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Streptococcus pyogenes, a major human pathogen, is still considered susceptible to beta-lactams, but for other
relevant antibiotics, highly variable resistance rates have been reported. Since no data were available from
Iran, we tested 1,335 throat isolates from two different regions of the country for their antibiotic susceptibilities
and, for comparison, a collection of 80 strains isolated from 1989 to 1991. Erythromycin resistance was
uncommon (0.6%), whereas an overall high rate of tetracycline resistance was found, increasing between
1989–1991 and 1995–1997 from 23 to 42%. The tetracycline-resistant strains belonged to more than 10 different
T types, the majority being types 4, 11, and B3264. By conventional M typing of 406 tetracycline-resistant
isolates, more than 20 different M types were found. Approximately 50% of the strains were nontypeable by T
agglutination as well as serological M typing; however, by genotyping by a combined PCR–capture-enzyme-
linked immunosorbent assay, many of these strains were successfully emm typed. We conclude that the high
rate of tetracycline resistance among Iranian S. pyogenes isolates is due to multiclonal dissemination of
resistance within the streptococcal population rather than epidemic spread of single clones.

Streptococcus pyogenes or the group A streptococcus is a
major cause of acute throat and skin infections, which may
characteristically be followed by the severe nonsuppurative
complications rheumatic fever or acute glomerulonephritis.
This pathogen may also give rise to overwhelming invasive
disease, such as endometritis, sepsis, necrotizing fasciitis, and a
toxic shock-like syndrome.

Penicillins are still the drugs of choice for the treatment of
infections caused by S. pyogenes, whereas macrolides are pref-
erentially used for patients allergic or nontolerant to penicillin.
The first reports of erythromycin-resistant isolates of S. pyo-
genes from human clinical sources appeared in 1959 (12). Be-
tween 1969 and 1979, a dramatically increased frequency of
resistance was reported in Japan (14), and alarming reports
have also emerged from other countries during the last decade
(8, 23, 27). Resistance of S. pyogenes to tetracycline, no longer
used against infections with this species, was initially reported
from the United Kingdom in 1954 (13).

From Iran, in particular, surveillance data on the occurrence
of antibiotic resistance in S. pyogenes are scarce. The aim of the
present study was to screen Iranian clinical strains for their
susceptibilities to relevant antibiotics and to examine resistant
strains for type and clonal diversity. We therefore tested cur-
rent isolates from Tehran as well as the northern part of the
country, recovered during studies on colonization rates among
various populations (9). In addition, a smaller collection of
strains isolated from 1989 to 1991 was included to see whether
any major changes had occurred during recent years. Some-
what surprisingly, a high rate of tetracycline resistance but an
absence of erythromycin resistance was found.

MATERIALS AND METHODS
Bacterial isolates. In total, 1,335 S. pyogenes strains were isolated from two

distinct regions of the country from 1995 to 1997 (9). Of these, 210 were clinical

isolates from seven different laboratories, 500 were isolated from schoolchildren
in central and south Tehran, and 625 were clinical isolates from three different
cities in the north part of Iran (Gilan Province; approximately 3 million inhab-
itants). All strains were isolated from the throat. In addition, 80 S. pyogenes
strains, isolated from the throats of patients with pharyngotonsillitis from 1989 to
1991, were obtained from the Pasteur Institute of Tehran.

Determination of antibiotic susceptibility. The antibiotic susceptibilities of all
strains were investigated by agar dilution with Mueller-Hinton agar (15). Peni-
cillin G, erythromycin, and tetracycline powder were purchased from Sigma (St.
Louis, Mo.). The MICs for resistant strains were redetermined by the E-test
(Biodisk AB, Solna, Sweden) following the recommendations of the manufac-
turer. The phenotype of macrolide-lincosamide-streptogramin B (MLS) resis-
tance was tested by disk diffusion (10, 24) with antibiotic disks from Biodisk AB.

T typing of streptococci. T typing with antisera from the State Serum Institute,
Copenhagen, Denmark, was performed by slide agglutination by previously doc-
umented methods (11).

Serological M typing of streptococci. M typing by double diffusion in gels,
detection of serum opacity factor (OF), and OF inhibition serotyping were
performed by standard procedures at the Public Health Laboratory Service
(PHLS)/World Health Organization (WHO) Streptococcal Reference Unit,
PHLS, London, United Kingdom (11). A total of 110 tetracycline-resistant
strains of different T types from Gilan Province and 296 from Tehran were
randomly chosen for M typing.

PCR-capture ELISA for emm typing. One hundred serologically T- or M-
nontypeable strains and 46 M-nontypeable strains of T types 13 or B3264 were
tested by a rapid PCR–capture enzyme-linked immunosorbent assay (ELISA)
with probes for the identification of 19 important emm gene types of S. pyogenes
(21). These included nine novel probes for emm types 9, 13, 22, 77, PT2110,
PT2841, PT4245, PT4931, and PT2233. Table 1 shows the published capture
probes and primers.

PFGE. Selected tetracycline-resistant S. pyogenes strains were typed by pulsed-
field gel electrophoresis (PFGE) by standard methods at the PHLS/WHO Strep-
tococcal Reference Unit (25). The strains were grown overnight on horse blood
agar plates containing 2% neopeptone at 37°C, and the cells were resuspended
in 2 ml of solution I (1.0 M NaCl, 10 mM Tris HCl [pH 7.6]) to a density
equivalent to that of a McFarland no. 5 standard. Then, 500 ml of cell suspension
was mixed with 500 ml of molten 2% low-melting-point agarose (GIBCO) dis-
solved in solution I containing mutanolysin (Sigma) at 1.6 mg/ml, and blocks were
prepared. The blocks were incubated in 2 ml of solution II (solution I plus 100
mM EDTA) containing mutanolysin at 7.0 mg/ml and lysozyme (Sigma) at 1.0
mg/ml at 37°C for 5 to 6 h. The solution was replaced with lysis buffer (0.5 M
EDTA and 1% Sarkosyl [pH 9.5], containing 0.5 mg of proteinase K per ml) and,
following three washes in TE (Tris-EDTA) buffer, was incubated for 4 to 5 h in
a water bath at 56°C. The blocks were digested overnight at 30°C with the
restriction enzyme SmaI (20 U/100 ml; Promega). The digested blocks were
electrophoresed at 200 V in 1% molecular biology-grade agarose, using a Bio-
Rad CHEF DRII tank, for 24 h at 14°C. The initial and final switch times were
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10 and 35 s, respectively. The gel was stained with ethidium bromide, visualized
on a UV transilluminator, and photographed.

Dendrogram and relatedness analysis computer program. The Taxotrone
Computer program (Taxotrone Packages) was used for PFGE analyses, accord-
ing to the instructions of the user’s manual, by Patrick A. D. Grimont, Institute
Pasteur. The UP (unweighted pair group matching by arithmetic averages) pro-
gram is usually applied for PFGE unless a high degree of similarity is anticipated;
here, the program was applied for determination of whether a number of non-
typeable isolates were of the same clone or their patterns agreed with that of a
known clone.

RESULTS

Susceptibility to antibiotics. The penicillin G, erythromycin,
clindamycin, and tetracycline MICs were determined by agar
dilution. All 1,335 strains were susceptible to penicillin G
(MIC, # 0.25 mg/ml). Only three strains (0.2%) were resistant
to erythromycin (MICs, $ 0.25 mg/ml): one was from Gilan
Province, and two were from southern Tehran. The latter two
strains were resistant to tetracycline and had the inducible
MLS phenotype. In contrast, as many as 560 (42.0%) of the
strains were resistant to tetracycline (MICs, $8.0 mg/ml). The
MICs of tetracycline varied between 0.5 and 128 mg/ml; an
MIC of 64 mg/ml was observed for most of the resistant strains
(Fig. 1).

The distribution of tetracycline resistance among isolates in
the districts studied did not differ markedly: of 625 strains
isolated from the northern part of Iran, 500 strains recovered
from southern Tehran, and 210 strains isolated in central Teh-
ran, the rates of resistance to tetracycline were 43.5, 42.8, and
39.9%, respectively.

In order to find out whether any recent changes in resistance
had occurred, a collection of 80 clinical strains isolated in
southern Tehran between 1989 and 1991 were tested. Of these,
23.4% were resistant to tetracycline, whereas all were suscep-
tible to penicillin and erythromycin.

T and M typing of tetracycline-resistant isolates. A majority
(n 5 406) of the tetracycline-resistant strains were selected for
typing. The results of serological T and M typing are shown in
Tables 2 and 3. Overall, about 50% of these strains were T
nontypeable.

Of 272 strains isolated in Tehran, a predominance of T and
M types 1, 6, and 12 was found. Some of these strains displayed
more than one T type, as shown in Table 2. The two strains that
were resistant to both erythromycin and tetracycline were of T
and M type 11.

For 112 isolates collected from Gilan Province, the most

FIG. 1. Distribution of tetracycline susceptibility among 1,335 Iranian S. pyo-
genes isolates recovered from 1995 to 1997. The MICs for these strains varied
between 0.5 and 128 mg/ml, as determined by agar dilution.

TABLE 1. Capture probes and primers for emm typing
of S. pyogenes

Serotype
or primer

designation
Label and sequence

Serotype
M, all ...................Biotin-TTAGTTTWGCAAGTTCTTCAGCTTGTTT
M1........................Biotin-TTCTATAACTTCCCTAGGATTACCATC
M3........................Biotin-ATGTCTAGGAAACTCTCCATTAACACT
M4........................Biotin-GAATCAGCCTGAGGCTTTTTAATCTC
M5........................Biotin-CGGGTCATTTATTGTACCCCTAGTC
M6........................Biotin-GCTTTGTCCGGGTTTTCTACCGTC
M9........................Biotin-GGCGGAAGGGGTTAAGAAGGCGGAA
M11......................Biotin-AGCGCTTTGCCCCGCAGCCTTAA
M12......................Biotin-GTAGAGTTCTGAACGCTGTTTCAG
M13......................Biotin-CCAGAAACAGAACAGCGTTTCTAATGA
M22......................Biotin-TTATTAGTTTGCTTTCTTGAGAAAT
M28......................Biotin-AAGTCTCAGTACTTTTTGGAGACTCC
M58......................Biotin-GCTTTAGCCTTTGCACTATCCGCC
M76......................Biotin-TTAGAAACGCTTTTAGAGTTCGCGTC
M77......................Biotin-GGTCTGTAATGCGGTTATGTAAGTGAT
M78......................Biotin-TTAGTAATACTACGAGAGTTCTGAGAC
PT2233.................Biotin-TCGTTTTGATCTAGCAAGTCTTGCA
PT4245.................Biotin-ATTCTTTTTCATTATCTTTGACAGA
PT4931.................Biotin-TCGATACCTTCTTCTCCAAGTTATTCT

Primers
MF .......................Fluorescein-ATAAGGAGCATAAAAATGGCT
MR.......................AGCTTAGTTTTCTTCTTTGCG

TABLE 2. Serological T- and M-typing results for tetracycline-
resistant Iranian isolates of S. pyogenes

T type OF M type No. of isolates Origin

1 1 59 1 Tehran
1 2 1 12 Tehran
4 1 4 15 Gilan
4 1 60 2 Tehran
5 1 NTa 6 Gilan
6 2 6 9 Tehran
9 1 9 8 Tehranb

11 1 11 19 Gilan
11 1 78 2 Tehran
12 2 12 31 Tehran
12 2 12 6 Gilan
12 1 22 5 Tehran
12 1 76 2 Tehran
13 2 2110 1 Tehranb

25 1 2233 2 Tehran
28 1 28R 6 Tehran
28 1 2841 5 Tehran
28, 12 2 12 4 Tehran
28, 11 2 12 4 Tehran
13 1 13c 21 Gilan
B3264-3-13 2 13c 5 Tehran
NT 1 2841 1 Tehran
B3264 1 PT4245 25 Gilan
B3264 2 2110 13 Tehranb

NT 1 81 1 Tehran
NT 1 NT 37 Tehran
NT 2 NT 63 Tehran
NT NDd ND 100 Tehran

Total 406

a NT, nontypeable.
b Tehran strains isolated from 1989 to 1991.
c Antiserum against M type 13 was not available (see text).
d ND, not done.
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common T types were 4, 11, 13, and B3264. M types 4 and
PT4245 were common among these strains. T type 13 strains
were not recognized by antisera to M type 77 or 81, and OF
inhibition tests for several types was negative, although anti-
serum to M type 13 or OF type 13 was not available, M type 13
appeared to be the most probable (see below).

One hundred T- and M-nontypeable and 46 M-nontypeable
isolates were tested by PCR-capture ELISA, by which 82 were
successfully emm typed (Table 3). In particular, type PT4245
was established for 20 strains of T type B3264, which agreed
with the serological typing of 25 other T type B3264 isolates
from the Gilan area. Furthermore, M type 13 was confirmed
for the 21 T type 13 strains mentioned above and also for five
isolates from Tehran showing T pattern B3264-13-3 (Tables 2
and 3).

Among 22 randomly selected strains from Tehran isolated
from 1989 to 1991, only two M types were noted: M9 and
PT2110.

PFGE of selected strains. Fifteen nontypeable strains which
were isolated in Tehran and which exhibited tetracycline resis-
tance (MIC, 64 mg/ml) were selected for PFGE typing by
comparison with strains of known PFGE types; none could be
assigned to any of the prevalent types, and all had distinct
pulsotypes (Fig. 2 and 3).

In addition, a number of resistant strains of known T and M
types were tested for clonality. Strains showing a maximum of
two nonidentical bands were defined as belonging to a com-
mon pulsotype. Clonal homogeneity was observed among M
types 4 and 13 strains from Gilan as well as M types 6, PT2110,
and PT2841 strains from Tehran. However, among M type 12
strains (30 from Tehran and 6 from Gilan), eight different
pulsotypes were observed, and of 19 M type 11 strains from
Gilan, three pulsotypes were found (Table 4).

DISCUSSION

In this large survey of Iranian S. pyogenes isolates we found
no penicillin-resistant strains and only a few erythromycin-
resistant strains. Penicillin resistance has not been identified in
clinical strains thus far, and even the existence of penicillin
tolerance in S. pyogenes seems doubtful (17). Since macrolides
are fully available and are used as the first choice for patients
with penicillin allergy or intolerance (4), the low rate of eryth-
romycin resistance was unexpected, although the absence of
erythromycin resistance in smaller samples of isolates from
Iran was reported previously (4, 6). High rates of erythromycin
resistance in S. pyogenes have recently been reported from Asia
and other areas, but a marked decline has been noted in both
Japan and Finland, presumably as a consequence of reduced
macrolide consumption (5, 22). Due to the virtual absence of
erythromycin-resistant strains in the present study, susceptibil-
ity testing of MLS drugs other than erythromycin was not
performed.

In contrast, our results showed a high rate of tetracycline
resistance, 42%, among current Iranian isolates, a level con-
siderably higher than that reported in 1974, 7.8% (6). A con-
tinuous rise in the rate of tetracycline resistance during these
decades was suggested by the resistance level from 1989 to
1991, 23%, found here. In Iran, tetracycline is not recom-
mended as treatment for streptococcal infections but is widely
used as treatment for a variety of human and veterinary infec-
tions, for example, brucellosis (18, 20), implying a high total
level of consumption. In recent studies, high tetracycline resis-
tance rates among S. pyogenes isolates (41 to 93%) have been
reported among smaller samples of isolates from Israeli mate-
rial (27), Tunisia (14), and Denmark (7), whereas low levels of
tetracycline resistance, 7.3 and 1.3%, were reported in a large
Spanish survey (16) and from Sweden (26), respectively. In

FIG. 2. Clonality test by PFGE restriction patterns of 15 tetracycline-resistant, M-nontypeable S. pyogenes strains and typing by comparison with the patterns of 11
strains of seven prevalent M types (11 pulsotypes). Chromosomal DNA was digested with SmaI. Lanes 1, 4, 5, 6, 7, 13, 16, 17, 19, and 22 to 27, nontypeable strains;
lanes 2, 8, 9, and 12, M11 strains (three pulsotypes); lane 3, an M19 strain; lanes 10 and 18, PT2233 strains (two pulsotypes); lane 11, a PT2110 strain; lane 14, an M59
strain; lane 15, an M6 strain; lane 20, a PT2841 strain; lanes 21 and 28, incompletely digested DNA from an M60 and a nontypeable strain, respectively.

TABLE 3. emm typing by PCR-capture ELISA of 100
T-nontypeable isolates and 46 M-nontypeablea

isolates of T type 3264 or 13

T type OF emm type No. of isolates Origin

NTb 2 1 5 Tehran
NT 2 6 4 Tehran
NT 2 12 15 Tehran
NT 1 22 4 Tehran
NT 1 76 2 Tehran
NT 1 78 6 Tehran
13 1 13 21 Gilan
B3264-13-3 1 13 5 Tehran
B3264 1 PT4245 20 Gilan
NT 2 NT 25 Tehran
NT 1 NT 39 Tehran

Total 146

a Serologically M nontypeable (see Results section).
b NT, nontypeable.
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Japan, the rate of tetracycline resistance declined from 60% to
less than 20% from 1981 to 1990 (5).

Among the current tetracycline-resistant Iranian S. pyogenes
strains there was a predominance of T types B3264, 4, 5, 11, 12,
13, and 14. The results of M typing demonstrated a consider-
able type diversity among isolates within the Tehran region,
whereas in the Gilan region, only a few types, such as M types
4, 11, 13, and PT4245 were found; in the latter case, clonal
spread of M types 4 and 11 (Table 4) as well as PT4245 (data
not shown) was detected. The multi- and oligoclonal modes of
spread of resistant strains in Tehran, a large city with interna-
tional communications, and the more rural Gilan Province,
respectively, were presumably related to the different charac-
ters of these regions.

It may be noted that the association of M types PT4245 and
PT2110 with T type B3264 has not been previously reported.
Interestingly, M type PT2110 and M type 9 were the only types
found among the isolates recovered from 1989 to 1991. In a
recent Japanese study of 386 S. pyogenes isolates, tetracycline-
resistant strains mostly belonged to M types 4, 11, and 13 (3).

For serologically nontypeable strains, emm gene detection
by a newly developed PCR-capture ELISA, although so far
covering a limited set of types, was successful in many cases. It
was notable that for a number of strains that belong to estab-

lished types, such as M types 1, 6, 12, 13, 22, 76, and 78, typing
was possible only by PCR-capture ELISA; this typing problem
has been reported previously and has often been ascribed to
poor in vitro expression of M protein and other, unknown

FIG. 3. Interpretation (Taxotron) of PFGE gel of Fig. 2 and dendrogram derived from the unweighted pair group average linkages (UP) of correlation coefficients
between PFGE patterns. Numbers refer to the lane numbers in Fig. 2. NT, nontypeable.

TABLE 4. Summary of PFGE analysis of 134 selected,
tetracycline-resistant S. pyogenes isolates

T type OF M type No. of
pulsotypes

No. of
isolates Origin

4 1 4 1 15 Gilan
6 2 6 1 9 Tehran
11 1 11 3 19 Gilan
12 2 12 6 30 Tehran
12 2 12 2 6 Gilan
13 1 13 1 20 Gilan
B3264 2 2110 1 13 Tehran
25 1 2233 2 2 Tehran
28 1 2841 1 5 Tehran
NTa 6 NT 15 15 Tehran

Total 134

a NT, nontypeable.
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reasons (1). The PCR-capture ELISA method may thus be
useful for molecular typing of S. pyogenes, especially in labo-
ratories without gene sequencing facilities.

PFGE typing of a number of nontypeable strains from Teh-
ran, for all of which the tetracycline MIC was 64 mg/liter, was
attempted since it was possible that these strains could belong
to a single clone or that their PFGE types could be identified
by comparison of their PFGE patterns with those of known
strains. However, no common pulsotypes were identified
among 15 selected nontypeable strains, and their PFGE pat-
terns were quite distinct from those of strains with defined M
types. Furthermore, on testing of more than one strain of
certain M types, different PFGE patterns within a single type
were also identified for most isolates from Tehran, demon-
strating a high degree of diversity of resistant clones.

We conclude from these studies of Iranian S. pyogenes
strains that tetracycline resistance has disseminated among
several M types. Since tetracycline is not widely used as treat-
ment for streptococcal infections, the spread of tetracycline
resistance in S. pyogenes may be particularly relevant from an
ecological point of view. Unfortunately, the rates of tetracy-
cline resistance among other pathogens in Iran are largely
unknown; it is conceivable, however, that resistance genes have
been horizontally transferred to S. pyogenes from other species
more directly exposed to tetracycline selective pressure, e.g.,
viridans group streptococci and other human and animal com-
mensal organisms, as documented in other studies (19). This
issue may be further analyzed by determining the genotypes of
resistance determinants. Although levels of antibiotic con-
sumption have not been analyzed, our data emphasize the
need for a more controlled use of tetracycline in Iran.

ACKNOWLEDGMENTS

The study was supported by the Erik-Philip Sörensen Foundation,
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