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Abstract

Objective: To characterize group B streptococcus (GBS) isolated from patients at the Kosar Maternity Hospital in Ghazvin, a labor-dominated industrial city of Iran
for their serotypes, virulence factors, and antibiotic resistance.

Materials and Methods: A total of 270 samples were collected from vaginal swabs, midstream urine, and rectal swabs of 90 adult participants throughout 2019-2021
during 35-37 weeks of gestation. Standard bacteriological methods, CAMP test, and amplification of the CFB gene encoding CAMP factor by polymerase chain
reaction using specific primers were carried out to identify the GBS isolates. The overall prevalence and identification of GBS serotypes and virulence factors were
studied using multiplex PCR. The isolates were subjected to antimicrobial susceptibility tests.

Results: The preliminary identification tests revealed a 17.6% prevalence of GBS among the patients. The multiplex PCR led to the identification of the serotypes Ia
(25%),1b (50%), and II (25%). Three distinct virulence gene profiles of cylE, Imb, and bea were identified. The serotype (Ia) with three virulence factors of CylE, Imb,
bea isolated from rectal samples was resistant to all antibiotics except vancomycin. The serotype Ib isolated from urine samples was resistant to all antibiotics except
Ampicillin, while serotype II was sensitive to all the antibiotics except cefotaxime.

Conclusions: The prevalence of colonization and antibiotic resistance of GBS is relatively high in mothers who participated in the present study. Resistance to
commonly administered antibiotics indicates that other measures such as vaccination are potentially useful to prevent and control GBS in this population. Pregnant
mothers should be screened for GBS colonization and antimicrobial susceptibility testing. This study has provided initial data on the genotypes and prevalence of

virulence genes and antibiogram profile in GBS isolates obtained at the Kosar Maternity Hospital, Ghazvin, Iran.

Introduction

S. agalactiae, Group B Streptococcus (GBS), is part of the human
intestinal microbiota, and one of the major causative agents of severe
infections in pregnant women. The colonization of GBS is generally
asymptomatic in the form of a member of the gastrointestinal or
vaginal microbiota but can cause life-threatening infections [1]. GBS is
also known to cause morbidity and mortality in high-risk populations,
neonates, and nonpregnant adults particularly in immunocompromised
and Diabetics [2,3]. S. agalactiae colonizes the genital tract from the
intestine, and is transmitted to the newborn. 15-35% of pregnant
women are vaginally colonized, and about 1-2% of the colonized
neonates develop severe infections [4]. Approximately 25% of pregnant
women harbor rectal or vaginal S. agalactiae [5] which can be vertically
transmitted to the fetus leading to early onset of sepsis, meningitis, and
pneumonia [4]. Urinary tract infections are another manifestation of
GBS disease that may be associated with a variety of GBS serotypes [6].
GBS bacteriuria in women during pregnancy is a risk factor for late
gestational maternal colonization with GBS and early-onset neonatal
GBS infection [7]. GBS vaginal colonization rates in many individual
countries are unknown. Estimates in countries of GBS vaginal
colonization can be highly variable. In pregnant women, GBS can be
transmitted to newborns causing severe infections. Capsular serotype
and virulence factors are the major determinants of neonatal disease
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severity. These factors are necessary for host-bacterial cell interaction
[8]. Virulence factors facilitate the disease-causing ability of GBS.
Capsular polysaccharides are the most important virulence factors that
vaccine development strategies target. A range of virulence factors has
been attributed to GBS that facilitates its ability to cause disease. Some
of these virulence factors include capsular polysaccharides, regulatory
proteins, surface-localized proteins, and toxins [9]. Two types of
carbohydrate antigens were defined in the GBS wall. The group B
antigen, common to all strains, and the specific capsular polysaccharide
antigen that allows its classification into 10 serotypes (Ia, Ib, II-IX),
with different geographic distribution [3]. The severity of the neonatal
disease is determined by the capsular serotype and virulence factors
such as the polysaccharide capsule, encoded by the cps gene, protein C,
which includes the a-subunit of C protein (bca gene), and -subunits of
the C protein (bac), resistance to protease immunity protein (rib); the
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laminin binding protein Lmb (Imb gene), secreted fibrinogen-binding
protein FbsA (fbsA gene), fibrinogen-binding protein FbsB (fbsB gene),
the cyl operon encoding a B-hemolysin hyaluronidase (hyIB gene), the
CAMP factor (cfb gene) that promote pathogen entry into host cells and
facilitate its intracellular survival and spread, and the C5a peptidase
(scpB gene) [10,11]. Penicillin is recommended as the first choice to
prevent GBS infection in newborns, for intrapartum prophylaxis in
pregnant women. Drugs like macrolides are the therapeutic alternative
for penicillin-intolerant women. Increasing loss of susceptibility to
these antibiotics among GBS isolates has become a global concern [12].
A reduced number of clinical isolates with penicillin susceptibility with
a tendency to multidrug resistance, has been reported between 2005-
2006 and 2012-2013 in Japan [13]. Test for GBS is recommended by
the Center for Disease Prevention and Control (CDC) in all women
between 35 and 37 weeks of gestation by vaginal (anterior third) and
anorectal swabbing [14]. This work aimed to determine the degree
of GBS colonization in pregnant women, the serotypes distribution,
antimicrobial resistance pattern, and virulence-associated genes
in a labor-dominated industrial city from the patients attending a
government maternity hospital.

Materials and Methods

Study design

This study was conducted from October 2019 to March 2021 at
Kosar maternity hospital of Ghazvin, Iran. The study was approved by
the Ethics Committee of Ghazvin University of Medical Sciences. All
participants completed written informed consent. In this study, 270
samples were collected from 90 patients. Rectal, vaginal, and urine
samples were collected from each patient at 35-37 weeks of pregnancy
as recommended by the Center for Disease Control [14].

GBS isolation from urine samples

A clean-catch midstream urine specimen for conventional
quantitative culture was collected from each patient during the planned
visit to the midwife outpatient clinic. Urine samples were seeded on a

5% blood agar plate and read after incubation at 35 °C for 24 or 48 h
depending on the initial growth of bacteria.

Sampling and culture methods

The samples were taken from the anterior third of the vagina with
a swab and simultaneously with another swab from the anorectal area.
The patients did not receive antimicrobials days before and during
the sampling. The vagino-rectal swab was seeded in 1-2mL of Todd-
Hewitt broth supplemented with colistin (10 pg mL~") and nalidixic acid
(15pgmL™"). The sown stock was grown 18-24h in an incubator under
microaerophilic conditions (5% CO,) at 35°C [10]. After incubation,
it was transferred to a 5% sheep blood agar plate with a seeding
technique for isolation. The plates were incubated in a micro-aerobic
atmosphere for 24 h. Suspicious B or y hemolytic colonies were taken
from the plates. Identification of GBS was performed based on colony
morphology, B-hemolytic reaction, Gram-stain, hippurate hydrolysis,
and cAMP factor using the standard test of CAMP (Christie, Atkins,
and Munch Petersen test).

Molecular identification of GBS

500 pL of Todd-Hewitt broth containing each of the vaginal,
rectal, or urine samples were taken in 1.5 mL microtubes. DNA
was extracted using GeneAll DNA extraction kit (Seoul, Korea)
according to the manufacturer's recommendations. To identify
GBS, amplification of the 153bp ¢fb gene (encoding the CAMP
factor that is conserved in all GBS isolates) was performed using the
specific primers F: 5 TTTCACCAGCTGTATTAGAATA-3" and R: 5’
GTTCCCTGAACATTATCTTTGAT-3 Alternatively, scpB coding for
Cb5a peptidase was amplified to produce a 255bp band confirming GBS
[15].

Serotyping and determination of virulence genes

Multiplex PCR was used to screen for the carriage of serotype
and virulence genes including a- (bca) and P-subunits of the C
protein (bac), resistance to protease immunity protein (rib), surface

Table 1. Size (in base pairs, bp) and type of the PCR amplification products expected for each serotype (Ia to 1X)

No. GBS capsular gene Sequence 5' — 3’ Serotype Size
. sl F: CAATCCTAAGTATTTTCGGTTCATT 1311; 688
p R: TAGGAACATGTTCATTAACATAGC
Ia 272
i 272
F: ACATGAACAGCAGTTCAACCGT b 5
R: ATGCTCTCCAAACTGTTCTTGT
2 cpsG v 272
CpsG-2-3-6-R: v 272
TCCATCTACATCTTCAATCCAAGC Vi s
IX 272
3 cpsl-Ta-6-7-F F: GATTGATAACTTTTGTGGATTGCGATGA
4 opsl-6-R R: CAATTCTGTCGGACTATCCTGATG VI 470
5 opsI-7-9-F F: CTGTAATTGGAGGAATGTGGATCG
6 opsI-7-R R: TGTCGCTTCCACACTGAGTGTTGA VI 179
7 cpsl-9-R R: AATCATCTTCATAATTTATCTCCCATT IX 229
F: ATGCAACCAAGTGATTATCATGTA
8 CpsN-5 R: CTCTTCACTCTTTAGTGTAGGTAT v 382
F: TATTTGGGAGGTAATCAAGAGACA
o Cps)-8 R: GTTTGGAGCATTCAAGATAACTCT Vi 438
10 cpsl-2-4-F F: CATTTATTGATTCAGACGATTACATTGA
11 opsl-2-R R: CTCTTTCTCTAAAATATTCCAACC I 465
12 opsl-4-R R: CCTCAGGATATTTACGAATTCTGTA v 538
. b F: GCAATTCTTAACAGAATATTCAGTTG " 61
cpsi- R: GCGTTTCTTTATCACATACTCTTG
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Table 2. Primers used to amplify the virulence factors

Amplicon

Gene Primers size (bp)

b Fwd: 5'-TAACAGTTATGATACTTCACAGAC-3' 535
ca Rvs: 5-'ACGACTTTCTTCCGTCCACTTAGG-3'

b Fwd:5-CTATTTTTGATATTGACAATGCAA-3' 592
ac Rvs: 5-GTCGTTACTTCCTTGAGATGTAAC-3'

5 Fwd: CAGGAGGGGAAACAACAGTAC 183
@ Rvs: GTATCCTTTGATCCATCTGGATACG

b Fwd: TGTAAAGGACGATAGTGTGAAGAC 530
ac Rvs: CATTTGTGATTCCCTTTTGC

5 Fwd:5-CAGGAAGTGCTGTTACGTTAAAC-3' 269
& Rvs:5'-CGTCCCATTTAGGGTCTTCC-3'

Fwd: ATCCTGAGACAACACTGACA (position 263-282)

sP Rvs: TTGCTGGTGTTTCTATTTTCA (position 340-320) 8
Fwd: TGA CAT TTA CAA GTG ACG AAG (position
eyIE 1541-1561) 268

Rvs: TTG CCA GGA GGA GAA TAG GA (position 1808-1789)

Fwd:TCGGAACAAGTAAAGAGGGTTCGG
cylE Rvs: GGGTTTCCACAGTTGCTTGAATGT 130
(GenBank accession numbers AF09378.2 and AF157015.2)

Imb Fwd: GACGCAACACACGGCAT 300
" Rvs: TGATAGAGCACTTCCAAATTTG

<coB Fwd: ACAATGGAAGGCTCTACTGTTC 255
P Rvs: ACCTGGTGTTTGACCTGAACTA

IiB Fwd:5'-CATACCTTAACAAAGATATATAACCCAAA-3’ 950
Y Rvs:5-AGATTTTTTAGAGAATGAGAAGTTTTTT-3'

Fwd:5'- TGTCTCCGAGGTGACACTTGAACT -3’
hylB Rvs:5'- TTGTGTTGTGACGGGTTGTGGATG-3' 124
(GenBank accession numbers Y15903 and U15050)

immunogenic protein (sip), b-hemolysin/cytolysin (cylE), laminin-
binding protein (Imb), a surface protein of group B streptococcus (spb),
C5a peptidase (scpB) and hyaluronidase (hylB). Molecular typing for S.
agalactiae was determined by the detection of cps clusters using specific
primers [16] (Table 1) with some modifications described by Kannika
et al. (2017) [17]. The isolates were screened for the virulence factors in
multiplex PCR assays using primers (Table 2) and conditions published
previously [15,18-22].

Antimicrobial susceptibility tests

Antibiotic susceptibility testing was performed by the disc diffusion
(Kirby-Bauer) method according to the Clinical and Laboratory
Standards Institute (CLSI) guidelines [23]. Streptococcus pneumonia
(ATCC 49619) was used as a control. The antibiotic discs procured
from Himedia (India) were: Penicillins [(penicillin G (P) 10 units
and ampicillin (AMP), 10 pg]; cephalosporins [ceftriaxone (CRO),
30 pg; cefotaxime (CTX), 30 pg; cefepime (FEP), 30 pg;], a macrolide
[erythromycin (E), 15 pg], a glycopeptide [vancomycin (VA), 30ug], a
lincosamide [clindamycin (DA), 2 pg], a phenicole (chloramphenicol)
and tetracycline (TC), 30 pg.

Statistical analysis

The SPSS statistical analysis package (version 21.0 for Windows)
was used to analyze the significance of the results. Chisquare tests of
independence were performed to assess possible associations between
the variables. The significance level was set at p <0.05.

Results

Isolation and identification of GBS

Bacteriological tests followed by CAMP test and amplification of the
gene encoding CAMP factor called cfb, by polymerase chain reaction
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using specific primers led to the identification of a 17.6% prevalence of
GBS among the patients.

Serotyping and determination of virulence genes

Overall, three serotypes viz., Ia (Figure 1), Ib (Figure 2), and II
(Figure 3) were identified. Serotypes Ia, Ib, and II accounted for 25%,
50%, and 25% (Figure 4) of the total isolates. Three distinct virulence
gene profiles were identified (Figure 5). cylE was common in all the
isolates, and Imb was predominant in 75% while bca accounted for
87.5% (Figure 6). Serotype II was detected from vaginal samples with
virulence factors CylE and Imb. Serotype Ia was from rectal samples
and serotype Ib with virulence factors CylE, Imb, and bca were from
both vaginal and urine samples (Figure 5).

Antimicrobial susceptibility tests

The serotype Ib from urine samples was resistant to all antibiotics
except Ampicillin. This serotype accounted for 2.2% of the total samples
or 12.5% of the positive samples. Serotype (Ia) with three virulence
factors CylE, Imb, bca from rectal samples was 4.4% of the total patients
or equivalent to 25% of positive samples. These samples were resistant to
all antibiotics except vancomycin. Also, serotype (Ib) with two virulence
factors CylE and Imb were isolated from vaginal samples in 6.6% of ninety
patients or 37.5% of positive samples. All the isolates were resistant to
the range of the antibiotics tested except for Ceftriaxone in 18.75% of
the positive samples. Overall isolates were resistant to penicillin (75%),
Ampicillin (43.75%), Chloramphenicol (75%), Clindamycin (75%),
Cefepime (75%), Ceftriaxone (56.25%), Erythromycin (75%), Vancomycin
(50%), Tetracycline (75%), and Cefotaxime (100%) (Table 3).

Figure 1. Gel electrophoresis of the multiplex PCR amplification products showing two
bands of 688 (cpsL) and 272 (cpsG) bp confirming serotype la of a rectal isolate of GBS
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Figure 2. Gel electrophoresis of the multiplex PCR amplification products showing two
bands of 688 (cpsL) and 621 (cpsJ) bp confirming serotype Ib of a urinal isolate of GBS

Figure 3. Gel electrophoresis of the multiplex PCR amplification products showing two
bands of 688 (cpsL) and 465 (cpsJ) bp confirming serotype II of a vaginal isolate of GBS
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Figure 4. Distribution of GBS serotypes isolated from vagina, rectum, and urine samples

Figure 5. Gel electrophoresis of the multiplex PCR amplification products from a GBS
serotype Ib of a urinal isolate showing four bands of 535, 300, 268, and 255 base pairs
pertaining to the virulence factors bca, Imb, cylE, and scpB respectively

Discussion

Streptococcus agalactiae is a contagious pathogen that causes
bovine mastitis worldwide, resulting in considerable economic losses.
Studies have shown that vaginal infection with GBS during pregnancy
increases the risk of vertical transmission of the infection to infants
and the likelihood of late infection [4]. Late-onset infection generally
presents as meningitis, sepsis, and pneumonia in infants, and in 90% of
cases shows symptoms within the first 24 hours. Based on a systematic
review and meta-analysis of the results of the studies, the prevalence of
GBS colonization in Iranian pregnant women is estimated to be 13.65%
[24]. The prevalence in other developing countries such as India,
Turkey, Thailand, Kuwait, Saudi Arabia, and Nigeria is 2.3, 9.2, 12.9,
16.4, 13.9, and 19.5 percent, respectively [25]. Differences in laboratory
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Figure 6. Distribution of virulence factors in GBS isolates from different sampling sources

Table 3. Antimicrobial susceptibility of group B Streptococcus isolates

Antimicrobials Susceptibility

S (%) 1(%) R (%)
Penicillin 25 0 75
Ampicillin 56.25 0 43.75
Chloramphenicol 25 0 75
Clindamycin 25 0 75
Cefepime 25 0 75
Ceftriaxone 43.75 0 56.25
Erythromycin 25 0 75
Vancomycin 50 0 50
Tetracycline 25 0 75
Cefotaxime 0 0 100

S: Susceptible; I: Intermediate; R: Resistant

standards and methods of diagnosis, health and medical policies of
countries, preventive measures associated with ethnic differences,
geographical area, differences in sampling locations, bacteriological
detection methods, statistical differences in the study population,
the skills of laboratory staff, and sexual partners can be the cause of
differences in other countries. The prevalence of GBS colonization
is higher in developed countries, such as Italy (16.5), Brazil (14.6),
Canada (11.6), the United Kingdom (10.5), Greece (6.6%), and Israel
(6.5%) [26-31]. Based on the results of the meta-analysis, the sampling
area and prevalence of GBS colonization in Iranian pregnant women
were statistically significant (p = 0.001). The prevalence of vaginal,
vaginorectal, and anovaginal colonization of GBS were 11.96%,
13.62%, and 25.63% respectively [24]. In Iran, the pattern of different
antibiotic resistance and differences in antigen, and pathogenicity of
different serotypes in different geographical areas can be attributed to
several factors [26-34]. Also, in the evaluation conducted by Fazeli et
al. [35], the prevalence of GBS colonization in rural pregnant women
was high. More contact with animals, livestock, and its products can be
effective factors in this regard [36]. Antibiotic susceptibility of bacteria
reported by the disc diffusion method indicated that 100% of the cases
were resistant to penicillin and ampicillin while 26.9% and 42.1% were
resistant to erythromycin and clindamycin [37]. In a study in the United
States, all isolates were sensitive to penicillin, ampicillin, and cefazolin,
and resistance rates of 25.6% and 12.7% were reported for erythromycin
and clindamycin, respectively [38]. In the present study, 270 samples
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were taken from 90 pregnant patients aged 37-35 weeks volunteered with
a mean age of 30 years. The urinary isolates, which accounted for 12.5%
of the total isolates, were resistant to all antibiotics except ampicillin.
However, the range of antibiotic resistance of other isolates was very
wide and they were sensitive to a fewer number of antibiotics, which
is worth considering strict controls on the overuse of over-the-counter
supply of antibiotics. Earlier the sensitivity of GBS in Iranian pregnant
women was reported as 97.2% to ampicillin, 80.5% to erythromycin,
83.4% to clindamycin [39], and cefazolin 76.5% [24]. Therefore,
according to studies on antibiotic resistance and susceptibility to GBS,
penicillin has been selected for the prevention and treatment of GBS
infection, which is usually prescribed in early labor. Erythromycin and
clindamycin are prescribed to pregnant women at risk for anaphylaxis
instead of penicillin or cefazolin [40]. While penicillin is a good choice
for women who are not at risk for anaphylaxis [41], nitrofurantoin
can also be effective in the symptomatic and asymptomatic treatment
of S. agalactiae. Vancomycin can be used if the drug is resistant to
these antibiotics [35]. Following the recommendations of the CDC
and the use of prophylactic antibiotics in leading countries has seen
a 70% reduction in the prevalence of infection in infants [27]. This
has been confirmed in Iranian studies [26,31,42,43]. The incidence
of early-onset neonatal disease has been reduced by intrapartum
antibiotic prophylaxis. Despite reduced penicillin susceptibility
among GBS isolates, penicillin G is still the mainstay of the therapy.
Some isolates exhibited resistance to non-beta-lactam antibiotics,
including clindamycin, erythromycin, and fluoroquinolones [3]. The
susceptibility to penicillin and trimethoprim/sulfamethoxazole of S.
agalactiae was reported while the strains isolated from patients aged
45-54 were resistant to clindamycin and erythromycin [44]. Penicillin
and ceftriaxone have been reported to exert cidal effects on GBS isolates
suggesting penicillin as the first choice for antibiotic prophylaxis and
treatment of GBS infections [12]. Our study showed a decreased level
of GBS sensitivity to antibiotics as compared to the previous reports
indicating a demand for alternative measures. This indicates that in
order to prevent the invasion of the disease, and reduce the GBS burden,
it is essential to develop and implement some strategies to identify and
treat hosts with narrow spectra antimicrobials or vaccine.

Surface proteins mostly act as adhesins, which may also play a
role in escaping the immune system. These include peptidase C5a
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(ScpB), laminin-binding protein (Lmb), a (Bca) and B (Bac) subunits
of protein C. In this study, cylE virulence factor was observed in all
isolates. This hemolytic factor is a major determinant of colonization
and pathogenesis in group B streptococci. GBS hemolytic pigment
is also known as Granadaene. There are many ambiguities in our
understanding of residual granadaene, including its biosynthetic profile
in bacterial cells and the reasons why GBS may have evolved to produce
this potent toxin. Such insights can improve our understanding of
this important GBS virulence factor as well as other similar and
potentially toxic microbial lipids. cyl operon (cylX-K) is essential for
the production of hemolytic pigments in GBS [45] and is an important
factor in enhancing the virulence of beta-hemolysin/cytolysin, which is
cytotoxic to host cells. The expression of operon seal in GBS is sufficient
to induce the production of Granadaene pigment in Lactococcus lactis,
a non-hemolytic gram-positive bacterium. The purified pigment from
L. lactis is structurally and cytolytically identical to the granadaene
extracted from GBS, indicating that the operon seal is sufficient to
produce granadaene in a heterogeneous host [45]. These findings
provide a greater understanding of the biosynthesis and evolutionary
basis of a key GBS virulence factor and suggest that such potentially
toxic lipids may be encoded by other bacteria. Analyzes show that cyl
operon genes are present in a diverse range of gram-positive bacteria,
and it can be argued that pigment biosynthesis in living and free bacteria
probably evolved as a defense mechanism against competing bacteria.
The present study revealed a prevalence of virulence genes among the
GBS isolates with most of the isolates carrying at least three virulence
genes that code for surface-localized proteins, regulatory proteins, and
toxins. Serotype (II) was detected from vaginal samples with a virulence
factor CylE that was sensitive to all antibiotics except Cefotaxime. This
serotype accounted for 4.4% of the total samples or 25% of the positive
samples. Serotype (Ib) with three virulence factors CylE, Imb, bca from
urine samples was 2.2% of the total patients or equivalent to 12.5% of
positive samples. These samples were resistant to all antibiotics except
Ampicillin. Also, serotype (Ib) with two virulence factors CylE and
Imb were isolated from vaginal samples in 6.6% of ninety patients or
37.5% of positive samples. Half of these samples were resistant to all
antibiotics and the other half were only sensitive to Ampicillin and
Ceftriaxone and resistant to other antibiotics. Serotype (Ia) with three
virulence factors CylE, Imb, bca of rectal samples accounted for 4.4% or
25% of positive samples. These samples were resistant to all antibiotics
except Vancomycin.

The serotypes are distributed regionally in the world. Ia, Ib, II,
III, and V are the most common serotypes accounting for more than
85% of serotypes in the world [46]. The invasive disease caused by
GBS manifests in a wide spectrum of clinical findings. Serotypes Ia, Ib,
II, 111, and V are most frequently associated with invasive disease in
North America [3]. Only serotypes Ia and III were found in Thailand
[17] while we found three serotypes in the present study. The rapid and
unexpected evolution of GBS strains has led to significant differences
in recent findings that are of concern to researchers and treatment
teams. The genomic differences between the current common type (II
and III) and the previously common type (III) are significantly diverse,
for which the pathogenic and viral characteristics of the species are
very different. GBS colonization is common in Gambian women at
delivery and in their infants. The predominant serotypes were reported
as V (55%), II (16%), III (10%), Ia (8%), and Ib (8%) [47]. Udo and co-
workers [9] detected was Imb, scpB, dItR, cfb, sodA and bca as the most
common gene cluster in 13.6% of the GBS isolates. Similarly, Duarte
et al. [19] reported the presence of a cluster of genes consisting of bca,
Imb and scpB in 66.9% of GBS isolates of human origin and scpB in
44.7% of GBS isolates of bovine origin highlighting the importance of
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multiple virulence factors to the success of GBS isolates as pathogens.
The a- and B-antigens of protein C, encoded by bca and bac, and the
Rib protein encoded by rib, have been investigated as possible vaccine
candidates because of their ability to elicit protective immunity against
GBS infections [4,48]. However, the detection of CylE, Imb, and bca in
the isolates of this study suggests that a GBS vaccine targeting these
proteins would be effective against our population.

Conclusion

This study has shown that GBS isolates obtained in Kosar hospital
belonged to diverse genetic backgrounds with the majority carrying
multiple virulence genes. These findings provide a profile for the
molecular epidemiology, multilocus sequence typing, antimicrobial
resistance, and virulence gene clustering of GBS isolates in Ghazvin and
contribute to the body of knowledge on the distribution of virulence-
associated genes in GBS in general. The results may be beneficial
for the clinical monitoring, prevention, and control of GBS. Due to
the moderate to a high prevalence of GBS colonization in pregnant
women in Iran, screening of all high-risk pregnant women at 35 to
37 weeks for the presence of GBS, antibiotic susceptibility, common
serotypes, and initiatives to produce vaccines for common serotypes
are recommended.
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