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Three hundred sixty-two Streptococcus pneumoniae strains were isolated from children under 5 years of age
at Dhaka Shishu (Children) Hospital from 1993 to 1997. The strains were isolated from blood (n 5 105), CSF
(n 5 164), ear swab (n 5 61), eye swab (n 5 20), and pus (n 5 12). Of the 362 isolates, 42 (11.6%) showed
intermediate resistance (MIC, <0.1 mg/ml) and only 4 (1.1%) showed complete resistance (MIC, >2.0 mg/ml)
to penicillin. Penicillin resistance exhibited a strong relationship with serotype 14; 47.8% of the penicillin-
resistant strains belonged to this type. A remarkably high (64.1%) resistance to co-trimoxazole was observed,
along with a significant increase during the time period studied; there was no relationship to capsular type. By
way of contrast, penicillin resistance did not show any significant change during the study period. Resistance
to chloramphenicol (2.2%) and erythromycin (1.1%) was rare. The high resistance to co-trimoxazole and its
increasing trend demand elucidation of the clinical impact of pneumonia treatment by this antimicrobial and
reconsideration of the World Health Organization recommendation for co-trimoxazole administration to
children with community-acquired pneumonia at the health care worker level in Bangladesh.

Streptococcus pneumoniae, the leading cause of childhood
pneumonia, is responsible for 20 to 40% of the global total of
4 million deaths of children below 5 years of age from pneu-
monia per year. This organism is also a common cause of
pneumonia and the second leading cause of meningitis in Ban-
gladesh (10, 12). The acute respiratory tract infection control
program designed for developing countries by the World
Health Organization includes patient management protocols
that recommend the use of an antimicrobial drug (penicillin,
ampicillin, or co-trimoxazole) for children with pneumonia. In
Bangladesh, as in other developing countries, empirical ther-
apy is the rule rather than the exception. The health care
workers of Bangladesh routinely give co-trimoxazole tablets,
popularly known as pneumonia bori, to patients with commu-
nity-acquired pneumonia. However, information about the an-
timicrobial susceptibility of pneumococci from most of the
developing world, which could potentially benefit the design of
acute respiratory tract infection control programs, is severely
deficient. The only preliminary report form Bangladesh showed
that 10% of the S. pneumoniae strains tested were resistant to
penicillin (14).

We present here an analysis of drug resistance patterns of
362 pneumococcal isolates from cerebrospinal fluid (CSF),
blood, ear swabs, pus, and eye swabs prospectively collected in
1993 to 1997.

The strains were collected from out- and inpatients of
Dhaka Shishu (Children) Hospital (DSH), which is the only
national pediatric hospital in Bangladesh for primary and ter-

tiary care. All children 0 to 5 years of age were included in the
study. The strains studied were isolated from blood (n 5 105),
CSF (n 5 164), ear swabs (n 5 61), eye swabs (n 5 20), and pus
(n 5 12).

MICs of penicillin, ampicillin, cephalosporin, co-trimox-
azole, chloramphenicol, and erythromycin for the strains were
determined by E test. The test was performed on Mueller-
Hinton agar (Unipath) supplemented with 5% defibrinated
sheep blood. Inocula were prepared in Mueller-Hinton broth
by direct suspension of pneumococcal colonies grown over-
night on sheep blood agar and matched to a 0.5 McFarland
opacity standard tube as described by Jorgensen et al. (6). Disc
diffusion tests for the antimicrobials mentioned above were
done by following the recommendation of the National Com-
mittee for Clinical Laboratory Standards (NCCLS) (9). Sero-
typing of the strains was done by using antisera from Statens
Serum Institut (Copenhagen, Denmark) as described earlier
(5, 13). In accordance with the NCCLS recommendation, only
the penicillin-resistant strains were tested for sensitivity to
ampicillin and cephalosporins (9).

Resistance patterns of S. pneumoniae strains were deter-
mined by putting the disc diffusion zone and MIC on MS Excel
1997, which was customized for the recommended cutoff value
(9). Epi-Info 6.02 was used to analyze the results. The diame-
ters of the zones of inhibition for oxacillin (for penicillin),
co-trimoxazole, chloramphenicol, and erythromycin discs were
compared with the MICs of the respective antibiotics for the
same strains. The sensitivity and specificity of the disc diffusion
results for detection of resistant strains were determined by the
method described by Barker and Hall (2).

The serogroup distribution (Table 1) of the isolates was
similar to that of the previous report (13). Of 362 strains,
70.2% (254) were resistant to at least one antibiotic; 69.6%
(252) and 64.1% (232) of the strains were found to be resistant
to co-trimoxazole by disc diffusion and E test, respectively, with
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100% sensitivity and 86.1% specificity of disc diffusion. A re-
markable increase (P , 0.001) in co-trimoxazole resistance was
observed among the strains when they were grouped and an-
alyzed by year (Table 1). Capsular types did not bear any
relationship to co-trimoxazole resistance.

Penicillin resistance was observed in 46 (12.7%) of the 362
strains; however, only 4 (1.1%) showed complete resistance
(MIC, $2.0). The frequency of penicillin resistance varied by
capsular type, and resistance was found in nine different sero-
types, although 34 (74%) of the 46 resistant strains were con-
fined to three different serogroups or serotypes: 14 (47.8%;
n 5 22), 15B (13.0%; n 5 6), and 19 (13.0%; n 5 6). Figure 1
shows penicillin resistance among the seven predominant se-
rotypes (13), which comprised 36 (78.2%) of the 46 penicillin-
resistant strains. Remarkably, 22 (68.7%) of the 32 serotype 14
strains were penicillin resistant but none of serotype 7F, the
most predominant serotype, showed resistance to penicillin.
Penicillin resistance remained stable through out the study
period (P 5 0.87) (Table 2).

When the strains were screened for penicillin resistance by

using oxacillin discs, none of the resistant strains were missed
(sensitivity, 100%) and 28% of them (18 of 64) were classified
as sensitive when tested by E strips (specificity, 94.5%). Among
the oxacillin-resistant strains, 16 did not show any zone of
inhibition; however, 12 (75%) of them were only relatively
resistant (MIC, 0.1 to 1.0 mg/ml) and 4 (25%) showed complete
resistance (MIC, $2.0 mg/ml). Chloramphenicol and erythro-
mycin resistance was observed in 10 (2.8%) and 4 (1.1%) of the
362 strains, respectively.

These results show that Bangladesh is marginally in the
group of countries with high (.10%) penicillin resistance (1,
7). However, unlike other countries, such as Spain, South Af-
rica, France, Hungary, etc. (1), resistance to penicillin in Ban-
gladesh did not show any change during the study period, and
further, it is similar to that in the previous report (14). Most
(91%; 42 of 46) of the penicillin-resistant strains in this study
showed only relative resistance, and for 97.2% (352 of 362) of
the strains the MICs were less than 0.50 mg/ml. Further, as
pneumococcus strains isolated from blood and CSF are more
likely to be resistant to penicillin than are strains isolated from
carriers in the community (11), penicillin is probably the best
empirical choice for treatment of pneumonia cases, as a high
concentration in serum of .100 mg/ml can easily be reached
(16).

In this study, resistance to penicillin was mostly (47.8%; 22
of 46) observed in serotype 14 strains. A similar correlation
was also observed among the strains from Slovakia (11) and
the United States (15). In contrast to the high resistance rate
among serotype 14 strains (73.3%; 22 to 30), none of the
strains of serotype 7F, the most predominant type in Bangla-
desh (13), was resistant to penicillin. Comparison of zone sizes
with MICs revealed that the 20-mm cutoff for penicillin resis-
tance recommended by the NCCLS (9) is 100% sensitive and
94.5% specific. Any zone size cutoff of less than 20 mm com-
promises the sensitivity. This finding is in contrast to that of
Evans et al. (4), who proposed 9 mm as the cutoff point.
Similarly, when the NCCLS cutoff point is strictly followed,
disc diffusion was found to be 100% sensitive for detection of
co-trimoxazole and chloramphenicol resistance. Further, we
found the E test to be a very simple and reproducible method
for MIC determination in routine diagnostic laboratories with
limited facilities and highly cost effective if it is selectively used
only for strains which are found to be resistant by disc diffusion
following the stringent criteria of the NCCLS.

None of the strains were resistant to ampicillin. Chloram-
phenicol resistance was observed in only 2.8% of the strains,
without any relationship to penicillin resistance. Therefore, the
combination of ampicillin and chloramphenicol, the most com-

TABLE 1. Serotype distribution of S. pneumoniae isolates from
pediatric patients in Bangladesh from 1993 to 1997

Serotype No. of
isolates Percentage Rank

1 20 5.5 7
2 10 2.8 11
5 14 3.9 10
6 20 5.5 8
7F 46 12.7 1
9V 8 2.2 13
12 24 6.6 5
14 32 8.8 3
15 34 9.4 2
18 30 8.3 4
19 22 6.1 6
20 8 2.2 14
33 10 2.8 12
45 18 5.0 9
Others 44 12.1
Nontypeable 22 6.1

Total 362 100

FIG. 1. Occurrence of penicillin resistance in seven predominant pneumo-
coccal serotypes of Bangladesh.

TABLE 2. Pneumococcal isolates resistant to penicillin and co-
trimoxazole by year from 1993 to 1997

Yr (no. of
strains)

No. (%) of strains resistant to:

Penicillin Co-trimoxazole

Intermediate
resistancea

Total
resistanceb

Intermediate
resistancec

Total
resistanced

1993 (53) 6 (11.3) 0 (0) 12 (22.6) 14 (26.4)
1994 (56) 7 (12.5) 0 (0) 17 (30.4) 14 (25.0)
1995 (95) 13 (13.7) 2 (2.7) 21 (22.1) 30 (31.6)
1996 (53) 5 (9.4) 2 (3.7) 15 (28.3) 28 (52.8)
1997 (105) 11 (10.5) 0 (0) 16 (15.2) 65 (61.9)

a MIC, 0.1 to 1.0 mg/ml.
b MIC, $2.0 mg/ml.
c MIC, 1/19 to 2/38 mg/ml.
d MIC, $4/76 mg/ml.
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mon regimen used in the hospitals of our country, is still a good
empirical choice for the treatment of pneumococcal meningi-
tis. The most remarkable findings of this study are the high
co-trimoxazole resistance and its increasing rate (P , 0.001).
This can possibly be correlated with the wide use this antibiotic
in the community because of its dose convenience, cost effec-
tiveness, and easy availability over the counter. In the last
several years, its use has increased as health care workers have
been using it for community-acquired pneumonia cases, as
recommended by the World Health Organization. Recommen-
dation of co-trimoxazole is based on previous Gambian data
showing that all S. pneumoniae isolates from community-ac-
quired pneumonia cases were sensitive to co-trimoxazole (3).
In recent years, however, resistance to co-trimoxazole has been
emerging among isolates of S. pneumoniae, and it is now rec-
ommended that the use of co-trimoxazole should immediately
be discontinued in areas with a high prevalence of resistant
strains (7). At this point, it is very important to elucidate the
clinical impact of co-trimoxazole treatment of pneumonia
cases with proven resistant or sensitive pneumococcus strains
to decide whether (i) the use of co-trimoxazole should imme-
diately be discouraged in a population with a high percentage
of co-trimoxazole resistance or (ii) the resistance of S. pneu-
moniae to this antimicrobial, in terms the cutoff point, has to be
redefined.

We are continuing to monitor the drug resistance of our
isolates at DSH to see its trend and are in the process of
collecting a large number of nasopharyngeal S. pneumoniae
strains from the community of Dhaka and other districts to get
representative strains from the whole country (8) to see if there
are differences in the resistance patterns.
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