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Abstract Beta-hemolytic group G streptococci (GGS) are in-
creasingly recognized as a source of substantial morbidity,
causing mild to severe sporadic infections as well as out-
breaks. The purpose of this study was to determine the genetic
diversity and antibiotic resistance of GGS in Israel in order to
aid in prevention and control. A total of 325 GGS isolates
were collected in Israel between 2007 and 2011 from three
determined settings: (1) carriage (n=60), an observational
longitudinal carriage study in the IF, (2) non-invasive
(n=166), clinical sporadic and epidemic non-invasive cases
in the IDF, and (3) invasive (n=99) cases of bacteremia col-
lected during this period in Israel from a similar age group, at
the national Streptococcal Reference Center. All isolates were
characterized genetically and by their antibiotic-resistance
profile. emm typing revealed 35 distinct types and subtypes
among 228 S. dysgalactiae subsp. equisimilis (SDSE) isolates,
with high genetic diversity. An additional 97 GGS were iden-
tified as Streptococcus anginosus (SAG). The proportion of
SDSE was higher in the invasive (100 %) and non-invasive
(63.8 %) isolates compared to the carriage ones (38.3 %).
Clindamycin, erythromycin, azithromycin and tetracycline re-
sistance was detected in 6.6 %, 8.6 %, 9.7 % and 37.6 % of
isolates, respectively. Overall, the most resistant isolates were
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in the invasive group and the fewest were in the SAG group.
Considerable genetic diversity and common antibiotic resis-
tance were revealed among GGS strains which differed ac-
cording to the epidemiologic settings. Further clinical, epide-
miological and basic research of GGS as a pathogen is
warranted.

Introduction

Beta-hemolytic streptococci are widely spread human patho-
gens possessing Lancefield group A, B, C, G, F and L anti-
gens. Group G streptococci (GGS) comprise a variety of spe-
cies that are part of the normal microbial flora of the upper
respiratory tract, skin, gut and female genital tract.
Streptococcus dysgalactiae subsp. equisimilis (SDSE) isolates
cause a variety of mild to moderate infections in humans,
including those of the pharynx, skin and soft-tissue, as well
as severe infections, such as bacteremia and sepsis. Other
streptococcal species that are pathogenic in humans are clas-
sified as the Streptococcus anginosus group (SAG) [1], which
consist of S. anginosus, S. constellatus subspecies
constellatus, S. constellatus subsp. pharyngis, and
S. intermedius. SAG isolates were identified as the most fre-
quent cause of invasive pyrogenic streptococcal infection in
Canada [2]. The SAG group is easily distinguishable from the
SDSE group by biologic characteristics and colony size on
sheep blood agar plates [3].

The association of group G streptococci with outbreaks and
severe invasive disease has been previously reported [3-5].
The burden of invasive disease caused by SDSE is described
as being comparable to that caused by invasive group A strep-
tococcal (GAS) emm types, and affects similar adult popula-
tions [6]. GGS was reportedly found more commonly in the
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throat than GAS among tropical communities in Northern
Australia [7].

Human-associated strains of GGS harbor virulence factors
similar to those expressed by GAS, including the M protein,
the major virulence factor of both these important pathogens.
The M protein is a key virulence factor that acts as an adhesin
and invasin, conferring resistance to phagocytosis [1, 3].
Analysis of the 5" of the emm gene encoding the amino acid
sequence at the N terminal end of the M protein is used for
molecular epidemiology. This sequence-based typing scheme
developed for GAS has also been successfully applied to GGS
and group C streptococci (GCS) SDSE isolates (http://www.
cdc.gov/ncidod/biotech/strep), with over 73 known emm
types and 160 identified SDSE subtypes.

In the last decade, as a result of improved detection
methods, increased virulence, and expanding populations of
compromised hosts [5], GGS/GCS strains have been frequent-
ly found to be the cause of mild to severe infections [8].
However, there are sparse data on the molecular characteriza-
tion GGS in different epidemiologic settings.

Sporadic and epidemic illness caused by streptococci is a
significant public health problem in the Israel Defense Forces
(IDF) [9, 10]. Pharyngitis and cutaneous outbreaks, several of
which are caused by GGS, occur several times a year in com-
bat and other military units. Invasive GGS infections are an
emerging problem in Israel as in other industrial countries [4,
5]. The burden of invasive disease caused by SDSE is com-
parable to that caused by invasive S. pyogenes and affects
similar adult populations [11]. In this study, we determined
the molecular diversity of GGS in Israel. Specifically, we
identified the molecular epidemiology and antibiotic resis-
tance profile of GGS isolates from three different epidemio-
logic settings in Israel: carriage, non-invasive and invasive.

Materials and methods
Study design population and setting

Isolates of GGS were collected during 2007-2011 from Israel
Defense Force (IDF) soldiers, aged 18-49 (settings 1 & 2),
and from bacteremia cases in Israel of patients aged 18-79
(setting 3). We analyzed isolates at the National Streptococci
Reference Laboratory, obtained from three different epidemi-
ological settings, determined a priori:

Carriage An observational longitudinal carriage study was
conducted among healthy male soldiers during the years
2007-2008. Throat samples were obtained on five occasions
during 6 months of basic training. The setting is described in
greater detail elsewhere [12]. All the recovered isolates of
GGS were included in the present study. A single isolate
was included in cases where the same emm type was isolated
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from one individual on several occasions. Four isolates sam-
pled from healthy individuals during an outbreak (detailed
below) were also included in this group.

Non-invasive The isolates were derived from throat cultures
ordered by treating physicians in the IDF during 2007-2011.
GGS isolates identified at a large pharyngitis outbreak that
occurred at 2009 were included [13]. The outbreak isolate
(stC1400.9) was included once in this group.

Invasive These were GGS isolates routinely sent by clinical
laboratories in Israel to the National Streptococci Reference
Laboratory during 2007-2011, as required by the Ministry of
Health regulations. An invasive strain was defined as a strain
that had been isolated from a normally sterile site (in this study
the strains were isolated from bacteremia).

Bacterial isolation

Catalase-negative, chain-forming, gram positive cocci were
Beta-hemolysis and colony size confirmed in tryptic soy sup-
plemented with 5 % sheep blood agar (Oxoid, Hampshire,
England), after overnight incubation at 37 °C. The
Lancefield group was confirmed by a commercial latex agglu-
tination technique, the SlidexStrepto-Kit (bioMérieux, Marcy-
I’Etoile, France).

emm typing and SAG identification

DNA extraction and emm PCR were performed on all GGS
isolates as described (http://www.cdc.gov/ncidod/
biotech/strep/strepindex.htm). PCR fragments were
subjected to sequencing at the Center for Genome
Technology at the Hebrew University of Jerusalem or a
commercial service company. Isolates that did not yield an
emm PCR result were tested for SAG using a specific PCR
assay [14]. Briefly, PCR was performed with milleri-EL-F (5'-
ACTCTTGTGTTAAATAAAATCC-3’), and milleri-EL-2R
(5'-ACGCAGCATTTTGAAGRGCA-3") primers of the
groEL gene. An isolate with a 700 bp band was defined as
SAG. The emm sequence results were submitted to the emm
sequence database at the Center of Disease Control (Atlanta,
GA, USA) to assign the type and subtype according to the
exact match of 180 bases of the 5’ sequence. Multiplex align-
ment of the full sequence to observe the phylogenetic relations
between isolates was performed with Bionumerics (Applied
Maths, Belgium).

Antibiotic susceptibility
A total of 284 GGS available isolates were tested using the

disc diffusion method (Kirby-Bauer) according to the 2011
guidelines of the Clinical and Laboratory Standards Institute
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(M100-S201). Discs of ampicillin (10 pg), penicillin (10 unit),
ofloxacin (5 pg), ceftriaxone (30 png), erythromycin (15 pg),
clindamycin (2 ug), tetracycline (30 pg) and azithromycin
(15 ng) were obtained from OXOID (United Kingdom).

Statistical analysis

Proportions of antibiotic resistance and genetic types were
analyzed overall and individually by sampling each setting
and each subspecies. The proportion of SDSE was compared
between the sampling settings (with carriage as the reference
group) by the two-tailed Fisher’s exact test. The proportions of
isolates with antibiotic resistance against each antimicrobial
agent were compared between the three groups (SDSE inva-
sive, SDSE non-invasive or carriage), and the SAG non-
invasive or carriage groups by the two-tailed Fisher’s exact
test. A pvalue<0.05 was considered significant. Analyses
were done with WINPEPI [15].

Results

A total of 325 GGS isolates were collected and characterized:
99 invasive, 166 non-invasive and 60 carriage isolates.
Species identification revealed that they were either SDSE
(228, 70.1 %) or SAG (97, 29.8 %). The SDSE isolates com-
prised all 99 (100.0 %) of the invasive strains, 106 (63.8 %) of
the non-invasive strains and 23 (38.3 %) of the carriage strains
isolated during this study (Table 1).

A total of 35 distinct emm types were identified among the
228 SDSE isolates, reflecting high strain diversity. The most
frequent five emm types were of sequence type stG485.0
(17.5 %), followed by stG166b.0 (12.3 %), stG6.1 (9.2 %),
stC1400.0 (7.9 %) and stG652.0 (5.7 %). These emm types
comprised 52.6 % of the isolates, while the other 30 emm
types accounted for the remainder (Table 2).

The distribution of emm types for the three settings was
similar, with slight variations. The invasive emm type isolates
were stG485.0 (23.2 %), stG166b.0 (16.2 %), stG6.1 (9.1 %),

Table 1  Distribution of the Streptococcus anginosus group (SAG) and
Streptococcus dysgalactiae subsp. equisimilis (SDSE) within group G
Streptococcus (GGS) isolated in three different epidemiologic settings
in Israel, 2007-2011

Epidemiologic setting ~ Total GGS ~ SAG SDSE
Carriage 60 37 (61.6 %) 23 (38.3 %)
Non-invasive 166 106 (63.8 %)" 60 (36.1 %)
Invasive 99 0(0 %) 99 (100 %)"
Total 325 97 (29.8 %) 228 (70.1 %)

* Pvalue <0.05 for comparison of the proportion of SDSE from GGS
isolates in comparison to the carriage group (two-tailed Fisher’s exact
test)

Table 2 Distribution of group G Streptococcus (GGS) emm types
identified during 2007-2011 in an epidemiological setting. The rate of
each emm type is indicated, calculated from the total amount of the
identified emm types

emm type Carriage Non-invasive Invasive Total Percent (%)
stG485,0 4 13 23 40 17.5
stG166b,0 3 9 16 28 12.3
stG6,1 3 9 9 21 9.2
stC1400,0 1 16 1 18 79
stG652,0 6 7 13 57
stG6792,0 2 5 5 12 53
stG2078,0 2 8 11 4.8
stG245,0 1 5 4 10 44
stG480,0 8 1 9 39
stC74a,0 4 4 8 35
stG652,1 1 5 1 7 3.1
stG5345,1 6 6 2.6
stG10,0 2 2 1 5 22
stG840,0 4 5 22
stC36,0 1 2 3 1.3
stG4222,0 1 2 3 1.3
stG5420,0 1 2 3 1.3
stG643,0 1 2 3 1.3
102,3 2 2 0.9
stC1400,2 2 2 0.9
stC1400,9 2 2 0.9
stG3251,0 1 1 2 0.9
stG62647,0 2 2 0.9
stG643,1 2 2 0.9
5,6 1 0.4
stC36,7 1 1 0.4
stG245,1 1 1 0.4
stG2574,0 1 1 0.4
stG4831,0 1 1 0.4
stG6,0 1 1 0.4
stG652,2 1 1 0.4
stG653,0 1 1 04
stG866,0 1 1 0.4
stGLP1,0 1 1 04
stL1376,0 1 1 04
Total 23 106 99 228 100.0

stG2078.0 (8.1 %) and stG652.0 (7.1 %), and they accounted
for 63 % of the strains. There was only one stc1400.0 (1 %).
The most frequent emm type among the non-invasive isolates
was stc1400.0 (15.1 %), followed by stG485.0 (11.5 %),
stG166b.0 (8.7 %), stG6.1 (8.7 %), and stG480.0 (7.7 %),
comprising 50 % of the isolates. The carriage isolates were
stG485.0 (14.8 %), stG166b.0 (13 %) and stG6.1 (13 %). The
other 11 emm types consisted of small numbers of isolates of
each emm type (2-1). The difference in the frequency of emm
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types of the carriage isolates can also be due to the smaller
numbers of isolates in this group.

Multiple sequence alignment analysis conducted for all emm
amplicons obtained from the 35 different emm types identified
in this study indicated high diversity. The emm stC1400.9 that
had been defined at the Streptococcus Laboratory at CDC as a
new subtype was first identified during a severe and extensive
pharyngitis outbreak (119 subjects) in a military unit [13]. This
subtype was identified from the pharynx of 43 sick (43/119,
36 %) and five healthy (5/24, 20 %) young adults.
Interestingly, SDSE isolated from four patients with tonsillitis
at the outbreak were found to be genetically close, but were
different emm subtypes (stC1400.0 and stC1400.2), indicating
a significant nucleotide polymorphism from the Israeli outbreak
strain. Therefore, we excluded the possibility of bacterial pas-
sage during a single-source outbreak (10 days) (Fig. 1).

Antibiotic testing of 290 isolates showed susceptibility to
ampicillin, penicillin, ofloxacin and cefotaxime. Resistance to
clindamycin, erythromycin, azithromycin and tetracycline
was detected in 6.6 %, 8.6 %, 9.7 % and 37.6 % of isolates,
respectively. All the tested SAG isolates (n=75) were suscep-
tible to erythromycin and clindamycin. Only one isolate was
resistant to azithromycin, and seven were resistant to tetracy-
cline. SDSE isolates showed significantly higher resistance to
antimicrobial agents than SAG isolates (Table 3).

Discussion

Determination of the genetic diversity and antibiotic resis-
tance of GGS can contribute key information for the epidemi-
ology and control of disease of this species nationwide. We
analyzed a collection of 325 GGS strains representing widely
diverse sources and populations in Israel during a 5-year sur-
veillance period (2007-2011). The isolates were collected
from patients aged 18—79 years old. The other isolates, some
of which led to outbreaks, were isolated from sick and healthy
soldiers, 18-49 years old serving in the IDF.

All the GGS invasive infections were caused by SDSE,
while 63.8 % of the non-invasive cases and 38.3 % of the
carriage strains were SDSE. Thirty-five different emm types
were identified among the 228 SDSE isolates. Overall, more
than 52 % of the isolates were comprised of five emm types,
indicating a high level of diversity among the SDSE isolates in
Israel. The most common types of all the SDSE isolates were
stG485.0, stG166b, stG6.1 and stG1400.0. The prevalence of
emm types stG485.0 and stG166b was even higher in the
invasive group (23.2 % and 16.2 %, respectively). These re-
sults are in accordance with other studies: emm types stG485.0
and stG6.1 were reported as being the most common types
identified among patients with group G bacteremia in a hos-
pital setting in Jerusalem [6], in Chennai, south India [16] and
in a hospital setting in Northern Taiwan [17]. The total high
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Fig. 1 Phylogenetic analysis of the 35 emm types and subtypes of the
Streptococcus dysgalactiae subsp. Equisimilis (SDSE) isolates. The
analysis was based on the sequence of the emm amplicon using
multiple sequence alignment. Phylogenetic distance scaling is presented
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prevalence of those emm types in all other isolates (non-
invasive and carriage) indicates the likelihood of a possible
reservoir for severe infections. Similarly to S. pyogenes, SDSE
is transmitted through direct contact, person-to-person, from
either carriage or disease isolates.

Several isolates carry emm sequences from other
Streptococcus species such as S. pyogenes (emm 5.6 and
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Table3  Antimicrobial resistance of 290 group G Streptococcus (GGS)
isolates from Israel. The total number and proportion (%) of resistant
isolates are compared between three groups: Streptococcus dysgalactiae
subsp. Equisimilis (SDSE) isolated from invasive cases (N =99), SDSE

isolated from non-invasive or carriage settings (N=116), and
Streptococcus anginosus group (SAG) isolated from non-invasive or
carriage settings (N =75). All isolates were sensitive for ampicillin,
penicillin, ofloxacin and ceftriaxone.

SDSE,
invasive (N =99)

Antimicrobial agent

SDSE, non-invasive
or carriage (N=116)

SAG, non-invasive Total (N=290)

or carriage (N =75)

Clindamycin 11 (11.1 %) 8 (6.9 %) 00 %)" 19 (6.6 %)
Erythromycin 18 (18.2 %) 7(6.0 %) 00 %)" 25 (8.6 %)
Azithromycin 21 21.2 %) 6(52 %) 1(1.3 %) 28 (9.7 %)
Tetracycline 49 (49.5 %) 53 (45.7 %) 793 %) 109 (37.6 %)

* Pvalue < 0.05 between proportion of resistant isolates compared to SDSE non-invasive or carriage isolates groups (two-tailed Fisher’s exact test). The
comparison between the SAG group and the SDSE invasive group was significant for all antimicrobials

102.3) and GCS (emm stC1400.0, stC1400.2, stC1400.9,
stC74a.0, stC36.0, and stC36.7), indicating the possibility of
horizontal transfer of the emm genes from S. pyogenes and
GCS to GGS isolates. The phylogenetic relation between
SDSE and S. pyogenes alleles reveals a history of interspecies
recombination, with either species often serving as genetic
donors [7].

The results of a multiple sequence alignment of the full
sequence of the emm amplicon from the 35 different emm
types identified in this study indicated a high diversity of the
sequences. Excluding the subtypes, obvious derivatives of the
same type, all emm types were less than 60 % identical within
the full sequence, and shared less than an 87 % identity within
the 50 codons encoding the predicted N terminus of the M
protein (Fig. 1). Low genetic relatedness was also found
among frequent isolates (stG485.0, stG166b.0 and stG6.1).

Our study revealed emm-type diversity of SDSE isolates in
Israel. SDSE infections are increasing globally. Practical im-
plications like vaccine development and epidemiological in-
vestigations which depend on universal and standard molecu-
lar subtyping of the strains for disease preventive and control
are suggested.

Our results of SDSE emm types of both invasive and non-
invasive strains differed from surveillance results reported glob-
ally by several groups [11]. As such, it would appear that the
emm types of both invasive and non-invasive SDSE are diverse
between countries and regions, as opposed to S. pyogens which
include typical (but not exclusive) invasive emm types.

Testing for susceptibility to eight antimicrobial agents on
284 GGS, SDSE and SAG isolates revealed that all the tested
isolates were susceptible to cephalosporin, oflaxacin and pen-
icillin, which are the drugs of choice for treatment. According
to the literature, human GCS/GGS isolates remain almost uni-
formly susceptible to penicillin and other [3-lactam agents
[18]. Resistance to erythromycin, clindamycin and tetracy-
cline is prevalent among GGS strains in Israel. Macrolide
resistance in SDSE has also been shown to be widespread in
many countries [18]. Tetracycline no longer represents an op-
tion for the empirical treatment of SDSE isolates [2].

In the present study, SAG isolates were susceptible to
erythromycin and clindamycin, unlike the results of a study
on SAG isolates in Germany that reported resistance to eryth-
romycin, clindamycin and ciprofloxacin [2]. Antibiotic resis-
tance of the non-invasive and carriage SDSE isolates was
significantly higher than that of the SAG isolates.
Furthermore, the invasive SDSE isolates were highly resistant
to all four antibiotic agents, emphasizing the significance of
these isolates. These results are in accordance with the com-
parative responses of the bacteria groups, i.e., non-invasive
and carriage isolates versus invasive isolates, to medications.

There are several limitations to our study. Only 290 out of 325
isolates (89.2 %) were available for characterization of antibiotic
resistance, due to the long storage period before testing. The in-
vasive strains were sent from clinical laboratories of hospitals,
while the carriage and non-invasive strains were isolated mostly
from young individuals with no apparent underlying discases
[12]. Taking the different subjects’ characteristics between the
settings, cautious interpretation of differences between the three
epidemiologic settings is warranted. However, we found signifi-
cant differences in proportion of SDSE between the carriage and
non-invasive groups, which are taken from the same target pop-
ulation of young soldiers. In addition, all invasive isolates were
SDSE, including isolates from subjects aged 18—49.

The present study provides insights into the pathogen’s
genetic basis and disease properties shared with GAS.
Further research to reveal more genetic information about
the SDSE isolates is needed in order to understand the genetic
variability in the SDSE population, especially the variability
due to recombination involving housekeeping genes and lat-
eral gene transfer of virulence factors from S. pyogenes.

This study is the first comprehensive analysis of molecular
epidemiology and antibiotic resistance of GGS in Israel, com-
paring isolates derived from different epidemiologic settings.
Considerable genetic diversity and common antibiotic resistance
were revealed among GGS strains which differed according to
the epidemiologic settings. These results emphasize the impor-
tance of GGS infections and carriage. Further clinical, epidemi-
ological and basic research of GGS as a pathogen is warranted.
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