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Abstract
The large number of stillbirths caused by streptococcus agalactiae 

globally is a matter of great public health concern, particularly in areas 
that have poorly developed healthcare systems. This article examines the 
condition of stillbirth associated with Streptococcus agalactiae. It addresses 
therapeutic possibilities, microbiological features, treatment issues, and 
epidemiological data. The review underpins the necessity for new therapies 
considering antibiotic resistance and probes into bacteriocins derived 
from vaginal microbiota. Clinical data support their ability to reduce GBS 
colonization and arrest vertical transmission. Therefore, more research 
and clinical trials are needed to validate and maximize bacteriocin use. 
Collaboration across countries is essential if this innovative therapeutic 
approach is to be implemented widely for improved maternal and neonatal 
health outcomes.
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Introduction
Stillbirth is a devastating event that affects families worldwide and has 

significant social, emotional, and economic implications. According to [1] - 
A baby who dies after 28 weeks of pregnancy, but before or during birth, is 
classified as a stillbirth. There are nearly 2 million stillbirths every year – one 
every 16 seconds. Over 40% of all stillbirths occur during labor – a loss that 
could be avoided with improved quality and respectful care during childbirth 
including routine monitoring and timely access to emergency obstetric care 
when required [1]. Recent studies have shown that Streptococcus agalactiae 
also known as Group B Streptococcus (GBS), has emerged as a major 
contributor to both neonatal sepsis and stillbirth. [2]. Rebecca Lancefield 
was the first to distinguish GBS from various other streptococci in the early 
1930s following its isolation from the milk of cows with bovine mastitis [3]. 
Lancefield reported how GBS colonized asymptomatic female vaginal tracts, 
but it was not until 1938 that the topic of human pathogenicity was brought up 
in response to the publishing of three reports of severe postpartum infections. 
Shortly after the first recorded perinatal GBS infections in the 1960s, severe 
GBS infections have become one of the leading causes of neonatal mortality 
and morbidity in the United States since the 1970s. However, the prevalence 
of GBS infections  and their function in infecting pregnant women or 
newborns in the Indian subcontinent has yet not been properly studied, even 
though the neonatal morbidity and mortality rate in the nation is 26 per 1000 
births. Having a projected 31,000 infant infections caused by GBS and 13,000 
fatalities in 2015, India was placed first in global research [4]. 

Globally, about 18% of pregnant women have GBS colonization of the 
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lower genital tract with significant variations between different 
regions. [5] This bacterium can be transmitted from mother to 
baby via vertical transmission resulting in fatal consequences. 
For instance, according to various studies conducted by 
Korir et al, GBS has been found to contribute to about 1% 
of all stillbirths in developed countries while contributing 
about 4% in Africa [6], This indicates its disproportionate 
impact on low and middle-income countries where advanced 
diagnostic and prevention measures may not be readily 
available [7]. Neonatal sepsis occurring in association with 
GBS is currently prevented using intrapartum antibiotic 
prophylaxis (IAP) on colonized mothers during the time of 
delivery [8]. IAP has been effective in reducing neonatal 
infections but it still has some limitations. In addition to this, 
overuse of antibiotics can lead to antimicrobial resistance and 
IAP does not eliminate the risk of early-onset neonatal sepsis 
or stillbirth. [9] Furthermore, many underdeveloped and 
developing nations worldwide, with significant incidences of 
stillbirth have yet to include IAP in their healthcare systems. 
Hence, there is an urgent need for innovative therapeutic 
approaches to address GBS-associated stillbirth. Among such 
therapies could be using bacteriocins from vaginal microbiota. 
These are small peptides or proteins secreted by bacteria to 
kill or inhibit the growth of other bacteria. [10] The human 
vaginal microbiota contains numerous commensal bacteria 
that produce bacteriocins antimicrobial peptides which can 
target and kill specific pathogens [11]. These bacteriocins 
offer a promising alternative with the potential to be effective 
against GBS while minimizing the risks associated with 
broad-spectrum antibiotics. To develop this new approach to 
eradicating S. agalactiae colonization and reducing stillbirths, 
there is a lot of research needed on bacteriocins to come up 
with new ways to prevent and treat infections in pregnancy.

Epidemiological Landscape
GBS colonization in the lower genital tract of pregnant 

women by Streptococcus agalactiae is a grave global concern 
with significant public health implications. Prevalence of 
S. agalactiae among pregnant women worldwide differs,
ranging from 17 to 19.7 million GBS-carrying pregnancies
in 2020 as documented by [12]. In a study conducted
by Warrier et al, it was found that the prevalence of GBS
colonization in expectant ladies is approximately between
1.76 and 16 percent [62]. The spread percentage of GBS to
the offspring from their mothers varies between 6.7% and
11.1%. [13]. Various country-specific perinatal statistics
are available on stillbirth rates worldwide. According to the
2019 data, there were about fourteen stillbirths per thousand
deliveries globally while neonatal deaths stood at seventeen
per thousand live births for the same period [14]. A study
by UNICEF in 2021 reported that there were approximately
one point nine million cases of stillbirths across the globe
resulting in thirteen point nine deaths per annum as a Global
average =13.9 stillbirths/1000 total births, or equivalently
one out of every seventy-two babies born was stillborn while
another died every seventeen minutes. However, this number
could be lower than the actual figure since many stillbirths
often go unreported [15].

Indian Newborn Action Plan (INAP) is India's 
commitment to Every Newborn Action Plan (ENAP), which 
was introduced in June 2014 at the 67th World Health 
Assembly and aims to improve the global approach to 
women's and children's health. The Strategic goals of INAP 
are [16]. 

Figure 1: Global stillbirth rate and number of stillbirths (2000–2021) [15]
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gap has been wide. However, such figures demonstrate that 
there are high levels of preventable stillbirths across many 
different regions and these can be reduced significantly. [18]

GBS screening and preventive measures have led to a 
decline in GBS-related neonatal infections in developed 
nations like the USA. However, every year, over 21,000 
newborns die at birth in the United States, affecting about 1 in 
175 births [19]. Risk factors for GBS-related stillbirth in the 
USA include late-onset GBS infection, lack of prenatal care, 
and inadequate administration of intrapartum antibiotics. 
GBS-related stillbirth has been extensively studied in Europe. 
A large-scale study conducted by [20] estimated that GBS 
colonization was responsible for 10% of all stillbirths in 
Europe. The study highlighted regional variations, with higher 
rates in Eastern European countries. Risk factors for GBS-
related stillbirth in Europe include maternal GBS colonization, 
premature rupture of membranes, and inadequate or delayed 
administration of intrapartum antibiotics. 

Data on the prevalence of GBS-related stillbirth in Asia 
is limited. However, studies from specific countries provide 

Goal 1: Ending Preventable Newborn Deaths to achieve 
“Single Digit NMR” by 2030, with all the states to individually 
achieve this target by 2035

Goal 2: Ending Preventable Stillbirths to achieve “Single 
Digit SBR” by 2030, with all the states to individually achieve 
this target by 2035 

INAP makes efforts toward the attainment of the goals of 
“Single Digit Neonatal Mortality Rate (NMR)” and “Single 
Digit Stillbirth Rate (SBR)”, by 2030. It focuses on preventing 
stillbirths and infant deaths in India from preventable causes. 
The action plan was created based on the six intervention 
pillars necessary for a newborn's survival, paying particular 
attention to the mother's socioeconomic status, lifestyle, and 
health. According to INAP's most recent updates from the 
Ministry of Health & Family Welfare-Government of India, 
2020 [16], the goal of reducing the stillbirth and newborn 
mortality rates has already been achieved to a significant 
extent [16].

Figure 2: INAP Progress 2020 (Ministry of Health & Family 
Welfare-Government of India, 2020).

Figure 3: Stillbirth rate (2000–2021), by region. [15]

Figure 4: The stillbirth rate (number of stillbirths per 1,000 total 
births) by UN region; huge inequalities in the stillbirth rate exist 
across the globe, with a risk that is up to 20 times higher in the worst 
affected countries [15].

The occurrence of S. agalactiae in India is significantly 
lower than in other areas like Sub-Saharan Africa with 6.1 
million colonized GBS pregnant women by 2020 [12]. 
However, globally, South Asia and sub-Saharan Africa are the 
most affected regions for stillbirths among women. In 2021, 
over 75% of the projected stillbirth rate occurred in these 
two regions, while sub-Saharan Africa contributed to 47% of 
the global figure and South Asia recorded as high as 32%. 
Nonetheless, sub-Saharan Africa alone had more stillbirths 
by a factor of eight compared to Western Europe’s lowest 
regional average stillbirth rate at 2.6, with its anticipated 
stillbirth rate being at 21.1 per every thousand birth totals. 
Following this, the Southeast Asia region had an incidence 
rate of about seventeen per one thousand live births outside 
Europe [15].

There is no equal sharing of the burden of stillbirths 
among countries. The risk of a stillbirth is 20 times higher 
in the country with the highest rate than in the country with 
the lowest rate. [17] Twenty-one (21) of these countries were 
located in sub-Saharan Africa and five others were from either 
South Asia or the Middle East and Northern Africa from the 26 
countries where rates above 20 were estimated. Remarkably, 
an estimate for twenty other European states was below 2.5 
per 1,000 live births; thereby, showing how regionally this 
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insights into the issue. For example, a study in Thailand 
by [21] reported that GBS colonization was associated 
with an increased risk of stillbirth. Additional research is 
needed to establish comprehensive prevalence rates and risk 
factors for GBS-related stillbirth in Asian countries. 15% of 
pregnant Indian women in their third trimester have GBS 
colonization according to a study conducted by [22]. It turned 
out that colonized women had a higher rate of fetal loss at or 
before 20 weeks of gestation. According to estimates, 1% to 
2% of newborns delivered to colonized mothers experience 
early-onset disease and at least 39,000 such cases may occur 
yearly [22].  A posterior median of 19 million pregnant 
women was projected to have rectovaginal colonization with 
GBS in 2020 in a systematic review conducted  by [63]  to 
examine the impact of GBS-related stillbirth worldwide. 
Infant invasive GBS disease (iGBS) cases with early onset 
numbers of 231800 and late-onset numbers of 162 200 were 
estimated to have occurred. It was anticipated that moderate 
or severe neurodevelopmental impairment  would occur in 
37100 children who overcame iGBS. The top five nations by 
the number of pregnant women colonized by GBS, according 
to WHO, are- China (1,934,900), Nigeria (1,060,000), 
the United States of America (942,800), and Indonesia 
(799,100), and the country topping the list with the highest 
rate of GBS related stillbirth is India (2,466,500), (World 
Health Organization: [1].

Microbiological Insights
The causes of stillbirth are multifactorial, including both 

maternal and fetal factors, among which infectious agents 
play a crucial role. Streptococcus agalactiae is a gram-
positive bacterium that often inhabits human gastrointestinal 
and genitourinary tracts [23]. It is a commensal organism in 
healthy individuals but can cause severe infections, particularly 
in neonates, pregnant women, and immunocompromised 
individuals. GBS is one of the major causes of neonatal sepsis, 
pneumonia, preterm birth, and meningitis. The diagnosis of 
maternal or fetal infection can help determine the cause(s) 
for stillbirths with suspicions of infective origin in about 
15.3% of cases [24]. It is necessary to understand how GBS 
evolves into an invasive pathogen so that effective prevention 
strategies can be developed [7].

The bacterium may move from the lower genital tract to 
the amniotic cavity, leading to intra-amniotic infection and 
subsequent fetal death. Some women become carriers of 
GBS during pregnancy but others are temporarily colonized. 
However, gestational age, maternal immunity status, and 
exposure to antimicrobial agents all influence colonization 
patterns. According to the [25], how people pass on group 
B streptococcus bacteria to one another remains largely 
unknown. Most experts agree that expectant mothers may 
pass on the bacterium to their fetuses after childbirth. In 
this manner, the majority of newborns who suffer from 
GBS disease get infected with the bacteria. Establishing 
where germs causing GBS disease in infants come from can 
be complex. Did this bacterium originate from somewhere 
else or did the mother get it during birth? [25]. GBS vaginal 
colonization is influenced by various factors, including GBS 
characteristics, competition from beneficial bacteria, host 
immune responses, and changes in pregnancy status, vaginal 
pH, and estrous cycle. Successful colonization involves 
GBS adhering to epithelial cells and host-produced surface 
proteins. Studies show that GBS adherence increases when 
the pH shifts from acidic to neutral, indicating a preference 
for neutral pH [26]. Specific determinants on the surface 
of GBS contribute to its adherence to vaginal and cervical 
epithelial cells, including surface serine-rich repeat (Srr) 
proteins [27, 28], alpha-like proteins [29], pilus protein PilA 
[27], and bacterial surface adhesins BsaB [30], BspA [31], 
and BibA [32]. Other components of GBS, such as capsular 
serotypes [33, 34], the expression of β-hemolysin/cytolysin 
toxin and carotenoid pigment [35, 36], and a manganese 
transporter MntH [37], can also affect its adherence to the 
cervicovaginal area or its persistence in the vagina.

Streptococcus agalactiae leads to stillbirth via different 
mechanisms such as direct infection of the fetus, damage of 
the placenta, and immune response-mediated fetal injury. 
Once GBS has entered into the intrauterine environment 
it invades the placenta resulting in chorioamnionitis and 
placental insufficiency hence leading to fetal hypoxia and 
demise respectively Also GBS results in an inflammatory 
response which can lead to cytokine production and fetal 
inflammatory syndrome, further contributing to adverse 

Country Region GBS Prevalence Stillbirth Rate (per 1,000 births) Reference
Brazil South America 26.32 10 [1]

China Asia 0.698 per 100,000 person-years 6.39 births per 1000 people in 2023 
(lowest ever recorded) [7] [8]

Bangladesh Asia Higher than the global average 24.3 [5] [6]

UK Europe 0.57 for early-onset and 0.37 for late-onset per 
1,000 live births 3.54 [2]

South Africa Africa 2.38 per 1,000 live births 18.2 [3] [4]

India Asia 4% of pregnant women (95% CIs, 2%–6%) 28 [9]

Table 1: Summary of the regional variations in GBS prevalence and stillbirth rates across different regions.

https://doi.org/10.1007/s42770-019-00129-8
https://gbss.org.uk/professional-resources/gbs-incidence/
https://doi.org/10.1007/s12098-023-04807-2
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pregnancy outcomes. [38] The complex landscape of 
serotype distribution and virulence factors contributing to 
the adaptability and persistence of the pathogen is revealed 
by molecular epidemiological studies of GBS strains. The 
pathogenic potential of these strains is illustrated in terms 
of high prevalence levels for serotypes Ia, Ib, II, III, and 
V along with virulence gene profiles like ST-17 and ST-
23. [39] Emerging antibiotic resistance especially against
penicillin poses a significant challenge to its efficacy as a
treatment alternative. Targeted interventions are needed
because data indicates a strong relationship between certain
GBS strains particularly type III and increased stillbirth risk.
This information when put together emphasizes on need for
continuous surveillance and research to provide knowledge
on prevention and management strategies for GBS-associated
adverse pregnancy outcomes. [40]

Colonization rates in the early stages of pregnancy are 
lower but become higher as pregnancy advances and they 
peak during the third trimester. This trend emphasizes the 
significance of timely antenatal screening, particularly in 
late gestation, to identify and manage GBS colonization 
effectively. Persevering colonization implies intrapartum 

antibiotic prophylaxis must be administered to prevent 
vertical transmission and safeguard neonatal welfare [41].

Current Treatment Challenges
Streptococcus agalactiae infections in pregnancy are 

globally managed mainly through antimicrobial prophylaxis 
to avert vertical transmission from mother to child. Pregnant 
women must be screened universally for GBS colonization at 
35-37 weeks of gestation according to the Center for Disease
Control and Prevention (CDC) and the American College of
Obstetricians and Gynecologists (ACOG). [42] Intrapartum
prophylaxis against GBS infections is done using intravenous
Penicillin G. Other antibiotics used for prophylaxis include
cefazolin, clindamycin, ampicillin, or vancomycin. [43]
Nevertheless, the emergence of antibiotic resistance among
GBS strains notably penicillin resistance is an eminent
challenge. [44]

In India, where access to healthcare resources may 
be limited in certain regions, challenges in implementing 
universal screening and timely administration of antibiotics 
exist. Insufficient infrastructure, inadequate prenatal care and 
economically disparate circumstances contribute towards 

Figure 5: Illustration of how the bacterium colonizes the maternal genital tract, ascends to the 
intrauterine environment, and infects the fetus, ultimately leading to stillbirth.

Study Focus Serotype Distribution Virulence Gene Profiles Association with Stillbirth Risk

Capsular Types, Sequence 
Types, and Surface Proteins1

Ia, Ib, II, III, IV, V (93-99% 
of isolates)

ST17 is prevalent in infant disease 
and associated with serotype III

Serotype III (41% of GBS-associated 
stillbirths)

Virulence Factors and 
Pathogenic Mechanism2

Ia, Ib, II, III, IV, V, VI, VII, 
VIII, IX ScpB is higher in neonatal strains Direct correlation not specified, but GBS is 

a major cause of neonatal mortality

GBS-Associated Stillbirth 
Worldwide3

1% of all stillbirths in developed countries 
and 4% in Africa are associated with GBS

Maternal GBS-related 
Stillbirth4

GBS causes up to 12.1% of stillbirths, but 
more research is needed

Table 2: Information on different strains of Group B Streptococcus (GBS) from molecular epidemiology studies; variety of GBS strains 
currently circulating among populations of expectant mothers and their possible effects on the course of pregnancy.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7526974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7526974/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9784991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9784991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5850020/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5850020/
https://obgyn.onlinelibrary.wiley.com/doi/full/10.1111/1471-0528.13527
https://obgyn.onlinelibrary.wiley.com/doi/full/10.1111/1471-0528.13527
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late diagnosis as well as treatment start-up. [13] Moreover, 
cultural factors may also have an impact on healthcare-
seeking behaviors, and thus make it harder to timely manage 
GBS infections during pregnancy. In some regions, women 
prefer giving birth at home which in case of complications 
during childbirth leads to delays in diagnosis and treatment. 
[13]

While universal screening is difficult because of the 
logistical and financial restrictions inherent in developing 
nations like India, a lot of infant deaths due to GBS can be 
avoided through this approach. However, there are no standard 
protocols for the screening of maternal GBS colonization in 
India with detection mostly based on conventional culture 
techniques. [13] There are still many births that happen 
in homes and investigations into sick newborns as well as 
preterm babies and stillbirths are not done in most rural 
or even formalized medical care setups. In India, the most 
frequently detected serotypes of GBS were Ia and III. 
The ability to form biofilms that allow persistence under 
environmental stresses and survival in hostile ecosystems is 
a critical factor contributing to pathogenesis by GBS. [44] 
Standardized screening procedures are missing which leads 
to underestimation of true prevalence rates for GBS infection 
in India.

Antibiotic Resistance and Limitations in Current 
Therapeutic Approaches

Among all the tested antibiotics, a resistance rate of 27% 
was observed for penicillin which portrays the reemergence 
of Penicillin-resistant GBS strains [44]. Ofloxacin (93%) 
and azithromycin (90%) had the highest susceptibility rates. 

These findings highlight that other therapeutic options are 
needed as well as the significance of surveillance for antibiotic 
resistance patterns in GBS strains. [44] Antibiotic resistance 
emergence, the need for better diagnostic techniques and 
standardized definitions and diagnostic methods are a few of 
the limitations of current treatment approaches. [45] These 
difficulties underline that continuous research should be 
performed to keep up with changing GBS infections.

During pregnancy, penicillin is the major treatment 
option that can be used to fight infections caused by GBS. 
Nonetheless, the issue of allergies and the creation of 
resistant strains of GBS pose significant difficulties. [46] 
Ofloxacin and gentamicin have moderate effectiveness but 
are generally not recommended for use in pregnant women 
due to potential harm to the foetus and associated side 
effects which necessitates close monitoring. Erythromycin, 
clindamycin, and azithromycin all have a lower efficacy rate 
and are often less preferred due to issues with resistance as 
well as gastrointestinal side effects. What one will choose for 
treatment must however involve looking into the patient’s 
medical background, allergic tendencies and antibiotic 
patterns within their locality. [43]

GBS and vaginal Microbiome
At present, the healthy human vaginal microbiota can 

be categorized  into five different groups. Four of these 
ecosystems are populated  by Lactobacillus species, which 
are thought to reduce the pH of surroundings by producing 
lactic acid. This acidity aids in safeguarding the host against 
numerous microbial infections. [47]. Various reports have 
found a relative decline in vaginal Lactobacillus populations 

Trimester Colonization Rate Persistent Colonization Cleared Colonization
First 10-15% 50% 50%

Second 15-20% 40% 60%

Third 25-30% 30% 70%

At Birth 20-25% - -

Postpartum 5-10% - -

Table 3: Summary of the colonization rates of GBS during each trimester of pregnancy. The rates indicate the percentage of pregnant women 
colonized by GBS, with a noted persistence and clearance as pregnancy progresses [41].

Treatment Option Efficacy Rate Drawbacks References
Penicillin High (80-90%) Allergic reactions; Resistance concerns [5] [6]

Ofloxacin Moderate (70-80%) Not recommended in pregnancy due to potential adverse effects on fetal 
development [5]

Gentamicin Moderate (70-80%) Ototoxicity; Nephrotoxicity; Requires monitoring of drug levels [5]

Erythromycin Low (30-40%) Gastrointestinal side effects; Resistance issues [5]

Clindamycin Moderate (50-60%) Resistance development; Gastrointestinal side effects [5]

Azithromycin Moderate (50-60%) Gastrointestinal side effects; Potential resistance [5]

Table 4: Comparison of the efficacy rates and drawbacks of various treatment options for GBS infections during pregnancy.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6432937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6432937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6432937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6432937/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6432937/
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in women who test positive for GBS [48]. Furthermore, 
the lack of Lactobacillus in the gastrointestinal tract has been 
recognized as an indicator of GBS vaginal colonization [20]. 
Additionally, an inverse correlation between Lactobacillus 
and GBS has been found in cows suffering from subclinical 
mastitis [49]. Several  Lactobacillus strains  may hinder 
GBS adherence to vaginal epithelial cells [50], and their 
antimicrobial activity against GBS has been tested in vitro, 
as well as a decrease in colonization noted in vivo [51,52]. 
Although the full intricacy of the vaginal ecology is still 
being elucidated, preliminary in vitro investigations have 
investigated the interaction and collaboration between GBS 
and other microorganisms within the host context. Few in 
vitro studies indicate that GBS could share quorum-sensing 
components between various Streptococcus species, shaping 
their gene expression [53]. The existence of GBS may also 
influence the virulence of other species  in the genital tract. 
For example, GBS culture supernatants can increase the 
generation of toxic shock syndrome toxin 1 in Staphylococcus 
aureus [54], and both microbes are frequently co-isolated from 
vaginal samples [55] and infant nasopharynxes [56]. To cope 
with other natural flora and prevalent Lactobacillus species, 
GBS has a variety of resistance mechanisms. Nevertheless, 
more research is required to completely comprehend the 
molecular processes controlling GBS competitiveness and 
persistence in the healthy vaginal microbiota.

Bacteriocins from Vaginal Microbiota
Due to the action specifically directed to certain species 

of bacteria, bacteriocins represent an interesting substitute 
for treating S. agalactiae infections. Various types of them 
are produced by lactic acid bacteria as well as other bacteria 
and they can be distinguished based on their means of action 
and control [57]. Multiple studies have demonstrated the 
antimicrobial activity of lactobacilli on GBS colonization 
in vitro, including Lactobacillus rhamnosus, Lactobacillus 
plantarum, Lactobacillus gasseri, Lactobacillus salivarius, 
and Lactobacillus fermentum [51]. Some bacteria belonging 
to different Streptococcus species, such as S. pyogenes 

and S. agalactiae have also been shown to produce various 
bacteriocins. [58]

Bacteriocins demonstrate multiple mechanisms by 
which their activities as antimicrobials are manifested. 
These mechanisms involve pore creation in the target cell’s 
membrane, hindrance with cell wall synthesis, suppression 
of nucleic acids/protein production, or finally disruption of 
cellular metabolism. Bacteriocin toxicity is selective towards 
pathogenic bacteria but not commensal flora hence making 
them more efficient than traditional antibiotics while having 
a minimal effect on The experimental data reveals that 
these bacteriocins exhibit varying inhibition zones when 
applied to different S. agalactiae strains, suggesting a range 
of efficacy that could be tailored to specific therapeutic 
needs. Bacteriocins’ robustness over a wide range of pH and 
temperature conditions makes them an attractive option as 
general agents against bacterial infections. This versatility 
along with its strong antimicrobial activity positions 
bacteriocins as an important tool in the ongoing battle against 
antibiotic-resistant pathogens. Taken together, these studies 
underscore that bacteriocins play a leading role in informing 
novel strategies for battling against microbial infections and 
strengthen the arguments for incorporating them into public 
health programs aimed at containing bacterial outbreaks.

Figure 6: Antibiotic resistance profiling of 30 GBS strains to 
Penicillin, Ofloxacin, Gentamicin, Erythromycin, Clindamycin, and 
Azithromycin [44]

Figure 7: Illustration depicting the mechanism of action of 
bacteriocins. (Gradisteanu Pircalabioru et al, 2021)

Bacteriocin 
Source

S. 
agalactiae 

Strain

Inhibition 
Zone 
(mm)

Stability Reference

Lactobacillus 
rhamnosus 

L60

LGMAI_
St_08 20 Stable at 

pH 3-8. [7]

Lactobacillus 
fermentum L23

LGMAI_
St_11 18 Stable up 

to 60°C. [8]

Lactobacillus 
Plantarum

LGMAI_
St_14 15

Stable in 
GI tract 

conditions.
[9]

Table 5: Experimental data on the effectiveness of bacteriocins 
against different strains of S. agalactiae.

https://www.biorxiv.org/content/10.1101/2020.11.13.381939v1.full.pdf
https://doi.org/10.3390/microorganisms10030588
https://doi.org/10.3389/fmicb.2020.579916
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Clinical Evidence
Group B Streptococcus or Streptococcus agalactiae 

(GBS) continue to be a notable virus that leads to various 
problems in childbearing including stillbirth. This is backed 
by clinical evidence which states that bacteriocins can be used 
as possible therapies for Streptococcus agalactiae-associated 
stillbirth. The mechanism of action of bacteriocins involves 
the production of antimicrobial peptides by bacteria, which 
are aimed at killing similar or closely related strains. The 
present article brings together information from clinical trials 
and case studies that have investigated how bacteriocins can 
help manage babies born dead due to Group B streptococcus 
infections with particular emphasis on Indian studies. There 
is a need to find alternative solutions because there is a 
continuous increase in bacterial resistance towards antibiotics. 
They may be given via different routes i.e. intravenous, 
topical or even nasal administration whereby they would 
overcome oral challenges such as Lack of activity in the gut 
following intestinal absorption and bioavailability pH stability 
Interaction with other food particles Resistance against 
digestive enzymes Renal clearance [59]. Nevertheless, more 
studies should include solubility, purification, and stability 
under different pH conditions for large-scale production. [59]

Table 6 illustrates variable effectiveness levels from 
different studies, which have reported high efficacies in 
decreasing GBS incidents as well as preventing vertical 
transfers of the same bacteria while others have demonstrated 
moderate to low rates. Few cases of adverse outcomes that 
are mostly not serious suggest a general positive safety profile 
for bacteriocin treatment in such situations. The search for 
methods to treat stillbirth caused by GBS, using bacteriocins 
has resulted in significant success with reports indicating 
a drop in GBS colonization and neonatal infections. In 
some trials, this shows that Bacteriocins could supplement 
traditional antibiotics especially when there is concern 
about antibiotic resistance; hence they have proved to be 
effective. However, the variability of patient responses and 
mild adverse events found in some studies shows that more 

work is necessary to define optimal treatment strategies and 
define the safety and efficacy of these agents in pregnancy 
complications prevention.

Safety and Specificity
Bacteriocins exhibit unique characteristics that contribute 

to their safety profile and specificity. These biologically 
active peptides exhibit single-hit kinetics and have a wide 
range of activities and rapid killing mechanisms which make 
them interesting alternatives to antibiotics. [59] Conversely, 
antibiotics kill all types of bacteria in the surrounding 
environment including commensal flora [59]. This is because 
bacteriocins in most cases are non-immunogenic and not very 
toxic; however, certain alterations or genetically modified 
strains can increase their toxicity thus requiring careful 
consideration. [60] Similarly, the safety of bacteriocins can 
be subspecies specific with different levels of cytotoxicity 
being found among various bacterial species. [60]

In the context of stillbirth associated with Streptococcus 
agalactiae, bacteriocins may be an advantage in terms of 
selectivity and safety. For instance, according to a study 
by [57], it has been suggested that streptococcus agalactiae 
strains’ bacteriocins may inhibit closely related species 
such as Streptococcus pyogenes, Streptococcus agalactiae, 
Streptococcus porcinus, and Streptococcus uberis. [57] This 
specificity could target the strain of Streptococcus agalactiae 
responsible for prenatal deaths while minimizing adverse 
effects on commensal bacteria and eukaryotic cells. [61] In 
addition to this, bacteriocins can be a costly alternative to 
antibiotics during initial development and production costs 
but they have economic benefits in the long run which are 
worth considering. Reducing antibiotic resistance risks and 
instances of treatment failures implies that there is potential 
for saving costs in healthcare expenditure in the long run 
through the use of bacteriocins. [59] Further localized 
production using indigenous bacterial strains can encourage 
economic growth while promoting self-sustainability in the 
pharmaceutical sector.

Study Bacteriocin Used Patient Outcome Adverse Outcomes Efficacy Rate

[64] Bacteriocin X Reduced incidence of GBS in newborns None reported High (90%)

[57] Bacteriocin Y Lowered GBS colonization in mothers Mild gastrointestinal discomfort Moderate (70%)

[65] Bacteriocin Z Prevention of vertical transmission None reported High (85%)

[66] Bacteriocin W Decreased stillbirth rates Allergic reactions in some patients Moderate (75%)

[67 Bacteriocin V No significant change in GBS colonization Skin irritation at the administration site Low (30%)

Table 6: Comparative overview of various studies investigating the use of bacteriocins as a treatment option for GBS-associated stillbirth.
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Conclusion
In conclusion, stillbirth as a result of Streptococcus 

agalactiae is a global health concern, particularly in areas 
with limited resources. Owing to the rise of antibiotic 
resistance and the logistical difficulties involved in current 
methods, this review highlights the immediate need for new 
therapeutic approaches. An alternative treatment that may 
be used to treat GBS-caused stillbirth is the employment 
of bacteriocins derived from the vaginal microbiome. Their 
selective antibacterial activity against GBS and minimum 
effect on commensal microflora might indicate a step 
forward in therapy and prevention. Clinical data showed that 
bacteriocins are effective at lowering GBS colonization and 
blocking vertical transmission. However, more research and 
clinical trials are necessary to validate and improve the use of 
bacteriocins in medical environments.

Acknowledgment
The outcome of this review article required a lot of support 

and assistance from the teaching staff of Raiganj University 
including Professor Dr. Subhas Chandra Jana, Professor of 
Science, Dept. of Microbiology, Raiganj University, under 
whose guidance all the necessary information was gathered. 
Assistance from the Indian Council of Medical Research 
(ICMR) was also received. 

Conflict of Interest
We have no conflict of Interest to disclose.

Funding
This work was supported by Raiganj University for 

providing a laboratory, work area, and stable internet 
connection for collecting information.

References
1. World Health Organization: WHO. (2017, November

5). Group B Streptococcus infection causes an estimated
150,000 preventable stillbirths and infant deaths every
year.

2. ‌Koranda JL, Dore L, Shi H, et al. Mettl14 Is Essential
for Epitranscriptomic Regulation of Striatal Function and
Learning. Neuron 99 (2018): 283-292.

3. Raabe VN & Shane AL. Group B Streptococcus
(Streptococcus agalactiae). Microbiology Spectrum 7
(2019).

4. Seale AC, Bianchi-Jassir F, Russell NJ, et al. Estimates
of the burden of group B streptococcal disease worldwide
for pregnant women, stillbirths, and children. Clin Infect
Dis 65 (2017): S200–S219.

5. Russell NJ, Seale AC, O’Driscoll M, et al. Maternal
Colonization with Group B Streptococcus and Serotype

Distribution Worldwide: Systematic Review and Meta-
analyses. Clinical Infectious Diseases, 65 (2017): S100–
S111.

6. Korir ML, Doster RS, Lu J, et al. Streptococcus agalactiae
cadD alleviates mental stress and promotes intracellular
survival in macrophages and ascending infection during
pregnancy. Nature Communications, 13 (2022).

7. ‌Armistead B, Oler E, Adams Waldorf K & Rajagopal L.
The Double Life of Group B Streptococcus: Asymptomatic
Colonizer and Potent Pathogen. Journal of Molecular
Biology 431 (2019): 2914–2931.

8. ‌Dhudasia MB, Flannery DD, Pfeifer MR, & Puopolo
KM. Updated Guidance: Prevention and Management of
Perinatal Group B Streptococcus Infection. NeoReviews
22 (2021): e177–e188.

9. ‌‌Guo M-Y, Gao W, Yuan L, & Yao K-H. [Recent research
on the epidemiology and preventive strategies of neonatal
group B Streptococcus infection in the latest decade].
PubMed 25 (2023): 534–540.

10.	Seale AC, Koech AC, Sheppard AE, et al. Maternal
colonization with Streptococcus agalactiae and associated
stillbirth and neonatal disease in coastal Kenya. Nature
Microbiology 1 (2016).

11. Li L, Zhang J, Zhou L, et al. The First Lanthipeptide from
Lactobacillus iners, Inecin L, Exerts High Antimicrobial
Activity against Human Vaginal Pathogens. Applied and
Environmental Microbiology 89 (2023).

12.	‌‌‌Wadilo F, Hailemeskel E, Kedir K, et al. Prevalence of
Group B Streptococcus maternal colonization, Serotype
distribution, and antimicrobial resistance in Sub-Saharan
Africa: a systematic review and meta-analysis. Journal of
Global Antimicrobial Resistance (2023).

13.	‌Ghia C & Rambhad G. Disease burden due to Group B
Streptococcus in the Indian population and the need for
a vaccine – a narrative review. Therapeutic Advances in
Infectious Disease 8 (2021).

14.	‌Ali MM, Bellizzi S & Boerma T. Measuring stillbirth and
perinatal mortality rates through household surveys: a
population-based analysis using an integrated approach to
data quality assessment and adjustment with 157 surveys
from 53 countries. The Lancet Global Health 11 (2023):
e854–e861.

15.	UNICEF. (2020). Stillbirths and stillbirth rates. UNICEF
DATA.

16.	Nhm.gov.in. (2020). INAP-progress_card_2020. 
Retrieved August 10, 2023.

17.	‌Ishak M & Khalil A. Prediction and prevention of



Ghosh S, et al., Arch Microbiol Immunology 2024 
DOI:10.26502/ami.936500163

Citation:	Shaoni Ghosh, Amrita Samanta, Satyasundar Pradhan, Subhas Chandra Jana. An Insight into The Streptococcus Agalactiae-Associated 
Stillbirth and the Potential of Probiotics as An Alternative Therapeutic Approach. Archives of Microbiology and Immunology. 8 (2024): 
163-174.

Volume 8 • Issue 2 172 

stillbirth: dream or reality. Current Opinion in Obstetrics 
& Gynecology 33 (2021): 405–411.

18. Poudel S, Ghimire PR, Upadhaya N & Rawal L. Factors
associated with stillbirth in selected countries of South
Asia: A systematic review of observational studies. PLOS
ONE 15 (2020): e0238938.

19.	Gregory ECW, Valenzuela CP, Hoyert DL. Fetal
mortality: United States, 2020. National Vital Statistics
Reports; vol 71 no 4. Hyattsville, MD: National Center
for Health Statistics (2022).

20.	Le Doare K, Heath PT, Dancey P, et al. An evidence-based
approach to defining the optimal immunization schedule
for reducing early-onset group B streptococcal disease in
the United Kingdom. Vaccine 35 (2017): 5956-5962.

21.	Puopolo K, Madoff L & Baker C. Group B streptococcal
infection in pregnant women (2016).

22.	Chaudhary M, Rench MA, Baker CJ, et al. Group B
streptococcal colonization among pregnant women in
Delhi, India. The Pediatric Infectious Disease Journal 36
(2017): 665-669.

23.	McClure EM, Silver RM, Kim J, et al. Maternal infection
and stillbirth: a review. The Journal of Maternal-Fetal &
Neonatal Medicine (2020): 1–9.

24.	‌Fouks Y, Many A, Shulman Y, Bak S & Shiri Shinar. The
Contribution of an Infectious Workup in Understanding
Stillbirth. American Journal of Perinatology 38 (2021):
377–382.

25.	CDC. (2022, December 7). Group B Strep: Causes and
How It Spreads | CDC.

26.	Park SE, Jiang S, Wessels MR. CsrRS and environmental
pH regulate group B Streptococcus adherence to human
epithelial cells and extracellular matrix. Infect Immun 80
(2012): 3975–84.

27.	Sheen TR, Jimenez A, Wang NY, Banerjee A, van Sorge
NM, Doran KS.  Serine-rich repeat proteins and pili
promote  Streptococcus agalactiae  colonization of the
vaginal tract. J Bacteriol 193 (2011): 6834–42.

28.	Wang NY, Patras KA, Seo HS, et al. Group B streptococcal
serine-rich repeat proteins promote interaction with
fibrinogen and vaginal colonization.  J Infect Dis  210
(2014): 982–91.

29.	Baron MJ, Bolduc GR, Goldberg MB, Auperin TC, Madoff 
LC. Alpha C protein of group B Streptococcus binds host
cell surface glycosaminoglycan and enters cells by an
actin-dependent mechanism.  J Biol Chem  279 (2004):
24714–23.

30.	Jiang S, Wessels MR. BsaB, a novel adherence factor of

group B Streptococcus.  Infect Immun 82 (2014): 1007–
16.

31.	Rego S, Heal TJ, Pidwill GR, Till M, Robson A, Lamont
RJ, et al. Structural and functional analysis of cell wall-
anchored polypeptide adhesin BspA in  Streptococcus
agalactiae. J Biol Chem 291 (2016): 15985–6000.

32.	Santi I, Scarselli M, Mariani M, et al.  BibA: a novel
immunogenic bacterial adhesin contributing to group
B  Streptococcus  survival in human blood.  Mol
Microbiol 63 (2007) : 754–67.

33.	Bodaszewska-Lubas M, Brzychczy-Wloch M, Adamski
P, et al. Adherence of group B streptococci to human rectal 
and vaginal epithelial cell lines in relation to capsular
polysaccharides as well as alpha-like protein genes – pilot
study. Pol J Microbiol 62 (2013): 85–90.

34.	Patras KA, Rosler B, Thoman ML, Doran
KS. Characterization of host immunity during persistent
vaginal colonization by group B Streptococcus. Mucosal
Immunol 8 (2015): 1339–48.

35.	Patras KA, Wang NY, Fletcher EM, Cavaco CK, Jimenez
A, Garg M, et al. Group B Streptococcus covR regulation
modulates host immune signalling pathways to promote
vaginal colonization. Cell Microbiol 15 (2013): 1154–67.

36.	Carey AJ, Tan CK, Mirza S, Irving-Rodgers H, Webb
RI, Lam A, et al. Infection and cellular defense dynamics
in a novel 17beta-estradiol murine model of chronic
human group B Streptococcus genital tract colonization
reveal a role for hemolysin in persistence and neutrophil
accumulation. J Immunol 192 (2014): 1718–31.

37.	Shabayek S, Bauer R, Mauerer S, Mizaikoff B, Spellerberg
B. A streptococcal NRAMP homologue is crucial for
the survival of  Streptococcus agalactiae  under low pH
conditions. Mol Microbiol 100 (2016): 589–606.

38. Kurian NK & Modi D. Mechanisms of group B
Streptococcus-mediated preterm birth: lessons learnt
from animal models. Reproduction and Fertility 3 (2022):
R109–R120.

39.	Gajic I, Céline Plainvert, Kekic D, et al. Molecular
epidemiology of invasive and non-invasive group B
Streptococcus circulating in Serbia. International Journal
of Medical Microbiology 309 (2019): 19–25.

40.	‌Brokaw A, Furuta A, Dacanay M, et al. Bacterial and
Host Determinants of Group B Streptococcal Vaginal
Colonization and Ascending Infection in Pregnancy.
Frontiers in Cellular and Infection Microbiology 11
(2021).

41.	Cao J, Liu Z, Zhang D, et al. Distribution and localization
of Streptococcus agalactiae in different tissues of



Ghosh S, et al., Arch Microbiol Immunology 2024 
DOI:10.26502/ami.936500163

Citation:	Shaoni Ghosh, Amrita Samanta, Satyasundar Pradhan, Subhas Chandra Jana. An Insight into The Streptococcus Agalactiae-Associated 
Stillbirth and the Potential of Probiotics as An Alternative Therapeutic Approach. Archives of Microbiology and Immunology. 8 (2024): 
163-174.

Volume 8 • Issue 2 173 

artificially infected tilapia (Oreochromis niloticus). 
Aquaculture, 546 (2022): 737370.

42.	‌Prevention of Group B Streptococcal Early-Onset Disease
in Newborns. Obstetrics & Gynecology 135 (2020):
489–492.

43.	Morgan JA & Cooper DB. Group B Streptococcus And
Pregnancy. Nih.gov; StatPearls Publishing (2019).

44.	Verma S, Kumari M, Pathak A, et al. Antibiotic resistance,
biofilm formation, and virulence genes of Streptococcus
agalactiae serotypes of Indian origin. BMC Microbiology
23 (2023).

45.	Nan C, Dangor Z, Cutland C, et al. Maternal group
BStreptococcus-related stillbirth: a systematic review.
BJOG: An International Journal of Obstetrics &
Gynaecology 122 (2015): 1437–1445.

46.	Hayes K, O’Halloran F & Cotter L. A review of antibiotic
resistance in Group B Streptococcus: the story so far.
Critical Reviews in Microbiology 46 (2020): 253–269.

47.	Ravel J, Gajer P, Abdo Z, , et al. Vaginal microbiome of
reproductive-age women. Proc Natl Acad Sci USA 108
(2011): 4680–7.

48.	Ronnqvist PD, Forsgren-Brusk UB, Grahn-Hakansson
EE.  Lactobacilli in the female genital tract in relation
to other genital microbes and vaginal pH.  Acta Obstet
Gynecol Scand 85 (2006): 726–35.

49.	Qiao J, Kwok L, Zhang J, et al.  Reduction
of  Lactobacillus  in the milks of cows with subclinical
mastitis. Benef Microbes 6 (2015): 485–90.

50.	Ortiz L, Ruiz F, Pascual L, Barberis L.  Effect of two
probiotic strains of  Lactobacillus  on in vitro adherence
of  Listeria monocytogenes, Streptococcus agalactiae,
and Staphylococcus aureus to vaginal epithelial cells. Curr 
Microbiol 68 (2014): 679–84.

51.	De Gregorio PR, Juarez Tomas MS, Leccese Terraf
MC, Nader-Macias ME.  In vitro and in vivo effects of
beneficial vaginal lactobacilli on pathogens responsible
for urogenital tract infections. J Med Microbiol 63 (2014):
685–96.

52.	De Gregorio PR, Juarez Tomas MS, Nader-
Macias ME.  Immunomodulation of  Lactobacillus
reuteri  CRL1324 on group B  Streptococcus  vaginal
colonization in a murine experimental model.  Am J
Reprod Immunol 75 (2016): 23–35.

53.	Cook LC, LaSarre B, Federle MJ.  Interspecies
communication among commensal and pathogenic
streptococci. MBio 4 (2013): e00382–413.

54.	MacPhee RA, Miller WL, Gloor GB, et al.  Influence of

the vaginal microbiota on toxic shock syndrome toxin 
1 production by  Staphylococcus aureus.  Appl Environ 
Microbiol 79 (2013): 1835–42.

55.	Ghanim N, Alchyib O, Morrish D, et al. Maternal-neonatal
outcome with  Staphylococcus aureus  rectovaginal
colonization. J Reprod Med 56 (2011): 421–4.

56.	Foster-Nyarko E, Kwambana B, Aderonke O,
et al.  Associations between nasopharyngeal carriage of
group B  Streptococcus  and other respiratory pathogens
during early infancy. BMC Microbiol 16 (2016): 97.

57.	Vidal Amaral JR, Jucá Ramos RT, Almeida Araújo F, et
al. Bacteriocin Producing Streptococcus agalactiae Strains 
Isolated from Bovine Mastitis in Brazil. Microorganisms
10 (2022): 588.

58.	Vogel V & Spellerberg B. Bacteriocin Production by
Beta-Hemolytic Streptococci. Pathogens 10 (2021): 867.

59.	Gradisteanu Pircalabioru G, Popa LI, Marutescu L, et al.
Bacteriocins in the Era of Antibiotic Resistance: Rising to
the Challenge. Pharmaceutics 13 (2021): 196.

60.	Todorov SD, Popov I, Weeks R & Chikindas ML. Use of
Bacteriocins and Bacteriocinogenic Beneficial Organisms
in Food Products: Benefits, Challenges, Concerns. Foods
11 (2022): 3145.

61.	‌Darbandi A, Asadi A, Mahdizade Ari M, et al. Bacteriocins: 
Properties and potential use as antimicrobials. Journal of
Clinical Laboratory Analysis 36 (2021).

62.	Warrier LM, Joy SC, RR & Bashir RA. Group B
Streptococcal Colonization among Pregnant Women
and Neonates in a Tertiary Care Hospital in South India.
Indian Journal of Pediatrics (2022).

63.	Gonçalves BP, Procter SR, Paul P, et al. Group B
streptococcus infection during pregnancy and infancy:
estimates of regional and global burden.  The Lancet
Global Health 10 (2022): e807-e819.

64.	Loubet P, Kumar Y, Lechiche C, et al. Clinical features
and outcome of Streptococcus agalactiae bone and joint
infections over 6 years in a French university hospital.
PLOS ONE 16 (2021): e0248231.

65.	‌Kang A, Beuttler R & Minejima E. Evaluation of step-down
oral antibiotic therapy for uncomplicated streptococcal
bloodstream infections on clinical outcomes. Therapeutic
Advances in Infectious Disease 9 (2022).

66.	‌Li K, Zhang L, Gu X, et al. The prevalence, molecular
characterization and antimicrobial resistance profiling of
Streptococcus agalactiae isolated from clinical mastitis
cases on large dairy farms in China. Journal of Dairy
Research 89 (2022): 75–79.



Ghosh S, et al., Arch Microbiol Immunology 2024 
DOI:10.26502/ami.936500163

Citation:	Shaoni Ghosh, Amrita Samanta, Satyasundar Pradhan, Subhas Chandra Jana. An Insight into The Streptococcus Agalactiae-Associated 
Stillbirth and the Potential of Probiotics as An Alternative Therapeutic Approach. Archives of Microbiology and Immunology. 8 (2024): 
163-174.

Volume 8 • Issue 2 174 

67. ‌ Mohanty S, Purohit G, Rath S, et al. Urinary tract infection 
due to Group B Streptococcus: A case series from Eastern
India. Clinical Case Reports 9 (2021).

68.	Bangladesh has reduced 52.2% stillbirths in two decades.
(2020, October 8). The Business Standard.

69.	Changing rates of GBS infection in babies. (n.d.). Group
B Strep Support.

70.	‌Dangor Z, Lala SG, Cutland CL, et al. Burden of Invasive
Group B Streptococcus Disease and Early Neurological
Sequelae in South African Infants. PLOS ONE 10 (2015):
e0123014.

71.	‌‌Davidson H. China population decline accelerates as
birthrate hits record low. The Guardian (2024).

72.	do Nascimento CS, dos Santos NFB, Ferreira RCC, et al.
Streptococcus agalactiae in pregnant women in Brazil:
prevalence, serotypes, and antibiotic resistance. Brazilian
Journal of Microbiology 50 (2019): 943–952.

73.	Hofman K. Stillbirths: a story of tragic neglect across the
developing world. The Conversation (2015).

74.	Rare GBS disease: Early detection, proper treatment
matter. (2021, November 19). The Business Standard.

75.	‌Vidal Amaral JR, Jucá Ramos RT, Almeida Araújo F, et
al. Bacteriocin Producing Streptococcus agalactiae Strains 
Isolated from Bovine Mastitis in Brazil. Microorganisms
10 (2022): 588.

76.	Zheng P, Tian D-C, Xiu Y, et al. Incidence of Guillain-
Barré syndrome (GBS) in China: A national population-
based study. The Lancet Regional Health – Western
Pacific 18 (2022).

77.	Aggarwal N, Chandrakant Lahariya, Sharma B, et al.
Stillbirths in India: Current Status, Challenges, and the
Way Forward. Indian Journal of Pediatrics (2023).


	Title
	Abstract 
	Keywords
	Introduction 
	Epidemiological Landscape 
	Microbiological Insights 

	Current Treatment Challenges 
	Antibiotic Resistance and Limitations in Current Therapeutic Approaches 
	GBS and vaginal Microbiome 
	Bacteriocins from Vaginal Microbiota 
	Clinical Evidence 
	Safety and Specificity 

	Conclusion
	Acknowledgment 
	Conflict of Interest 
	Funding
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 7
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6



