspicious for
tuberculous meningitis. The last tube of fluid collected at LP is the best
tube to send for a smear for acid-fast bacilli (AFB). If there is a pellicle in the CSF or a cobweb-like clot on the surface of the fluid, AFB
can best be demonstrated in a smear of the clot or pellicle. Positive
smears are typically reported in only 10–40% of cases of tuberculous
meningitis in adults. Cultures of CSF take 4–8 weeks to identify the
organism and are positive in ~50% of adults. Culture remains the gold
standard to make the diagnosis of tuberculous meningitis. PCR for the
detection of M. tuberculosis DNA should be sent on CSF if available,
but the sensitivity and specificity on CSF have not been defined. The
CDC recommends the use of nucleic acid amplification tests for the
diagnosis of pulmonary tuberculosis.
The characteristic CSF abnormalities in fungal meningitis are a
mononuclear or lymphocytic pleocytosis, an increased protein concentration, and a decreased glucose concentration. There may be
eosinophils in the CSF in C. immitis meningitis. Large volumes of CSF
are often required to demonstrate the organism on India ink smear or
grow the organism in culture. If spinal fluid examined by LP on two
separate occasions fails to yield an organism, CSF should be obtained
by high-cervical or cisternal puncture.
The cryptococcal polysaccharide antigen test is a highly sensitive
and specific test for cryptococcal meningitis. A reactive CSF cryptococcal antigen test establishes the diagnosis. The detection of the
Histoplasma polysaccharide antigen in CSF establishes the diagnosis
of a fungal meningitis but is not specific for meningitis due to H. capsulatum. It may be falsely positive in coccidioidal meningitis. The CSF
complement fixation antibody test is reported to have a specificity of
100% and a sensitivity of 75% for coccidioidal meningitis.
The diagnosis of syphilitic meningitis is made when a reactive
serum treponemal test (fluorescent treponemal antibody absorption test [FTA-ABS] or microhemagglutination assay–T. pallidum
[MHA-TP]) is associated with a CSF lymphocytic or mononuclear
pleocytosis and an elevated protein concentration, or when the CSF
Venereal Disease Research Laboratory (VDRL) test is positive. A reactive CSF FTA-ABS is not definitive evidence of neurosyphilis. The CSF
FTA-ABS can be falsely positive from blood contamination. A negative
CSF VDRL does not rule out neurosyphilis. A negative CSF FTA-ABS
or MHA-TP rules out neurosyphilis.
TREATMENT

Subacute Meningitis

Empirical therapy of tuberculous meningitis is often initiated on
the basis of a high index of suspicion without adequate laboratory
support. Initial therapy is a combination of isoniazid (300 mg/d),
rifampin (10 mg/kg per day), pyrazinamide (30 mg/kg per day in
divided doses), ethambutol (15–25 mg/kg per day in divided doses),
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