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Streptococcus pneumoniae isolates resistant to penicillin and other antibiotics have
been increasing in many parts of the world. The aim of this study was to evaluate
the antimicrobial susceptibilities to penicillin and other commonly used agents
in 98 isolates recovered between 1997 and 1998 from clinical specimens from
children, and to determine the serotypes/serogroups related to resistance.
Susceptibility to penicillin was determined by E-test and disk diffusion tests were
used for the other antimicrobials. Serotyping was performed on all the isolates
by the quelling reaction. The rates of intermediate- and high-level resistance to
penicillin were 29.6% and 2%, respectively. Overall resistance to trimethoprim-
sulfamethoxazole was high (46%), of which 21% coexisted with penicillin
resistance. Resistance rates to erythromycin and chloramphenicol were 5% and
1%, respectively. Five isolates were multi-drug resistant. The most frequent
serotypes associated with penicillin resistance were serotypes 19, 23, 6, 9 and 15.
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Streptococcus pneumoniae is the most
commonly identified bacterial cause of
pneumonia, otitis media, meningitis and
systemic infections in children1,2. Penicillin has
been used effectively in the treatment of these
infections for many years; however, in recent
years strains with decreased susceptibilities to
penicillin and other β-lactam antibiotics have
been increasing in many parts of the world.
Most of the penicillin-resistant strains are
associated with serotypes 6, 9, 14, 19 and 23.
Penicillin-resistant isolates are also reported to
be more resistant to other groups of
antimicrobials which are used alternatively in
the treatment of S. pneumoniae infections3.

Although penicillin-resistant S. pneumoniae
(PRSP) strains have been reported from
different centers in Turkey, there are only a few
studies on the distribution of the serotypes of
resistant isolates4,5.

The aim of this study was to evaluate the
antimicrobial susceptibilities to penicillin and
other commonly used agents, and to determine
the serotypes/serogroups related to resistance.

Material and Methods

Bacterial Isolates

A total of 98 strains isolated consecutively from
clinically significant specimens from children
between 1997 and 1998 in Hacettepe University,
Faculty of Medicine, Ýhsan Doðramacý Children�s
Hospital were included in this study. Only one
isolate per patient was included. Distribution of
the specimens are shown in Table I.

Table I. Distribution of the Isolates
According to the Specimens

Specimen Number

Sputum 53
Pus 17
Eye 10
Blood 7
Middle ear fluid 5
Cerebrospinal fluid 3
Tracheal aspirate 2
Urine 1

Total 98
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Culture and identification

All the specimens were inoculated into 5% sheep
blood agar and incubated in 5% CO2 atmosphere
at 35°C for 24 hours. Sputum samples which had
polymorphonuclear leukocytes >25 and
epithelial cells <10 per field in Gram�s stain were
included. S. pneumoniae was identified by
Gram�s stain, colony morphology, optochin
sensitivity and bile solubility tests6.

Antimicrobial agents and susceptibility tests

The following antimicrobial agents were tested
against all isolates: Penicillin, erythromycin,
cefotaxime, chloramphenicol and trimethoprim-
sulfamethoxazole (TMP/SMX). The in vitro
susceptibilities of the isolates to penicillin were
determined by the E-test (AB-Biodisk, Sweden)
using Mueller Hinton agar supplemented with 5%
sheep blood. Isolates were classified as susceptible
[minimum inhibitory concentration (MIC)
≤0.064 mg/L], intermediately resistant
(MIC 0.12-1 mg/L) and resistant (MIC ≥2 mg/L).
For the remaining antimicrobials, disk diffusion
test was employed following National Committee
for Clinical Laboratory Standards (NCCLS)
guidelines7. ATCC 49619 S. pneumoniae was used
as the quality control strain.

Serotyping

Serotypes were determined by the capsular typing
test using the Pneumotest Kit (Statens Serum
Institut, Denmark) with 12 pooled antisera.

Results

During the study period, 98 isolates were
recovered from clinical specimens, most frequently
from sputum, followed by pus samples (Table I).

According to their MIC�s, 67 (68.4%) of the
isolates were susceptible to penicillin, 29
(29.6%) were intermediately and 2 (2%) were
highly resistant.

Table II. Resistance to Antimicrobial Agents in
S. penumoniae (n:98)

Antimicrobial agent Number %

Penicillin 31 31.6
TMP/SMX 45 45.9
Chlorampenicol 2 2
Erythromycin 5 5.1
Cefotaxime 0 0

TMP/SMX: trimethoprim-sulfamethoxazole.

Table III. Resistance Profiles in Penicillin-resistant S. pneumoniae

Resistance pattern Number %

Penicillin+TMP/SMX 21 21.4
Penicillin+TMP/SMX+Erythromycin 4 4
Penicillin+TMP/SMX+Erythromycin+Chloramphenicol 1 1

TMP/SMX: trimethoprim-sulfamethoxazole.

The majority of the resistant isolates were from
sputum (80.6%): two were from middle ear fluid,
two were from cerebrospinal fluid, one was from
blood and one was from an eye exudates. Highly
resistant isolates were from sputum samples.
Among the PRSP, 26 (83.8%) isolates were also
resistant to one or more antimicrobial agents.
The most frequent resistance pattern was
resistance to penicillin and TMP/SMX.
Resistance rates and patterns are shown in
Tables II and III, respectively.

Serotyping was performed on all of the isolates,
with results given in the descending order of
frequency: type 19 (12.2%), 6 (10.2%),
15 (9.2%), 9 (9.2%), 23 (7.1%), 11 (4.1%),
8 (3%), types 1, 4, 14 and 18 (2% each) and
types 5, 7, 17, 20, and 22 (1% each). Eight
strains (8.2%) were identified as non-vaccine
serotypes. Twenty-three isolates (23.5%) could
not be serotyped with the available antisera.
Isolates resistant to penicillin were more
frequently associated with serotypes 19, 23, 6, 9
and 15. Among multi-drug resistant isolates,
two were serotype 19, and the others were
serotypes 6, 1 and 18. There was no resistance
to penicillin among the non-vaccine type
isolates. Table IV shows the distribution of the
serotypes according to penicillin resistance.
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Table IV. Distribution of the Serotypes According to Penicillin Resistance

Serotype/serogroup Intermediately resistant High-level resistant

19 6 �
23 5 �
6 5 �
9 4 1

15 3 1
11 2 �
14 2 �
1 1 �

18 1 �

Total 29 2

Discussion

Resistance to penicillin and other antimicrobials
among S. pneumoniae isolates is increasing
worldwide. Resistance to penicillin shows
geographical variations: high rates of resistance
are reported in countries such as Spain,
Hungary, and Greece, whereas in other
European countries such as Belgium, Germany
and Italy, the rates are low8-13. In a recent
multicenter study from Turkey, the overall
penicillin resistance among isolates from
children was 35.7%, and most of these isolates
were from respiratory specimens14. This rate of
resistance to penicillin is similar to our findings.

In recent years, pneumococci resistant to other
classes of drugs along with penicillin has begun
to emerge in many countries and is a potential
problem in the therapy of infections due to
these bacteria3,9.

Resistance to macrolides is reported to be
associated with penicillin resistance3. In European
countries such as Spain, Italy and Hungary,
resistance to erythromycin among PRSP was
between 22.2-53%8,9,13. In our study, although the
overall resistance to erythromycin was lower
(5%), al isolates were resistant to penicillin.

Rate of resistance to TMP/SMX varies by
country and can be as high as 65.9% as in
Hungary, and as low as 4.5%, as in Israel9,15.
It was frequent in this study, reaching 46%. In
26% of TMP-SMX-resistant isolates, resistance
coexisted with resistance to penicillin, two of
them being highly resistant. These resistance
rates are very similar to the results of the
multicenter study in Turkey, where the overall
rate of resistance to TMP/SMX was 47.4% in
children, reaching 52.5% in Hacettepe

University Children�s Hospital isolates, which
suggests that the level of resistance to this agent
may be increasing in our hospital14.

Overall resistance to chloramphenicol was 2%
in our isolates. This rate is lower compared to
some countries, and may be explained by the
low use of this agent in our hospital10.

Resistance to antibiotics of at least three different
groups has been defined as multiple resistance3.
Multidrug resistant pneumococci are common
and reported to be increasing worldwide16-18. In
this study, five isolates (5.1%) were multi-drug
resistant and belonged to different serotypes
which were covered in the 23 valent vaccine.

Determining the serotypes of S. pneumoniae
from different clinical samples is important as
the vaccine production is based on the most
common serotypes. Ninety serotypes of S.
pneumoniae are currently recognized based on
capsular polysaccharides. Twenty-three capsular
polysaccharides from the most commonly
isolated serotypes are used in a polyvalent
vaccine. The majority of the PRSP strains found
worldwide belong to serogroups 6, 9, 14, 19,
and 2 and are included in the polyvalent vaccine
and 7, 9 and 11 valent protein conjugate
vaccines3,6,9. These five serotypes are the most
common serotypes in PRSP in countries such
as Spain, Hungary, Israel and South
Africa8,9,15,16. In Greece, in addition to these
serotypes, serotype 15 has been reported10. In
two recent studies from Turkey, serotypes 19
and 23 were the most prevalent in PRSP4,5. In
a previous study, seroypes 6 and 9 were the
most common serotypes in PRSP from adults19.
In our study, two isolates which were highly
resistant to penicillin were serotypes 9 and 15,
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and serotypes 19, 23 and 6 were the most
common serotypes in intermediately resistant
isolates. In a recent multicenter molecular study
from Turkey, the same serotypes were common;
however, there was no correlation between
antibiotic susceptibilities, serotypes and clones20.
Our results are similar to those from other parts
of the world with regard to serotypes; however,
it is not possible to suggest whether there is a
clonal spread of these isolates in Turkey with the
data at hand.

Studies investigating resistance rates to
penicillin and serotypes of resistant isolates
should be performed periodically in order to be
aware of the changes in resistance patterns and
serotypes in our country.

REFERENCES

1. Garau J, Barry B, Butzler JP, Dagan R, Pelton SI. Upper
respiratory tract infections: etiology, current treatment,
and experience with fluoroquinolones. Clin Microbiol
Infect 1998; 4 (Suppl): 51-58.

2. Mandell LA. Lower respiratory tract infections-an
overall perspective. Am J Med 1995; 99: 6.

3. Applebaum PC. Antimicrobial resistance in
Streptococcus pneumoniae: an overview. Clin Infect Dis
1992; 15: 77-83.

4. Þener B, Günalp A. Trends in antimicrobial resistance
of Streptococcus pneumoniae in children in a Turkish
hospital. J Antimicrob Chemother 1998; 42. 381-384.

5. Esel D, Sümerkan B, Kocagöz S. Epidemiology of penicillin
resistance in Streptococcus pneumoniae isolates in Kayseri,
Turkey. Clin Microbiol Infect Dis 2001; 7: 548-552.

6. Murray PR, Rosenthal KS, Kobayashi GS, Phaller MA.
Medical Microbiology. St. Louis, Missouri: Mosby, Inc;
2002: 217-235.

7. National Committee for Clinical Laboratory Standards
for Antimicrobial Testing. Sixth Informational
Supplement (M100 S6). Villanova, 1995.

8. Oteo J, Cruchaga S, Campos J, Saez-Nieto JA, Baquero
F. Antibiotic resistance in 622 Streptococcus pneumoniae
isolated from CSF and blood in 33 Spanish hospitals
within the European Antimicrobial Surveillance System.
(2000), Enferm Infecc Microbiol Clin 2003; 21: 12-19.

9. Dobay O, Rozgonyi F, Hajdu E, Nagy E, Knausz M,
Amyes SG. Antibiotic susceptibility and serotypes of
Streptococcus pneumoniae isolates from Hungary.
J Antimicrob Chemother 2003; 51: 887-893.

10. Chatzipanagioto S. Papavasileiou E, Panagea T, et al.
Penicillin resistant Streptococcus pneumoniae isolated
from infected children in Athens, Greece: resistance
patterns, serotypes, and penicillin-binding protein 2B
mutation characterization by PCR. Inter J Antimicrob
Agents 2002; 20: 147-149.

11. Hoefnagels-Schuermans A, Van Eldere J, Van Lierde S,
Verbist L, Verhaegen J, Peetermans WE. Increase in
penicillin resistance rates in Belgium due to clonal
spread of a penicillin-resistant 23F Streptococcus
pneumoniae strain. Eur J Clin Microbiol Infect Dis
1999; 18: 120-125.

12. Abb J, Breuninger H, Kommerell M. Prevalence of
antimicrobial resistance of Streptococcus pneumoniae
in southwest Germany as determined by the E test.
Eur J Epidemiol 1994; 10: 621-623.

13. Marchese A, Debbia EA, Arugio A, Pesce A, Schito GC.
Susceptibility of Streptococcus pneumoniae strains
isolated in Italy to penicillin and ten other antibiotics.
J Antimicrob Chemother 1995; 36: 833-837.

14. Gür D, Güçiz B, Hasçelik G, et al. Streptococcus
pneumoniae penicillin resistance in Turkey. J
Chemother 2001; 13: 541-545.

15. Dagan R, Yagupsky P, Goldbart A, Wasas A, Klugman
K. Increasing prevalence of penicillin resistant
pneumococcal infections in children in southern Israel:
implications for future immunization policies. Pediatr
Infect Dis 1994; 13: 782-786.

16. Huebner RE, Wasas AD, Klugman KP. Trends in
antimicrobial resistance and serotype distribution of
blood and cerebrospinal fluid isolates of Streptococcus
pneumoniae in South Africa, 1991-1998. Int J Infect
Dis 2000; 4: 214-218.

17. Tomasz A. New faces of an old pathogen: emergence
and spread of multidrug-resistant Streptococcus
pneumoniae. Am J Med 1999; 107: 55-62.

18. Whitney CG, Farley MM, Hadler J, et al. Increasing
prevalence of multidrug-resistant Streptococcus
pneumoniae in the United States. N Engl J Med 2000;
343: 1917-1924.

19. Kocagöz S, Gür D, Ünal S. Serotype distribution and
antimicrobial resistance of Streptococcus pneumoniae
isolates in a Turkish hospital. 97th General Meeting of
American Society for Microbiology. Poster no. B490,
4-8 May 1997, Miami Beach, U.S.A.

20. Altun B, Gür D, Kocagöz S, Hasçelik G, Ünal S. Turkish
Streptococcus pneumoniae Study Group. Molecular
epidemiology of multiresistant Streptococcus
pneumoniae strains in Turkey. 42nd Interscience
Conference on Antimicrobial Agents and
Chemotherapy. Poster no. C2-1629, September 27-30,
2002, San Diego, A.B.D.

332 Özalp M, et al The Turkish Journal of Pediatrics � October - December 2004




