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ABSTRACT

Perinatal gut colonisation plays a crucial role in neonatal development. Microorganisms in colostrum and human

milk are among the first to colonise the neonatal gastrointestinal tract, playing a key role in shaping a healthy gut

microbiota. Current evidence indicates that perinatal antibiotic exposure may disrupt early microbial colonisa-

tion and modulate human milk microbiota. The most common form of this exposure is intrapartum antibiotic

prophylaxis, administered to over 40% of women because of vaginal colonisation with Streptococcus agalactiae

or the need for caesarean delivery. Despite growing interest, available studies are limited, highlighting the need

to better understand factors shaping human milk microbiota and early neonatal gut development. Therefore, this

review aims to summarise current evidence regarding the impact of perinatal antibiotic exposure on the micro-

biological composition of human milk and the establishment of the neonatal gut microbiota.
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DEVELOPMENT OF GUT MICROBIOTA
AFTER BIRTH

The establishment of the infant gut microbiota is a dy-
namic, multistage process. It begins in utero, and is in-
fluenced by host genetic material, microbial metabolites,
and microbial DNA. During the third trimester of gesta-
tion, the foetus swallows amniotic fluid, which has been
shown to contain microbial components, and may con-
tribute to the early colonisation of the gastrointestinal
tract by maternal microorganisms [1]. In the early post-
natal period, the gastrointestinal tract is predominantly
colonised by aerobic and facultative anaerobic bacteria,
and then as the infant gut proceeds toward maturity
the number of strict anaerobic microorganisms increases.
The maturation of the infant gut microbiota toward

ADDRESS FOR CORRESPONDENCE:

a composition characteristic of the adult intestinal ecosys-
tem takes nearly three years. Initial microbial colonisation
occurs at birth as a result of contact with the maternal
vaginal, intestinal, and skin microbiota, as well as with
environmental microorganisms. The oral microbiota is
shared almost entirely with the mother during the first
several days of life [2]. The mode of delivery significantly
impacts the development of the neonatal gastrointestinal
microbiota. It influences not only the types of bacteria ac-
quired by the newborn but also their overall abundance.
During vaginal delivery, the infant’s gut is colonised with
vaginal and intestinal bacteria from the mother, which
leads to the early establishment of a beneficial microbial
community. The initial colonisation of the neonatal gut is
typically characterised by aerobic and facultative anaero-
bic bacteria, including Streptococcus spp., Staphylococcus
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spp.» Escherichia coli, Lactobacillus spp., and Enterobacter
spp. During the first week of life, decreasing gut oxygen
levels promote colonisation by obligate anaerobes, includ-
ing Bifidobacterium spp., Bacteroides spp., and members
of the phylum Firmicutes [3]. Maternal-derived bacteria,
such as Lactobacillus and Bifidobacterium, may contribute
to the development of the infant gut microbiota. Many
of these early colonising bacteria produce short-chain fat-
ty acids (SCFAs), which lower intestinal luminal pH and
thereby inhibit the growth of pathogenic microorganisms.
Compared with infants born via caesarean section, those
delivered vaginally generally exhibit more diverse gut mi-
crobiota, along with lower levels of Staphylococcus species
and reduced colonisation by Clostridioides difficile [4].
Birth by caesarean section interrupts the microbial trans-
mission from the mother to a child that occurs during
vaginal birth. Consequently, the infant’s gastrointestinal
tract is initially colonised by bacteria from the maternal
skin - primarily Staphylococcus, Corynebacterium, Propi-
onibacterium, and Clostridium - as well as microorgan-
isms from the immediate neonatal environment. The in-
testinal microbiota following caesarean section (CS) is
characterised by delayed bacterial colonisation, reduced
bacterial abundance and diversity, and an increased abun-
dance of opportunistic pathogens related to the health-
care personnel and in some cases even hospital-associ-
ated strains such as Enterococcus, Klebsiella, Enterobacter
cloacae, and Clostridium perfringens [5]. After caesarean
section the neonatal gut microbiota is dominated by
Firmicutes (Enterococcus, Staphylococcus, Streptococcus,
Clostridium, Veillonella), and Proteobacteria (Klebsiella,
Enterobacter, Haemophilus) [6]. Compared with vag-
inal delivery, there is a reduced amount of Bacteroides,
Bifidobacterium, and Lactobacillus, as well as SCFAs [7].
Therefore, gut dysbiosis may be observed from the first
hours of life and can persist through the following days
and months, often lasting for at least two years [8].

RECOMMENDATIONS FOR ANTIBIOTIC
PROPHYLAXIS AT DELIVERY

Over the past decade, a global increase in antibi-
otic consumption has been observed, including their
use during pregnancy [9]. It is estimated that over 40%
of women received antibiotics during pregnancy as part
of peripartum prophylaxis for early-onset neonatal sepsis
caused by Streptococcus agalactiae (GBS) or for the pre-
vention of surgical site infection (SSI) following CS [10].

Caesarean section is among the most frequently per-
formed surgical procedures worldwide and plays a crucial
role in perinatal care by preventing maternal and neona-
tal morbidity and mortality in selected clinical situations,
such as obstructed labour or foetal distress [11]. In Po-
land, the proportion of births delivered by CS remains
among the highest in Europe, reaching 47.9% in 2024,
substantially exceeding the World Health Organisation

recommendation that CS rates should not surpass 15%
[12, 13]. Although CS is a life-saving intervention when
medically indicated, it is associated with a significantly
higher risk of postpartum infections - up to fivefold great-
er compared with vaginal birth - most commonly includ-
ing SSI, endometritis, and urinary tract infection [14].
Consequently, international and national guidelines rec-
ommend routine antibiotic prophylaxis for all women
undergoing elective or emergency CS [15]. According to
the recommendations of the Polish Society of Gynaecol-
ogists and Obstetricians (PTGiP), a single dose of a pen-
icillin or first-generation cephalosporin should be ad-
ministered intravenously 30-120 minutes prior to skin
incision, in such a way that a bactericidal concentration
of the agents is achieved in the serum and tissues when
the incision is made, effectively reducing the risk of severe
maternal infectious complications [16].

Streptococcus agalactiae (group B Streptococcus, GBS)
remains a leading cause of neonatal morbidity and mor-
tality worldwide. Current recommendations in Poland,
based mainly on guidelines from the Centers for Disease
Control and Prevention and adopted by the PTGiP ad-
vise universal screening for GBS colonisation between
35 and 37 weeks of gestation using vaginal and rectal cul-
tures [17]. Women with a positive result are candidates
for intrapartum antibiotic prophylaxis (IAP), which has
been shown to reduce the incidence of early-onset neo-
natal GBS sepsis by approximately 80% [18]. Intrapartum
prophylaxis should be administered at least four hours
prior to delivery, and intravenous penicillin (penicillin G,
ampicillin) or a first-generation cephalosporin is recom-
mended. Intrapartum antibiotic prophylaxis is also indi-
cated for women with unknown GBS status who deliver
preterm, for those with a history of a previous infant af-
fected by invasive GBS disease, for women with GBS bac-
teriuria during any trimester, preterm rupture of mem-
branes, prolonged rupture of membranes (> 18 hours),
signs of chorioamnionitis or maternal intrapartum fever
(> 38°C). Approximately 30% of pregnant women are
colonised with GBS, and vertical transmission occurs in
roughly 50% of cases, with about 1% of neonates devel-
oping invasive disease [19]. The introduction of IAP has
significantly reduced early-onset GBS disease, from one
case per 200 births to approximately one per 4,000 births,
although it does not affect the incidence of late-onset GBS
disease, which is typically acquired perinatally or from
the environment. While IAP is effective in preventing ear-
ly neonatal sepsis, it does not entirely prevent maternal-
to-neonate transmission of GBS or the occurrence
of late-onset disease [20].

IMPACT OF INTRAPARTUM ANTIBIOTIC
PROPHYLAXIS ON INFANT GUT MICROBIOTA

It is well established that the gut microbiome exerts
a variety of functions within the human organism, such
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as vitamin synthesis and the production of SCFAs, which
serve as an energy source for the host and help maintain
an acidic intestinal environment. It also protects against
pathogens, participates in the regulation of intestinal
permeability and interacts with the immune system, for
example by influencing the balance between regulatory
T-cells and Th17 responses. Therefore, concerns have
arisen about the potential impact of AP on the neonatal
gut microbiome. A growing body of evidence demon-
strates that IAP substantially influences the early devel-
opment of the infant gut microbiota. Across observational
and cohort studies conducted over the last two decades,
maternal exposure to antibiotics during pregnancy or
labour has been consistently associated with alterations
in microbial composition, reduced microbial richness,
and delayed establishment of key commensal taxa in
offspring. Intrapartum antibiotic prophylaxis used for
the prevention of GBS mainly targets Gram-positive bac-
teria, while surgical antibiotic prophylaxis affects both
Gram-positive and Gram-negative bacteria. As a result,
commensal Gram-positive bacteria, including Lactoba-
cillus species are markedly reduced after IAP administra-
tion [21]. One of the most consistent observations across
studies is a reduction in Bifidobacterium abundance
among infants exposed to IAP. This effect has been re-
ported across different delivery modes, antibiotic classes,
and analytical techniques, including culture-based meth-
ods, quantitative polymerase chain reaction (QPCR), and
high-throughput sequencing. Several studies indicate that
IAP exposure leads to both lower absolute and relative
abundances of Bifidobacteria, particularly Bifidobacte-
rium longum, B. breve, and B. bifidum, during the first
weeks to months of life. Although partial recovery may
occur over time — especially in breastfed infants — some
alterations persist for up to one year or longer, suggest-
ing a lasting imprint on microbiota development. Fur-
thermore, recent research regarding microbial deviations
following IAP in vaginally delivered term infants con-
sistently reports a reduction in Bacteroides. Moreover,
IAP exposure is frequently associated with an increased
abundance of Proteobacteria and facultative anaerobes,
including members of the Enterobacteriaceae family,
Enterococcus, and Clostridium. These shifts reflect a delay
in the transition toward a microbiota dominated by ob-
ligate anaerobes and are often accompanied by reduced
microbial diversity and richness. Beyond taxonomic
changes, functional consequences of IAP-related dysbio-
sis have also been described. These include reduced SCFA
production, altered metabolic pathways, and an increased
carriage of antimicrobial resistance genes in the infant gut
microbiome. Importantly, the magnitude and persistence
of these effects appear to be modified by factors such as
mode of delivery, duration and timing of antibiotic ex-
posure, and infant feeding practices, with breastfeeding
exerting a partially protective effect. Table 1 summarises
selected studies that investigated the impact of IAP on

the composition of the infant gut microbiota. A literature
search was conducted in the PubMed database to identi-
fy relevant studies. Additionally, the reference lists of se-
lected articles were screened to identify further relevant
publications. This review is narrative in nature and does
not represent a formal systematic review.

IMPACT OF INTRAPARTUM ANTIBIOTIC
PROPHYLAXIS ON HUMAN MILK MICROBIOTA

The impact of IAP on the human milk microbiome
is much less understood than its effect on the infant gut
microbiota. However, available evidence suggests that
perinatal antibiotic exposure may also alter its micro-
bial composition. Human milk microbiota is a dynamic
ecosystem, comprising both commensal and potentially
pathogenic bacteria, and serves as one of the sources for
neonatal gut colonisation. Hermansson et al. [47] in-
vestigated the composition of breast milk microbiota in
84 healthy mothers, 1 month after delivery, with a focus
on the effects of delivery mode and IAP. Among the par-
ticipants, 61 mothers delivered vaginally (23 of whom re-
ceived IAP), 13 delivered by non-elective CS (7 received
IAP), and 10 delivered by elective CS without IAP. The an-
tibiotics administered included penicillin G, cephalothin,
cephalexin, cefuroxime, and combinations with metro-
nidazole, depending on the delivery mode and clinical
indication. Despite the similarity in relative abundances,
both delivery mode and IAP were significantly associated
with changes in overall breast milk microbial composi-
tion as assessed by ANOSIM (p = 0.001). When analysed
independently, IAP alone did not show statistically sig-
nificant differences in breast milk composition by ANO-
SIM. However, redundancy analysis indicated that when
delivery mode and IAP were considered simultaneously,
both factors independently influenced the composition
of breast milk microbiota one month postpartum (deliv-
ery mode: p = 0.001; IAP: p = 0.015). Interestingly, intra-
partum antibiotic exposure was associated with higher a
diversity and richness in breast milk when analysed as
a single variable. Furthermore, when samples were sepa-
rated based on antibiotic exposure, Bifidobacterium was
detected exclusively in the breast milk of mothers who
had not received antibiotics. Overall, the effects of IAP
on breast milk microbiota were modest but independent,
suggesting a detectable, though not substantial, impact
at 1 month postpartum. The underlying mechanisms re-
main unclear, and the study authors note that changes
in breast milk microbiota might be more pronounced in
earlier stages of lactation. They also highlight that relying
on a single time point is a limitation, emphasising the need
for serial sampling in future research.

In another study, Padilha et al. [48], investigated
the impact of the maternal antibiotic prophylaxis on
the human milk Bifidobacterium spp. and total bacteria
counts, in the first week and first month after delivery.
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Human milk samples were collected from 55 healthy
lactating women after vaginal delivery. Twenty-one vol-
unteers had received maternal antibiotic prophylaxis (ce-
fazolin, penicillin, clindamycin) and 34 had not received
antibiotics during or after labour. Total DNA was isolated
from milk samples, and the bacterial counts were esti-
mated by qPCR. Lower levels of Bifidobacterium were
observed in the IAP group in the first week after delivery,
although there were no statistical differences in the total
bacteria count. One month after delivery, no differences
were found in Bifidobacterium and total bacterial counts
between the groups. The findings indicate that IAP sig-
nificantly affects Bifidobacterium levels in human milk,
leading to a reduction during the first week postpar-
tum. However, throughout the first month after delivery,
the Bifidobacterium counts gradually increase, ultimately
reaching levels comparable to those observed in the non-
IAP group one month after birth.

Soto et al. [49] reported that the antibiotic adminis-
tered during the pregnancy, labour or lactation periods
can significantly reduce the frequency of Bifidobacterium
spp. present in human milk samples.

A comprehensive evaluation of the impact of IAP on
the human milk microbiota was conducted by Lo [50]
in a PhD thesis based on the PregnAnZI-1 trial carried
out in the Gambia. This double-blind, placebo-controlled
study investigated the effects of a single 2 g oral dose
of azithromycin administered during labour, original-
ly aimed at reducing maternal and neonatal infections.
The study also focused on the effects of this intervention
on the human milk microbiota, a key factor in early-life
microbial colonisation. The study employed a stepwise
approach, including optimisation of DNA extraction for
bacterial (16S rRNA) and fungal sequencing, baseline
characterisation of the human milk microbiota, and lon-
gitudinal assessment of microbiota changes during early
lactation. In total 7.70 breast milk samples were included
in the analysis (376 in the azithromycin arm and 394 in
the placebo arm). The core analysis examined the effect
of intrapartum azithromycin prophylaxis on milk micro-
bial communities. Strong evidence was found for differ-
ences in both bacterial and fungal composition between
women who received azithromycin and those who re-
ceived placebo. Breast milk samples from the azithromy-
cin group exhibited higher bacterial diversity throughout
the neonatal period, as well as increased fungal diversity
in colostrum collected on postpartum day three. Addi-
tionally, a higher relative abundance of Brevundimonas
was observed in the azithromycin-exposed group.

Stinson et al. [51] characterized the microbiota
of 266 milk samples collected from 208 mothers at
3 weeks and 3 months postpartum from a multi-ethnic
Asian cohort. Full-length 16S rRNA gene sequencing
showed that seven of 22 operational taxonomic units
showed changes in relative abundance, including an in-
crease in Staphylococcus epidermidis and a decrease in Acine-

tobacter spp. These effects were largely time-dependent
and more pronounced at three months postpartum. In-
trapartum antibiotic prophylaxis use was also associated
with reduced bacterial richness and Shannon diversity
index. The impact varied by antibiotic class, with pen-
icillin showing the strongest effects and cephalosporins
the weakest. In contrast, antibiotic exposure during preg-
nancy did not affect the milk microbiota, highlighting
the importance of intrapartum timing.

CONCLUSIONS

This mini-review demonstrates that IAP, although nec-
essary for the prevention of severe perinatal infections, rep-
resents an important modifiable factor influencing early
microbial colonisation in newborns. The available evidence
consistently shows that IAP disrupts the establishment
of the neonatal gut microbiota, leading to reduced mi-
crobial richness, delayed colonisation by key commensal
bacteria such as Bifidobacterium and Bacteroides, and an
increased abundance of facultative anaerobes and Proteo-
bacteria. These alterations may persist for months and, in
some cases, throughout the first year of life, particularly
in infants born by CS or not exclusively breastfed. From
a clinical perspective, these findings have direct relevance
for neonatologists and paediatricians. Infants exposed to
IAP - especially those additionally affected by caesarean
delivery or early formula supplementation — should be
recognised as a group at increased risk of early-life gut
dysbiosis, which can alter initial intestinal colonisation.
Such early disruptions of the gut microbiota have import-
ant implications for long-term health, as they have been
associated with an increased risk of metabolic disorders,
including obesity and type 2 diabetes, later in childhood
and adulthood. This awareness may support closer clinical
monitoring, informed parental counselling, and early im-
plementation of supportive strategies aimed at promoting
microbiota recovery. Breastfeeding emerges as a key pro-
tective intervention, partially mitigating IAP-associated
microbial disturbances, and should therefore be actively
supported and prioritised in antibiotic-exposed mother-
infant dyads. Although the impact of IAP on the human
milk microbiota appears more subtle than its effect on
the infant gut, emerging data indicate that intrapartum
timing of antibiotic administration may also influence its
microbial composition and diversity. Importantly, these
findings do not challenge the current indications for IAP,
but rather emphasise the need for judicious antibiotic use
and individualised risk-benefit assessment. For clinicians
caring for newborns, integrating knowledge of perinatal
antibiotic exposure into routine neonatal history-taking
may help guide nutritional counselling, follow-up strat-
egies, and future research into targeted microbiota-sup-
porting interventions. Further longitudinal and inter-
ventional studies are needed to determine which infants
would benefit most from such approaches and to translate
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microbiota science into practical, evidence-based neonatal
and paediatric care.
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