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ANTIMICROBIAL AND SUPPORT THERAPY FOR
BACTERIAL MENINGITISIN CHILDREN

Report of the meeting of June 18-20, 1997
held at World Health Organization, Geneva

1. INTRODUCTION

WHO and UNICEF have developed an integrated approach to address the
major life-threatening illnesses of children known as Integrated Management of
Childhood IlIness (IMCI). Lessons learned from disease-specific programmes have
been applied to promote co-ordination and integration of the activities to improve the
prevention and management of childhood illness. Apart from five mgjor killer
diseases of children under five years (acute respiratory infections - mostly pneumonia,
diarrhoea, meades, malaria and malnutrition) bacterial meningitisis an important
cause of childhood morbidity and mortality [1].

1.1  Purposeof the meeting

Various differences exist in the management of meningitis from one place to
another. It was decided, therefore, to convene a meeting to review current practices
and make recommendations. The agenda of the meeting and the list of participants are
included in Annexes 1 and 2. Four issues regarding the management of bacterial
meningitisin children in devel oping countries were considered by the meeting:

the choice of antimicrobial therapy for bacterial meningitis and the implications of
antimicrobial resistance,

the pharmacokinetics and current use of chloramphenicol,

the role of dexamethasone in bacterial meningitis, and

fluid management in bacterial meningitis.

1.2  Bacterial meningitisin developing countries

The incidence of bacterial meningitisis higher in devel oping countries than
developed countries [1-10] and is particularly high in children under one year of age.
Casefatality rates (CFR) for bacterial meningitis range from 4.5% in developed
countries to 15-50% in developing countries[2,11,12]. A further 15-20% of survivors
sustain neurologic sequelae [13,14]. H. influenzae, S. pneumoniae and N. meningitidis
are the common bacteria causing meningitis in under five year old children [14-19].
Delay in presentation contributes to the higher morbidity and mortality [20]. Pre-
treatment with antibiotics varies [13,14,21-28] and good data are not available to
show the effect of prior antimicrobial use on mortality and morbidity. Thereis great
variability in the quality of laboratory diagnoses and thereis alack of good
microbiological data from developing countries as compared to developed countries
[29-33]. Thereis aneed for development of simple tests to diagnose bacterial
meningitis, particularly in developing countries [34].
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2. ANTIMICROBIAL THERAPY

21  Empiric antimicrobial therapy for bacterial meningitis

Current international recommendations for empiric therapy according to the

age, immunocompetence and country status are given in Table 1.

Table 1. Empiric therapy for bacterial meningitisin developed and
developing countries
Patient group Likely etiology Antimicrobial choice
Developed Developing
countries countries
Immunocompetent  Developed countries  Ampicillinplus ~ Ampicillin plus
children: age< 3 cefotaxime or gentamicin
months Group B ceftriaxone
Sreptococcus
E. coli
L. monocytogenes*
Developing countries
S pneumoniae
E. coli
Immunocompetent  H. influenzae Cefotaxime or Ampicillin plus
children: age> 3 S pneumoniae ceftriaxone* * chloramphenicol

months - 18 years

Immunodeficient

N. meningitidis

L. monocytogenes

Ampicillin plus

Gram negative ceftazidime
organisms
Neurosurgical S aureus Vancomycin
problemsand head Gram negative plus third
trauma organisms generation
S pneumoniae cephalosporin
Source: [21,35,36]
* In infants age 1-3 months Staphyl ococcus aureus, H. influenzae, N. meningitidis and Salmonella species also occur
in developing countries
*x For resistant S. pneumoniae the American Academy of Pediatrics recommends vancomycin plus cefotaxime or

ceftriaxone as empiric therapy
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2.2  Strategiesfor countrieswith penicillin and or chloramphenicol resistance

Available data suggest that resistance to chloramphenicol is not yet a major
problem in H. influenzae disease. Datafrom 11 devel oping countries showed that only
1.6% of H. influenzae were resistant to chloramphenicol [37,38], but that
pneumococcal resistance was in the range of 5-10% [39-40]. Available information
suggests that: pneumococcal resistance increases with increased use of antimicrobials
[41-44]; there is more resistance in urban areas [45,46]; and HIV isarisk factor for
invasive penicillin-resistant pneumococcal disease [41,44,47,48]. Penicillin-resistant
pneumococcal meningitis has been associated with higher CFR and more serious
sequelaein survivors [40,49]. In South Africa, bacterial meningitis patients with
penicillin-resistant pneumococcal disease also did not respond to chloramphenicol due
to higher associated chloramphenicol minimum bactericidal concentrations, not
evident on in vitro disk testing [40]. Theincreasing prevalence of penicillin-resistant
pneumococci strains world-wide raises concern[50-55]. Data from developing
countries are limited.

Penicillin-resistant pneumococca meningitis responds very well to third
generation cephal osporins (cefotaxime or ceftriaxone) [56]. In some parts of the
world, however, invasive pneumococcal disease with cefotaxime/ ceftriaxone
resistant pneumococci is being reported [53,56,57]. In such children a combination of
cefotaxime or ceftriaxone and vancomycin or rifampicin is recommended [56-59]. A
new antimicrobial drug cefpirome (fourth generation cephalosporin) is aso promising
[60], but needs to be studied in aclinical trial of bacterial meningitis. Oral and
injectable quinolones have been used successfully in meningococca meningitis, but
their effect in H. influenzae and S. pneumoniae meningitis needs to be studied. A few
studies have shown short course ceftriaxone (4-8 days) therapy to be efficacious for
bacterial meningitis [61-64]; this needs to be studied further.

2.3  Prospectsfor affordability of third generation cephalosporinsin
developing countries

Some issues related to process and product patents for pharmaceuticals were
discussed. Minimum patents for pharmaceuticals are generally for a period of 20
years. Sometimes pharmaceutical companies make the patented drugs available at
lower costs because they want to enhance their public image, penetrate the market,
limit waste, avail themselves of tax benefits and sometimes just for philanthropic
reasons. Cost lowering can be stimulated by global action on the part of international
agencies like WHO and UNICEF, market competition within the industry, and
national actions regarding taxes/ duties, group purchases, price regulation and local
production. Thefirst third generation cephal osporin antimicrobial to come off patent
would be ceftriaxone in 1999. Pharmaceutical costs come down considerably when
the medicine comes off patent and if a number of pharmaceutical companies start
manufacturing the same generic medicine.
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24  Summary of discussions on antimicrobial therapy

Discussion evolved around: treatment guidelines, the definition of failure of
therapy (whether death or development of sequelag); the importance of information on
the level of consciousness of patients at the time of admission; prevalence of
penicillin-resistant organisms; and the pharmacokinetic levels of chloramphenicol in
CSF and serum after injectable oily preparation. It was emphasised that penicillin
resistance should only be tested by using oxacillin discs and not ampicillin discs.

Another focus of discussion was the level of penicillin resistance that should
warrant a change in empiric therapy to third-generation cephalosporins as the first-line
drug in adeveloping countries. No consensus on a figure could be reached and the
term *significant resistance’ (to be defined in individual countries) was agreed upon.

The group reached the following conclusions ( see also section 6):

In the light of antimicrobial resistance data, cefotaxime or ceftriaxone alone or with
ampicillin should be the preferred treatment in definite bacterial meningitisin
young infants (< 3 months of age). Suspected cases of bacterial meningitisin young
infants (< 3 months of age) should be treated as sepsis, with (ampicillin or
penicillin) + aminoglycoside until meningitisis confirmed. If third-generation
cephalosporins are not available ampicillin + (gentamicin or chloramphenicol) may
be used.

In children over 3 months, initial treatment with chloramphenicol + (penicillin or
ampicillin) is suitable if there is no significant pneumococcal penicillin resistance.
If significant resistance has been observed then cefotaxime or ceftriaxone should be
used.

Non-availability of ceftriaxone or cefotaxime should never lead to delay in
initiating therapy in bacterial meningitis.

Thereis aneed to evaluate the availability and cost of third-generation
cephalosporin therapy for hospitalized patients in devel oping countries.

It was proposed that clinical efficacy and safety of shorter duration regimens of
third-generation cephal osporin therapy for bacterial meningitis should be studied,
i.e., five days versus seven days or five days versus ten days of cefotaxime or
ceftriaxone.

The group felt that meningitis should be diagnosed by lumbar puncture, unless
there was a contraindication. Further research or the development of simplified
systems of testing CSF (e.g. by dip stick) was also suggested.
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3. CHLORAMPHENICOL - A REVIEW OF RECENT
PHARMACOKINETIC AND EFFICACY DATA

3.1  Pharmacokinetics of chloramphenicol administered by I'V/oral routes

Pharmacokinetic data on intravenous administration of chloramphenicol
succinate show that the serum half-lifeisin the range of 0.34-2.2 hours with amean
varying from 0.4 [65] to 0.7 hours [66]. This short half-lifeis dueto rapid rena
elimination which, on average, resultsin renal loss of 30% of the infused drug [65].
When chloramphenicol isinfused simultaneously with ampicillin, both of these weak
acids compete for secretion by the renal tubular epithelium. Thisresultsin the area of
the serum concentration time curve of chloramphenicol succinate being greater,
making more drug bioavailable to the patient [67]. The chloramphenicol succinate
which is not secreted by the kidney is converted to active drug by a hepatic esterase.
Thus, good liver function is needed to convert the pro-drug chloramphenicol succinate
into the active antibiotic [68].

After oral administration of 20-25mg/kg dose, the absolute bioavailability of
chloramphenicol palmitate (the oral dosage form for children) isincreased. This
results from the large absorptive area present in the gastrointestinal tract [69, 70].
After oral administration of chloramphenicol palmitate to infants and children, the
drug must be hydrolyzed by pancreatic lipase; this permits absorption of the active
antibiotic [71].

CSF chloramphenicol concentrations are higher after oral administration
(because of the large area under the serum concentration curve) in comparison to
intravenous administration. With both routes, early in the course of the disease, the
CSF concentration approximates 50% of the simultaneous serum concentrations
[72,73]. Astheinflammation in the meninges resolves, the CSF concentration
decreases to being 38% (by day 10) of the simultaneous serum concentration. After
an initial period of administration of intravenous chloramphenicol succinate, when
chloramphenicol palmitate was used in children, reasonable serum levels were
sustained. There was wide patient-to-patient variability in serum concentrations seen
with both oral chloramphenicol palmitate and parenteral chloramphenicol succinate.

3.2  Chloramphenicol usein malnourished children

Pharmacokinetic data from a study conducted in Pakistan of oral
chloramphenicol palmitate use in 14 severely malnourished and 14 well nourished
children suffering from pneumonia was presented. Each child was given 25 mg/kg
every six hoursfor five days. Therapeutic levels (10ug/l) were achieved in 10
malnourished and 12 well-nourished children at some time during 5 days of therapy.
Toxic levels (25ug/l) were seen in one malnourished and two well nourished children.
There was wide variability in the serum levels. In general, the mean serum levels were
lower in malnourished than well-nourished children, although there were no
significant differences between the two groups. One malnourished and three well-
nourished
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children needed a change of therapy. Of the three well nourished children, one had
developed toxic levels and another did not achieve therapeutic level.
Pharmacokinetic data from two different studiesin The Gambia, one
conducted in 1990 on 36 patients and another in 1994 on 16 patients showed similar
results. There was a great deal of variability in serum levels, and in general the sick
malnourished children achieved lower serum levels than the well nourished children.

It was concluded that sick malnourished children should be treated with
injectable chloramphenicol. It was also concluded that 75 mg/kg/day should be
recommended instead of 100 mg/kg/day in all childhood ilInesses, due to concern
regarding toxic levels.

3.3  Chloramphenicol usein young infants

Combined pharmacokinetic data from 20 Gambian and 10 Filipino children
given intramuscular chloramphenicol and 20 Filipino children given oral
chloramphenicol were presented. All children were less than 3 months old. There was
wide variability in the serum levels obtained in Filipino children who received oral
chloramphenicol. Children who received intramuscular chloramphenicol were able to
achieve therapeutic levels.

It was concluded that oral chloramphenicol should not be used in young
infants less than 3 months of age, and if necessary they should be treated with
injectable chloramphenicol.

3.4  Clinical efficacy of oily chloramphenicol compared with ceftriaxonein
bacterial meningitis

Oily chloramphenicol has been used in the treatment of bacterial meningitisin
Africa, in doses ranging from 50 to 100 mg/kg IM in asingle dose (divided in two
injections, one in each buttock), up to a maximum of 3 grams [74-79]. The dose was
in some cases repeated once after 24 or 48 hours. These studies did not report any
adverse reactions to these doses but haematological investigations were not
undertaken. Oily chloramphenicol has been successfully used to treat mostly
epidemic meningococcal meningitis, but it has also been used for treatment of
meningitis due to other causes. Data were presented from a double blind trial of two
intramuscular injections of ether oily chloramphenicol (100 mg/kg) or ceftriaxone (75
mg/kg) 24 hours apart for the treatment of bacterial meningitisin 2-35 months old
children. Three hundred children from one hospital each in Mali and Niger were
enrolled. The CFR at 72 hours was 18.5% in the ceftriaxone and 21.7% in the
chloramphenicol group. This differencein CFR was only significant for presence of S
pneumoniae meningitis. Eighty percent (60/74) of all deaths occurred within 72 hours
of admission. Logistic regression modelling identified only convulsions, presence of
S pneumoniae and assignment to chloramphenicol as independent risk factors for
mortality. Although the study protocol did not include antimicrobial use after the
second day of admission, treating physicians treated 35% of cases with other
antimicrobials for 7-10 days. Ceftriaxone had better clinical efficacy as compared to
oily chloramphenicol in bacterial meningitis dueto S. pneumoniae. Thereis a need for
safe, efficient, ssimple to administer and affordable treatment for bacterial meningitis
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in developing countries.

3.5  Summary of discussions on chloramphenicol

Therapeutic levels are achieved reasonably well with injectable chloramphenicol.
Absorption of oral chloramphenicol is good but achieved serum levels are variable.

Thereis some evidence that while therapeutic levels are achieved with oral
chloramphenicol use in well nourished children, lower levels are achieved in sick
malnourished children. It is recommended that sick malnourished children should
be treated with injectable chloramphenicol.

If young infants have to be treated with chloramphenicol, injectable
chloramphenicol should be used.

The pharmacokinetics of oily chloramphenicol should be explored, with aview to
assessing its potential use in meningitis other than epidemic bacterial meningitis.
One study in asmall number of patients has reported a rapid rise of serum
concentration after one injection of oily chloramphenicol [79].

The Committee on Infectious Diseases of the American Academy of Pediatrics
indicates that a dose of 75-100 mg/kg/24 hours can be used in children with
bacterial meningitis[80]. Chloramphenicol has been clinically used successfully at
adose of 75mg/kg/24 hoursin pneumonia [81], bacterial meningitis [69,82] and
typhoid fever [83-85]. Concerns have been raised, however, about chloramphenicol
toxicity when using 100mg/kg/24 hours dose in children [86-89]. Pharmacokinetic
data shows that chloramphenicol can be used in three divided doses daily
[65,86,90]. However, there were reservations in the group about using 75 mg/kg/24
hours in three divided doses for treatment of bacterial meningitis.

For bacterial meningitis, injectable chloramphenicol should be used in 100
mg/kg/24 hours divided in four equally divided doses. However, if necessary,
injectable chloramphenicol can be changed to oral form after 3-4 days of initial
therapy in children aged three months and above. It was recommended that for
other seriousinfections (e.g. very severe pneumonia, failure of therapy with benzyl
penicillin in severe pneumonia or enteric fever) chloramphenicol should be used in
75 mg/kg/24 hours in three equally divided doses..

It isimportant to be aware of interactions between and chloramphenicol and other
drugs. Phenobarbitone reduces chloramphenicol levels when both drugs are used
together [91-93]; and phenytoin and chloramphenicol levels are both increased if
both drugs are used in combination [91,94,95].
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4. DEXAMETHASONE THERAPY IN MENINGITIS

4.1 Review of available information

Review of the pathophysiology of dexamethasone use in experimental models
and in humans shows that the use of the drug regulates down the effect of the
inflammatory cascade and reduces brain water content [96-98]. This effect was more
evident when dexamethasone was given prior to antibiotics. Different
recommendations have been made regarding use of dexamethasone as an adjunctive
therapy in bacterial meningitisin developed countries. The American Academy of
Pediatrics recommended that dexamethasone be used in H. influenzae [99] and be
considered in S. pneumoniae and in N. meningitidis meningitis. Tunkel and Scheld
concluded after ameta-analysisin 1995 that only high risk and neurologically
impaired children with bacterial meningitis should be given steroids [21]. Quagliarello
and Scheld in 1997 advised steroids for all children above 2 months of age with
bacterial meningitis, especialy if not vaccinated against H. influenzae b (Hib) [3].

Review of the studies on the use of adjunctive steroid therapy in bacterial
meningitisin developed countries suggests a reduction in hearing deficit and
neurological deficit following the addition of dexamethasone [100-103]. The best
results were obtained when dexamethasone was given before antimicrobial therapy
[103,104]. Two-day steroid therapy appeared as effective as four-day therapy
[103,105] and the incidence of side effects was very small. However, the results for S
pneumoniae meningitis were retrospective and fewer in number [100,102]. One multi-
centretrial of dexamethasone adjunctive therapy did not find any significant
difference between dexamethasone and placebo with antimicrobials [106]. A meta-
analysis of adjunctive steroid therapy studiesin bacterial meningitis criticized the
methodol ogies of many studies, and concluded that the data did not show any benefit
of steroid therapy [107].

Review of the few studies of adjunctive steroid therapy from developing
countries [13,14,104,108-110] shows that the studies were not comparable. The study
criteriavaried widely; some studies were retrospective, not all were controlled or
double-blind, different antimicrobial regimens were used and the ages of patients were
not comparable. Most studies enrolled small numbers. One (Recife, Brazil) included
retrospective data [110]. In two studies (Recife and Islamabad, Pakistan) the
steroid/non steroid groups were not strictly comparable [13,110]. Conclusions
differed; studies from Recife [110] and Maputo, M ozambique [14] showed improved
outcome in the dexamethasone groups in certain age groups and the Cairo, Egypt
study in pneumococcal infections only [108]. In IsSlamabad, the dexamethasone group
had an increased risk of sequelae (especially hearing deficit) and worsened mortality
[13]. The Islamabad study was a placebo-controlled double-blind, and included
children 2 months to 12 years who were treated with ampicillin and chloramphenicol
[13]. Thisresult could be due to late presentation of patients (average 5.7 days of
fever) and use of antibiotics (48%) prior to hospital presentation [13]. The condition
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of achild at admission is clearly important to the outcome. Problems of these
developing country studiesincluded: variable definitions for coma; CSF resultsin
which no bacteriawere isolated; different nutritional status assessment; different age
ranges; small study numbers; and lack of internal consistency in some studies.

Several concerns have been raised with the adjunctive use of steroids, such as
gastrointestinal bleeding [111], secondary fever [100,112,113], and difficultiesin the
clinical assessment of bacteriological cure due to quicker defervescence and
penetration of antimicrobials through the blood brain barrier, particularly in penicillin-
resistant pneumococcal meningitis[114]. From Denmark afailure rate of 4% was
reported in penicillin sensitive cases receiving dexamethasone [115], and from San
Diego three failuresin children were reported, one who relapsed, onewith TB
meningitis and one with a brain abscess [116]. Children with bacterial meningitis may
be in septic shock and the role of steroids in septic shock [117] and viral infections
[23] isunclear. Its use appears to increase the severity of cerebral malaria[118]. CSF
sterilization by ampicillin and gentamicin in the presence of steroids also needs
clarification [109,110]. Not much is known about the use of dexamethasonein
malnourished patients or those with HIV infection or seriousillness.

Another major problem was that 65-70% of the children in the devel oped
country studies had H. influenzae bacterial meningitis (excluding one retrospective
study of pneumococcal infections from Dallas) [100-106], whereas in developing
countries the causative organisms for bacterial meningitis were different [13,14,108-
110] (Table 2).

Table 2. Comparison of bacterial meningitis etiology in developing and
developed countries
Developing country Developed country
studies studies
H. influenzae b 30% 65%
S. pneumoniae 23% 13%
N. meningitidis 28% 18%
Other organisms 19% 4%

Source: [13,14,100-106,108-110]

It was concluded that there was insufficient evidence either for or against the
use of steroids in bacterial meningitis for children in devel oping countries, and that
additional studies were needed.

4.2  Summary of the discussions on dexamethasone ther apy

The existing data did not provide sufficient evidence for recommending routine use
of dexamethasonein all children with bacterial meningitisin developing countries.

It should not be used in new-borns, suspected cerebral malaria or viral encephalitis
or in areas with high penicillin-resistant pneumococcal invasive disease.

A large enough randomized controlled trial (probably multi-centre) or comparable
trials at several sites are needed to provide sufficient evidence of the usefulness of
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steroids. The group recommended that randomization should be done by age
groups 2-11 months, one to five years, and more then five years. The antibiotic of
choice should be ceftriaxone for seven days and injectable dexamethasone should
be given five minutes before antibiotic therapy in a dose of 0.4 mg/kg every 12
hours for two days. Severe viral infections should be excluded. The sample size
should be sufficiently large. A lumbar puncture at 24 hours post-treatment
initiation in asubset of at least 20 patients should be done to confirm clearance of
bacteria and drug levels.

5. FLUID REQUIREMENTSIN MENINGITIS
MANAGEMENT

51 Thebasis of fluid restriction and current views

Fluid restriction in meningitis is widely recommended in current textbooks
[119]. The composition and amount of body fluidsistightly regulated [120] and
determinants of actual status are intake and excretion. Loss of body fluids can occur
through sweat, stool, and vomiting. The organ mainly involved however, isthe
kidney. The excretion of water and saltsis regulated by three hormonal mechanisms.
the renin-angiotens n-aldosterone mechanism, the atrial natriuretic hormone, and the
antidiuretic hormone (ADH, arginine vasopressin). The ability of the kidney to
respond to these mechanisms might be compromised through damage to the
parenchyma or hypoperfusion. ADH is secreted by the pituitary gland and resultsin
retention of water. Appropriate secretion of ADH isaresult of hypovolemiaand leads
to the retention of water. An abnormal mechanism has been described in some
diseases that leads to the inappropriate secretion of ADH (SIADH), and therefore
inappropriate retention of water.

Characteristics of SIADH are hyponatraemia with hypo-osmolality of serum,
continued renal sodium excretion, hyperosmolality of urine, absence of clinical
volume depletion, normal renal function and normal adrenal function [121]. Several
studies over the past 30 years have suggested that SIADH plays arole in bacterial
meningitis, and adversely affects the outcome of children with meningitis. Table 3
summari zes studies of fluid and electrolyte balance in children and experimental
animals.

Questions arise whether reported high levels of ADH in combination with
hyponatraemia describe:

appropriate ADH secretion to maintain cerebral perfusion in the presence of
cerebral oedema,

appropriate ADH secretion to compensate for hypovolaemia possibly dueto
decreased fluid intake in asick child or in the presence of rena sodium loss, or
inappropriate ADH secretion due to brain damage and which might contribute to
further brain damage.

10
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Table 3. Studies of fluid and electrolyte balance in meningitis
Study Finding Number Interpretation
Studied

Reynolds 1972 low serum, high 1 SIADH
[122] urinary sodium
Feigin 1977 58% hyponatraemic, 124 SIADH
[123] 86% increased ADH
Kaplan and Feigin ~ ADH higher thanin 17 SIADH
1978 [124] controls
Garcia 1981 ADH increased in 14 contributing to brain
[125] CSF oedema
Shann 1985 50% hyponatraemic 20 SIADH, fluid
[126] requirement 50

mi/kg/day
Kanakriyeh 1987 32% hyponatraemic, 85 fluid restriction not
[127] but only 7% SIADH recommended
Powell 1990 ADH lower after 13 hypovolaemia leads
[128] fluid loading (7 morefluid) to appropriate ADH

Secretion
Padilla 1991 urine ADH highin  ?<18 clinically none with
[129] bacterial meningitis SIADH
Téauber 1993 no effect of fluid ??7? rabbits high fluid does not
[130] regime on oedema contribute to oedema
Singhi 1995 increased poor 50 fluid restriction not
[131] outcome with fluid indicated

restriction

5.2  Developing country perspective - the Chandigar h studies

Two studies have been conducted in Chandigarh, India[131,132]. Thefirst
study described changesin body water compartments in children with acute
meningitis [132]. Thirty children were studied, together with age matched controls.

Children with meningitis had significantly higher extracellular water level ( 311 ml/kg
compared with 271 ml/kg in controls). The excess in extracellular water was higher in
the more severely ill children. Children who developed complications or sequelae had
ahigher extracellular water than those who did not. Inappropriate secretion of ADH
was diagnosed in 14/30 children.

In the second study, 50 children were randomised to receive either

maintenance fluids or restricted fluid intake to 65-70% of normal maintenance levels
[131]. Children on reduced intake showed a significant decrease in total body water,

11
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whereas those on normal maintenance remained unchanged. Children with a reduction
of extracellular water of over 10 ml/kg had a significantly lower intact survival than
those with less or no reduction.

It was concluded that fluid restriction worsened the outcome of acute
meningitis. After the introduction of aliberal fluid regime in Chandigarh, it was
reported that the mortality rate of meningitis dropped from 16% to 6%.

53  Summary of discussion of fluid therapy in meningitis

There was agreement that there was limited evidence that fluid restriction was
useful in the treatment of meningitis. In view of the current recommendations, further
trials were considered necessary. The Chandigarh study showed atrend, but more
conclusive information is needed. There was discussion whether an increasein fluid to
125% of maintenance may also be harmful, as there might be a U-shaped relation
between fluid intake and mortality, with increased mortality on both sides (with too
little or too much fluid). Another issue discussed was the composition of the fluids,
whether one-fifth normal saline was more appropriate than normal saline, and whether
fluid should be given by intravenous infusion or by the oral route. It was concluded
that trials are needed to determine the optimal fluid regime in meningitis and that
consideration should be given to the route of administration and the composition of
the fluids used.

12



6.1

6.2

WHO/CHD/98.6
WHO/EMC/BAC/98.2

RECOMMENDATIONS

Antimicrobial therapy for bacterial meningitis
General considerations:

Cephalosporin resistance is rare, especially in developing countries. Where
cephalosporin resistance is a problem, there are few options e.g., ceftriaxone or
cefotaxime + vancomycin or rifampicin. New drugs such as meropenem,
cefpirome or trovafloxacin may have arole but at present these are very
expensive and not in common use.

In infantslessthan 3 months;

For definite neonatal bacterial meningitis (confirmed by CSF examination)
cefotaxime (or ceftriaxone) alone or with ampicillin is the preferred treatment.
If thisis not available ampicillin + (gentamicin or chloramphenicol) may be
used.

Suspected cases should be treated as sepsis with (ampicillin or penicillin) +
aminoglycoside until meningitisis confirmed.

In children 3 months and over

Treatment of bacterial meningitis (confirmed by CSF examination) with
chloramphenicol + (ampicillin or penicillin) is appropriate if thereis no
significant penicillin resistance. Penicillin-resistant pneumococci are now
found in many parts of the world with increasing frequency, and this treatment
is unsatisfactory for meningitis caused by penicillin-resistant pneumococci,
even at intermediate levels of resistance. Where resistance data for
pneumococcal meningitisis not available, an effort should be made to collect
such data.

In areas where penicillin-resistant pneumococci are common, initial therapy
should be with cefotaxime or ceftriaxone.

Where immediate CSF examination is not possible or the CSF report is not
immediately available, suspected cases of bacterial meningitis should be
treated with the recommended antimicrobial drugs.

Use of chloramphenicol

Oral chloramphenicol palmitate is not recommended in neonates or
malnourished children because of unreliable absorption and the tendency to
accumulate the drug to toxic levels. If chloramphenicol isto be administered to
malnourished children or neonates, it should be administered in the succinate
form, intramuscularly or intravenously.

For bacterial meningitis injectable chloramphenicol should be used in 100
mg/kg/24 hoursin four equally divided doses. For serious infections (e.g., very
severe pneumonia, failure of therapy with benzyl penicillin in severe
pneumoniaor enteric fever) other than bacterial meningitis chloramphenicol
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6.4

6.5

should be used in 75 mg/kg/24 hours in three equally divided doses.
Therole of dexamethasone

Thereisinsufficient evidence to support recommendations for the routine use
of steroidsfor all children with bacterial meningitis treated with penicillin and
chloramphenicol in developing countries.

Thereis some evidence that dexamethasone may be helpful in cases of H.
influenzae type b meningitis but opinion isdivided on this. If it isto beused, a
two-day regimen of dexamethasoneis as likely to be effective as a four-day
regimen, and it must be given before the antibiotics. Thereis no basis for
restricting the use of dexamethasone to more severe cases.

Therole of steroids in cephalosporin (cefotaxime or ceftriaxone) treated
bacterial meningitisin developing countries should be further studied.

Fluid therapy in meningitis

Bacterial meningitis is associated with increased total body water, low serum
sodium and high ADH levelsin more severe cases. The high ADH levels
probably represent compensatory mechanisms to maintain cerebral perfusion.
The current recommendation to restrict fluidsin children with bacterial
meningitisis based on the presumption that the raised ADH levels are
inappropriate and harmful.

Thereisno clear evidence that fluid restriction is beneficial. Animal studies of
experimental meningitis and a human study from India suggests that fluid
restriction may be harmful but the evidence isinconclusive.

Huid restriction in thefirst 48 hours of meningitis management should be
compared with full maintenance fluid in randomized trials.

CSF testing for diagnostic and surveillance purposes

Wherever possible meningitis should be diagnosed by lumbar puncture. If a
child is clinically unstable this may be deferred until the child's condition has
improved sufficiently.

All CSF specimens should be subjected to microscopy for cell count and Gram
stain. Wherever possible, culture and susceptibility testing of CSF should be
established and utilized.

Simplified systems for testing CSF samples in devel oping countries should be
explored by WHO.

Latex agglutination test may be made available at reasonable cost, so that
where culture facilities are not available they could be used to identify the
causative organism.

The WHO Division of Emergency and other Communicable Diseasesisto be
commended for its project to increase the coverage of CSF culture facilities for
N. meningitidis in meningitis belt countries. This should be extended to
include H. influenzae b and S. pneumoniae in addition to N. meningitidis and
basic susceptibility testing should be included.
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Recommendations for futureresearch

Clinical efficacy and safety of treatment regimens employing antibiotics ( e.g.,
ceftriaxone, cefotaxime and conventional therapy ) for periods of seven days or
less should be evaluated in clinical trials.

The role of dexamethasone in the management of bacterial meningitisin
children should be formally evaluated in a multi-centre or several linked
randomized trials in developing countries. These studies could be combined
with studies comparing shorter duration of ceftriaxone therapy in afactorial
design.

Huid restriction in thefirst 48 hours of meningitis management should be
compared with full maintenance fluid in randomized trials.

The pharmacokinetics of oily chloramphenicol should be explored with aview

to providing guidance on the extension of its use to non-epidemic meningitis,
in settings where penicillin-resistant pneumococci are not common.
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AGENDA
1 Antibiotic therapy
11 Empiric antibiotic therapy in developing DrG.
Hussey
countries
12 Strategies for countries with penicillin
and/or chloramphenicol resistance Dr K. Klugman
13 Ceftriaxone vs aily chloramphenicol in Dr F. Varaine
bacterial meningitis
14 Prospects for availability of third generation
cephalosporins WHO
2. Chloramphenicol - A review of current usage and recent
pharmacokinetic data
2.1 Chloramphenical, IM, IV or oral? Dr A.L. Smith
2.2 Review of chloramphenicol/malnutrition data Dr S. Qazi
2.3 Chloramphenicol in neonates Dr Martin Weber/
S. Gatchalian

Dexamethasone ther apy

31 Doesit have arolein developing countries? Dr E. Molyneux
3.2 The argument in favour Dr G. Tamburlini
33 The argument against Dr G. Hussey
34 What recommendations should WHO make?

Supportive therapy - fluid requirements

4.1 Fluid restriction - the basis of fluid Dr M. Weber
restriction and current views
4.2 Plans for a study to address the issue Dr T. Duke
4.3 Developing country perspective - Dr S. Singhi
the Chandigarh study
Conclusions
51 Recommendations from previous two days Dr K. Mulholland
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