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Antibiotic choices for meningitis beyond the neonatal period

In the past decade a variety of new antibiotics have become
available that are both highly active against the common
meningeal pathogens and that also achieve excellent
bactericidal concentrations in the cerebrospinal fluid. There
is now an extensive literature documenting the effectiveness
of these agents in treating bacterial meningitis. The purpose
of this review is to consider the evidence in favour of using
the newer antibiotics in preference to more conventional
treatment regimens.'

In order to select the optimal antibiotics for the initial
treatment of bacterial meningitis, consideration must be
given to the following factors: the spectrum of pathogens
causing meningitis in different age groups, the changing
pattern of antimicrobial resistance, the pharmacological
properties of the antibiotics available, and the results of
therapeutic trials.
The organisms most commonly responsible for causing

bacterial meningitis vary significantly with the age of the
patient. The optimal antibiotic regimen will therefore be
different for neonates, young infants, and older children. In
the neonatal period, Escherichia coli and other Gram
negative bacilli, group B streptococcus, and Listeria mono-
cytogenes are the important meningeal pathogens. In children
older than 3 months nearly all cases of community acquired
meningitis are caused by Neisseria meningitidis, Streptococcus
pneumoniae, or Haemophilus influenzae, the latter organism
predominantly infecting children younger than 6 years.
Infants between 1 and 3 months of age may be affected by
either the neonatal or the childhood spectrum of pathogens.2
A major determinant of antibiotic choice in the treatment

of bacterial meningitis is the continually changing pattern of
antibiotic resistance. When ampicillin was first introduced
into clinical practice, all strains of H influenzae were fully
sensitive to it. Since then, however, there has been a
progressive increase in resistance to this antibiotic and
currently at least 15% of H influenzae isolates causing
invasive disease in the UK are resistant to ampicillin.3 4 It is
disturbing that in some countries, such as the USA,
resistance is now as high as 30%. In the light of this,
ampicillin can no longer be recommended as the sole agent
for the initial treatment of meningitis in children less than 6
years of age.5 6 Although most strains of H influenzae
remain sensitive to chloramphenicol, resistance is now
found in up to 3% of invasive isolates in England and
Wales.3 Moreover, many of these strains are now also
resistant to ampicillin,3 4 7 and in Spain resistance to both
drugs is increasing.'
Though resistance of H influenzae to conventional anti-

biotics is of primary concern, there are an increasing
number of disturbing reports that antibiotic resistance is
developing to other meningeal pathogens. Penicillin resistant
pneumococci are still uncommon in the UK, but have
become more prevalent in many countries including Spain
and South Africa.9 10 These strains have altered penicillin
binding proteins and are only inhibited by relatively high
concentrations of the antibiotic. Penicillin insensitive strains
of pneumococci currently remain sensitive to the newer
cephalosporins.9 ' Penicillin resistant meningococci are
also emerging as a problem in Spain and South Africa. " 12
Fortunately most strains.in the UK are still fully sensitive to
penicillin but insensitive isolates are now being recognised
and it is likely that meningococcal resistance will be an
important factor influencing antibiotic selection in the
future. 3
The ideal antibiotic for the treatment of meningitis

should not only have activity against the expected pathogens,
but must also penetrate into the cerebrospinal fluid in
sufficient concentrations to achieve several times the
minimum bactericidal concentration of the infecting
organism. In addition it should be cheap, free from side
effects, and have a high therapeutic to toxicity ratio.

Chloramphenicol penetrates well into the cerebrospinal
fluid in the presence or absence of meningeal inflammation,
achieving concentrations of 65% of that found in the
plasma, and considerably in excess of the inhibitory
concentrations for sensitive pathogens. Chloramphenicol is
bactericidal for H influenzae, N meningitidis, and S pneu-
moniae, and when administered orally, achieves similar
blood and cerebrospinal fluid concentrations to those
obtained by intravenous administration. This property is
unique among the agents used to treat meningitis and makes
chloramphenicol the only antibiotic that is effective when
administered orally. Although chloramphenicol has been
the mainstay of treatment for meningitis beyond the
neonatal period for many years, the emergence of
chloramphenicol resistant H influenzae, and the potential
for marrow toxicity are drawbacks to its use. In addition
variable metabolism of the drug in children with shock or
liver dysfunction, and the necessity to monitor serum
concentrations both to prevent dose dependent toxicity and
to prevent inadequate therapeutic concentrations, are
further disadvantages.'4

13 Lactam antibiotics do not penetrate well into the
cerebrospinal fluid in healthy individuals, but in the
presence of meningeal inflammation adequate cerebrospinal
fluid concentrations are achieved to inhibit sensitive strains.
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The exceptional safety record of the penicillins, and their
high therapeutic to toxic ratio, have made penicillin the
drug of choice for treating meningococcal and pneumococcal
meningitis, and ampicillin is still an excellent drug for
treating sensitive strains ofH influenzae.
The first generation cephalosporins proved unreliable for

the treatment of meningitis. However, cefuroxime, a second
generation cephalosporin active against H influenzae,
S pneumoniae, and N meningitidis, penetrates well into the
cerebrospinal fluid and has proved effective as a single agent
for initial treatment ofchildhood meningitis. 5 16 Cefuroxime
has been used extensively in both Europe and the USA as a
single agent for treatment of meningitis. However, several
reports have suggested that both sterilisation of the cerebro-
spinal fluid and clinical outcome may be inferior to that
achieved with the newer third generation cephalo-
sporins. "1
The third generation cephalosporins cefotaxime,

ceftazidime, and ceftriaxone have greatly enhanced the
armamentarium against both the neonatal and childhood
meningeal pathogens.'1-22 All three agents are extremely
active aginst S pneumoniae, H influenzae (including ,1
lactamase producing strains) and N meningitidis and achieve
cerebrospinal fluid concentrations greatly in excess of their
minimum bactericidal concentrations. The third generation
cephalosporins are also extremely safe and monitoring of
serum concentrations is not required. Side effects are rare
and are similar to those of the penicillins, including skin
reactions, gastrointestinal upset, and neutropenia.
Ceftriaxone is the most potent of the new cephalosporins. It
has a long plasma half life, and can therefore be administered
on a once daily basis.23 24 However gastrointestinal side
effects are more common with ceftriaxone, and bile sludging
detected by ultrasound is frequently observed, but is
probably not clinically significant.' 18 21
The paediatric and infectious disease literature published

over the past few years contains a number of reports of open
and comparative trials assessing the use of the new
cephalosporins and conventional antibiotic regimens in
meningitis. For those hoping that the newer drugs would
provide the 'magic bullet' which would reduce the mortality
and long term morbidity from meningitis, these trials are
disappointing. Cefuroxime, ceftazidime, cefotaxime, and
ceftriaxone have all proved effective in treating meningitis,
but despite reports that they achieve sterilisation of the
cerebrospinal fluid more rapidly than ampicillin and
chloramphenicol,22 mortality rates and neurological sequelae
have not been significantly improved. From the studies
published to date it can be concluded that single drug
treatment with cefuroxime or the third generation cephalo-
sporins is as effective but not necessarily better than the
standard combination of ampicillin or penicillin and
chloramphenicol.
The apparent lack of evidence that the cephalosporins are

superior to ampicillin or chloramphenicol, despite their
greater in vitro activity, must be interpreted with caution.
In order for comparative trials of these antibiotics to show
significant differences in mortality or neurological sequelae,
hundreds of patients would need to be included in each arm
of a trial. Such trials are always very difficult and costly to
undertake. All the published studies have contained
relatively small numbers of patients and differences in
mortality would not necessarily have been detected.

If the cephalosporins are to be used for initial treatment of
meningitis in preference to ampicillin and chloramphenicol
it is necessary to consider which of these drugs should be
recommended.' There have been few trials directly compar-
ing all of these antibiotics. In studies published to date,
ceftriaxone has resulted in more rapid sterilisation of
the cerebrospinal fluid than either cefotaxime or cefu-

Recommended antibiotics for initial treatment of meningitis in different age
groups

Age group Drug Dose/day

Infants 1 month to 3 months Ampicillin and 200 mg/kg
cefotaxime 200 mg/kg

Older infants and children (I) Cefotaxime or 200 mg/kg
ceftriaxone 100 mg/kg

(2) Ampicillin and 200 mg/kg
chloramphenicol' 75-100 mg/kg

"Measurement of therapeutic concentrations of chloramphenicol is necessary.

roxime.'7 18 22 Furthermore in one study the incidence of
deafness was reduced in ceftriaxone treated patients com-
pared with those treated with cefuroxime.'8 The evidence is
therefore accumulating that the third generation cephalo-
sporins, particularly ceftriaxone, are more effective for the
treatment of bacterial meningitis than cefuroxime. Ceftazi-
dime is less active against pneumococci than cefotaxime and
should be reserved for pseudomonal infections.

Current recommendations
Our current recommendations for initial antibiotic treat-
ment of bacterial meningitis are shown in the table. In
infants between 1 and 3 months of age a combination of
ampicillin and cefotaxime is a logical choice as cefotaxime
provides cover for both neonatal and infant pathogens and
ampicillin is effective against L monocytogenes.
For older infants and children we recommend a third

generation cephalosporin (cefotaxime or ceftriaxone) in
preference to the combination of penicillin or ampicillin and
chloramphenicol. Although the mortality and long term
morbidity of patients treated with the newer antibiotics is
similar to those treated with conventional therapy, our
decision is based upon (1) the lack of toxicity of the third
generation cephalosporins, (2) the emerging resistance of
the three major pathogens to conventional treatment, (3) the
elimination of the need to monitor serum concentrations,
and (4) the convenience and reliability of using a single
agent which can be administered on a one to three times
daily basis. Although the cephalosporins are more expensive
than penicillin or ampicillin and chloramphenicol, when the
nursing cost of administering two drugs every six hours are
compared with those of giving a single agent one to three
times daily, the total costs are fairly similar.
Once the causative organism has been identified, and the

antibiotic sensitivities determined, intravenous penicillin
can be substituted for treating sensitive meningococcal and
pneumococcal infections. In cases of meningitis where the
identity or the sensitivity of the causative organism cannot
be definitively determined, we would continue to use a third
generation cephalosporin.

Traditionally H influenzae or S penumoniae meningitis
have been treated for 10 to 14 days, and meningococcal
meningitis for seven days.25 Several recent studies have
indicated that seven days of treatment is probably adequate
for all three childhood pathogens, but the numbers of
patients treated with the abbreviated course are too small to
make definite recommendations.25 We currently recom-
mended seven days treatment forN meningitidis and 10 days
for H influenzae and S pneumoniae meningitis.

Conclusion
There is now a range of antibiotics that are effective in
treating bacterial meningitis. Although the results of trials
have not as yet indicated that the mortality and morbidity is
improved by the third generation cephalosporins, they offer
advantages in terms of ease of administration, safety, and
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lack of resistance. With an increasing array of new agents
becoming available, paediatricians will have to continually
re-evaluate antibiotic policies as patterns of microbial
resistance change and new drugs enter clinical use. It is
unlikely however that new antibiotics alone will significantly
alter the mortality and morbidity associated with bacterial
meningitis. The advent of effective vaccines and new
therapeutic interventions to modulate the damaging host
inflammatory response to invading micro-organisms should
ultimately improve the outcome of bacterial meningitis in
the future.

N J KLEIN
R S HEYDERMAN

M LEVIN
Paediatric Infectious Diseases Unit,
Department of Paediatrics
St Mary's Hospital Medical School,
South Wharf Road,
London W2 JNY

1 Steele RW. Cephalosporins for bacterial meningitis: which one is best?
J Pediatr 1989;114:991-2.

2 Levin M, Heyderman RS. Bacterial meningitis. Recent Advances in Paediatrics
1990;9:1-19.

3 Public Health Laboratory Service. Haemaophilus influenzae regional survey
London: PHLS, 1991. (Communicable Disease Report 1991;2(26).)

4 Howard AJ, Dunkin KT, Musser JM, Palmer SR. Epidemiology of
Haemophilus influenzae type b invasive disease in Wales. BMJ 1991;303:
441-5.

5 Kaplan SL. Recent advances in bacterial meningitis. Adv Pediatr Infect Dis
1989;4:83-1 10.

6 Kaplan SL, Fishman MA. Update on bacterial meningitis. J Child Neurol
1988;3:83-93.

7 Givner LB, Abramson JS, Wasilauskas B. Meningitis due to Haemophilus
influenzae type b resistant to ampicillin and chloramphenicol. Rev Infect
Dis 1989;11:329-34.

8 Campos J, Garcia-Tornel S, Gairi JM. Multiply resistant haemophilus

influenzae type b causing meningitis: comparative clinical and laboratory
study. J Pediatr 1986;108:897-902.

9 Klugman KP, Koornhof HJ. Bacterial pneumonia caused by penicillin
resistant pneumococci. N EnglJ Med 1988;318:123-4.

10 Anonymous. Penicillin resistant pneumococci [Editorial]. Lancet 1988;i:
1142-3.

11 Saez Nieto JA, Vazquez JA, Marcos C. Meningococci moderately resistant to
penicillin. Lancet 1990;336:54.

12 Botha P. Penicillin-resistant Neisseria meningitidis in southern Africa. Lancet
1988;i:54.

13 Esso DV, Fontanals D, Uriz S, et al. Neisseria meningitis strains with
decreased susceptibility to penicillin. Pediatr Infect Dis J 1987;6:438-9.

14 Mulhall A, Berry DJ, de Louvois J. Chloramphenicol in paediatrics: current
prescribing practice and the need to monitor. Eur J Pediatr 1988;147:
574-8.

15 Swedish Study Group. Cefuroxime versus ampicillin and chloramphenicol for
the treatment of bacterial meningitis. Lancet 1982;i:295-8.

16 Marks WA, Stutman HR, Marks MI. Cefuroxime versus ampicillin plus
chloramphenicol in childhood bacterial meningitis. A multicentre
randomised control trial. J Pediatr 1986;109:123-30.

17 Lebel MH, Hoyt JM, McCracken JH. Comparative efficacy of ceftriaxone
and cefuroxime for treatment of bacterial meningitis. J Pediatr 1989;114:
1049-54.

18 Schaad UB, Suter S, Gianella-Borradori A, et al. A comparison of ceftriaxone
and cefuroxime for the treatment of bacterial meningitis in children. N Engl
J Med 1990;322:141-7.

19 Rodriguez WJ, Puig JR, Khan WN. Ceftazidime versus standard therapy for
pediatric meningitis: therapeutic, pharmacologic and epidemiologic obser-
vations. Pediatr Infect Dis J 1986;5:408-15.

20 Jacobs RF, Welis TG, Steele RW, et al. A prospective randomised
comparison of cefotaxime versus ampicillin and chloramphenicol for
bacterial meningitis in children. J Pediatr 1985;107:129-33.

21 Congeni BL, Bradley J, Hammerschlag MR. Safety and efficacy of once daily
ceftriaxone for the treatment of bacterial meningitis. Pediatr Infect Dis J
1986;5:293-7.

22 Peltola H, Anttila M, Renkonen PV. Randomised comparison of
chloramphenicol, ampicillin, cefotaxime and ceftriaxone for childhood
bacterial meningitis. Lancet 1989;i:1281-7.

23 Martin E, Hohl P, Guggi FH, Kayser M, and Members of the Swiss
Multicentre Meningitis Study Group. Short course single daily ceftriaxone
monotheraphy for acute bacterial meningitis in children: results of a Swiss
multicentre study. Part 1: clinical results. Infection 1990;18:70-7.

24 Hohl P, Martin E, Kayser M, and Members of the Swiss Multicentre
Meningitis Study Group. Short course single daily ceftriaxone monotherapy
for acute bacterial meningitis in children: results of a Swiss multicentre
study. Part 2: bacteriological results. Infection 1990;18:78-82.

24 Radetsky M. Duration of treatment in bacterial meningitis: a historical
inquiry. I'ediatr Infect Dis J 1990;9:2-9.

Fibreoptic bronchoscopy in infants
In the past decade endoscopic airway examination has
become an important diagnostic tool.' In neonates and
infants the aims of fibreoptic bronchoscopy are nearly the
same as in older children: assessment of proximal airway
patency and sampling of lavage fluids for microbiological,
cytological, or chemical studies. There are a number of
special problems in infants: frequency of malformations and
malacias, and mechanical complications of assisted
ventilation. As the fibreoptic bronchoscopes are obstructive,
the smallest infants and those with precarious respiratory
status demand well trained operators and well adapted
techniques and instruments. These precautions should
allow exploration of infants' airways safely and lead to
subsequent investigations and the diagnosis.

Techniques
Despite some uncertainty as to the indications for rigid
bronchoscopes and fibreoptic bronchoscopes, paediatricians
generally prefer fibreoptic bronchoscopes for most proce-
dures.2 The standard paediatric fibreoptic bronchoscopes
have an external diameter of 3 5 mm and an operating
channel of 1 2 mm (Olympus BF 3C20, FB 10-H Pentax).
Most examinations can be performed with sedation and
local anaesthesia.3 4 The flexibility of the bronchoscope
increases the patient's comfort. The controlled angulation of
the distal tip allows more selective manoeuvres and
improves the visualisation of the upper lobe bronchi. Fewer
medical and nursing personnel are required with fibreoptic
bronchoscopy. It can be performed on an outpatient basis
and even at the bedside of the infants in intensive care units.

Rigid bronchoscopes are more suitable for the removal of
foreign bodies, excision of granulation tissue, and
examination of tracheo-oesophageal fistulas.3 5 Their
internal diameter allows the insertion of forceps for
bronchial biopsies. Clearly rigid and flexible bronchoscopes
neither duplicate nor replace each other, rather they are
complementary and should be used when appropriate for
the particular problem.
When fibreoptic bronchoscopy is indicated, it must be

carried out in a properly equipped and staffed room with
facilities for resuscitation. In our practice sedation is
achieved with subcutaneous atropine 0-01 mg/kg and
rectal midazolam 0-25 mg/kg between 6 months and 1 year
and 0-5 mg/kg between 1 and 2 years. Infants younger than
6 months are given atropine and rectal diazepam 0 5 mg/kg.
As the fibreoptic bronchoscope is passed through the

nose, careful topical anaesthesia of upper airways and larynx
is an important step. For a skilled operator, the duration of
fibreoptic bronchoscopy does not exceed 2-3 minutes.
Oximetry and electrocardiographic monitoring are manda-
tory in infants with low weights or borderline respiratory
status. Supplemental oxygen through the free nostril is
indicated in infants less than 5 kg, in children with diffuse
lung disease, and in children with borderline or poor blood
gases. The fibreoptic bronchoscope is reinserted several
times if necessary.

Anatomical indications
Bronchoscopy is required to diagnose anatomical abnor-
malities responsible for persistent or recurrent pneumonia,
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