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Abstract
Background: Group B Streptococcus (GBS) can cause 
serious infections in neonates and pregnant women. GBS may 
cause urinary tract infections (UTIs). However, molecular 
epidemiology of such infections is rarely reported. The present 
study aimed to determine drug resistance patterns and molecular 
serotyping of GBS isolates in a population of pregnant Iranian 
women with UTIs. 
Methods: A cross-sectional study was conducted during the 
first half of 2021 in the Department of Biology, East Tehran 
Branch, Islamic Azad University (Tehran, Iran). Sixty GBS 
strains isolated from the urine and placenta samples of pregnant 
women with UTIs were evaluated. The women were aged 19-46 
years old at 35 to 37 weeks of gestation. The molecular serotype 
of GBS isolates was determined using a multiplex polymerase 
chain reaction, and the disc diffusion method was used to 
determine the antibiotic susceptibility pattern of isolates for 
different antibiotics. The association of the GBS serotype with 
the phenotype of antibiotic resistance was statistically analyzed 
using SPSS software (version 22.0) with a Chi square test and 
Cramer’s V test. P<0.05 was considered statistically significant. 
Results: GBS capsular serotype II was most prevalent (66.7%) 
followed by serotypes Ib (21.7%), Ia (3.3%), and III (1.7%). The 
prevalence of non-typeable isolates was significantly low (6.6%). 
Of the 60 GBS isolates, 18.3% were resistant to penicillin, 81.6% 
to ampicillin, 23.3% to clindamycin, and 30% to vancomycin; 
indicating the need for treatment alternatives. 
Conclusion: Region-specific information on antibiotic 
resistance and molecular characteristics of GBS is essential for 
epidemiological investigations, effective treatment, and vaccine 
development.
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What’s Known

• Group B Streptococcus (GBS) 
capsular serotype III is highly prevalent in 
Iran.
• GBS isolates are predominantly 
resistant to erythromycin and clindamycin.

What’s New

• Capsular serotype II and drug 
resistance to ampicillin and tetracycline 
were identified as prominent. A possible 
association between drug resistance 
patterns and serotypes was also 
determined.
• Region-specific information on 
antibiotic resistance and molecular 
characteristics of GBS is essential for 
epidemiological investigations, effective 
treatment, and vaccine development.
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Introduction

Streptococcus agalactiae, also known as Lancefield group 
B streptococcus (GBS), is the primary risk factor for neonatal 
infections with high morbidity and mortality. It was reported 
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that GBS can be found in the genitourinary 
tract of 11-30% of women worldwide, which 
may lead to birth canal infection and potentially 
severe infections in newborns.1 According to 
2018 reports, the prevalence of GBS among 
Iranian pregnant women was 11.9%, comprising 
colonization levels of 12.9%, 9.7%, 18.5%, 
and 3.7% in vaginal, recto-vaginal, rectal, and 
endocervical, respectively.2, 3 The main issue 
associated with this bacterium is mother-to-child 
transmission during pregnancy.4 It is estimated 
that approximately 50-75% of neonates are 
subjected to GBS during fetal development.5 
GBS infection is classified into early-onset 
disease (EOD) within six days of birth and late-
onset disease (LOD) between seven and 89 
days of life. Sepsis is prevalent in EOD due to 
direct transmission from mother to neonate, 
whereas in LOD, infants get meningitis from the 
mother or the environment.6

Different virulence factors may contribute to 
GBS, of which capsular polysaccharide (CPS) 
predominates and therefore the main target of 
antibody-mediated killing.2 Based on unique 
serological characteristics and significant 
biochemical structures of sialic acid-rich CPS, 
GBS has been divided into ten different serotypes, 
namely Ia, Ib, II, III, IV, V, VI, VII, VIII, and IX. Of 
these, type III is the primary cause of meningitis in 
LOD, and serotype Ia is most prevalent in EOD.7 
Given the variations in the prevalence of GBS 
colonization in both pregnant and non-pregnant 
women in different regions, capsular serotyping 
of GBS provides useful epidemiological 
information. Previous studies reported that 
serotypes Ia, Ib, III, and V were often involved 
in invasive GBS infections. In the past decade, 
conjugated multivalent CPS-based vaccines 
were developed and shown to induce effective 
immunogenic responses and increase protection 
against perinatal GBS disease through maternal 
immunization.6, 8, 9 As a preventive measure, 
intrapartum antibiotics are recommended in 
high-risk pregnancies to prevent maternal 
colonization of GBS. Intravenous penicillin G 
and ampicillin are the two recommended beta-
lactam antibiotics. However, in case of penicillin 
allergy, other types of antibiotics (e.g., cefazolin, 
clindamycin, tetracycline, and vancomycin) may 
serve as an alternative.10-12 

Despite a 70% reduction in the number 
of cases with perinatal GBS infection, there 
is still a need for further research to address 
the resistance of GBS isolates to antibiotics, 
such as ampicillin, vancomycin, penicillin, 
and clindamycin.10 Information on antibiotic 
resistance and molecular characteristics of 
GBS is essential for epidemiological research, 

effective treatment, and vaccine development. 
Therefore, the present study aimed to determine 
drug resistance patterns and molecular 
serotyping of GBS isolates in a population 
of pregnant Iranian women with urinary tract 
infections (UTIs).

Materials and Methods

A cross-sectional study was conducted during 
the first half of 2021 in the Department of 
Biology, East Tehran Branch, Islamic Azad 
University (Tehran, Iran). Sixty GBS strains 
isolated from 16 urine and 44 placenta samples 
of pregnant women aged 18-45 years with UTIs 
were obtained from the microbiology laboratory 
of a hospital in Tehran (Iran). Pregnant women 
with confirmed UTI infection using antibiotic 
drugs were included in the study. However, 
those not using antibiotic drugs were excluded. 
Target isolates were further confirmed using 
Gram staining, colony morphology, ß-hemolytic 
activity, biochemical tests (sodium hippurate 
hydrolysis, CAMP [Christie–Atkins–Munch-
Peterson] test, and resistance to bacitracin), and 
molecular tests (amplification of the dlts gene).7 
Then, all isolates were preserved in Trypticase 
Soy Broth with 20% glycerol at -70 °C.

The study was approved by the Ethical 
Committee of East Tehran Branch, Islamic 
Azad University, Tehran, Iran (IR.IAU.
ET.REC.1400.035). Initially, the participants 
were informed about the purpose of the study, 
and confidentiality of the provided information 
was guaranteed. Subsequently, written informed 
consent was obtained from all participants.

Molecular Serotyping Using CPS Genes
DNA extraction: Genomic DNA extraction 

of GBS isolates was performed using a 
commercial genomic DNA extraction kit (catalog 
number: DM05050, Gene Transfer Pioneer, 
Pishgaman Co., Tehran, Iran) according to the 
manufacturer’s instructions. 

Multiplex Polymerase Chain Reaction 
(PCR): Molecular serotyping of GBS isolates 
was performed using four primer pairs to detect 
common capsular types (Ia, Ib, II, and III). 
Furthermore, the dltS gene encoding a histidine 
kinase specific to GBS was included as an internal 
positive control (table 1).13, 14 The sequences of 
all primers used were validated by Basic Local 
Alignment Search Tool (BLAST) in the National 
Center for Biotechnology Information (NCBI) 
databases. Then, they were sent to Macrogen 
(Seoul, South Korea) for oligonucleotide DNA 
synthesis. Positive controls for sequencing were 
confirmed and used for the target CPS genes. 
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The 20 μL multiplex PCR mixture contained 2 μL 
of DNA (50 ng), 10 μL of 2X Master Mix with 
standard buffer, and 0.8 μL of each four primer 
pairs. The thermal cycling program consisted of 
an initial denaturation at 94 °C for 3 min, followed 
by 30 cycles of denaturation at 94 °C for 30 sec, 
primer annealing at 58.5 °C for 30 sec, and 
primer extension at 72 °C for 1 min. To complete 
the chain extension, additional incubation at 
72 °C for 5 min was considered after the last 
cycle. The obtained multiplex PCR products 
were visualized using 1.5% agarose gel (m/v) 
electrophoresis (at 110 V for 60 min) and an 
ultraviolet (UV) transilluminator (PoteinSimple 
SA-1000 Red Imager).

Antibiotic Susceptibility Test
Based on the Clinical and Laboratory 

Standards Institute (CLSI) 2017 guideline,15 
disc diffusion method was used to determine 
the antibiotic susceptibility pattern of isolates 
for different antibiotics. Antibiotic susceptibility 
testing (MAST group, Merseyside, UK) 
included clindamycin (2 μg), vancomycin (30 
μg), erythromycin (15 μg), penicillin (10 μg), 
ampicillin (10 μg), tetracycline (30 μg), rifampin 
(5 μg), chloramphenicol (30 μg), and levofloxacin 
(5 μg). Resistance to at least three antibiotics 
of different classes was considered multidrug 
resistance (MDR). Streptococcus agalactiae 
(ATCC® 12386™) was used as quality control.

Statistical Analysis 
Data were analyzed using SPSS software, 

version 22.0 (IBM SPSS Statistics, Armonk, 
NY, USA). The Chi square test was used to test 
the dependency between variables (CPS genes 
and resistance to antibiotics). Cramer’s V test 
was used to calculate the degree of association 
between two nominal variables. P<0.05 was 
considered statistically significant.

Results 

The 60 GBS isolates included 16 urine and 44 

placenta samples. The samples were obtained 
from pregnant women aged 19-46 years old, 
most of whom (70%) were at 35 to 37 weeks 
of gestation. None of the participants had a 
history of spontaneous abortion and had not 
taken antibiotics two weeks prior to sample 
collection.

The Serotype Distribution of GBS Isolates
The molecular serotype of 60 GBS isolates 

was determined using multiplex PCR with 
primers specific to different serotypes and CPS 
loci (figure 1). A total of four capsular types were 
identified, and all but two GBS isolates were 
typeable. The prevalence of serotypes was 
3.3% (Ia), 21.7% (Ib), 66.7% (II), and 1.7% (III) 
(table 2). 

Antimicrobial Resistance Pattern
All studied GBS isolates were individually 

assessed for susceptibility to the nine common 
clinically relevant classes of antibiotics (table 3). 
Of the 60 GBS isolates, 18.3% were resistant 
to penicillin, 81.6% to ampicillin, 23.3% to 
clindamycin, and 30% to vancomycin. In addition, 
16.7% and 5% of the isolates exhibited resistance 
and intermediate susceptibility to erythromycin, 
respectively. In terms of tetracycline, 86.6% 
were identified as resistant, and only 5% showed 
intermediate susceptibility. Furthermore, 1.6%, 
8.3%, and 5% exhibited resistance, and 6%, 5%, 
and 11.6% exhibited intermediate susceptibility 
to levofloxacin, chloramphenicol, and rifampin, 
respectively. In addition, of the 60 GBS isolates, 
26 (43.33%) were identified as MDR (table 4).

Clinical isolates were clustered by serotype to 
determine the association between the capsular 
serotype of GBS isolates and the phenotype 
of antibiotic resistance. Data on the two most 
prevalent serotypes (Ib and II) were analyzed using 
the Chi square test and Cramer’s V test (table 5). 
The results showed that resistance to tetracycline 
and ampicillin was not associated with a specific 
serotype, and tetracycline- and ampicillin-
resistant strains were highly prevalent serotypes.  

Table 1: Primer sequences used in the study
Gene group Gene name Primer sequence 5’ to 3’ Size (bp)
CPS genes* Serotype Ia (cps1aH) F: GGTCAGACTGGATTAATGGTATGC

R: GTAGAAATAGCCTATATACGTTGAATGC
521

Serotype Ib (cps1bJ) F: TAAACGAGAATGGAATATCACAAACC
R: GAATTAACTTCAATCCCTAAACAATATCG

770

Serotype II (cps2K) F: GCTTCAGTAAGTATTGTAAGACGATAG
R: TTCTCTAGGAAATCAAATAATTCTATAGGG

397

Serotype III (cps1a/2/3I) F: TCCGTACTACAACAGACTCATCC
R: AGTAACCGTCCATACATTCTATAAGC

281

Histidine kinase 
specific to GBS**

dltS F: AGGAATACCAGGCGATGAACCGAT
R: TGCTCTAATTCTCCCCTTATGGC

199

GBS: Group B Streptococcus; CPS: Capsular polysaccharide; *Teatero and colleagues,14 **Poyart and colleagues13
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Figure 1: The figure shows specific multiplex PCR for the identification of capsular polysaccharide genes (cps1aH, cps1bJ, 
cps2K, and cps1a/2/3I) in 60 group B streptococcus isolates. M: DNA size marker 100 bp; +: Positive control; -: Negative control 
(distilled water); Wells 1 to 60: GBS isolates from pregnant women with urinary tract infection.

Table 2: Serotype distribution of group B streptococcus isolates in the study
Serotype Ia Ib II III Non-typeable
Distribution (n/N) 2/60 13/60 42/60 1/60 2/60
Strain codes 32, 40 4, 5, 7, 8, 10, 

11, 24, 29, 42, 
45, 53, 58, 60

1, 2, 3, 6, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 23, 25, 26, 28, 
30, 31, 33, 34, 35, 36, 37, 38, 
39, 41, 43, 44, 46, 47, 48, 49, 
50, 51, 52, 54, 55, 56, 57, 59

22 9, 27

n: Number of serotypes; N: Total number of isolates; Ia: cps1aH; Ib: cps1bJ; II: cps2K; III: cps1a/2/3I

Table 3: Antimicrobial susceptibility patterns of the 60 group B streptococcus (GBS) isolates in terms of commonly prescribed 
antibiotics
Antimicrobial agents (breakpoint in mm) Frequency of GBS antibiotics

Sensitive Intermediate Resistant
Clindamycin (15-19 mm) 46 (76.6%) 0 14 (23.3%)
Vancomycin (R<16 mm, S>17 mm) 42 (70%) na 18 (30%)
Erythromycin (15-21 mm) 47 (78.3%) 3 (5%) 10 (16.7%)
Penicillin (R<23 mm, S>24 mm) 49 (81.6%) na 11 (18.3%)
Ampicillin (R<23 mm, S>24 mm) 11 (18.3%) na 49 (81.6%)
Tetracycline (18-23 mm) 5 (8.33%) 3 (5%) 52 (86.6%)
Rifampin (14-21 mm) 50 (83.3%) 7 (11.6%) 3 (5%)
Chloramphenicol (17-21 mm) 56 (93.3%) 3 (5%) 1 (1.6%)
Levofloxacin (17-21 mm) 54 (90%) 1 (1.6%) 5 (8.3%)
na: Not available. Data are expressed as numbers and percentages.
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The highest percentage of vancomycin- and 
erythromycin-resistant phenotypes was 
observed in serotype II. Furthermore, a significant 
association was found between vancomycin 
resistance phenotype and serotypes Ib and II 
(P=0.02).

Finally, a literature survey was conducted to 
determine variations in prevalent serotypes and 
the associated antibiotic resistance in different 
regions of Iran and some other countries (table 6).  
Overall, the results showed that serotype III was 

the most prevalent serotype. 

Discussion

Maternal rectovaginal colonization is the main 
route for the transmission of GBS infection during 
the perinatal period. Women, the elderly, and 
immunocompromised patients are at increased 
risk of GBS infection. The prevalence of GBS due 
to UTI is reported at 1.1-2.3% of positive cultures 
in several countries.27 In hospitalized patients 

Table 4: Antibiotic resistance pattern of multidrug resistance group B streptococcus (GBS) isolates from pregnant women with 
urinary tract infections
Resistance pattern of GBS isolates (n=60) Antibiotic (n) Total number of 

MDR isolates (n, %)
Amp Tet Van 3 9 (15%)
Amp Tet Van
Amp Tet Van
Amp Tet Van
Amp Tet Lvx
Amp Tet Ery
Amp Tet Ery
Amp Tet Ery
Amp Tet Pne
Amp Tet Van Cli 4 7 (11.66%)
Amp Tet Ery Cli
Amp Tet Ery Cli
Amp Pne Ery Rif
Amp Pne Van Rif
Amp Tet Van Lvx
Amp Tet Van Lvx
Amp Tet Ery Cli Van 5 2 (3.33%)
Pne Tet Ery Cli Van
Amp Tet Ery Cli Van Lvx 6 4 (6.66%)
Amp Tet Ery Cli Van Pne
Amp Tet Pne Cli Van C
Amp Tet Pne Cli Van RIF
Amp Tet Ery Cli Van RIF Pne 7 2 (3.33%)
Amp Lvx Ery Cli Van RIF C
Amp Tet Ery Cli Van RIF C Pne 8 2 (3.33%)
Amp Tet Lvx Cli Van RIF C Pne
Cli: Clindamycin; Van: Vancomycin; Ery: Erythromycin; Pne: Penicillin; Amp: Ampicillin; Tet: Tetracycline; RIF: Rifampin;  
C: Chloramphenicol; Lvx: Levofloxacin; MDR: Multidrug resistance (resistance to at least three antibiotics of different classes)

Table 5: Antibiotic sensitivity distribution of the most prevalent capsular serotypes (Ib and II) in the study
Antibiotics Serotype Ib (n=13) Serotype II (n=42)

S R P value S R P value
Antibiotic 
resistance 
pattern

Clindamycin 8 (61.5%) 5 (38.4%) 0.14 34 (80.9%) 8 (19.04%) 0.38
Vancomycin 5 (38.4%) 8 (61.5%) 0.02* 33 (78.5%) 9 (21.4%) 0.02*
Erythromycin 9 (69.2%) 2 (15.3%) 0.66 34 (80.9%) 7 (16.6%) 0.45
Penicillin 10 (76.9%) 3 (23.07%) 0.61 35 (83.3%) 7 (16.6%) 0.34
Ampicillin 0 13 (100%) 0.05* 10 (76.9%) 32 (76.1%) 0.05*
Tetracycline 0 13 (100%) 0.27 7 (16.6%) 3 3 (78.5%) 0.34
Rifampin 12 (92.3%) 0 0.54 33 (78.5%) 4 (9.52%) 0.40
Chloramphenicol 11 (84.6%) 1 (7.6%) 0.13 40 (95.2%) 0 0.36
Levofloxacin 10 (76.9%) 3 (23.07%) 0.08 39 (92.8%) 3 (7.1%) 0.33

*Significant association between serotype and antibiotic resistance (P<0.05); S: Sensitive to antibiotic; R: Resistance to 
antibiotic. Chi square test was used to test the dependency between variables. Cramer’s V test was used to calculate the 
degree of association between two nominal variables. P<0.05 was considered statistically significant.
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with bacteremia due to GBS, UTI caused by the 
same species were reported as the underlying 
condition in 39% of elderly patients.28 The 
molecular epidemiology of such infections is 
not routinely investigated, although information 
on serotype patterns and antibiotic resistance 
is essential to develop effective vaccines. 
Identification of large capsular variants among 
GBS isolates indicates high genetic diversity of 
GBS UTIs.29 

In the present study, we have evaluated 60 
GBS isolates from the 16 urine and 44 placenta 
samples of pregnant women with UTIs to 
determine molecular serotyping and antibiotic 
resistance of the GBS strains. Based on the 
results, we identified four discrete serotypes with 
serotype II as the most prevalent, followed by 

serotypes Ib, Ia, and III. Unlike our study, several 
studies in Iran have reported serotype III as the 
most prevalent, followed by serotypes II, Ib, and 
Ia (table 6). For example, the population in Yazd 
and Hamadan showed the predominance of 
GBS serotype III.5, 20 However, another study in 
Tehran reported serotype Ib as the most prevalent 
type, whereas serotype V was reported as the 
most common in Tabriz.17, 22 The difference in 
the reported findings is primarily due to the 
unpredictable evolution of GBS strains, which 
in turn poses treatment challenges. We did 
not investigate GBS serotypes IV, VI, VII, and 
VIII, since they have rarely been isolated from 
patients in Iran. However, other countries such as 
Japan, Malaysia, Egypt, and Ghana reported an 
increased prevalence of these serotypes.21, 24, 25  

Table 6: The pattern of serotypes and associated antibiotic resistance in different regions
Articles Region Prevalent 

serotypes
Cli Van Ery Pen Amp Tet Rif C Lev

Current 
study

Tehran, Iran cps2K (II), 
42/60 (70%)

14/60 
(23.3)

18/60 
(30)

10/60 
(16.7)

11/60 
(18.3)

49/60 
(81.6)

52/60 
(86.6)

3/60 
(5)

1/60 
(1.6)

5/60
(8.3)

Sadeh  
et al.5

Yazd, Iran cps1a/2/3I (III), 
15/50 (30%)

- - - - - - - - -

Genovese  
et al.11

Eastern 
Sicily, Italy

cps1a/2/3I (III), 
1,218/3,494 
(34.9%)
cps5O (V), 
1,069/3,494 
(30.6%)

1,090/3, 
494 
(31.2)

0/3,494 
(0)

1,402/3, 
494 
(40.1)

6/3,494 
(0.2)

5/3, 
494 
(0.1)

- - - 161/3, 
494 
(4.6)

Burcham  
et al.16

Michigan, 
USA

cps5O (V), 
11/39 (28.2%)

12/39  
(31)

12/39 
(31)

17/39  
(44)

6/39 
(15)

- 37/39 
(95)

- - -

Aboutorabi 
et al.17

Tehran, Iran cps1bJ (Ib), 
135/270 (50%)

90/ 
270 (75)

135/ 
270 
(50)

90/ 
270 (75)

90/ 
270 
(75)

118/ 
270 
(42.9)

90/ 
270 
(75)

- 90/ 
270 
(75)

-

Rostami  
et al.18

Isfahan, Iran cps1bJ (Ib), 
12/27 (44.4%)
cps1a/2/3I (III), 
11/27(40.7%)

8/27  
(29.6)

0/27  
(0)

12/27 
(44.4)

5/27 
(18.5)

5/27 
(18.5)

- - - 3/27 
(11.1)

Rahnama  
et al.19

Tehran, Iran cps1a/2/3I (III), 
25/50 (50%)

- - - - - - - - -

Aboutorabi 
et al.20

Hamadan, 
Iran

cps1a/2/3I (III), 
35/62 (56.6%)

- - - - - - - - -

Beigverdi  
et al.21

Tehran, Iran cps1a/2/3I (III), 
27/41 (65.8%)

6/41  
(14.6)

0/41  
(0)

10/41 
(24.4)

0/41 (0) - 40/41 
(97.6)

- - -

Nahaei  
et al.22

Tabriz, Iran cps5O (V), 
63/327 (19.5%)

- - - - - - - - -

Kimura  
et al.23

Kobe, Japan cps6I (VI), 
29/139 (20.8%)
cps8J (VIII), 
22/139 (15.8%)

- - - - - - - - -

Eskandarian 
et al.24

Selangor, 
Malaysia

cps6I (VI), 
23/103 (22.3%)

18/103 
(18)

- 24/103 
(23)

0/103 
(0)

- 74/103 
(72)

- - -

Shabayek  
et al.25

Ismailia, 
Egypt

cps5O (V), 
33/100 (33%)

7/139  
(5.0)

- 14/139 
(10.1)

0/134 
(0)

0/134 
(0)

- - - -

Slotved  
et al.26

The Greater 
Accra 
Region, 
Southern 
Ghana

cps7M (VII), 
44/108 (40.7)

- - - - - - - - -

Cli: Clindamycin; Van: Vancomycin; Ery: Erythromycin; Pne: Penicillin; Amp: Ampicillin; Tet: Tetracycline; RIF: Rifampin; C: 
Chloramphenicol; Lvx: Levofloxacin. Data are presented as the number of serotypes over the total number of isolates in 
percentages.
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Such geographical distribution of different 
serotypes necessitates the identification of 
GBS serotypes based on their capacity to 
cause disease. Therefore, region-specific 
epidemiological studies for the identification of 
predominant serotype(s) could pave the way 
for the development of appropriate prevention 
measures such as vaccines.12 

Currently, intrapartum antibiotic prophylaxis 
(IAP) is recommended as a primary strategy to 
prevent early-onset GBS disease in neonates. 
Successful implementation of this strategy 
requires the selection of effective antibiotic therapy 
and prevention of bacterial resistance according 
to standard guidelines. Increased antibiotic 
resistance were reported in pathogens and normal 
flora.16 The GBS isolates exhibited different levels 
of antibiotic resistance. Our results showed that 
49 GBS isolates did not exhibit susceptibility to 
tetracycline, and 11 were resistant to penicillin. In 
contrast, a previous study reported a high rate of 
antibiotic susceptibility of GBS to tetracycline.30 
Currently, penicillin is the first-line antibiotic for 
pregnant women with a positive rectovaginal 
culture for GBS. In case of penicillin allergy, other 
types of antibiotics (clindamycin, erythromycin, 
vancomycin) are prescribed.31 Most of the 
serotype II isolates were resistant to antibiotics, 
including penicillin. Other studies reported similar 
findings on the resistance of GBS isolates and 
specific serotypes to penicillin.12, 31 Therefore, GBS 
serotyping is essential to efficiently treat GBS 
colonized pregnant women before delivery.

Our results showed that most isolates (n=49) 
exhibited phenotype resistance to ampicillin. 
Other recent studies also reported reduced 
susceptibility to β-lactams in GBS isolates from 
pregnant women.12, 17, 31 We also found that 30%, 
23.3%, and 16.7% of the isolates were resistant 
to vancomycin, clindamycin, and erythromycin, 
respectively. Our results showed that most of the 
GBS serotypes, particularly serotype II, were 
resistant to at least three antibiotics of different 
classes, the so-called MDR strain.16, 18 In addition 
to efficient treatment strategies for pregnant 
women colonized by GBS before delivery, we 
underscore the importance of region-specific 
epidemiological studies for the identification 
of predominant serotypes and appropriate 
prevention measures (e.g., vaccines). The main 
limitation of the study was the collection of GBS 
isolates from a single center and at a specific 
period. Further studies in different regions and 
seasons are recommended.

Conclusion

Region-specific information on antibiotic 

resistance and molecular characteristics of 
GBS is essential for epidemiological research, 
effective treatment, and vaccine development. 
Molecular serotyping of GBS isolates showed 
that serotype II was highly prevalent in our 
patients. All GBS isolates were susceptible 
to commonly prescribed first-line antibiotics 
and exhibited MDR, particularly serotype II, 
indicating the need for treatment alternatives. 
Our findings contribute to the development of 
preventive strategies as well as narrow-spectrum 
antibiotics to effectively treat invasive GBS 
infections in pregnant women and neonates. 

Acknowledgment

The authors would like to thank the staff at the 
Department of Biology, East Tehran Branch, 
Islamic Azad University (Tehran, Iran) for their 
technical support. 

Authors’ Contribution

All authors contributed to the study conception 
and design; data acquisition, analysis, and 
interpretation; and drafting and revising of the 
manuscript. They have read and approved the 
final manuscript and agree to be accountable for 
all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part 
of the work are appropriately investigated and 
resolved.

Conflict of Interest: None declared.

References

1 Morozumi M, Chiba N, Igarashi Y, Mitsu-
hashi N, Wajima T, Iwata S, et al. Direct 
identification of Streptococcus agalactiae 
and capsular type by real-time PCR in vagi-
nal swabs from pregnant women. J Infect 
Chemother. 2015;21:34-8. doi: 10.1016/j.
jiac.2014.08.024. PubMed PMID: 25287153.

2 Motallebirad T, Fazeli H, Ghahiri A, Shokri 
D, Jalalifar S, Moghim S, et al. Prevalence, 
population structure, distribution of sero-
types, pilus islands and resistance genes 
among erythromycin-resistant colonizing 
and invasive Streptococcus agalactiae iso-
lates recovered from pregnant and non-preg-
nant women in Isfahan, Iran. BMC Microbiol. 
2021;21:139. doi: 10.1186/s12866-021-
02186-2. PubMed PMID: 33947330; PubMed 
Central PMCID: PMCPMC8096152.

3 Sadeh M, Salehi-Abargouei A, Azartoos N, 
Mirzaei F, Khalili MB. Distribution of Strep-
tococcus agalactiae among Iranian women 



Serotype distribution and antibiotic susceptibility of GBS

Iran J Med Sci November 2023; Vol 48 No 6 549

from 1992 to 2018: A systematic review and 
meta-analysis. Jundishapur Journal of Micro-
biology. 2020;13. doi: 10.5812/jjm.102314.

4 Mohamadi J, Pakzad I, Khodai Z, Havasian 
MR. The prevalence of vaginal carrier of 
group B Streptococcal (GBS) among preg-
nant women attending maternity at Mus-
tafa-Khomeini Hospital, Ilam. Journal of 
Experimental Biology. 2017;5:561-67. doi: 
10.18006/2017.5(4).561.567.

5 Sadeh M, Firouzi R, Derakhshandeh 
A, Bagher Khalili M, Kong F, Kudinha T. 
Molecular Characterization of Streptococ-
cus agalactiae Isolates From Pregnant and 
Non-Pregnant Women at Yazd University 
Hospital, Iran. Jundishapur J Microbiol. 
2016;9:e30412. doi: 10.5812/jjm.30412. 
PubMed PMID: 27127592; PubMed Central 
PMCID: PMCPMC4842249.

6 Lopez Y, Parra E, Cepas V, Sanfeliu I, Jun-
cosa T, Andreu A, et al. Serotype, virulence 
profile, antimicrobial resistance and macro-
lide-resistance determinants in Streptococ-
cus agalactiae isolates in pregnant women 
and neonates in Catalonia, Spain. Enferm 
Infecc Microbiol Clin (Engl Ed). 2018;36:472-
7. doi: 10.1016/j.eimc.2017.08.006. PubMed 
PMID: 29029763.

7 Goudarzi L, bagher Khalili M, Vakili M, Sadeh 
M. Prevalence and serotype determination 
of streptococcus agalactiae isolated from 
non-pregnant women in Tehran, Iran. Acta 
Medica Iranica. 2019:560-4. doi: 10.18502/
acta.v57i9.2641.

8 Khatami A, Randis TM, Tavares L, Gegick 
M, Suzman E, Ratner AJ. Vaginal co-coloni-
zation with multiple Group B Streptococcus 
serotypes. Vaccine. 2019;37:409-11. doi: 
10.1016/j.vaccine.2018.12.001. PubMed 
PMID: 30528847; PubMed Central PMCID: 
PMCPMC6321774.

9 Haimbodi EL, Mukesi M, Moyo SR. Preva-
lence and molecular characterization of 
group B streptococcus in pregnant women 
from hospitals in Ohangwena and Oshi-
koto regions of Namibia. BMC Microbiol. 
2021;21:224. doi: 10.1186/s12866-021-
02283-2. PubMed PMID: 34353281; PubMed 
Central PMCID: PMCPMC8340439.

10 Khademi F, Sahebkar A. Group B strepto-
coccus drug resistance in pregnant women 
in Iran: a meta-analysis. Taiwan J Obstet 
Gynecol. 2020;59:635-42. doi: 10.1016/j.
tjog.2020.07.002. PubMed PMID: 32917310.

11 Genovese C, D’Angeli F, Di Salvatore V, 
Tempera G, Nicolosi D. Streptococcus aga-
lactiae in pregnant women: serotype and 
antimicrobial susceptibility patterns over 

five years in Eastern Sicily (Italy). Eur J 
Clin Microbiol Infect Dis. 2020;39:2387-96. 
doi: 10.1007/s10096-020-03992-8. PubMed 
PMID: 32700131; PubMed Central PMCID: 
PMCPMC7669783.

12 Gizachew M, Tiruneh M, Moges F, Tes-
sema B. Streptococcus agalactiae mater-
nal colonization, antibiotic resistance and 
serotype profiles in Africa: a meta-analysis. 
Ann Clin Microbiol Antimicrob. 2019;18:14. 
doi: 10.1186/s12941-019-0313-1. PubMed 
PMID: 30922308; PubMed Central PMCID: 
PMCPMC6437888.

13 Poyart C, Tazi A, Reglier-Poupet H, Billoet A, 
Tavares N, Raymond J, et al. Multiplex PCR 
assay for rapid and accurate capsular typing 
of group B streptococci. J Clin Microbiol. 
2007;45:1985-8. doi: 10.1128/JCM.00159-
07. PubMed PMID: 17376884; PubMed Cen-
tral PMCID: PMCPMC1933079.

14 Teatero S, McGeer A, Low DE, Li A, Dem-
czuk W, Martin I, et al. Characterization of 
invasive group B streptococcus strains from 
the greater Toronto area, Canada. J Clin 
Microbiol. 2014;52:1441-7. doi: 10.1128/
JCM.03554-13. PubMed PMID: 24554752; 
PubMed Central PMCID: PMCPMC3993709.

15 Patel J, Cockerill F, Bradford P, Eliopoulos 
G, Hindler J, Jenkins S, et al. Clinical and 
laboratory standards institute. Performance 
standards for antimicrobial susceptibility test-
ing. 2017:42-5. 

16 Burcham LR, Spencer BL, Keeler LR, Runft 
DL, Patras KA, Neely MN, et al. Determinants 
of Group B streptococcal virulence potential 
amongst vaginal clinical isolates from preg-
nant women. PLoS One. 2019;14:e0226699. 
doi: 10.1371/journal.pone.0226699. PubMed 
PMID: 31851721; PubMed Central PMCID: 
PMCPMC6919605.

17 Yonemura Y, Canbay E, Endou Y, Ishi-
bashi H, Mizumoto A, Li Y. A new bidirec-
tional intraperitoneal and systemic induction 
chemotherapy (BISIC) for the peritoneal 
metastasis from gastric cancer in neoadju-
vant setting. Integr Cancer Sci Ther Integr 
Cancer Sci Ther. 2014;1:26-9. doi: 10.15761/
ICST.1000106.

18 Rostami S, Moeineddini L, Ghandehari 
F, Khorasani MR, Shoaei P, Ebrahimi N. 
Macrolide-resistance, capsular genotyping 
and associated factors of group B Strep-
tococci colonized pregnant women in Isfa-
han, Iran. Iran J Microbiol. 2021;13:183-
9. doi: 10.18502/ijm.v13i2.5979. PubMed 
PMID: 34540153; PubMed Central PMCID: 
PMCPMC8408030.

19 Rahnama S, Forouhesh Tehrani H, 



Gharabeigi N, Tabatabaee Bafroee AS, Amini K

550 Iran J Med Sci November 2023; Vol 48 No 6

Amirmozafari N, Azadmanesh K, Biglari S. 
Distribution of capsular serotypes in group b 
streptococci clinical. Razi Journal of Medical 
Sciences. 2010;17:25-33. 

20 Arabestani MR, Mousavi SM, Nasaj M. 
Genotyping of clinical Streptococcus aga-
lactiae strains based on molecular serotype 
of capsular (cps) gene cluster sequences 
using polymerase chain reaction. Archives 
of Clinical Infectious Diseases. 2017;12. doi: 
10.5812/archcid.36787.

21 Minarovits J. Microbe-induced epigenetic 
alterations in host cells: the coming era 
of patho-epigenetics of microbial infec-
tions. A review. Acta Microbiol Immu-
nol Hung. 2009;56:1-19. doi: 10.1556/
AMicr.56.2009.1.1. PubMed PMID: 
19388554.

22 Nahaei MR, Ghandchilar N, Bilan N, Ghah-
ramani P. Maternal carriage and neonatal 
colonization of Streptococcus agalactiae in 
Tabriz, Northwest Iran. Iranian Journal of 
Medical Sciences. 2007;32:177-81. 

23 Kimura K, Matsubara K, Yamamoto G, 
Shibayama K, Arakawa Y. Active screening 
of group B streptococci with reduced peni-
cillin susceptibility and altered serotype dis-
tribution isolated from pregnant women in 
Kobe, Japan. Jpn J Infect Dis. 2013;66:158-
60. doi: 10.7883/yoken.66.158. PubMed 
PMID: 23514916.

24 Eskandarian N, Ismail Z, Neela V, van 
Belkum A, Desa MN, Amin Nordin S. Anti-
microbial susceptibility profiles, serotype 
distribution and virulence determinants 
among invasive, non-invasive and colo-
nizing Streptococcus agalactiae (group B 
streptococcus) from Malaysian patients. Eur 
J Clin Microbiol Infect Dis. 2015;34:579-84. 
doi: 10.1007/s10096-014-2265-x. PubMed 
PMID: 25359580; PubMed Central PMCID: 
PMCPMC4356882.

25 Shabayek S, Abdalla S, Abouzeid AM. Sero-
type and surface protein gene distribution of 
colonizing group B streptococcus in women 

in Egypt. Epidemiol Infect. 2014;142:208-10. 
doi: 10.1017/S0950268813000848. PubMed 
PMID: 23561305; PubMed Central PMCID: 
PMCPMC9152610.

26 Slotved HC, Dayie N, Banini JAN, Frimodt-
Moller N. Carriage and serotype distribu-
tion of Streptococcus agalactiae in third 
trimester pregnancy in southern Ghana. 
BMC Pregnancy Childbirth. 2017;17:238. 
doi: 10.1186/s12884-017-1419-0. PubMed 
PMID: 28732495; PubMed Central PMCID: 
PMCPMC5520380.

27 Ulett KB, Benjamin WH, Jr., Zhuo F, Xiao M, 
Kong F, Gilbert GL, et al. Diversity of group 
B streptococcus serotypes causing urinary 
tract infection in adults. J Clin Microbiol. 
2009;47:2055-60. doi: 10.1128/JCM.00154-
09. PubMed PMID: 19439533; PubMed Cen-
tral PMCID: PMCPMC2708523.

28 Schuab RB, Areas GP, Souza VC, Barros 
RR. Molecular epidemiology of Streptococ-
cus agalactiae recovered from significant 
bacteriuria. Infect Dis (Lond). 2015;47:637-
42. doi: 10.3109/23744235.2015.1040446. 
PubMed PMID: 25901729.

29 Magliano E, Grazioli V, Deflorio L, Leuci 
AI, Mattina R, Romano P, et al. Gender 
and age-dependent etiology of commu-
nity-acquired urinary tract infections. Sci-
entific World Journal. 2012;2012:349597. 
doi: 10.1100/2012/349597. PubMed PMID: 
22629135; PubMed Central PMCID: 
PMCPMC3351074.

30 Anthony BF, Concepcion NF. Group B 
streptococcus in a general hospital. J 
Infect Dis. 1975;132:561-7. doi: 10.1093/
infdis/132.5.561. PubMed PMID: 1102616.

31 Moroi H, Kimura K, Kotani T, Tsuda H, 
Banno H, Jin W, et al. Isolation of group 
B Streptococcus with reduced beta-lac-
tam susceptibility from pregnant women. 
Emerg Microbes Infect. 2019;8:2-7. doi: 
10.1080/22221751.2018.1557987. PubMed 
PMID: 30866792; PubMed Central PMCID: 
PMCPMC6455180.


