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Abstract 

Streptococcus agalactiae has different virulence factors, from which the capsule has the most significant role 
in the pathogenesis of this organism. We aimed to investigate the distribution of more prevalent capsular genes 
among different Random Amplified Polymorphic DNA (RAPD) types of S. agalactiae isolated from pregnant women. 
A total of 106 isolates were collected from 420 vaginal and rectal swabs obtained from pregnant women. The 
specimens were transferred using Todd Hewitt Broth and were cultured on a blood agar containing antibiotics. The 
S. agalactiae isolates were identified by the standard microbiological and biochemical tests. The genomic DNAs of S. 
agalactiae isolates were extracted using an extraction kit. Then, the PCR method was used to detection of the cap-
sular genes. Moreover, The RAPD PCR was used to genotyping of the isolates. The colonization rate of the pregnant 
women was 25.23%, and there was a statistically significant correlation between the weeks of gestation and the prob-
ability of colonization (p-value < 0.05). Also, 31 (29.24%) and 18 (16.98%) pregnant women had a history of abortion 
and membrane rupture, respectively. In addition, 20 (18.86%), 32 (30.18%), 4 (3.77%), and 6 (5.66%) isolates carried 
genes encoding capsular types Ia, Ib, III, and V, respectively. None isolates had the type II capsular gene, and other 
44 isolates were non-typeable. Nine clones (clusters) of S. agalactiae were observed in the present study with 70% 
similarity, and 53 different types were identified among the isolates. Except for capsular types III and V that belonged 
to clones 3, 5, 7, and 9, other capsular types were detected in different RAPD types. We found that the capsular types 
Ib and Ia were predominant among pregnant women in this area, indicating their significance for vaccine designa-
tion. Also, our isolates showed a lower genotypic diversity in RAPD typing. This may be due to the same sources 
of most isolates.
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Introduction
Streptococcus agalactiae is detected as a vaginal and 
intestinal microbiota in women causing concerning 
health associated problems in newborns (do Nascimento 
et  al. 2019; Arabestani et  al. 2017; Khademi and Saheb-
kar 2020). This bacterium is the cause of the early onset 
disease and late onset disease in neonates delivered by 
mothers with risk factors, including the delivery before 
the 37th week of pregnancy, the membrane rupture at 
least 18 h before delivery, an unexplained fever (≥ 38 °C) 
during delivery, and a S. agalactiae caused a history of 
invasive disease in a previous infant or urinary tract 
infection in the current pregnancy (Genovese et al. 2020; 
Khademi and Sahebkar 2020). Despite the intrapartum 
antibiotic prophylaxis (IAP) for S. agalactiae infections 
with beta-lactams or clindamycin, a considerable rate of 
stillbirth and infant death occur annually (do Nascimento 
et  al. 2019; Barros et  al. 2023). Screening tests are not 
routinely performed in Iran (Mosayebi et  al. 2017), and 
prophylaxis is done based on risk factors. There are non-
considerable reports from Iran about the rate of neonatal 
early diseases, but two studies reported two term infants 
born through vaginal delivery affected with brain abscess 
and sepsis caused by S. agalactiae (Mosayebi et al. 2017; 
Abdollahi et  al. 2011). Approximately 11–35% of the 
pregnant women are colonized by S. agalactiae in differ-
ent areas (Khademi and Sahebkar 2020; do Nascimento 
et al. 2019; Alzayer et al. 2023). Similarly, the rate of colo-
nization in non-pregnant healthy adults ranged between 
20 and 34% (Alzayer et al. 2023). Babies born to colonized 
women may get early-onset or late-onset infections, from 
which 1–3% of them will develop an invasive life-threat-
ening disease (do Nascimento et  al. 2019; Khademi and 
Sahebkar 2020; Jamrozy et  al. 2023). Recently, two new 
(and key) recommendations were reported for the pre-
vention of S. agalactiae neonatal infections (NAAT and 
Encourage 2020; Puopolo et al. 2019). However, screen-
ing pregnant women for S. agalactiae vaginal and rectal 
colonization between 35 and 37 weeks of gestation and 
antibiotic prophylaxis before delivery can reduce the 
mortality caused by this bacterium (Botelho et  al. 2018; 
do Nascimento et  al. 2019). S. agalactiae has different 
virulence factors that are effective in the pathogenesis of 
this organism. Some significant factors included pore-
forming toxins, Christie, Atkins, and Munch-Petersen 
(CAMP) factor, sialic acid-rich capsular polysaccharide, 
C5a peptidase, serine proteinase, adhesins, and αC pro-
tein (Rajagopal 2009). In addition, the capsule of this 
organism has the most significant role in pathogenesis of 
S. agalactiae due to the molecular mimicry with the host 
tissues and the prevention of phagocytosis by the inhi-
bition of the complement factor C3 deposition (Alzayer 
et al. 2023).

S. agalactiae is classified based on capsular polysaccha-
ride antigens, and ten serotypes are currently determined, 
including Ia, Ib, and II-IX (Botelho et al. 2018; Haimbodi 
et al. 2021; Huang et al. 2019). Serotypes Ia, II, III, and V 
are the more prevalent S. agalactiae in USA and Europe, 
causing human diseases (Arabestani et al. 2017). Also, sero-
types III, Ia, Ib, II, and V are the most prevalent S. agalac-
tiae in neonatal disease, while type III has been associated 
with severe infections (Arabestani et al. 2017; Barros et al. 
2023). On the other hand, according to a meta-analysis of 
390 articles, serotypes Ia, Ib, II, III, and V were the most 
prevalent S. agalactiae serotypes colonizing almost 98% of 
all pregnant women (Huang et al. 2019; Alzayer et al. 2023). 
An Iranian research reported that serotypes III, V, II, and 
Ib were the most prevalent S. agalactiae isolated from the 
clinical samples (Emaneini et al. 2014). The prevalence of 
different capsular serotypes in various isolates of S. aga-
lactiae is varied in different parts of the world (Arabestani 
et  al. 2017; Emaneini et  al. 2014; Haimbodi et  al. 2021; 
Huang et  al. 2019). Because the polysaccharide capsule 
is one of the most important antigens of this bacterium, 
determining the capsular serotype seems necessary to 
determine the suitable candidate for vaccine production 
in each region (Botelho et  al. 2018; do Nascimento et  al. 
2019; Barros et al. 2023). Although immunological capsu-
lar typing is a conventional method for S. agalactiae, the 
polymerase chain reaction-based typing is a considerable 
method that covers the weaknesses of the previous tests 
(Arabestani et al. 2017). On the other hand, the genotyping 
methods, such as Pulsed-field Gel Electrophoresis (PFGE), 
Multilocus Sequence Typing (MLST), and Randomly 
Amplified Polymorphic DNA (RAPD) typing, along with 
capsular typing, can use for better epidemiological study 
of S. agalactiae (Rojo-Bezares et  al. 2016). Due to finan-
cial limitations and the standardization of RAPD-PCR, we 
chose this method for molecular typing of our isolates. In 
this study, we aimed to investigate the capsular and RAPD 
typing of the S. agalactiae isolated from vaginal and rectal 
specimens of the pregnant women in the present study.

Materials and methods
Determination of the sample size and selection 
of the participants
This study was conducted in Sari, Mazandaran, North of 
Iran, from March 2021 to September 2021. Based on the 
statistical parameters of the sample size and according to 
the following formula, 420 samples were estimated for this 
study.

n =

z2α
/2

× p(1− P)

d2
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In this formula, n = sample size, p = prevalence of 
S. agalactiae colonization in pregnant women in Iran 
(p = 12.9%) (Sadeh et  al. 2020), d = maximum error 
rate = 0.032, and Z = value of normal distribution at 95% 
confidence level (z = 1.96) (Gizachew et  al. 2019). The 
participants were pregnant women at 35 to 37 weeks of 
gestation who were vaginal or rectal colonized by S. aga-
lactiae. The pregnant women were referred to gynecol-
ogy hospitals and clinics but had no severe diseases and 
were mentally stable. The participants did not use vaginal 
creams, sterilizers, and antibiotics in the last two weeks.

Ethical approval statement and written consent
A questionnaire form was prepared, and the demographic 
information of the pregnant women and the samples 
were recorded. A written consent form was prepared, 
and the essential descriptions concerning voluntary con-
tribution were provided to all participants. The partici-
pants completed the consent form before sampling, and 
were permitted to remove whenever they did not want to 
continue. This study was conducted according to the Hel-
sinki standards, and all documents was reserved secret. 
Moreover, our study was accepted by the ethics com-
mittee of Mazandaran University of Medical Sciences, 
and the code of ethics (IR.MAZUMS.REC.1398.418) was 
assigned to this study.

Sample collection and identification of bacteria
We used the vaginal and rectal swabs to screen the S. 
agalactiae colonization, as reported previously (Haim-
bodi et  al. 2021; Filkins et  al. 2020). The cotton-tipped 
sterile swabs were used for sampling by a qualified clini-
cian. A Todd Hewitt Broth (Sigma, Germany) containing 
8  μg/ml of gentamycin, 15  μg/ml of nalidixic acid, and 
5% sheep blood was used to transport the specimens at 
2–8  °C (Filkins et  al. 2020). After 24  h of incubation of 
the transport media at 37 °C under 5% CO2, 50 μl of the 
medium was inoculated on 5% sheep blood agar plates 
(Condalab, Spain), containing the above mentioned 
antibiotics and was incubated at 37  °C under 5% CO2 
for 24 h. The S. agalactiae identification was confirmed 
by the observation of the β-hemolytic or non-hemolytic 
whitish-grey translucent large colonies and the stand-
ard microbiological and biochemical tests. These tests 
included gram staining, catalase, growth on bile esculin 
agar, hydrolysis of Hippurate, CAMP, and susceptibility 
to bacitracin (0.04 units) and trimethoprim (1.25  µg)-
sulfamethoxazole (23.75  µg) (Tille 2017). S. agalactiae 
ATCC 12403 was used as positive control in this test.

DNA extraction and polymerase chain reaction
The genomic DNAs of the S. agalactiae isolates were 
extracted using the SinaPure DNA extraction kit 

(SinaClon, Iran), according to the manufacturer’s instruc-
tions. Then, the extracted DNAs were electrophoresed on 
agarose gel (Wizbiosolutions, South Korea), and the opti-
cal density of 260/280 nm was determined using a Nan-
oDrop (Thermo Scientific, USA). The different types of 
capsular polysaccharide encoding genes were detected by 
PCR using the specific primers shown in Table 1. Ampli-
fication of the genes was done in a final volume of 15 μl 
using 7.5  μl of master mix (Ampliqon, Denmark). Also, 
200–600 ng (1–3 µl) of the template DNAs and ten pmol 
(1  µl) of each primer (Bioneer, South Korea) were used 
in different reactions of PCRs to detect capsule encoding 
genes. The reactions were done using a gradient thermo-
cycler (BioRad, USA) in 34 cycles according to the condi-
tions shown in Table 1. The PCR products, along with a 
DNA marker (Wizbiosolutions), were electrophoresed on 
a 1.5% agarose gel (Wizbiosolutions) and were observed 
using a Gel Documentation device (UVITEC Gel Docu-
mentation System, Cambridge, UK). We used the control 
strains containing the capsule encoding genes, prepared 
from Tehran University of Medical Sciences, as positive 
controls.

RAPD‑PCR typing of the isolates
Other genotyping method performed in the present 
study was the RAPD analysis using the OPS11 primer (5′-
AGT​CGG​GTGG-3′), as previously described (Martinez 
et  al. 2000). The RAPD PCR was done by adding 7.5  µl 
of master mix (Ampliqon), 4 µl of sterile distilled water, 
1.5 µl (15 pmol) of primer (Bioneer), and 2 µl (6 ng) of the 
extracted DNA in a final volume of 15 μl. The PCR was 
performed by a BioRad thermocycler (USA) under the 
condition, including an initial denaturation at 94  °C for 
5  min, followed by 35 cycles of reactions, comprising a 
denaturation at 94 °C for 30 s, annealing at 30 °C for 45 s, 
and an extension at 72  °C for 2 min, followed by a final 
extension at 72 °C for 10 min. The PCR products, along 
with a 100 bp plus DNA ladder (Wizbiosolutions), were 
electrophoresed on a 1.5% agarose gel (Wizbiosolutions), 
and visualized by the UVITEC Gel Documentation Sys-
tem. To cluster analysis of the isolates, we used the Dice 
algorithm. Then, a UPGMA type dendrogram was drawn 
to typing the isolates, and the isolates with a Dice coef-
ficient ≥ 70% were defined as the same RAPD clonal 
(cluster) type. Also, the isolates were defined as group 
according to a more similarity (˃ 90%), and the clusters 
are categorized in the groups (Hanage et al. 2006). S. aga-
lactiae ATCC 12403 was used as positive control in this 
test.

Statistical analysis
The data were analyzed using Statistical Package for the 
Social Sciences (SPSS) software version 22. Also, the data 
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comparison was done by Chi-square or Fisher’s exact 
test, and a p-value < 0.05 was considered statistically 
significant.

Results
Participants and bacterial isolates
A total of 106 (25.23%) S. agalactiae isolates were col-
lected from 420 pregnant women with an average age 
range of 30.74 ± 5.25 years. Ninety-five (22.61%) and 71 
(16.90) pregnant women were vaginal and rectal colo-
nized by S. agalactiae, respectively. Also, 59 (55.66%) 
participants had rectal and vaginal colonization at the 
same time. The specimens were collected from the par-
ticipants at 35–37 weeks of gestation who were referred 
to the Shafa and Nime Shaban hospitals and Moghadam, 
Royan, and Shahhosseini gynecology clinics. Most par-
ticipants were housewives, and most were in the 26–30 
year age groups. All demographic data related to the par-
ticipants are shown in Table 2. We detected a significant 
relationship between the number of positive bacterial 
cultures and the weeks of gestation (p-value < 0.05). Also, 
31 (29.24%) and 18 (16.98%) pregnant women had a his-
tory of abortion and membrane rupture, respectively.

Detection of capsule encoding genes
Among 106 S. agalactiae isolates collected in this study, 
20 (18.86%), 32 (30.18%), 4 (3.77%), and 6 (5.66%) isolates 
carried genes encoding capsular types Ia, Ib, III, and V, 
respectively. However, no isolates had the type II capsular 

gene. Other 44 isolates were non-typeable by the primers 
used in this study. The relationship between the capsu-
lar types of S. agalactiae isolates and demographic data 
is shown in Table 2. About 50% of the isolates with cap-
sular type Ia were isolated from Shafa hospital, and the 
remaining were isolated from other centers (p = 0.0).

Most capsular types were not observed in the 41 to 45 
year age group. A significant relationship was observed 
between the presence of capsular genes and the occupa-
tion of pregnant women, so most of the isolates with the 
studied genes were obtained from housewives (p < 0.05). 
In addition, not only 50% of the isolates with capsular 
gene V were identified in teachers, but also all six isolates 
carrying this gene were observed in the above high school 
group. No significant correlation was found between the 
outpatient or inpatient status of pregnant women, the 
number of pregnancies, membrane rupture, or the num-
ber of abortions, and the presence of capsule genes in 
this study. However, as the pregnancy week of the stud-
ied women increased, the probability of the investigated 
capsule genes identification was also increased (p < 0.05).

RAPD typing of the isolates
We detected 1 to 11 DNA fragments sizing from 180 to 
4500 bp in RAPD typing of the 106 S. agalactiae isolates 
(Fig.  1), as previously reported by our team (Zakerifar 
et al. 2023). There was five groups with a 70% similarity 
in this study, from which group 1 had four clones (1–4), 
while group 2 was contained two clones (5 and 6). 

Table 1  The primers used for amplification of the capsular genes and the PCR conditions

Genes Primer sequences 5′ 
to 3′

PCR 
product 
size (bp)

Initial denaturation Denaturation Annealing Extension Final Extension References

cpsIa GGT​CAG​ACT​GGA​TTA​
ATG​GTA​TGC​

521 95 °C for 5 min 95 °C for 30 s 45 °C for 30 s 72 °C for 35 s 72 °C for 10 min (Yao et al. 2013)

GTA​GAA​ATA​GCC​TAT​
ATA​CGT​TGA​ATGC​

cpsIb TAA​ACG​AGA​ATG​GAA​
TAT​CAC​AAA​CC

770 95 °C for 5 min 95 °C for 30 s 44 °C for 30 s 72 °C for 35 s 72 °C for 10 min (Yao et al. 2013)

GAA​TAA​ACT​TCA​ATC​
CCT​AAA​CAA​TATCG​

cpsII GCT​TCA​GTA​AGT​ATT​
GTA​AGA​CGA​TAG​

397 95 °C for 5 min 95 °C for 30 s 55 °C for 30 s 72 °C for 35 s 72 °C for 10 min (Yao et al. 2013)

TTC​TCT​AGG​AAA​TCA​
AAT​AAT​TCT​ATA​GGG​

cpsIII TCC​GTA​CTA​CAA​CAG​
ACT​CATCC​

1826 95 °C for 5 min 95 °C for 30 s 55 °C for 30 s 72 °C for 35 s 72 °C for 10 min (Yao et al. 2013)

AGT​AAC​CGT​CCA​TAC​
ATT​CTA​TAA​GC

cpsV GAG​GCC​AAT​CAG​TTG​
CAC​GTAA​

701 95 °C for 5 min 95 °C for 30 s 54 °C for 30 s 72 °C for 35 s 72 °C for 10 min (Yao et al. 2013)

AAC​CTT​CTC​CTT​CAC​
ACA​CTA​ATC​CT
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However, nine clones of S. agalactiae were observed 
in the present study with 70% similarity, and 53 differ-
ent types were identified among the isolates. Also, the 

prevalence of capsule encoding genes in S. agalactiae 
clones is shown in the Table 3. Except for capsular types 
III and V that belonged to clones 3, 5, 7, and 9, other 

Table 2  The demographic data of the 106 pregnant women included in the present study

Demographic data of the 
participants

No. (%) of 
participants

No (%) of isolates containing a capsular type p-value

Ia Ib III V Non-typeable

Age ranges (years-old)

 20–25 17 (16.03) 4 (23.52) 6 (35.29) 0 0 7 (41.17) 0.12

 26–30 37 (34.90) 9 (24.32) 9 (24.32) 2 (5.4) 3 (8.1) 14 (37.83) 0.18

 31–35 32 (30.18) 4 (12.5) 9 (28.12) 0 3 (9.37) 16 (50) 0.34

 36–40 18 (16.98) 3 (16.66) 7 (38.88) 2 (11.11) 0 6 (33.33) 0.38

 41–45 2 (1.88) 0 1 (50) 0 0 1 (50) 0.08

Occupation

 Housewife 88 (83.01) 18 (20.45) 28 (31.81) 4 (4.54) 2 (2.27) 38 (43.18) 0.21

 Employee 6 (5.66) 2 (33.33) 0 0 0 4 (66.66) 0.11

 Teacher 8 (7.54) 0 0 0 4 (50) 4 (50) 0.08

 Physician 2 (1.88) 0 2 (100) 0 0 0 0.00

 Other 2 (1.88) 0 2 (100) 0 0 0 0.00

Education level

 High school 47 (44.33) 10 (21.27) 14 (29.78) 4 (8.51) 0 23 (48.93) 0.19

 Above High school 59 (55.66) 10 (16.94) 18 (30.50) 0 6 (10.16) 25 (42.37) 0.21

Sampling centers

 Shafa 52 (49.05) 10 (19.23) 15 (28.84) 2 (3.84) 4 (7.69) 21 (40.38) 0.22

 Moghadam 43 (40.56) 3 (6.97) 15 (34.88) 2 (4.65) 2 (4.65) 21 (48.83) 0.22

 Royan 4 (3.77) 1 (25) 2 (50) 0 0 1 (26) 0.09

 Nime Shaban 5 (4.71) 4 (80) 0 0 0 1 (20) 0.04

 Shahhosseini 2 (1.88) 2 (100) 0 0 0 0 0.00

Outpatient or inpatient

 Inpatient 56 (52.83) 14 (25) 13 (23.21) 2 (3.57) 3 (5.35) 24 (42.85) 0.18

 Outpatient 50 (47.16) 6 (12) 19 (38) 2 (4) 3 (6) 20 (40) 0.16

Pregnancy number

 1 61 (57.54) 9 (14.75) 18 (29.50) 2 (3.27) 2 (3.27) 30 (49.18) 0.25

 2 18 (16.98) 1 (5.55) 6 (33.33) 0 2 (11.11) 9 (50) 0.25

 3 19 (17.92) 8 (42.10) 6 (31.57) 0 2 (10.52) 3 (15.78) 0.07

 4 6 (5.66) 2 (33.33) 0 2 (33.33) 0 2 (33.33) 0.09

 5 2 (1.88) 0 2 (100) 0 0 0 0.00

Pregnancy week

 35th 12 (11.32) 1 (8.33) 4 (33.33) 0 0 7 (58.33) 0.23

 36th 26 (24.52) 9 (34.61) 6 (23.07) 2 (7.69) 0 9 (34.61) 0.09

 37th 68 (64.15) 10 (14.70) 22 (32.35) 2 (2.94) 6 (8.82) 28 (41.17) 0.12

Abortion number

 0 75 (70.75) 15 (20) 23 (30.66) 2 (2.66) 4 (5.33) 31 (41.33) 0.12

 1 19 (17.92) 1 (5.26) 5 (26.31) 0 2 (10.52) 11 (57.89) 0.23

 2 10 (9.43) 4 (40) 2 (20) 2 (20) 0 2 (20) 0.04

 3 0 0 0 0 0 0 –

 4 2 (1.88) 0 2 (100) 0 0 0 0.00

Membrane rupture number

 0 88 (83.01) 18 (20.45) 28 (31.81) 2 (2.27) 6 (6.81) 34 (38.63) 0.28

 1 18 (16.98) 2 (11.11) 4 (22.22) 2 (11.11) 0 10 (55.55) 0.19
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capsular types were detected in different RAPD types 
(Table 3).

Discussion
Streptococcus agalactiae is the cause of neonatal sep-
sis, pneumonia, and meningitis, while sepsis is one of 
the leading causes of death in infants in developing and 

developed countries (Botelho et  al. 2018; Chang et  al. 
2010). It is estimated that 10–30% of pregnant women 
are colonized by this bacteria in their vagina or rectum 
and can vertically transmit this organism to their neo-
nates (do Nascimento et  al. 2019; Khademi and Saheb-
kar 2020). Different prevalence rates of colonization 
with S. agalactiae (1.8% to 27.7%) were reported in Iran 

Fig. 1  RAPD typing and capsular distribution of S. agalactiae isolates collected from pregnant women in this study. The blots are cropped 
from the original electrophoresis gel. The blots with the same patterns are placed together. Also, the original gels with full-length blots are attached 
as Additional file 1
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(Sadeh et  al. 2020). Using the vaginal and rectal culture 
method, 25.23% of our participants were colonized by S. 
agalactiae, while the vaginal colonization was more than 
the rectal. A Brazilian research in 2019 reported that 
4.2–28.4% of pregnant women were colonized by S. aga-
lactiae in the last ten years (do Nascimento et al. 2019). 
Moreover, the prevalence of S. agalactiae in other coun-
tries shows different statistics. The prevalence rate in the 
USA, Thailand, Poland, France, and India were 27.2%, 
12.9%, 17.2%, 16.7%, and 2.3%, respectively (Bland et al. 
2000; Tor-Udom et al. 2006; Brzychczy-Włoch et al. 2008; 
Dahan-Saal et al. 2011; Sharmila et al. 2011). The reason 
for the variety of results could be attributed to differences 
in age, culture method, inherent differences in popula-
tions, and more use of antibiotics in some populations, as 
well as inadequate skills of personnel in diagnosis.

On the other hand, the sialic acid-rich capsule in S. 
agalactiae is a significant virulence factor effective in 
pathogenesis (Arabestani et al. 2017). Thus, the investiga-
tion of the capsular types in S. agalactiae isolates in dif-
ferent areas seems to be significant for the development 
of a vaccine preventing the intrapartum transport of the 
bacterium. We aimed to detect the five predominant cap-
sular types (Ia, Ib, II, III, and V) in S. agalactiae isolated 
from pregnant women in Mazandaran, north of Iran. 
We reported that 62 (58.49%) S. agalactiae isolates were 
typeable by PCR method, while 44 (41.50%) isolates were 
non-typeable or had other capsular types. A previous 
study on S. agalactiae isolates, collected from pregnant 
women and clinical settings, used three PCR methods 
for capsular typing (Yao et  al. 2013). They showed that 
some serotypes did not recognize by PCR tests, and 
some of them misidentified as other serotypes due to 
large insertions or deletions affecting the cps gene cluster 
(Yao et  al. 2013). Thus, the non-typeable isolates in the 

present study may be affected by these gene mutations or 
contained other cps genes. The most prevalent capsular 
genes in this study was related to the Ib gene (30.18%), 
while the Ia, V, and III capsular genes were identified 
in 18.86%, 5.66%, and 3.77% of the isolates, and none of 
the isolates carried the type II capsule. Unlike our study, 
Arabestani et al. reported that type III was the predomi-
nant capsular type (56.5%) in S. agalactiae isolated from 
pregnant women in Hamedan, Iran, followed by types V 
(17.7%), II (11.3%), Ia (8.1%), and Ib (3.2%) (Arabestani 
et  al. 2017). Also, Jannati et  al. from Ardabil showed 
that 19.6%, 12.5%, 10.7%, 8.9%, and 7.1% of their isolates 
belonged to the V, II, III, Ib, and Ia capsular types by sero-
typing method, respectively, while 7.1% of their isolates 
were non-typeable (Jannati et al. 2012). Another Iranian 
research from Tabriz reported that capsular type V was 
the most prevalent (19.5%) in pregnant women and neo-
nates, followed by Ia (17.6%), II (14.2%), Ib (13.4%), and 
III (9.5%), while 17.6% of their isolates were non-typeable 
by serotyping method (Nahaei et al. 2007). Types III and 
V were the most prevalent capsular genes in other Ira-
nian studies (Arabestani et al. 2017). However, the preva-
lence of capsular genes in our research was different with 
other Iranian studies. This result indicates that the vac-
cine development policy is varied in our region but needs 
more investigation by other primers specific for other 
capsular types. Although all above mentioned Iranian 
studies identified capsular serotype II in their study, this 
serotype was not observed in our isolates. Although we 
used the standard strain carrying this gene to check the 
presence of the gene encoding this capsular serotype, but 
this absence may be due to a work error or the inability 
of the primer used in our study to identify this gene. This 
lack of identification can also be due to the mutation in 
the relevant gene (Yao et al. 2013).

Another study conducted in Saudi Arabia on 140 preg-
nant women and 95 infected adults showed that 25% of 
the isolates were harboring the genes encoding the sero-
types III and V were, and 16.18%, 13.24%, 9.31%, and 
8.82% of the isolates belonged to the serotypes II, Ia, 
VI, and Ib, respectively, while five (2.45%) isolates were 
non-typeable (Alzayer et al. 2023). European, American, 
Asian, and African studies reported different prevalence 
rates of capsular types. Previous research conducted in 
the USA showed that types III, V, and Ia were the most 
prevalent capsular serotypes (Hawkins et  al. 2017). In 
addition, a Brazilian research on 124 S. agalactiae iso-
lates collected from pregnant women showed that the 
Ia encoding gene was most frequent type (33.0%) during 
the whole period (2002–2018), followed by II (25.8%), V 
(21.8%), Ib (8.9%), III (8.9%), and IV (1.6%). They found 
a variation in circulation of the capsular types, spe-
cially V, over time (Barros et  al. 2023). Other research 

Table 3  Prevalence of capsular genes in different clones of S. 
agalactiae 

S. agalactiae 
clones (No. of 
isolates)

The number (%) of isolates 
carrying capsular genes

Non-typeable

Ia Ib III V

1 (n = 10) 0 6 (60) 0 0 4 (40)

2 (n = 12) 2 (16.66) 8 (66.66) 0 0 2 (16.66)

3 (n = 10) 2 (20) 4 (40) 0 2 (20) 2 (20)

4 (n = 2) 2 (100) 0 0 0 0

5 (n = 28) 4 (14.28) 6 (21.42) 2 (7.14) 0 16 (57.14)

6 (n = 28) 6 (21.42) 4 (14.28) 0 0 18 (64.28)

7 (n = 10) 2 (20) 2 (20) 2 (20) 2 (20) 2 (20)

8 (n = 4) 2 (50) 2 (50) 0 0 0

9 (n = 2) 0 0 0 2 (100) 0
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conducted on 535 S. agalactiae isolates collected from 
pregnant women in London exhibited a that among nine 
serotypes identified, the most prevalent serotype was III 
(26%), followed by V (21%), II (19%) and Ia (19%), while 
the serotypes Ib, IV, VI, VII, and IX had a less than 10% 
prevalence (Jamrozy et  al. 2023). Also, another Iranian 
study carried out on 60 S. agalactiae isolates collected 
from women with urinary tract infection (UTI) detected 
the capsular serotype II as the most prevalent (66.7%), 
while 21.7%, 3.3%, and 1.7% of the isolates were car-
rying the Ib, Ia, and III capsular encoding genes, and 
6.6% of the isolates were non-typeable (Gharabeigi et al. 
2023). According to a review by Huang et al. from China, 
serotype III has a lower prevalence in South American, 
Asian, and Western African countries, while serotype 
V is the most prevalent in these regions (Huang et  al. 
2019). However, a Chines research showed that 41.8%, 
21.4%, 14.9%, and 11.9% of the S. agalactiae isolates col-
lected from pregnant women contained the III, Ia, V, 
and Ib capsular types encoding genes, respectively (Lu 
et  al. 2014). Another Chinese research detected a simi-
lar result to the present study in terms of capsular gene 
prevalence, from which 36.7%, 28.3%, and 18.3% of their 
isolates contained the Ib, Ia, and III genes, respectively 
(Su et al. 2016). Also, a Brazilian research reported that 
37.3%, 11.2%, 19.9%, 6.8%, and 9.2% of their S. agalactiae 
isolates contained the Ia, Ib, II, III, and V capsular genes, 
respectively (Botelho et  al. 2018). Geographical differ-
ences may attribute to the differences in the prevalence of 
the capsular genes in different areas. The combination of 
PCR analysis and serotyping may have improved the clas-
sification of S. agalactiae capsular types.

For molecular typing of S. agalactiae isolates, we 
used the RAPD-PCR method using a primer previously 
reported (Martinez et  al. 2000). We first selected 4 dif-
ferent primers from previous studies and performed 
the PCR test with each of them alone and in differ-
ent combinations with each other, but when using the 
OPS11 primer alone, more electrophoretic bands were 
observed. Thus, this primer was chosen to perform the 
RAPD-PCR test. We detected nine clones and 53 differ-
ent RAPD types of S. agalactiae with 70% similarity in 
the present study. Also, Jamorsy et al. detected nine clone 
of S. agalactiae among 535 isolates collected from preg-
nant women in London (Jamrozy et  al. 2023). A Span-
ish research that used the PFGE method for typing S. 
agalactiae isolates, were detected 65 different patterns 
(Rojo-Bezares et al. 2016). We found that all strains with 
capsular types III and V belonged to the RAPD clones 3, 
5, 7, and 9, while other capsular types were distributed 
among different RAPD types. However, the above-men-
tioned Spanish research reported that 33.8% and 24.1% 

of their isolates with different PFGE patterns belonged 
to capsular types III and V (Rojo-Bezares et al. 2016). As 
reported by Rojo-Bezares et  al., common typing clones 
have a strong correspondence with capsular serotypes 
(Rojo-Bezares et  al. 2016), but we did not observe this 
issue except for the types III and V. According to the 
research conducted by Chatellier et al., the combination 
of RAPD typing and serotyping is the simplest way for 
distinguishing the S. agalactiae isolates (Chatellier et al. 
1997). We used the combination of RAPD and capsular 
gene typing and found that clone 1 just contained six 
isolates with capsular type Ib and clone 4 just contained 
two isolates with Ia capsular type, while clone 9 just 
contained two isolates with capsular type V. Other clus-
ters in the present study had different isolates in terms 
of capsule type. Toresani et  al. found 16 RAPD profiles 
among 21 S. agalactiae isolates collected from 17 women 
in Argentina (Toresani et al. 2001). Also, Chatellier et al. 
detected 71 RAPD types among 54 S. agalactiae isolates 
collected from cerebrospinal fluids of neonates (Chatel-
lier et  al. 1997). This genotypic diversity was similar to 
the research conducted by El Aila et al. in Belgium on 36 
S. agalactiae isolates collected from pregnant women (El 
Aila et  al. 2009). We detected 53 different RAPD types 
among 106 S. agalactiae isolates in the present study. 
These results indicate the lower diversity of our isolates 
compared to the above mentioned studies. However, 
the capsular typing in the present study was not suit-
able method for genotyping of the S. agalactiae isolates 
may due to the limitation of the primers used. Thus, 
we should investigate other capsular genes in our iso-
lates in the future. Amal et al. found 13 different groups 
among 181 S. agalactiae isolates collected from diseased 
fish, from which six groups were composed of only one 
strain, while group 4 was contained 70 strains (Amal 
et al. 2013). We detected five groups in the present study, 
from which 34 isolates were composed in group 1, and 
56 isolates belonged to the group 2, while other 16 iso-
lates were divided in three groups. Our study revealed a 
25.23% prevalence of S. agalactiae colonization in preg-
nant women, which was considerable and similar to other 
studies conducted in Iran and other countries worldwide. 
The rate of S. agalactiae isolation from vaginal swabs 
was more than the rectal swabs in pregnant women. We 
found that the capsular types Ib and Ia were predominant 
among pregnant women in this area. This indicates the 
significance of these types for development of vaccine 
designation, especially for this area. On the other hand, 
our isolates showed a lower genotypic diversity in RAPD 
typing. This may be due to the same sources of most iso-
lates. However, we found that the capsular typing by PCR 
method need to the investigation of all capsular genes 
identified in S. agalactiae isolates.
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Limitations
All primers for GBS serotyping were not used. Also, the 
limitation of the genotyping method was the use of one 
primer.
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