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5 versus 10 days of treatment with ceftriaxone for bacterial
meningitis in children: a double-blind randomised
equivalence study

Elizabeth Molyneux, Shaikh Qamaruddin Nizami, Samir Saha, Khanh Truong Huu, Matloob Azam, Zulfigar Ahmad Bhutta, Ramadan Zaki,
Martin Willi Weber, Shamim Ahmad Qazi, for the CSF 5 Study Group*

Summary

Background Bacterial meningitis is an important cause of morbidity and mortality in developing countries, but the
duration of treatment is not well established. We aimed to compare the efficacy of 5 and 10 days of parenteral
ceftriaxone for the treatment of bacterial meningitis in children.

Methods We did a multicountry, double-blind, placebo-controlled, randomised equivalence study of 5 versus
10 days of treatment with ceftriaxone in children aged 2 months to 12 years with purulent meningitis caused by
Streptococcus pneumoniae, Haemophilus influenzae type B, or Neisseria meningitidis. Our study was done in ten
paediatric referral hospitals in Bangladesh, Egypt, Malawi, Pakistan, and Vietnam. We randomly assigned
children who were stable after 5 days of treatment, through site-balanced computer-generated allocation lists, to
receive a further 5 days of ceftriaxone or placebo. Patients, their guardians, and staff were masked to study-group
allocation. Our primary outcomes were bacteriological failure or relapse. Our analysis was per protocol. This
study is registered with the International Standard Randomised Controlled Trial Number Register,
number ISRCTN38717320.

Findings We included 1004 of 1027 children randomly assigned to study groups in our analyses; 496 received treatment
with ceftriaxone for 5 days, and 508 for 10 days. In the 5-day treatment group, two children (one infected with HIV)
had a relapse; there were no relapses in the 10-day treatment group and there were no bacteriological failures in either

study group. Side-effects of antibiotic treatment were minor and similar in both groups.

Interpretation In children beyond the neonatal age-group with purulent meningitis caused by S pneumoniae, H influenzae
type b, or N meningitidis who are stable by day 5 of ceftriaxone treatment, the antibiotic can be safely discontinued.

Funding United States Agency for International Development.

Introduction

Bacterial meningitis is an important cause of morbidity
and mortality in children in developing countries."
Prospective hospital-based and population-based studies
in Latin America, Africa and, most recently, Asia have
shown that Haemophilus influenzae and Streptococcus
prneumoniae are the leading causes of bacterial meningitis
in young children.”” Worldwide, H influenzae type b
causes about 173000 cases of meningitis every year
in children younger than 5 years (uncertainty
range 85300-226000) and an additional 103000 cases
are caused by S pneumoniae (51000-131000).*

The mortality from meningitis is close to 100% in
untreated individuals and is still up to 40% in children
who receive appropriate antibiotic treatment in
developing countries.”" Most of these fatalities are within
72 h of admission to hospitals, and a high proportion of
survivors have neurological sequelae.”*

Early identification and prompt antibiotic treatment are
essential for reducing mortality and morbidity. Standard
treatment for meningitis has been chloramphenicol,
often in combination with penicillin. However, pneumo-
coccal resistance to penicillin is increasing worldwide,
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limiting the usefulness of this antibiotic for empirical
treatment of meningitis, and in Africa resistance is
increasing against both antibiotics.”™ In most regions,
fewer than 1% of bacterial strains are highly resistant to
both penicillin and third-generation cephalosporins.*”

Third-generation cephalosporins given to children
with bacterial meningitis result in rapid sterilisation of
the cerebrospinal fluid in almost all patients.”®”
Ceftriaxone is a highly effective antibiotic for treatment
of meningitis, and it is the recommended treatment in
many countries, but the optimum duration of treatment
is uncertain and recommendations have varied.?

The duration of treatment of bacterial infection in
general, and of meningitis specifically, is not based on
solid evidence."” For meningitis, the duration of
antibiotic treatment is long and often continued in
children with neurological sequelae, even though viable
bacteria are no longer present, because the treating
physician fears stopping prematurely. This prolonged
treatment leads to unnecessary costs and potential side-
effects related to admission to hospital, so it is not in
the interest of the patient, the family, or the health
system. The recommended duration of treatment is
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7-10 days for meningitis due to H influenzae type b,
10-14 days for S pneumoniae meningitis, and 7 days for
Neisseria meningitidis meningitis.»*

Antibiotic treatment courses as short as 3-5 days are
effective in children and adults with meningitis due to
N meningitidis.**” Some studies with small sample sizes
have shown that shorter courses of antimicrobial
treatment also cure bacterial meningitis due to
H influenzae and S pneumoniae without increased rates
of relapse or neurological sequelae.®* An effective
shorter antibiotic treatment regimen for serious
childhood infections such as bacterial meningitis would
make the use of more expensive antibiotics feasible and
cost effective. We aimed to compare 5 with 10 days of
treatment with parenteral ceftriaxone for bacterial
meningitis in children.

Panel 1: Study criteria for enrolment and diagnosis

Exclusion criteria at enrolment

Children aged 2 months or younger or bodyweight 3 kg or less
Pre-existing neurosurgical conditions

Seizure disorders, cerebral palsy, degenerative neurological disorders

Cranial fractures

Known immunodeficiency states, symptomatic AIDS

Active viral infections

Known hypersensitivity to cephalosporins

Cyanotic congenital heart disease

Previous random assignment in this study (child could not be randomly assigned on
more than one occasion)

Inaccessibility for follow-up

Previous use of any parenteral antibiotics for 24 h before admission

Exclusion criteria for random assignment at day 5

Children were not randomly assigned to treatment groups if they met any criteria listed
above or those listed below

Meningitis due to any bacteria other than Haemophilus influenzae, Streptococcus
pneumoniae, and Neisseria meningitidis

Persistence of or growth of an organism from cerebrospinal fluid taken 48-72 h

after admission

Isolated organism resistant to ceftriaxone
Serious adverse reaction to the drug given
Presence of pyogenic brain abscess, subdural empyema, or intracranial suppurative

thrombophlebitis

Child developing another infection during admission to hospital that needed another

injectable antibiotic

Diagnostic criteria for bacterial meningitis (any one of the four)

Positive cerebrospinal-fluid culture or latex agglutination for H influenzae,

S pneumoniae, and N meningitidis

More than 10 white blood cells per mL of cerebrospinal fluid, with positive blood
culture for the same organisms by day 3 of admission

Cerebrospinal-fluid culture and latex agglutination both negative, but more than

100 white blood cells per mL with more than 50% granulocytes and cerebrospinal-fluid
glucose less than 50% of blood glucose or less than 1-66 mmol/L

More than 1000 white blood cells per mL of cerebrospinal fluid with

75% polymorphonuclear cells
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Methods

Participants

Between September, 2001, and December, 2006, we did a
multicountry, double-blind, placebo-controlled, random-
ised equivalence study of 5 versus 10 days of treatment
with ceftriaxone in children aged 2 months to 12 years
with purulent meningitis caused by S pneumoniae,
H influenzae type b, or N meningitidis. Our study was done
in ten paediatric referral hospitals in Bangladesh, Egypt,
Malawi, Pakistan, and Vietnam. These hospitals serve
large populations and each admits more than 150 children
with bacterial meningitis every year. Overall, H influenzae,
S pneumoniae, and N meningitidis are the most common
causes. Admitting clinicians at each hospital did lumbar
punctures on children in whom bacterial meningitis was
suspected clinically or in whom it needed to be excluded.
On admission all these children had a complete history
taken and were fully examined and weighed. The lumbar
puncture was done and, if meningitis was suspected,
intravenous access was established; blood samples were
taken for full blood count, malaria parasites (thick film),
plasma glucose, electrolytes (if possible), and blood
culture; and treatment was started with ceftriaxone. All
children underwent a second lumbar puncture 48 h after
starting treatment (after two doses of intravenous
ceftriaxone). If this second sample of cerebrospinal fluid
still contained bacteria, the child was excluded from
random assignment. Supportive management of fever,
convulsions, fluid management, and feeding were in
accordance with local treatment guidelines. Children alive
on day 5 and those who were clinically stable or improving
were considered for inclusion in our study. Panel 1 lists
the exclusion criteria for the study and diagnostic criteria
for bacterial meningitis.

We obtained written informed consent from parents or
legal guardians. Separate consent was obtained for HIV
testing with full counselling before and after. Our study
was approved by the local institutional ethical review
boards of the participating institutions in countries and
WHO. Our study was monitored by an independent data
and safety monitoring board (DSMB). All deaths and
serious adverse events were reported to the DSMB. The
DSMB met yearly to review the safety aspects of the study.

Procedures

Randomisation was done by site in permuted blocks of
variable length of two, four, and six by a one-to-one ratio
to the 5-day or 10-day treatment groups. The list was
prepared and kept at WHO headquarters, Geneva,
Switzerland. At each site, the treatment allocations were
in sealed opaque envelopes, each with a unique study
number held by a designated person. This person was
not involved in the clinical care of the patients and
prepared the study drugs daily for each patient. The
syringe containing the drug was masked by an opaque
sticker (because ceftriaxone has a faint yellow tinge and
the placebo was colourless). The clinicians giving the
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treatment, nurses, and patients were unaware of the
contents of each syringe provided for each patient.
Parenteral ceftriaxone (80-100 mg/kg bodyweight) was
given once daily for 5 days before random assignment to
the study groups. On day 5 after the start of treatment,
enrolment criteria were reviewed, and eligible patients
were randomly assigned to receive either ceftriaxone
or placebo.

Our primary endpoint was the rate of bacteriological
failure defined as positive cultures of cerebrospinal fluid
or blood on days 640 for the originally identified
organism or for H influenzae, S pneumoniae, or
N meningitidis on days 6—40 in a patient from whom the
first sample of cerebrospinal fluid had been culture
negative. Our secondary endpoints were death and
hearing, neurological, or visual sequelae at any time
during the study.

All study staff were trained in study procedures and
documentation. Patients were assessed daily and a study
form was completed for each day, at discharge on day 10,
and at each follow-up visit at which all children were
assessed for hearing, visual, developmental, and
neurological outcomes. After discharge, patients were
reviewed on day 40 and day 190 after enrolment into our
study, when full physical, neurological, and hearing
assessments were done. Unscheduled visits were

recorded and patients were managed in accordance with
clinical need. Patients who did not keep their
appointments were traced at home and encouraged to
return for follow-up. If children were not found they
were declared lost to follow-up.

Hearing was assessed by trained staff with otoacoustic
emissions tests and at some centres by auditory brain-
stem response. All children were subsequently tested
with age-appropriate hearing tests on the two scheduled
follow-up visits (days 40 and 190). Hearing loss was
classified in accordance with the International
Classification of Impairments, Activities and Partici-
pation” as mild (2640 dB), moderate (41-60 dB), severe
(61-80 dB), and profound (>80 dB), and those identified
with moderate to severe hearing loss were referred to
local audiological services for management. Children
were screened by age-appropriate tests for high-grade
visual impairment, and those suspected of having any
impairment were referred for an ophthalmological
opinion. Neurological and developmental status was
assessed and recorded by trained clinicians. The age and
stages questionnaire® was used to assess development
and the score was used to quantify delayed development
in personal and social interactions, fine motor
movements, gross motor movements, and competency
in the use of language.

1027 participants randomly assigned
to study groups

23 excluded
10 completely missing data or not assigned
8 had other organisms identified in

A 4

cerebrospinal fluid or blood, such as
Escherichia coli or Staphylococcus aureus
5 opened assignment envelopes in error

!

)

496 in 5-day treatment group

508 in 10-day treatment group

1death (day 9)

4 left against medical advice
17 had therapeutic failure <
(2 died between day 10 and 40)

3 protocol violations

1death (day 6)
4 left against medical advice
16 had therapeutic failures
(2 died between day 10 and 40)
2 had diagnosis changed

2 had diagnosis changed

469 completed therapy day 10

485 completed therapy day 10

9 deaths after day 10
16 lost to follow-up

6 deaths after day 10
23 lost to follow-up

444 completed follow-up day 40

456 completed follow-up day 40

10 deaths after day 40
22 lost to follow-up

11 deaths after day 40
37 lost to follow-up

..................................... P 422 completed follow-up day 190*

417 completed follow-up day 190*

Figure: Trial profile

*Of the participants who were lost to follow-up at day 40, 19 patients (ten from the 5-day group and nine from 10-day group) were followed up at day 190;

one patient from the 10-day group died after day 40.
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Panel 2: Details of children not randomly assigned to study groups

+ 2000 children recruited on day 0*
+ 180did not have bacterial meningitis
+ 68 had blood in their cerebrospinal fluid
* 42 had viral meningitis
+ 26 had encephalitis
23 had tuberculous meningitis
20 had epilepsy
+ One had candida meningitis
« 269 died before they were assigned to study groups

1551 children with bacterial meningitis were alive on day 5

+ 39did not give consent

+ 18 left against medical advice

+ 42 lived outside the study area

« 167 received antibiotics before admission

+ 47 were ill for more than 7 days before admission

13 had previous cerebral palsy or were deaf
+ 16 had a neurosurgical disability
+ Three had a subdural abscess

« 15 had other infections that needed other antibiotics or continued ceftriaxone
(four with cellulitis, one with septic arthritis, one with empyema, nine with

pneumonia)
+ Three had bacterial persistence
+ Two had cyanotic heart disease

80 had other bacterial causes (70 had non-typhoidal Salmonella spp, five had
a-haemolytic streptococci, one had Escherichia coli, two had Salmonella typhi, and

two had Acinetobacter spp)

« 73 were judged by the treating physician as too sick to assign to a study group
22 had persistent or difficult to control seizures and fever on day 5

+ 28 had persistence of fever on day 5
+ 19 had persistent seizures with no fever on day 5

+ Four had deteriorating level of consciousness (two with seizures)
« Six had no reason given for exclusion by treating physician

+ 1027 were randomly assigned to treatment groups
« 23 were excluded after assignment
« 1004 were included in the per-protocol analysis

*Although persistence of convulsions or fever on day 5 were not study exclusion criteria, the treating physician (who could be
different than the investigator) felt the child should not be randomly assigned to study groups.

Number of
children
enrolled (%)

Dates of study accrual

Bangladesh (Dhaka Shishu Hospital, Dhaka) 175 (17%)
5%)

7%)

153 (15%)

Egypt (Abbasia Fever Hospital, Cairo) 50 (
Malawi (Queen Elizabeth Central Hospital, Blantyre) 366 (3
Pakistan (Liaquat University Hospital, Hyderabad; (
Civil Hospital, Karachi; Department of Paediatrics,

Aga Khan University, Karachi; National Institute of
Child Health, Karachi)

Pakistan (Children Hospital, Pakistan Institute of 96 (10%)
Medical Sciences, Islamabad; Rawalpindi General

Hospital, Rawalpindi)

Vietnam (Children’s Hospital N°1, Ho Chi Minh City) 164 (16%)

November, 2002, to December, 2006
January, 2005, to December, 2006
July, 2002, to December, 2006
September, 2001, to December, 2006

September, 2001, to December, 2006

September, 2001, to December, 2006

Table 1: Enrolment by study site for random assignment onday 5

1840

After random assignment, if the child developed a new
fever (>38°C), or had persistent convulsions or a
deteriorating coma score, we judged that the study
treatment had failed and changed it or added to it in
accordance with hospital guidelines. We made efforts to
identify any intracranial complications, by cranial
ultrasound where possible and CT scan when available.
We classified children who returned with signs of
meningitis within 2 weeks of discharge as having relapsed,
and treated them in accordance with hospital guidelines.
If a parent withdrew consent, or the protocol was violated,
we withdrew the child from the study but continued to
treat them with unmasked ceftriaxone to complete a 10-day
course. Four monitoring visits, either by WHO internal
monitors or independent external monitors, were made to
each site to ensure protocol compliance, data management,
and good clinical practice.

Samples (blood, cerebrospinal fluid, or both) were
obtained aseptically before giving the antibiotic. Samples
were labelled and immediately sent to the laboratory.
Blood specimens were inoculated in trypticase soy broth
with 0-25% sodium polyethanol sulphonate and
incubated at 37°C for 7 days. Inoculated broths were
subcultured on blood and chocolate agar plates on
days 2, 3, and 7 Specimens of cerebrospinal fluid were
cultured directly onto blood and chocolate agar plates
and incubated at 37°C for 72 h. Specimens of cerebrospinal
fluid that were negative by culture were tested for
antigens of five common organisms (H influenzae type b,
S pneumoniae, N meningitidis, group B streptococci, and
Escherichia coli) with latex-agglutination reagents in
accordance with manufacturer instructions. The latex-
agglutination test was done only if the gram stain and
culture of cerebrospinal fluid were negative by day 2.
Isolates were identified with standard procedures.”
Susceptibility testing was done with antimicrobial drugs
with E-test after the standard procedure described by the
Clinical Laboratory Standard Institute.” For HIV, serum
samples were tested by at least two tests: Serodia-HIV
particle agglutination (Fujirebio Inc, Tokyo, Japan),
HIVSPOT  (Genelabs  Diagnostics,  Singapore),
Determine-HIV (Abbott Laboratories, Abbott Park, IL,
USA), and Capillus-HIV (Cambridge Diagnostics,
Galway, Ireland). Discordant tests were confirmed either
Dby a third test or an in-house HIV PCR. Children younger
than 15 months with a positive antibody test were
confirmed with the HIV PCR.

Statistical analysis

We calculated the study sample size on the basis of
an a-priori definition of equivalence of up to
1-5% difference of proven bacteriological failure up to
day 40. The investigators’ tolerance was for an increase
from 0-5% to 2-0% of bacteriological proven treatment
failures as a statement of equivalence. We estimated
the sample size to be 1400 patients, 700 in each group
(one-sided o of 0+ 05, power of 80%). We did two interim
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safety and efficacy analyses, the first after one-third of
patients had been enrolled and the second after two-
thirds had been enrolled.

Our analysis was per protocol, which is suitable for
equivalence trials. We stratified baseline characteristics
by treatment groups to look for differences in the severity
and characteristics of presenting illnesses. We sum-
marised study variable with proportions, mean, median,
and IQRs. We tested for equivalence between the two
treatments by calculating the risk difference and two-
sided 95% CI for the primary and secondary outcomes.
We used SPSS (version 16) and Stata (version 11) for
analysis. This study is registered with the International
Standard Randomised Controlled Trial Number Register,
number [ISRCTN38717320.

Role of the funding source

The sponsor of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. SAQ and MWW, as employees of
WHO, were involved in study design, collating analyses
and interpretation of data, and writing of the report.
The writing committee had full access to all the data in
the study, and the principal investigators, SAQ and
MWW, had final responsibility for the decision to
submit for publication.

Results

The figure shows the trial profile. Panel 2 lists the details
of children not randomly assigned to study groups.
Table 1 shows the accrual of patients by site and table 2
lists the patients’ baseline characteristics. 20 enrolled
children had a positive second culture of cerebrospinal
fluid. 17 were caused by Salmonella spp, two Dby
S pneumoniage (who died before day 5), and one by
H influenzae type b. Mean age at presentation was
38 months. On average children were ill for 4 days
before enrolment.

Table 3 lists the outcomes of our study. There were no
bacteriological failures with either 5-day or 10-day treat-
ment. The proportion of children that completed
treatment was similar between the two groups (figure).
Treating physicians judged that treatment had failed in
33 children, equally divided in the two therapeutic
groups. Four children were diagnosed with tuberculous
meningitis. After discharge, 23 children had another
episode of meningitis (table 3), of which two were
classified as relapse (one child was infected with HIV)
since the episodes were caused by the same organism
within 2 weeks of discharge. Of 919 children seen on
either day 40 or day 190, 140 had moderate or severe
hearing loss, 14 had visual loss, and 51 other neurological
sequelae (table 3). 16 children had both neurological and
moderate to severe hearing loss. 41 children died within
the 190 day study period (webappendix p 5), including
two during admission to hospital, but only 15 deaths
were related to the episode of meningitis for which they
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5-day treatment group

10-day treatment group

Number of boys 285 (58%)

Age (months) 38-6 (42:5);16 (6-61)
Presenting features
Irritability 287 (58%)
Duration of illness before admission 3-8(3:8);3(2-5)

(days)

Antibiotic use in previous 48 h 128 (26%)
Drowsiness 229 (46%)
Vomiting 291 (59%)
Poor feeding 335 (68%)
Seizures 262 (53%)
Weight for age less than -3 Z score 37 (8%)

Temperature (°C) 38310

Systolic blood pressure (mm Hg;
n=963)

97-1(15-2); 100 (90-107)

Glasgow coma score (n=454) 12:6 (2-8); 13 (11-15)
Blantyre score (n=615) 41(1-2);5(3-5)
Todd-Herson meningitis score (n=669) 3-7(1-8);3(2:5-5)

Laboratory data
Glucose in cerebrospinal fluid (mg/dL)* 32:6 (53-3); 15 (0-42-9)
214-0 (164-0); 200 (98-300)
23 (5%)
201 (41%)
263 (53%)

17861 (18593);
13700 (9475-20000)

(4
(
(
(
Blood glucose <60 mg/dL 58 (12%)
73(
(
(
(

Protein in cerebrospinal fluid (mg/dL)
Haemoglobin <6 g/dL

Haemoglobin 6-9 g/dL
Haemoglobin >9 g/dL

Total leucocyte count per pL (n=968)

Blood glucose 60-79 mg/dL
Blood glucose =80 mg/dL

15%)
341 (69%)
227 46%)
155 (31%)

Cerebrospinal fluid culture positivet

Cerebrospinal fluid
latex-agglutination test positivet

Cerebrospinal fluid gram stain 188 (38%)
(gram-negative bacillus, gram-positive

cocci, gram-negative cocci)

Blood culture positivet 100 (20%)
Bacteria identified by either means 334 (67%)
(significant clinically)t

Infected with HIV 51 (10%)

Data are n (%) or mean (SD); median (IQR). *Glucose in cerebrospinal fluid in one cen

patients only reported from Malawi.

280 (55%)
37:8(41:6);17 (6-61)

288 (57%)
35(2:3);3(2-4)

138 (27%)

252 (50%)

289 (57%)

340 (67%)

266 (52%)

47 (9%)

384+09

97.7 (14-6); 100 (90-110)

14 (11-15)
3-5
(2-5)

129 (2:5);
41(12);5
36(1.9);3
361 (57-8); 18 (0-50)
2075 (179-1); 200 (90-300)
41 (8%)

190 (37%)

265 (52%)

16314 (11279);
14000 (9975-20225)

(
(
(
(
52 (10%)
66 (13%)
361 (71%)
240 (47%)
143 (28%)

188 (37%)
100 (20%)
340 (67%)

66 (13%)

tre was checked by urine dipstick

method. tPositive for Haemophilus influenzae, Streptococcus pneumoniae, and Neisseria meningitides. tHIV-positive

Table 2: Baseline comparison between study groups

had been admitted. There was no statistical difference in
study outcomes between the two groups whether as a
whole or when analysed separately by bacterial cause
(table 3). In children with pneumococcal meningitis,
survival with sequelae was more common in the 10-day
than the 5-day group (p=0-59; table 3). Of the 21 children
with pneumococcal meningitis who died, 15 were
infected with HIV: ten in the 5-day group and five in the
10-day group (p=0-6).

By day 40 after discharge, 39 children had been lost to
follow-up, nine children had died in the 5-day group, and

See Online for webappendix
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5-day 10-day Total Risk difference (%;
treatment treatment 95% Cl)
group group
(n=496)  (n=508)
Overall outcomes for all children
Therapy successfully completed (10 days) 469 (95%) 485(96%) 954 -0-92 (-3-6t01-8)
Antibiotic therapy modified after random 17 3%) 16 3%) 33 03 (-1-9t02:5)
assignment or therapy failure
Changed diagnosis (to tuberculous meningitis) 2 (0%) 2 (0%) 4 0-009 (-0-7t0 0-7)
Adverse events to the study drug 0 0
Bacteriological failures 0 0
Another episode of meningitis 8 (2%) 13 (3%) 21 -0-95(-2.7t0 8-2)
Relapse of meningitis 2 (0%) 2 -0-4 (-0-15to 0-96)
Deaths related to meningitis only* 9 (2%) 6 (1%) 15 0-63(-0-87t02:1)
Deaths due to any reason after cure (until 22 (4%) 19 (4%) 41t 069 (-1-8t03-1)
follow-up at 6 months after enrolment)
Survival with sequelae 129 (26%) 138 (27%) 267 -1-2(-6-6t0 4-3)
Hearing loss 105 (21%) 106 (21%) 211 03 (-4-7t053)
Moderate or severe unilateral 22 (4%) 23 (5%) 45 0-09 (-2:7t0 2'5)
Moderate or severe bilateral 50 (10%) 45 (9%) 95 12 (-2-41t0 4-8)
Visual loss 4 (1%) 10 2%) 14 -1-2(-2:6t00-3)
Neurological sequelae including motor deficit, 21 (4%) 30 (6%) 51 -1-7 (-0-43t0 1-03)
nerve palsies
Motor deficit 20 (4%) 29 (6%) 49 -1-6 (-4-3t0 0-98)
Cranial nerve palsy 4 (1%) 4 (1%) 8 0-02(-11to1-1)
Afebrile seizures 3(1%) 5 (1%) 8 -0-4 (-1.5t0 0-7)
Hydrocephalus 2 (0%) 6 (1%) 8 -0-8(-1.9t0 0-3)
Developmental delay 25 (5%) 33 (7%) 58 -1.5(-4-3t0 1-4)
Study outcomes by cause
Streptococcus pneumoniae n=154 n=181 n=335
Death due to any reason after cure (all deaths) 12 9 21 2-8(-2:5t081)
Survival with sequelae (all) 54 72 126 -47 (-15-1t0 57)
Antibiotic therapy modified after random 2 3 5 -0-4(-2:9t02-2)
assignment or therapy failure
Haemophilus influenzae n=134 n=132 n=266
Death due to any reason after cure (all deaths) 4 5 9 -0-8 (-5:1t0 3-5)
Survival with sequelae (all) 33 31 64 11(-91to11-4)
Antibiotic therapy modified after random 6 5 11 0-6 (-4-1t0 5'5)
assignment or therapy failure
Neisseria meningitidis n=46 n=27 n=73
Death due to any reason after cure (all deaths) 1 0 1 2-2(-2:0t0 6-4)
Survival with sequelae (all) 6 3 9 1.9 (-13-4t017:3)
Antibiotic therapy modified after random 1 0 1 2-1(-2:0to 6-3)
assignment or therapy failure
No cause identified n=162 n=168 n=330
Death due to any reason after cure (all) 5 5 10 0-1(-3-6t03-8)
Survival with sequelae (all) 36 32 68 32 (-5-6t011.9)
Antibiotic therapy modified after random 8 8 16 0-2(-4-5t04-8)

assignment or therapy failure

*Decision about the association with meningitis was made after all deaths were reviewed by the data and safety
monitoring board. Six in the 5-day group and one in the 10-day group were infected with HIV. Of the 41 deaths,

25 were of children infected with HIV: 12 in the 5-day group and 13 in the 10-day group. All of children infected with HIV
were in Malawi, eight of them with another episode of meningitis.

Table 3: Outcomes by study group

six died in the 10-day group (figure). By day 190, a
further 59 were lost to follow-up, ten children died in the
5-day group, and 11 died in the 10-day group. The

1842

5-day 10-day Total
treatment treatment
group group
Positive culture of cerebrospinal 227 (46%) 240 (47%) 467 (47%)
fluid
Haemophilus influenzae type b 85 (17%) 85(17%) 170 (17%)
Streptococcus pneumoniae 115(23%) 140 (28%) 255 (25%)
Neisseria meningitidis 27 (5%) 15 (3%) 42 (4%)
Latex agglutination test of 155 (31%) 143 (28%) 298 (30%)
cerebrospinal fluid
H influenzae type b 79 (15%) 72(14%) 151 (15%)
S pneumoniae 49 (10%) 56 (11%) 105 (11%)
N meningitidis 27 (5%) 15 (3%) 42 (4%)
Gram stain of cerebrospinal fluid
Gram-negative bacilli 55 (11%) 51(10%) 106 (11%)
Gram-positive cocci 110 (22%) 123 (24%) 233 (23%)
Gram-negative cocci 23 (5%) 14 (3%) 37 (4%)
Blood culture
Positive for any study organism 100 (20%) 100 (20%) 200 (20%)
Negative for any study 363 (73%) 376 (74%) 739 (74%)
organism
H influenzae type b 43 (9%) 37 (7%) 80 (8%)
S pneumoniae 49 (10%) 55(11%) 104 (10%)
N meningitidis 8 (2%) 8 (2%) 16 (2%)
Organism identified by any test* 334 (67%) 340 (67%) 674 (67%)
H influenzae type b 134 (27%) 132(26%) 266 (27%)
S pneumoniae 154 (31%) 181(36%) 335(33%)
N meningitidis 46 (9%) 27 (5%) 73 (7%)
*Positive by cerebrospinal fluid, blood culture, or latex agglutination test, or
gram-negative diplococcic on gram stain.
Table 4: Organisms identified at the time of enrolment by treatment

causative bacteria were identified by culture of
cerebrospinal fluid, latex-agglutination test, gram stain,
or blood culture in 674 cases (table 4). S pneumoniae was
the most common organism identified.

The DSMB recommended stopping the study after the
second interim analysis, because a difference was
unlikely to be found between the treatment groups within
the projected sample size. At stoppage more than
1000 children had been enrolled. A preplanned sample
size calculation had shown that this would provide
equivalence limits of 4-7% for death and 0-5-2-4% for
bacterial failures.

Dexamethasone was given at some sites: 437 of
1004 children received dexamethasone on the first day of
antibiotic treatment; 428 received it for 2 days, 292 for
3 days, and 140 for 4 days. It was routine practice to give
dexamethasone at all sites except Malawi; however, even
where it was routine practice not all patients received it.
209 of 496 children in the 5-day group received dexa-
methasone compared with 228 of 508 in the 10-day group.
Previous administration of dexamethasone did not affect
the outcome in the patients overall or in either study
group. Side-effects of antibiotic treatment were minor
and similar in both groups.
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Discussion

Our findings show that further antibiotic treatment is
not needed in children beyond the neonatal age-group
with purulent bacterial meningitis caused or presumably
caused by one of the three major pathogens, and in
whom the clinical condition is stable or improving by day
5 of treatment with ceftriaxone. Both death and long-
term sequelae are the consequence of inflammatory and
ischaemic neural damage,” which peak before or in the
early stages of antibiotic treatment. Early diagnosis and
prompt use of antibiotics are probably more important in
reducing the mortality and morbidity than an extended
antibiotic treatment regimen. Studies of short versus
long duration of treatment with antibiotics have shown
no difference in outcome (panel 3).

Most clinicians are particularly concerned about
adequate treatment of meningitis caused by S pneumoniae,
a notoriously difficult pathogen to eliminate. It is notable
that the outcome of the subgroup of cases with proven
pneumococcal meningitis is similar in the two treatment
groups in our study.

Hearing deficit is one of the most common compli-
cations of bacterial meningitis and can vary from 5% to
36% in survivors.®¥ Deficit was similar between our
study groups during and by the end of our study. We
expected this finding because we believe that the hearing
deficit is due to cochlear damage caused by the infection
and the host’s inflammatory response, and by the time of
random assignment on day 5, this damage had already
been done. Similarly, neurological deficits including
developmental delay, quadriplegia, and isolated cranial-
nerve palsy, or any of these in combination, happened in
a similar proportion of children in the two groups: 21 in
the 5-day group and 30 in the 10-day group (p=0-29).

At the design stage of our study, we decided to restrict
our trial to ceftriaxone, even though combination treatment
with chloramphenicol and penicillin were still the first-line
treatment recommended by WHO." The emergence of
pneumococci and H influenzae increasingly resistant to
conventional first-line treatmentis making the combination
of chloramphenicol and penicillin less useful in meningitis
treatment. Ceftriaxone has several advantages that make it
the first-line treatment of meningitis in most developed
countries. In developing countries, the cost was the
principal disadvantage but this has reduced in recent years
since the expiration of the drug's patent. There are
substantial advantages to a shorter course of in-hospital
treatment. Indirect costs of admission to hospital are
important constraints for poor families. The maintenance
of intravenous access over a 10-day period is difficult and is
a burden on the scarce hospital resources available in
many developing countries. Risk of nosocomial infections
and spread of hepatitis B and other infections during
admission to hospital are major risks. Short hospital stays
reduce in-patient numbers, bed occupancy, and total
management cost. Early discharge to home means less
loss of family income because of loss of working hours.
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Panel 3: Research in context

Systematic review

Before this study, we searched Medline and Embase for studies
comparing short-course with long-course antimicrobial
treatment for childhood bacterial meningitis. Our search terms
were “bacterial”, “paediatric”, “pediatric”, “children”,
“childhood”, “short course”, “therapy”, and “antibiotic”. We
limited the search to publications in English, but not by date.
We also searched reference lists of articles identified by this
strategy and this was updated during the write-up of our
study. Previous studies were small and did not give a
conclusive answer. Several were limited to one cause, different
antibiotics were used, and outcome measures varied. A recent
systematic review® summarised five trials with a total of less
than 400 patients and found no difference between short and
long treatment duration, but suffered from the variability of
treatment approaches.

Findings

Our study was powered to answer the question of short-
course versus long-course treatment with ceftriaxone in
childhood bacterial meningitis. It was done where bacterial
meningitis is common, included the most important causes,
and also children infected with HIV. Our results are conclusive
and confirm previous small study findings.

The overall outcome of meningitis in our study is far
from good, even with optimum antimicrobial treatment
and much better care than is routinely available in the
participating countries. Many children died in the first
few days before random assignment, or left hospital
with sequelae. To prevent this burden of disease,
preventive vaccines are vital and their development and
deployment are of crucial importance. The H influenzae
type b vaccine, as part of the pentavalent vaccine, was
introduced into the Malawian expanded programme for
immunisation in February, 2002. The number of cases
of meningitis caused by H influenzae type b fell
substantially and, by 2005, the incidence rates fell
from 20-40 per 100000 to almost zero.” Nevertheless,
prompt access to good quality care is important for every
infected child. This means improving health systems—
a difficult and daunting task.

We did our trial in children presenting with purulent
meningitis presumably caused by S pneumoniae,
H influenzae type b, and N meningitidis, and could find
evidence for these organisms in 67% of our cases. We
excluded organisms other than the three main bacterial
causes of meningitis from our trial, in particular non-
typhoid salmonellae, which might become more
prominent as other causes decline. Invasive infections
caused by non-typhoid salmonellae are common in
malarial parts of Africa. In such settings a gram stain of
cerebrospinal fluid is helpful in identifying the presence
of bacteria. Non-typhoid salmonellae are adapted to

1843



Articles

1844

survival in the intracellular environment, which makes
them difficult to eradicate and means that they need
longer treatment courses than usual. A third-generation
cephalosporin with a quinolone (eg, ceftriaxone and
ciprofloxacin) are recommended to be given for
4-6 weeks.” Clinicians advise that cerebrospinal fluid
should be re-examined at the end of treatment to ensure
bacterial clearance.®* For this reason we do not suggest
thata 5-day short course would be adequate for meningitis
caused by these organisms.

Our study had several limitations. First, hearing
assessment was done with different methods at the
various sites. For this reason we included only moderate
to severe hearing loss in our final analysis, to avoid
inclusion of conductive (mild) hearing loss unrelated to
the meningitis event. Second, some centres gave adjuvant
steroids for the first 48 h of antibiotic treatment; however,
this did not affect the outcome. Third, treating physicians
decided not to allow some of the children to be randomly
assigned on day 5, most of whom had seizures that were
difficult to control, continuing fever, or deteriorating
consciousness. It is probable that most of these children
had sequelae rather than continuing infection, but since
they were not assigned to treatment groups, we cannot
conclude that a short antibiotic course would have been
sufficient for these children. For conclusions to be
applicable to typical settings in a developing country
where good culture facilities are not available, and the
differentiation between aseptic sequelae and possible
untreated infection cannot be made, we would have
preferred to include all children presenting with clinical
meningitis. However, such a study would have been
unethical. So, our study was done in circumstances as
close as possible to routine clinical settings. Finally, our
study sample size was insufficient for separate assessment
by causative organism. Few children had persisting
organisms on the second lumbar puncture. Equally less
than 8% of children were not assigned because they were
judged to be too ill. Other organisms were rarely found,
with the exception of Salmonella spp in Malawi, which
raises the issue of this organism for parts of sub-Saharan
Africa. In conclusion, a 5-day course of ceftriaxone is not
only clinically effective but also cost efficient, and we
recommend this regimen for uncomplicated cases of
meningitis in children, although our sample size was
inadequate to answer this by individual bacteria.
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