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Infantile meningitis in England and Wales:
a two year study

J de Louvois, J Blackbourn, R Hurley, D Harvey

Abstract
A two year prospective study identified 1922
cases of meningitis in children under 1 year of
age. A further 201 cases were identified from
other sources. The annual incidence of
meningitis during the first year of life was 1-6/
1000; during the first 28 days of life it was
0-32/1000, and among postneonatal infants it
was 1-22/1000. The male:female ratio was
1-4:1. The overall case fatality rate was 19-8%
for neonates and 5-4% for postneonatal
infants. Two thirds of deaths identified in the
study, 50% of all deaths, were not attributed
to meningitis by the Office of Population Cen-
suses and Surveys. Group B f6 haemolytic
streptococci (28%), Escherichia coli (18%),
and Listeria monocytogenes (5%) were most
frequently isolated from neonates and
Neisseria meningitidis (31%), Haemophilus
influenzae (30%), and Streptococcus pneumo-
niae (10%) from postneonatal infants. At 2-6
months of age N meningitidis meningitis was
most common, and at 7-12 monthsH influen-
zae predominated. Meningitis caused by
group B ,B haemolytic streptococci occurred
up to 6 months of age and had a consistent
mortality of 25%. Neonatal meningitis due to
Gram negative enteric rods had a mortality of
32%. Low birth weight was a significant pre-
disposing factor for both neonates and post-
neonatal infants. In both groups mortality was
significantly higher among children admitted
in coma. There was no seasonal variation in
incidence in either group. Neonates were
treated with either chloramphenicol (50%) or
gentamicin (48%) usually in combination with
a penicillin; 40% received a third generation
cephalosporin. Of the 1472 postneonatal
infants treated 84% received chloramphenicol
with a penicillin and 10% received a third
generation cephalosporin. Relapse occurred
in 49 patients and three died. Eighteen babies
coned as a result of raised intracranial pres-
sure, including four neonates, and four died.
Mortality among the 133 (7%) children who
received steroids was significantly higher than
in the rest of the study group.

Meningitis in infancy is a life threatening in-
fection with a high mortality. Neurological
sequelae are common, especially in the newborn
where long term effects are found in more than
a quarter of survivors.' 2 Despite its serious
nature there is little information on the inci-
dence of meningitis in England and Wales.
Although a number of centres, including the
Communicable Diseases Surveillance Centre of

the Public Health Laboratory Service and the
Meningococcal Reference Laboratory, collect
data provided to them on a voluntary basis there
is known to be considerable under reporting.
There is a high level of under reporting also
in local studies, even for meningococcal
meningitis.' The only comprehensive infor-
mation on the recent incidence of meningitis in
Great Britain comes from a few independent
studies with small numbers of patients. A study
of cases from the North West Thames health
region for the period 1969-73 identified 76 cases
in newborn babies and 231 cases in postneonatal
infants (28-365 days of age); the case fatality
rates were 43% and 13% respectively.7 The inci-
dence of meningitis in the newborn was 0-26/
1000 live births. Meningitis was diagnosed only
at necropsy in 28% of fatal cases; many of them
were not indexed by Hospital Activity Analysis
(HAA).
The present study was undertaken to deter-

mine prospectively the incidence of meningitis
among children under 1 year of age in England
and Wales.

Subjects and methods
STUDY ORGANISATION
With the collaboration of 566 consultant
paediatricians we undertook to identify all cases
of acute meningitis in children under 1 year of
age in England and Wales from September 1985
to August 1987. At the beginning of each month
each paediatrician received a prepaid card
which inquired whether they had managed any
cases of acute infantile meningitis during the
previous month. After each notification, clinical
and laboratory information was collected on
standard forms sent to the paediatrician and
consultant microbiologist involved in the man-
agement of each case. Written permission was
obtained from the paediatricians so that infor-
mation on cases notified in confidence to the
Communicable Diseases Surveillance Centre,
Colindale (CDSC) and the Meningococcal
Reference Laboratory, Manchester, could also
be used. Death certificates on all babies
recorded as having died of meningitis were
obtained from the Office of Population Cen-
suses and Surveys (OPCS).

ADMISSION CRITERIA
The initial criterion for inclusion in the study
was an 'intention to treat' by the paediatrician of
babies with clinical signs and symptoms sugges-
tive of meningitis. Babies who had viable bac-
teria, viruses, or detectable bacterial antigen in
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the cerebrospinal fluid or whose white cell
counts in the cerebrospinal fluid were suffi-
ciently abnormal (>20x 106/1) to warrant a
diagnosis of meningitis were finally accepted
into the study. Babies whose clinical condition
was highly suggestive of meningitis but who
were deemed too ill to warrant a lumbar punc-
ture were also included. Babies with spina
bifida and ventricular shunt infections were
excluded.

Bacterial isolates and residual samples of
cerebrospinal fluid were sent to our centre when
available. No attempt was made to influence the
management or treatment of babies admitted
to the study nor to alter the protocol for
local laboratory investigations carried out on
samples.

Results
The monthly inquiry cards identified 1922 cases
of meningitis in England and Wales during the
two year period. Information on 201 additional
cases (23 neonates; 133 postneonatal infants
between 1 month and 1 year of age, and 45
infants of unspecified age under 1 year) was
obtained from the CDSC (n= 138), the Mening-
ococcal Reference Laboratory (n=27) and the
OPCS (n=36). These 201 cases are included in
the calculation of incidence and mortality but
are excluded from other analysis. Information
from all sources identified a total of 2123 cases
of meningitis during the first year of life. The
mean birth rate for England and Wales during
the study period was 658 700 per annum; giving
an annual incidence of meningitis during the
first year of life of 1-61/1000. There were 423
cases during the first 28 days of life (an inci-

Table I Meningitis in the firstyear of life in England and
Wales 1985-7: causative organisms. Results are number (%)

Neonates Postneonatal
(n=423) infants

(n= 1605)

Group B l haemolytic streptococci 118 (28) 50 (3)
Escherichia coli 78 (18) 29 (2)
Listeria monocytogenes 23 (5) 1 (<1)
Haemophilus influenzae 9 (2) 477 (30)
Neisseria meningitidis 11 (3) 490 (31)
Streptococcus pneumoniae 19 (5) 158 (10)
Other Gram positive bacteria 15 (4) 26 (2)
Other Gram negative bacteria 28 (7) 31 (2)
Viruses 16 (4) 37 (2)
Mycoplasma hominis 3 (<1) 1 (<1)
Candida albicans 4 (1) 5 (<1)
Other microorganisms 5 (1) 9 (< 1)
Cerebrospinal fluid sterile or not

collected 92 (22) 270 (17)
Unknown 2 (<1) 21 (1)

dence of 0-32/1000) and 1605 cases in the period
29-365 days (an incidence of 1-22/1000 popula-
tion). There were another 95 cases (50 from the
survey and 45 from other sources) among babies
less than 1 year of age whose exact age was not
known. The male:female ratio was 1-4:1 for
both neonates and postneonatal infants. Culture
results for the cases identified from all sources

are shown in table 1.
Of the 1922 cases of meningitis identified in

our study, 400 were in babies less than 29 days
of age and 1472 were aged 29-365 days. After
the initial notification no further information
was obtained on the remaining 50 babies and
these are omitted from further analysis. The
overall case fatality rate was 79/400 (19-8%)
for neonates and 5-4% (79/1472) for postneona-
tal infants. A total of 104 of 158 deaths (66%)
identified by us were not coded as attributable
to meningitis by OPCS. They account for 51%
(104/201) of all deaths from meningitis in chil-
dren under 1 year of age. In addition, 12% of
the death certificates coded by OPCS as cases of
meningitis contained no mention of the condi-
tion. Among the deaths notified to OPCS were

23 which were not notified to the study. Some
of these are known to be infants who did not
come to the attention of the paediatricians.
Among babies whose cerebrospinal fluid cul-
tures were positive, the overall mortality rate
was 10% (29% for neonates and 6% for post-
neonatal infants) in bacterial meningitis and nil
in viral meningitis. There was a significantly
higher mortality among babies with viable bac-
teria in the cerebrospinal fluid compared with
those with only a pleocytosis; for neonates
(p<00001, odds ratio 10 44, confidence inter-
vals 3 1 to 34 8); and for postneonatal infants
(p<0001, odds ratio 3-59, confidence intervals
1X4 to 9-1). White cell counts in the cerebrospi-
nal fluid were > 00lx 106/1 in 79% of neonates
and 85% of postneonatal infants. Only 8-5% of
neonates and 6% of infants with culture positive
meningitis had cerebrospinal fluid cell counts
<lOx 106/1.

Clinical details on the 1872 patients at the
time of diagnosis are shown in table 2. Pre-
maturity and low birth weight were predispos-
ing factors in both the neonatal and the post-
neonatal infants groups. A birth weight of
<2000 g was significantly more common in
both patient groups (p<0-001) than the 2-4% of
the population in England and Wales with a

birth weight of <2000 g.8 Meningitis was 10
times more common among neonates weighing
<2000 g than those of >2000 g birth weight.

Table 2 Clinical details at the time of diagnosis on 1872 babies with meningitis. Results are number (%)

Total Neonates Ilostneonatal
(n= 1872) (n=400) infants

(n= 1472)

Less than 30 weeks' gestation 75 37 (9) 38 (3)
Less than 2000 g at birth 163 78 (20) 85 (6)
On admission:

In coma 205 42 (11) 163 (11)
Convulsions 325 82 (21) 243 (17)
Rash 248 18 (5) 230 (16)

Antibiotic treatment in previous 48 hours 420 82 (21) 338 (23)
Congenital anomaly 107 29 (7) 78 (5)
Hydrocephalus 46 12 (3) 34 (2)
Previous surgery 68 13 (3) 55 (4)
History of otitis media 120 0 120 (8)
Antecedent history 275 39 (10) 236 (16)
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Among postneonatal infants the ratio was 25: 1.
Twelve per cent of neonates and postneonatal
infants were admitted in coma; in both groups,
this was associated with a significantly increased
mortality (p<00001). A rash was present at
diagnosis in 16% of infants, but only 5% of
neonates. All of the babies with a history of oti-
tis media were in the infant group. Recent
upper respiratory tract infection or other ante-
cedent history of infection was also more com-
mon among infants (16%) than neonates (10%).
Altogether 94% of infants and 45% of neonates
with meningitis were admitted from home and
23% had received antibiotics from the general
practitioner before admission. There was no
seasonal variation in incidence of meningitis in
either group of patients.

Seventy one babies did not have a sample of
cerebrospinal fluid taken before treatment,
because either they were considered to be too
sick or the procedure failed; 23/71 (32%) of
these babies died compared with 7% of babies
who had cerebrospinal fluid collected. Mid-
treatment samples of cerebrospinal fluid were
collected from 41% of patients and samples after
treatment from 20%.
Most patients received more than one antibio-

tic, only 172 (1%) received monotherapy. The
number of babies who received each antibiotic
and the percentage of neonates and infants tre-
ated with each antimicrobial agent are shown in
table 3. In half the neonates the regimen was
based on chloramphenicol and in half on genta-
micin. In addition most patients received peni-
cillin, ampicillin, or a third generation cephalos-
porin.
Among infants chloramphenicol was the most

widely used antibiotic (84%) usually in com-
bination with penicillin or ampicillin. Third
generation cephalosporins were used for the
treatment of 46% neonates but only 14% of
postneonatal infants. No babies received
cephalosporin only. Sulphonamides were inclu-
ded in the treatment regimens of 11% neonates
and 17% of postneonatal infants.

Fifty eight per cent of patients were treated
for seven to 14 days and 12% for 21 days. Alto-
gether 29% of neonates compared with 14% of
postneonatal infants were treated for more than
14 days. Antibiotic treatment was changed after
sensitivity testing in 15% of neonates and 6% of
postneonatal infants. Seven hundred and thir-
teen patients received barbiturates (50% of
neonates and 40% of postneonatal infants) and

Table 3 Antibiotic treatment of 1872 babies with
meningitis. Results are number (%)

Total Neonates Postneonatal
(n=1683*1 (n=360*1 infants
1872) 400) (n=1323*1

1472)

Chloramphenicol 1293 180 (50) 1113 (84)
Gentamicin 284 174 (48) 110 (8)
Other aminoglycosides 45 30 (8) 15 (1)
Penicillin 1220 225 (62) 995 (75)
Ampicillin 377 79 (22) 298 (23)
Other penicillins 46 27 (7) 19 (1)
Cefotaxime 202 94 (26) 108 (8)
Ceftazidime 84 54 (15) 30 (2)
Other cephalosporins 71 20 (5) 51 (4)
Sulphonamides 259 40 (11) 219 (17)
Other antibiotics 18 9 (2) 9 (1)

*Patients with treatment data.

133 received steroids (7% of neonates and 8% of
postneonatal infants); included in these figures
are 96 patients who received both. Ten per cent
of neonates and 26% of postneonatal infants
who died had received steroids. Convulsions at
the time of diagnosis were reported in 325
babies, 17% of the study population. Postmor-
tem examinations were carried out on 70/159
babies who died (44%).

Ventriculitis, hydrocephalus, or convulsions
were reported as complications in 346 (21%) of
patients and were more common in the newborn
(33%) than in postneonatal infants (18%). Forty
nine patients relapsed after treatment: 15 (5%)
neonates and 34 (3%) postneonatal infants;
three of these died. Among patients who
relapsed 21% were in coma on admission com-
pared with approximately 11% for the total
group; 25% had already received treatment for
more than 21 days compared with 6% for the
total population. Only 9% of patients who
relapsed received antibiotics before admission
compared with more than 20% of the total
population. The white cell count in the cere-
brospinal fluid among patients who relapsed
was not different from that of the total popula-
tion. Thirty one (86%) had cell counts >100x
106/1 cerebrospinal fluid at the time of the first
diagnostic tap compared with 81% of the total
population.

Paediatricians reported that 18 babies coned
after lumbar puncture (four neonates and 14
postneonatal infants) as a result of raised intra-
cranial pressure; four of them died. All the
babies who coned weighed more than 2000 g at
birth but three were less than 36 weeks' gesta-
tion. Twelve (66%) were feverish (>38°C) at the
time of diagnosis and only one had received
antibiotics during the previous 48 hours, four
were admitted in coma, four had convulsions,
and one had a rash. None of the patients who
coned had a congenital anomaly, one had
developed hydrocephalus before admission, and
one had a history of otitis. Results from the
cerebrospinal fluid were available from 15 of the
patients who coned; in 14 (93%) the white cell
count was > 00x 106/1. The course of the illness
for 12/16 (75%) patients who coned was compli-
cated by convulsions, ventriculitis, or hydro-
cephalus compared with 21% of the total popu-
lation. Information on the other two patients
was not available. Two patients relapsed after
treatment was completed.
The organisms isolated from the cerebro-

spinal fluid are shown in table 1. Among
neonates, group B ,B haemolytic streptococci
were most frequently isolated followed byE coli
and L mwnocytogenes. A wide range of other bac-
teria were implicated in neonatal meningitis
whereas among postneonatal infants N menin-
gitidis, H influenzae and S pneumoniae accounted
for 70% of all cases and 89% of bacteriologically
proved meningitis. The case fatality rate was
highest in neonates with meningitis due to
enteric Gram negative rods: 32% compared with
22% for group B Pi haemolytic streptococcal
meningitis, 5% among cases due to L monocyto-
genes, and 2% among culture negative cases.
E coli and group B I6 haemolytic streptococci

were also significant causes of meningitis

605

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.66.5.603 on 1 M

ay 1991. D
ow

nloaded from
 

http://adc.bmj.com/


de Louvois, Blackbourn, Hurley, Harvey

Table 4 Meningitis in the first year of life in England and
Wales 1985-7: death by organism. Results are number (%)

Neonates Postneonatal
(n=400) infants

(n= 1472)

Group B ji haemolytic streptococci 27/112 (24) 11/44 (25)
Escherichia coli 18/72 (25) 5/27 (19)
Listeria monocytogenes 2/19 (11) 0/1
Haemophilus influenzae 2/9 (22) 17/445 (4)
Neisseria meningitidis 0/10 19/433 (4)
Streptococcus pneumoniae 3/18 (17) 12/150 (8)
Other Gram negative organisms 13/26 (50) 5/27 (19)
Other Gram positive organisms 5/14 (36) 3/23 (13)
Viruses 0/16 0/37
Mycoplasma hominis 2/3 (66) 0/1
Candida albicans 3/4 (75) 1/5 (20)
Other microorganisms 1/5 (20) 1/9 (11)
Sterile cerebrospinal fluid 3/92 (3) 5/270 (2)
Total No deaths 79 79

outside the neonatal period and together
accounted for 8% cases during the second to
sixth months of life. Throughout the first year

of life meningitis due to E coli and group B ,3
haemolytic streptococci was associated with a

high mortality rate. Cases and deaths by organ-

ism for patients in the two groups are shown in
table 4. Meningitis was most common during
weeks one and three of life. N meningitidis (29%)
was the commonest cause of meningitis in chil-
dren 2-6 months of age, and among children
aged 7-12 months H influenzae (46%) was most
frequently isolated. The mortality rate among

postneonatal infants infected with S pneumoniae
was twice as high (6%) as that after infection
with meningococci or haemophilus.

Discussion
This study confirms recent reports that mening-
itis in England and Wales is still significantly
under reported.' Detailed observations on

reporting will be the subject of a separate com-

munication. Information on a large number of
cases notified to us was not sent to CDSC or the
Meningococcal Reference Laboratory. Consul-
tant paediatricians notified us of 158 babies who
had died of meningitis; 104 (66%) of these were

not coded by OPCS as cases of meningitis. In
addition there were 43 children who died of
meningitis, 22% of all deaths, who were not
notified to the study. Subsequent inquiry
revealed that many of these cases had not come
to the attention of the paediatricians. This
figure (22%) compares with the 29% reported
by Goldacre for infants in whom meningitis was
diagnosed only at necropsy.7 Accurate calcula-
tion of the mortality associated with meningitis
during the newborn period is now impossible as

OPCS no longer report the causes of death
occurring during the first 28 days of life. It is
disturbing that 12% of death certificates for
babies coded by OPCS as having died from
meningitis contained no mention of this condi-
tion.
The incidence of neonatal meningitis in our

study (0-32/1000 live births) is higher than that
reported by Goldacre (0-26/1000 live births) for
the period 1969-73, using essentially the same

diagnostic critiera.7 This would support the
suggestion that the incidence of meningitis
among the newborn is increasing; however,

comparison of' the figures for the North West
Thames hospital region for 1968-73 and 1985-7
shows no increase. There were 16 cases of
neonatal meningitis per year for the period
1968-73 compared with 10 per year during
1985-7. Among postneonatal infants there were
46 and 40 cases per year respectively. Although
there may have been no increase in the inci-
dence of meningitis, the case fatality rate for
neonatal meningitis has fallen from 43%
reported by Goldacre to 20% in the present
study. Among postneonatal infants the mortal-
ity rate has fallen from 13% for the period 1969-
73 to 5% for the period 1985-7.

Meningitis occurred significantly more fre-
quently (p<0-001) among neonates who were
born prematurely or were of low birth weight
confirming previous reports.9 There was a signi-
ficant association also (p<0-001) between low
birth weight (<2000 g) and meningitis among
postneonatal infants compared with the national
incidence of birth weight below 2000 g.8
Meningitis due to Gram negative organisms
has a higher mortality than that due to Gram
positive bacteria, as has been reported
previously.'0 ii Mortality is significantly lower
for postneonatal infants in general but it
remains high throughout the first year of life for
babies infected with E coli and group B Pi
haemolytic streptococci. Irrespective of the cli-
nical presentation or the number of white cells
present in the cerebrospinal fluid, mortality was
significantly lower for both neonates and post-
neonatal infants whose cerebrospinal fluid cul-
ture results were negative. Some of these may
have been cases of undiagnosed viral mening-
itis, and in others the prompt use of antibiotics
by the general practitioner may have effectively
sterilised the cerebrospinal fluid before a lum-
bar puncture was performed.

In the majority of laboratories in England and
Wales viral studies are not part of the routine
investigation of suspected infantile meningitis.
Chonmaitree et al studied 111 patients who had
viral investigations because of suspected men-
ingitis; 63 of these patients were under 1 year of
age. Enteroviruses were isolated from 46
(41%) of the population and from 60% of those
under 1 year of age. The isolation of a virus
shortened hospital stay and reduced the unnec-
cessary use of antibiotics. Clearly, viral culture
of cerebrospinal fluid and other appropriate
specimens, together with serology, should be
part of the routine investigation of meningitis in
the very young.
Only 133 (7%) of the study population

received steroids during the acute phase of their
illness. Mortality among those receiving ster-
oids was significantly higher (p<0-001) than for
the remainder of the population. This is not in
agreement with other studies and probably
reflects the use of steroids in the most severely
ill patients. In controlled studies on the use of
dexamethasone in the treatment of meningitis,
Lebel et al reported that administration before
the first dose of antibiotics does not effect the
mortality rate but reduces the duration of fever
and significantly lowers the incidence of sensor-
ineural hearing loss associated with acute bacte-
rial meningitis."3 The beneficial effects of
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dexamethasone have been reported by other
workers also.'4 15 No information is available on
the duration of fever in the group treated with
steroids in our study. We are currently follow-
ing up the study population, and matched con-
trols, until the fifth birthday in order to deter-
mine the incidence of deafness and other long
term sequelae from infantile meningitis.

We thank all the paediatricians and microbiologists concerned in
this study for allowing us to study their patients and for so will-
ingly providing the information requested. Without their cooper-
ation this study would not have been possible. The study was
supported financially by donations received by the Karim Centre
for Meningitis Research.
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Autism, gene pools, and the Mormons
Autism affects between two and five of every 10 000 and is three
or four times more common in males than females.' The cause is
unknown but genetic factors seem more important than acquired
disease. The concordance rates are 64% in dizygotic and 9% in
monozygotic twins. An epidemiological survey of the state of Utah
has provided useful information. A total of 241 people with autism
were ascertained and the medical records of 233 of them and of 62
of their non-autistic siblings were examined (Mason-Brothers et
al, Pediatrics 1990;86:514-9). There were no significant differ-
ences between autistic and non-autistic subjects as regards prena-
tal, perinatal, or postnatal factors.

Previously published results from the same survey gave usable
information for genetic counselling.2 The recurrence risk overall
was 8-6% but it varied according to the sex of the first autistic
child; if the first child was male the recurrence risk was 7%, if
female 14-5%. The authors are careful to point out that the
strength of the Mormon church in Utah does not appear to have
had any significant effect on the gene pool.
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