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One hundred sixty-five invasive Streptococcus pneumoniae strains were isolated from children under five at
Dhaka Shishu (Children’s) Hospital during the period 1992 to 1995. Ninety-four strains were from cerebro-
spinal fluid, and 71 were from blood. More than 91% of the strains were isolated from patients aged 24 months
or less. Predominant serotypes were, in descending order, 7F, 12F, 14, 15B, 4, 23F, 18, 5, and 22A. These
comprised 70% of all isolates. The marked differences in serotype distribution in different countries indicate
the need for a sentinel surveillance study for the countries of south Asia, particularly Bangladesh, China, India,
and Pakistan.

Streptococcus pneumoniae, the leading cause of childhood
pneumonia and meningitis, is responsible for 20 to 40% of the
global total of 4 million child deaths from pneumonia per year
(6). In Bangladesh it is a common cause of pneumonia and
meningitis, with high mortality (11, 12).
The shortcomings of polysaccharide vaccines, i.e., no re-

sponse in children under two (1), and lessons learned from
conjugate Haemophilus influenzae type b vaccine have facili-
tated the development of pneumococcal conjugate vaccines
which can accommodate only a few serotypes. Recently, pro-
tein-conjugated heptavalent and tetravalent vaccines have
been developed and studied for their immunogenicity in ani-
mal models and human volunteers (14). Any plan to develop
and/or introduce an appropriate narrow-spectrum pneumococ-
cus conjugate vaccine will need serotype data from different
parts of the world. Unfortunately, information from most of
the developing world, which could potentially benefit the most
from conjugate vaccines, is severely deficient.
We present here a serotype analysis of prospectively col-

lected pneumococcal isolates from cerebrospinal fluid (CSF)
and blood of patients with meningitis and pneumonia, respec-
tively, in Bangladesh.
The study was carried out at Dhaka Shishu (Children) Hos-

pital (DSH), which is the only pediatric hospital at the national
level for primary and tertiary care. All children with meningitis
or pneumonia, aged 0 to 5 years, were included in the study.
Cases in which S. pneumoniae strains were isolated from CSF
and blood were considered eligible for analysis. Pneumococcal
strains were serotyped by the capsular swelling procedure
(quellung reaction) with type-specific antipneumococcal pool,
type or group, and factor sera (Statens Seruminstitute, Copen-
hagen, Denmark) (4). Only one isolate per disease episode was

analyzed. ATCC strains 6314, 6301, and 10341 and Johns Hop-
kins University (JHU) strains 9, 23, and 4 (kindly provided by
Mark Steinhoff) were used as known control strains. The Epi
Info statistics program 6.02 (3) was used for analyzing the data.
A total of 165 invasive pneumococcus strains were isolated

in the 3-year study period 1992 to 1995. Ninety-four (57%) of
the strains were isolated from 412 pyogenic CSF specimens,
and 71 (43%) were from the blood of 531 pneumonia patients.
The numbers of male and female patients were 111 and 54,
respectively, a ratio of 2.05.
Eighty-nine percent (146 of 165) of the strains were isolated

from patients in the 2- to 24-month age group, and 56% (93 of
165) were from patients aged 6 to 24 months. Only 3.0% (5 of
165) of the isolates were from patients in the neonatal age
group (0 to 30 days), and 8.5% (14 of 165) were from patients
2 years old or older (Table 1).
Among 154 (93.3%) typeable strains, the most prevalent

serotypes were 7F, 12F, 14, and 15B. These four serotypes
were found in 54% of the cases; other serotypes were 4, 23F,
18, 5, and 22A. Serotypes of infrequent occurrence made up
23.5% of the isolates. Predominant serotypes in meningitis and
pneumonia cases were similar (Table 2).
An ideal pneumococcal vaccine must be immunogenic in

very young children, in whom the incidence of pneumococcal
infection and mortality is highest, and must protect against the
most common serotypes. Since the success ofH. influenzae type
b conjugate vaccine, a number of antigenic formulas for pneu-
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TABLE 1. Major serogroups and types of invasive pneumococcal
isolates in patients of different age groups

Age
(mo)

No. of isolates of serotype: Total
no. of
isolates

Cumula-
tive no. of
isolates
(%)1 4 7F 12F 14 15B 23F Other

0–1 2 0 0 1 0 0 0 2 5 5 (3.0)
1–2 0 1 1 0 0 2 1 2 7 12 (7.3)
2–6 5 0 11 8 6 5 0 11 46 58 (35)
6–12 2 3 10 9 9 7 3 24 67 125 (75.7)
12–24 0 4 4 3 2 2 1 10 26 151 (91.5)
24–60 2 0 7 1 0 1 1 2 14 165 (100)
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mococcus vaccine, some for developed and some for develop-
ing countries, have been proposed (14). However, the for-
mulation of a vaccine based on the existing data from the
developing countries may not be optimal. For example, data
from India, China, and Bangladesh, countries that include the
majority of the world’s children, are not available.
Seventy-five percent of our patients were in the 1st year of

life, and 91.5% (151 of 165) were under 2 years (Table 1).
Therefore, children of less than 2 years should be the target
group for conjugate vaccines, as this age group does not re-
spond well to polysaccharide vaccines. There were only five
cases (3%) in the first month of life, which is comparable to the
findings of studies from other parts of the world (9, 16). Hence,
the other approach, immunization of mothers during preg-
nancy, recently attempted by Shahid et al. (13), would be
expected to provide protection for some of these children only
during their first few months of life, when the incidence is very
low (2, 7).
Like other investigators (2, 8), we also found male predom-

inance among the cases, with a male/female ratio of 2.05. The
comparatively higher prevalence of male children in our study
may reflect the social attitude whereby a male child receives
more attention and is preferentially taken to the hospital.
The serotype distribution found in the present study is dis-

tinctively different from that found in children in other parts of
the world. The two predominant serotypes in our study were
7F and 12F, which together made up 33% of all isolates.
Neither of these types was isolated in the pneumonia cases in
Pakistan (8). Serogroup 7 was the most prevalent among the
isolates in Papua New Guinea (5) and ranked 7th and 11th in
developed and developing countries, respectively, when all the
published data were analyzed (14). Extreme diversity of pneu-
mococcal serotype or group distribution is a common phenom-
enon and a great concern for workers in this field. For exam-
ple, group 1 is most prevalent in Egypt (31.4%) but is rarely
isolated in other developing countries, such as Pakistan (0.6%)
and Mexico (0.8%), and was never isolated in Finland, a coun-
try with the world’s highest average living standard. Serotype
14 is predominant in many countries but is rarely isolated in
Pakistan (1.2%). Similarly, group 19 was predominant in Pa-
kistan but rare in Egypt and was never found in Brazil (14).
This hospital-based study cannot be compared well with

community-based studies. In general, serotype distribution is
markedly different, and none of the proposed formulas for
conjugate vaccine (Table 3) covers more than 50% of the
pneumococcal patients of our population. The striking differ-
ence we found is the prevalence of serotype 12F, which is
rarely reported in any other country. Another interesting ob-

servation was the similarity of the serotypes isolated in pneu-
monia and meningitis cases. A nonavalent conjugate vaccine
containing the serogroups or types 7, 12, 14, 15, 4, 23, 18, 5, and
22 would give the optimum coverage for prevention of both
meningitis (73.5%) and pneumonia (66.2%) cases.
All these studies probably indicate the importance of an

alternative approach: a species-wide, protein-based vaccine for
wide coverage of pneumococcal infections (10, 15). However,
such species-wide vaccines are unlikely to be available in the
near future. The formulation and use of a conjugate vaccine
with high coverage for a particular population and/or region
are expected to reduce high rates of childhood mortality in
certain areas.
In conclusion, although DSH is the only national pediatric

hospital for primary and tertiary care, there are general hos-
pitals and private clinics serving the same population, and
some children with meningitis are obviously admitted to those
hospitals as well. Moreover, since Bangladesh is a developing
country, many children are not brought to the hospital and die
at home. Therefore, the actual burden of disease is possibly
manyfold higher than that observed at DSH. Further, children
at any particular hospital may show high degrees of concor-
dance and may not reflect the actual situation nationwide.
Finally, we would like to propose a national and subcontinental
sentinel surveillance system to determine the pneumococcal
serotypes causing invasive diseases in south Asia. These data

TABLE 2. Groups and types of invasive S. pneumoniae strains isolated from Bangladeshi children with pneumonia or meningitis

Meningitis isolates (n 5 94) Pneumonia isolates (n 5 71) All isolates (n 5 165)

Serotype % of total
(cumulative %) Serotype % of total

(cumulative %) Serotype % of total
(cumulative %)

7F 22.3 (22.3) 7F 16.9 (16.9) 7F 20.0 (20.0)
12F 16.0 (38.0) 15B 11.3 (28.2) 12F 13.0 (33.0)
14 10.6 (48.6) 12F 9.9 (38.1) 14 10.3 (43.3)
15B 9.6 (58.2) 14 9.9 (58.0) 15B 10.3 (53.6)
1 7.4 (65.6) 23F 7.0 (65.0) 4 4.8 (58.4)
18 4.3 (69.9) 4 7.0 (72.0) 23F 3.6 (62.0)
22A 3.2 (73.1) 1 5.6 (77.6) 18 3.0 (65.0)
25 3.2 (76.3) 16F 4.2 (81.8) 5 2.4 (67.4)
4 3.2 (79.5) 6A 4.2 (86.0) 22A 2.4 (69.8)
Others 13.1 (82.6) Others 8.4 (94.4) Others 23.5 (93.3)
Untypeable 7.4 (100) Untypeable 5.6 (100) Untypeable 6.7 (100)

TABLE 3. Serotype coverage of proposed pneumococcal conjugate
vaccine formulas,a on the basis of predominant types

and/or groups isolated in Bangladesh

Vaccine (serotype antigen)
Serotype
coverage
(%)

Formula A (4, 6B, 9V, 14, 18C, 19F, 23F)................................... 25.5
Formula B (1, 5, 6B, 14, 18C, 19F, 23F)...................................... 29.3
Formula A1B (1, 4, 5, 6B, 9V, 14, 18C, 19F, 23F).................... 35.6
Developed Country Custom 7 (6B, 7F, 9V, 14, 18C,
19F, 23F)....................................................................................... 41.7

Developed Country Custom 9 (1, 4, 6B, 7F, 9V, 14,
18C, 19F, 23F).............................................................................. 53.2

Developing Country Custom 7 (1, 5, 6B, 9V, 14,
19F, 23F)....................................................................................... 26.6

Developing Country Custom 9 (1, 5, 6B, 9V, 14,
15B, 18C, 19F, 23F)..................................................................... 41.1

Global 9 (1, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F) ........................... 50.5
Dhaka 9 (7F, 12F, 14, 15B, 4, 23F, 18, 5, 22A)........................... 69.8

a See reference 14.
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would suggest the formulation of a heptavalent or nonavalent
conjugate vaccine for this region, which contains the majority
of the world’s children.
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