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Acute bacterial meningitis is still an important cause of morbidity and mortali-Abstract
ty in children worldwide. Recently, Haemophilus influenzae type b (Hib), once a
common cause of meningitis, has virtually disappeared in developed nations,
reflecting the overwhelming success of Hib vaccination. Unfortunately, Hib
remains a significant pathogen in resource-poor countries. The introduction of the
conjugated pneumococcal vaccine in 2000 may lead to similar future trends as
witnessed with Hib. As the resistance of Streptococcus pneumoniae to penicillin
and cephalosporins continues to evolve, vancomycin has become an important
antibacterial in the treatment of bacterial meningitis. The unreliable penetration of
this agent into cerebrospinal fluid is of concern, which is compounded by the
controversial use of corticosteroids in paediatric meningitis. Some data suggest
that in certain situations the addition of rifampicin (rifampin) to ceftriaxone may
be a better choice. While dexamethasone is now considered the standard adjunc-
tive therapy in the treatment of pneumococcal meningitis in adult patients, the
benefit in children is not so clear and remains controversial; thus, there is no
definitive paediatric recommendation. Several anti-inflammatory agents currently
under investigation may be used in the future as adjunctive therapy for bacterial
meningitis.

It is clear that the current concepts in the treatment of childhood bacterial
meningitis are evolving, and other antibacterial options and possible alternatives
such as carbapenems and fluoroquinolones should be considered. Fluid restriction
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because of the Syndrome of Inappropriate Antidiuretic Hormone Secretion is
widely advocated and used. Yet, this practice was recently challenged. It seems
that most patients with meningitis do not need fluid restriction. The overwhelming
success of the conjugated Hib vaccine and the encouraging results of the new
conjugated pneumococcal and meningococcal vaccines suggest that the ideal
management of bacterial meningitis is prevention and vaccines development
against the most common bacterial agents are the best solution.

Acute bacterial meningitis remains an important ported, the unreliable penetration of vancomycin
into the CNS may become a major therapeutic issue.cause of high morbidity and mortality in the paedia-

tric population worldwide. In developed countries During the era when Hib was a common cause of
meningitis, the adjunctive use of dexamethasoneover the past 2 decades, two major changes have
was common practice when initiating therapy. Pres-occurred in the epidemiology of bacterial meningi-
ently, the use of dexamethasone for meningitistis; both have significantly altered the management
caused by other bacteria is controversial rather thanand empirical therapy of this disease (mostly in
universally accepted. In a recent study of adult pa-developed countries). First, Haemophilus influenzae
tients with meningitis, a significant decrease in mor-type b (Hib), which once accounted for 70% of
tality was associated with the concomitant use ofbacterial meningitis cases in children <5 years of
dexamethasone.[8] Should these results be consid-age,[1] has been virtually eradicated in those coun-
ered when caring for the paediatric patient withtries that introduced immunisation of infants with
meningitis? As the aetiological agents of bacterialconjugate Hib vaccines. As a result, Streptococcus
meningitis and antibacterial resistance patternspneumoniae has become the most common patho-
change, it is certainly important to discuss modifica-gen beyond the neonatal period[2] and the median
tions in the management of paediatric patients withage of patients with bacterial meningitis has in-
this disease.creased from 15 months to 25 years with a predomi-

nance of adults rather than children. Unfortunately,
1. Aetiological Agentsin many resource-poor countries, where the Hib

vaccine is not available, invasive Hib diseases (in-
This review focuses on bacterial meningitis in the

cluding meningitis) are still common and an estimat-
otherwise healthy child beyond the neonatal and

ed 350 000–700 000 children die from this infection
early infant period (age ≥3 months). In developed

every year.[3] In addition, at least 1.2 million cases of
countries, the likelihood of Hib meningitis in a child

meningococcal meningitis worldwide (with 10%
who has received at least two doses of Hib vaccine is

mortality) occur each year (apart from epidemics
exceedingly rare. As a result of routine Hib vaccina-

that occur periodically in sub-Saharan Africa, the tion, the incidence of invasive Hib disease in the US
Middle East, India and China). has declined by at least 97%, from 41 cases per

A second major epidemiological change is the 100 000 (1987) to 1.3 cases per 100 000 (1997).[9]

emergence of penicillin and cephalosporin-resistant The decline in Hib disease has caused S.
S. pneumoniae. In 1967, penicillin-resistant pneumoniae to become the most common aetiologi-
S. pneumoniae strains were first reported,[4] and cal agent of bacterial meningitis. In 1995, the US
multi-drug resistance is now a worldwide phenome- Centers for Disease Control and Prevention (CDC)
non.[5,6] As a result, a third-generation cephalosporin performed a multistage surveillance study of bacte-
plus vancomycin has become the standard recom- rial meningitis and reported S. pneumoniae as the
mendation for empirical therapy for bacterial men- most commonly identified agent (47%), followed by
ingitis.[7] As cephalosporin-resistant strains are re- Neisseria meningitidis (25%) and group B strepto-
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cocci (12%).[10] Hib remains a common pathogen in of the CSF, or bacteriological cure, depends on the
resource-poor nations where Hib vaccination is not antibacterial agent(s) used. Several factors are im-
readily available. portant for the rapid CSF sterilisation which is re-

quired for optimal therapy. For β-lactam therapy,Although S. pneumoniae is currently the most
there is a significant correlation between increasingcommonly isolated agent, its epidemiology contin-

ues to evolve as a result of the introduction of the drug concentration in the CSF and increasing bacte-
conjugate pneumococcal vaccine in early 2000. In ricidal rates. Maximal bactericidal activity occurs
the US, widespread use of this vaccine has already when the CSF concentration is 10–30 times higher
led to a reduction in the incidence of paediatric than the in vitro broth minimal bactericidal concen-
invasive pneumococcal disease; the CDC reported a tration (MBC).[19] The aminoglycosides and fluoro-
59% decline in the rate of pneumococcal meningitis quinolones also exhibit an excellent correlation be-
from 1998 to end of 2001.[11] The same results (66% tween the CSF concentrations and the bactericidal
reduction) were recently reported by Kaplan et al.[12] activity (i.e. the higher the concentration, the better

The peak incidence of meningococcal disease the bacterial killing).[20-22] The maximum bacterici-
occurs in the first year of life, and 35–40% of cases dal activity of vancomycin occurred when the CSF
occur in children <5 years of age.[13,14] In The concentrations were five to ten times higher than the
Netherlands, the case fatality rate during a meningo- MBC.[23] In contrast, increasing the CSF concentra-
coccal meningitis epidemic in 1989–90 was tions of rifampicin (rifampin) were not associated
4.6%.[15] Recently, an increase in clusters of menin- with increased killing rate.[24]

gococcal disease due to N. meningitidis serogroup C The CSF penetration of an antibacterial depends
was reported from various developed countries (e.g. on the integrity of the blood-brain barrier (BBB) and
Canada, the US, England, Spain). The use of conju- the physical and chemical characteristics of the
gate meningococcal C vaccine has been effective in

drug. For example, β-lactam antibacterials penetrate
terminating the spread of this infection. For exam-

poorly in the setting of a normal BBB (approximate-
ple, an overall reduction of 86.7% in the incidence

ly 0.5–2.0% of peak serum concentrations). Howev-
of serogroup C infection occurred in the UK from

er, in the setting of meningitis, β-lactam penetration
1999 to 2001, with a concomitant decrease in

across the BBB is significantly enhanced (up to 55%deaths, from 67 in 1999 to 5 in 2001.[16] In sub-
of the peak serum concentration). As demonstratedSaharan Africa, N. meningitidis remains the most
in the rat meningitis model, the improved penetra-frequently isolated organism, accounting for up to
tion results from separation of the intercellular tight61% of cases.[17] Cyclical epidemics of meningococ-
junctions and increased vesicular transport.[25] Tocal meningitis, which occur every 5–10 years during
ensure optimal penetration of the antibacterial intothe dry months, may result in >300 000 cases (with
the CNS, maximal parenteral dose administration10% mortality).[18] Serogroup A has been the most
should be maintained for the entire treatment course;common cause of epidemic and endemic meningo-
as meningeal inflammation decreases with therapy,coccal disease; however, a shift to serogroup W135
antibacterial penetration across the BBB diminisheshas occurred recently during the Hajj (pilgrimage)
(e.g. CSF penicillin concentrations were reduced byseason.
almost 50% on day 5 of therapy compared with day
1[26]). Certain characteristics of the antibacterial2. Principles of Antibacterial Therapy
agent itself may also alter its ability to penetrate the
BBB. Factors that improve the ability of a drug toThe cerebrospinal fluid (CSF) has poor ability to
cross the BBB include a low molecular weight,respond to bacterial infection. It is a fluid with
simple chemical structure, high lipid solubility, lowinadequate immunoglobulin and complement activi-
degree of protein binding and low degree of ionisa-ty, resulting in impaired ability to opsonise and
tion.[27] Of note, vancomycin can penetrate the CSFphagocytise infecting organisms. Thus, sterilisation
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only if the BBB has been damaged significantly, timing of antibacterial administration upon clinical
which may explain the wide range of CSF concen- outcome could not find a correlation between the
trations during meningitis.[28] duration of symptoms before antibacterials were

initiated and the clinical outcome. Aronin et al.[31]
In the setting of purulent meningitis, the an-

studied a prognostic model for 269 adults with bac-tibacterials used have varying bactericidal effects.
terial meningitis and showed that the impact onThe protein-rich environment of purulent meningitis
clinical outcome varied with the initial severity ofmay decrease the activity of β-lactams. These
illness at presentation and not with a specific timeantibacterials are highly protein-bound, but it is the
delay in the administration of the first dose of an-free (unbound) drug that is needed for a bactericidal
tibacterial.[31] Hypotension, altered mental statuseffect. The decreased pH in CSF during purulent
and seizures at presentation were associated withmeningitis may alter the activity of certain classes of
poorer outcome. Thus, a delay in treatment (even upantibacterials, such as the aminoglycosides. In addi-
to 72–96 hours), when a patient has presented with ation, the elimination of some drugs from the CSF
nonspecific illness, will not alter the risk of seque-(e.g. penicillin) is slowed by the inflammatory re-
lae.[32] In patients with overt symptoms of meningi-sponse, allowing higher concentrations in the
tis, a delay in starting therapy may increase the riskCSF.[29]

of sequelae, depending on the combinations of
An understanding of the pharmacodynamic char-

presenting symptoms mentioned earlier.
acteristics of a therapeutic agent in the CSF is also
important when choosing appropriate dose adminis- 3. Antibacterial Agents
tration regimens. Antibacterial activity can display
two patterns of killing, either concentration- or time- Empirical therapy of a child with suspected bac-
dependent. In concentration-dependent killing, the terial meningitis is based on the most likely patho-
drug displays bacterial killing over a wide range of gens for the patient’s age and susceptibility patterns
antibacterial concentrations that exceed the mini- in that geographical location. Once the organism is
mum inhibitory concentration (MIC). There is a identified and its antibacterial susceptibilities deter-
direct correlation between the achieved drug con- mined, therapy should be modified as needed.
centrations and the rate of bacterial killing. This

3.1 Streptococcus pneumoniaepattern is seen with the aminoglycosides and fluoro-
quinolones, where increasing CSF concentrations

The recommendations for antibacterial therapy
resulted in higher rates of bacterial killing which

for pneumococcal meningitis are based on current in
allows for less frequent dose administration.[30]

vitro susceptibility patterns (table I). Currently, in
The second pattern of killing is time-dependent some geographical areas of the US >40% of pneu-

killing. For these antibacterials, the most important mococcal isolates from sterile body sites (not exclu-
factor for bactericidal activity is the length of time
that the CSF concentration is higher than the MIC
and/or the MBC. The time above the MBC corre-
lates better with efficacy. With these agents (e.g.
vancomycin and the β-lactams), bactericidal activity
is reached by giving the drug at frequent intervals, in
order to keep the concentration of the drug above the
MIC for the longest time period possible.[30]

It is generally believed that even a short delay in
initiation of antibacterial therapy for bacterial men-
ingitis will have a deleterious effect on the outcome.
Yet, most studies that examined the impact of the

Table I. National Committee for Clinical Laboratory Standards mini-
mal inhibitory concentration breakpoints for antibacterial agents
used to treat Streptococcus pneumoniae infections[37]

Antibacterial agent Susceptible Nonsusceptible (µg/mL)

(µg/mL) intermediate resistant

Penicillin ≤0.06 0.1–1.0 ≥2.0

Ceftriaxone ≤0.5 1.0 ≥2.0

Cefotaxime ≤0.5 1.0 ≥2.0

Vancomycin ≤1.0

Rifampicin ≤1.0 2.0 ≥4.0

Chloramphenicol ≤4.0 ≥8.0

Meropenem ≤0.12 ≥0.25
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Table II. Antibacterial therapy suggestions for children with bacterial meningitis

Organism Antibacterial of choice Alternatives

Neisseria meningitidis

Sensitivity unknown Ceftriaxone or cefotaxime Chloramphenicol

Penicillin susceptible Penicillin or ceftriaxone or cefotaxime Ampicillin or chloramphenicol

Penicillin resistant Ceftriaxone or cefotaxime Chloramphenicol

β-Lactam allergy Chloramphenicol

Haemophilus influenzae

Sensitivity unknown Cefotaxime or ceftriaxone or ampicillin plus
chloramphenicol

Ampicillin susceptible Ampicillin or cefotaxime or ceftriaxone Chloramphenicol

Ampicillin resistant Cefotaxime or ceftriaxone Chloramphenicol

β-Lactam allergy Chloramphenicol

Streptococcus pneumoniae

Sensitivity unknown Cefotaxime or ceftriaxone plus vancomycin Chloramphenicol

Penicillin susceptible Penicillin or cefotaxime or ceftriaxone Ampicillin or chloramphenicol

Penicillin intermediate or resistant Cefotaxime or ceftriaxone Chloramphenicol

Cephalosporin nonsusceptible Cefotaxime or ceftriaxone plus vancomycina Chloramphenicol or meropenem
Cefotaxime or ceftriaxone plus rifampicin (rifampin)a,b

β-Lactam allergy Vancomycin plus rifampicin Meropenem

a Do not use as monotherapy.

b Only if minimal bactericidal concentration ≤4 µg/mL.

sively CSF) are nonsusceptible to benzylpenicillin trations may not be sustained, especially in the set-
(penicillin G) and up to 50% of these isolates are ting of less inflamed meninges. In a study of 11
highly resistant. Approximately half of these peni- adults with pneumococcal meningitis, four patients
cillin-nonsusceptible strains are also nonsusceptible had clinical failure with vancomycin monother-
to both ceftriaxone and cefotaxime.[33] Although apy.[38] In two of these patients, CSF drug concen-
CSF isolates are somewhat less resistant to these trations were undetectable at 48 hours after onset of
antibacterials, the percentage is still high. For exam- therapy. Concomitant use of dexamethasone and
ple, in a recent multicentre surveillance of only CSF variability in serum concentrations were thought to
isolates, approximately 20% were penicillin nonsus- be a possible contributors to these failures. Although
ceptible and 7% were ceftriaxone nonsusceptible.[34] the combination of vancomycin with a third-genera-
Resistance to penicillin and third-generation tion cephalosporin seems to be effective, careful
cephalosporins has also been reported worldwide. monitoring of patients receiving this combination is
Thus, the American Academy of Pediatrics (AAP) needed. While limited data suggest that CSF vanco-
currently recommends empirical combination ther- mycin concentrations exceed the MBC90 for S.
apy with vancomycin and cefotaxime or ceftriax- pneumoniae (2- to 6-fold),[36] these concentrations
one.[33] It was suggested that this combination is are not consistently 5- to 10-fold higher, which is the
synergistic in experimental pneumococcal meningi- concentration needed for maximal bactericidal kill-
tis[35] and in children (table II).[36]

ing. There is evidence that delayed sterilisation of
the CSF can contribute to a worse outcome.[39] TheAt present, pneumococcal resistance to vanco-
wide variation in vancomycin penetration into themycin has not been reported; however, treatment
CSF may result in lower drug concentrations andfailure with vancomycin (both as monotherapy and
slower sterilisation that will affect the clinical out-combination therapy) has been reported. Monother-
come. This effect may be exaggerated when vanco-apy with vancomycin is not recommended, as CSF

penetration is inconsistent and bactericidal concen- mycin is given with dexamethasone.[40] It is possible
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that with the increase in S. pneumoniae resistance to niae, caution should be taken in using this combina-
tion if the isolated strain is highly resistant tothird-generation cephalosporins, the ‘protective ef-
cephalosporins. Additional trials are needed to in-fect’ of these agents against vancomycin failures as
vestigate whether the beneficial effect of rifampicina result of poor CSF penetration will be diminished
shown in the animal model of pneumococcal menin-and treatment failures with the combination will
gitis makes it the preferred drug over vancomycin.occur.
Many other features of rifampicin suggest that itWhile pneumococcal resistance to vancomycin
may be a better choice.

has not been reported, the development of drug
As penicillin and cephalosporin resistance con-tolerance (i.e. the organism is unable to replicate but

tinues to emerge, other antibacterials have beenis not killed) was recently observed. In 1999, a
evaluated as alternative options, including thecephalosporin- and vancomycin-tolerant strain of
carbapenems. Imipenem/cilastatin is associated withS. pneumoniae was isolated from the CSF of a
a high incidence of drug-related seizure activity;patient whose symptoms recurred while receiving
thus, its usefulness is limited in the treatment oftherapy with vancomycin and a third-generation
CNS infections. However, meropenem is consideredcephalosporin.[41] The isolate was also tolerant to
to be an alternative therapeutic agent for bacterialaminoglycosides and fluoroquinolones. The sensi-
meningitis in children ≥3 months of age. In a studytivity to rifampicin was not reported. Thus, if a
comparing the efficacy and safety of meropenem topatient with bacterial meningitis demonstrates
that of cefotaxime, no significant difference inclinical failure, a poor response to therapy or disease
clinical outcome was found between the two treat-recurrence once therapy is discontinued, clinicians
ment groups. Clinical cure with or without sequelaeshould have a high index of suspicion for vanco-
was reached in 97% and 96% of the meropenem-mycin failure due to poor penetration or to a tolerant
and cefotaxime-treated patients, respectively.[44] Atstrain. It should be noted that no additional
the 5- to 7-week follow-up, 54% of the meropenem-cephalosporin- and vancomycin-tolerant pneumo-
and 58% of the cefotaxime-treated patients werecoccus strain has been isolated to date.
without neurological sequelae.

The addition of rifampicin to ceftriaxone has
Cefuroxime, a second-generation cephalosporin,been demonstrated to result in significantly en-

is not recommended for the treatment of pneumo-hanced CSF bactericidal activity compared with that
coccal meningitis. It became less favoured for theof ceftriaxone alone against cephalosporin-resistant
empirical treatment of bacterial meningitis whenstrains.[36] In addition, this combination reduced
clinical trials demonstrated superior results withmortality by almost 50% in the animal meningitis
third-generation cephalosporins in the treatment ofmodel,[42] probably by decreasing the release of
meningitis. Ceftriaxone (compared with cefurox-teichoic and lipoteichoic acids from pneumococci,
ime) was shown to sterilise CSF faster (2% vs 12%which modulated the magnitude of the inflammato-
CSF cultures positive at 18–36 hours) and resultedry response.[43] Other data show that the CSF pene-
in a lower incidence of hearing loss (4% vs 17%).[39]

tration of rifampicin is excellent and is unaffected
However, it is important to note that all patients withby the concomitant use of dexamethasone. For these
delayed CSF sterilisation had Hib infection. In addi-reasons, rifampicin instead of vancomycin as ad-
tion, of the 11 patients who developed hearing im-junct to a third-generation cephalosporin is recom-
pairment, 8 (73%) had Hib meningitis, 2 (18%) hadmended by some investigators, especially if dex-
S. pneumoniae and 1 (9%) had N. meningitidis in-amethasone is used (table II). Rifampicin should
fection.never be used alone for treatment, as resistance will

develop rapidly. In addition, although limited data The new fluoroquinolones are more effective
suggest that rifampicin maybe synergistic with cef- than cephalosporins in vitro against pneumococci
triaxone against cephalosporin-resistant S. pneumo- and H. influenzae.[45] An in vitro comparison of the
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activity of moxifloxacin, penicillin, ceftriaxone and should be limited to patients where other antibacteri-
als cannot be used or have failed.ciprofloxacin against S. pneumoniae demonstrated

that moxifloxacin was 32-fold more active than Linezolid, an oxazolinidone, has been shown to
ciprofloxacin and was not affected by penicillin and be effective in vitro against multi-resistant Gram-
cephalosporin resistance.[46] In a rabbit meningitis positive organisms, including S. pneumoniae.
model, gemifloxacin reduced bacterial titres in CSF Linezolid is only marginally bactericidal in vitro at
almost as rapidly as ceftriaxone; coadministration of concentrations five and ten times above the MIC.
dexamethasone did not affect gemifloxacin serum or The penetration of the drug into ventricular fluid
CSF concentrations.[47] In another rabbit model, ga- (which may equal lumbar CSF concentrations) was
tifloxacin was found to have excellent CNS penetra- excellent even without inflammation.[53] Little is
tion and was effective monotherapy against known about the effectiveness of linezolid in pneu-
cephalosporin-resistant pneumococci.[48] Successful mococcal CNS infections. There have been several
treatment with ciprofloxacin and pefloxacin of reports of successful use of linezolid for vanco-
nosocomial meningitis in adults and newborns has mycin-resistant enterococcal meningitis.[54,55] In the
been reported.[49] Thus, although not standard ther- rabbit model, linezolid showed good penetration
apy, the fluoroquinolones have been investigated for into the meninges but was less effective than cef-
use in CNS infections. Trovafloxacin was found to triaxone against penicillin-sensitive strains of S.
be as effective as ceftriaxone in a large paediatric pneumoniae.[56] Linezolid had inferior killing rates
study;[50] however, concerns regarding trovaflox- against a penicillin-resistant strain of pneumococcus
acin-related hepatic toxicity prompted withdrawal compared with combination therapy with ceftriax-
of this fluoroquinolone from the market. one and vancomycin. Further investigation is re-

quired to determine if the use of linezolid for pneu-The excellent activity and substantial CSF pene-
mococcal meningitis will be beneficial.tration of the fluoroquinolones (20–60% of peak

Chloramphenicol resistance among pneumococciserum concentrations, even without meningeal in-
was reported in 1970. Unfortunately, high rates offlammation or dexamethasone coadministration)
resistance were reported from many resource-poormay make them a promising option in pneumococ-
countries (e.g. Southeast Asia and Africa) wherecal meningitis caused by multi-resistant organisms
chloramphenicol is affordable.[57] In addition, unsat-in children. However, several drawbacks of this
isfactory outcomes (due to poor bactericidal activitygroup of drugs should be kept in mind. The muta-
of this drug against pneumococci) were also report-tions that cause decreased susceptibility to the
ed when chloramphenicol was used to treat meningi-fluoroquinolones develop spontaneously at a fre-
tis.[58]

quency of 1 in 106 to 109. This rate is comparable
with the development of resistance to rifampicin. In The recommended duration of therapy for un-
paediatric patients with pneumococcal meningitis, complicated pneumococcal meningitis, 10–14 days,
there maybe >108/mL infecting organisms in the is not based on scientific data. In the pneumococcal
CSF. Thus, resistance may develop during treatment meningitis animal model, adequate CSF sterilisation
or as a result of exposure to a person who had been was demonstrated after only 8 hours of penicillin
treated previously with a fluoroquinolone. The therapy.[59] A randomised clinical trial of 4 versus 7
emergence of fluoroquinolone-resistant S. pneumo- days of ceftriaxone for uncomplicated bacterial
niae is rapidly increasing[51,52] and routine suscepti- meningitis resulted in effective treatment of all chil-
bility testing is currently not recommended. Thus, dren with S. pneumoniae meningitis.[60] Patients
the choice of empirical therapy with a fluoroqui- were followed for 3 months after hospital discharge,
nolone will be difficult. In addition, the use of and none experienced neurological sequelae or re-
fluoroquinolones in children with meningitis is cur- lapse; however, the study was limited by a small
rently not approved by the US FDA. Their usage sample size. Because shorter lengths of therapy
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would be beneficial in areas where resources are 3.3 Neisseria meningitidis
limited, further studies are needed to evaluate if

Penicillin resistance in N. meningitidis has beenlength of therapy for meningitis due to highly resis-
documented worldwide.[68-70] The majority of resis-tant pneumococcal strains can be shortened to ≤1
tant isolates are moderately penicillin susceptible,week.
with MIC values for penicillin of 0.12–1.0 µg/
mL.[71] High-dose benzylpenicillin (250 000 U/kg/

3.2 Haemophilus influenzae Type B day divided every 4–6 hours) is effective therapy
against these moderately susceptible strains.[71]

The recommended initial therapy for Hib menin- However, it has been suggested that the outcome is
poorer.[72] Thus, a third-generation cephalosporin orgitis is a third-generation cephalosporin or chloram-
chloramphenicol should be used for meningococcalphenicol (table II).[7] Empirical monotherapy with
meningitis until the penicillin susceptibility of theampicillin is not recommended, as β-lactamase-pro-
organism is available (table II). There have been noducing strains of Hib account for up to 34% of
reports of treatment failure with third-generationisolates worldwide.[6] In resource-poor countries,
cephalosporins. Chloramphenicol remains the first-chloramphenicol continues to be widely used be-
line therapy in resource-poor countries because ofcause of its availability and low cost. However, Hib
its availability, low cost and ease of administration.resistance to chloramphenicol is well de-
Unfortunately, recent reports documented a high

scribed.[61,62] In addition, chloramphenicol was
level of chloramphenicol resistance among menin-

found to be inferior to cefotaxime and ceftriaxone in gococci.[73] As sensitivity patterns continue to
a prospective study.[63] The third-generation evolve, surveillance for resistant patterns must con-
cephalosporins have a significantly better efficacy tinue globally to document the distribution of resis-
and safety profile than chloramphenicol, and so tant strains and, if necessary, to change recommen-
ceftriaxone or cefotaxime are the drugs of choice in dations for therapy.
developed nations. The second-generation The current recommended length of therapy for
cephalosporins are not recommended as they have a meningococcal meningitis is 7 days.[71] However,
slower rate of sterilisation and are associated with significantly shorter courses of therapy have proven
higher sequelae rate.[64] Although cefepime[65] and effective. A single dose of long-acting penicillin or

chloramphenicol has each been used successful-meropenem[44] have shown efficacy and safety com-
ly.[74,75] Additional studies found 3 or 4 days ofparable with third-generation cephalosporins, they
antibacterial therapy to be effective.[76,77]should be rarely used because clinical experience is

limited, particularly in cases with S. pneumoniae
4. Adjunctive Dexamethasone Therapyresistant to penicillin and/or cefotaxine.

The recommended length of therapy for uncom-
The inflammatory process associated with bacte-

plicated Hib meningitis in the US is 10 days.[66] In a
rial meningitis is due to bacterial products that stim-

study comparing 7 with 10 days of therapy, 7 days ulate massive cytokine release into the subarachnoid
was found to be just as effective treatment.[67] In space.[3] This inflammatory response is important in
addition, in a study that compared 4 with 7 days of the pathophysiology of bacterial meningitis and can
ceftriaxone for uncomplicated bacterial meningitis, lead to permanent neurological sequelae, including
there was no difference in clinical outcome between (most commonly) hearing loss. Various anti-inflam-
the two small treatment groups.[60] Thus, the length matory agents have been successful in reducing the
of therapy can be shortened in most patients and the harmful effect of the inflammatory response in
ultimate length of therapy should be individualised animal models of bacterial meningitis.[3] Currently,
on the basis of the clinical response of each patient. corticosteroids (given before or concomitantly with
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antibacterials) are the only anti-inflammatory agent that “the statistical significance of protection from
early dexamethasone was vulnerable to exclusion ofthat have shown efficacy in humans.
this study. Without the Egyptian study, the oddsThe benefit of dexamethasone in the treatment of
ratio for early dexamethasone became 0.3 (95% CI,bacterial meningitis in children was evaluated in a
0.03–1.84; p = 0.26)”;[78] the statistical significancemeta-analysis of clinical trials published between
of a beneficial effect of dexamethasone is lost. In a1988 and 1996.[78] It was concluded that, for Hib
retrospective study of 97 children with pneumococ-meningitis, there was significant benefit of adjunc-
cal meningitis (41 of whom received dex-tive dexamethasone (0.15 mg/kg every 6 hours for 2
amethasone and 56 who did not), no significant

days). This benefit was most significant regarding
differences between the treatment groups were

prevention of hearing loss. However, the benefit of
found in regard to presence of seizures, subdural

dexamethasone for pneumococcal meningitis was
effusions, hydrocephalus or death. In addition, no

not definitive. As Hib meningitis has now been
differences in neurological or audiological outcome

virtually eradicated in the developed world, the em-
were found at 6 weeks’ and 4 months’ follow-up.

pirical use of adjunctive corticosteroids in areas
The number of survivors with any adverse outcome

where pneumococci are the most common pathogen
was smaller in patients who received corticosteroids

has been controversial. There are several reasons to
within 24 hours of initiating antibacterials compared

question the suggested benefit of dexamethasone in
with those who never received corticosteroid ther-

pneumococcal meningitis. Several studies that were
apy (4 of 35 vs 14 of 43, p = 0.033).[81]

included in the meta-analysis by McIntyre et al.[78]

With the current recommended therapy of vanco-are questionable. For example, the Egyptian study
mycin and a third-generation cephalosporin, thehad an unusually high mortality rate (28%) and
benefit of dexamethasone in the treatment of pneu-children <5 years of age were not assessed for
mococcal meningitis is even more in doubt. Ashearing loss.[79] This study included 429 patients
dexamethasone is an anti-inflammatory agent, it sig-ranging in age from 3 months to 60 years (mean 12.5
nificantly reduces the ability of some antibacterialsyears) but only 106 of these patients had pneumo-
to cross the BBB, leading to diminished CSF an-coccal meningitis. The authors observed a signifi-
tibacterial concentrations. In animal models, vanco-cant reduction in mortality and hearing impairment
mycin concentrations in the CSF were reduced byin patients with pneumococcal meningitis, but they
44–77% when administered with dexametha-did not specify if the observed effects of dex-
sone.[40,82] As a result, a delay in CSF sterilisationamethasone were in adults or children, or both. In
was observed in the animals treated with dex-addition, the Turkish study included only children
amethasone. The concern about the diminished CNS>2 years of age, and the differences in moderate or
penetration of vancomycin in patients receiving ad-severe hearing loss were statistically insignificant at
junctive corticosteroids led to the recommendation6 weeks’ follow-up.[80] This study enrolled 53 pa-
in adults that rifampicin be preferred over vanco-tients with pneumococcal meningitis (27 received
mycin if dexamethasone is used.[83]

dexamethasone and 26 received placebo). There
were no differences between the two groups in mor- Recently, De Gans and Van de Beek[8] concluded
tality or neurological outcome. One patient with that early treatment with dexamethasone improved
profound hearing loss (at 6 weeks’ follow-up) who the overall clinical outcome of adults with bacterial
received dexamethasone was found to have a normal meningitis. Extrapolation of this study’s results to
hearing at 3 months after discharge in the Turkish paediatric patients is difficult. First, all of the pneu-
study. With this ‘improvement’, hearing impairment mococcal isolates available for susceptibility testing
became significantly less in the dexamethasone (72%) in this trial were penicillin-sensitive; no pa-
group. The authors of the meta-analysis admitted tient was treated with vancomycin. In addition, there
that “the Egyptian study differed from others”, and was no significant beneficial effect on neurological
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sequelae, including hearing loss, which is a major was no difference in survival or neurological seque-
lae. It was concluded that corticosteroids are not anconcern in the paediatric population. Secondly,
effective adjuvant in the treatment of acute bacterialpneumococcal meningitis in adults is different from
meningitis in resource-poor countries. The rele-that in paediatric patients both by the predisposing
vance of the outcome of this study in a resource-or associated conditions and by the spectrum of
poor country is not clear regarding paediatric care incomplications and outcome.[84] In general, fatalities
developed countries or in developing countries withare less frequent in children than in adults, and any
better health systems than Malawi.attempt to extrapolate from the De Gans and Van de

Recently, two studies using different animalBeek study to paediatric patients must take these
models showed increased hippocampal neuronaldifferences into account.
apoptosis when dexamethasone was added to treat-Several other observations suggest that any deci-
ment of pneumococcal meningitis.[86,87] Further-sion to add dexamethasone to the current recom-
more, dexamethasone therapy was associated withmended therapy for pneumococcal meningitis
reduced learning capacity and spatial memory.[87] Ifshould be made with caution. A 3-year multicentre
a large prospective, randomised, placebo-controlledretrospective study of pneumococcal meningitis
trial to evaluate the use of dexamethasone in pneu-(from 1993 to 1996), which included 40 children
mococcal meningitis is performed, it should assesswho had received dexamethasone (initiated before
all the possible effects of the drug on the CNS andor within 1 hour after the initiation of antibacterials),
not only hearing loss. Taking into account this infor-showed that the incidence of moderate-to-severe
mation, recommendations regarding dexamethasonehearing loss was significantly higher in the dex-
treatment should be made with maximum caution.

amethasone group (46%) compared with the group
With the current pneumococcal vaccination recom-

who did not receive any corticosteroids (23%).[34]

mendations to prevent invasive infections and the
However, the children who received dexamethasone

resultant decreased incidence of pneumococcal
were more critically ill, with more abnormal CSF

meningitis, the need to make this difficult decision
parameters on presentation. When such factors were

may become a rare event.
controlled for, the incidence of neurological seque-
lae between the two groups was no longer statistical-

5. Other Adjunctively significant.
Anti-inflammatory Agents

The largest placebo-controlled, double-blind,
randomised trial of adjunctive dexamethasone ther- Currently, dexamethasone is the only anti-in-
apy for bacterial meningitis was performed in flammatory agent extensively studied and used, both
Malawi by Molyneux et al.[85] This study included in experimental models and in clinical paediatric
598 children (aged 2 months to 13 years old); 51% trials. There are several other anti-inflammatory
received dexamethasone, while 49% received place- agents that have been reported as possible adjunc-
bo. Five to ten minutes after adjunctive therapy was tive therapy for bacterial meningitis, all with the
given, patients were treated with benzylpenicillin common goal of reducing brain injury. Such experi-
and chloramphenicol. The aetiological agents in- mental therapies, studied in animal meningitis mod-
cluded S. pneumoniae (40%), Hib (28%), N. men- els, include: NSAIDs such as ketorolac, which, with
ingitidis (11%) and Salmonella species (5%). Thir- ampicillin, reduced sensorineural hearing loss com-
teen percent of patients had negative CSF cultures. pared with placebo;[88] monoclonal antibody against
Of the 229 pneumococcal isolates, 39 (17%) were tumour necrosis factor-α, which lowered intracrani-
resistant to chloramphenicol and 47 (20%) were al pressure and reduced CSF pleocytosis;[89] and the
resistant to penicillin. Comorbidities in this popula- bradykinin receptor antagonist labradimil (RMP-7),
tion included HIV infection, malnutrition and anae- which increases BBB permeability at the endothelial
mia. In comparing the outcome of both groups, there tight junctions and improves the CNS penetration of
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both antimicrobials and chemotherapeutics.[90] In- excretion of sodium; (iii) absence of chemical evi-
duced hypothermia has also been evaluated as ad- dence of volume depletion; (iv) osmolality of urine
junctive treatment to decrease intracranial pressure greater than that appropriate for the concomitant
and cerebral oedema;[91] similar hypothermic treat- tonicity of the plasma; (v) normal renal function;
ment has been proposed for patients with traumatic and (vi) normal adrenal function. Empirical fluid
brain injury. As all of these adjunctive treatments restriction in all patients with bacterial meningitis
are considered experimental, none is currently rec- should be avoided. Only patients with a diagnosis of
ommended for the treatment of patients with bacteri- ‘true’ SIADH (based on these criteria) or developing
al meningitis. increased intracranial pressure should be treated

with fluid restriction.
6. Other Considerations

6.2 Prophylaxis
6.1 Syndrome of Inappropriate Antidiuretic

The secondary attack rate of N. meningitidis inHormone Secretion
households of an index case is about 3 per 1000, a

Hyponatraemia, which commonly occurs in bac- rate 1000 times the attack rate in the general popula-
terial meningitis, can worsen the course of the dis- tion.[98] Because of this significantly increased risk,
ease and its outcome.[92] Because the secretion of chemoprophylaxis is recommended for household
antidiuretic hormone in most of these children was contacts of an index case and for others with close
found to be increased (Syndrome of Inappropriate contact. For healthcare workers, prophylaxis is indi-
Antidiuretic Hormone Secretions; SIADH), it was cated only when intimate exposure with nasopha-
assumed that retention of body water due to this ryngeal secretions occurred, such as mouth-to-
hormone is the cause of the hyponatraemia. As a mouth resuscitation or endotracheal intubation. In-
result, fluid restriction (two-thirds of usual mainte- dividuals in close contact with the index case up to 7
nance) has been widely advocated and used. For days before onset of illness should be considered for
example, Duke and Molyneux[93] suggested that ad- prophylaxis.[71]

ministration of 0.9% saline (with 5% dextrose) at There are three recommended agents for chemo-
less than maintenance volume will result in lower prophylaxis against N. meningitidis (table III). A
frequency of hyponatraemia and neurological fourth drug, sulfadiazine, which was the original
events. In recent years this practice was challenged drug used for meningococcal chemoprophylaxis, is
because it was shown that many of these children no longer recommended because of the emergence
were dehydrated[94] and/or hypovolaemic[95] for oth- of sulfa-resistant strains. Oral rifampicin is currently
er reasons (e.g. vomiting, diminished intake, diar- the drug of choice for chemoprophylaxis in the
rhoea). In addition, Singhi et al.[96] showed that paediatric population. Alternatives include a single
routine fluid restriction did not improve the outcome
and may be associated with a higher mortality rate in
those children who had reduction in extracellular
water of >10 mL/kg because of fluid restriction dur-
ing the initial 48 hours of medical therapy. There-
fore, only a selected group of patients (those with
hyponatraemia clearly due to SIADH) may benefit
from fluid restriction. The diagnosis of SIADH
should be based on the following strict criteria (as
described by Bartter and Schwartz[97]): (i) hypona-
traemia with corresponding hypo-osmolality of the
serum and extracellular fluid; (ii) continued renal

Table III. Recommended chemoprophylaxis for high-risk contacts
of people with invasive meningococcal disease

Medication (age group) Dose Duration

Rifampicina (≤1 month) 5 mg/kg orally every 12 2 days
hours

Rifampicin (>1 month) 10 mg/kg orally every 12 2 days
hours (maximum 600mg)

Ceftriaxone (≤15 years) 125mg intramuscularly 1 dose

Ceftriaxone (>15 years) 250mg intramuscularly 1 dose

Ciprofloxacinb 500mg orally 1 dose

a Not recommended for use in pregnant women.

b Not approved for use in patients <18 years of age.
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intramuscular dose of ceftriaxone or a single dose of CRM197). This protein-conjugated vaccine elicits
oral ciprofloxacin. The use of fluoroquinolones is an adequate T cell-dependent response in young
not approved for pregnant women and children. children, thus protecting this vulnerable population

against the seven strains of pneumococci most asso-Unfortunately, rifampicin resistance among
ciated with invasive disease. As noted in section 1, aN. meningitidis was reported in Israel in the

mid-1990s[99] and has been recently reported in the significant reduction in paediatric invasive pneumo-
US;[100] increasing rifampicin resistance may have coccal disease has already been demonstrated, espe-
significant public health impact, as it is the sole oral cially in children <2 years of age.[12,104] Both 9- and
agent recommended in the paediatric population. 11-valent conjugated pneumococcal vaccines are

currently under investigation.[11]The benefit of chemoprophylaxis to prevent the
spread of Hib is controversial.[101,102] Yet, the Primary prevention of meningococcal disease is
AAP[66] recommends chemoprophylaxis for house- essential; the disease may be so fulminant on pres-
holds in the following circumstances: (i) if there is at entation that medical therapy (including antibacteri-
least one contact <4 years of age who is not im- als) makes no impact on the course of the disease.
munised or incompletely immunised; (ii) if there is a Thus, purified capsular polysaccharide vaccines
child <12 months of age that has not received the against N. meningitidis serogroups A, C, Y and
primary series; or (iii) if there is an immunocom- W135 have been developed. They are available as
promised child in the household (regardless of im- monovalent A and C, bivalent A/C and quadrivalent
munisation status). Chemoprophylaxis is also indi- A/C/Y/W135 vaccines; the quadrivalent polysac-
cated for nursery school and child care contacts, charide is the only vaccine that is licensed and
regardless of age, when two or more cases of Hib available in the US. Group A vaccine is effectively
invasive disease have occurred within 60 days, and immunogenic in all age groups. This vaccine has
for the index case, if <2 years of age or a member of

been effective in terminating epidemics of group A
a household with a susceptible contact and treated

disease.[105] The recent introduction of conjugate
with a regimen other than cefotaxime or ceftriaxone.

group C vaccine in the UK resulted in an approxi-
In the latter instance, chemoprophylaxis should be

mately 80% reduction in the incidence of group C
given at the time of hospital discharge. Rifampicin,

disease.[106] In addition, a herd immunity (i.e. reduc-which eradicated 95% of nasopharyngeal car-
tion in attack rate of unvaccinated people) was docu-riage,[103] is recommended (20 mg/kg/day twice dai-
mented.[107] Unfortunately, no vaccine exists againstly for 2 days; maximum dose 600mg).
serogroup B, as the capsular polysaccharide of this
serogroup is not immunogenic in humans. Develop-6.3 Vaccination
ment of a vaccine against serogroup B remains a
priority, and investigational trials continue. In-The overwhelming success of Hib vaccination in
tranasal administration of a meningococcal outerthe developed world is an example of the impact that
membrane vesicle vaccine was shown to induceimmunisation can have on the disease. For S.
persistent local and serum antibodies.[108] Two outerpneumoniae, a 23-valent polysaccharide vaccine has
membrane meningococcal B vaccines, developed inbeen available for many years and is useful in
Cuba and Norway, were found to be useful duringpreventing invasive disease in the elderly popula-
epidemics with a single circulating serotypetion. However, this vaccine is poorly immunogenic
B.[109,110] Such a vaccine is also being evaluated inin children younger than 2 years of age, in whom the
New Zealand, where a meningococcal B epidemic ishighest proportion of invasive pneumococcal dis-
ongoing since 1991.[111] Unfortunately, this vaccineease occurs. In 2000, a pneumococcal vaccine was
will not be useful for routine immunisation becauseintroduced which contains seven capsular polysac-
many endemic areas have multiple B serosubtypescharide antigens, each of which is conjugated to a
(i.e. heterogeneous) and the protection provided bydiphtheria protein (cross-reactive material
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the vaccine will be limited to the substrain from anti-inflammatory agents as dexamethasone use re-
which it was developed. Others are attempting to mains controversial in pneumococcal meningitis.
develop an immunogenic vaccine by chemically The widespread availability of preventive vac-
modifying the polysaccharide and conjugating it to cines against the common pathogens of bacterial
an immunogenic protein carrier.[112] This vaccine is meningitis is the ultimate goal; until this goal is
currently undergoing clinical trials. reached, timely diagnosis and treatment is para-

Since 1987, Saudi Arabia health authorities re- mount to minimise morbidity and mortality.
quire compulsory vaccination with the bivalent A
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