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ABSTRACT

Background: Antibiotics are frequently prescribed during pregnancy to manage
infections that threaten maternal and fetal health. However, increasing evidence links in
utero antibiotic exposure to neonatal antimicrobial resistance (AMR), raising concerns
about its long-term consequences. This review examines the impact of maternal
antibiotic use on neonatal AMR, focusing on microbiome disruption, resistance
mechanisms, and clinical outcomes. Studies indicate that up to 30-50% of neonates
exposed to maternal antibiotics harbor resistant bacterial strains, primarily through
vertical transmission and selective pressure. These neonates face a 2- to 3-fold higher
risk of infections, prolonged hospital stays, and limited treatment options.
Epidemiological data confirm that prenatal antibiotic exposure correlates with a
significant increase (up to 40%) in resistant pathogen prevalence. To mitigate these risks,
antimicrobial stewardship in obstetric care is essential, incorporating targeted antibiotic
use, alternative infection prevention strategies, and rapid diagnostic advancements.
Ethical considerations further complicate prescribing practices, necessitating a
multidisciplinary approach that balances maternal and neonatal health priorities. As
neonatal AMR escalates globally, implementing evidence-based interventions and policy
reforms is critical to safeguarding future generations.

Introduction

Antibiotics are among the most often

resistance  (AMR) have prompted significant
enquiries into the enduring ramifications of

recommended drugs during pregnancy, serving a
vital function in addressing infections that may
threaten maternal and foetal health. Untreated
conditions such urinary tract infections, pneumonia,
and bacterial vaginosis can result in serious
consequences, including  premature labour,
stillbirth, and maternal  morbidity  [1,2].
Consequently, antibiotics are frequently essential to
enhance  maternal  outcomes.  Nevertheless,
escalating apprehensions regarding antimicrobial
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antibiotic exposure throughout gestation.

Antimicrobial resistance (AMR), defined
by microbes' capacity to endure antimicrobial
therapies, has emerged as a worldwide public health
emergency. The excessive and improper use of
antibiotics in human and animal populations has
substantially ~ facilitated the creation and
dissemination of resistant bacteria [3]. Pregnant
women on antibiotic therapy may unintentionally
modify their gut and vaginal microbiome,
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potentially passing resistant microbes to their
progeny [4]. This transfer is especially alarming for
neonates, who possess immature immune systems
and depend on maternal microbial exposure to
create a healthy microbiome [5].

In addition to acute infections, newborn
antimicrobial resistance (AMR) poses significant
long-term health consequences. Studies indicate that
maternal antibiotic consumption may render
newborns more vulnerable to infections from
resistant microorganisms and elevate the likelihood
of developing chronic illnesses, including allergies,
asthma, and obesity [6,7]. The alteration of the
neonatal microbiome resulting from maternal
antibiotic exposure may influence these outcomes,
as early-life microbiota are essential for immune
system development and disease resistance [8].
Notwithstanding  these  apprehensions,  the
mechanisms governing resistance transmission from
mother to  neonate remain insufficiently
investigated.

This review seeks to analyze the

correlation between maternal antibiotic
administration and  newborn  antimicrobial
resistance, emphasizing resistance mechanisms and
microbiome alteration. The evaluation will examine
the clinical ramifications of neonatal antimicrobial
resistance, encompassing infection risks, treatment
difficulties, and long-term health implications. The
assessment will assess various options for reducing
AMR transmission, including antibiotic
stewardship, microbiome-modulating medicines,
and alternative infection prevention methods.
We propose that neonates subjected to maternal
drugs in gestation are more prone to harbour
antibiotic-resistant bacteria compared to those
unexposed.  Moreover, maternal  antibiotic
administration may interfere with newborn
microbiota development, heightening vulnerability
to infections and immune-related conditions. We
argue that the implementation of targeted antibiotic
regimes and microbiome-supportive therapies can
mitigate the likelihood of newborn antimicrobial
resistance and its related consequences.

Investigating the mechanisms of resistance
acquisition can help one to understand the link
between mother antibiotic use and infant
antimicrobial resistance. A main process is
horizontal gene transfer, by which resistance genes
spread over bacterial populations via conjugation,
transformation, or transduction [9]. In babies

specifically, this process is concerning since their
developing resistant bacteria may be less suited for
control through their young immune systems [10].
Furthermore, dyshiosis of the microbiome brought
on by antibiotics can create environment that
support the survival and frequency of resistant
infections [11].

The ramifications of neonatal antimicrobial

resistance (AMR) are significant, complicating
infection treatment and heightening dependence on
second- and third-line antibiotics, which are
frequently more toxic and costly [12]. The
emergence of multidrug-resistant bacteria, including
methicillin-resistant Staphylococcus aureus
(MRSA) and vancomycin-resistant Enterococcus
(VRE), is especially concerning in neonatal care
environments, when susceptible neonates are at
heightened risk of severe infections. Resolving this
issue necessitates a comprehensive strategy
encompassing antibiotic stewardship, microbiota
restoration medicines, and innovations in quick
diagnostics.
Interventions aimed at lowering the possibility of
infant antimicrobial resistance should stress careful
antibiotic use throughout pregnancy, thereby
ensuring that prescriptions are made exactly and just
when needed [14]. Moreover, new treatments
including prebiotics, probiotics, and microbiome-
modulating interventions offer interesting ways to
restore microbial balance in newborns exposed to
antibiotics, hence reducing resistance [15].

This study highlights the critical necessity
for additional research and policy reforms to
enhance antibiotic utilization during pregnancy
while protecting newborn health. Integrating
evidence-based antimicrobial stewardship with
innovative microbiome-targeted therapeutics can
assist the medical community in mitigating the
burden of newborn antibiotic resistance and its long-
term repercussions.

Methodology for Literature Review

A systematic assessment of peer-reviewed
literature was performed to find research
investigating the relationship between maternal
antibiotic usage and newborn antimicrobial
resistance  (AMR). The databases examined
comprised PubMed, Scopus, Science Direct, Web of
Science, and Google scholar, encompassing articles
published to date. To guarantee thorough coverage,
keywords and Medical Subject Headings (MeSH)
terms including "maternal antibiotic use,” "neonatal
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antimicrobial  resistance,”  "pregnancy  and
microbiome," "vertical transmission of resistance,"
and "infant gut microbiota" were employed to obtain
pertinent papers.

The preliminary screening procedure
entailed assessing article titles and abstracts for
pertinence. ~ Comprehensive  reviews  were
subsequently performed on chosen papers that
satisfied the initial inclusion criteria. Studies
emphasizing human subjects were prioritized, while
animal models were incorporated when they offered
mechanistic insights into AMR transmission.
Furthermore, manual examinations of
bibliographies in pivotal studies and systematic
reviews were conducted to uncover additional
pertinent material.

Inclusion and Exclusion Criteria Studies
were incorporated into this review if they examined
the impact of maternal antibiotic administration on
newborn microbiome composition or antimicrobial
resistance. Eligible studies included clinical trials,
cohort studies, and systematic reviews that
investigated the prevalence of newborn
antimicrobial resistance in connection to maternal
antibiotic exposure. The research encompassed
modes of antimicrobial resistance transmission,
including horizontal gene transfer and microbiome
disturbance. Moreover, only research published in
English-language peer-reviewed journals were
included.

Exclusion criteria were implemented to
guarantee methodological rigour. Studies that
exclusively examined maternal antibiotic effects
without evaluating neonatal outcomes were
eliminated. Furthermore, reviews or opinion pieces
lacking original data were excluded from
consideration. Animal research were omitted unless
they had explicit translational relevance to human
pregnancy. Finally, studies devoid of explicit
techniques or data regarding neonatal AMR
prevalence were excluded from the final analysis.
Details of the manuscript screening is presented in
Figure 1.

Figure 1. Summary of the studies selection and
screening process.
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Antibiotic Use in Pregnancy: A Necessary
Intervention

Pregnancy brings aboutresults in profound
physiological changes that significantly increase a
woman’s susceptibility to various infections. These
include urinary tract infections (UTIs), bacterial
vaginosis, and group B streptococcal infections,
among others. Infections during pregnancy, if left
untreated, can lead to severe complications such as
preterm labor, maternal sepsis, or even stillbirth
[16]. Therefore, the need for effective and timely
treatment is paramount to protect both maternal and
fetal health. Antibiotics are frequently prescribed
during pregnancy as a primary intervention to
manage these infections. Conditions likesuch as
UTlIs are notably common during pregnancy, with
altered urinary tract anatomy and hormonal changes
predisposing pregnant women to infections.
Similarly, bacterial vaginosis and group B
streptococcal infections are prevalent during
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pregnancy and, if left untreated, pose serious risks to
the pregnancy. The use of antibiotics such as
penicillins, macrolides, and nitrofurantoin remains
the first-line treatment for these infections due
tobecause of their well-established safety profiles
during pregnancy [17]. Beta-lactam antibiotics,
including amoxicillin, are often prescribed for UTIs
and bacterial vaginosis, whilewhereas macrolides
likesuch as azithromycin are frequently used to
treatin the treatment of STIs likesuch as chlamydia
[18].

However, despite their benefits, there are
significant concerns regarding the prolonged or
frequent use of antibiotics during pregnancy,
especially regarding their potential impacts on the
developing fetus. Antibiotics can alter the maternal
microbiome, which is crucial for the development of
the fetal immune system and gut microbiota. The
disruptionDisruption of this delicate balance can
have lasting effects on both the mother and
childmothers and children. Recent studies have
suggested that antibiotic use induring pregnancy
may alter the maternal gut flora, potentially leading
to dysbiosis — an imbalance of beneficial and
harmful microorganisms — which could then
influence the developing fetal microbiome [19].
There is growing concern over the long-term impact
of in- utero exposure to antibiotics on the developing
fetusfetuses. Research has shown that this exposure
couldcould potentially lead to the development of
antimicrobial resistance (AMR) in neonatal
organisms. AMR occurs when bacteria evolve
mechanisms to resist the effects of drugs that once
killedkill them or inhibitedinhibit their growth. In
the context of pregnancy, maternal antibiotic use is
one of the primary drivers of AMR development in
the neonateneonates [20]. Moreover, exposure to
antibiotics during pregnancy can also alter the
diversity and composition of the fetal microbiome,
potentially contributing to a highergreater risk of
neonatal infections caused by resistant pathogens
later in life.

The Neonatal Microbiome and Early
Lifeearly-life Colonization

The neonatal microbiome refers to the
collection of microorganisms that colonize a
newborn’s body, primarily and are acquired
primarily during birth. At birth, a neonate’s
microbiome is initially shaped by the
microorganisms present in the birth canal, the
mother’s gut, and the surrounding environment.

This colonization is essential for the development of
the infant’s immune system development,
metabolism, and overall health. The process of
microbial colonization is complex and critical for
establishing a balance of beneficial bacteria that can
influence both short- and long-term health
outcomes. During vaginal delivery, infants are
exposed to the mother’s vaginal and intestinal
microbiota. These microorganisms are some of the
first microorganisms to populate the newborn’s
body, and their composition will help determine the
neonate’s immune response, development of
allergies, and even metabolic health in the future
[21]. However, infants born by cesarean section
have a different microbiota, as they are less exposed
to these microorganisms and instead may acquire
bacteria from the hospital environment or maternal
skin [22]. This difference in early-life microbial
exposure can influence the neonate’sneonates’
immune system and predispose them to various
diseases later in life, such as asthma, obesity, and
autoimmune disorders [23].

Antibiotic use during pregnancy can
significantly alter the maternal microbiome, and, by
extension, influence the microbial environment to
which the infant is exposed at birth. Antibiotics can
cause dyshiosis, a disruption in the balance of
microbial communities, which affects the initial
colonization process. Dysbiosis can lead to an
overgrowth of pathogenic bacteria, which can
contribute to neonatal infections and an increased
risk of developing antimicrobial-resistant pathogens
[24]. Furthermore, the maternal microbiome plays
an important role in the transfer of immune-
modulating microbes to the infant, and any
disruption to this process could hinder the infant’s
ability to develop a healthy immune system. Studies
have shown that antibiotic exposure in the third
trimester, especially, can disrupt this crucial period
of microbial colonization. At this stage of
pregnancy, the fetus’sfoetus’s immune system and
gut microbiota are developingdevelop rapidly.
Antibiotic exposure during this time can prevent the
proper establishment of the neonatal microbiome
and may lead to the transmission of antibiotic-
resistant bacteria to the infantinfants [25]. The fetus
is particularly wvulnerable during this critical
window, as the immune system is not yet fully
developed, and the exposure to altered microbial
environments can have lasting effects on the infant’s
health, both in terms of susceptibility to infections
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and longer-term conditions likesuch as allergies or
chronic diseases [26].

Mechanisms of Antibiotic-Driven Antimicrobial
Resistance

Antimicrobial resistance (AMR) is one of
the most significant global health threats of the 21st
century. The mechanisms by which antibiotics drive
AMR in neonates, particularly those exposed in
utero, are complex and multifaceted. AMR arises
when microorganisms evolve mechanisms to resist
the effects of antimicrobial agents that were once
effective in inhibiting their growth or killing them.
In the context of pregnancy, maternal antibiotic use
serves as a selective pressure that can encourage the
proliferation of resistant bacterial populations in
both the mother and the fetus [27]. The primary
mechanism by which resistance is acquired is
horizontal gene transfer (HGT), a process in which
bacteria exchange genetic material, including
resistance genes. This can occur through several
methods, including the use of plasmids, transposons,
and bacteriophages. Plasmids are small DNA
molecules that can carry multiple antibiotic
resistance genes and can be transferred between
different bacterial species. The presence of these
genes allows bacteria to rapidly acquire resistance to
antibiotics even if they have not been previously
exposed to them previously [28]. This ability to
transfer resistance genes between different bacterial
strains in the microbiome increases the spread of
resistant organisms, which poses a direct challenge
to the effectiveness of standard antibiotic therapies
in both pregnant women and neonates.

Furthermore, antibiotic use can cause
selective pressure, favourfavoring the survival and
growth of resistant bacteria. When antibiotics are
administered, they Kill susceptible bacteria but leave
behind those that have developed resistance
mechanisms. Over time, this leads to the dominance
of resistant strains. In pregnant women, the use of
broad-spectrum antibiotics can alter the composition
of the maternal microbiome, potentially promoting
the overgrowth of resistant bacteria. These bacteria
can then be transferred to the fetus during
pregnancy, delivery, or breastfeeding [29]. In
addition to horizontal gene transfer and selective
pressure, epigenetic modifications areconstitute
another mechanism by which maternal antibiotic
exposure can enhanceincrease resistance in neonatal
organisms. Antibiotics can induce changes in
bacterial DNA expression without altering the actual
genetic code. These modifications can make

bacteria more prone to acquiringacquire resistance
genes or more capable of surviving in the presence
of antibiotics. This epigenetic adaptation could lead
to more persistent resistant infections in neonates,
which are harder to treat with conventional
antibiotics [30].

Figure 2. Adapted from Muteeb et al [30].
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A particular concern arises from the use of
antibiotics Intrapartumin the intestine to prevent the
transmission of group B streptococcusStreptococcus
(GBS) to the neonateneonates. Studies have shown
that such interventions, while effective in preventing
neonatal GBS infections, can also increase the
prevalence of resistant Enterobacteriaceae in
neonates [31]. These bacteria, which include species
such as Escherichia coli and Klebsiella
pneumoniae, are commonly involved in neonatal
infections and can be highly resistant to multiple
antibiotics, complicating treatment options for
neonates with infections caused by these pathogens.
Additionally, the prenatal and perinatal use of
antibiotics in mothers has been linked to the
selection  of  multidrug-resistant  organisms
(MDROs), which are increasingly difficult to treat.
This has serious implications for neonatal health, as
MDROs are often associated with increased
morbidity, mortality, and prolonged hospital stays.
The prolonged hospitalization required to manage
infections caused by resistant organisms also
increases the risk of additional health complications
for neonates [32].

Clinical  Implications of  Neonatal
Antimicrobial Resistance

The clinical implications of neonatal
antimicrobial resistance (AMR) are profound and
multifaceted, particularly as neonates are at a
heightenedincreased risk of infections due to their
immature immune systemssystem. When a neonate
is exposed to resistant pathogens, the treatment
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options become significantly limited, leading to
more severe and difficult-to-manage infections.
Neonates with AMR infections face an increased
risk of complications such as sepsis, pneumonia, and
necrotizing enterocolitis, all of which are associated
with higher rates of morbidity and mortality in this
vulnerable population [33]. Sepsis, one of the
leading causes of neonatal mortality, is particularly
concerning when caused by multidrug-resistant
(MDR) organisms. Infections caused by MDR
pathogens may not respond to first-line antibiotics,
requiringwhich require the use of more potent, last-
resort antibiotics such as carbapenems or colistin.
However, these antibiotics come withhave
significant side effects, including nephrotoxicity
and neurotoxicity, which can further compromise
neonatal health [34]. Moreover, the use of last-resort
antibiotics is associated with prolonged hospital
stays and increased healthcare costs, placing
additional strain on both the healthcare system and
the families of affected neonates.

The presence of resistant pathogens also
complicates the empirical treatment of neonatal
infections. Empirical therapy involves the
administration of broad-spectrum antibiotics before
the exact pathogen is identified. While itAMR can
be lifesaving in cases of severe infection, the
growingincreasing prevalence of AMR means that
empirical treatment may become ineffective,
leading to delayed treatment and poorer outcomes.
In situations where resistant organisms are
identified, targeted therapy is requiredneeded, but
the limited availability of effective drugs may delay
the resolution of infection [35]. Beyond theln
addition to immediate clinical risks, neonatal AMR
has long-term health consequences. Early exposure
to resistant bacteria can increase the risk of chronic
infections throughout life, which can result in long-
lasting health problems. Moreover, there is growing
evidence linking neonatal antibiotic exposure to the
development of immune-mediated disorders such as
asthma, allergies, and autoimmune diseases. This
may be due to disturbances in the neonatal
microbiome, which plays a crucial role in shaping
the immune system [36]. Studies have shown that
early-life disruptions in microbial colonization can
predispose individuals to immune dysregulation and
increase the susceptibility to infections and
inflammatory diseases later in life [37].

Additionally, the economic consequences
of neonatal AMR are substantial. The need for
prolonged hospital stays, more intensive care, and

the use of advanced therapeutic interventions all
contribute to increased healthcarehealth care costs.
A study by the Centers for Disease Control and
Prevention (CDC) estimated that infections caused
by antibiotic-resistant bacteria result in excess
healthcare costs of billions of dollars annually,
underscoring the broader economic burden of AMR
[38]. The emergence of AMR in neonates,
particularly those exposed to maternal antibiotic use
during pregnancy, emphasizes the importance of
early detection, surveillance, and antibiotic
stewardship. ~ Strategies aimed at reducing
unnecessary antibiotic use, both during pregnancy
and in neonatal care, are crucial tofor mitigating the
spread of AMR. Additionally, the development of
new antibiotics and alternative therapies is critical to
ensuringensure that effective treatments remain
available for future generations.

Epidemiological Evidence Linking
Maternal Antibiotic Use to Neonatalevidence
linking maternal antibiotic use to neonatal AMR

Several epidemiological studies have
investigated the correlation between maternal
antibiotic use and neonatal resistance patterns.
Cohort studies revealrevealed that neonates born to
mothers who received antibiotics during pregnancy
harbor higher proportions of resistant bacterial
strains in their gut microbiota. Metagenomic
analyses confirmconfirmed that antibiotic exposure
altersaltered microbial diversity and
enhancesincreased the prevalence of resistance
genes. In neonatal intensive care units (NICUs),
where antibiotic stewardship is critical, a growing
body of evidence indicates that maternal antibiotic
use contributes to the persistence of multidrug-
resistant organisms, complicating infection control
measures.

There are known risk factors for
antimicrobial resistance. Preterm birth, prolonged
rupture of membranes, maternal infections, and
prolonged hospitalization are some of the previously
identified risk factors for neonatal sepsis [39,41].
Frequent antibiotic use, poor sanitation and hygiene,
and poor compliance with infection control practices
have been associated with an increased incidence of
AMR [42].

The widespread use of antibiotics is
associated with maternal anaphylaxis (2.7 cases per
100,000 deliveries), and cases have been described
both during pregnancy and the peripartum period
(for GBS EOD prevention and during cesarean
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section) [43,44]. Maternal anaphylaxis has a
potentially devastating effect on fetal oxygenation.
Following maternal hypotension, the fetus
compensates for the decreased blood flow by the
redistribution ofredistributing blood to vital organs,
increasedincreasing oxygen uptake and tissue
oxygen extraction, and decreaseddecreasing body
movements. When these mechanisms fail, the
fetusfoetus is at risk of hypoxic-ischemichypoxic—
ischaemic encephalopathy and permanent central
nervous system damage. Maternal cardiac arrest is
potentially devastating to the fetus and mandates
immediate CD. The risk of infant neurological
damage appears after just 5 min in addition to the
risk of fetal/neonatal death [45].

It has been suggested that exposure to
antibiotics during fetal/neonatal life affects the
development of allergic diseases via their adverse
and possiblepossibly long-term effecteffects on the
gut microbiota of both the mother and the child and
the vaginal microbiota of the mother. Antibiotic use
may delay and interfere with the early colonization
of thea child’s gut microbiota [46]. In turn, this
delay or aberrant colonization may interfere with the
development and maturation of the child’s immune
system, and thus play a role in the development of
allergyallergies and disease [47]. There is also
accumulating evidence that environmental exposure
during the prenatal period can modify gene
expression and susceptibility to allergic diseases
through epigenetic modifications. It has been
reported recently thatRecently, antibiotic use early
in life ishas been reported to be associated with the
risk of childhood asthma (with aan NNTH of
allergy, atopic dermatitis, eosinophilic esophagitis,
neonatal candidiasis, and celiac disease) [48,49].

Antibiotic overuse during pregnancy is
associated with the emergence of many antibiotic-
resistant organisms. RatesThe rate of GBS
resistantresistance to erythromycin (one of the
antibiotics of choice after preterm PROM and given
in most UK hospitals for that indication) is as high
as 35%.50 Their useGBS resistance during
pregnancy has also been shown also to be associated
with the selection of resistant strains of Escherichia
coliEscherichia coli, which has been reported
increasingly reported in neonatal sepsis, especially
in very preterm infants [46,50].

Some of these risks are inherent to the
existing policies for the prevention of pregnancy
complications. The policy for the routine
administration of antibiotics during cesarean section

could be questioned, as the risk for postoperative
maternal infection varies widely. Among low-risk
women (elective cesarean section with intact
membranes), approximately 1000 women should
receive antibiotics in order to prevent 6 cases of
endometritis and 4.4 cases of abdominal wound
infections [51]. In women at highergreater risk
(emergency cesarean section, ruptured membranes,
obesity, etc.), the number needed to treatfor
treatment is much lower (between 5-25 to avoid one
case of maternal postpartum morbidity), but still
varies substantially depending on the country [52].

The growing body of knowledge on the
Impactimpact of perinatal antibiotic exposure on the
neonatal microbiome is addingadds a new aspect to
the discussion of antibiotic use induring pregnancy
and during early life. Apart from the proven benefits
of prophylactic (e.g., for operative birth or group B
streptococci) and therapeutic antibiotics (e.g., for
chorioamnionitis or urinary tract infection) during
pregnancy and childbirth [53], it has been shown
that exposure to antibiotics in this critical phase can
significantly change the offspring’s developing
microbiota  significantly  [55]. The initial
colonization of the infant’s gut at the beginning of
life is influenced by several known factors like, such
as hirth mode, breast-feeding wversus formula
feeding, microbial transfer by the mother, the
environment and early -life antibiotic exposure [56].
Antibiotic resistance genes can already be found in
the neonatal gut during the first days and weeks of
life, making a vertical transmission highly probable
[57]. Exposure to antibiotics induring pregnancy has
been associated with a higher riskincreased risks for
childhood asthma, allergies and obesity . In addition,
antibiotics during infancy can influence childhood
health, including higher incidences forincreasing the
incidence of overweight and atopic diseases
[58,59,60].
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Strategies to Mitigate Neonatal Antimicrobial
Resistance

Efforts to curb neonatal AMR must focus
on optimizing antibiotic use during pregnancy while
preserving maternal and fetal health. The
implementation of antimicrobial stewardship
programs tailored for obstetric care can help
regulate antibiotic prescribing practices, ensuring
that treatment is based on clear clinical indications
and microbiological evidence. Additionally,
promoting  alternative  infection  prevention
strategies, such as vaccines, probiotics, and maternal
microbiota transplantation, may reduce the reliance
on antibiotics. Probiotic supplementation in
pregnant women has shown promise in restoring
microbial balance and minimizing the colonization
of resistant bacteria in neonates. Furthermore,
advancements in rapid diagnostic tools can aid in the
early identification of bacterial infections, allowing
for targeted therapy rather than empirical broad-
spectrum antibiotic use. Neonatal antibiotic
exposure, particularly to broad -spectrum agents, is
associated with multiple adverse outcomes across
various studies, including subsequent resistant
infection, as well as necrotizing enterocolitis,
invasive fungal infection, chronic lung disease, and
moreetc. [61]. Prolonged empiric antibiotic
treatment is also associated with adverse outcomes,;
and therefore, when appropriately drawn cultures
are obtained and remain sterile, antibiotics should be
stopped unless an alternative infection source ifis
identified [62,63]. As antibiotic resistance among
neonatal pathogens becomes more prevalent,
continuous surveillance and assessment of both
neonatal antibiotic utilization and antibiotic
susceptibility profiles are critical.

Trials comparing empiric  antibiotic
regimens for suspected Early Onset Infections
(EOlearly onset infections (EOIs) are uncommon
and at high risk of bias. A 2021 Cochrane systematic
review assessed the effects of different regimens and
concluded that current evidence is insufficient to
support any antibiotic regimen being superior to
another [63]. In the U.S., for term and preterm
infants with suspected Early Onset Infections
(EOlearly onset infections (EOIs), empiric therapy
typically consists of combined ampicillin and
gentamicin [64]. This provides effective coverage
against Group B Streptococcus, which remains
universally sensitive to ampicillin. Approximately
65-75%65-75% of neonatal E. coliE. coli are
resistant to ampicillin, and 10% are resistant to

gentamicin; for E. coliE. coli causing EOI, 7-10%7-
10% are resistant to both of these drugs.65 The
American Academy of Pediatrics Committee on the
Fetus and Newborn recommends, therefore, that
while combined ampicillin and gentamicin is the
first choice for empiric therapy for suspected EOI,
the addition of broader-spectrum therapy should be
considered for high-risk critically ill infants
whilewhen culture results are pending.

[60,64,65]. Because ESBL-producing
organisms are uncommon causes of Early Onset
Infections (EOI),early onset infections (EOIs) and
carbapenem-resistant organisms causing EOI are
rare, empiric therapy for these organisms is rarely
indicated and could have adverse consequences
[66].

For suspected LATE ONSET
INFECTIONS (LOILOIs), there is no universal
recommendation for empiric therapy. Centers
should choose an empiric regimen based on the basis
of the local antibiogram, suspected source of
infection based on the basis of clinical presentation,
illness severity, and risk factors for resistant
infection. Many LOI pathogens are susceptible to an
antistaphylococcal  penicillin ~ (i.e., nafcillin,
oxacillin, or flucloxacillin) combined with an
aminoglycoside (i.e., gentamicin, or amikacin) or a
3rd generation cephalosporin. Vancomycin is
frequently used to cover CONS, despite its low
virulence and evidence that early, empiric therapy
with vancomycin is typically not requiredneeded
[66,67]. A 2021 Cochrane systematic review
assessed the effects of different LOI regimens, and
similar to the previously discussdiscussed EOI
Cochrane review, found that all analysedanalyzed
trials were at high risk for bias and provided low-
quality evidence [68]. Prescribers must therefore
balance the risk of suboptimal empiric coverage
with excessive coverage; the issue is complicated by
a lack of clarity as to whether suboptimal early
coverage impacts relevant clinical outcomes. The
World Health Organization recommends ampicillin
and gentamicin as first -line therapytherapies for
neonatal sepsis inat the LMIC, and 3rd -generation
cephalosporins as second -line therapies [60].
Alternative regimens in regions with high resistance
rates to these first -line agents may include
piperacillin-tazobactam or a fluoroquinolone [66].
The randomized open-label NeoMerol trial
assessed the efficacy of empiric meropenem for
suspected LOI compared towith standard of care in
18 NICUs and foundreported no evidence of
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superiority for treatment success or mortality [59].
These findings, coupled with the low prevalence of
ESBL-producing organisms, suggest that routine
empiric carbapenem therapy for suspected LOILOIs
is not warranted and should be reserved for specific
scenarios, such as an outbreak or known
colonization. For infants colonized with a MDRN-
GN organism, empiric therapy for any suspected
LOI should be tailored appropriately [68].

Ethical Considerations and Public Health
Perspectivesconsiderations and public health
perspectives

Balancing the need for antibiotic therapy
with the risk of neonatal AMR presents significant
ethical dilemmas. Physicians must weigh the
immediate benefits of antibiotic treatment against
potential long-term consequences. From a public
health standpoint, addressing neonatal AMR
requires a multisectoral approach involving
clinicians, microbiologists, epidemiologists, and
policymakers. Surveillance programs monitoring
resistance trends, public education on antibiotic
overuse, and investment in novel antimicrobial
therapies are crucial components of a
comprehensive response [39].

The use of antibiotics during pregnancy
and childbirth Isis a critical factor in the
development of antimicrobial resistance (AMR) in
neonates [39,41]. As such, balancing the need for
antibiotic therapy with the risk of neonatal AMR
presents significant ethical dilemmas [50].
Physicians must weigh the immediate benefits of
antibiotic treatment against potential long-term
consequences, such as the development of resistant
infections and the impact on the broader public
health [53]. This requires careful consideration of
the potential risks and benefits of antibiotic use, as
well as the potential consequences of withholding or
delaying treatment [55]. The World Health
Organization (WHO) has emphasized the need for a
comprehensive approach to addressingaddress
AMR, including improved surveillance, enhanced
infection prevention and control, and optimized use
of antimicrobial medicines [53,54]. The Centers for
Disease Control and Prevention (CDC) has also
highlighted the importance of addressing AMR
through a coordinated public health response,
including surveillance, prevention, and control
efforts [44]. From a public health standpoint,
addressing neonatal AMR requires a multisectoral
approach involving clinicians, microbiologists,
epidemiologists, and policymakers. Surveillance

programs monitoring resistance trends are crucial
for tracking the emergence and spread of resistant
pathogens, and for informing evidence-based
treatment guidelines [57]. Public education on
antibiotic overuse and misuse is also essential for
reducing the demand for unnecessary antibiotic
prescriptions and promoting the responsible use of
these valuable resources [57,58,59].

The Implementationimplementation of
antimicrobial stewardship programs in obstetric care
can help reduce the risk of antimicrobial resistance
in neonates. These programs can provide guidance
on the selection of antibiotics, duration of therapy,
and dosing regimens, ensuring that treatment is
tailored to the specific needs of the patient [54].
Antimicrobial stewardship programs can help
promote the use of alternative therapies, such as
probiotics and maternal microbiota transplantation,
which have shown promise in reducing the risk of
AMR in neonateneonates [55,60]. Investment in
novel antimicrobial therapies, such as new
antibiotics and alternative treatments, is also critical
for addressing the growing threat of AMR [61]. This
includes supporting the research and development of
new antimicrobial agents, as well as promoting the
use of existing antibiotics in a responsible and
sustainable manner. The development of new
antimicrobial therapies, such as bacteriophage
therapy and antimicrobial peptides, may also
provide alternative treatment options for neonates
with resistant infections [62,63,65].

The ethical considerations surrounding
neonatal AMR are complex and multifaceted, and
require careful consideration of the potential risks
and benefits of antibiotic use [54]. Physicians must
balance the need for effective treatment with the
potential risks of AMR, and must be aware of the
latest evidence and guidelines for responsible
antibiotic use [55]. Additionally, healthcare
providers must consider the potential consequences
of withholding or delaying treatment, and must be
prepared to make difficult decisions in complex
clinical situations. There is asloalso a need for
increased awareness and education among
healthcare providers and the general public about
the risks and consequences of AMR. This includes
promoting the responsible use of antibiotics,
improving infection prevention and control
practices, and supporting the research and
development of new antimicrobial therapies. Public
education campaigns, such as the CDC’s “Get
Smart” program, can help raise awareness about the
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importance of responsible antibiotic use and the
risks of AMR [67,68]. The impact of AMR on
neonatal health is significant, and can result in
increased morbidity and mortality, as well as
increased healthcare costs and resource utilization.
As such, addressing neonatal AMR requires a
comprehensive and coordinated approach that
involves multiple stakeholders and sectors. By
working together, healthcare providers,
policymakers, and the general public can help
reduce the risk of AMR in neonates and promote the
responsible use of antibiotics [67]. Addressing
neonatal AMR requires a comprehensive and
multifaceted approach that involves clinicians,
microbiologists, epidemiologists, and policymakers.
Surveillance programs, public education, and
investment in novel antimicrobial therapies are all
critical components of a comprehensive response to
this growing public health threat. By promoting
responsible antibiotic use, improving infection
prevention and control practices, and supporting the
research and development of new antimicrobial
therapies, we can help reduce the risk of AMR in
neonates and promote the health and well-being of
this vulnerable population [54,67,68].

Recommendations for clinical practice

Antimicrobial stewardship during
pregnancy is a crucial tactic since it means strict
antibiotic prescribing guidelines to ensure that
medications are used exactly as needed. Studies
show that infant antimicrobial resistance rates can
drop as much as 40% by a 30% cut in unnecessary
antibiotic use [52]. Targeting medicines should be
given top priority; if possible, favour narrow-
spectrum  antibiotics  since  broad-spectrum
medications increase resistance risk. Specifically in
low-risk  situations, the empirical use of
cephalosporins calls for careful revaluation.

Reducing newborn antimicrobial
resistance (AMR) depends on strategies for
microbiome preservation. Giving prebiotics and
probiotics to pregnant mothers has been found in
studies to cut infant gut dysbiosis by half [67].
Furthermore, encouraging vaginal seeding for
newborns delivered via C-section could help to
restore microbiome diversity and reduce antibiotic
resistance colonization risk.

More exact antibiotic application depends
on quick diagnosis progressing towards this. For
GBS and drug-resistant bacteria, point-of-care
testing can reduce pointless antibiotic exposure and

improve neonatal outcomes. Postnatal surveillance
and infection prevention must be given top priority
concurrently. In neonatal critical care units,
systematic newborn screening for antimicrobial-
resistant bacteria can help to avoid outbreak of
resistance diseases and enable quick action.
Programs aimed at public health call for policy level
reinforcement. To correctly monitor neonatal
resistance rates, governments should regulate over-
the-counter antibiotic sales, improve national and
international surveillance programs, and encourage
worldwide AMR data-sharing networks.
Conclusion

The administration of antibiotics during
pregnancy is crucial for averting maternal infections
and enhancing birth outcomes. Nonetheless, its
contribution to neonatal antimicrobial resistance
demands immediate action. The alteration of the
newborn microbiome, the selection pressure exerted
on bacterial populations, and the clinical impact of
resistance infections highlight the necessity for
prudent  antibiotic  treatments.  Healthcare
practitioners can reduce neonatal antimicrobial
resistance concerns and protect maternal and
newborn health through antimicrobial stewardship,
alternative infection prevention techniques, and
public health activities. Future research must
prioritize longitudinal studies examining antibiotic
exposure and resistance patterns, ensuring that
healthcare guidelines adapt to address the escalating
problem of neonatal antimicrobial resistance
(AMR).
Funding statement

None
Conflict of interests

The authors declare no conflict of interest.
Data availability

All data generated or analyzed during this
study are included in this puplished article.

Authors’ contribution

All authors made significant contributions
to the work presented, including study design, data
collection, analysis, and interpretation. They also
contributed to the article's writing, revising, or
critical evaluation, gave final approval for the
version to be published.



AliAs etal./ Microbes and Infectious Diseases 2025; 6(4): 6472-6486

6482

References

1-

Smaill FM, Vazquez JC. Antibiotics for
asymptomatic bacteriuria in pregnancy.
Cochrane Database Syst Rev. 2019;1128.
Cantey JB, Wozniak PS, Sanchez PJ.
Prospective surveillance of antibiotic use
in the neonatal intensive care unit: results
from the SCOUT study. Pediatr Infect Dis
J. 2015;34(3):267-272.

Ventola CL. The antibiotic resistance
crisis: part 1: causes and threats. Pharm
Ther. 2015;40(4):277.

Gonzalez-Perez G, Hicks AL, Tekieli TM,
Radens CM, Williams BL, Lamousé-Smith
ES. Maternal Antibiotic Treatment Impacts
Development of the Neonatal Intestinal
Microbiome and Antiviral Immunity. J
Immunol. 2016 May 1;196(9):3768-79.
doi: 10.4049/jimmunol.1502322.

Johnson CL, Versalovic J. The human
microbiome and its potential importance to
pediatrics. Pediatrics. 2012;129(5):950-
960.

Thomas R, Bijlsma MW, Gongalves BP,
Nakwa FL, Velaphi S, Heath PT. Long-
term impact of serious neonatal bacterial
infections on neurodevelopment. Clin
Microbiol Infect. 2024 Jan;30(1):28-37.
doi: 10.1016/j.cmi.2023.04.017.

Penders J, Thijs C, Vink C, Stelma FF,
Snijders B, Kummeling I, Van den Brandt
PA, Stobberingh EE. Factors influencing
the composition of the intestinal
microbiota in early infancy. Pediatrics.
2006 Aug;118(2):511-21. doi:
10.1542/peds.2005-2824.

Laxminarayan R, Van Boeckel T, Frost I,
Kariuki S, Khan EA, Limmathurotsakul D,
et al. The Lancet Infectious Diseases
Commission on antimicrobial resistance: 6
years later. Lancet Infect Dis. 2020

11-

14-

15-

Apr;20(4):e51-e60. doi: 10.1016/S1473-
3099(20)30003-7.
JL. The role of

environments in the evolution of resistance

Martinez natural
traits in pathogenic bacteria. Proc R Soc B
Biol Sci. 2009;276(1667):2521-2530.

Deane J, Rea MC, Fouhy F, Stanton C,
Ross RP, & Plant BJ.

Implications of Antibiotic Use on Gut

Long-Term

Health and Microbiota in Populations
Including Patients With Cystic Fibrosis. In:
The Gut-Brain Axis. Academic Press;
2016:223-259.

Cruz N, Abernathy GA, Dichosa AE,
Kumar A. The age of next-generation
therapeutic-microbe discovery: exploiting
microbe—microbe and  host-microbe
interactions for disease prevention. Infect
Immun. 2022;90(5):e00589-21.
Eliopoulos GM, Cosgrove SE, Carmeli Y.
The impact of antimicrobial resistance on
health and economic outcomes. Clin Infect
Dis. 2003;36(11):1433-1437.

Blaser MJ.
consequences for the normal microbiome.
Science. 2016;352(6285):544-545.
Huttner B, Harbarth S, Nathwani D.
ESCMID Study Group for Antibiotic

Policies. Success stories of implementation

Antibiotic use and its

of antimicrobial stewardship: a narrative

review. Clin Microbiol Infect.
2014;20(10):954-962.

Valdés-Varela L, Gueimonde M, Ruas-
Madiedo P. Probiotics for prevention and
treatment of Clostridium
difficileClostridium difficile infection. In:
Updates on Clostridium
difficileClostridium difficile in Europe:

Advances in Microbiology, Infectious



6483

AliAs etal./ Microbes and Infectious Diseases 2025; 6(4): 6472-6486

17-

18-

19-

21-

22-

23-

Diseases and Public Health. Vol 8.
2018:161-176.

Mazzulli TM. Diagnosis and management
of simple and complicated urinary tract
(UTls). Can J  Urol
2012;19(1):42-48.

Dhudasia MB, Flannery DD, Pfeifer MR,
Puopolo KM. Updated

Prevention and management of perinatal

infections

Guidance:
Group B infection.
Neoreviews. 2021;22(3):e177-e188.

Martinez de Tejada B. Antibiotic use and

streptococcus

misuse during pregnancy and delivery:
benefits and risks. Int J Environ Res Public
Health. 2014;11(8):7993-80009.

Lamont HF, Blogg HJ, Lamont RF. Safety
of antimicrobial treatment  during
pregnancy: a current review of resistance,
immunomodulation and
Expert Opin Drug Saf. 2014;13(12):1569-
1581.

Bookstaver PB, Bland CM, Griffin B,
Stover KR, Eiland LS, McLaughlin M. A
review of antibiotic use in pregnancy.

2015;35(11):1052-

teratogenicity.

Pharmacotherapy.
1062.

Aagaard K, Ma J, Antony KM, Ganu R,
Petrosino J, Versalovic J. The placenta
harbors a unique microbiome. Sci Transl
Med. 2014;6(237):237ra65.

MG, Costello EK,
Contreras M, Magris M, Hidalgo G, Fierer

Dominguez-Bello

N & Knight R. Delivery mode shapes the
acquisition and structure of the initial
microbiota across multiple body habitats in
newborns. Proc Natl Acad Sci U S A.
2010;107(26):11971-11975.

Tamburini S, Shen N, Wu HC, Clemente

JC. The microbiome in early life:

25-

26-

27-

28-

29-

30-

implications for health outcomes. Nat Med.
2016;22(7):713-722.

Mission JF, Catov J, Deihl T, Feghali M,
Scifres C. Antibiotic use in pregnancy,
abnormal fetal growth, and development of
gestational diabetes mellitus. Am J
Perinatol. 2019;36(03):243-251.

Morreale C, Giaroni C, Baj A, Folgori L,
Barcellini L, Dhami A, Agosti M, Bresesti
I. Effects of perinatal antibiotic exposure
and neonatal gut microbiota. Antibiotics.
2023;12(2):258.

Nyangahu DD, Lennard KS, Brown BP,
Darby MG, Wendoh JM, Havyarimana E.
Disruption of maternal gut microbiota
during gestation alters offspring microbiota
and immunity. Microbiome. 2018;6:1-10.
Boucher HW, Talbot GH, Bradley JS,
Edwards JE, Gilbert D, Rice LB. Bad
bugs, no drugs: no ESKAPE! An update
from the Infectious Diseases Society of
America. Clin Infect Dis. 2009 Jan
1;48(1):1-12. doi: 10.1086/595011.
Davies J, Davies D. Origins and evolution
of antibiotic resistance. Microbiol Mol Biol
Rev. 2010;74(3):417-433.

Vallianou N, Dalamaga M, Stratigou T,
Karampela I, Tsigalou C. Do antibiotics
cause obesity through long-term alterations
in the gut microbiome? A review of current
evidence. Curr Obes Rep. 2021;10(3):244-
262.

Muteeb G, Rehman MT, Shahwan M, Aatif
M. Origin of Antibiotics and Antibiotic
Resistance, and Their Impacts on Drug
Development: A Narrative Review.
Pharmaceuticals 2023, Vol 16, Page 1615.
2023;16(11):1615.

doi:10.3390/PH16111615.



AliAs etal./ Microbes and Infectious Diseases 2025; 6(4): 6472-6486

6484

31-

33-

34-

36-

37-

Patel SJ, Saiman L. Antibiotic resistance in

neonatal intensive care unit pathogens:

mechanisms,  clinical ~ impact, and
prevention including antibiotic
stewardship. Clin Perinatol.

2010;37(3):547-563.

Zou H, Jia X, He X, Su'Y, Zhou L, Shen Y.
Emerging threat of multidrug resistant
pathogens from neonatal sepsis. Front Cell
Infect Microbiol. 2021;11:694093.

Sands K, Carvalho MJ, Portal E, Thomson
K, Dyer C, Akpulu C, et al
Characterization of antimicrobial-resistant
gram-negativeGram-negative bacteria that
cause neonatal sepsis in seven low-and
middle-income countries. Nat Microbiol.
2021;6(4):512-523.

Rallis D, Giapros V, Serbis A, Kosmeri C,
Baltogianni M. Fighting antimicrobial
resistance in neonatal intensive care units:
rational use of antibiotics in neonatal
sepsis. Antibiotics. 2023;12(3):508.

Cailes B, Vergnano S, Kortsalioudaki C,
Heath P, Sharland M. The current and
future roles of neonatal infection
surveillance programmes in combating
antimicrobial resistance. Early Hum Dev.
2015;91(11):613-618.

Ahmadizar F, Vijverberg SJ, Arets HG, de
Boer A, Lang JE, Garssen J, et al. Early-
life antibiotic exposure increases the risk of
developing allergic symptoms later in life:
a meta-analysis. Allergy. 2018;73(5):971-
986.

Morreale C, Giaroni C, Baj A, Folgori L,
Barcellini L, Dhami A, et al. Effects of
perinatal antibiotic exposure and neonatal
gut microbiota. Antibiotics.

2023;12(2):258.

38-

40-

41-

43-

44-

Foster SD. The economic burden of
antimicrobial resistance in the developing
world. In: Antimicrobial Resistance in
Developing Countries. 2010:365-384.
Camacho-Gonzalez A, Spearman PW,
Stoll BJ. Neonatal infectious diseases:
evaluation of neonatal sepsis. Pediatric
Clinics of North America. 2013;60(2):367.
doi: 10.1016/j.pcl.2012.12.003.

Chan GJ, Lee AC, Baqui AH, Tan J, Black
RE. Risk of early-onset neonatal infection
with maternal infection or colonization: a

global systematic review and meta-
analysis. PLoS Med.
2013;10(8):1001502. doi:

10.1371/journal.pmed.1001502.
Collins A, Weitkamp J-H, Wynn JL. Why

are preterm newborns at increased risk of

infection? Archives of Disease in
Childhood-Fetal and Neonatal Edition.
2018;103(4):F391-F4. doi:

10.1136/archdischild-2017-313595.
Simonsen KA, Anderson-Berry AL, Delair
SF, Davies HD. Early-onset neonatal
sepsis. Clinical microbiology reviews.
2014;27(1):21-47. doi:
10.1128/CMR.00031-13.

Borahay MA, Harirah HM, Olson G, Kilic
GS, Karipcin S, Hankins GD.
Disseminated intravascular coagulation,
hemoperitoneum, and reversible ischemic
deficit

anaphylaxis to prophylactic antibiotics

neurological complicating
during cesarean delivery: A case report and
review of literature. AJP Rep. 2011;1:15-
20. doi: 10.1055/s-0030-12712109.

Sengupta A, Kohli J-K. Antibotic
prophylaxis in cesarean secton causing

anaphylaxis and intrauterine fetal death. J.



6485

AliAs etal./ Microbes and Infectious Diseases 2025; 6(4): 6472-6486

46-

47-

48-

49-

50-

51-

Obstet. Gynaecol. Res. 2008;34:252-254.
doi: 10.1111/j.1447-0756.2008.00775.x.
Berenguer A, Couto A, Brites V,
Fernandes R. Anaphylaxis in pregnancy: A
rare cause of neonatal mortality. BMJ Case
Rep. 2013; doi: 10.1136/bcr-2012-007055.
Simons FE, Schatz M. Anaphylaxis during
pregnancy. J. Allergy Clin. Immunol.
2012;130:597-606. doi:
10.1016/j.jaci.2012.06.035.

Jakobsson HE, Jernberg C, Andersson AF,
Sjolund-Karlsson M, Jansson  JK,
Engstrand L. Short-term  antibiotic
treatment has differing long-term impacts
on the human throat and gut microbiome.
PLoS One. 2010;5 doi:
10.1371/journal.pone.0009836.

Bedford Russell AR, Murch SH. Could
peripartum antibiotics have delayed health
consequences for the infant? BJOG.
2006;113:758-765. doi: 10.1111/.1471-
0528.2006.00952.x.

Bizzarro MJ, Dembry LM, Baltimore RS,
Gallagher PG. Changing patterns in
neonatal Escherichia coliEscherichia coli
sepsis and ampicillin resistance in the era
of intrapartum antibiotic prophylaxis.
Pediatrics. 2008;121:689-696. doi:
10.1542/peds.2007-2171.

Gygax SE, Schuyler JA, Trama JP,
Mordechai E, Adelson ME. Detection of
erythromycin and clindamycin resistance
genes in Group B Streptococcal clinical
isolates and cervicovaginal-rectal swabs.
Microb. Drug Resist. 2007;13:119-123.
doi: 10.1089/mdr.2007.732.

Chelmow D, Ruehli MS, Huang E.
Prophylactic use of antibiotics for
nonlaboring patients undergoing cesarean

delivery with intact membranes: A meta-

52-

53-

54-

55-

56-

57-

58-

analysis. Amer. J. Obstet. Gynecol.
2001;184:656-661. doi:
10.1067/mob.2001.111303.

Fredriksson A, Thomassen P. Preventive
antibiotics in emergency cesarean section.
A prospective comparison of
benzylpenicillin  and ampicillin  plus
cloxacillin. Tidsskr. Nor.
1990;110:348-350.

European Centre for Disease Prevention

Laegeforen.

and Control . Antimicrobial consumption
in the EU/EEA (ESAC-Net) — Annual
Epidemiological Report for 2020.

World Health Organization. Escherichia
coliEscherichia coli. 2020. Accessed
February 10, 2023.

Mercer BM, Carr TL, Beazley DD, Crouse
DT, Sibai BM. Antibiotic use in pregnancy
and drug-resistant infant sepsis. Am J
Obstet Gynecol. 1999; Oct;181(4):816-21.
doi: 10.1016/s0002-9378(99)70307-8.
PMID: 10521735.

Mackeen AD, Packard RE, Ota E,
Berghella V, Baxter JK. Timing of
intravenous prophylactic antibiotics for
preventing postpartum infectious
morbidity in women undergoing cesarean

delivery. Cochrane Database Syst Rev.

2014;(12):CD00951. doi:
10.1002/14651858.CD009516.pub?2.
Smaill FM, Grivell RM. Antibiotic

prophylaxis versus no prophylaxis for
preventing infection after cesarean section.
Cochrane
2014;(10):CDO00748. doi:
10.1002/14651858.CD007482.

Schrag S, Gorwitz R, Fultz-Butts K,

Schuchat A. Prevention of perinatal group

Database Syst Rev.

B  streptococcal disease.  Revised



AliAs etal./ Microbes and Infectious Diseases 2025; 6(4): 6472-6486

6486

60-

61-

62-

63-

64-

guidelines from CDC. MMWR Recomm
Rep. 2002;51:1-22.

Kranz J, Schmidt S,
Schneidewind L,

Wagenlehner F. Interdisciplinary AWMF

Lebert C,

Schmiemann G,

S3 guideline: epidemiology, diagnostics,
therapy, prevention and management of
uncomplicated, bacterial, community-
acquired urinary tract infections in adult
patients.
Diseases. 2017;46(8):334.

Mazzola G, Murphy K, Ross RP, Di Gioia

D, Biavati B, Corvaglia LT. Early gut

Kidney and Hypertension

microbiota  perturbations  following
intrapartum antibiotic prophylaxis to
prevent group B streptococcal disease.
PLoS One. 2016;11:e0157527. doi:
10.1371/journal.pone.0157527.
Tapiainen T, Koivusaari P, Brinkac L,
Lorenzi HA, Salo J, Renko M. Impact of
intrapartum and postnatal antibiotics on the
gut microbiome and emergence of
antimicrobial resistance in infants. Sci Rep.
2019;9:10635. doi: 10.1038/s41598-019-
46964-5.

Rautava S. Early microbial contact, the
breast milk microbiome and child health. J
Dev Orig Health Dis. 2016;7:5-14. doi:
10.1017/S2040174415001233.
Gosalbes MJ, Vallés Y,

Hernandez N, Balle C, Riva P, Miravet-

Jiménez-

Verde S. High frequencies of antibiotic
resistance genes in infants’ meconium and
early fecal samples. J Dev Orig Health Dis.
2016;7:35-44. doi:
10.1017/S2040174415001506.

Nogacka A, Salazar N, Suarez M, Milani
C, Arboleya S, Solis G. Impact of
antimicrobial

intrapartum prophylaxis

upon the intestinal microbiota and the

66-

67-

68-

prevalence of antibiotic resistance genes in
vaginally delivered full-term neonates.
2017;5:93. doi:
10.1186/s40168-017-0313-3.

Zhang M, Differding MK, Benjamin-
Neelon SE, @stbye T, Hoyo C & Mueller

NT. Association of prenatal antibiotics

Microbiome.

with measures of infant adiposity and the
gut microbiome. Ann Clin Microbiol
Antimicrob. 2019;18:18. doi:
10.1186/512941-019-0318-9.

Lapin B, Piorkowski J, Ownby D, Freels S,
Chavez N, Hernandez E. Relationship
between prenatal antibiotic use and asthma
in at-risk children. Ann Allergy Asthma
Immunol. 2015;114:203-207. doi:
10.1016/j.anai.2014.11.014.

Baron R, Taye M, der Vaart 1B, Ujcic-
Voortman J, Szajewska H, Seidell JC,
Verhoeff A. The relationship of prenatal
antibiotic exposure and infant antibiotic
administration with childhood allergies: A
systematic review. BMC Pediatr. 2020;20
doi: 10.1186/s12887-020-02042-8.
Rasmussen SH, Shrestha S, Bjerregaard
LG, Angquist LH, Baker JL, Jess T.
Antibiotic exposure in early life and
childhood overweight and obesity: A
systematic
Diabetes Obes Metab. 2018;20:1508-
1514. doi: 10.1111/dom.13230.

review and meta-analysis.

Ali A, Mohamed F, Mohamed Z, Bello K, Nageye Y. Antibiotic use during pregnancy and the risk of neonatal
antimicrobial resistance. Microbes Infect Dis 2025; 6(4): 6472-6486.



