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ABSTRACT

The most common T-serotypes among group A
streptococci (n = 88) isolated from pharyngeal
samples of children referred to a tertiary hospital
in Cyprus for pharyngitis or scarlet fever during a
14-month period (2003–2004) were T28 (25%),
T8 ⁄ 25 ⁄ Imp19 (22.7%) and T12 (9.1%). All 88
isolates were sensitive to penicillin and clinda-
mycin, but 1.1% and 18.2% of isolates were
resistant to erythromycin and tetracycline,
respectively. Macrolide consumption was estima-
ted at 1.7 defined daily doses ⁄ 1000 inhabit-
ants ⁄day. The low percentage of resistance to
macrolides may have been related, at least in part,
to the low consumption of macrolides.
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Streptococcus pyogenes (group A streptococcus;
GAS) is a bacterial pathogen that causes diverse
diseases, ranging from superficial to serious
invasive infections [1,2]. Characterisation of GAS
is classically based on the identification of T and
M cell-wall protein antigens, and detection of the
serum opacity factor [3]. Detection of the M
protein, or the emm gene encoding the M protein,
is an important part of GAS characterisation, as
the M protein represents a major and very
important virulence factor [4]. T-typing and opa-
city factor determination are useful in clinical
situations where the number of GAS types is
limited, and represent useful supplements to
M ⁄ emm-typing [3,5]. The simplicity and cost-
effectiveness of T-typing have established this
method as the first step for screening GAS
isolates.

Penicillin continues to be the drug of choice for
superficial GAS infections, with erythromycin
also being used as an alternative treatment [6].
Despite GAS exhibiting sensitivity to b-lactam
antibiotics, resistance to macrolides has been
increasing in many countries, ranging from 6.2%
in North America to >20% in some European
countries, e.g., Spain and Greece [7–9].

Data concerning the epidemiology of GAS
infections in Cyprus are limited. The present study
describes the characterisation of GAS isolates from
pharyngeal infections in children, including their
sensitivity to penicillin, erythromycin, clindamy-
cin and tetracycline. The study was conducted at
the Archbishop Makarios Hospital (AMH), Nico-
sia, Cyprus, which is a tertiary 250-bed healthcare
facility. The catchment area of the hospital is
estimated to include c. 300 000 individuals (Nico-
sia district); in addition, some patients are referred
from other districts, since AMH is considered to be
a main paediatric referral centre.

GAS strains were isolated from pharyngeal
swabs of all paediatric patients who visited the
outpatient department or were admitted to the
hospital between 1 November 2003 and 31 Decem-
ber 2004 with throat infections. Isolates were
identified as S. pyogenes by colony morphology,
b-haemolysis and sensitivity to bacitracin 0.1 IU
(Abtek Biologicals, Liverpool, UK), and were
confirmed as Lancefield Group A by latex agglu-
tination grouping. T-typing was performed using
the slide agglutination method with rabbit anti-T
sera (Sevapharma, Praha, Cech Republic), while
the serum opacity factor was determined using the
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agar method with sterile filtered horse serum (TCS
Biosciences, Buckingham, UK) as described previ-
ously [3].

All GAS isolates were tested by the disk-
diffusion method for their sensitivity to penicillin,
tetracycline, erythromycin and clindamycin.
MICs were determined by Etest (AB Biodisk
Solna, Sweden) for isolates that showed resistance
to any of the antibiotics tested. The three eryth-
romycin resistance phenotypes were differenti-
ated by the double-disk test, using erythromycin
and clindamycin disks as described previously
[10]. Culture conditions, as well as interpretation
of the inhibition zones and MICs, were according
to CLSI criteria.

Information concerning consumption of antibi-
otics in Cyprus was provided by the Pharmaceu-
tical Service of the Cypriot Ministry of Health.
Data were collected using anatomical therapeutic
classification ⁄daily defined doses (ATC ⁄DDD)
methodology, with results expressed in
DDD ⁄ 1000 inhabitants ⁄day (DID).

During the study period, 88 GAS isolates were
obtained from 88 children (aged 9 months to
15 years; mean age 6.6 years) presenting with
pharyngitis or scarlet fever. Forty-six of the
children were males and 42 were females.

Table 1 summarises the T-types and the antibi-
otic sensitivity patterns for the isolates. Only one
(1.1%) GAS isolate was resistant to erythromycin
(M-phenotype). No resistance to either penicillin
or clindamycin was detected. However, 16

(18.2%) GAS isolates were resistant to tetracyc-
line, with MICs ranging from 12 to 48 mg ⁄L.
Macrolide consumption in Cyprus was estimated
to be 1.7 DID.

To the best of our knowledge, this is the first
published study describing the circulating
T-serotypes and antimicrobial resistance patterns
of S. pyogenes isolates from Cyprus. A diverse
population of GAS serotypes was revealed, to-
gether with a low frequency of erythromycin
resistance (1.1%) and a much higher frequency of
tetracycline resistance (18.2%). Of the 88 GAS
isolates, 86 (97.7%) were T-typeable, which is a
high figure in comparison with other countries,
e.g., Greece (96%), the USA (89%), Thailand (60%)
and Malaysia (40%) [11–13]. Eleven T-serotypes
were detected during the study, the most common
of which was T28. A similar diversity among T-
serotypes was revealed in a study undertaken in
Athens, Greece, where 36 different T-types were
isolated over a 3-year period [11].

Resistance to erythromycin (1.1%) appeared to
be one of the lowest levels in Europe and
worldwide, with other studies reporting frequen-
cies of 6% in France, 3–7% in the USA, 5–24% in
Greece, 25-> 30% in Italy, and 22% in Spain
[7–9,11,14–16].

Several limitations of the present study should
be acknowledged. Most importantly, there was a
limited number of GAS isolates, and M ⁄ emm-
typing was not performed. Nevertheless, the
results obtained were similar to those reported
from other European countries with respect to the
diversity among T-serotypes. The low level of
macrolide resistance may be related to the low
consumption of macrolides in Cyprus during the
study period compared with other European
countries [17]. Reports from several countries have
correlated decreased consumption of antibiotics
with reduced resistance, or vice versa [18–20].
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Table 1. T-serotypes and erythromycin and tetracycline
susceptibility of group A streptococci isolated from paedi-
atric patients in Cyprus

T-type OF

Antibiotic sensitivity pattern

No. of

isolates

Fully
sensitive

Erythromycin-
resistant

Tetracycline-
resistant

28 + 20 0 2 22
8 ⁄ 25 ⁄ Imp19 + 19 0 1 20
12 – 3 0 5 8
3 – 7 0 0 7
12 + 0 0 6 6
25 + 6 0 0 6
1 – 5 0 0 5
3 ⁄ 13 ⁄B3264 – 4 0 0 4
B3264 + 1 0 1 2
6 – 2 0 0 2
3 ⁄ 13 ⁄B3264 + 1 0 0 1
13 + 0 0 1 1
25 – 1 0 0 1
14 + 1 0 0 1
Non-typeable – 0 1 0 1
Non-typeable + 1 0 0 1
Total 71 1 16 88

OF, opacity factor.

646 Clinical Microbiology and Infection, Volume 13 Number 6, June 2007

� 2007 Copyright by the European Society of Clinical Microbiology and Infectious Diseases, CMI, 13, 643–654



REFERENCES

1. Shulman ST, Tanz RR. Streptococcus pyogenes. In: Long SS,
Pickering LK, Prober CG, eds, Principles and practice of pe-
diatric infectious diseases. New York: Churchill Livingstone,
2003; 716–719.

2. Dale RC. Post-streptococcal autoimmune disorders of the
central nervous system. Dev Med Child Neurol 2005; 47:
785–791.

3. Johnson DR, Kaplan EL, Sramek J et al. Laboratory diagnosis
of group A streptococcal infections. Geneva: WHO, 1996.

4. Efstratiou A. Group A streptococci in the 1990s. J Anti-
microb Chemother 2000; 45 (suppl): 3–12.

5. Johnson DR, Kaplan EL, VanGheem A, Facklam RR, Beall
B. Characterization of group A streptococci (Streptococcus
pyogenes): correlation of M-protein and emm-gene type
with T-protein agglutination pattern and serum opacity
factor. J Med Microbiol 2006; 55: 157–164.

6. Bisno AL, Gerber MA, Gwaltney JM et al. Practice guide-
lines for the diagnosis and management of group A
streptococcal pharyngitis. Infectious Diseases Society of
America. Clin Infect Dis 2002; 35: 113–125.

7. Richter SS, Heilmann KP, Beekmann SE et al. Macro-
lide-resistant Streptococcus pyogenes in the United States,
2002–2003. Clin Infect Dis 2005; 41: 599–608.

8. Tamayo J, Perez-Trallero E, Gomez-Garces JL et al.
Resistance to macrolides, clindamycin and telithromycin
in Streptococcus pyogenes isolated in Spain during 2004.
J Antimicrob Chemother 2005; 56: 780–782.

9. Grivea IN, Al-Lahham A, Katopodis GD, Syrogianno-
poulos GA, Reinert RR. Resistance to erythromycin and
telithromycin in Streptococcus pyogenes isolates obtained
between 1999 and 2002 from Greek children with ton-
sillopharyngitis: phenotypic and genotypic analysis.
Antimicrob Agents Chemother 2006; 50: 256–261.

10. Seppala H, Nissinen AYuQ, Huovinen P. Three different
phenotypes of erythromycin-resistant Streptococcus pyo-
genes in Finland. J Antimicrob Chemother 1993; 32: 885–891.

11. Kanellopoulou M, Makri A, Damaskopoulou H, Mal-
amou-Lada H. Isolation rate, T-serotyping and susce-

ptibility to antibiotics of group A streptococcus from
pediatric infections in Athens. Clin Microbiol Infect 2000; 6:
653–656.

12. Beall B, Facklam R, Hoenes T, Schwartz B. Survey of emm
gene sequences and T-antigen types from systemic Strep-
tococcus pyogenes infection isolates collected in San Fran-
cisco, California; Atlanta, Georgia; and Connecticut in 1994
and 1995. J Clin Microbiol 1997; 35: 1231–1235.

13. Kaplan EL. Global assessment of rheumatic fever and
rheumatic heart disease at the close of the century. Infl-
uences and dynamics of populations and pathogens:
a failure to realize prevention? Circulation 1993; 88:
1964–1972.

14. Bingen E, Fitoussi F, Doit C et al. Resistance to macrolides
in Streptococcus pyogenes in France in pediatric patients.
Antimicrob Agents Chemother 2000; 44: 1453–1457.

15. Kaplan EL, Johnson DR, Del Rosario MC, Horn DL. Sus-
ceptibility of group A beta-hemolytic streptococci to thir-
teen antibiotics: examination of 301 strains isolated in the
United States between 1994 and 1997. Pediatr Infect Dis J
1999; 18: 1069–1072.

16. Cornaglia G, Ligozzi M, Mazzariol A et al. Resistance of
Streptococcus pyogenes to erythromycin and related antibi-
otics in Italy. The Italian Surveillance Group for Antimi-
crobial Resistance. Clin Infect Dis 1998; 27 (suppl 1):
S87–S92.

17. Ferech M, Elseviers M, Dirven K et al. Outpatient systemic
antibiotic use in 2002 in Europe. Clin Microbiol Infect 2004;
10 (suppl 3): 35.

18. Gagliotti C, Nobilio L, Milandri M, Moro ML. Macrolide
prescriptions and erythromycin resistance of Streptococcus
pyogenes. Clin Infect Dis 2006; 42: 1153–1156.

19. Seppala H, Klaukka T, Vuopio-Varkila J et al. The effect
of changes in the consumption of macrolide antibiotics
on erythromycin resistance in group A streptococci in
Finland. Finnish StudyGroup for Antimicrobial Resistance.
N Engl J Med 1997; 337: 441–446.

20. Fujita K, Murono K, Yoshikawa M, Murai T. Decline of
erythromycin resistance of group A streptococci in Japan.
Pediatr Infect Dis J 1994; 13: 1075–1078.

Research Notes 647

� 2007 Copyright by the European Society of Clinical Microbiology and Infectious Diseases, CMI, 13, 643–654


	Circulating serotypes and antimicrobial sensitivity of Streptococcus pyogenes isolates from children in Cyprus
	ACKNOWLEDGEMENTS
	REFERENCES


