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Maternal vaccination during pregnancy is emerging as a powerful strategy in protecting newborns from infec-
tious diseases, improving neonatal outcomes, and potentially reducing antimicrobial use and resistance.

Maternal immunisation works by eliciting protective antibodies in the mother that are transferred to the fetus
transplacentally and through breastmilk postnatally to provide the infant with passive immunity during the first
vulnerable months of life. There is sufficient evidence to support the role of maternal vaccination in averting
many neonatal infections that would otherwise require medical intervention.

By preventing infections in mothers and their newborn, maternal vaccination also holds significant potential
for reducing antimicrobial use and antimicrobial resistance. Fewer neonatal infections translate to a reduced
need for antimicrobial use in the neonatal period and in postpartum women, therefore lowering the selective
pressure for drug-resistant bacteria.

Routine maternal vaccines (tetanus, diphtheria, acellular pertussis (Tdap), influenza, COVID-19, respiratory
syncytial virus) already confer measurable antibiotic-sparing benefits by preventing infections that typically
trigger antimicrobial therapy in mothers and neonates. Pipeline candidates (Group B Streptococcus, Klebsiella
pneumoniae, Escherichia coli) could further lower neonatal sepsis burden, reducing broad-spectrum antimicrobial
use in neonatal intensive care units to help slow antimicrobial resistance. Integrated with antibiotic stewardship
and infection-prevention measures, maternal immunisation offers a practical, scalable practice to limit perinatal
antibiotic exposure.

1. Introduction pregnancy provides high protection against disease in young infants

demonstrated by studies from the UK and US which estimate 70-95 %

Maternal immunisation is an important element of perinatal care to
protect both pregnant individuals and their infants when they are most
vulnerable to infection. Vaccine-induced maternal IgG is actively
transported across the placenta, providing newborns with passive,
antigen-specific protection in the first months of life before their own
routine vaccines are given [1].

Real-world impact is evident from the reduction in neonatal
morbidity and mortality associated with vaccine-preventable diseases.
The introduction of maternal tetanus programmes has seen neonatal
tetanus deaths fall dramatically since the late 1980s with the elimination
of neonatal tetanus deaths in most priority countries [2]. Maternal Tdap
(tetanus, diphtheria, acellular pertussis) vaccination given in late
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effectiveness against infant pertussis and 90 % protection against cases
before 2 months of age [3]. Maternal influenza vaccination also benefits
both mother and child with randomised and observational studies
showing a significant reduction in laboratory-confirmed influenza and
infant influenza-associated hospitalisations [4]. Another major recent
advance is prevention of respiratory syncytial virus (RSV). In 2023, a
bivalent prefusion F vaccine (RSVpreF, Abrysvo®) was approved for
administration in pregnancy after a phase 3 trial demonstrated efficacy
against severe RSV-associated lower respiratory tract disease in infants
in the first 3-6 months of life [5]. Importantly, a secondary analysis of a
randomised maternal RSV vaccine trial suggested reduced antimicrobial
prescribing in infants during the first 90 days of life, highlighting a
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potential added benefit [6].

By reducing vaccine-preventable disease, maternal gestational
vaccination program potentially plays a crucial role in averting a high
prevalence of antimicrobial resistance (AMR). In 2019, an estimated
4.95 million deaths were associated with bacterial AMR (1.27 million
attributable), with the highest rates in parts of sub-Saharan Africa with
children and infants disproportionally affected [7]. Neonatal sepsis is
increasingly caused by pathogens, such as Klebsiella pneumoniae, with
high resistance to first-line antibiotic regimens such as ampicillin and
gentamicin [8]. Preventing infections to reduce the over usage of anti-
biotics may therefore be a central strategy alongside antibiotic
stewardship.

In this review, evidence for maternal vaccines in current use (Tdap,
influenza, RSV, COVID-19) and in development (Group B Streptococcus-
GBS, Klebsiella pneumoniae and E. coli) as a strategy in reducing AMR will
be considered focusing on efficacy/effectiveness for maternal and
neonatal infection outcomes, impacts on neonatal morbidity (e.g. sepsis,
pneumonia, meningitis), and its downstream effects on antibiotic use.

2. Antimicrobial resistance: A growing concern

Antimicrobial resistance (AMR) threatens neonatal health world-
wide by eliminating the effectiveness of first-line management against
invasive bacterial disease. AMR emerges through mutations and hori-
zontal gene transfer of mobile genetic elements (plasmids, transposons),
processes which are accelerated by antibiotic selection pressure in
humans, animals, and the environment [9,10]. In the clinical setting,
resistant organisms propagate via contaminated hands, equipment, and
surfaces, resulting in the colonisation and infection of patients [10,11].
A vicious cycle ensues with increased antibiotic use encouraging selec-
tion for resistance.

AMR is now a significant contributor to the epidemiology of neonatal
sepsis. Klebsiella pneumoniae has emerged as a leading global cause of
neonatal sepsis and death and commonly exhibits resistance to first-line
and second-line antibiotics [8,12,13]. Other priority pathogens include
extended-spectrum f-lactamase (ESBL)-producing Escherichia coli and
methicillin-resistant Staphylococcus aureus (MRSA), both implicated in
neonatal intensive care unit (NICU) outbreaks and severe disease [1,14,
15]. These patterns demonstrate how AMR amplifies the risk of treat-
ment failure and mortality for neonates.

High antibiotic use in pregnancy and neonatal care further adds to
resistance. Meta-analytic estimates indicate that approximately 24 % of
pregnant women receive at least one antibiotic during pregnancy, with
antibiotics accounting for a large portion of prescriptions in pregnancy
[16-18]. Intrapartum antibiotic prophylaxis (IAP) to prevent early-onset
Group B Streptococcus (GBS) disease is widely implemented and in
settings with universal screening, a substantial proportion, often
exceeding 15-30 %, of women receive IAP [19-21]. In neonates, empiric
antibiotic thresholds are necessarily low because early bacterial sepsis is
life-threatening. However, this practice can further drive resistance,
especially when treatment is continued for longer periods in
culture-negative cases. A large US study of more than 50,000 NICU
admissions reported that 44.8 % of infants received antibiotics, pre-
dominantly ampicillin and gentamicin, despite relatively few
culture-confirmed infections [22]. Similar or higher exposure has been
reported for very-low-birth-weight infants and in resource-limited hos-
pitals, where days of therapy per 1000 patient-days remain among the
highest in paediatrics [23,24]. Antibiotic use also extends to viral ill-
nesses where infants hospitalised with bronchiolitis frequently receive
antibiotics despite guidelines, reflecting diagnostic uncertainty about
bacterial co-infection [25,26].

Neonatal units can function as hot-spots for multidrug-resistant or-
ganism transmission. Several reports document ESBL-producing Kleb-
siella and MRSA outbreaks in NICUs, resulting in significant morbidity,
mortality, and prolonged hospitalisation [11,14,27-29]. Whole-genome
sequencing studies reveal complex transmission networks,
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environmental reservoirs, and evolution of resistance with the host,
illustrating how quickly multi-drug resistant organisms can disseminate
in NICUs [11,28]. In addition, resistant lineages that traverse facilities
through patient transfers and travel, cause local outbreaks and have
regional implications. This further reinforces the need to control un-
necessary antibiotic use and ideally to prevent infections in the first
place [10,11].

Preventing neonatal infections is therefore an important AMR
strategy. Every averted case of suspected sepsis avoids an empirical
broad-spectrum course of antibiotics and a reduced infection incidence
allows antimicrobial stewardship programmes to narrow empiric pro-
tocols and shorten treatment duration. Maternal vaccination during
pregnancy is a particularly promising means to achieve this. By allowing
passive immunity to the newborn, maternal vaccines lower rates of
neonatal infection therefore antibiotic consumption. This antibiotic-
sparing effect of maternal vaccination during pregnancy has been
demonstrated in a randomised trial where maternal RSV vaccination
reduced infant antimicrobial prescribing by 12.9 % over the first 90 days
of life, most likely through fewer bronchiolitis admissions and less
empiric treatment for presumed bacterial pneumonia [8]. Additionally,
vaccines that prevent viral illness (influenza, RSV, COVID-19) also
reduce downstream antibiotic use from diagnostic uncertainty and
prevention of secondary bacterial infections [6,25,26]. Further,
modelling studies suggest that maternal vaccination against Klebsiella
pneumoniae could prevent hundreds of thousands of sepsis episodes
annually particularly in high burden regions [12]. At population level,
the World Health Organization estimates that optimal deployment of
existing and pipeline vaccines could reduce global antibiotic consump-
tion by 22 % (2.5 billion daily doses per year) [30]. Along with antibiotic
stewardship and infection-prevention measures, maternal vaccination
during pregnancy supports the efforts to reduce AMR.

3. The role of maternal vaccination in neonatal health

Pregnancy offers a unique opportunity to protect newborns from
infection by harnessing the mother’s immune system. During pregnancy,
maternal immunity is transferred to the fetus and newborn through
active transplacental transfer of IgG antibodies before birth and through
the provision of immune factors (lactoferrin and IgA) through breast
milk during the postpartum period.

In late gestation, maternal IgG is actively transported across the
placenta via the neonatal Fc receptor (FcRn) [31]. By the time of de-
livery, most infants carry a broad repertoire of their mother’s
pathogen-specific IgG. Vaccination during pregnancy boosts these titers,
so babies start life with higher levels of targeted protective antibodies.
Although the half-life of maternal IgG in infants is an estimated month,
protective concentrations have been shown to persist for several months
to span the vulnerable period before the infant’s own routine vaccina-
tions and immune maturity come into play [32]. After birth, breast milk
adds another protective layer providing a source of secretory IgA, as well
as IgG, immune cells, and cytokines that coat mucosal surfaces [33,34].
These antibodies act locally rather than entering the circulation, and the
specific response can be improved through maternal vaccination during
pregnancy. Influenza immunisation in pregnancy increases flu-specific
IgA in milk, which has been linked to improved infant outcomes [35].

Determining optimal timing of maternal vaccination is essential to
maximise maternal protection and neonatal benefit via transplacental
IgG transfer. For COVID-19 and seasonal influenza, vaccination is rec-
ommended in any trimester, with administration at the earliest oppor-
tunity and preferably several weeks before delivery to allow antibody
maturation and placental transfer. For Tdap, there is currently no
consensus on the optimal timing of vaccination during pregnancy with
different guidelines available, for example the US recommendation is for
27-36 weeks’ gestation while the UK recommendation is for a broader
interval of 16-32 weeks’ vaccination. For RSV, a narrower window
applies as illustrated in the United States’ recommendation for a single
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maternal dose at 32-36 weeks’ gestation during the RSV season and the
UK programme currently offers the vaccine from 28 weeks’ gestation
and onwards. In all settings, scheduling should allow sufficient time
before delivery for efficient antibody transfer.

Examples of the impact of maternal vaccines in pregnancy include
the introduction of maternal tetanus immunisation which reduced
neonatal tetanus mortality with global programmes having achieved
elimination in most countries [36]. For pertussis, a single Tdap dose in
late pregnancy protects infants during their first months of life before
they begin their own routine immunisation course. The rollout of vac-
cine programmes in the UK and US led to significant reductions in infant
hospitalisations and deaths due to pertussis, with vaccine effectiveness
estimated at 70-95 % against infant pertussis and higher against severe
outcomes [37,38]. Influenza vaccination during pregnancy benefits both
mother and baby. Pregnant individuals face risks of severe influenza and
related complications such as pneumonia and preterm birth. Inactivated
influenza vaccines, recommended in all trimesters, reduce
influenza-related hospitalisations in pregnant women and confer partial
protection to infants who cannot be vaccinated until six months of age.
This is demonstrated in randomised and observational studies showing
significant reductions in infant influenza and influenza-related hospi-
talisations [4,39].

The COVID-19 pandemic further highlighted the importance of
maternal immunisation. Infection in pregnancy increases risks of
admission to intensive care, mechanical ventilation, and adverse peri-
natal outcomes [40]. Vaccination has shown robust protection against
severe maternal disease. In addition, through the transplacental transfer
of vaccine-induced maternal antibodies across the placenta, infants born
to vaccinated mothers have lower COVID-19 hospitalisation rates [41].
Large surveillance programmes have not identified increased adverse
pregnancy outcomes, supporting vaccination during pregnancy [42]. A
recent milestone is the introduction of maternal RSV vaccination. RSV is
a leading cause of infant bronchiolitis and pneumonia, with peak
severity in the first months of life. The first licensed maternal RSV
vaccine (RSVpreF; Abrysvo®), substantially reduces severe RSV disease
and medically attended lower respiratory tract infections in early in-
fancy [8,11,12]. Together with long-acting monoclonal RSV antibody
prophylaxis for infants (nirsevimab/clesrovimab), maternal RSV
immunisation offers a powerful, complementary approach to reducing
seasonal RSV burden [5].

Collectively, Tdap, influenza, COVID-19, and RSV vaccines have
demonstrated safety and effectiveness in pregnancy, lowering maternal
morbidity and improving newborn outcomes through passive protec-
tion. Their success validates maternal immunisation as a foundation for
perinatal care and a promising platform for future vaccines targeting
other neonatal diseases.

4. Contributions of routine maternal vaccines to reducing
antibiotic reliance

4.1. Tetanus, diphtheria, and acellular pertussis (Tdap)

Administered in late pregnancy, Tdap induces high concentrations of
anti-pertussis antibodies that are efficiently transferred across the
placenta, protecting infants in the first months when disease is most
severe. In the UK, vaccine effectiveness against infant pertussis less than
3 months of age was approximately 91 % (95 % CI 84-95) [3]. Similarly,
a large US cohort analyses supported robust protection against pertussis
through the first year of life [37]. By preventing infant disease, maternal
Tdap reduces therapeutic macrolide use for index patients and
post-exposure prophylaxis for close contacts. Tdap during pregnancy
also boosts maternal tetanus and diphtheria immunity maternal anti-
bodies may offer additional neonatal protection against diphtheria
where transmission persists, and against tetanus, that would otherwise
prompt adjunctive antimicrobial treatment, achieving elimination in
most priority countries [3,37].
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4.2. Inactivated influenza vaccine

Although influenza is viral, it frequently results in antibiotic pre-
scribing in both adults and infants where clinicians consider secondary
bacterial pneumonia and cannot immediately exclude bacterial infec-
tion. Randomised and observational studies show that maternal influ-
enza vaccination protects mothers and infants. A randomised control
trial in Bangladesh demonstrated a fall in infant laboratory-confirmed
influenza up to 6 months of age by 63 %, along with reductions in
febrile respiratory illness in mothers and infants following vaccination
of pregnant women with an inactivated influenza vaccine [4]. Subse-
quent reviews and cohorts corroborate significant reductions in infant
influenza and related hospitalisations, particularly when vaccination
occurs later in pregnancy, aligning with maximal transplacental transfer
[4]. Fewer influenza-associated febrile illnesses and hospitalisations
translate to fewer antibiotic courses for presumed bacterial pneumonia
or neonatal sepsis. At the population level, these vaccine-prevented viral
illnesses reduce antibiotic use that would otherwise be driven by diag-
nostic uncertainty and concern for bacterial superinfection [4,30,43].

4.3. COVID-19 vaccines

Severe COVID-19 in pregnancy often triggers empiric broad-
spectrum antibiotics, despite the relatively low prevalence of proven
bacterial co-infection. Studies have demonstrated that approximately
three-quarters of hospitalised COVID-19 patients had received antibi-
otics early in the pandemic [44,45]. Maternal vaccination reduces se-
vere maternal disease and is associated with a significantly lower risk of
COVID-19 hospitalisation among infants less than 6 months of age,
consistent with placental antibody transfer with an estimated 61 %
vaccine effectiveness against infant hospitalisation [41]. By avoiding
severe maternal pneumonia, where antibiotics are commonly pre-
scribed, and decreasing infant COVID-19 admissions, where febrile in-
fants routinely receive empiric intravenous antibiotics pending cultures,
maternal COVID-19 vaccination during pregnancy reduces antibiotic
exposure for both mothers and neonates [41,44,45].

4.4. Respiratory syncytial virus (RSV) vaccine

The phase 3 MATISSE trial demonstrated that vaccination with
bivalent prefusion F (RSVpreF) in late pregnancy reduces severe RSV-
associated lower respiratory tract illness (LRTI) and medically atten-
ded RSV LRTI in infants through the first months of life [5]. This vaccine
is now recommended in many countries. Importantly for antibiotic
stewardship, analysis of a randomised maternal RSV vaccine trial found
a 12.9 % reduction in antimicrobial prescribing among infants during
the first 90 days of life, likely driven by fewer bronchiolitis admissions
and fewer empiric antibiotics for presumed bacterial pneumonia [6].
This nicely quantifies an antibiotic-sparing effect of maternal RSV
vaccination during pregnancy which shows the direct reduction of infant
antibiotic exposure by preventing viral lower respiratory tract infections
that often triggers antibiotic treatment in practice [5].

5. Vaccines in development for maternal immunisation
5.1. Group B Streptococcus (GBS)

GBS remains a leading cause of neonatal sepsis and meningitis.
Intrapartum antibiotic prophylaxis (IAP) reduces early-onset disease but
does not prevent late-onset disease, and necessitates broad spectrum
antibiotic exposure contributing to antibiotic selection pressure. A
maternal GBS vaccine could prevent both early and late-onset disease
reducing the need for neonatal antibiotic treatment whilst also reducing
reliance on IAP. A 2023 global modelling study (across 183 countries)
estimated that a single-dose maternal GBS vaccine regimen, assuming
80 % efficacy against invasive GBS and stillbirth, could avert an
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estimated 214,300 invasive GBS (iGBS) cases in infants annually
(127,000 early-onset and 87,300 late-onset iGBS), and around 31,100
infant deaths, plus approximately 23,000 stillbirths [46]. A hexavalent
capsular polysaccharide conjugate (GBS6) has shown robust immuno-
genicity in pregnancy with efficient transplacental antibody transfer in
phase 2 studies supporting progression to late-phase evaluation [47]. If
efficacious at scale, and implemented, maternal GBS vaccination would
enable substantial scaling down of IAP. This programme would provide
a direct antibiotic-sparing benefit in maternity care whilst preventing
invasive neonatal infections [47].

5.2. Klebsiella pneumoniae

Klebsiella pneumoniae is a prominent cause of neonatal sepsis globally
and often exhibits resistance to first-line (ampicillin/gentamicin),
second-line (cephalosporins), and carbapenems, making infections
difficult to treat and frequently fatal. Modelling using multi-country
mortality and genomic data estimated that 22.4 % of neonatal sepsis
deaths due to Klebsiella pneumoniae are caused by meropenem-resistant
strains and projected that maternal vaccination could avert close to
80,000 neonatal deaths and 399,000 neonatal sepsis cases annually [12]
with the largest impact in sub-Saharan Africa and South Asia, regions
with the highest AMR burden [12]. Observational studies from diverse
settings corroborate high case fatality for carbapenem-resistant Gram--
negative neonatal sepsis and the rising prevalence of
carbapenem-resistant Klebsiella pneumoniae colonisation and infection in
NICUs [8,13,48-50]. By preventing infections frequently caused by
multidrug-resistant strains, a maternal Klebsiella vaccine would directly
reduce the need for last-line therapeutic agents in neonatal intensive
care units [12]. Indeed, early-stage development of a maternal Klebsiella
pneumoniae vaccine as well as monoclonal antibodies [51] are
underway.

5.3. Escherichia coli

Escherichia coli is another major cause of neonatal sepsis and men-
ingitis where resistance to third-generation cephalosporins and other
classes is increasingly reported. As with GBS, a maternal Escherichia coli
vaccine would aim to induce maternal IgG that is transferred trans-
placentally to neutralise invasive strains in the newborn. A maternal
Escherichia coli vaccine candidate using a glycosylated surface-protein
platform [52] demonstrates the growing investment in maternal vac-
cines targeting neonatal sepsis pathogens. If successful, such vaccines
could reduce empiric broad-spectrum antibiotic use in the neonatal
period by preventing substantial numbers of sepsis episodes.

6. Antimicrobial use versus antimicrobial resistance

Maternal vaccination can lower antimicrobial use (AMU) and AMR,
but the effect depends on the pathogen. For viral targets, maternal RSV
vaccination mainly reduces AMU. As mentioned previously, infants of
vaccinated mothers received fewer antibiotic prescriptions in the first 90
days of life, showing an antibiotic-sparing effect without any direct
impact on resistance in RSV itself [6]. For bacterial targets with little
current resistance, a maternal GBS vaccine would likewise reduce AMU
by avoiding IAP and empiric neonatal antimicrobial treatment. Since
GBS remains susceptible to penicillin, the immediate effect on GBS AMR
is likely to be modest [20,53,54].

In contrast, maternal vaccines against resistance-prone neonatal
sepsis pathogens, especially Klebsiella pneumoniae and Escherichia coli,
could reduce both AMU and AMR. Current routine maternal vaccines
(Tdap, influenza) mainly lower AMU by preventing infant pertussis with
the associated macrolide treatment and reducing influenza-related
hospitalisations that often trigger empiric antibiotic use with an indi-
rect impact on AMR [3,4]. Framing maternal immunisation in terms of
AMU versus AMR may clarify the expected benefits and helps prioritise
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vaccines with the greatest resistance impact [43].
7. Challenges and barriers to maternal vaccination

Despite compelling evidence of benefit, scaling maternal immuni-
sation faces scientific, regulatory, logistical, and behavioural barriers.
Concerns about safety and vaccine hesitancy persist, trial design and
licensure pathways in pregnancy remain complex, and implementation
particularly in low and middle-income countries (LMICs) is limited by
access, delivery platforms, and financing. Addressing these challenges is
essential to realise the full public-health value of maternal vaccines.

Safety concerns and vaccine hesitancy. Hesitancy in pregnancy
often stems from concerns about miscarriage, teratogenicity, and pre-
term birth, despite evidence of safety. For long-established vaccines,
large studies show no increase in adverse maternal or neonatal out-
comes, and healthcare professional recommendation remains a key
predictor of uptake [55-57]. During the COVID-19 vaccine rollout,
absence of initial trial data in pregnancy and misinformation reduced
early coverage, but subsequent surveillance identified no new safety
signals for mRNA vaccines, supporting broad use [42,57,58]. For
RSVpreF, licensure followed robust efficacy data with real-world ana-
lyses showing no elevated preterm birth risk [59,60]. Persistent
knowledge gaps highlight the need for clear, tailored communication for
patients and healthcare professional [56,61].

Regulatory and ethical considerations. Historically, pregnant
women were excluded from clinical trials, resulting in a ‘protection by
exclusion’ model that delayed evidence collection in this population
[62]. Ethical frameworks now call for fair inclusion with appropriate
safeguards, and regulators have shown flexibility once pre-specified
safety thresholds are met [62]. Demonstrating efficacy for maternal
vaccines is difficult because infant endpoints are rare, requiring very
large trials. Consequently, regulators increasingly use immunobridging
and validated correlates of protection (CoP) to guide licensure and
policy. This approach has been advanced by WHO GBS consultations
and by multi-stakeholder consensus on CoP across pathogens [63,64].
The halted phase-3 trial of one maternal RSV candidate following an
apparent preterm-birth signal and approval of RSVpreF with a restricted
gestational window of vaccination and active safety monitoring illus-
trates the pregnancy risk-benefit sensitivity and the need for robust and
transparent post-authorisation surveillance [59,60,65].

Access and implementation in LMICs. Delivery of maternal vac-
cines depends on antenatal care attendance, yet contact is wide-ranging
amongst pregnant women where more than 1 visit is common, but
completion of more than 4 or 8 varies widely [66,67]. The WHO
Maternal Immunization and Antenatal Care Situation Analysis
(MIACSA) highlights gaps in maternal vaccine delivery in LMICs such as
limited cold chain in maternity settings, fragmented immunisa-
tion-maternal healthcare coordination, weak registry linkages, varied
provider training for patient counselling [68,69], and routine moni-
toring of coverage and pregnancy safety is often inadequate. Community
barriers such as gendered decision-making, low health literacy, and
misinformation, further impede uptake. Here, provider knowledge,
strong recommendations, and community engagement are key enablers
[56,61,68].

Financing and value for money. Adoption of new maternal vac-
cines in resource-constrained settings depends on affordability and
demonstrable value. While maternal tetanus programmes are highly
cost-effective, financing for influenza and pertussis has been inconsis-
tent. Growing evidence supports value for pertussis vaccine, where dy-
namic models in LMICs and country analyses report favourable cost-
effectiveness under reasonable burden and coverage assumptions [70,
71]. For GBS, global modelling projects show substantial health gains
and broad economic benefits, guiding emerging investments, including
the Global Alliance for Vaccines and Immunisation (Gavi) [53,72].
Policymakers also weigh the benefits of relieving health-system pressure
and of antibiotic sparing, aligned with AMR strategies [53,56].
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Data systems and pharmacovigilance. Sustained confidence re-
quires routine measurement of coverage and outcomes. Many countries
maintain separate antenatal care and immunisation information sys-
tems. Integrating these to capture maternal vaccine details, gestational
timing of vaccination, and birth outcomes is feasible but under-
resourced. Recommendations by WHO include strengthening passive
and active safety surveillance in pregnancy, using perinatal registries
and birth-defects monitoring where available, and harmonising defini-
tions to enable signal detection and cross-region comparisons [53,68,
69].

Path forward. Overcoming barriers will require (i) proactive,
values-based communication by trusted antenatal care providers, (ii)
fair inclusion of pregnant women in vaccine research with clear plans for
safety oversight and CoP-based licensure when efficacy trials are not
feasible, (iii) integration of maternal vaccines into routine antenatal care
pathways, cold-chain and stock management in maternity settings, and
integration of data exchange with immunisation registries, and (iv)
sustainable financing that reflects full health and economic value. The
approval and early rollout of maternal RSV vaccination, together with
the collection of pregnancy-specific safety data for COVID-19 vaccines,
show that rigorous evidence generation can go hand-in-hand with
cautious, transparent policy. Public confidence builds when health sys-
tems deliver vaccines consistently and safely [42,58-60,68,69]. Closing
this implementation gap, particularly in LMICs, is now the central
challenge to achieving equitable maternal immunisation coverage.

8. Future directions and recommendations

Progress in maternal immunisation has supported the case for vac-
cines to control antimicrobial resistance (AMR), yet key scientific and
policy gaps remain. First, immune CoPs that reliably predict infant
benefit are incompletely defined for several priority pathogens (eg. GBS,
Escherichia coli, Bordetella pertussis). Clarifying quantitative and func-
tional antibody thresholds, supported by standardised assays, would
enable immunobridging approaches and smaller, faster trials in preg-
nancy, accelerating development and licensure pathways for maternal
vaccines [54,63]. At the same time, maternal-antibody and
infant-vaccine interactions require investigation following evidence
showing that higher maternally derived antibodies can ‘blunt’ infant
serologic responses to their own routine priming doses without clear
evidence of reduced clinical protection, which further drives the need to
complete infant schedules [73,74].

Second, advancing maternal vaccine platforms should be a priority.
Evidence from mRNA COVID-19 vaccines, including large pregnancy
safety datasets, shows that nucleic-acid technologies and potentially
other next-generation approaches with adjuvants can be adapted for use
in pregnancy. Using these platforms for maternal vaccines targeting
neonatal sepsis pathogens could improve effectiveness, simplify
manufacturing, and enable rapid deployment [42]. Early evidence that
maternal RSV vaccination lowers antibiotic prescribing in infants shows
that pregnancy-targeted vaccines can spare antibiotic use. Future trials
should predefine antibiotic-use outcomes and relate them to local AMR
patterns to assist in quantifying this benefit [6].

Third, long-term consequences of maternal immunisation on infant
immune growth remain unknown. Further vaccine research should
assess whether preventing early infections, and therefore reducing early
antibiotic exposure, alters the risk of immune-related conditions, for
example allergy and asthma, or affects vaccine responses later in infancy
and childhood [74]. Finally, more direct evidence connecting maternal
vaccination during pregnancy to AMR outcome is needed. Comparative
studies across hospitals and regions that link vaccine coverage, anti-
biotic use, and resistance patterns can quantify reductions in
drug-resistant neonatal infections after maternal vaccine implementa-
tion, strengthening the case for including maternal vaccination during
pregnancy in AMR strategies.
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9. Conclusion

There are several ways in which maternal vaccination during preg-
nancy can reduce antibiotic resistance and reliance. First, fewer primary
infections will mean fewer antibiotic treatments. Preventing infant
infection, disease and hospital admissions will directly lower the num-
ber of antibiotic courses prescribed for confirmed or presumed bacterial
disease [3-6,37,41,44,45]. Second, maternal vaccines reduce empiric
antibiotic use driven by diagnostic uncertainty. For example, preventing
infant COVID-19 and RSV admissions avoids many precautionary
intravenous antibiotic courses commonly initiated while cultures are
pending [6,41]. Third, there is a reduction of secondary bacterial in-
fections that may complicate viral illness, further reducing the need for
antibiotic treatment [4,44,45]. In short, the use of vaccines to prevent
primary illness or downstream bacterial complications directly reduces
antibiotic exposure, and eases selection pressure for resistance [75].

Routine maternal vaccines (Tdap, influenza, COVID-19, RSV)
already deliver measurable antibiotic-sparing benefits by preventing
infections that drive antibiotic use in mothers and neonates. Maternal
vaccines in development (GBS, K. pneumoniae, E. coli) could further
reduce the burden of neonatal sepsis and so diminish reliance on broad-
spectrum AMU in NICUs to help to slow AMR progression. Alongside
antibiotic stewardship and infection-prevention measures, maternal
immunisation is a practical, scalable strategy to reduce antibiotic
exposure in the perinatal period and beyond [43].

Realising this potential requires sustained action. We need to embed
maternal vaccination within national AMR plans, strengthen antenatal
care platforms for delivery, pharmacovigilance, and coverage moni-
toring, invest in research to define immune correlates and accelerate
licensure, and ensure equitable financing for introduction in high-
burden settings. If delivered successfully, maternal immunisation will
continue to save lives today and help preserve antibiotic effectiveness
for tomorrow.

Author statement

KLD conceived the idea for the review and EG coordinated the
project. EG drafted the initial manuscript, which was critically reviewed
and revised by all authors. All authors approved the final version of the
manuscript and agree to be accountable for all aspects of the work. KLD
is the guarantor of the review.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

Conflict of interest

EG reports research funding from GSK, Moderna, Janssen, and MSD,
and from charitable organisations; all payments were made to their
institution. EG also reports consultancy fees from GSK, with all pay-
ments made to their institution. KLD, EN, RM, EO declare no competing
interests.

References

[1] Pyzik M, Kozicky LK, Gandhi AK, Blumberg RS. The therapeutic age of the neonatal
Fc receptor. Nat Rev Immunol 2023;23(7):415-32. https://doi.org/10.1038/
541577-022-00821-1. Nature Research.

[2] Kanu, F. A., Yusuf, N., Kassogue, M., Ahmed, B., & Tohme, R. A. (n.d.). Morbidity
and mortality weekly report progress toward achieving and sustaining maternal
and neonatal tetanus elimination-worldwide, 2000-2020. https://www.who.int
/immunization/documents/MNTE_Validation.

[3] Amirthalingam G, Andrews N, Campbell H, Ribeiro S, Kara E, Donegan K, Fry NK,
Miller E, Ramsay M. Effectiveness of maternal pertussis vaccination in England: an
observational study. Lancet 2014;384(9953):1521-8. https://doi.org/10.1016/
S0140-6736(14)60686-3.


https://doi.org/10.1038/s41577-022-00821-1
https://doi.org/10.1038/s41577-022-00821-1
https://www.who.int/immunization/documents/MNTE_Validation
https://www.who.int/immunization/documents/MNTE_Validation
https://doi.org/10.1016/S0140-6736(14)60686-3
https://doi.org/10.1016/S0140-6736(14)60686-3

E.P. Galiza et al.

[4]

[5]

[6

s}

[7

—

[8

—

91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Zaman K, Roy E, Arifeen SE, Rahman M, Raqib R, Wilson E, Omer SB, Shahid NS,
Breiman RF, Steinhoff MC. Effectiveness of maternal influenza immunization in
mothers and infants. N Engl J Med 2008;359(15):1555-64. https://doi.org/
10.1056/nejmoa0708630.

Kampmann B, Madhi SA, Munjal I, Simoes EAF, Pahud BA, Llapur C, Baker J, Pérez
Marc G, Radley D, Shittu E, Glanternik J, Snaggs H, Baber J, Zachariah P,
Barnabas SL, Fausett M, Adam T, Perreras N, van Houten MA, Gurtman A. Bivalent
prefusion F Vaccine in pregnancy to prevent RSV illness in infants. N Engl J Med
2023;388(16):1451-64. https://doi.org/10.1056/nejmoa2216480.

Lewnard JA, Fries LF, Cho I, Chen J, Laxminarayan R. Prevention of antimicrobial
prescribing among infants following maternal vaccination against respiratory
syncytial virus. Proc Natl Acad Sci USA 2022 Mar 22;119(12):e2112410119.
https://doi.org/10.1073/pnas.2112410119. Epub 2022 Mar 14. PMID: 35286196;
PMCID: PMC8944586.

Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar G, Gray A, Han C,
Bisignano C, Rao P, Wool E, Johnson SC, Browne AJ, Chipeta MG, Fell F, Hackett S,
Haines-Woodhouse G, Kashef Hamadani BH, Kumaran EAP, McManigal B,
Naghavi M. Global burden of bacterial antimicrobial resistance in 2019: a
systematic analysis. Lancet 2022;399(10325):629-55. https://doi.org/10.1016/
S0140-6736(21)02724-0.

Mukherjee S. Neonatal sepsis: the impact of carbapenem-resistant and
hypervirulent Klebsiella pneumoniae. Front Med 2021;8. https://doi.org/10.3389/
fmed.2021.634349. Frontiers Media SA.

Abbas A, Barkhouse A, Hackenberger D, Wright GD. Antibiotic resistance: a key
microbial survival mechanism that threatens public health. Cell Host Microbe
2024;32(6):837-51. https://doi.org/10.1016/j.chom.2024.05.015. Cell Press.
Tao S, Chen H, Li N, Wang T, Liang W. The spread of antibiotic resistance genes in
vivo model. Can J Infect Dis Med Microbiol 2022;2022. https://doi.org/10.1155/
2022/3348695. Hindawi Limited.

Tzialla C, Berardi A, Mondi V, On Behalf Of The Study Group Of Neonatal
Infectious Diseases. Outbreaks in the neonatal intensive care unit: Description and
management. Trop Med Infect Dis 2024 Sep 12;9(9):212. https://doi.org/10.3390/
tropicalmed9090212. PMID: 39330901; PMCID: PMC11435871.

Kumar CK, Sands K, Walsh TR, Obrien S, Sharland M, Lewnard JA, Hu H,
Srikantiah P, Laxminarayan R. Global, regional, and national estimates of the
impact of a maternal Klebsiella pneumoniae vaccine: a Bayesian modeling analysis.
PLoS Med 2023;20(5 May). https://doi.org/10.1371/journal.pmed.1004239.

Wei X, Liang J, Zhang H, Yan C, Lu X, Chen Y, Li L. Clinical features and risk factors
of Klebsiella pneumoniae infection in premature infants: a retrospective cohort
study. BMC Infect Dis 2024 Nov 16;24(1):1311. https://doi.org/10.1186/512879-
024-10201-w. PMID: 39550549; PMCID: PMC11569604.

Rooney CM, Lancaster R, McKechnie L, Sethi K. Staphylococcal aureus outbreaks in
neonatal intensive care units: strategies, nuances, and lessons learned from the
frontline. Antimicrob Steward Healthc Epidemiol 2024 May 2;4(1):e70. https://
doi.org/10.1017/ash.2024.59. PMID: 38721492; PMCID: PMC11077608.
JTacobelli S, Colomb B, Bonsante F, Astruc K, Ferdynus C, Bouthet MF, Neuwirth C,
Aho Glélé LS, Chavanet P, Gouyon JB. Successful control of a Methicillin-resistant
Staphylococcus aureus outbreak in a neonatal intensive care unit: a retrospective,
before-after study. BMC Infect Dis 2013;13(1). https://doi.org/10.1186,/1471-
2334-13-440.

Orwa SA, Gudnadottir U, Boven A, Pauwels I, Versporten A, Vlieghe E,
Brusselaers N. Global prevalence of antibiotic consumption during pregnancy: a
systematic review and meta-analysis. J Infect 2024 Aug;89(2):106189. https://doi.
org/10.1016/].jinf.2024.106189. Epub 2024 Jun 4. PMID: 38844084.

Gamberini C, Donders S, Al-Nasiry S, Kamenshchikova A, Ambrosino E. Antibiotic
use in pregnancy: a global survey on antibiotic prescription practices in antenatal
care. Antibiotics (Basel) 2023 Apr 29;12(5):831. https://doi.org/10.3390/
antibiotics12050831. PMID: 37237734; PMCID: PMC10215848.

Nguyen J, Madonia V, Bland CM, Stover KR, Eiland LS, Keating J, Lemmon M,
Bookstaver PB. As part of the Southeastern research group endeavor (SERGE-45)
research network. A review of antibiotic safety in pregnancy-2025 update.
Pharmacotherapy 2025 Apr;45(4):227-37. https://doi.org/10.1002/phar.70010.
Epub 2025 Mar 19. PMID: 40105039; PMCID: PMC11998890.

Rao GG, Khanna P. To screen or not to screen women for Group B Streptococcus
(Streptococcus agalactiae) to prevent early onset sepsis in newborns: recent
advances in the unresolved debate. Ther Adv Infect Dis 2020 Jul 13;7:
2049936120942424. https://doi.org/10.1177/2049936120942424. PMID:
32704370; PMCID: PMC7361483.

Verani JR, McGee L, Schrag SJ. Division of bacterial diseases, national center for
immunization and respiratory diseases, centers for Disease Control and Prevention
(CDQ). Prevention of perinatal group B streptococcal disease-revised guidelines
from CDC, 2010. MMWR Recomm Rep 2010 Nov 19;59(RR-10):1-36. PMID:
21088663.

Panneflek TJR, Hasperhoven GF, Chimwaza Y, Allen C, Lavin T, Te Pas AB,
Bekker V, van den Akker T. Intrapartum antibiotic prophylaxis to prevent Group B
streptococcal infections in newborn infants: a systematic review and meta-analysis
comparing various strategies. eClinicalMedicine 2024 Jul 28;74:102748. https://
doi.org/10.1016/j.eclinm.2024.102748. PMID: 39569026; PMCID:
PMC11577566.

Flannery DD, Zevallos Barboza A, Mukhopadhyay S, Wade KC, Gerber JS, Shu D,
Puopolo KM. Antibiotic use among infants admitted to neonatal intensive care
units. JAMA Pediatr 2023 Dec 1;177(12):1354-6. https://doi.org/10.1001/
jamapediatrics.2023.3664. PMID: 37812442; PMCID: PMC10562984.

Ting JY, Roberts A, Sherlock R, Ojah C, Cieslak Z, Dunn M, Barrington K, Yoon EW,
Shah PS, Canadian Neonatal Network Investigators. Duration of initial empirical
antibiotic therapy and outcomes in very low birth weight infants. Pediatrics 2019

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Seminars in Fetal and Neonatal Medicine 30 (2025) 101680

Mar;143(3):e20182286. https://doi.org/10.1542/peds.2018-2286. PMID:
30819968.

Hematian F, Aletayeb SMH, Dehdashtian M, Aramesh MR, Malakian A,

Aletayeb MS. Frequency and types of antibiotic usage in a referral neonatal
intensive care unit, based on the world health organization classification (AwaRe).
BMC Pediatr 2025 Jan 24;25(1):60. https://doi.org/10.1186/512887-025-05407-
z. PMID: 39856585; PMCID: PMC11759425.

Obolski U, Kassem E, Na’amnih W, Tannous S, Kagan V, Muhsen K. Unnecessary
antibiotic treatment of children hospitalised with respiratory syncytial virus (RSV)
bronchiolitis: risk factors and prescription patterns. J Glob Antimicrob Resist 2021;
27:303-8. https://doi.org/10.1016/j.jgar.2021.10.015.

Garcia-Garcia ML, Alcolea S, Alonso-Lopez P, Martin-Martin C, Tena-Garcia G,
Casas I, Pozo F, Méndez-Echevarria A, Hurtado-Gallego J, Calvo C. Antibiotic
utilization in hospitalized children with bronchiolitis: a prospective study
investigating clinical and epidemiological characteristics at a secondary hospital in
Madrid (2004-2022). Pathogens 2023 Nov 28;12(12):1397. https://doi.org/
10.3390/pathogens12121397. PMID: 38133281; PMCID: PMC10747854.

Priante E, Minotti C, Contessa C, Boschetto M, Stano P, Dal Bello F, De Canale E,
Lolli E, Baldo V, Baraldi E, Dona D. Successful control of an outbreak by
phenotypically identified extended-spectrum beta-lactamase-producing Klebsiella
pneumoniae in a neonatal intensive care unit. Antibiotics (Basel) 2022 Nov 18;11
(11):1649. https://doi.org/10.3390/antibiotics11111649. PMID: 36421293;
PMCID: PMC9686647.

Minotti C, Robinson E, Schlaepfer P, Pohl C, Goldenberger D, Schulzke SM,
Keller PM, Bielicki JA. Interpreting whole-genome sequencing data during
neonatal Klebsiella oxytoca complex outbreak management. Antimicrob Resist
Infect Control 2025 Jul 1;14(1):76. https://doi.org/10.1186/513756-025-01595-6.
PMID: 40598626; PMCID: PMC12219439.

Southwick KL, Greenko J, Quinn MJ, Haley VB, Adams E, Lutterloh E. Methicillin-
resistant Staphylococcus aureus (MRSA) clusters in neonatal intensive care units
(NICUs) and other neonatal units in New York State (NYS), 2001 to 2017. Am J
Infect Control 2024 Apr;52(4):424-35. https://doi.org/10.1016/j.
ajic.2023.09.015. Epub 2023 Sep 29. PMID: 37778709.

World Health Organization. Estimating the impact of vaccines in reducing
antimicrobial resistance and antibiotic use: technical report. Geneva: World Health
Organization; 2024. Licence: CC BY-NC-SA 3.0 IGO.

Palmeira P, Quinello C, Silveira-Lessa AL, Zago CA, Carneiro-Sampaio M. IgG
placental transfer in healthy and pathological pregnancies. In: Clinical and
developmental immunology, vol 2012; 2012. https://doi.org/10.1155/2012/
985646.

Oguti B, Ali A, Andrews N, Barug D, Anh Dang D, Halperin SA, Thu Hoang HT,
Holder B, Kampmann B, Kazi AM, Langley JM, Leuridan E, Madavan N,
Maertens K, Maldonado H, Miller E, Munoz-Rivas FM, Omer SB, Pollard AJ,
Voysey M. The half-life of maternal transplacental antibodies against diphtheria,
tetanus, and pertussis in infants: an individual participant data meta-analysis.
Vaccine 2022;40(3):450-8. https://doi.org/10.1016/j.vaccine.2021.12.007.
Rio-Aige K, Azagra-Boronat I, Castell M, Selma-Royo M, Collado MC, Rodriguez-
Lagunas MJ, Pérez-Cano FJ. The breast milk immunoglobulinome. Nutrients 2021;
13(6). https://doi.org/10.3390/nul3061810. MDPI AG.

Lokossou GAG, Kouakanou L, Schumacher A, Zenclussen AC. Human breast milk:
from food to active immune response with disease protection in infants and
mothers. Front Immunol 2022;13. https://doi.org/10.3389/fimmu.2022.849012.
Frontiers Media S.A.

Schlaudecker EP, Steinhoff MC, Omer SB, McNeal MM, Roy E, Arifeen SE,

Dodd CN, Ragib R, Breiman RF, Zaman K. IgA and neutralizing antibodies to
influenza A virus in human milk: a randomized trial of antenatal influenza
immunization. PLoS One 2013;8(8). https://doi.org/10.1371/journal.
pone.0070867.

Njuguna HN, Yusuf N, Abid Raza A, Ahmed B, Tohme RA. Morbidity and mortality
weekly report progress toward maternal and neonatal tetanus elimination-
worldwide, 2000-2018, vol. 69; 2000. 17, https://www.unicef.org/media/60561
/file/UN-IGME-child-mortality.

Baxter R, Bartlett J, Fireman B, Lewis E, Klein NP. Effectiveness of vaccination
during pregnancy to prevent infant pertussis. Pediatrics 2017 May;139(5):
€20164091. https://doi.org/10.1542/peds.2016-4091. Epub 2017 Apr 3. PMID:
28557752.

Amirthalingam G, Campbell H, Ribeiro S, Fry NK, Ramsay M, Miller E, Andrews N.
Sustained effectiveness of the maternal pertussis immunization program in England
3 years following introduction. Clin Infect Dis 2016;63:5236-43. https://doi.org/
10.1093/cid/ciw559.

Nunes MC, Madhi SA. Influenza vaccination during pregnancy for prevention of
influenza confirmed illness in the infants: a systematic review and meta-analysis.
Hum Vaccines Immunother 2018;14(3):758-66. https://doi.org/10.1080/
21645515.2017.1345385. Taylor and Francis Inc.

Allotey J, Stallings E, Bonet M, Yap M, Chatterjee S, Kew T, Debenham L,

Llavall AC, Dixit A, Zhou D, Balaji R, Lee SI, Qiu X, Yuan M, Coomar D, van
Wely M, van Leeuwen E, Kostova E, Kunst H, Thangaratinam S. Clinical
manifestations, risk factors, and maternal and perinatal outcomes of coronavirus
disease 2019 in pregnancy: living systematic review and meta-analysis. The BMJ
2020;370. https://doi.org/10.1136/bmj.m3320.

Halasa NB, Olson SM, Staat MA, Newhams MM, Price AM, Pannaraj PS, Boom JA,
Sahni LC, Chiotos K, Cameron MA, Bline KE, Hobbs Cv, Maddux AB, Coates BM,
Michelson KN, Heidemann SM, Irby K, Nofziger RA, Mack EH, Patel MM. Maternal
vaccination and risk of hospitalization for Covid-19 among infants. N Engl J Med
2022;387(2):109-19. https://doi.org/10.1056/nejmoa2204399.


https://doi.org/10.1056/nejmoa0708630
https://doi.org/10.1056/nejmoa0708630
https://doi.org/10.1056/nejmoa2216480
https://doi.org/10.1073/pnas.2112410119
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.3389/fmed.2021.634349
https://doi.org/10.3389/fmed.2021.634349
https://doi.org/10.1016/j.chom.2024.05.015
https://doi.org/10.1155/2022/3348695
https://doi.org/10.1155/2022/3348695
https://doi.org/10.3390/tropicalmed9090212
https://doi.org/10.3390/tropicalmed9090212
https://doi.org/10.1371/journal.pmed.1004239
https://doi.org/10.1186/s12879-024-10201-w
https://doi.org/10.1186/s12879-024-10201-w
https://doi.org/10.1017/ash.2024.59
https://doi.org/10.1017/ash.2024.59
https://doi.org/10.1186/1471-2334-13-440
https://doi.org/10.1186/1471-2334-13-440
https://doi.org/10.1016/j.jinf.2024.106189
https://doi.org/10.1016/j.jinf.2024.106189
https://doi.org/10.3390/antibiotics12050831
https://doi.org/10.3390/antibiotics12050831
https://doi.org/10.1002/phar.70010
https://doi.org/10.1177/2049936120942424
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref20
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref20
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref20
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref20
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref20
https://doi.org/10.1016/j.eclinm.2024.102748
https://doi.org/10.1016/j.eclinm.2024.102748
https://doi.org/10.1001/jamapediatrics.2023.3664
https://doi.org/10.1001/jamapediatrics.2023.3664
https://doi.org/10.1542/peds.2018-2286
https://doi.org/10.1186/s12887-025-05407-z
https://doi.org/10.1186/s12887-025-05407-z
https://doi.org/10.1016/j.jgar.2021.10.015
https://doi.org/10.3390/pathogens12121397
https://doi.org/10.3390/pathogens12121397
https://doi.org/10.3390/antibiotics11111649
https://doi.org/10.1186/s13756-025-01595-6
https://doi.org/10.1016/j.ajic.2023.09.015
https://doi.org/10.1016/j.ajic.2023.09.015
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref30
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref30
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref30
https://doi.org/10.1155/2012/985646
https://doi.org/10.1155/2012/985646
https://doi.org/10.1016/j.vaccine.2021.12.007
https://doi.org/10.3390/nu13061810
https://doi.org/10.3389/fimmu.2022.849012
https://doi.org/10.1371/journal.pone.0070867
https://doi.org/10.1371/journal.pone.0070867
https://www.unicef.org/media/60561/file/UN-IGME-child-mortality
https://www.unicef.org/media/60561/file/UN-IGME-child-mortality
https://doi.org/10.1542/peds.2016-4091
https://doi.org/10.1093/cid/ciw559
https://doi.org/10.1093/cid/ciw559
https://doi.org/10.1080/21645515.2017.1345385
https://doi.org/10.1080/21645515.2017.1345385
https://doi.org/10.1136/bmj.m3320
https://doi.org/10.1056/nejmoa2204399

E.P. Galiza et al.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Shimabukuro TT, Kim SY, Myers TR, Moro PL, Oduyebo T, Panagiotakopoulos L,
Marquez PL, Olson CK, Liu R, Chang KT, Ellington SR, Burkel VK, Smoots AN,
Green CJ, Licata C, Zhang BC, Alimchandani M, Mba-Jonas A, Martin SW, Meaney-
Delman DM. Preliminary findings of mRNA Covid-19 vaccine safety in pregnant
persons. N Engl J Med 2021;384(24):2273-82. https://doi.org/10.1056/
nejmoa2104983.

Vekemans J, Hasso-Agopsowicz M, Kang G, Hausdorff WP, Fiore A, Tayler E,
Klemm EJ, Laxminarayan R, Srikantiah P, Friede M, Lipsitch M. Leveraging
vaccines to reduce antibiotic use and prevent antimicrobial resistance: a world
health organization action framework. Clin Infect Dis 2021 Aug 16;73(4):e1011-7.
https://doi.org/10.1093/cid/ciab062. PMID: 33493317; PMCID: PMC8366823.
Langford BJ, So M, Raybardhan S, Leung V, Soucy JR, Westwood D, Daneman N,
MacFadden DR. Antibiotic prescribing in patients with COVID-19: rapid review
and meta-analysis. Clin Microbiol Infect 2021 Apr;27(4):520-31. https://doi.org/
10.1016/j.cmi.2020.12.018. Epub 2021 Jan 5. PMID: 33418017; PMCID:
PMC7785281.

Langford BJ, So M, Simeonova M, Leung V, Lo J, Kan T, Raybardhan S, Sapin ME,
Mponponsuo K, Farrell A, Leung E, Soucy JR, Cassini A, MacFadden D, Daneman N,
Bertagnolio S. Antimicrobial resistance in patients with COVID-19: a systematic
review and meta-analysis. Lancet Microbe 2023 Mar;4(3):e179-91. https://doi.
org/10.1016/52666-5247(22)00355-X. Epub 2023 Jan 31. PMID: 36736332;
PMCID: PMC9889096.

Procter SR, Gongalves BP, Paul P, Chandna J, Seedat F, Koukounari A,
Hutubessy R, Trotter C, Lawn JE, Jit M. Maternal immunisation against Group B
Streptococcus: a global analysis of health impact and cost-effectiveness. PLoS Med
2023 Mar 14;20(3):e1004068. https://doi.org/10.1371/journal.pmed.1004068.
PMID: 36917564; PMCID: PMC10013922.

Madhi SA, Anderson AS, Absalon J, Radley D, Simon R, Jongihlati B, Strehlau R,
van Niekerk AM, Izu A, Naidoo N, Kwatra G, Ramsamy Y, Said M, Jones S, Jose L,
Fairlie L, Barnabas SL, Newton R, Munson S, Jansen KU. Potential for maternally
administered vaccine for infant Group B streptococcus. N Engl J Med 2023;389(3):
215-27. https://doi.org/10.1056/nejmoa2116045.

Fang P, Gao K, Yang J, Li T, Gong W, Sun Q, Wang Y. Prevalence of multidrug-
resistant pathogens causing neonatal early and late onset sepsis, a retrospective
study from the tertiary referral children’s hospital. Infect Drug Resist 2023 Jun 29;
16:4213-25. https://doi.org/10.2147/IDR.S416020. PMID: 37404253; PMCID:
PMC10317526.

You T, Zhang H, Guo L, Ling KR, Hu XY, Li LQ. Differences in clinical
characteristics of early- and late-onset neonatal sepsis caused by Klebsiella
pneumoniae. Int J Immunopathol Pharmacol 2020 Jan-Dec;34:
2058738420950586. https://doi.org/10.1177/2058738420950586. PMID:
32816593; PMCID: PMC7444108.

HuY, Yang Y, Feng Y, Fang Q, Wang C, Zhao F, McNally A, Zong Z. Prevalence and
clonal diversity of carbapenem-resistant Klebsiella pneumoniae causing neonatal
infections: a systematic review of 128 articles across 30 countries. PLoS Med 2023
Jun 20;20(6):€1004233. https://doi.org/10.1371/journal.pmed.1004233. PMID:
37339120; PMCID: PMC10281588.

Roscioli E, Zucconi Galli Fonseca V, Bosch SS, Paciello I, Maccari G, Cardinali G,
Batani G, Stazzoni S, Tiseo G, Giordano C, Yuwei S, Capoccia L, Cardamone D,
Ridelfi M, Troisi M, Manganaro N, Mugnaini C, De Santi C, Ciabattini A,
Cerofolini L, Fragai M, Licastro D, Wyres K, Dortet L, Barnini S, Nicolau DP,
Menichetti F, Falcone M, Abdelraouf K, Sala C, Kabanova A, Rappuoli R.
Monoclonal antibodies protect against pandrug-resistant Klebsiella pneumoniae.
Nature 2025 Oct;1. https://doi.org/10.1038/s41586-025-09391-3. Epub ahead of
print. PMID: 41034577.

CARB-X. CARB-X funds GlyProVac to develop a novel vaccine to prevent sepsis in
newborns. Boston (MA): CARB-X; 2024 Feb 29. https://carb-x.org/carb-x-news/car
b-x-funds-glyprovac. [Accessed 20 October 2025].

World Health Organization. Group B streptococcus vaccine: full value of vaccine
assessment. Geneva: World Health Organization; 2021. Licence: CC BY-NC-SA 3.0
IGO.

Trotter CL, Alderson M, Dangor Z, Ip M, Le Doare K, Nakabembe E, Procter SR,
Sekikubo M, Lambach P. Vaccine value profile for Group B streptococcus. Vaccine
2023 Nov 3;41(Suppl 2):541-52. https://doi.org/10.1016/j.vaccine.2023.04.024.
Epub 2023 Oct 6. PMID: 37951694.

Wolfe DM, Fell D, Garritty C, Hamel C, Butler C, Hersi M, Ahmadzai N, Rice DB,
Esmaeilisaraji L, Michaud A, Soobiah C, Ghassemi M, Khan PA, Sinilaite A,
Skidmore B, Tricco AC, Moher D, Hutton B. Safety of influenza vaccination during
pregnancy: a systematic review. BMJ Open 2023 Sep 6;13(9):e066182. https://doi.
org/10.1136/bmjopen-2022-066182. PMID: 37673449; PMCID: PMC10496691.
Rand CM, Olson-Chen C. Maternal vaccination and vaccine hesitancy. Pediatr Clin
North Am 2023 Apr;70(2):259-69. https://doi.org/10.1016/j.pcl.2022.11.004.
PMID: 36841594; PMCID: PMC9956150.

Kharbanda EO, Vazquez-Benitez G, Lipkind HS, Klein NP, Cheetham TC,
Naleway AL, Lee GM, Hambidge S, Jackson ML, Omer SB, McCarthy N, Nordin JD.
Maternal Tdap vaccination: coverage and acute safety outcomes in the vaccine
safety datalink, 2007-2013. Vaccine 2016 Feb 10;34(7):968-73. https://doi.org/
10.1016/j.vaccine.2015.12.046. Epub 2016 Jan 4. PMID: 26765288; PMCID:
PMC6506839.

Choi YJ, Jung J, Kang M, Choi MJ, Choi WS, Seo YB, Hyun HJ, Yoon Y, Choe YJ,
Cho GJ, Kim YE, Kim DW, Seong H, Nham E, Yoon JG, Noh JY, Song JY, Kim WJ,
Cheong HJ. The risk of pregnancy-related adverse outcomes after COVID-19
vaccination: propensity score-matched analysis with influenza vaccination.
Vaccine 2025 Jan 12;44:126506. https://doi.org/10.1016/j.vaccine.2024.126506.
Epub 2024 Nov 25. Erratum in: Vaccine. 2025 Feb 6;46:126676. doi: 10.1016/j.
vaccine.2024.126676. PMID: 39591703.

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

Seminars in Fetal and Neonatal Medicine 30 (2025) 101680

Son M, Riley LE, Staniczenko AP, Cron J, Yen S, Thomas C, Sholle E, Osborne LM,
Lipkind HS. Nonadjuvanted bivalent respiratory syncytial virus vaccination and
perinatal outcomes. JAMA Netw Open 2024 Jul 1;7(7):e2419268. https://doi.org/
10.1001/jamanetworkopen.2024.19268. PMID: 38976271; PMCID:
PMC11231799.

Boundy EO, Fast H, Jatlaoui TC, Razzaghi H, Harris L, Nguyen K, Mells J,
Peacock G, Black CL. Respiratory syncytial virus immunization coverage among
infants through receipt of Nirsevimab monoclonal antibody or maternal
vaccination - united States, October 2023-March 2024. MMWR Morb Mortal Wkly
Rep 2025 Aug 21;74(31):484-9. https://doi.org/10.15585/mmwr.mm?7431a3.
PMID: 40839535; PMCID: PMC12370014.

Mitchell SL, Schulkin J, Power ML. Vaccine hesitancy in pregnant women: a
narrative review. Vaccine 2023 Jun 29;41(29):4220-7. https://doi.org/10.1016/j.
vaccine.2023.05.047. Epub 2023 Jun 7. PMID: 37291023.

Krubiner CB, Faden RR, Karron RA, Little MO, Lyerly AD, Abramson JS, Beigi RH,
Cravioto AR, Durbin AP, Gellin BG, Gupta SB, Kaslow DC, Kochhar S, Luna F,
Saenz C, Sheffield JS, Tindana PO. Pregnant women & vaccines against emerging
epidemic threats: ethics guidance for preparedness, research, and response.
Vaccine 2021;39(1):85-120. https://doi.org/10.1016/j.vaccine.2019.01.011.
Elsevier Ltd.

Vekemans J, Crofts J, Baker CJ, Goldblatt D, Heath PT, Madhi SA, Le Doare K,
Andrews N, Pollard AJ, Saha SK, Schrag SJ, Smith PG, Kaslow DC. The role of
immune correlates of protection on the pathway to licensure, policy decision and
use of group B Streptococcus vaccines for maternal immunization: considerations
from World Health Organization consultations. Vaccine 2019 May 27;37(24):
3190-8. https://doi.org/10.1016/j.vaccine.2019.04.039. Epub 2019 Apr 25.
PMID: 31031031; PMCID: PMC6528168.

King DF, Groves H, Weller C, Jones I, Cramer JP, Gilbert PB, Goldblatt D,
Gruber MF, Kampmann B, Maiga D, Pasetti MF, Plotkin SA, Precioso A, Wassie L,
Wittke F, Kaslow DC. Realising the potential of correlates of protection for vaccine
development, licensure and use: short summary. NPJ Vaccines 2024 Apr 29;9(1):
82. https://doi.org/10.1038/541541-024-00872-6. PMID: 38684704; PMCID:
PMC11058756.

Boytchev H. Maternal RSV vaccine: further analysis is urged on preterm births.
BMJ 2023 May 10;381:1021. https://doi.org/10.1136/bmj.p1021. PMID:
37164373.

Jiwani SS, Rana S, Hazel EA, Maiga A, Wilson EB, Amouzou A. Building an
effective coverage cascade for antenatal care: linking of household survey and
health facility assessment data in eight low- and middle-income countries. J Glob
Health 2025 Feb 14;15:04048. https://doi.org/10.7189/jogh.15.04048. PMID:
39950560; PMCID: PMC11826959.

Pons-Duran C, Bekele D, Haneuse S, Hunegnaw BM, Alemu K, Kassa M, Berhan Y,
Goddard FGB, Taddesse L, Chan GJ. Antenatal care coverage in a low-resource
setting: estimations from the Birhan Cohort. PLOS Glob Public Health 2023 Nov
15;3(11):e0001912. https://doi.org/10.1371/journal.pgph.0001912. PMID:
37967078; PMCID: PMC10651002.

Giles ML, Mantel C, Munoz FM, Moran A, Roos N, Yusuf N, Diaz T, Ahun M, Nic
Lochlainn LM, Wootton E, Pathirana J, Rendell S, Tuncalp O, Perut M, Hombach J,
Merten S, Lambach P. Vaccine implementation factors affecting maternal tetanus
immunization in low- and middle-income countries: results of the Maternal
Immunization and Antenatal Care Situational Analysis (MIACSA) project. Vaccine
2020 Jul 14;38(33):5268-77. https://doi.org/10.1016/j.vaccine.2020.05.084.
Epub 2020 Jun 22. PMID: 32586763; PMCID: PMC7342017.

Khan T, Malik S, Rafeekh L, Halder S, Desai S, Das Bhattacharya S. Facilitators and
barriers to maternal immunization and strategies to improve uptake in low-income
and lower-middle income countries: a systematic review. Hum Vaccin Immunother
2024 Dec 31;20(1):2411823. https://doi.org/10.1080/21645515.2024.2411823.
Epub 2024 Oct 29. Erratum in: Hum Vaccin Immunother. 2024 Dec 31;20(1):
2430830. doi: 10.1080/21645515.2024.2430830. PMID: 39473171; PMCID:
PMC11533802.

Kim SY, Min KD, Jung SM, Russell LB, Toscano C, Minamisava R, Andrade ALS,
Sanderson C, Sinha A. Cost-effectiveness of maternal pertussis immunization:
implications of a dynamic transmission model for low- and middle-income
countries. Vaccine 2021 Jan 3;39(1):147-57. https://doi.org/10.1016/j.
vaccine.2020.09.012. PMID: 33303182; PMCID: PMC7735375.

Botwright S, Win EM, Kapol N, Benjawan S, Teerawattananon Y. Cost-utility
analysis of universal maternal pertussis immunisation in Thailand: a comparison of
two model structures. Pharmacoeconomics 2023 Jan;41(1):77-91. https://doi.org/
10.1007/s40273-022-01207-w. Epub 2022 Nov 9. PMID: 36348154; PMCID:
PMC9644008.

Gongalves BP, Procter SR, Paul P, Chandna J, Lewin A, Seedat F, Koukounari A,
Dangor Z, Leahy S, Santhanam S, John HB, Bramugy J, Bardaji A, Abubakar A,
Nasambu C, Libster R, Sanchez Yanotti C, Horvath-Puhé E, Sgrensen HT, van de
Beek D, Bijlsma MW, Gardner WM, Kassebaum N, Trotter C, Bassat Q, Madhi SA,
Lambach P, Jit M, Lawn JE, GBS Danish and Dutch collaborative group for long
term outcomes; GBS Low and Middle Income Countries collaborative group for
long term outcomes; GBS Scientific Advisory Group, epidemiological sub-group;
CHAMPS team. Group B streptococcus infection during pregnancy and infancy:
estimates of regional and global burden. Lancet Glob Health 2022 Jun;10(6):
e807-19. https://doi.org/10.1016/52214-109X(22)00093-6. Epub 2022 Apr 28.
Erratum in: Lancet Glob Health. 2022 Jul;10(7):€960. doi: 10.1016/52214-109X
(22)00235-2. PMID: 35490693; PMCID: PMC9090904.

Voysey M, Kelly DF, Fanshawe TR, Sadarangani M, O’Brien KL, Perera R,

Pollard AJ. The influence of maternally derived antibody and infant age at
vaccination on infant vaccine responses : an individual participant meta-analysis.


https://doi.org/10.1056/nejmoa2104983
https://doi.org/10.1056/nejmoa2104983
https://doi.org/10.1093/cid/ciab062
https://doi.org/10.1016/j.cmi.2020.12.018
https://doi.org/10.1016/j.cmi.2020.12.018
https://doi.org/10.1016/S2666-5247(22)00355-X
https://doi.org/10.1016/S2666-5247(22)00355-X
https://doi.org/10.1371/journal.pmed.1004068
https://doi.org/10.1056/nejmoa2116045
https://doi.org/10.2147/IDR.S416020
https://doi.org/10.1177/2058738420950586
https://doi.org/10.1371/journal.pmed.1004233
https://doi.org/10.1038/s41586-025-09391-3
https://carb-x.org/carb-x-news/carb-x-funds-glyprovac
https://carb-x.org/carb-x-news/carb-x-funds-glyprovac
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref53
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref53
http://refhub.elsevier.com/S1744-165X(25)00074-5/sref53
https://doi.org/10.1016/j.vaccine.2023.04.024
https://doi.org/10.1136/bmjopen-2022-066182
https://doi.org/10.1136/bmjopen-2022-066182
https://doi.org/10.1016/j.pcl.2022.11.004
https://doi.org/10.1016/j.vaccine.2015.12.046
https://doi.org/10.1016/j.vaccine.2015.12.046
https://doi.org/10.1016/j.vaccine.2024.126506
https://doi.org/10.1001/jamanetworkopen.2024.19268
https://doi.org/10.1001/jamanetworkopen.2024.19268
https://doi.org/10.15585/mmwr.mm7431a3
https://doi.org/10.1016/j.vaccine.2023.05.047
https://doi.org/10.1016/j.vaccine.2023.05.047
https://doi.org/10.1016/j.vaccine.2019.01.011
https://doi.org/10.1016/j.vaccine.2019.04.039
https://doi.org/10.1038/s41541-024-00872-6
https://doi.org/10.1136/bmj.p1021
https://doi.org/10.7189/jogh.15.04048
https://doi.org/10.1371/journal.pgph.0001912
https://doi.org/10.1016/j.vaccine.2020.05.084
https://doi.org/10.1080/21645515.2024.2411823
https://doi.org/10.1016/j.vaccine.2020.09.012
https://doi.org/10.1016/j.vaccine.2020.09.012
https://doi.org/10.1007/s40273-022-01207-w
https://doi.org/10.1007/s40273-022-01207-w
https://doi.org/10.1016/S2214-109X(22)00093-6

E.P. Galiza et al.

[74]

JAMA Pediatr 2017 Jul 1;171(7):637-46. https://doi.org/10.1001/
jamapediatrics.2017.0638. PMID: 28505244; PMCID: PMC5710349.
Zimmermann P, Perrett KP, Messina NL, Donath S, Ritz N, van der Klis FRM,
Curtis N. The effect of maternal immunisation during pregnancy on infant vaccine
responses. eClinicalMedicine 2019 Jul 26;13:21-30. https://doi.org/10.1016/j.
eclinm.2019.06.010. PMID: 31517260; PMCID: PMC6733996.

Seminars in Fetal and Neonatal Medicine 30 (2025) 101680

[75] Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial
resistance in 2019: a systematic analysis. Lancet 2022 Feb 12;399(10325):629-55.
https://doi.org/10.1016/50140-6736(21)02724-0. Epub 2022 Jan 19. Erratum in:
Lancet. 2022 Oct 1;400(10358):1102. doi: 10.1016/50140-6736(21)02653-2.
PMID: 35065702; PMCID: PMC8841637.


https://doi.org/10.1001/jamapediatrics.2017.0638
https://doi.org/10.1001/jamapediatrics.2017.0638
https://doi.org/10.1016/j.eclinm.2019.06.010
https://doi.org/10.1016/j.eclinm.2019.06.010
https://doi.org/10.1016/S0140-6736(21)02724-0

	Maternal vaccination to prevent neonatal infections and combat antimicrobial resistance
	1 Introduction
	2 Antimicrobial resistance: A growing concern
	3 The role of maternal vaccination in neonatal health
	4 Contributions of routine maternal vaccines to reducing antibiotic reliance
	4.1 Tetanus, diphtheria, and acellular pertussis (Tdap)
	4.2 Inactivated influenza vaccine
	4.3 COVID-19 vaccines
	4.4 Respiratory syncytial virus (RSV) vaccine

	5 Vaccines in development for maternal immunisation
	5.1 Group B Streptococcus (GBS)
	5.2 Klebsiella pneumoniae
	5.3 Escherichia coli

	6 Antimicrobial use versus antimicrobial resistance
	7 Challenges and barriers to maternal vaccination
	8 Future directions and recommendations
	9 Conclusion
	Author statement
	Funding
	Conflict of interest
	References


