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Abstract
Objective: to determine mortality, morbidity, antimicrobial susceptibility and the most frequent

serotypes in children admitted to hospital due to pneumococcal meningitis

Methods: patients with meningitis caused by Streptococcus pneumoniae detected by culture in
cerebrospinal fluid or blood, aged between 1 month and 15 years old, admitted to two hospitals in the city
of São Paulo, were included in the study. Susceptibility to penicillin was determined by the disk diffusion
test using oxacillin 1 µg disk. If the inhibition area with oxacillin disk was less than 20mm, the strains were
tested for penicillin, chloramphenicol, ceftriaxone, vancomycin and sulfamethoxazole /trimethoprim
using the E test.

Results: we identified 55 patients, 52.5% of which were younger than 6 months. The prevalence of
penicillin-nonsusceptible strains was 36%. All the strains were intermediately resistant (0.1µg/ ml < MIC<
1.0 µg/ ml) and 35% of the penicillin intermediate resistant strains were resistant to sulfamethoxazole/
trimethoprim. The mortality rate was 20% and impaired neurological outcome was present in 40% of the
children. The audiometric test revealed alteration in 60% of the children tested. Age less than 6 months was
associated with poor outcome. The most frequent serotypes were 1, 5, 6B, 14, 19A and 23F, and 70% of
the serotypes were included in the new 7-valent vaccine.

Conclusions: these findings suggest that pneumococcal meningitis presents high mortality and
morbidity and that the 7-valent conjugate vaccine would be potentially useful in preventing serious
pneumococcal infections.
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Introduction

Meningitis caused by Streptococcus pneumoniae is still
a cause of concern due to its mortality and morbidity rates
and, etiologically, it is frequently associated with death and
severe sequelae in childhood.1-3 According to international

studies, morbidity rates reach up to 20-30%, while mortality
rates amount to 10%.1,4,5 These data have not changed
considerably during the past 30 years.

During the 50’s and 60’s, Streptococcus pneumoniae
was invariably sensitive to penicillin, and most of its strains
were subdued by minimal inhibitory concentrations of
penicillin as low as 0.001 µg/ml. An increase in
pneumococcal strains was described in the 1980’s with a
reduction in the susceptibility to penicillin, initially in Spain
and in South Africa and, afterwards, all around the world.6,7

In Brazil, the incidence of penicillin nonsusceptible
pneumococcus has been equivalent to nearly 25%.8-10
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Despite microbiological studies carried out in our
environment, we did not find clinical assays with adequate
assessment of the consequences of bacterial resistance on
the therapeutics of invasive diseases, especially those with
high mortality and high morbidity.8-10 Data obtained from
the Epidemiological Surveillance Center (state of São Paulo)
show pneumococcal meningitis as one of the major etiologic
agents of bacterial meningitis, with a mortality rate around
30%. Mortality is higher among infants aged less than one
year old.11

The recent implementation of conjugated vaccines
against the most frequent serotypes involved in the etiology
of meningitis has been a hopeful prospect for the control of
this disease. However, selecting serotypes for the vaccine is
not an easy task. Several conjugated vaccines containing 7
to 11 serotypes are now being evaluated.12

Recent population-based studies revealed that the vaccine
containing 7 serotypes (4, 14, 6B, 9V, 23F, 18C, 19F)
conjugated with a mutant diphtheria toxin molecule (CRM
197) showed good immunogenicity and good protection
against invasive pneumococcal infections in children.13

This finding deserves further investigation in Brazil, since
there are some differences as to the serotypes of the most
prevalent pneumococci and also in terms of the most affected
age group.

The present study aims at assessing patients with bacterial
meningitis induced by Streptococcus pneumoniae with
respect to mortality, morbidity, and penicillin susceptibility.
In a second moment, we investigate the serotypes of the
most prevalent pneumococci among our patients in order to
assess the potential protection provided by the pneumococcal
conjugate vaccine recently marketed in our country.

Patients and methods

Children aged between one month and 15 years, who
were diagnosed with bacterial meningitis, and whose
cerebrospinal fluid showed pleocytosis (>10 cells/µl), were
included in this study. The children were assisted at the
Pediatric Department of Hospital Santa Casa in São Paulo
or at the Emílio Ribas Institute between 1994 and 1999. The
inclusion criteria were based upon viable strains of
Streptococcus pneumoniae isolated from cerebrospinal fluid
or from blood for microbiological studies on bacterial
resistance. The clinical evolution of the patients was assessed
by the retrospective analysis of medical records, by means
of a uniform evaluation protocol that included information
about medical history, physical examination, and clinical
evolution. The assessment of clinical evolution consisted in
analyzing neurological data and the presence of hearing
deficiency. Those patients who returned more than twice
for postdischarge evaluation had their neurological data
analyzed. The medical records were collected by the
physicians who were working at the units that collaborated

with this study, and were evaluated by two of the authors
(Berenzin and Carvalho).

The bacterium was isolated through the inoculation of
the material on blood agar plates, and was identified by
Gram staining, optochin sensitivity tests, and bile solubility.

Penicillin susceptibility was determined by Kirby-Bauer
disk diffusion test using oxacillin 1µg disk. The strains that
presented inhibition zone diameters less than 20 mm were
confirmed as being penicillin nonsusceptible by the
assessment of minimal inhibitory concentration through the
E-test.14

Organisms with MIC less than 0.1µg/ml were defined as
penicillin susceptible. Organisms with MIC between 0.1
and 1.0 µg/ml were defined as intermediately resistant.
Organisms with MIC greater than 1.0 µg/ml were defined as
totally resistant to penicillin.14 Penicillin nonsusceptible
strain (PNS-S) of pneumococcus was tested for penicillin,
chloramphenicol, erythromycin, ceftriaxone, vancomycin
and trimethoprim/sulfamethoxazole, using the E-test.

All pneumococcal strains were serotyped by the Quellung
test using sera from the Staten Seroinstitut, Copenhagen,
Denmark, at the Instituto Adolfo Lutz, São Paulo, Brazil.

Parametric and nonparametric tests were used for
statistical analysis (Epi-Info 6 software). The level of
rejection of the null hypothesis was fixed at 5% (P < 0.05).

The following statistical tests were applied: significance
test for proportion (critical Z score = 1.64), Fisher’s exact
test (P > 0.05), and the chi-square test (P < 0.1).

Results

During the study period, we identified 55 cases of
meningitis in 53 patients - 28 males and 25 females. Table
1 presents the characteristics of the patients at the time of
hospital admission.

Patients aged less than 12 months (72.4%) were more
frequently affected; 52.5% of the children were less than six
months old, and 25.9% were less than three months old.
Since 52.5% of the children were less than six months old,
we decided to split them into two groups: those younger
than six months and those older than six months.

Among the selected patients, nine children had
predisposition to severe pneumococcal infections, and
among these, four children presented with nervous system
alterations, such as cerebrospinal fluid fistula, head trauma
or ventriculo-peritoneal shunt. Two patients presented
acquired immunodeficiency syndrome, two had congenital
cardiopathy, and one patient had sickle-cell anemia.
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Table 1 - General clinical and CSF characteristics in patients
at hospital admission

* Mean ± standard deviation
Csf = Cerebrospinal fluid

Total
n=55

Age (months)* 17 ± 27
Median 6

Age less than or equal to 6 months (n) 28

Age > 6 months (n) 27

Length of symptoms before admission (days)* 3.13 ± 2.7
Median 3

Cells /Csf* (x103/mm3) 1.2 ± 2.2
Median 0.45

Glucose /Csf* (mg/dl) 23 ± 25
Median 11

Protein /Csf* (mg/dl) 267± 198
Median 216

Table 2 - Clinical evolution comparing patients infected by penicillin susceptible (PS)
pneumococci and penicillin nonsusceptible (PNS) pneumococci

* Mean ± standard deviation
† Seizures, hydrocephalus, subdural collection, neurological sequalae

PNS PS Total P
n=20   n =35 n=55

Length of hospital stay* (days) 22 ± 18 16 ± 11 18 ± 14 NS
Median 20 16 16

Mortality rate 5 6 11 NS
(25%) (17%) (20%)

Neurological injury† 9/15 7/25 16 NS
Results from 40 children (60%) (28%) (40%)

Hearing loss 6/10 6/10 12 NS
Results from 20 children (60%)
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With respect to penicillin susceptibility, 20 (36%)
patients had infection caused by strains with intermediate
resistance to penicillin, and 35 were infected by penicillin-
susceptible strains. Among the strains with low penicillin
susceptibility, there was no resistance to chloramphenicol,
ceftriaxone, vancomycin, or erythromycin, and 35% were
resistant to trimethoprim/sulfamethoxazole. The
characteristics of the patients who participated in the study,
comparing those infected by susceptible strains and those
infected by nonsusceptible strains, are shown in Table 2.

The initial treatment scheme for pneumococcal
meningitis consisted of a combination of ampicillin and
chloramphenicol in 28 children, and third-generation
cephalosporin in 27 children. Among the children under
initial treatment with ampicillin and chloramphenicol, 13
had their treatment altered to third-generation cephalosporin.
The administration of vancomycin was necessary in 10
children in some part of the treatment. All the children
received dexamethasone at the beginning of the treatment .

The mortality rate was 20% (11 patients). Death occurred
in children aged less than 12 months, mostly in children at
the age of up to six months (7 patients) (Table 3), and in 5
patients up to the third month of life. In addition, there were
neurological sequelae in 16 (40%) of the 40 patients during
clinical follow-up. Of the 20 patients whose hearing sequelae
was assessed, 12 (60%) had some hearing loss, at least in
one ear. No significant statistical difference was found in
the prognosis of patients infected by penicillin susceptible
and nonsusceptible pneumococci (Table 2).

Table 3 shows the risk factors for a poor outcome.
Children aged less than six months were at higher risk for
death and neurological injury. When these children were
compared to those older than six months, there was significant
difference in the sum of mortality rates and death rates
(P<0.05, RR=2.29, variation of 1.21- 4.36).

The most frequent serotypes in this study are shown in
Table 4. The most common serotypes were 6B, 14, 23F,
19F, 6A and 4, all of which are present in the heptavalente
vaccine. The serotypes usually related to infection caused
by resistant strains were 6B 14, 19A and 23F. The serotypes
present in the heptavalente vaccine potentially protect
individuals against 62% of meningitis cases in this study. If
serotypes with confirmed cross protection (6A) are added,
this rate rises to 70%. In the case of serotypes with possible
cross protection, the vaccine coverage reaches 78%.
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Age Age p <0,05
< 6months  > 6 months

n=29 n= 28

Mortality 7 (24%) 4 (14%) NS

Neurological injury* 12 (41%) 7 (14%) NS

Hearing abnormality 7 (24%) 5 (18%) NS

Mortality or
neurological injury 19 (65.5%) 8 (28.5%) P< 0.05

Table 3 - Clinical evolution comparing patients aged less than
6 months and older than 6 months, in terms of
prognosis

* Seizures, hydrocephalus, subdural collection, neurological sequelae

Table 4 - Distribution of most prevalent strains of meningitis
regarding susceptibility to penicillin, inclusion in
heptavalent vaccine* (4, 14, 6B, 9V, 23F, 18C, 19F),
and serotypes with possible cross-immunity (6A,
19A, 9N)

Serotypes n (%) PNS-P

6B* 7 14 5
14* 6 12 3

23F* 5 10 3
19F* 6 12 2
6A† 4 8 2
4* 4 8 1
5 3 6 0
1 3 6 0

19A‡ 3 6 3
18C* 2 4 0

Nt 2 4 0
9V* 1 2 0
16F 1 2 0
29 1 2 0

9N‡ 1 2
8 1 2

Nt  = nontypable
* Serotypes included in the heptavalent vaccine
† Serotypes with confirmed cross-immunity
‡ Serotypes with possible cross-immunity
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Discussion

Several epidemiological studies show that invasive
pneumococcal infections are predominant during the first
months of life. With an annual incidence rate ranging from
45 to 145 cases per 100,000 children aged less than two
years, Streptococcus pneumoniae is one of the most
important causes of invasive infections in children.1,3,15 In
São Paulo, according to data obtained from the Alexandre
Vranjak Center for Epidemiological Surveillance, the
incidence rate of meningitis in children aged less than one
year is 18 to 100,000.11 The mortality rate at this age is
around 40%, disregarding data on neurological sequelae,
which are extremely serious.

In a recent collaborative study on pneumococcal
meningitis carried out in the United States, Arditi et al.4

showed a median age of 9 months, which is very close to that
observed in our study, that is, 6 months. In Holland,
Kornelisse et al.,5 reported a median age of 8 months.

The mortality rate among our patients was 20%. In
children aged less than two years, the mortality rate was
close to 40%. The age below 6 months was a risk factor for
poor prognosis. Although we consider this mortality rate to
be high, it is lower than that usually described by other
authors who studied meningitis cases in developing
countries.1,2  Baraff et al.1 showed in a meta-analysis that
pneumococcal meningitis is the most common type of
meningitis associated with severe sequelae, when compared
to those caused by Neisseria meningitidis and by
Haemophilus influezae type B. In this study, the highest
mortality rate in children from developing countries is
associated with the length of symptoms before diagnosis. In
our study, the median length of symptoms before diagnosis
was three days, which is very high, but statistically unrelated
to poor prognosis. In a collaborative study conducted by
Arditi et al. in the United States, pneumococcal meningitis
presented a mortality rate of 7.9%. Kornelisse et al.5 reported

a mortality rate of 17% in Holland. This mortality was more
frequent in patients who had been referred from other
hospitals. In this case, the mortality rate amounted to 35%.
One of the hospitals included in our study (Emilio Ribas
Institute) only admits patients who are referred from other
institutions.

Neurological sequelae were observed in 40% of the
children who survived and in 60% of the children studied.
These data are compatible with previous studies in which
neurological sequelae range between 25 and 60%.1,2,4

A common agreement regarding the treatment of
meningitis caused by pneumococcus is no longer withheld
since there have been new reports of penicillin nonsusceptible
pneumococci. Most authorities recommend vancomycin
combined with third-generation cephalosporin for the
empirical treatment of bacterial meningitis, since there
have been reports of bacterial resistance of penicillin
nonsusceptible strains, in addition to third-generation
cephalosporin.3,16 Our study did not reveal any strain
resistant to third-generation cephalosporin, and neither did
the other studies on bacterial susceptibility conducted in
our environment. Therefore, we considered that third-
generation cephalosporin should be the treatment of choice,
leaving vancomycin aside for occasional therapeutic failures.
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As to the use of ampicillin combined with
chloramphenicol (initial option in 20 children), we observed
a change in antibiotic therapy in 35% of the cases. Due to the
high percentage of penicillin nonsusceptible strains (36%
in our study), we do not recommend the use of penicillin and
ampicillin as an initial treatment scheme. Even though
chloramphenicol was effective in treating pneumococcal
infection, in comparative studies it was ineffective due to
the fact that it has only bacteriostatic action and presents a
high bactericide concentration.17

There was no difference in the prognosis of patients
infected by penicillin nonsusceptible strains in terms of
mortality and morbidity. Several authors state that mortality
is higher in children who are in a coma on hospital
admission.1,4,5 This was not observed among our patients.

The solution to pneumococcal infections possibly lies in
the use of immunizing agents that are effective even in
newborn infants. A pneumococcal vaccine conjugated with
a mutant diphtheria toxin molecule (CRM 197) has been
recently released, showing good immunogenicity and good
protection against invasive infections according to recent
population studies.13 The heptavalente vaccine (4, 14, 6B,
9V, 23F, 18 C, 19 F) is effective in preventing 70% of the
meningitis cases we described in our study.

Our conclusion is that pneumococcal meningitis has a
high mortality and high morbidity rate in our country.
Mortality is not related to bacterial resistance and, apparently,
it can only be reduced through immunization, early diagnosis,
and adequate treatment. The heptavalente vaccine may be
quite useful since it can prevent nearly 70% of invasive
pneumococcal infections.
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