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Group A Streptococcus (Streptococcus pyogenes) [GAS],
a Gram-positive, facultative anaerobic bacterium, causes
a wide variety of infections in both children and adults
worldwide [1]. It is generally noninvasive and is usually
associated with localized infection of nasopharyngeal
mucosal surfaces and the skin. However, an increasing
number of reports on invasive infections have been
described. These invasive infections of GAS include
bacteremia, pneumonia, necrotizing fasciitis, toxic
shock-like syndrome (STSS), etc. Several factors have
been implicated in the pathogenesis of severe GAS
infections, including decreased host immunity and the
introduction of highly virulent mutant strains [2].
Accurate identification and type discrimination of GAS
isolates are crucial for effective control of outbreaks.
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To evaluate the clinical, bacteriologic, and genetic relatedness between invasive and non-invasive infections caused
by group A Streptococcus (GAS), we retrospectively analyzed the GAS isolates in our hospital from the past
decade. A total of 70 GAS-infected cases were enrolled in our study from the period 1993 to 2002. Twenty one
cases had invasive disease, and 49 were non-invasive. Their medical records were reviewed, and demographic
data were collected for analysis. Antimicrobial susceptibility testing was conducted according to the National
Committee for Clinical Laboratory Standards for Streptococcus spp. Isolates were subjected to chromosomal
SmaI (Invitrogen) digestion of pulsed-field gel electrophoresis (PFGE), and emm typing was also performed. The
mean age of the invasive group was 41.1 ± 22.4 years compared with 13.0 ± 16.6 years for the non-invasive group
(p<0.05). Eighty one percent of the invasive group had underlying diseases. Diabetes and malignancy were the 2
most common medical conditions. All isolates were susceptible to penicillin. The resistance rate was 42.8% and
55.1% for erythromycin in the invasive and non-invasive groups, respectively. A total of 51 different PFGE types
were identified among the GAS isolates without particular genotypes. Serotype M12 was the most common one
(28.4%), followed by M4 (19.4%). Our study demonstrated that the patients in the invasive group were older, with
more underlying diseases, and with a higher mortality rate. Antimicrobial susceptibility of the isolates was the
same in both groups. There was no epidemic strain, nor did PFGE reveal a more invasive clone.
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The major virulence factor of S. pyogenes is the
filamentous M protein, which protects the bacteria from
host phagocytosis of polymorphonuclear leukocytes.
Although serotyping of T and M proteins has been
considered the gold standard for GAS typing, it is not
feasible for most clinical microbiology laboratories in
many countries, including Taiwan [1].

Beginning in the 1980s, reports showed an
increased incidence of invasive GAS infections [3-9].
Laboratory studies also revealed an increasing tendency
towards GAS isolates that express M protein types
1 and 3 [10-12]. Despite the fact that invasive GAS
disease may not be restricted to the spread of 1 or 2
virulent clones, recent study has suggested that 1
serotype can cause invasive as well as non-invasive
infections [13]. To determine the difference between
invasive and non-invasive GAS infections, we
retrospectively surveyed the microbiologic and medical
records of patients with GAS infections who had been
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treated at Taichung Veterans General Hospital from 1993
to 2002. Genotyping, emm typing, and antimicrobial
susceptibility were used to evaluate possible differences
between invasive and non-invasive GAS infection in
central Taiwan during the past decade.

Materials and Methods

We conducted a retrospective study on GAS infection
from Taichung Veterans General Hospital from
the period 1993 to 2002. All subjects had clinical
documented infection and GAS isolated from blood,
a normal sterile site or the nasopharynx. A total of 70
cases were enrolled. Twenty one of them were invasive,
and 49 were non-invasive. Their medical records,
demographic data and clinical data including age,
gender, site of infection, and risk factors were analyzed.
Of the non-invasive group, the clinical presentations
were acute pharyngitis (38 of 49 cases), scarlet fever
(8 of 49 cases), post-streptococcal glomerulonephritis
(2 of 49 cases), and streptococcal scaled skin syndrome
(1 of 49 cases). Of the invasive group, the clinical
presentations were sepsis with bacteremia (13 of 21
cases), necrotizing fasciitis (6 of 21 cases) and toxic
shock syndrome (2 of 21 cases).

Case definition
Invasive GAS infection was defined by the isolation of
S. pyogenes from blood, normal sterile body fluid
(spinal, synovial, peritoneal, or pleural fluid) or from a
wound accompanied by the clinical symptoms of
STSS or necrotizing fasciitis. Non-invasive infection
was defined by the isolation of S. pyogenes from a
nasopharyngeal swab with clinical presentations of sore
throat, fever and symptoms of upper airway infection,
and from superficial skin infections such as impetigo.
Immunocompromised status was defined as receipt of
chemotherapy, steroid therapy or infection of human
immunodeficiency virus at least 2 weeks before the
development of GAS infection.

Identification of GAS isolates
GAS are β-hemolytic. They were identified by
susceptibility to 0.04 U of bacitracin and agglutinated
with group-specific antiserum by the latex agglutination
test (Streptex, Murex, USA).

Antimicrobial susceptibility testing
The antimicrobial susceptibilities of these isolates
were tested by the broth microdilution method and the

E-test. Broth microdilution was performed according
to the recommendations of the National Committee
for Clinical Laboratory Standards (NCCLS) [14-17].
The minimal inhibitory concentrations (MICs) were
determined for penicillin G (Sigma Chemical Co., St.
Louis, MO, USA), erythromycin (Sigma), ciprofloxacin
(Sigma), and tetracycline (Sigma) by broth dilution
with Mueller-Hinton broth (Oxoid, Wesel, Germany),
containing 5% sheep blood under room air incubation
for 18 h. The E-test (AB Biodisk, Solna, Sweden) was
conducted according to previous uses [1] for penicillin
G and erythromycin to determine the antimicrobial
susceptibilities.

Pulsed-field gel electrophoresis for genotyping
Genomic DNA was prepared as described previously
[18]. The bacterial suspension was prepared by the
scratching of bacterial colonies directly from overnight
incubated cultures onto nutrient agar and was adjusted
to a concentration of 109 colony-forming units/mL in
SE buffer (75 mM NaCl and 25 mM ethylenediamine
tetra-acetic acid [EDTA], pH 7.5) with a VITEK
colorimeter (Hach Company, Loveland, CO, USA).
Briefly, in situ cell lysis was carried out by incubation
for 2 h at 37°C in lysis buffer [19]. Proteolysis was
achieved through 2 h of incubation at 56°C with
proteinase K (Sigma) in proteinase K buffer [19]. The
plugs were then washed thoroughly [19]. Isolates were
subjected to chromosomal SmaI (Invitrogen) digestion
as previously described [1]. Restriction fragments of
DNA were separated by pulsed-field gel electrophoresis
(PFGE) with a contour-clamped homogeneous electric
field CHEF-DRII apparatus (Bio-Rad Laboratories,
Richmond, CA, USA) through 1.2% Sealem GTG
agarose gel (FMC Bioproducts, Rockland, Maine,
USA). The fragmented DNA was run at a field
strength of 6 V/cm for 22 h at 14°C, and the pulse time
was increased from 5 to 40 sec. A lambda ladder (Bio-
Rad Laboratories) was used as the molecular size
marker. The genetic relatedness between any 2 isolates
was estimated by calculation of the Dice coefficient
of similarity as follows: 2 × number of matching
bands/total number of bands of both strains. Isolates
were considered to be within a cluster if the range of
relatedness was >0.80. The PFGE spun down patterns
were analyzed by the Windows of Gelcompar, version
3.1b (Applied Math, Kortrijk, Belgium) [20]. Different
PFGE types were defined when 3 or more band
differences between 2 patterns were used as a criterion
to define a PFGE type [21-23].
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Polymerase chain reaction for emm genes
S. pyogenes DNA was prepared according to the outline
of the Centers for Disease Control and Prevention
(CDC). At least 100 known M serospecificities of
S. pyogenes have been recognized (http://www.cdc.gov/
ncidod/biotech/strep/doc.htm). A fresh growth (half of
a standard loop-full) was picked up by a loop, and
then re-suspended in 300 µL 0.85% NaCl. After that,
samples were heated at 70°C for 15 min, and then
spun down. The pellets were resuspended in 50 µL TE
(10 mM Tris, 1 mM EDTA, pH 8), 10 µL mutanolysin
(3000 units/mL), and 2 µL hyaluronidase (30 mg/mL),
and then incubated at 37°C for 30 min. Finally,
they were heated at 100°C for 10 min, and then
immediately underwent polymerase chain reaction
(PCR). The PCR primers used for detection of the
emm genes were derived from the CDC protocol and
previous descriptions [24]. The forward and reverse
primers were TATT(C/G)GCTTAGAAAATTAA and
GCAAGTTCTTCAGCTTGTTT. The PCR process was
performed according to the CDC protocol described in
the website (http://www.cdc.gov/ ncidod/ biotech/ strep/
protocols.htm). Sequencing was obtained according to
the guidelines detailed by the CDC for S. pyogenes
sequence at the CDC website (http://www.cdc.gov/
ncidod/biotech/strep/protocols.htm) [25,26]. We tried
another method with primers MF2 (GGATCCATAA
GGAGCATAAA AATGGCTA) and MR1 (TGATA
GCTTA GTTTTCTTCT TTGCGTTTT) and changed
the annealing temperature to 55-60°C. However, 3 of
the 70 GAS isolates still failed to be amplified for emm
typing.

Statistical evaluation
Paired t test and chi-squared tests were used for statistical
analysis. The statistical software used was Sigma Plot
4.0 software (SPSS, Chicago, IL, USA). A p value less
than 0.05 was considered statistically significant.

Results

Characteristics and clinical features of patients
During the 10-year study period between January 1,
1993 and December 31, 2002, 70 patients with GAS
infections were identified at Taichung Veterans General
Hospital. Of these patients, 21 (30%) had invasive
infections, and 49 (70%) had non-invasive infections.
The fatality rate of invasive GAS infections was 23.8%,
while none died in the non-invasive infection group. The
overall mortality rate was 7.1% (Table 1).

The mean age of the invasive group was 41.1 years
compared with 13.0 years for the non-invasive group
(p<0.05). The male-to-female ratio was 1.1 and 1.6
for the invasive and non-invasive groups, respectively

Table 1. Characteristics and clinical features of patients

Invasive Non-invasive
Category group group p

n = 21 (%) n = 49 (%)

Mean age (years) 41.07 13.03 0.000
Male 11 (52.3) 30 (61.22) 0.492
Female 10 (47.62) 19 (38.78)
Mortality 5 (23.81) 0 1. 004
Survival 16 (76.19) 49 (100)
Comorbid diagnoses 17 (80.95) 1 (2.04) 0.000

Fig. 1. Distribution of group A Streptococcus infection cases by month.
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The E-test and broth microdilution methods for
antimicrobial susceptibility showed no difference in
this study. For penicillin, both methods revealed the
same susceptibility rate of 100%. The erythromycin
susceptibility rate was also the same in the same group
tested by the E-test and broth microdilution method
(p>0.05) [Table 2]. In vitro activity of antimicrobial
agents against isolates is shown in Table 3.

Polymerase chain reaction for emm genes
Of the 67 GAS isolates that underwent emm typing
successfully, type 12 was the most common (19 of 67,
28.4%), followed by type 4 (13 of 67, 19.4%) [Fig. 2].
Seven different emm types were noted among the
invasive group, including M1, M4, M12, M13, M27,
M92, and M102, and 8 of 21 were untypable. In the
non-invasive group, there were also 7 emm types,
including M1, M4, M6, M11, M12, M13, and M63, and
3 of 46 were untypable. Among the typable GAS strains,
the M1 type was the most common, followed by the
M4 type in the invasive group, while in the non-invasive
group the M12 type was the most prevalent, followed
by the M4 type. In total, there were 14 untypable GAS
strains when using the PCR typing method.

Pulsed-field gel electrophoresis for genotyping
All 70 GAS isolates were subjected to PFGE analysis by
using SmaI restriction enzyme. Visual and computerized
analysis of the SmaI patterns revealed 48 unrelated GAS
PFGE types. This demonstrates very high genetic
variability among GAS in this study. The most common
strains, designated as PFGE type 01, constituted 10%
of the clinical isolates examined. The second most
common strain, designated as PFGE type 02, constituted
7.1% of the clinical isolates examined (Table 4). There
was no predominant genotype in the invasive group
when compared with the non-invasive group.

Table 2. In vitro activity of antimicrobial agents by E-test and
microdilution

Antimicrobial Invasive Non-invasive
agents and group group p
susceptibility n = 21 (%) n = 49 (%)

E-test
Penicllin

Susceptible 21 (100) 49 (100) NS
Intermediate 0 0
Resistant 0 0 NS

Erythromycin
Susceptible 11 (52.4) 22 (44.9) 0.33
Intermediate 1 (4.8) 0
Resistant 9 (42.8) 27 (55.1) 0.88

Microdilution
Penicllin

Susceptible 21 (100) 49 (100) NS
Intermediate 0 0
Resistant 0 0

Erythromycin
Susceptible 11 (52.4) 23 (46.9) 0.17
Intermediate 0 1 (2.0)
Resistant 10 (47.6) 25 (51.0) 0.07

Tetracycline
Susceptible 9 (42.9) 21 (42.9) NS
Intermediate 0 0
Resistant 12 (57.1) 28 (57.1) NS

Abbreviation: NS = not significant

(p>0.05). Eighty one percent (17/21) of patients had
comorbid disease, including diabetes mellitus (DM)
and hypertension (3 cases), DM and recent trauma
(2 cases), hypertension (1 case), immunocompromised
status (1 case), intravenous drug abuse (1 case), renal
failure (2 cases), malignancy under chemotherapy (2
cases), malignancy with liver cirrhosis (1 case), alcohol
consumption (1 case), chronic lung disease (1 case) and
recent trauma (2 cases), among the invasive group
compared with 2% (1/49) of those in the non-invasive
group (only 1 case with alcohol consumption) [p<0.05].
Diabetes mellitus and malignancy were 2 of the most
common underlying diseases associated with invasive
disease. The distribution of cases in different months is
shown in Fig. 1.

Antimicrobial susceptibility testing
MICs were recorded for penicillin G, erythromycin,
ciprofloxacin, and tetracycline by the broth micro-
dilution method. All 70 isolates were sensitive to
penicillin (Table 2). For erythromycin and tetracycline,
there was no difference between the invasive group
and the non-invasive group (Table 2).

Table 3. In vitro activity (broth microdilution method) of anti-
microbial agents tested against isolates

MIC (µg/mL)

Antimicrobial agents
Invasive group Non-invasive group

n = 21 n = 49

50% 90% 50% 90%

Penicillin <0.01 <0.01 <0.01 <0.01
Erythromycin 0.03 8 2 >512
Tetracycline 16 32 16 32
Cefazolin 0.06 0.25 0.125 0.125
Ciprofloxcin 0.25 0.125 0.125 0.5

Abbreviation: MIC = minimum inhibitory concentration
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Discussion

In our study, the mean age of the invasive group was
much older than that of the non-invasive group. The
overall mortality rate among the patients with invasive
GAS infection was 23.81%, while all the patients
of non-invasive GAS infection had a good prognosis.
Most (81%) of the patients in the invasive group had
underlying conditions, with DM and malignancy being
the 2 most common. In contrast, most of the non-invasive
group were previously healthy (2% with underlying
conditions).

Previous reports have indicated that several M
serotypes make up the majority of invasive GAS infection,
including M1, M3, M6, M12, and M18 [23]. Moses et

al reported that the M3 serotype was the most common
strain, followed by the M28 serotype and M2 serotype
among 401 isolates of invasive GAS infection [27]. In
our study, among the typable GAS strains, the M1 type
was the most common one, followed by the M4 type in
invasive group, while the M12 type was the most
prevalent in the non-invasive group, followed by the M4
type. A study conducted by Ho et al revealed that types
M1, M4, and M12 were the most prevalent in both
invasive and non-invasive GAS infections in Hong Kong
[28]. We are unable make any definitive conclusions on
the relationship between clinical disease and the M
serotype from our study.

All of the 70 GAS isolates in our study, regardless
of whether invasive or non-invasive, were susceptible
to penicillin. The erythromycin susceptibility rate
demonstrated no difference between invasive and
non-invasive groups. Similar results were produced
with other antimicrobial agents tested in this study
(tetracycline and ciprofloxacin).

According to several studies, the prevalence of
erythromycin-resistant GAS appears to be on the rise
globally [28-35]. We found an erythromycin resistance
rate of 42.8% among the invasive group and 55.1%
among the non-invasive group (average 51.4%),
compared with 44% in a report in Finland and 4.6% in a
report in Canada [31]. A high rate of erythromycin-
resistant GAS in Taiwan has been recognized since
the mid-1990s when 37-60% of GAS strains were found
to be resistant to erythromycin. Yan et al conducted a

Table 4. Distribution of SmaI types and emm type

PFGE genotype
M type Number of

(emm type) GAS strains

01 emm 1 7
02 emm 12 5
03 emm 12 4
04 emm 1 3
05 emm 1 3
06 emm 4 3
07 emm 4 3
08 emm 12 3
Others (09-51) Non-typable 37
Total 68

Abbreviations: PFGE = pulsed-field gel electrophoresis; GAS =
group A Streptococcus

Fig. 2. Distribution of M types of 67 group A streptococci isolates that underwent emm typing. Type 12 was the most common
(19 of 67, 28.4%), followed by type 4 (13 of 67, 19.4%).
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study in southern Taiwan in 1997 and 1998, demonstrating
an erythromycin-resistant rate of 63.2% [32].

This study revealed that the M4 serotype and M12
serotype make up the majority of erythromycin-resistant
strains. Janne et al found that the erythromycin-resistant
strain is associated with the M4 serotype [33], and
Colman et al reported that the M4 serotype and M12
serotype are the most prevalent among erythromycin-
resistant strains [36]. As for the high erythromycin
resistance rate in Taiwan, compared with the previously
reported studies in other countries, the probable cause
may be related to the increasing consumption of macrolides
in Taiwan [14,32]. However, the fact that GAS isolates
are still universally susceptible to penicillin, despite 50
years of widespread consumption worldwide, makes the
pathology a little more complex [28].

Several limitations in this study must be taken into
consideration. The major limitation of this study is that
limited clinical information was available regarding the
course of hospitalization because of the nature of the
retrospective study. We were unable to evaluate the role
of previous antimicrobial agents used in each case prior
to admission. Furthermore, the case number was limited.
Additional studies involving a greater number of patients
should be carried out to further study invasive and non-
invasive GAS infections.

In summary, data from the present study demonstrate
that the differences between an invasive GAS group
and non-invasive group are age, underlying conditions,
and the mortality rate. Antimicrobial susceptibility
makes no difference between the 2 groups by both broth
microdilution and the E-test method. No definitive
conclusions on the relationship between clinical disease
and the M serotype can be made from this study. The
erythromycin-resistant rate in our study is comparable
with results previously reported in Taiwan [29]. M
serotyping results in our study are also comparable with
a previous study in Hong Kong, where the M1, M4, and
M12 serotypes were the most common [28].
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