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Abstract
Streptococcus agalactiae (group B Streptococcus, GBS) remains the leading cause of
invasive diseases in neonates and an important cause of infections in the elderly. The aim of this
study was to access the prevalence of GBS genito-rectal colonisation of pregnant women and to
evaluate the genetic characteristics of invasive and non-invasive GBS isolates recovered
throughout Serbia.
A total of 432 GBS isolates were tested for antimicrobial susceptibility, capsular
polysaccharide (CPS) types and the presence of the hvgA gene. One hundred one randomly
selected isolates were further characterized by clustered regularly interspaced short palindromic
repeats (CRISPRs) analysis and/or multilocus sequence typing (MLST).
The prevalence of GBS colonization in pregnant women was 15%. Overall, six capsular
types (Ia, Ib, II to V) were identified, the most common being III (32.2%) and V (25.2%). The
hiper-virulent clone type III/ST17 was present in 43.1% and 6.3% (p<0.05) of paediatric and
adults isolates, respectively. Comparative sequence analysis of the CRISPR1 spacers content
indicated that a few clones comprised the vast majority of the tested GBS isolates. Thus, it was
estimated that dominant clones recovered from infants were CPS III/ST17 in late-onset
infections (19/23; 82.6%), and Ia/ST23 in early-onset disease (44.4%). Conversely, genotype
CPS V/ST1 was the most prevalent in adults (4/9; 25.4%). All isolates were susceptible to
penicillin. Macrolide resistance (23.1%) was strongly associated with the ermB gene and
constitutive resistance to clindamycin (63.9%). The majority of strains was resistant to
tetracycline (86.6%), mostly mediated by the tetM gene (87.7%). GBS isolates of CPS V/ST1
and CPS III/ST23 were significantly associated with macrolide and tetracycline resistance,
respectively.
In conclusion, hyper-virulent CPS III/ST17 and V/ST1 were recognized as dominant GBS
clones in this study.
Keywords: Streptococcus agalactiae, capsular type, hyper-virulent clone ST17, neonates,
pregnant women, CRISPR
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Introduction
Streptococcus agalactiae (group B Streptococcus, GBS) is one of the leading causes of
neonatal invasive infection (Edwards et al., 2011; Imperi et al., 2011). Two distinct clinical
syndromes have been recognized in neonates: early-onset disease (EOD), which occurs within
the first six days of life and is mostly associated with bacteraemia, and late-onset disease (LOD),
which affects infants between 7 and 89 days old and is frequently complicated by meningitis
(Edwards et al., 2011). The pathogenesis of infant infections is based on GBS colonization of the
maternal genital tract and subsequent intrapartum or peripartum contamination of the neonate
through contaminated vaginal secretions or infected amniotic fluid (Edwards et al., 2011). It is
estimated that GBS can be isolated from the genitourinary and gastrointestinal tracts of up to
35% of healthy adults (Bliss et al., 2002). In contrast to EOD, LOD might be acquired either
vertically during parturition or by horizontal transmission during the perinatal period from
various environmental sources. The worldwide incidence of GBS disease in infants aged 0–89
days is estimated to be 0.53/1000 live births with a mortality rate of 9.6% (Edmond et al., 2012).
Consequently, a number of countries have implemented preventive strategies based on maternal
screening for GBS colonization, and intrapartum antibiotic prophylaxis (IAP) for colonized
women (CDC, 2010). GBS is also an increasingly important cause of infection in the elderly and
in patients with chronic underlying conditions (Edwards and Baker, 2005).
Characterization of GBS isolates relies on their capsular polysaccharide (CPS) serotype, of
which ten have been recognized up to now (Ia, Ib and II–IX) (Slotved et al, 2007). Alongside
capsular typing, DNA-based typing methods are now extensively used for genetic lineage
evaluation of GBS isolates. Multilocus sequence typing (MLST) has been helpful in GBS
population structure analysis, and investigation of virulence potential and tropism (Jones et al,
2003). It is well known that most GBS isolates can be assigned to a small number of clonal
complexes (CCs). The most common CCs associated with invasive cases in infants are CC17,
CC19, CC23, and CC1 (Jones et al., 2003). Among those, CC17 strains are considered ‘hypervirulent’ as they are responsible for the vast majority of meningitis and LOD cases (Jones et al.,
2003; Poyart et al., 2008). Conversely, CC1, CC19, and CC23 appear to be dominant among
colonized women (Jones et al., 2003).
Clustered regularly interspaced short palindromic repeats (CRISPRs) have been recently
identified in most archaea and many bacteria (Sorek et al., 2008). CRISPR and CRISPR3

associated genes (Cas) are an adaptive immune system to protect prokaryotes against foreign
genetic elements, including bacteriophages, transposons, and plasmids (Barrangou and
Marraffini, 2014). The CRISPR1 analysis represents a new and powerful means for precise
population genomics studies of S. agalactiae. Perfect correlation between CRISPR1 diversity
and MLST in GBS has been demonstrated recently (Lopez-Sanchez et al., 2012). All isolates of
GBS are considered uniformly susceptible to ß-lactams, with penicillin commonly being the first
drug of choice for the prophylaxis and treatment of GBS infections.
the first drug of choice for the prophylaxis and treatment of GBS infections. In the case of
beta-lactam allergy, the guidelines suggest the use of clindamycin/erythromycin or vancomycin
as second-line agents. However, increased levels of erythromycin and clindamycin resistance
have been reported worldwide (Gygax et al., 2006; Gherardi et al., 2007).
In Serbia, neither guidelines for the prevention of GBS invasive neonatal infections, nor an
active surveillance of GBS diseases exist. Indeed, there is little data on the epidemiology of
circulating GBS population. Therefore, the aims of this work were: (i) to determine the
prevalence of GBS recto-vaginal colonisation of pregnant women (ii) to investigate the
molecular epidemiology of GBS in Serbia by determining the capsular types, STs and CRISPR1
profiles and (iii) to determine the prevalence and genetic bases of antibiotic resistance.
Material and methods
Bacterial strains
A collection of 432 epidemiologically unrelated GBS isolates recovered throughout Serbia
were included in this study. The GBS collection comprised children isolates (n=51), strains of
non-pregnant adults (genital=190; invasive=6), and vaginal-perianal strains obtained from
pregnant women irrespective of gestation time (n=185). Paediatric isolates and GBS strains
recovered from non-pregnant adults were obtained from seven microbiological laboratories
throughout Serbia, while GBS isolates of pregnant women were collected from patients attending
two gynaecology and obstetrics clinics. All available invasive GBS were obtained from
December 2009 to March 2016, while non-invasive GBS were isolated from January 2015 to
October 2016.
A total of 1233 recto-vaginal swabs were collected from pregnant women during the third
trimester of pregnancy. Briefly, anorectal specimens were placed in Amies transport medium
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(Copan, Italy) and immediately delivered to the microbiology laboratory, where they were
transferred to 1 ml selective Todd–Hewitt broth (Becton Dickinson, USA) supplemented with
gentamicin (8 µg mL-1) and nalidixic acid (15 µg mL-1) and incubated for 18 h at 37°C.
Subcultures on chromID Strepto B (BioMerieux, France) and columbia blood agar with 5 %
sheep blood (BioMerieux, France) were incubated for 24 h at 37°C. Invasive isolates were
defined as GBS isolated from sterile sites (e.g., blood, cerebrospinal fluid, and joint fluid).
Children were classified according to the GBS disease onset and age: 0–6 days as EOD, 7–180
days as LOD. GBS infections in children aged 180 days–5 years were uncommon and were
grouped together.
Isolated GBS and the relevant patient information were submitted to the Serbian National
Reference Laboratory for Streptococci.
GBS isolates were identified based on colony morphology, β-haemolysis, Gram staining,
catalase test, and commercial GBS latex-agglutination assays (Slidex strepto B, bioMerieux,
France). All isolates were identified by mass spectrometry MALDI-TOF (Matrix Assisted Laser
Desorption Ionisation Time Of Flight) (Bruker TM) according to the manufacturer¢s
recommendations at the French National Reference Laboratory for Streptococci (CNRStrep:https://www.cnr-strep.fr/) and further genotyped.
Molecular characterization of GBS isolates
Capsular typing of 423 GBS was performed by a multiplex PCR as described elsewhere
(Poyart et al, 2007). Additionally, the hvgA gene encoding a surface protein specific to the
hyper-virulent ST17 clone was detected by real-time PCR (Lamy et al., 2006). In order to
evaluate the genetic relatedness of the tested isolates, CRISPR1 analysis and/or MLST were
performed for 101 out of 423 randomly selected strains. The CRISPR1 loci were amplified and
sequenced as previously described (Lopez-Sanchez et al., 2012). For sequence analysis, the
CRISPR1 loci were divided into direct repeats (DRs) and corresponding spacer sequences with
CRISPRdb (http://crispr.u-psud.fr/crispr/) (Grissa et al., 2007). CRISPR profiles were assigned
according to the spacers’ content (spacers’ number, order and type). Based on the previously
published correlation between MLST and CRISPR1, the MLST profile was deduced from the
CRISPR1 results for 90 strains (Lopez-Sanchez et al., 2012). MLST was performed for 11
strains for which atypical CRISPR1 profiles were obtained and for ten additional GBS to
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compare obtained STs. Seven housekeeping genes (adhP, pheS, atr, glnA, sdhA, glcK, and tkt)
were amplified and sequenced as described elsewhere (Jones et al., 2003). The STs were
determined by the S. agalactiae MLST website (http://pubmlst.org/sagalactiae/).
Antimicrobial susceptibility tests
Antimicrobial susceptibility profiles were determined by disk diffusion tests for penicillin,
norfloxacin, vancomycin, rifampicin, erythromycin, clindamycin, gentamicin, kanamycin,
chloramphenicol, and tetracycline. Penicillin MICs were determined for all isolates, while
erythromycin and clindamycin MICs were evaluated for macrolide-resistant strains (E-test,
BioMérieux, France). Antibiotic susceptibility testing was performed in accordance with the
CLSI guidelines (CLSI, 2014). Macrolide resistance phenotypes were assigned as follows:
constitutive cross-resistance to macrolides, lincosamides and streptogramin B (cMLS), inducible
MLS (iMLS), or efflux-mediated (M) on the basis of the double-disk test, as previously
described (Seppälä et al., 1993). Detection of macrolides, kanamycin and tetracycline resistance
genes was performed by simplex or multiplex PCR as previously described (Poyart et al., 2003).
In case of tetracycline resistance and absence of tetM, tetO, and tetL, additional genes were
tested: tetK, tetT, tetS (Compain et al., 2014).
Statistical analysis
Statistical analysis was performed using χ2 and Fisher exact tests. Differences were
considered statistically significant at p<0.05. Genetic diversity was evaluated by calculating
Simpson’s index of diversity (ID) (Simpson, 1949).
Results
Genetic diversity of GBS isolates
A total of 432 non-related GBS isolates were genotypically analyzed (invasive: 51; noninvasive: 381). Clinical data are summarized in Table 1. Fifty-one invasive GBS (45 children and
6 adults isolates) were obtained from blood cultures (n=44), cerebrospinal fluid (n=4), and joint
fluid (n=3). The most common clinical diagnosis of invasive isolates was septicaemia (86.3%),
while meningitis (7.8%) and arthritis (5.9%) were far less frequent. Out of 45 invasive GBS
obtained from children, 21 and 23 were responsible for EOD and LOD, respectively; one
6

invasive paediatric GBS originated from a 5-year old child. All adults with invasive disease had
bacteremia and were older than 60 years. Non-invasive GBS were isolated from recto-vaginal
specimens of pregnant and non-pregnant patients (n=375; 98.4%) and from colonized or infected
infants (n=6; 1.6%). A total of 185 out of 1233 tested pregnant women were colonised with GBS
(15%).
A CPS type was assigned to all GBS isolates. Overall, six capsular types (Ia, Ib, II to V) were
identified, the most common being III (139/432; 32.2%) and V (109/432; 25.2%). CPS types VI
to IX were not found in the tested population. The most common type among invasive isolates
was III (30/51; 58.8%), followed by Ia (7/51; 13.7%), and V (6/51; 11.8%). The most prevalent
non-invasive types were III (109/381; 29%) and V (103/381; 27%), while the remaining types
(Ia, Ib, II, and IV) accounted for 44% of isolates. CPS types Ia (6/21; 29%) and V (6/21; 29%)
were predominant in EOD, whereas 20 out of 23 LOD were caused by CPS type III (87%). The
three remaining CPS types in LOD were Ia, Ib and IV. Overall, the hvgA gene was present in 31
out of 432 GBS isolates (7.2%). The vast majority of the hvgA positive GBS were identified as
CPS type III (n=29; 93.5%), while only two GBS were CPS type IV. Two out of three GBS
strains isolated from infants with septic arthritis were CPS type III, one being the hvgA gene
positive. The remaining GBS isolate was CPS type IV. All three cases of arthritis were late-onset
diseases. The hiper-virulent clone type III/ST17 was present in 43.1% and 6.3% (p<0.05) of
paediatric and adults isolates, respectively.
To further investigate the genetic relatedness among 101 randomly selected GBS isolates a
CRISR1 analysis was performed. According to the specific spacers’ content, a total of 87
CRISPR1 profiles were obtained. CRISPR1/MLST correlation and MLST analysis showed that
the 101 GBS isolates belonged to 14 STs (Tables 2 and Fig. 1). ST17 and ST23 were the most
prevalent types (25.7% and 24.8%, respectively), followed by ST1 (20.8%), ST8 (8.9%), ST19
(7.9%), ST28 (3%), and ST10 (2%). Other STs, including ST2, ST3, ST4, ST6, and ST12, were
identified in only one isolate each. The hyper-virulent ST17 clone represented 100% of the CPS
III strains responsible for LOD. Overall, the ST17 prevalence was significantly higher in
children than in adults (43.1% vs. 6.3%, p<0.05), and in LOD in comparison to EOD (87% vs.
4.7%, p<0.05). Simpson’s index of diversity for particular CPS types is presented in Table 3.
The highest homogeneity was seen in GBS strains of CPS III and V, particularly in genotypes
III/ST17 and V/ST1. A total of 35 and 18 CRISPR1 profiles were detected for CPS III (n=44)
7

and ST17 (n=26) isolates, respectively. The highest diversity was seen for CPS types Ib, II and
IV. STs diversity was higher among adults (ID = 0.88) and EOD (ID=0.72) than in LOD
(ID=0.13).
Antimicrobial susceptibility testing
All isolates were susceptible to penicillin (MICs range: 0.023-0.064 mg L-1), vancomycin,
norfloxacin, chloramphenicol, and rifampicin. The overall erythromycin and clindamycin
resistance rates were 23.1% (n=100) and 21.3% (n=92), respectively. Macrolide resistance in
invasive and non-invasive strains was 19.6% (n=10) and 22.8% (n=87), respectively. A slight
increase in macrolide resistance among invasive GBS was observed during the study period.
Hence, in 2009-2014 (n=23) and 2015-2016 (n=28) macrolide resistance of invasive GBS was
17.4% and 21.4%, respectively (p<0.05). Among erythromycin-resistant isolates, 63.9% (n=62)
displayed the cMLS phenotype, 25.8% (n=25) the iMLS phenotype, and 10.3% (n=10) the M
phenotype. cMLS and iMLS phenotypes were associated with the presence of the ermB and
ermA genes, respectively, whereas the M phenotype was related to the presence of the mefA
gene. Two strains with cMLS phenotype harboured both ermB and mefA genes. The MICs of
erythromycin and clindamycin were >256 mg/L in ermB-positive strains. In comparison, the
erythromycin MIC was ≤16 mg/L in single mefA-positive strains.
Eighty-six percent of the strains (n=374/432) were phenotypically resistant to tetracycline.
Among these strains, tetM, tetO and tetL accounted for 87.7% (n=328), 12.8% (n=48), and 0.3%
(n=1), respectively. A high proportion of tetracycline resistance was observed in both invasive
(96%; n=49) and non-invasive (85.3%; n=325) isolates. The tetM gene was in association with
tetO and tetL in three strains and one strain, respectively. One tetracycline susceptible strain
harboured tetM. All GBS strains with MLS phenotypes were co-resistant to tetracycline.
High-level resistance to kanamycin was detected in one strain which harboured the aphA-3’
gene (CPS III/ST19/tetM/ermB).
The majority of erythromycin- (n=97) and tetracycline-resistant (374) strains belonged to
CPS types V (42/97; 43.3% and 89/374; 23.8%) and III (35/97; 36.1% and 121/374; 32.4%),
respectively. Furthermore, a statistically significant association between CPS type V/ST1 and
macrolide resistance as well as between CPS type III/ST23 and tetracycline resistance was
observed (p<0.05).
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Discussion
Compared to the obtained prevalence of GBS colonisation of pregnant women (15%),
slightly higher rates were reported for European (21%), African (29%) and Asian women (13%)
who were at lower risk for GBS carriage (Walkenburg-van den Berg et al., 2006).
This is the first molecular epidemiological study on GBS isolates from Serbia. Even though a
limited number of strains were included, our initial results revealed that four CPS types (Ia, II,
III, and V) accounted for more than three-quarters of the collected bacterial isolates. These
results are in line with previous findings that these CPS types are the dominant serotypes in
different European countries as well as in the USA, whereas serotypes VI–IX have rarely been
described (Wen-Tsung et al., 2014). Among our strains, CPS type III predominated in both
invasive (58.8%) and non-invasive (28.6%) study groups. Overall, the most common clone
identified was CPS III/ST17. The same clone dominated among LOD cases, whereas the welldescribed genotype Ia/ST23, prevailed among EOD. This observation is consistent with data
from other regions in Europe (Poyart et al., 2008). Both clones, CPS III/ST17 and Ia/ST23 were
also the most prevalent among invasive isolates in Italy (Gherardi et al., 2007). This overrepresentation of ST17 among invasive neonatal strains, particularly in LOD, is well recognized
worldwide and highlights the fact that this clone is well adapted to human neonates (Imperi et al.,
2011; Poyart et al., 2008). The GBS hyper-virulent adhesin (hvgA) specific for the hyper-virulent
clone ST17 was found to mediate GBS adherence to intestinal epithelial cells, choroid epithelial
cells, and microvascular endothelial cells (Tazi et al., 2010). HvgA thus contributes to
colonization as well as invasion of hyper-virulent clones (Tazi et al., 2010). The ST17 clone is
also described as a common cause of bone and joint infections (Law et al., 2017). However, only
three cases of infants arthritis were observed in the present study. Only one of them was GBS
type III/ST17. At least three major lineages of GBS isolates of serotype III (ST17, ST23 and
ST19) were found in this study. ST19/serotype III has been reported as the predominant noninvasive clone among adults in the USA (Manning et al., 2008). Some European countries, like
France, saw the emergence of serotype IV among GBS isolates (Bellais et al., 2012). It has
already been confirmed that this emergence was due to a switching from CC17 hyper-virulent
CPS type III to CPS type IV (Bellais et al., 2012). Sequence analysis revealed that this switch
was due to the exchange of a 35.5-kb DNA fragment containing the entire cps operon (Bellais et
al., 2012). Capsular switching is thought to contribute to the rise of new serotype-genotype
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combinations, allowing evasion of immune pressure (Martins et al., 2010). Hence, capsular
switching in

GBS

CC17

hyper-virulent

clone

is

a future

challenge for

polysaccharide vaccine development. In the present study, 12 GBS strains with capsular type IV
were found, only one being ST17. Further investigation could decipher the genetic evolution of
this particular GBS genotype (IV/ST17) in Serbia and investigate the rate of the previously
described replacement of type III by a type IV cps locus. The highest diversity of GBS was
found in strains of CPS types Ib, II and IV, while isolates of CPS III displayed the highest
homogeneity, which is consistent with the clonal spread of the hyper-virulent genotype III/ST17.
Although worrying reports describing the emergence of clinical GBS isolates with reduced
susceptibility to penicillin have been published, such GBS isolates were not detected in this
study, and penicillin remains the drug of choice for IAP in GBS colonized pregnant women
(Kimura et al., 2008). Increasing rates of resistance to erythromycin and clindamycin have been
detected in several regions of the world, including Europe (Gherardi et al., 2007). Although a
subtle increase in macrolide resistance among invasive GBS was reported, the resistance rate to
erythromycin found in our study was comparable to those reported in other European studies
(Florindo et al., 2010). Subsequently, it was demonstrated that erythromycin resistance is highly
associated with CPS type V and III (Tazi et al., 2011; Joubrel et al., 2015). Our results confirm
that macrolide resistance is not equally distributed among the GBS genotypes. Indeed, in the
present study, resistance to erythromycin was strongly associated with CPS V, as it has already
been reported (Gherardi et al., 2007). Additionally, the relation between erythromycin resistance
and type III/ST19 has been recently described in Portugal (Florindo et al., 2010). This
association was also observed in the present study in three non-invasive GBS isolated from
adults. The majority of erythromycin-resistant GBS were co-resistant to clindamycin as well.
Being the second-line antibiotic for penicillin-allergic patients, clindamycin resistance has
important therapeutic implications, in particular when treatment is given empirically.
In conclusion, this first epidemiological report and genotypic diversity study of GBS isolates
in Serbia suggests that circulating GBS belong to a limited number of genetic lineages. Overall,
the most common genotypes circulating in Serbia were III/ST17 and V/ST1. Penicillin remains
the antibiotic of choice for intrapartum GBS prophylaxis and susceptibility to macrolides must
be tested in case of beta-lactam hypersensitivity. Implementation of continuous surveillance of
GBS infections will be essential to assess GBS epidemiology and develop accurate GBS
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prevention strategies in Serbia. Further epidemiological studies are needed for getting better
insight in GBS clones distribution, and for the subsequent development of future vaccination
strategies.
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FIGURE 1. Correlation of clustered regularly interspaced short palindromic repeats 1
(CRISPR1) profiles, sequence types (STs) and capsular types of 90 invasive and noninvasive Streptococcus agalactiae isolated in Serbia
Graphic representation of CRISPR1 locus diversity in 90 Streptococcus agalactiae strains in the
different capsular types. For clarity, the direct repeat sequences have been removed and only the
spacer arrangements are represented. Spacers are shown as squares. Each unique spacer is
represented on a white background; identical spacers are represented using similar-coloured
backgrounds and identical numbers. The direction of the spacers is shown 5′–3′, with respect to
the leader. The last spacer acquired is represented on the left side while the first spacer is on
the right side (ancestral end). Strains are listed by capsular type, ST, name, and spacer content of
the CRISPR1 array.
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TABLE 1. Distribution of 432 Streptococcus agalactiae isolates among patient groups and
specimens

Patient group
Children
Non-pregnant adults
Pregnant women
Total

EOD, early-onset disease
LOD, late-onset disease

Noninvasive strains: N
genital
gastric nasopharyngeal
specimen
fluid
aspirate
2

3

1

190
185
377

/
/
3

/
/
1

EOD
LOD
other

Invasive strains: N
blood CSF
joint
fluid
20
1
/
17
3
3
1
/
/
6
/
/
/
/
/
44
4
3

TABLE 2. Distribution of capsular types and Multilocus Sequence Types among 101 randomly selected invasive and noninvasive Streptococcus agalactiae isolated from children and adults in Serbi
Capsular
type

ST

Total

Ia
Ib

23
1
3
8
6
255
4
10
12
22
28
6
8
17
19
23
1
2
1
19
23

4

II

III

IV
V
Total

1
3

16
1
1
1

27 (100)

Invasive strains: N (%)
Children
Adults
EOD
LOD
>180
days old
4 (44.4)
/
/
/
1 (11.1)
/
1 (11.1)
1 (6.7)
1 (50)
/
/
/
/
/
/
/
/
1 (11.1)
/
1 (11.1)
/
1 (11.1)
/
/

/
/
/
/
/
/
/
/
14 (93.3)
/
/
/
/
/
/

9 (100)

15 (100)

1 (100)
1 (50)

1 (100)

2 (100)

EOD, early-onset disease, LOD, late-onset disease ST, sequence type

Total
11
1

Non-invasive strains: N (%)
Children
Adults
pregnant
non-pregnant
women
adults
2 (40)
4 (11.8)
5 (14.3)
1 (20)

5
1

4 (11.8)

1
2
1
1
3
1
1
10
5
9
1

1 (2.9)
1 (2.9)

18
2
1
74 (100)

1 (2.9)
1 (2.9)
1 (20)
1 (20)

7 (20.6)
1 (2.9)
4 (11.8)

5 (100)

7 (20.6)
2 (5.9)
1 (2.9)
34 (100)

1 (2.9)
1 (2.9)
1 (2.9)
1 (2.9)
2 (5.7)
1 (2.9)
1 (2.9)
2 (5.7)
4 (11.4)
4 (11.4)
1 (2.9)
11 (31.4)
35 (100)

TABLE 3. Genetic diversity of 101 randomly selected Streptococcus agalactiae strains
isolated in Serbia calculated by Simpsons indices of diversity according to the number of
CRISPR1 profiles within a capsular type

Capsular
type
Ia
Ib

II

III
IV
V

MLST genetic
lineages (STs): N (%)
ST23: 15 (14.9)
ST8: 8 (7.9)
ST3: 1 (1)
ST1: 1 (1)
ST255: 1 (1)
ST28: 3 (3)
ST10: 2 (2)
ST4: 1 (1)
ST10: 1 (1)
ST12: 1 (1)
ST17: 26 (25.7)
ST23: 10 (9.9)
ST19: 6 (5.9)
ST6: 1 (1)
ST8: 1 (1)
ST1: 1 (1)
ST2: 1 (1)
ST1: 19 (18.8)
ST19: 2 (2)

Number of
CRISPR1 profiles
14

Index of
diversity
0.99

Number of
strains (%)
15 (14.9)

11

1.00

11 (10.9)

8

1.0

8 (7.9)

35

0.97

44 (42.6)

2

1.0

2 (2)

20

0.995

21 (20.8)

MLST, multilocus sequence typing
CRISPR, clustered regularly interspaced short palindromic repeats

TABLE 4. Distribution of antimicrobial resistance genes within GBS capsular types

Capsular
type
Ia
Ib
II
III
IV
V

Number of
strains
60
51
61
139
12
109

ermA
N (%)
1 (1.7)
1 (1.6)
13 (9.4)
1 (8.3)
9 (8.3)

ermB
N (%)
5 (9.8)
5 (8.2)
18 (12.9)
1 (8.3)
33 (30.3)

mefA
tetM
N (%)
N (%)
8 (13.3) 50 (83.3)
43 (84.3)
47 (77)
4 (2.9) 98 (70.5)
10 (3.3)
80 (73.4)

tetO
N (%)
6 (10)
9 (14.8)
23 (16.5)
1 (8.3)
9 (8.3)

tetL
N (%)

aphA3’
N (%)

1 (0.7)

1 (0.7)

Fig. 1

