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Aim: To characterize the epidemiology of group A Streptococcus (GAS) involved in nonpharyngeal infec-
tions sparingly addressed in Lebanon. Materials & methods: A collection of 63 nonpharyngeal GAS isolates
recovered between 2010 and 2019 from northern Lebanon were analyzed through emm typing, virulence
gene profiling, FCT typing and antibiotic susceptibility analysis. Results & conclusion: A total of 29 emm
subtypes was detected, with emm1 being the most dominant. A great intraclonal divergence driven by the
loss and gain of superantigens or by the structural variability within the FCT regions was unraveled. The
resistance rates for erythromycin and tetracycline were 8 and 20.6%, respectively. The 30-valent vaccine
coverage was 76%. This study evidences the complexity of the neglected GAS pathogen in Lebanon.
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Although group A Streptococcus (GAS, Streptococcus pyogenes) is a common pathogen responsible for relatively
mild superficial diseases, such as acute pharyngitis, it can take advantage from noninvasive infections as a portal
either to reach deeper tissues and cause invasive infections (iGAS) as necrotizing fasciitis or to alter the immune
system leading to poststreptococcal autoimmune sequelae as rheumatic heart disease [1]. Adding to this chorus of
infections, GAS can produce a diverse array of virulence factors including among other superantigens (SAgs): three
chromosomally encoded genes (speG, speJ and smeZ) and eight genes harbored by temperate phages (speA, speC,
speH, speI, speK, speL, speM and ssa) [2] that can overstimulate the immune-inflammatory cascade and eventually
lead to streptococcal toxic shock syndrome [3]. Additional gene-encoding virulence factors are gathered in a putative
pathogenicity island known as FCT (the fibronectin-binding, collagen-binding, T antigen) region that gives rise
to pilus-like appendages and/or extracellular matrix-binding proteins, and includes among others regulatory genes
(rofA or nra), genes that encode the major backbone pilin protein (as fctA), ancillary pilin proteins (as cpa, fctB),
and at least one sortase [3,4]. Besides, GAS can acquire resistance to antibiotics, most notable being that against
macrolides and lincosamides. Indeed, macrolides are considered as paramount alternatives for penicillin-allergic
patients while lincosamides are recommended together with ß-lactam for iGAS treatment [5]. In the past decades,
GAS was reckoned as a dynamic pathogen with the ongoing reshaping of its population structure and appearance
of new virulent strains linked to the current upsurge of iGAS infections [6]. Investigating the clonal relationships
among GAS isolates continues to be the most convenient approach to elucidate the GAS epidemiology. One of
the key epidemiological methods for tracking iGAS infections is to characterize the circulating emm types that can
vary according to the geographical location and the clinical specimen type [7]. In Lebanon, three studies concerning
the circulating emm types were published, the main sample type was pharyngeal, rarely from discharge [8,9] and
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perineal and vulvovaginal specimens [10]. Our study examined the epidemiological patterns of 63 nonpharyngeal
GAS collected between 2010 and 2019 in two hospitals in northern Lebanon through emm typing, virulence gene
profiling, FCT typing and antibiotic susceptibility analysis. The determination of emm types helped us to assess
the effectiveness of the 30-valent vaccine, which is under clinical trial investigation, and is being developed using
30 pharyngitis-associated type-specific M antigens.

Materials & methods
GAS isolates
All nonpharyngeal clinical GAS isolates conserved at the Collection de Microbiologie Université Libanaise of the
Laboratoire Microbiologie Santé Environnement (LMSE) were investigated. These isolates were collected between
2010 and 2019 mainly from two tertiary care hospitals in northern Lebanon during their routine analysis wherein
no consent was required. They were identified by colony morphology, beta-hemolysis on blood agar, sensitivity
to bacitracin, serogrouping using a latex agglutination test and, additionally, by matrix-assisted laser desorption
ionization–time of flight (MALDI-TOF) technique using Vitek R© MS machine (bioMérieux R©, Marcy l’Etoile,
France). Clinical isolates and patient records/information were anonymous and de-identified prior to analysis.

Antibiotic susceptibility testing
The susceptibility data of all isolates for standard streptococcal antibiotic list (erythromycin [15 μg], clindamycin
[2μg], penicillin G [1 unit] and tetracycline [30μg]) were analyzed by the disc diffusion method following the 2019
European Committee on Antimicrobial Susceptibility Testing recommendations. A double-disc diffusion method
(D-test) was also done according to European Committee on Antimicrobial Susceptibility Testing in order to
examine the inducible character of clindamycin resistance and categorize the resistance patterns into M phenotype
(isolate resistant to erythromycin and susceptible to clindamycin), and inducible or iMLSb (isolate resistant to
erythromycin with any blunting in the shape of the clindamycin inhibition zone). The PCR of the erm(A), erm(B)
and mef(A) genes was carried out as described previously on erythromycin-resistant GAS isolates (ERGAS) [11,12].

Epidemiological typing
PCR and sequencing of the 5′ region of the emm gene were done and interpreted following the protocol provided
by ‘CDC’ [13]. The emm patterns and clusters were assigned based on emm types [14]. Multiplex PCR was used
to profile 11 SAg genes [15]. speL, speK, speM, speC, smeZ, speI were tested by a multiplex PCR mix1 whereas ssa,
speA, speH, speG, speJ were examined by multiplex PCR mix2 as previously described [15]. The presence of speB was
analyzed separately by PCR using the same primers as elsewhere [15]. The virulence genes within the fibronectin-
and collagen-binding T antigen (FCT) region were profiled using 14 different allele-specific primer pairs as outlined
previously by Kratovac et al. [4]. The ‘FCT-region variants’ were defined according to the classification proposed
by Kratovac et al. and Bencardino et al. [3,4]. Initially, the strains with profiles matching one FCT type were used
as references for FCT-region variants and were assigned a specific code composed of their corresponding FCT type
number (one to eight) followed by a capital letter A (ex: 1A, 2A). Strains showing an FCT region pattern differing
only by one PCR product were recognized as a ‘single FCT-region variant’ and were labeled by a capital letter B
(ex, 1B, 2B) after their corresponding reference FCT type number. The same approach was used to categorize the
double and triple FCT-region variants being respectively designated as C and D after the corresponding reference
FCT type number. The sof gene was also amplified following the same FCT typing scheme by PCR [4].

Vaccine coverage
emm types identified in this study were categorized based on the cross-opsonization experiments in animals that
suggested that 30-valent vaccine protection may extend to noncognate emm types [16]. emm types included in the
30-valent vaccine were classified as ‘vaccine emm types’. Nonvaccine emm types with more than 50% killing in the
cross opsonization studies were classified as ‘cross opsonization-positive’. Nonvaccine emm types that were untested
in the cross opsonization experiments were stratified as ‘cross opsonization unknown’. Vaccine coverage was defined
as the proportion of all isolates in the region that was covered by the 30-valent M-protein-based GAS vaccine
currently under clinical investigation (emm types 1, 2, 3.1, 4, 5.14, 6.4, 11, 12, 14.3, 18, 19, 22, 24, 28, 29, 44,
49, 58, 73, 75, 77, 78, 81, 82, 83.1, 87, 89, 92, 114 and 118).
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Statistical analysis
Statistical analyses were performed with GraphPad Prism 6.0 software (GraphPad Software, Inc., CA, USA).
Univariate analyses of qualitative data are done using Fisher’s exact test. The results are expressed in terms of
p-values, odds-ratios (OR) and 95% CIs. All the statistical tests are bilateral with a risk of type I error of 5%.

Results
Bacterial isolates
A total of 63 nonpharyngeal GAS isolates were analyzed and were mainly collected from two hospitals Nini (40
isolates) and El Youssef Hospital Center (20 isolates) located respectively in Tripoli and Akkar. These isolates were
recovered from ear (n = 38, 60.3%), wound and discharge (n = 15, 23.8%), blood of sepsis cases (n = 9, 14.3%)
and vulvovaginal tract (n = 1, 1.6%). They were collected from 32 (50.8%) females and 31 (49.2%) males aged
between 2.5 months and 93 years old. Of note, data related to age for five patients and collection hospital for three
patients were missing.

Antibiotic susceptibility patterns & macrolide resistance mechanisms
The antibiotic susceptibility testing showed that all isolates were fully susceptible to penicillin G, and that five (8%)
were ERGAS. Among these five ERGAS strains, two were also resistant to clindamycin and showed the constitutive
macrolides, lincosamides, streptogramin b (cMLSb) phenotype where one harbored the erm(B) gene and another
co-harbored the erm(B) and mef(A) genes. The three other ERGAS isolates expressed the M phenotype and only
harbored the mef(A) gene. The iMLSb phenotype and erm(A) gene were not detected. Thirteen out of 63 isolates
(20.6%) were resistant to tetracycline. Notably, all tetracycline-resistant isolates were erythromycin-susceptible.

emm typing: emm types, patterns, clusters & their association with specimen types & resistance
patterns
All of the 63 GAS isolates were emm typable giving a total of 25 different emm types and 29 emm subtypes. Table 1
classifies the isolates according to their emm patterns, emm clusters and emm types with a special focus on the
specimen type. Eight emm types accounted for more than 65% of the population and were distributed as follows:
emm1 (22.2%, 14/63), followed by emm2 (11.1%, 7/63), emm12 (8%, 5/63), emm6 (6.4%, 4/63), emm41 (4.7%,
3/63), emm87 (4.7%, 3/63), emm101 (4.7%, 3/63) and emm165 (4.7%, 3/63). Seventeen different additional
emm types were also recovered in percentages under four for each (emm3.93, emm5.74, emm8, emm22, emm28,
emm44, emm48, emm49, emm58.8, emm75, emm81, emm82, emm83, emm89, emm108, emm113 and emm118).
Seven out of 25 emm types were identified in nine blood isolates (emm1, emm12, emm49, emm89, emm101,
emm165 and emm113).

Roughly, 46% (29/63) of the isolates belonged to emm pattern E, 39.7% (25/63) to emm pattern A–C and
14.3% (9/63) to emm pattern D. Ten emm clusters were identified with more than 75% of the isolates being
associated with five clusters. Twenty-three emm types were grouped into eight large defined emm clusters, while the
remaining (emm6 and emm5) grouped as single clusters belonging to the clade Y. Variants of emm clusters E1-6
and A–C1–5 were dominant, accounting together for 79% (50/63) of the isolates. The majority of emm cluster
E1–6 isolates belonged to the E4 cluster and those of emm cluster A–C1–5 to A–C3. All emm cluster D1–5 isolates
were emm cluster D4. Six emm clusters comprised each a single emm type. While no emm types were significantly
tied to a specific specimen, D pattern (p = 0.0287; OR = 5.5, IC95% [1.24–24.25]) and D4 cluster (p = 0.015;
OR = 7.5, IC95% [1.53–36.68]) were found to be associated with wound infections. No association between emm
type or pattern or cluster and time of isolation was detected.

The five ERGAS isolates were stratified into three emm types: emm2 (1), emm12 (3) and emm113 (1) with two
of the isolates (emm12 and emm113) being recovered from blood. The two ERGAS isolates expressing the cMLSb
phenotype belonged to emm12, while the three remaining isolates expressing the M phenotype were diverse and
belonged to emm2, emm12 and emm113. emm pattern A–C (p = 0.02; OR = 4.78, IC95% [1.21–18.84]) and
cluster A–C3 (p = 0.006; OR = 17.03, IC95% [0.96–302.7]) were significantly associated with macrolide and
tetracycline susceptibility. The 13 tetracycline-resistant isolates belonged to 10 emm types (emm101 [3], emm41 [2],
emm8 [1], emm22 [1], emm75 [1], emm81 [1], emm82 [1], emm83 [1], emm108 [1] and emm165 [1]). Notably,
a significant association was also found between tetracycline resistance and each of the emm101 type (p = 0.007;
OR = 33.67, IC95% [1.6–702.1]), pattern D (p < 0.0001; OR = 78.4, IC95% [8.06–761.9]) and cluster D4
(p < 0.0001; OR = 57.17, IC95% [5.96–548.3]).
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Table 1. Classification of the isolates according to their emm patterns, emm clusters and emm types with a special
focus on specimen types, and patient age.
emm patterns,
nb (%)

emm clusters,
nb (%)

emm types, nb
(%)

emm subtypes‡ Specimen types Age (years)

E W B V Infants (<1
years)

Children
(1–<18)

Adult (<60) Elderly (>60)

A–C (25) A–C3 (14) emm1 (14) 9 2 2 1 1 10 1 2

A–C4 (5) emm12† (5) 3 1 1 0 1 2 - -

A–C5 (1) emm3 (1) emm3.93 1 0 0 0 0 1 0 0

Clade Y (4) emm6 (4) emm6.0 (1),
emm6.103 (2),
emm6.4 (1)

4 0 0 0 0 4 0 0

Clade Y (1) emm5 emm5.74 1 0 0 0 0 1 0 0

D (9) D4 (8) emm41 (3) emm41.0 (1),
emm41.2 (2)

2 1 0 0 0 1 2 0

emm83 (1) emm83.1 0 1 0 0 0 0 1 0

emm101 (3) 0 2 1 0 0 1 0 2

emm108 (1) emm108.1 0 1 0 0 0 0 1 0

E6 (1) emm81 (1) 1 0 0 0 0 1 0 0

E (29) E1 (3) emm165 (3) 1 0 2 0 0 1 1 1

E3 (10) emm44 (1) 1 0 0 0 0 1 0 0

emm49 (2) 0 1 1 0 0 0 2 0

emm58 (1) emm58.8 0 1 0 0 0 0 1 0

emm82 (1) 1 0 0 0 0 1 0 0

emm87† (3) 2 1 0 0 - 1 - 1

emm113† (1) 0 0 1 0 - - - -

emm118 (1) 1 0 0 0 0 1 0 0

E4 (13) emm2 (7) 6 1 0 0 0 7 0 0

emm8 (2) 0 2 0 0 0 1 1 0

emm22 (1) 1 0 0 0 0 1 0 0

emm28 (1) 1 0 0 0 0 1 0 0

emm89 (2)† 1 0 1 0 - - - 1

E6 (3) emm48 (2) emm48.0 (1),
emm48.1 (1)

2 0 0 0 0 2 0 0

emm75 (1) 0 1 0 0 0 1 0 0

Total (63 isolates) 38 15 9 1 2 39 10 7

Minus in the age column means that this case can contain 0 or a specific number other than 0 because the age information is not available for all isolates in the corresponding
emm type.
†The age information was not available for all isolates having a particular emm type, so a symbol – was put instead of 0 in a particular age category.
‡The emm subtype was only indicated when the type contained subtypes other than those denoted by 0.
B: Blood; E: Ears, V: Vulvovaginal; W: Discharges and wound.

speB & superantigen-encoding genes profiling results & their association with emm types &
specimens
Variations in the distribution and types of virulence factors were observed among GAS strains (Table 2). speB was
detected in 92% (58/63) of the isolates, followed by speG 73% (46/63) and speC 65% (41/63). speC was mainly
associated with isolates recovered from ear infections (p = 0.0309; OR = 3.49, IC95% [1.18–10.32]). The other
SAg genes were distributed as follows: 39.7% (25/63) for speJ, 27% (17/63) for speI, 22.2% (14/63) for speK, 19%
(12/63) for ssa, 15.8% (10/63) for speA, 11.1% (7/63) for speL, 9.5% (6/63) for speH, 3.1% (2/63) for smeZ and
finally 1.6% (1/63) for speM.

Out of 12 virulence genes tested (speB and the 11 SAg-encoding genes), all isolates harbored at least one
virulence determinant and 62 (98%)/63 isolates carried at least one SAg gene. Overall, 41 virulence-gene profiles
were detected among the 63 isolates, with ‘speB–speC’ (6.3%) being the predominant (Table 2). In addition, 11.1%
of the isolates carried speB together with one SAg gene (speB-speC; speB-speG; speB-speI), 19% carried speB with
two SAg genes, 28.6% co-harbored speB with three SAgs, 28.6% co-harbored speB with four SAg genes and 3.2%
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of isolates carried speB with five SAg genes. Although, 77.7% (7/9) of the blood isolates co-harbored four or
more virulence genes, no significant association was found between the number of virulence factors and specimen
types nor between virulence signature and specimen types. Interestingly, speA (p < 0.0001; OR = 31.33, IC95%
[5.35–183.5]) and speJ (p = 0.0001; OR = 16.62, IC95% [3.26–84.48]) were significantly linked to emm1, while
speI (p = 0.0009; OR = 40.92, IC95% [2.12–791.5]) with emm12. Additionally, speH was only detected in emm
pattern A–C (p = 0.0026; OR = 25.67, IC95% [1.37–479.9]). However, no significant association was retrieved
between emm types and the virulence factor signature nor between emm type and the number of virulence factors.

FCT typing & sof profiling
Roughly, a total of 30 different FCT regions were identified by the PCR-typing scheme. Out of the 30 detected
FCT regions, 26 were either identical (seven regions, which are assigned by letter A) or nearly similar (19 regions,
which are considered single, double or triple locus variants and assigned respectively by letter B, C and D) to
previously described reference FCT regions. On the other hand, four types (denoted here as X1, X2, X3 and X4)
differed completely from known FCT regions (Table 3).

The prevalence of FCT-A type (identical to previously described reference FCT-region) in this study was 54%
(34/63). FCT-1, FCT-2 and FCT-6 were detected only as reference FCT regions. Overall, 39.7% (25/63) of the
isolates had either a single locus FCT-region (FCT-B), double (FCT-C) or triple (FCT-D) variant (Table 3).

As shown in Table 3, the 14 emm1 isolates contained FCT-1A (7/14), 2A (6/14) and 5A (1/14), while in
emm2 isolates the most common was FCT-6A (4/7) followed by FCT-5A (2/7) and unclassified FCT region (1/7).
FCT-2A was exclusively associated with emm1 (p < 0.0001; OR = 75.7, IC95% [3.89–1472]), as well as FCT-6A
was only found in emm2 (p < 0.0001; OR = 145.3, IC95% [6.44–3276]). Besides, FCT-1A was significantly
associated with emm1 (p = 0.0013; OR = 11.25, IC95% [2.6–48.65]) and emm pattern A–C (p = 0.0045;
OR = 10.13, IC95% [1.96–52.29]). Significant associations were also revealed between emm pattern D and FCT-
3A (p = 0.0021; OR = 58.69, IC95% [2.71–1269]), and emm pattern E and FCT-5A (p = 0.0417; OR = 8.61,
IC95% [0.97–76.42]).

Noteworthy, out of five emm12 isolates, three carried FCT-7A or closely related FCT-7 (FCT-7C). Isolates of
emm101 (three isolates) and emm48 (two isolates) harbored closely related variants belonging respectively to FCT-3,
and FCT-5. Out of the three emm41 type, two harbored the same FCT-8C variant. Notably, all emm pattern E
isolates (29/63) were positive for sof gene (p < 0.0001; OR = 183.9, IC95% [10.11–3345]) while all emm pattern
D isolates (p = 0.0001; OR = 40.71, IC95% [2.24–740.4]) and 68% of emm pattern A–C isolates (p = 0.0007;
OR = 6.85, IC95% [2.22–21.1]) were sof-negative. Regarding FCT types, FCT-1A was significantly associated
with the absence of sof gene (p = 0.0003; OR = 22.5%, IC95% [2.65–91]).

Genetic diversity of GAS isolates based on emm types, virulence genes, FCT regions & antibiotic
resistance patterns
Overall, when considering the complete set of studied genes (emm type, virulence genes and FCT) along with
antibiotic resistance patterns, a total of 61 different profiles were categorized (Table 3). Among the 63 studied
isolates, only two pairs belonging to emm1 and emm101 had the same genetic profile.

Vaccine coverage
Among the 25 identified emm types, 18 were categorized as 30-valent vaccine types, two were stratified as emm types
with positive cross opsonization and five as emm types with unknown cross opsonization (Table 4). The 30-valent
vaccine coverage was 76% when considering only the vaccine emm types, and 82.5% when also including the emm
types with positive cross-opsonization during experiments done in animals [16].

Discussion
Our study is the first to examine a considerable collection of GAS isolates involved in nonpharyngeal infections in
Lebanon. The high number of emm subtypes identified herein (29 emm subtypes) among the 63 isolates reflected
a higher genetic heterogeneity than that reported in previous studies from Lebanon with the identification of
41 emm subtypes among 150 isolates [9], 33 among 103 isolates [8] and three among 17 isolates [10]. The higher
detected diversity could be tied to: variations in the source of isolation (nonpharyngeal isolates in the present study
vs primarily pharyngeal isolates in the Bahnan and Karaky studies [8,9], and genital isolates in the Mogielnicki
study [10]), different sampling intervals [8–10], or different collection sites (Beirut in the three Lebanese studies
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Table 4. Distribution of emm types identified in this study into 30-valent vaccine protection categories.
emm cluster Vaccine emm types (Nb) emm types with positive cross

opsonization (Nb)
emm types with unknown cross
opsonization (Nb)

A–C3 1 (14)

A–C4 12 (5)

A–C5 3 (1)

Clade Y 6 (4), 5 (1)

D4 83 (1) 41 (3), 101 (3), 108 (1)

E1 165 (3)

E3 44 (1), 49 (2), 58 (1), 82 (1), 87 (3), 118 (1) 113 (1)

E4 2 (7), 22 (1), 28 (1), 89 (2) 8 (2)

E6 75 (1), 81 (1) 48 (2)

vs northern Lebanon in this study). A detailed comparison showed the persistence of seven emm types (emm1,
emm12, emm22, emm28, emm49, emm75 and emm89) detected at different occurrence rates with the remarkable
absence of some of the previously reported emm types (emm4, emm9, emm11, emm76, emm77 and emm85) [8–10].

Our findings were in line with other studies including one from Lebanon revealing that emm1 was the dominant
circulating type [8,17–19]. Noteworthy, the contemporary renaissance of iGAS infections has been linked to the
dissemination of a hypervirulent emm1 clone (the so-called M1T1) [20]. Most emm types in this study linked to
isolates recovered from blood samples of sepsis cases were notorious for their invasiveness and their associations
with invasive diseases worldwide [7,17,21]. emm89 was previously associated with a 19% case fatality rate for iGAS
infections in Toronto, Canada [19]. Other rare emm types were also detected herein, such as emm113, emm165 and
emm101 [22–24]. Interestingly, emm types largely prevailing in other countries were either not detected or had low
prevalence in this study, such as emm11 common in Taiwan [25], and emm77 in Finland [26]. Moreover, emm3 one
of the most common worldwide emm types being ranked fourth at the global level (after emm1, emm12, emm28) [7]

as well as at the European and North American scale (after emm1, emm28, emm89) [17], it accounted only for a
small percentage (one isolate) congruently with France [27]. Subtype 3.93 described in this study, was also identified
in Scotland, England and Ireland [28]. emm87 and emm83 however, were remarkably associated with cellulitis
according to a large scale European surveillance study of iGAS infections [29]. Interestingly, both emm types in this
study were linked to skin being recovered from wounds and discharges.

The emm pattern scheme classifies M proteins into emm-patterns based on specific markers within the emm gene
and emm-like flanking genes and serves as a potential marker to predict the preferred tissue site of GAS infection [30].
In our study, the emm pattern E strains (generalist strains), showing affinity to throat or skin, were the predominant
ones followed by emm pattern A–C (regarded as throat specialists), and emm pattern D strains (regarded as skin
specialists). Prevalence of pattern A–C in absence of isolates recovered from throat infections could be explained
by the fact that ear being proximal to the throat, accounted for more than half (60.3%) of the isolates, and 72%
of emm pattern A–C isolates. emm pattern A–C was also associated with iGAS [31], and with three out of our nine
isolates recovered from the blood.

While the distribution of emm types could change significantly over time, the emm clusters, defined based on
binding and structural properties of M proteins, could remain stable and be used together with emm types to follow
GAS infections over time [19,31–33]. The 10 identified clusters in this study, were somewhat similar to the 11 emm
clusters responsible for 99.8% of iGAS in the USA (E4, A–C3, E3, A–C4, E6, A–C5, E1, E2, D4, M6, M5) [31].
Consistent with our findings, A–C3 was the predominant emm cluster responsible for iGAS and streptococcal toxic
shock syndrome in Alberta, Canada from 2003 to 2017 [19]. Besides monitoring GAS epidemiology, emm cluster
typing can be useful to also predict tissue tropism [30]. Consistent with our findings regarding the association of
emm cluster D4 (a plasminogen-binding emm cluster) with skin, a significant number of skin isolates were grouped
in cluster D4 [16,30].

Resistance to erythromycin in this study was low (8%) and fits within the lower ends of the ERGAS rate reported
by several studies from Lebanon (4.2–23%) [34,35]. Additionally, the predominance of M resistance phenotype over
the cMLSb phenotype was consistent but not with all previous studies from Lebanon [8,9,35]. The low number of
ERGAS strains identified in the present study could be linked to the limited number of strains recovered from
throat swabs. However, a downtrend of ERGAS rate was reported in several European countries as well as in
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Lebanon without any considerable reduction in macrolide usage [34]. The decline remains vague but could be
correlated to the high fitness cost of ERGAS and the success of erythromycin-susceptible clones transmission [5,36].
emm1, the dominant type detected in this study and associated with life-threatening clinical features, retained
susceptibility to all antistreptococcal agents including macrolides and tetracycline [36]. Interestingly, 60% (3/5) of
the studied emm12 isolates were resistant to erythromycin, while being susceptible to tetracycline. emm12 clone
showing co-resistance to tetracycline and macrolide was associated in 2011 with the upsurge of scarlet fever in Hong
Kong, with resistance determinants being carried on integrative conjugative elements [37]. The lack of currently
detected co-resistance could be attributed either to differences in circulating subclones or the loss of resistance to
tetracycline associated with a high fitness cost. Resistance to tetracycline was 20.6% lower than what was previously
reported in Lebanon (37%) [9] and Yemen (68.8%) [38] but higher than those in Germany (9.8%) [39]. To our best
knowledge, we showed statistically significant previously untackled associations that require further validation and
characterization, such as the finding that 88.9% of emm pattern D isolates were tetracycline resistant, with all the
ones typed as emm101 and emm41.2 being within the resistant population.

In this study, all 11 SAgs genes were detected along with the predominance of speG (73%), speC (65%) and
speJ (39.7%). These three SAgs also prevailed in iGAS isolates in Germany from 2009 to 2014 [40], although
noteworthy that the distribution of virulence genes differed heavily between studies and can be time- and/or
region dependent [22]. Studying virulence genes particularly those encoding SAgs has been widely used in examining
disease associations and GAS typing [28,41]. Several studies suggested that SAgs were a better indicator than emm
types in predicting disease manifestations [42]. speH, speJ and speK were associated with chronic skin lesions [40],
speH and speI with septic arthritis and invasive wound infections [28,43], and speA and speC with streptococcal septic
shock syndrome [36]. Although we found a significant overrepresentation of speC in isolates recovered from ear
infections, we could not further elaborate on any correlation between invasive diseases and SAgs due to the absence
of pharyngitis-linked isolates and lack of data related to the invasiveness of wound isolates. Although SAgs are
diverse and dynamic with the continuous surge appearance of new combinations [2], phage-encoded SAgs showed
some associations with certain emm types, indicating a presumptive link between phage preference and emm type.
While the 14 isolates with emm1 type were stratified in 11 virulence gene profiles (Table 2), our results were similar
to other studies about the significant association of speA and speJ with emm1 [9,41], and the lack of speL or speM
from emm1 isolates [41]. Interestingly, speC occurred in 50% of our emm1 isolates as reported elsewhere [41] and was
infrequently associated with speA. Such association between speA and speC was found to be more frequent in isolates
from patients with scarlet fever than in those from patients with pharyngitis [44]. Besides, speI was significantly
herein linked to emm12, mirroring thus the situation in Western Norway where all emm12 isolates either invasive
or noninvasive ones harbored the speI [45]. Notably, speH was found exclusively in emm pattern A–C. Although
some studies outlined an association between emm12 and speH [29,42], those investigating linkage between emm
clusters or patterns and SAgs are rare and urgently needed to draw global conclusions.

To date, nine distinct FCT variants have been identified [4]. However, the glut of unprecedented FCT regions
detected in this study as well as in the Bencardino study [3] could imply either the versatility of GAS virulence
mechanisms or the extent of genetic recombination events within this region triggered by the immune system
pressure on the different surface-exposed GAS elements including those encoded by FCT-encoding genes. More
detailed studies should be done to elucidate factors contributing to the observed FCT diversity. In this study, the
three most frequent identified FCT regions were the FCT-1A (17.4%), FCT-5A (11.1%) and FCT-2A (9.5%).
In contrast, Kratovac et al. showed that FCT-3 (32%), FCT-4 (27%) and FCT-5 (17%) were the most prevalent
ones [4], while with Bencardino et al. it was FCT-5 (16%) and FCT-4 (10%) [3]. The observed FCT variability could
be due to differences in the studied isolates, with a significant correlation being previously reported between FCT
and several detected emm types or emm patterns, highlighting a possible FCT role in GAS tissue specificity [30].
While emm pattern E prevailed in our collection, the predominance of emm1 interpreted the greater prevalence of
FCT-1 (which is significantly associated with emm1) contrasting thus the initial findings of the preponderance of
FCT-3 and FCT-4 [3,4]. Our findings re-emphasized the association between emm pattern A–C and FCT-1A, emm
pattern D and FCT-3A, and emm pattern E and FCT-5A. Additionally, and as previously reported, FCT-2 was only
detected in emm1 (nearly in half of the emm1 isolates), partly revealing the unusual success of this clone through its
unique pilus structure [30]. FCT-6A, a rare FCT region, was first described in emm2 isolates [4]. Congruently, we also
found an exclusive association between FCT-6A and emm2. Additionally, we studied the presence and distribution
of the sof gene. As expected, all emm pattern E strains had the sof gene while all the skin specialist (emm pattern D)
and most of the throat specialist (emm pattern A–C) strains proved to be negative for the gene [30].
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Combining the emm types, virulence genes and FCT types along with antibiotic resistance profiles, revealed the
presence of 61 different patterns (or genotypes) among the isolates in this study, underlining thus a great degree of
clonal heterogeneity that exceeds previous reports [3]. Bencardino et al. identified 83 profiles among 122 pharyngeal
isolates using the same approach [3]. Intriguingly, this intraclonal divergence driven by the loss and gain of SAgs or
by the structural variability within the FCT regions could contribute to the persistence of clones showing enhanced
fitness or virulence [46].

With the lack of a licensed vaccine, strategies to develop one were essentially based on the M protein [34]. To
maximize the expected coverage for the previously insufficiently tested vaccines, a new refined 30-valent M-protein-
based vaccine was developed that induced bactericidal antibodies not only against all the 30 vaccine types but also
against some nonvaccine types likely present within emm clusters [47]. In New Caledonia (a pacific region with high
emm diversity), the theoretical protective coverage of the 30-valent vaccine increased from 24.2% after including
the vaccine emm types to 76.1% after including the cross-opsonization emm types [32]. When emm types with
positive cross-opsonization were not considered, the coverage rate of the 30-valent vaccine varied in the MENA
region from 42 to 100% [34]. The 30-valent vaccine coverage of our study fits within the MENA range with being
76% without considering the cross-opsonization issue and reaching up to 82.5% when taking it into account.
However, this value could further increase, as five emm types encompassing 11 isolates (of which four of nine
blood isolates) had unknown cross-opsonization status. However, the D4 cluster encompasses many emm types
with unknown cross-opsonization reactions [16], which urges the rapid experimental characterization of emm types
for isolates linked to invasive and skin infections.

Conclusion & future perspective
In summary, this study evidences the diversity of the circulating GAS strain pool involved in nonpharyngeal
infections in Lebanon. More studies are needed to understand and elucidate the molecular epidemiology of GAS.
We need to have established surveillance mechanisms and programs for infectious diseases. Surveillance programs
will help in better determining vaccine candidates and will provide tools to continuously monitor the emergence
of new clones.

Summary points

Streptococcus pyogenes: overview
• Streptococcus pyogenes (group A Streptococcus or GAS) is a common pathogen responsible for a large spectrum

of clinical manifestations including severe invasive diseases.
• Of hallmark peculiarities of GAS is its outstanding ability to accumulate a wide array of gene-encoding virulence

factors, to develop antibiotic resistance and to dynamically reshape its population structure.
• There is no licensed vaccine yet, and strategies to develop one were essentially based on the M protein as the

30-valent vaccine.
Streptococcus pyogenes: epidemiology of nonpharyngeal GAS in northern Lebanon
• This study is the first to examine a considerable collection of GAS isolates (63 isolates) involved in nonpharyngeal

infections in Lebanon.
• In line with international data, emm1 was the predominant clone along with other emm types notorious for their

invasiveness.
• The resistance rate to erythromycin was 8% with a slight predominance of M phenotype over the constitutive

macrolides, lincosamides, streptogramin b phenotype.
• The resistance to tetracycline was 20.6% with a significant previously untackled association with emm pattern D.
• Profiling virulence-encoding genes demonstrated convoluted associations along with the omnipresence of speB

followed by speG and speC.
• A wide variety of FCT regions (30 variants) was disclosed with the description of novel ones.
• Although clones were genetically heterogeneous, significant associations were revealed between emm types,

patterns or clusters with either FCT types, sof gene or virulence genes.
• The 30-valent vaccine coverage was 76% when considering only the emm types included in the vaccine

formulation, and 82.5% when also including the emm types with positive cross-opsonization.
Conclusion & perspective
• This study adds new diversity scores in the circulating GAS strain pool.
• More studies are badly needed to appraise at real-time the efficacy of the vaccine candidates and to surveil the

potential emergence of new clones.
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