TREATMENT

Acute Bacterial Meningitis

SPECIFIC ANTIMICROBIAL THERAPY
Meningococcal Meningitis (Table 164-3) Although ceftriaxone and
cefotaxime provide adequate empirical coverage for N. meningitidis, penicillin G remains the antibiotic of choice for meningococcal
meningitis caused by susceptible strains. Isolates of N. meningitidis
with moderate resistance to penicillin have been identified and are
increasing in incidence worldwide. CSF isolates of N. meningitidis
should be tested for penicillin and ampicillin susceptibility, and if
resistance is found, cefotaxime or ceftriaxone should be substituted
for penicillin. A 7-day course of intravenous antibiotic therapy is
adequate for uncomplicated meningococcal meningitis. The index
case and all close contacts should receive chemoprophylaxis with a
2-day regimen of rifampin (600 mg every 12 h for 2 days in adults
and 10 mg/kg every 12 h for 2 days in children >1 year). Rifampin is
not recommended in pregnant women. Alternatively, adults can be
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Organism
Neisseria meningitides
Penicillin-sensitive
Penicillin-resistant
Streptococcus pneumoniae
Penicillin-sensitive
Penicillin-intermediate
Penicillin-resistant
Gram-negative bacilli (except
Pseudomonas spp.)
Pseudomonas aeruginosa
Staphylococci spp.
Methicillin-sensitive
Methicillin-resistant
Listeria monocytogenes
Haemophilus influenzae
Streptococcus agalactiae
Bacteroides fragilis
Fusobacterium spp.

Antibiotic
Penicillin G or ampicillin
Ceftriaxone or cefotaxime
Penicillin G
Ceftriaxone or cefotaxime or cefepime
Ceftriaxone (or cefotaxime or cefepime)
+ vancomycin
Ceftriaxone or cefotaxime
Ceftazidime or cefepime or meropenem
Nafcillin
Vancomycin
Ampicillin + gentamicin
Ceftriaxone or cefotaxime or cefepime
Penicillin G or ampicillin
Metronidazole
Metronidazole

Doses are as indicated in Table 164-1.

a

treated with one dose of azithromycin (500 mg) or one intramuscular dose of ceftriaxone (250 mg). Close contacts are defined as those
individuals who have had contact with oropharyngeal secretions,
either through kissing or by sharing toys, beverages, or cigarettes.
Pneumococcal Meningitis Antimicrobial therapy of pneumococcal
meningitis is initiated with a cephalosporin (ceftriaxone, cefotaxime,
or cefepime) and vancomycin. All CSF isolates of S. pneumoniae
should be tested for sensitivity to penicillin and the cephalosporins.
Once the results of antimicrobial susceptibility tests are known,
therapy can be modified accordingly (Table 164-3). For S. pneumoniae meningitis, an isolate of S. pneumoniae is considered to be
susceptible to penicillin with a minimal inhibitory concentration
(MIC) <0.06 μg/mL and to be resistant when the MIC is >0.12 μg/
mL. Isolates of S. pneumoniae that have cephalosporin MICs ≤0.5
μg/mL are considered sensitive to the cephalosporins (cefotaxime,
ceftriaxone, cefepime). Those with MICs of 1 μg/mL are considered
to have intermediate resistance, and those with MICs ≥2 μg/mL are
considered resistant. For meningitis due to pneumococci, with cefotaxime or ceftriaxone MICs ≤0.5 μg/mL, treatment with cefotaxime
or ceftriaxone is usually adequate. For MIC >1 μg/mL, vancomycin
is the antibiotic of choice. Rifampin can be added to vancomycin
for its synergistic effect but is inadequate as monotherapy because
resistance develops rapidly when it is used alone.
A 2-week course of intravenous antimicrobial therapy is recommended for pneumococcal meningitis.
Patients with S. pneumoniae meningitis should have a repeat LP
performed 24–36 h after the initiation of antimicrobial therapy to
document sterilization of the CSF. Failure to sterilize the CSF after
24–36 h of antibiotic therapy should be considered presumptive
evidence of antibiotic resistance. Patients with penicillin- and cephalosporin-resistant strains of S. pneumoniae who do not respond to
intravenous vancomycin alone may benefit from the addition of
intraventricular vancomycin. The intraventricular route of administration is preferred over the intrathecal route because adequate
concentrations of vancomycin in the cerebral ventricles are not
always achieved with intrathecal administration.

CHAPTER 164 Meningitis, Encephalitis, Brain Abscess, and Empyema

EMPIRICAL ANTIMICROBIAL THERAPY
(Table 164-1) Bacterial meningitis is a medical emergency. The
goal is to begin antibiotic therapy within 60 min of a patient’s
arrival in the emergency room. Empirical antimicrobial therapy is
initiated in patients with suspected bacterial meningitis before the
results of CSF Gram’s stain and culture are known. S. pneumoniae
(Chap. 171) and N. meningitidis (Chap. 180) are the most common
etiologic organisms of community-acquired bacterial meningitis.
Due to the emergence of penicillin- and cephalosporin-resistant S.
pneumoniae, empirical therapy of community-acquired suspected
bacterial meningitis in children and adults should include a combination of dexamethasone, a third- or fourth-generation cephalosporin
(e.g., ceftriaxone, cefotaxime, or cefepime), and vancomycin, plus
acyclovir, as HSV encephalitis is the leading disease in the differential
diagnosis, and doxycycline during tick season to treat tick-borne
bacterial infections. Ceftriaxone or cefotaxime provides good coverage for susceptible S. pneumoniae, group B streptococci, and H.
influenzae and adequate coverage for N. meningitidis. Cefepime is a
broad-spectrum fourth-generation cephalosporin with in vitro activity similar to that of cefotaxime or ceftriaxone against S. pneumoniae
and N. meningitidis and greater activity against Enterobacter species
and Pseudomonas aeruginosa. In clinical trials, cefepime has been
demonstrated to be equivalent to cefotaxime in the treatment of
penicillin-sensitive pneumococcal and meningococcal meningitis,
and it has been used successfully in some patients with meningitis
due to Enterobacter species and P. aeruginosa. Ampicillin should be
added to the empirical regimen for coverage of L. monocytogenes
in individuals <3 months of age, those >55, or those with suspected impaired cell-mediated immunity because of chronic illness,
organ transplantation, pregnancy, malignancy, or immunosuppressive
therapy. Metronidazole is added to the empirical regimen to cover
gram-negative anaerobes in patients with otitis, sinusitis, or mastoiditis. In hospital-acquired meningitis, and particularly meningitis following neurosurgical procedures, staphylococci and gram-negative
organisms including P. aeruginosa are the most common etiologic
organisms. In these patients, empirical therapy should include a combination of vancomycin and ceftazidime, cefepime, or meropenem.
Ceftazidime, cefepime, or meropenem should be substituted for ceftriaxone or cefotaxime in neurosurgical patients and in neutropenic
patients, because ceftriaxone and cefotaxime do not provide adequate activity against CNS infection with P. aeruginosa. Meropenem
is a carbapenem antibiotic that is highly active in vitro against L.
monocytogenes, has been demonstrated to be effective in cases of
meningitis caused by P. aeruginosa, and shows good activity against
penicillin-resistant pneumococci. In experimental pneumococcal
meningitis, meropenem was comparable to ceftriaxone and inferior
to vancomycin in sterilizing CSF cultures. The number of patients
with bacterial meningitis enrolled in clinical trials of meropenem has
not been sufficient to definitively assess the efficacy of this antibiotic.
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TABLE 164-3 A ntimicrobial Therapy of Central Nervous System
Bacterial Infections Based on Pathogena

Listeria Meningitis Meningitis due to L. monocytogenes is treated
with ampicillin for at least 3 weeks (Table 164-3). Gentamicin is added
in critically ill patients (2 mg/kg loading dose, then 7.5 mg/kg per day
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