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890 given every 8 h and adjusted for serum levels and renal function). 
The combination of trimethoprim (10–20 mg/kg per day) and sulfa-
methoxazole (50–100 mg/kg per day) given every 6 h may provide 
an alternative in penicillin-allergic patients.

Staphylococcal Meningitis Meningitis due to susceptible strains of S. 
aureus or coagulase-negative staphylococci is treated with nafcillin 
(Table 164-3). Vancomycin is the drug of choice for methicillin-
resistant staphylococci and for patients allergic to penicillin. In these 
patients, the CSF should be monitored during therapy. If the CSF is 
not sterilized after 48 h of intravenous vancomycin therapy, then 
either intraventricular or intrathecal vancomycin, 20 mg once daily, 
can be added.

Gram-Negative Bacillary Meningitis The third-generation cephalosporins—
cefotaxime, ceftriaxone, and ceftazidime—are equally efficacious 
for the treatment of gram-negative bacillary meningitis, with the 
exception of meningitis due to P. aeruginosa, which should be 
treated with ceftazidime, cefepime, or meropenem (Table 164-3).  
A 3-week course of intravenous antibiotic therapy is recommended 
for meningitis due to gram-negative bacilli.

ADJUNCTIVE THERAPY
The release of bacterial cell-wall components by bactericidal anti-
biotics leads to the production of the inflammatory cytokines IL-1β 
and TNF-α in the subarachnoid space. Dexamethasone exerts its 
beneficial effect by inhibiting the synthesis of IL-1β and TNF-α at 
the level of mRNA, decreasing CSF outflow resistance, and stabiliz-
ing the blood-brain barrier. The rationale for giving dexamethasone 
20 min before antibiotic therapy is that dexamethasone inhibits 
the production of TNF-α by macrophages and microglia only if 
it is administered before these cells are activated by endotoxin. 
Dexamethasone does not alter TNF-α production once it has been 
induced. The results of clinical trials of dexamethasone therapy in 
meningitis due to H. influenzae, S. pneumoniae, and N. meningitidis 
have demonstrated its efficacy in decreasing meningeal inflamma-
tion and neurologic sequelae such as the incidence of sensorineural 
hearing loss.

A prospective European trial of adjunctive therapy for acute bac-
terial meningitis in 301 adults found that dexamethasone reduced 
the number of unfavorable outcomes (15 vs. 25%, p = .03) includ-
ing death (7 vs. 15%, p = .04). The benefits were most striking in 
patients with pneumococcal meningitis. Dexamethasone (10 mg 
intravenously) was administered 15–20 min before the first dose 
of an antimicrobial agent, and the same dose was repeated every 
6 h for 4 days. These results were confirmed in a second trial of 
dexamethasone in adults with pneumococcal meningitis. Therapy 
with dexamethasone should ideally be started 20 min before, or not 
later than concurrent with, the first dose of antibiotics. It is unlikely 
to be of significant benefit if started >6 h after antimicrobial therapy 
has been initiated. Dexamethasone may decrease the penetration 
of vancomycin into CSF, and it delays the sterilization of CSF in 
experimental models of S. pneumoniae meningitis. As a result, to 
assure reliable penetration of vancomycin into the CSF, children 
and adults are treated with vancomycin in a dose of 45–60 mg/kg  
per day. Alternatively, vancomycin can be administered by the intra-
ventricular route.

One of the concerns for using dexamethasone in adults with 
bacterial meningitis is that in experimental models of meningitis, 
dexamethasone therapy increased hippocampal cell injury and 
reduced learning capacity. This has not been the case in clinical 
series. The efficacy of dexamethasone therapy in preventing neuro-
logic sequelae is different between high- and low-income countries. 
Three large randomized trials in low-income countries (sub-Saharan 
Africa, Southeast Asia) failed to show benefit in subgroups of 
patients. The lack of efficacy of dexamethasone in these trials has 
been attributed to late presentation to the hospital with more 
advanced disease, antibiotic pretreatment, malnutrition, infection 
with HIV, and treatment of patients with probable, but not micro-
biologically proven, bacterial meningitis. The results of these clinical 

trials suggest that patients in sub-Saharan Africa and those in low-
income countries with negative CSF Gram’s stain and culture should 
not be treated with dexamethasone.

INCREASED INTRACRANIAL PRESSURE
Emergency treatment of increased ICP includes elevation of the 
patient’s head to 30–45°, intubation and hyperventilation (Paco2 
25–30 mmHg), and mannitol. Patients with increased ICP should be 
managed in an intensive care unit; accurate ICP measurements are 
best obtained with an ICP monitoring device.

Treatment of increased intracranial pressure is discussed in 
detail in Chap. 330.

PROGNOSIS
Mortality rate is 3–7% for meningitis caused by H. influenzae, N. 
meningitidis, or group B streptococci; 15% for that due to L. monocy-
togenes; and 20% for S. pneumoniae. In general, the risk of death from 
bacterial meningitis increases with (1) decreased level of consciousness 
on admission, (2) onset of seizures within 24 h of admission, (3) signs 
of increased ICP, (4) young age (infancy) and age >50, (5) the presence 
of comorbid conditions including shock and/or the need for mechani-
cal ventilation, and (6) delay in the initiation of treatment. Decreased 
CSF glucose concentration (<2.2 mmol/L [<40 mg/dL]) and markedly 
increased CSF protein concentration (>3 g/L [> 300 mg/dL]) have been 
predictive of increased mortality and poorer outcomes in some series. 
Moderate or severe sequelae occur in ~25% of survivors, although the 
exact incidence varies with the infecting organism. Common sequelae 
include decreased intellectual function, memory impairment, seizures, 
hearing loss and dizziness, and gait disturbances.

ACUTE VIRAL MENINGITIS

CLINICAL MANIFESTATIONS
Immunocompetent adult patients with viral meningitis usually pres-
ent with headache, fever, and signs of meningeal irritation coupled 
with an inflammatory CSF profile (see below). Headache is almost 
invariably present and often characterized as frontal or retroorbital 
and frequently associated with photophobia and pain on moving the 
eyes. Nuchal rigidity is present in most cases but may be mild and pres-
ent only near the limit of neck anteflexion. Constitutional signs can 
include malaise, myalgia, anorexia, nausea and vomiting, abdominal 
pain, and/or diarrhea. Patients often have mild lethargy or drowsiness; 
however, profound alterations in consciousness, such as stupor, coma, 
or marked confusion, do not occur in viral meningitis and suggest the 
presence of encephalitis or other alternative diagnoses. Similarly, sei-
zures or focal neurologic signs or symptoms or neuroimaging abnor-
malities indicative of brain parenchymal involvement are not typical 
of viral meningitis and suggest the presence of encephalitis or another 
CNS infectious or inflammatory process.

ETIOLOGY
Using a variety of diagnostic techniques, including CSF PCR, culture, 
and serology, a specific viral cause can be found in 60–90% of cases of 
viral meningitis. The most important agents are enteroviruses (including 
echoviruses and coxsackieviruses in addition to numbered enteroviruses), 
varicella-zoster virus (VZV), HSV (HSV-2 > HSV-1), HIV, and arbo-
viruses (Table 164-4). CSF cultures are positive in 30–70% of patients, 
with the frequency of isolation depending on the specific viral agent. 
Approximately two-thirds of culture-negative cases of “aseptic” meningi-
tis have a specific viral etiology identified by CSF PCR testing (see below).

EPIDEMIOLOGY
Viral meningitis is not a nationally reportable disease; however, it has 
been estimated that the incidence is ~60,000–75,000 cases per year. In 
temperate climates, there is a substantial increase in cases during the 
nonwinter months, reflecting the seasonal predominance of enterovi-
rus and arthropod-borne virus (arbovirus) infections in the summer 
and fall, with a peak monthly incidence of about 1 reported case per 
100,000 population.
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