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Objectives: The intestinal microbiota develops in early infancy and is essential for health status early and 

later in life. In this review we focus on the effect of prenatal and intrapartum maternally administered 

antibiotics on the infant intestinal microbiota. 

Methods: A systematic literature search was conducted in PubMed and EMBASE. All studies reporting 

effect on diversity or microbiota profiles were included. 

Results: A total of 4.030 records were encountered. A total of 24 articles were included in the final anal- 

ysis. Infants from mothers exposed to antibiotics during delivery showed a decreased microbial diversity 

compared to non-exposed infants. The microbiota of infants exposed to antibiotics was characterised by 

a decreased abundance of Bacteriodetes and Bifidobacteria , with a concurrent increase of Proteobacteria . 

These effects were most pronounced in term vaginally born infants. 

Conclusion: Maternal administration of antibiotics seems to have profound effects on the infant gut mi- 

crobiota colonisation. Interpretation of microbiota aberrations in specific populations, such as preterm 

and caesarean born infants, is complicated by multiple confounding factors and by lack of high quality 

studies and high heterogeneity in study design. Further research is needed to investigate the potential 

short- and long-term clinical consequences of these microbial alterations. 

© 2020 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 
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Introduction 

The intestinal microbiota plays an essential role in a variety of

physiological processes including metabolic and immunologic func-

tions 1 and digestion of nutrients. 2 Evidence for the importance of

the infant gut microbiota colonisation on health and disease later

in life is rapidly increasing. 3 A blueprint for the final shape of mi-

crobiota composition is created in early infancy. During this criti-
AB, antibiotic use; CS, caesarean section; g, gram; GA, gestational age; GBS, 

Group B Streptococcus ; h, hour; IAP, intrapartum antibiotic prophylaxis; IBD, inflam- 

matory bowel disease; PRISMA, Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses; qPCR, quantitative polymerase chain reaction; rRNA, ribosomal 

ribonucleic acid; vag, vaginally born infants. 
∗ Correspondence: T.H. Dierikx, Department of Paediatrics, Amsterdam UMC, VU 

University Medical Centre, De Boelelaan 1117, 1081 HV Amsterdam, The Nether- 

lands. 
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al window in early life, commensal micro-organisms interact with

he mucosal surface and are responsible for programming of the

mmune system. 4 Antibiotic induced disruption of this colonisa-

ion process early in life has been associated with numerous condi-

ions early and later in life such as bronchopulmonary dysplasia, 5 

besity, 6 , 7 asthma, 8 eczema, 9 inflammatory bowel disease (IBD) 10 

nd increased antibiotic resistance. 11 The most severe early com-

lication associated with intrapartum antibiotics has been the in-

rease in Gram-negative early onset sepsis. 12 

Neonatal intestinal colonisation is influenced by multiple peri-

atal factors, such as mode of delivery, feeding type, gestational

ge and neonatal medication use (particularly antibiotics). 13 How-

ver, also other factors, like maternally administered antibiotics,

ave increasingly been considered to influence this neonatal

olonisation process. 14 The majority of prenatally prescribed

ntibiotics are Beta-Lactams (typically ampicillin or penicillin)

dministered prophylactically, in accordance with guidelines on
tion Association. This is an open access article under the CC BY license. 
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he prevention of neonatal Group B Streptococcus (GBS) infection

nd antibiotics to prevent maternal morbidity following caesarean

ection (CS). 15 International guidelines on prevention of GBS

nfection 

16 and wound prophylaxis during CS 17 have recently been

djusted, leading to an increase in prophylactic antibiotic admin-

stration during delivery and consequently increased antibiotic

xposure to the infant. Currently, 20-25% of pregnant women are

eing prescribed antibiotics 18 , 19 and nearly 80% of all medications

rescribed to pregnant women are antibiotics. 20 These antibiotics

re prescribed during delivery (hereafter referred to as intrapartum

ntibiotics) which are mainly given prophylactically according to

uidelines or are given prenatally during pregnancy before onset

f delivery (hereafter referred to as prenatal antibiotics), mostly

iven non-prophylactically. These antibiotics may impact early mi-

robial colonisation via two routes. First, maternally administered

ntibiotics reach the neonatal bloodstream via the umbilical cord

nd remain present up to at least ten hours after administra-

ion, and are likely to influence early colonisation. 21 , 22 Secondly,

aternally administered antibiotics alter the maternal vaginal

nd intestinal microbiome and consequently could influence the

ertical microbial transmission process 23 and postnatal infant

mmunity. 24 However, the effects of antibiotics during pregnancy

nd delivery on neonatal gut colonisation and health related out-

omes remain largely unknown. This review aims to evaluate the

ffect of prenatal and intrapartum maternal antibiotic use on the

evelopment of infantile microbiota and to address health related

onsequences linked to the intestinal colonisation in infants after

aternal antibiotic use. 

ethods 

tudy objectives 

The primary aim of this review was to evaluate the effect of

renatal and intrapartum maternal antibiotic use on the infantile

icrobiota. Our goal was to investigate the effect of maternally ad-

inistered antibiotics on neonatal microbial diversity and on taxo-

omic composition. The secondary aim of this review was to iden-

ify health related consequences of microbiota alterations associ-

ted with maternal antibiotic use before birth. 

tudy eligibility criteria 

We conducted a search with support of a clinical librarian.

tudies investigating the intestinal microbiota of children and ad-

ressing potential influences of maternal antibiotic use during

regnancy (any prenatal antibiotic exposure) or delivery (intra-

artum antibiotics) were evaluated. No age limit for the offspring

as used in the inclusion criteria. Studies using conventional cul-

ure methods were excluded since these do not cover the entire

icrobiota composition. 25 Studies analysing the microbiota with-

ut reporting data on maternal antibiotic use or when no full-text

as available were excluded. Searches were restricted to articles

ublished in English, Dutch, French, German or Spanish. 

nformation sources and search strategy 

A review protocol was developed based on the Preferred Re-

orting Items for Systematic Reviews and Meta-Analyses (PRISMA)-

tatement. A comprehensive search was conducted in PubMed and

MBASE in collaboration with a medical information specialist.

atabases were searched from inception up to 5 September 2019.

he following terms were used (including synonyms and closely

elated words) as index terms or free-text words: “Anti-Bacterial

gents”, “Pregnancy”, ‘’Delivery’’, “Microbiota” and “Infant”. The
earch was performed without date or publication status restric-

ion. Duplicate articles were excluded. References from included

tudies matching the inclusion criteria, but not found with the

sed search strategy, were also included. The full search strategies

or all databases can be found in supplementary 1. 

tudy selection and data extraction 

Search results were independently screened by two reviewers

ho each assessed potentially eligible full-text papers. In case of

isagreement, a third researcher decided whether an article could

e included or not. Two authors extracted relevant data from pa-

ers as well as any available supplements. Other authors verified

ata-extraction for completeness and accuracy. Data on alpha and

eta diversity and microbiota composition at different taxonomic

evels (phylum, family, genus and species level) was extracted. The

ollowing data was extracted: year of study, country, study design

ncluding study setting, characteristics of study population, num-

er of participants, delivery mode, feeding strategies, timing of an-

ibiotic administration during pregnancy or delivery, antibiotic reg-

men (substance, dose, administration route, duration), indication

or antibiotics, infant and maternal antibiotic use postpartum, in-

ant and maternal probiotic use, time-points of collection of stool

amples and methods of microbiota analysis. The first requisite for

rticles to be included was in utero antibiotic exposure and data

n the microbiota composition. Secondary, after meeting these cri-

eria, data on health related outcomes was extracted from included

rticles. 

resenting extracted data 

Multiple perinatal factors such as route of delivery, postnatal

ntibiotic administration and gestational age have a profound im-

act on neonatal microbiota. 13 Heterogeneity in patient charac-

eristics concerning these variables limits reliable comparison be-

ween studies. To provide a more reliable overview of the impact

f maternal administration of antibiotics on neonatal microbiota

omposition, circumventing bias by heterogeneity in study design,

ll eligible articles were divided in subgroups. These subgroups

ere created based on characteristics of included subjects, route of

elivery and gestational age. Results will be presented for antibi-

tics given intrapartum and prenatal exposure during pregnancy

efore onset of delivery for each of the following subgroups sepa-

ately: 

A. Vaginally born infants only 

A1. Articles reporting effect of antibiotic exposure for term born

nfants only 

A2. Articles reporting effect of antibiotic exposure for preterm

orn infants (gestational age < 37 weeks) only 

A3. Articles reporting a combined effect of antibiotic exposure

or term and preterm born infants together 

B. Caesarean born infants only 

B1. Articles reporting effect of antibiotic exposure for term born

nfants only 

B2. Articles reporting effect of antibiotic exposure for preterm

orn infants (gestational age < 37 weeks) only 

B3. Articles reporting a combined effect of antibiotic exposure

or term and preterm born infants together 

C. Articles reporting a combined effect of antibiotic exposure for

vaginally and caesarean born infants together. 

C1. Articles reporting effect of antibiotic exposure for term born

nfants only 
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Table 1 

Results of quality assessment using GRADE group criteria. 

Number of 

studies 

Study design Risk of bias Inconsistency Indirectness Imprecision Other 

considerations 

No. Of patients Quality 

Antibiotics No antibiotics 

24 Randomised trial; 

observational studies 

Serious Not serious Not serious - None 1.178 2.377 Low 

���� 
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C2. Articles reporting effect of antibiotic exposure for preterm

born infants (gestational age < 37 weeks) only 

C3. Articles reporting a combined effect of antibiotic exposure

for term and preterm born infants together 

The use of different microbiota detection techniques, such as

quantitative polymerase chain reaction (qPCR), metagenomic se-

quencing and 16S rRNA gene sequencing to determine the micro-

bial composition, and heterogeneity in reported outcomes ham-

pers reliable comparison of results. Therefore, outcomes will be

discussed separately for alpha diversity and at different taxonomic

levels where possible up to species level. Since the human gut har-

bours over 1.0 0 0 different species, 26 it is not feasible to describe

outcomes of all species present. Here we present differences in the

most prevalent and reported species. 

Risk of bias and quality assessment 

After selection of studies, evaluation of risk-of-bias was con-

ducted using the "Risk of Bias in Non-randomised Studies of In-

terventions" (ROBINS-I) tool 27 for nonrandomised studies. The re-

vised Cochrane risk-of-bias tool 28 was used for randomised trials.

The Grading of Recommendations, Assessment, Development, and

Evaluation (GRADE) group criteria 29 were used to assess the qual-

ity of evidence. The quality of evidence was classified as very low,

low, moderate or high. 

Results 

Included studies 

We identified a total of 4.030 studies (PubMed 1.928, EM-

BASE 2.102). A total of 2.558 articles remained after removal of

duplicates. Titles and abstracts of these articles were screened

and 2.449 records were consequently excluded. Full text of the

remaining 109 articles were checked for eligibility; 85 articles

were excluded based on exclusion criteria, leaving 24 articles

meeting the inclusion criteria for this systematic review ( Fig. 1 ).

These studies included 3.583 infants of which 1.178 mothers were

exposed to antibiotics during pregnancy or delivery (intervention

group). Mothers of the other 2.377 infants were not exposed to

antibiotics, these infants were included as a control group. Data

on antibiotic use from the remaining 28 mothers was missing. In-

cluded infants provided a total of 6.429 unique stool samples that

were analysed from the first day up to twelve months postpartum.

Characteristics of included studies are described in supplementary

2. Reasons for exclusion were mainly missing data on the influence

of maternally administered antibiotics. 

Risk of bias and quality of evidence 

Results of the assessment of risk of bias are included in the

supplementary information (supplementary 3; Table 1 - 5 ). Studies

in subgroup A1 were judged as low risk of bias. However, four

studies were done by the same research group and there might

have been an overlap in participants. 30-33 Two more studies were

performed by the same research group, 34 , 35 however participants
ere recruited in a different time frame, so there was no over-

ap in participants. In subgroup C two studies were performed by

he same research group, including the same participants which

ay cause selection bias. 36 , 37 Two studies from subgroup B and

ll studies from subgroup C were characterised by high risk of bias

ue to confounding. These studies included infants born by both CS

nd the vaginal route, without reporting data for both groups sep-

rately. Since international guidelines advise to administer antibi-

tics prophylactically in women delivering via CS, almost all cae-

arean born infants will fall in the exposed intervention group. A

igh rate of the premature infants received postnatal antibiotics di-

ectly postpartum. None of the studies included in the subgroups

erformed a sample size calculation to detect effects of mater-

al antepartum antibiotic use on neonatal microbiota. The overall

uality of evidence was classified as low using the GRADE group

riteria ( Table 1 ). 

ntrapartum antibiotics 

ubgroup A: Effect of intrapartum antibiotics in vaginally born infants

All ten studies including only vaginally born infants or present-

ng data for vaginally born infants separated from results of cae-

arean born infants, included only infants born at term (subgroup

1). 7 , 30-33 , 35 , 38-41 No studies were found investigating the effect of

n utero antibiotic exposure in solely vaginally born infants that

ere born preterm (subgroup A2) nor studies including both term

nd preterm vaginally born infants (subgroup A3). 

ubgroup A1: Effect of intrapartum antibiotics in term vaginally born

nfants only. An overview of the study characteristics and main

ndings from these ten studies is presented in Table 2 and dis-

layed in Fig. 2 . Six of these studies included merely women re-

eiving intrapartum prophylactically administered ampicillin 

30-33 

r penicillin 

39 , 40 for GBS prophylaxis. One study included mainly

omen receiving antibiotic prophylaxis for GBS prophylaxis or pro-

hylaxis in case of prolonged rupture of membranes (PROM). 35 It

as not specified in this study which type of antibiotic was ad-

inistered. In the other three studies, the indication for intra-

artum antibiotic administration was not mentioned. 3 , 38 , 41 Stud-

es included 1.098 vaginal born infants. Mothers from a total of

13 infants received intrapartum antibiotic prophylaxis (IAP) where

he remaining 785 were not exposed to antibiotics and were in-

luded as control group. Seven studies used 16S rRNA gene se-

uencing to analyse the neonatal microbiota. 31 , 33 , 35 , 38-41 Two other

tudies used qPCR, detecting Bacteroides fragilis, Escherichia coli

nd Clostridium difficile, as analysing technique. 30 , 32 The remaining

tudy analysed stool samples by whole-genome shotgun sequenc-

ng. 3 

All included infants had a birth weight adequate for their

estational age. Two studies included only breastfed infants, 30 , 31 

here other studies included both breastfed and formula fed in-

ants. 3 , 32 , 33 , 35 , 38-41 However, no differences in baseline character-

stics were found between infants from intrapartum antibiotic ex-

osed mothers compared to non-exposed mothers. Three studies

ncluded infants who received postnatal antibiotics in their anal-

sis 3 , 35 , 38 ranging from 1.5% 

38 and 4% 

35 directly postpartum, to
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Table 2 

Overview of findings of studies investigating the effect of intrapartum antibiotic prophylaxis on the microbiota of term vaginally born infants (subgroup A). 

Author Study population Intervention and 

indication 

Analysis technique Age of sampling Outcomes in microbiota samples of neonates from mothers exposed to IAP 

Alfa diversity Phylum level Family level Genus level Species level 

Aloisio 2014 30 n total = 52 

n control = 26 

n IAP = 26 

2 g of ampicillin 

followed by 1 g 

every 4 h until 

delivery for GBS 

prophylaxis 

Real time qPCR 

( Lactobacilli, 

Bifidobacteria, B. 

fragilis, C. difficile, 

and E. coli ) 

6th or 7th day - - - Lower abundance: 

Bifidobacteria 

No difference: 

Lactobacilli 

No difference: 

B. fragilis 

C. difficile 

E. coli 

Aloisio 2016 31 n total = 20 

n control = 10 

n IAP = 10 

2 g of ampicillin 

followed by 1 g 

every 4 h until 

delivery for GBS 

prophylaxis 

16S rRNA gene 

sequencing of 16S 

V2, V3, V4, 

V6 + V7, V8 and V9 

regions and V4 

region separately 

6th or 7th day Decreased Lower abundance: 

Actinobacteria 

Bacteriodetes 

Higher abundance: 

Proteobacteria 

Lower abundance: 

Bacteriodaceae 

Lactobacillaceae 

Higher abundance: 

Enterobacteriaceae 

Streptococcaceae 

Lower abundance: 

Bifidobacteria 

- 

Azad, 2015 35 n total = 198 

n control = 113 

(113 vag) 

n IAP = 85 

(42 vag) † 

Intervention not 

specified. 

Indication: 

typically GBS 

prophylaxis and 

pre-labour rupture 

of membranes 

16S rRNA gene 

sequencing of V4 

region 

3 months, 12 

months 

Decreased (m3) Lower abundance: 

Bacteriodetes (m3) 

Higher abundance: 

Proteobacteria (m3, 

p < 0.10) 

Lower abundance: 

Bacteriodaceae (m3) 

Higher abundance 

Clostridiaceae (m3, 

m12) 

Enterobacteriaceae 

(m3) 

Lower abundance §: 

Bacteroides (m3) 

Acinetobacter (m12) 

Higher abundance §: 

Clostridium (m3, m12) 

Enterococcus (m3) 

Veillonella (m12) 

- 

Coker, 2019 38 n total = 266 

n control = 179 

n IAP = 87 

Penicillin (n = 55), 

cephalosporin 

(n = 14), multi-drug 

classes (n = 12) 

other (n = 6) 

Indication not 

specified. 

16S rRNA gene 

sequencing of 

V4-V5 region 

6 weeks, 12 

months 

Decreased (6w, 

12m) 

- - Lower abundance (w6 

and m12 combined): 

Bacteroides, 

Bifidobacteria, Blautia, 

Roseburia, 

Rumicococcus 

Higher abundance (w6 

and m12 combined): 

Oscillospora, 

Pseudobacter, 

Veillonella dispar 

Lower abundance 

after penicillin: 

B. fragilis (12m) 

Higher abundance 

after 

cephalosporin: 

B. fragilis (12m) 

Corvaglia 

2016 32 

n total = 84 

n control = 49 

n IAP = 35 

2 g of ampicillin 

followed by 1 g 

every 4 h until 

delivery for GBS 

prophylaxis 

qPCR (l actobacilli, 

Bifidobacteria and 

B. fragilis ) 

7 days, 30 days - - - Lower abundance: 

Bifidobacteria (d7) 

No difference: 

Lactobacillus (d7, d30) 

No difference: 

B. fragilis (d7, d30) 

( continued on next page ) 
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Table 2 ( continued ) 

Author Study population Intervention and 

indication 

Analysis technique Age of sampling Outcomes in microbiota samples of neonates from mothers exposed to IAP 

Alfa diversity Phylum level Family level Genus level Species level 

Mazzola, 

2016 33 

n total = 26 

n control = 13 

n IAP = 13 

2 g of ampicillin 

followed by 1 g 

every 4 h until 

delivery for GBS 

prophylaxis 

16S rRNA gene 

sequencing of 

V3-V4 region 

7 days, 30 days Decreased (d7) Lower abundance: 

Actinobacteria (d7) 

Bacteriodetes (d7, 

p = 0.078) 

Higher abundance: 

Proteobacteria (d7) 

Higher abundance: 

Enterobacteriaceae (d7) 

Veillonellaceae (d30) 

Lower abundance: 

Bifidobacteria (d7) 

Streptococcus (d30) 

Higher abundance: 

Escherichia (d7) 

- 

Nogacka, 

2017 39 

n total = 40 

n control = 22 

n IAP = 18 

5 million units of 

penicillin followed 

by 2.5 million 

units 

every 4 h until 

delivery for GBS 

prophylaxis 

16S rRNA gene 

sequencing of 

V3-V4 region 

2, 10, 30 and 90 

days 

Decreased (all days 

combined) 

Lower abundance: 

Actinobacteria (d10) 

Bacteriodetes (NP) 

Higher abundance: 

Firmicutes (d10, d90) 

Proteobacteria (NP) 

Lower abundance: 

Bifidobacteriaceae (d10) 

Higher abundance: 

Muribaculaceae (d2, 

d10, d30, d90) 

Prevotellaceae (d2, d90) 

Rikenellaceae (d2) 

Clostridiaceae (d10) 

Campylobacteraceae 

(d90) 

Helicobacteraceae (d90) 

- - 

Shao, 2019 3 n total = 596 

n control = 291 

(291 vag) 

n IAP = 305 

(23 vag) † 

Intervention and 

indication not 

specified. 

Shotgun 

metagenomic 

sequencing 

Day 4, 7 and 21 

and between 4-12 

months 

Decreased - - Lower abundance: 

Bacteriodes 

- 

Stearns, 2017 40 n total = 74 

n control = 53 

(53 vag) 

n IAP = 21 

(14 vag) † 

Penicillin G for 

GBS prophylaxis 

(dose regimen not 

reported) 

16S rRNA gene 

sequencing of V3 

region 

3 days, 10 days, 6 

weeks, 12 weeks 

Decreased (d10, 

w6) 

Delay in colonisation: 

Actinobacteria 

Firmicutes 

Prolonged persistence: 

Proteobacteria 

- Lower abundance: 

Bifidobacteria (w12) 

Higher abundance: 

Escherichia (w12) 

- 

Tapiainen, 

2019 41 

n total = 73 

n control = 29 

n IAP = 44 

Penicillin G 

(n = 38), cefuroxime 

(n = 4) and 

clindamycin (n = 2). 

Indication not 

specified. 

16S rRNA gene 

sequencing of 

V4-V5 region 

Daily when 

hospitalized from 

day 1 – 7 and at 6 

months 

No difference Lower abundance: 

Bacteriodetes (d3, m6) 

Higher abundance: 

Firmicutes (d3) 

Proteobacteria (d4) 

- Lower abundance: 

Bacteriodes (d2) 

Higher abundance 

Clostridia (m6) 

- 

CS = Caesarean born infants, g = gram, GBS = Group B streptococcus, h = hours, IAP = Intrapartum antibiotic prophylaxis, NP = no p-value shown, qPCR = quantitative polymerase chain reaction, rRNA = ribosomal ribonucleic acid, 

vag = vaginally born infants. 
† Results for comparison of vaginally born exposed infants to non-exposed vaginally born infants excluding the caesarean born infants in the analysis. 
§ Subset shown of > 10 genera reaching statistic significant difference. 
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Fig. 1. Flow diagram of study selection. 
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6.5% by twelve months postpartum. 35 Faecal samples were col-

ected from the first day after birth up to one year. 

iversity. Diversity was determined in the eight studies analysing

ample with next generation sequencing methods. A lower bacte-

ial diversity in faecal samples of neonates from mothers who were

xposed to antibiotics was consistently reported in seven stud-

es. Reduced diversity was presented as significant lower score of

hao1, 31 , 33 , 35 Shannon diversity indices Shannon indices 31 , 33 , 38 , 40 

nd overall alpha diversity. 39 A decreased Shannon diversity index

as found up to one year after birth. 38 In contrast, no difference in

he daily change in microbial diversity was found in one study the

rst week of life nor at twelve months after birth. 41 However, the

eta profiles of infants from antibiotic exposed mothers differed

rom non-exposed infants already at day one postnatally. 41 Beta

iversity profiles of unexposed infants grouped together, whereas

icrobiota of antibiotic exposed infants, indirect via their mother,

id not. 41 

hylum level. The most abundant phyla characterising neonatal

icrobiota included Proteobacteria, Actinobacteria, Bacteriodetes and 

irmicutes . 31 , 33 , 39 , 40 In infants from antibiotic exposed mothers, an 

ncrease in Proteobacteria 31 , 33 , 35 , 39-41 and a concurrent decrease 

n Actinobacteria 31 , 33 , 39 , 40 and Bacteriodetes 31 , 33 , 35 , 39 , 41 during the 

rst ten days of life was observed. These differences seemed to be

iminished at 30 32 , 33 and 90 days. 39 , 40 However, in one study the

bundance of Bacteriodetes was still decreased after three months,

ut not at twelve months. 35 Data on the abundance of Firmicutes

as contradictory, with one study reporting a delay in colonisa-

ion, 40 two others a higher abundance 39 , 41 and other studies no

ifference. 
amily/genus level. At family level, Enterobacteriaceae (phylum: Pro-

eobacteria ) were significantly increased in neonates from antibiotic

xposed mothers one week 31 , 33 and three months after birth. 35 Re-

orted data on the genus Bifidobacterium (family: Bifidobacteriaceae

nd phylum: Actinobacteria ) consistently showed a decreased pres-

nce in samples collected during the first month of life. 30-33 , 38-40 

his decrease persisted up to twelve weeks postpartum in one

tudy, 40 but was no longer present in another. 35 Furthermore, re-

ults on Bacteroides showed a decreased taxonomic abundance of

his genus in four studies. 3 , 35 , 38 , 41 Most studies did not show

ata on the abundance of Lactobacillus (Family: Lactobacillaceae and

hylum: Firmicutes ). However, two studies were unable to show

 difference between neonates from antibiotic exposed and non-

xposed mothers. 30 , 32 

pecies level. Three studies reported data on species level. 30 , 32 , 38 

ne study using qPCR did not demonstrate a difference in E. coli

nd C. difficile between infants from antibiotic exposed compared

o non-exposed infants one week after birth. 30 No differences were

ound at seven nor at 30 days in the abundance of B. fragilis . 30 , 32 

n another study the abundance of this species was decreased one

ear postpartum after penicillin use by the mother, whereas B.

ragilis was increased after maternal cephalosporin use. 38 

ubgroup B: Effect of intrapartum antibiotics in caesarean born 

nfants 

Three studies reported an effect of antibiotic exposure on the

icrobiota of solely caesarean born infants. 35 , 40 , 42 These studies all

ncluded infants born at term (subgroup B1). No studies included

aesarean born preterm infants (subgroup B2) or both preterm and

erm infants (subgroup B3). 
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Fig. 2. Overview of main pre-, peri- and postnatal factors influencing neonatal microbiota. In vaginal born infants at term, prophylactic intrapartum administration of 

antibiotics to the mother resulted in a decreased diversity, a decreased abundance of Bacteriodetes and Actinobacteria and an increased abundance of Proteobacteria in the 

microbiota of the infant. 
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Subgroup B1: Effect of intrapartum antibiotics in caesarean born term

infants only. An overview of the study characteristics and main

findings from these studies is presented in Table 3 . In all three

studies all mothers of the caesarean born infants received antibi-

otics to lower maternal morbidity. Studies included 258 infants

of whom 72 mothers were exposed to IAP before childbirth. Two

studies investigated the effect of IAP in caesarean born infants and

compared this to vaginally born infants without IAP exposure. 35 , 40 

One randomized controlled trial (RCT) compared microbiota of in-

fants where antibiotics were administered prior to the CS com-

pared to after childbirth and after clamping of the umbilical cord. 42 

All three studies used 16S rRNA gene sequencing to analyse the

collected stool samples. 

The two studies comparing caesarean born infants from moth-

ers exposed to IAP to non-exposed vaginal born infants showed a

decreased abundancy in Bacteriodetes , 35 Bacteriodaceae 35 and Bac-

teroides 35 , 40 up to twelve months. The abundancy of Firmicutes

at three months was increased in one study 40 and decreased in

the other. 35 Furthermore, both studies showed an increase in Pro-

teobacteria . 35 , 40 

In the RCT by Kamal et al., faecal samples were collected at

day 10 and after 9 months. After 10 days the microbiota of both

groups was dominated by the family Enterobacteriaceae (phylum:

Proteobacteria ). No statistical differences were found at phylum,

family nor genus level between the antibiotic exposed and non-

exposed group. At nine months of age the number of observed

species was lower in infants from antibiotic exposed mothers (361
 m  
ersus 496, p = .012) however, Shannon diversity index did not

each a statistically significant difference (p = .062). 

ubgroup C: Effect of intrapartum antibiotics in vaginal and caesarean

orn infants together. Nine studies evaluated the effect of intra-

artum antibiotics on the microbiota of the offspring, without re-

orting data for caesarean born infants separately of vaginal born

nfants. Two included only term born infants (subgroup C1.), 34 , 43 

our included merely preterm born infants (subgroup C2), 36 , 37 , 44 , 45 

nd three included both preterm and term born infants in their

nalysis (subgroup C3). 46-48 

ubgroup C1: Term vaginally born and caesarean born infants. One

tudy compared the microbiota of eleven caesarean and vaginally

orn intrapartum antibiotic exposed infants to that of thirteen

on-exposed infants. No significant differences were found in any

f the 16S rRNA gene sequencing analysis at four months. How-

ver, the genus Blautia tended to be elevated in exposed infants. 34 

nother study with the same design investigated differences be-

ween fourteen non-exposed and nineteen exposed infants. At one

onth postpartum the diversity was decreased in the exposed

roup. Furthermore, the abundancy of Bifidobacteria was signifi-

antly decreased. No differences were found in the abundancy of

acteriodes, Escherichia or Clostridium . 43 

ubgroup C2: Preterm vaginally born and caesarean born infants.

our studies were found evaluating the effects of intrapartum ad-

inistered antibiotics on the microbiota of infants born before 37
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Table 3 

Overview of findings of studies investigating the effect of intrapartum antibiotic prophylaxis on the microbiota of term caesarean born infants (subgroup B). 

Author Study population Intervention 

Analysis 

technique 

Age of 

sampling 

Outcomes in microbiota samples of neonates from antibiotic exposed mothers 

Alfa diversity Phylum level Family level Genus level 

Azad, 

2015 35 

n total = 198 

n control = 113 

(113 vag) 

n IAP = 85 (43 

CS) † 

Cefazolin 16S rRNA gene 

sequencing of 

V4 region 

3 months, 12 

months 

Decreased 

(m3, m12) 

Lower abundance: 

Bacteriodetes (m3, 

m12) 

Firmicutes (m3, m12) 

Higher abundance: 

Proteobacteria (m3, 

m12) 

Lower abundance: 

Bacteriodaceae 

(m3, m12) 

Higher abundance 

Clostridiaceae (m3, 

m12) 

Enterobacteriaceae 

(m3) 

Lower abundance §: 

Bacteroides (m3, 

m12) 

Higher abundance §: 

Clostridium (m3, 

m12) 

Enterococcus (m3) 

Akkermansia (m12) 

Stearns, 

2017 40 

n total = 74 

n control = 53 

(53 vag) 

n IAP = 21 (7 

CS) † 

Cefazolin (n = 5) 

Ampicillin 

(n = 1) 

Cephalexin 

(n = 1) 

16S rRNA gene 

sequencing of 

V3 region 

3 days, 10 

days, 6 weeks, 

12 weeks 

- Delay in colonisation: 

Actinobacteria 

Bacteroidetes 

Prolonged persistence: 

Proteobacteria 

Firmicutes 

- Lower abundance: 

Bifidobacteria (w12), 

Bacteroides (w12) 

Escherichia (w12) 

Higher abundance: 

Uncl. 

Enterobacteriaceae 

(12w) 

Kamal, 

2019 42 

n total = 42 (42 

CS) 

n control = 20 

n IAP = 22 

Cefuroxime 16S rRNA gene 

sequencing of 

V3-V4 region 

10 days, 9 

months 

Decreased 

(9m) 

No differences No differences No differences 

CS = Caesarean born infants, IAP = intrapartum antibiotic prophylaxis, rRNA = ribosomal ribonucleic acid, uncl = unclassified, vag = vaginally born infants. 
† Results for comparison of caesarean born exposed infants to non-exposed vaginally born infants excluding vaginal born infants in the analysis. 
§ Subset shown of > 10 genera reaching statistic significant difference. 
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eeks of gestation. 36 , 37 , 44 , 45 Gestational age of these preterm in-

ants ranged from 23 weeks 45 up to 36 weeks. 44 A total of 94 in-

ants were included in these studies of whom 42 mothers were

xposed to antibiotics during delivery. All studies included both

aginal and caesarean born infants and reported their outcomes

or vaginally and caesarean born infants together; between 33% 

49 

nd 74% 

36 , 37 of infants were born by CS. The majority of the in-

ants received antibiotics postpartum. From 63% 

36 , 37 up to 82% 

45 

f included infants were exposed to antibiotics directly postpar-

um. None of the studies had any documentation on the indica-

ion for the intrapartum antibiotic administration. Twelve mothers

ere exposed to a combination of ampicillin and erythromycin and

wo exclusively to ampicillin and penicillin. From all other moth-

rs, data on the type of antibiotic was missing. Stool samples were

ollected from the first day up to three months postpartum and

ere analysed by 16S pyrosequencing 45 and 16S rRNA gene se-

uencing. 36 , 37 , 44 A summary of main findings of these studies is 

iven in Table 4 . 

icrobial diversity 

Only one study investigated differences in the microbial diver-

ity of preterm neonates from antibiotic-exposed mothers com-

ared to those from non-exposed mothers. 45 In this study a trend

owards lower diversity (p = .06) in the first stool sample was found

ut not after seven days (p = .75). 45 The three other studies did not

how data on diversity. 36 , 37 , 44 

axonomic composition 

Not all studies analysed the microbiota at phylum level. One

tudies in which data was shown demonstrated a significant in-

rease in the abundance of Proteobacteria during the first month of

ife. 37 Results on the abundance of Bacteriodetes showed no differ-

nce in the first month postpartum. 37 In two studies, Bacteriodetes

ere almost completely depleted in all preterm infants irrespec-

ive of maternal antibiotic exposure up to 90 days. 36 , 37 Actinobac-

eria and Firmicutes were both decreased in one study after seven

nd 30 days in infants from antibiotic exposed mothers. 37 After 90

ays abundance levels of these phyla had normalized and differ-

nces had disappeared. 37 The two other studies did not report data

n phylum level. 44 , 45 
At family level, Enterobacteriaceae were overrepresented at the

ge of one month. 36 Bifidobacteria showed decreased abundance 36 

t fourteen and 90 days postpartum. In contrast, this difference

as not found in another study. 44 The first month of life, no dif-

erences were found in the abundance of Lactobacilli . 44 Two stud-

es did not show data on family nor genus level. 37 , 45 Furthermore,

one of the studies reported data on species level. 

ubgroup C3: Term and preterm vaginally born and caesarean born

nfants. Three prospective cohort studies reported on the influ-

nce of intrapartum antibiotics, as secondary outcome, on the in-

ant microbiota for preterm and term born infants and caesarean

nd vaginally born infants together. 46-48 These studies included

90 infants of whom 131 mothers were exposed to antibiotics dur-

ng delivery. Mothers were exposed to cefazolin (n = 24), penicillin

n = 12), ampicillin-sulbactam (n = 8), ampicillin (n = 6), clindamycin

n = 5), cephalosporin (n = 4), vancomycin and unspecified antibi-

tics (n = 85). Indication for antibiotic administration was not men-

ioned in any of the three studies. Gestational age ranged from 34

eeks to 42 weeks. A total of 87 infants were born by CS, ranging

rom 19% 

48 up to 56.7% 

46 in the included studies. Stool samples

ere collected directly after birth 

48 up to the eight months. 46 Stool

amples were analysed by qPCR, 47 16S rRNA gene sequencing 48 or

etagenomic sequencing. 46 In Table 4 an overview of main find-

ngs from these studies is shown. 

icrobiota outcomes 

One study reported decreased diversity following maternal

mpicillin use in samples collected monthly up to eight months. 46 

ther studies did not report any effect on diversity. Studies inves-

igating the taxonomic composition reported several differences

etween infants from antibiotic exposed mothers compared to

hose of non-exposed. However, studies did not show data on

bundance at phylum level. At family level, samples collected from

aternal antibiotic exposed infants during the first eight months

ontained a higher abundance of Lachnospiraceae and Enterobacteri-

ceae in mothers exposed to clindamycin. 46 Infants from antibiotic

xposed mothers depicted a decreased abundance of Bifidobac-

erium species 47 , 48 and especially of Bifidobacterium breve and

ifidobacterium longum . 47 Species belonging to the genera Staphy-

ococcus and Lactobacillus were depleted in meconium samples. 47 
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Table 4 

Overview of findings of studies investigating the effect of intrapartum antibiotic prophylaxis on the microbiota of cohorts including both vaginally and caesarean born infants (subgroup C). 

Table 4 A. term born infants (subgroup C1) 

Author Study 

population 

Intervention and 

indication 

Analysis 

technique 

Age of 

sampling 

Outcomes in microbiota samples of neonates from antibiotic exposed mothers 

Alfa 

diversity 

Phylum level Family level Genus level Species 

level 

Azad, 2013 34 n total = 24 

n control = 13 

(13 vag) 

n IAP = 11 

(6 CS, 5 vag) 

Not specified 16S rRNA gene 

sequencing of 

V3, V4 and V5 

region 

Between 3 – 4 

months 

No significant differences were detected according to intrapartum exposure to antibiotics, although 

the genus Blautia tended to be overrepresented among exposed infants. Data were not shown. 

Imoto, 2018 43 n total = 33 

n control = 14 

(14 vag) 

n IAP = 19 

(9 CS, 10 vag) 

GBS prophylaxis 

(n = 4 received 

ampicillin), PROM 

(n = 6 received 

ampicillin) and CS 

(n = 9 received 

cefazolin) 

16S rRNA gene 

sequencing of 

V4 region 

1 month Decreased - - Lower 

abundance: 

Bifidobacteria 

No difference: 

Bacteroides 

Escherichia 

Clostridium 

- 

Table 4 B. preterm born infants (subgroup C2) 

Author Study 

population 

Intervention and 

indication 

Analysis 

technique 

Age of 

sampling 

Outcomes in microbiota samples of neonates from antibiotic exposed mothers 

Alfa 

diversity 

Phylum level Family level Genus level 

Arboleya, 

2015 36 

n total = 27 

(mean GA 29.6, 

range 24-32, 7 

vag, 20 CS) 

n control = 5 ∗

n IAP = 5 ∗

Penicillin (n = 1), 

ampicillin (n = 1), 

ampi- 

cillin + erythromycin 

(n = 12). Indication 

not specified. 

16S rRNA gene 

sequencing of 

V3-V4 region 

Day 2, 10, 30, 

90 

- - Lower abundance: 

Leuconostaceae 

(d2) 

Micrococcaceae 

(d10) 

Propionibacteriaceae 

(d10) 

Comamonadaceae 

(d30) 

Staphylococcaceae 

(d30) 

Bifidobacteriaceae 

(d30) 

Uncl. Actinobacteia 

(d30) 

Uncl. Lactobacillales 

(d30) 

Ruminococcaceae 

(d90) 

Higher abundance 

Enterobacteriaceae 

(d30) 

Lower abundance: 

Bifidobacteria (d90) 

Arboleya, 

2016 37 

n total = 27 

(mean GA 29.6, 

range 24-32, 7 

vag, 20 CS) 

n control = 5 † 

n IAP = 5 † 

Penicillin (n = 1), 

ampicillin (n = 1), 

ampi- 

cillin + erythromycin 

(n = 12). Indication 

not specified. 

16S rRNA gene 

sequencing of 

V3 region 

Day 2, 10, 30, 

90 

- Lower abundance: 

Actinobacteria 

(d30) 

Firmicutes (d30) 

Higher abundance: 

Proteobacteria 

(d30) 

- - 

( continued on next page ) 



T.H
.
 D

ierik
x,
 D

.H
.
 V

isser
 a

n
d
 M

.A
.
 B

en
n

in
g

a
 et

 a
l.
 /
 Jo

u
rn

a
l
 o

f
 In

fectio
n
 8

1
 (2

0
2

0
)
 19

0
–

2
0

4
 

1
9

9
 

Table 4 ( continued ) 

Table 4 A. term born infants (subgroup C1) 

Author Study 

population 

Intervention and 

indication 

Analysis 

technique 

Age of 

sampling 

Outcomes in microbiota samples of neonates from antibiotic exposed mothers 

Alfa 

diversity 

Phylum level Family level Genus level Species 

level 

Jia, 2019 44 n total = 51 

(mean GA 31.8, 

range 26-36, 

16 vag, 35 CS) 

n control = 20 

n IAP = 25 

n missing = 6 

Intervention and 

indication not 

specified. 

16S rRNA gene 

sequencing of 

V3-V4 region 

Day 1, 7, 14, 

21, 42, 70 and 

90 

‘In a multivariate regression model maternal IAP use was correlated with lower abundance of 

Peptoclostridium . No correlation was found for E. coli, Klebsiella, Bifidobacterium, Bacteriodes, 

Enterococcus, Streptococcus, Veillonella, Acinetobacter, Lactobacillus, Clostridium sensus stricto, 

Staphylococcus, Parabacteroides and unclassified Enterobacteriaceae .‘ 

Mshvildadze, 

2010 45 

n total = 23 

(mean GA 29.9, 

range 23-32 

weeks, 10 vag, 

13 CS) 

n control = 16 

n IAP = 7 

Intervention and 

indication not 

specified. 

Denaturing 

gradient gel 

electrophoresis 

and 454 based 

16S rRNA 

pyrosequencing 

Day 1, weekly Decreased 

(d1, 

p = 0.06) 

- - - 

Table 4 C. cohorts including both term and preterm infants (subgroup C3) 

Author N Intervention and 

indication 

Analysis 

technique 

Age of 

sampling 

Outcomes in microbiota samples of neonates from antibiotic exposed mothers 

Baumann –

Dudenhoeffer, 

2018 46 

n total = 60 

(mean GA 37 

weeks; IQR 

36-38 weeks. 

26 vag, 34 CS) 

n control = 14 

n IAP = 46 

Cefazolin (n = 24), 

ampicillin (n = 6), 

penicillin G (n = 6), 

vancomycin (n = 2), 

clindamycin (n = 4) 

ampicillin- 

sulbactam (n = 8). 

Indication not 

specified. 

Metagenomic 

shotgun 

sequencing 

Monthly from 

0 – 8 months 

Decreased alpha diversity. 

Higher abundance of Lachnospiraceae and Enterobacteriaceae 

Forsgren, 

2017 47 

n total = 118 

(mean GA 39 

weeks; range 

33-42, 76 vag, 

24 CS) 

n control = 94 

n IAP = 24 

Intervention and 

indication not 

specified. 

qPCR (several 

Bifidobacterium 

and clostridium 

spp., s. aureus 

and 

akkermansia 

munciniphila ) 

Day 1, 2-4 

weeks and 6 

months 

Lower abundance in the following species: B. breve (p = 0.06) and B. longum . 

Tapiainen, 

2018 48 

n total = 212 

(mean GA 40 

weeks, range 

35-42, CS 40, 

172 vag). 

n control = 151 

(137 vag, 14 

CS) 

n IAP = 61 (35 

vag, 26 CS) 

Intervention and 

indication not 

specified. 

16S rRNA gene 

sequencing of 

V4 region 

Day 1 Lower abundance of: Staphylococcus spp. (0.06), Bifidobacterium spp., Lactobacillus spp. (p = 0.065) 

CS = Caesarean born infants, GA = gestational age, GBS = Group B streptococcus, IAP = Intrapartum antibiotic prophylaxis, qPCR = quantitative polymerase chain reaction, rRNA = ribosomal ribonucleic acid, vag = vaginally born 

infants. 
† Infants receiving antibiotics directly postpartum were excluded in the analysis. 
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Prenatal antibiotic exposure 

Four studies investigated the effect of antibiotics, not admin-

istered prophylactically during the delivery, but earlier in preg-

nancy before onset of labour. Studies on these prenatally admin-

istered antibiotics included both vaginally and caesarean born in-

fants and did not report outcomes for these two groups separately.

Two studies included only preterm born infants 49 , 50 (subgroup C2)

and two both at-term and preterm infants 13 , 51 (subgroup C3). An

overview of main patient characteristics and outcomes is presented

in Table 5 . 

Subgroup C2: Preterm born vaginal and caesarean born infants. Two

studies investigated the effect of antibiotic exposure during preg-

nancy on the microbiota of the offspring. 49 , 50 One of these studies

included 66 extremely and very premature infants (gestational age

25-31 weeks). 50 All 31 extremely premature infants received a pro-

biotic supplementation to prevent necrotizing enterocolitis (NEC).

Half of the included infants were born via caesarean section. Moth-

ers of twenty infants (30%) were exposed to prenatal antibiotics.

The exact timing of administration, the type of antibiotic used nor

the indication was mentioned. Stool samples collect at day seven

and analyzed by whole-genome shotgun sequencing showed no

differences in microbial composition. However, 56 of 66 infants re-

ceived broad spectrum antibiotics postpartum before collection of

the sample. 

The second study included twelve preterm infants whose moth-

ers were exposed to cefazolin during pregnancy. 49 Also in this

study, indication and timing of administration were not reported.

These twelve infants were matched with twelve infants whose

mothers were free of antibiotic exposure. Infants were matched

based on route of delivery, gestational age and feeding method.

Both groups consisted of three caesarean born infants. Samples

were collected at day seven and fourteen postpartum and analyzed

by 16S rRNA gene sequencing. Prenatal antibiotic exposure resulted

in a decreased abundancy of Proteobacteria with a concurrent de-

crease of Firmicutes and Bacteriodetes . No differences were found

in the Shannon diversity between the two groups. In all infants, in

both groups, antibiotics were started postpartum. 

Subgroup C3: Term and preterm born vaginal and caesarean born in-

fants. Two studies investigated the effect of maternal antibiotic

exposure during pregnancy on the microbiota. 13 , 51 In a large co-

hort study including 1.032 children, faecal samples were collected

one month postpartum to identify factors influencing the early gut

microbiota. 13 A total of 108 of the infants were born via CS, and

28 received antibiotics before collection of the sample. Mothers

from 38 (3.7%) children were exposed to antibiotics during the

last months of pregnancy. The indication or type of antibiotic was

not reported. Stool samples were analysed by qPCR, evaluating the

abundance of Bifidobacteria, E. coli, C. difficile, B. fragilis, Lactobacil-

lus and total bacterial counts. These analysis failed to show any dif-

ference between the microbiota composition of infants from moth-

ers exposed to antibiotics compared to infants from non-exposed

mothers. 

The second study aimed to investigate the effect of antibi-

otic use during pregnancy on the weight-for-length score (WFL-

score). 51 They included 454 infants, of whom 237 were exposed to

antibiotics. Timing of antibiotics was divided by trimester. Type of

antibiotics or indications were not presented. Infants from women

exposed to antibiotics during the second trimester had a signif-

icant higher WFL-score after adjusting for potential confounders

at twelve months postpartum. Based on this, stool samples from

this group were analysed and compared to infants from unex-

posed mothers to detect a relation with the microbiota. Ampli-

con sequence variants (ASVs) were determined in stool samples

collected at three and twelve months of age. Antibiotic exposed
eonates had significantly different abundance of 13 and 17 ASVs

t three and twelve months of age respectively. Mainly genera from

he phylum Firmicutes were decreased at both time points. Bacte-

iodetes were decreased in the microbiota from antibiotic exposed

nfants. The family Enterobacteriaceae were decreased after antibi-

tic exposure during the second trimester. 51 

iscussion 

An estimated 40% of women are exposed to antibiotics be-

ore childbirth 

15 , 52 and approximately 80% of all medications pre-

cribed to pregnant women are antibiotics. 20 In this systematic re-

iew we evaluated the influence of prenatal and intrapartum ma-

ernal antibiotic use on neonatal microbial gut composition. Intra-

artum administration of antibiotics seems to have a profound im-

act on infant gut colonisation, leading to a decreased diversity, a

ecreased proportion of the phyla Actinobacteria and Bacteriodetes

ith a concurrent increase in Proteobacteria . These effects were

ost evident in term vaginally born infants and persisted up to

welve months. 

Recently a review has been published on the effects of IAP on

he infant gut microbiome. 53 This study focused solely on the ef-

ect of ampicillin administered to GBS positive mothers during de-

ivery of healthy vaginally born infants at term. The current review

ystematically evaluated the influence on neonatal microbial gut

omposition of intrapartum and prenatal maternally administered

ntibiotics for all indications, not just GBS prophylaxis, and we also

ncluded preterm and caesarean born infants. Because of the het-

rogeneity of the indications for antibiotics and the included pop-

lation, results were categorised and presented in different sub-

roups, based on route of delivery, gestational age and timing of

reatment. Due to this heterogeneity, different outcome measure-

ents and different microbiota detection techniques, it was not

ossible to pool data and to perform a meta-analysis. 

The described microbiota alterations found in vaginally born

erm infants following IAP were less evident in preterm and cae-

arean born infants. However, interpretation of the effect of ma-

ernally administered antibiotics in these cohorts should be done

arefully since most studies within these subgroups were charac-

erised by the presence of multiple confounding factors such as dif-

erences in feeding method (formula feeding or breast milk), route

f delivery (CS or vaginal delivery), gestational age and postpar-

um maternal or neonatal antibiotic use. In assessing the effects of

aternal use of antibiotics, one must consider the epidemiology

f neonatal sepsis since the practice change of widespread antibi-

tic prophylaxis. Early reports indicated an increase in Gram neg-

tive early onset sepsis. 12 More recently, the incidence of Gram

egative ( E. coli ) sepsis seemed to have been stable between 2005

nd 2014 whereas GBS incidence decreased. However, in very-low-

irth-weight infants the odds of mortality of E. coli sepsis remain

igh 

54 and a lot of premature infants receive antibiotics after birth.

In studies limited to preterm infants, over 68% of infants re-

eived parenteral antibiotics directly postpartum for suspected

epsis. Postnatally administered antibiotics in infants result in

igher proportions of Proteobacteria and a decrease in Actinobac-

eria, Firmicutes and Bacteriodetes 55 , 56 and decreased diversity. 55 , 56 

n addition, prematurity seems also to result in a higher abundance

f Proteobacteria and a lower abundance of Actinobacteria and Bac-

eriodetes 37 and decreased diversity. 57 Premature infants were of-

en born via CS: the microbiota of caesarean born infants is char-

cterised by decreased proportions of Actinobacteria and Bacteri-

detes 58 and a decreased diversity in the first two years of life. 59 

ost hospital guidelines advocate IAP in women delivering via CS,

hich makes it impossible to investigate the effect of maternal ad-

inistrated antibiotics in caesarean born infants, as all of them

ould fall in the ‘exposed’ group. These observations illustrate that
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Table 5 

Overview of findings of studies investigating the effect of maternally administered antibiotics on the microbiota of mixed cohorts including preterm and term born infants (subgroup E). 

Author n Intervention and 

indication 

Analysis technique Age of sampling Outcomes in microbiota samples of neonates from antibiotic exposed mothers 

Alfa diversity Phylum level Family level Genus level 

Esaiassen, 2018 50 n total = 66 (25 vag, 41 

CS) 

n control = 46 (23 GA 

< 28 weeks, 23 GA 

28-31 weeks) 

n antenatal 

exposed = 20 (8 GA 

< 28 weeks, 12 GA 

28-31 weeks) 

Intervention and 

indication not 

specified. 

Shotgun 

metagenomic 

sequencing 

Day 7 ’We found no significant influence of antenatal antibiotic exposure on the gut microbiota 

composition on day 7. However, 57/66 (86%) preterm infants also received antibiotic therapy 

(ampicillin or penicillin + gentamicin) during the first week of life, limiting the possibility to 

detect isolated effects of antenatal exposure’. 

Penders, 2006 13 n total = 1.032 (range 

GA 34 – 42 weeks, 108 

CS, 902 vag) 

n control = 972 

n exposed during last 

month of 

pregnancy = 38 

n missing = 22 

Intervention and 

indication not 

specified. 

Real time qPCR 

( Bifidobacteria, E. 

coli, C. difficile, B. 

fragilis, lactobacilli 

and total bacterial 

counts) 

1 month ‘Antibiotic use by the mother during pregnancy had no influence on the infant’s gut microbiotic 

composition’. 

Zou, 2018 49 n total = 24 

n control = 12 (mean 

GA 32.5, range 30-34, 

3 vag) 

n prenatal 

exposed = 12 (mean 

GA 32.7, range 31-35, 

3 vag) 

Intervention and 

indication not 

specified. 

16S rRNA gene 

sequencing of V3 

and V4 region 

Day 7, 14 No difference Lower abundance: 

Firmicutes (d7) 

Bacteriodetes (d7, 14) 

Higher abundance: 

Proteobacteria (d7, 14) 

- Lower abundance: 

Bifidobacteria (d14) 

Bacteriodetes (d14) 

Zhang, 2019 51 n total = 454 (inclusion 

criteria: > 28 weeks 

gestation. Number of 

CS not reported) Only 

a subset of 68 infants 

collected stool samples 

n control = 237 (mean 

GA 38.74 weeks, 

microbiota determined 

of 56 infants) 

n exposed during 

pregnancy = 217 (mean 

GA 38.46 weeks, 

microbiota determined 

of 12 infants) 

Intervention and 

indication not 

specified. 

16S rRNA gene 

sequencing of V4 

region 

3 and 12 months Prenatal antibiotic exposure in the second trimester was associated with differential abundance of 

13 unique bacterial amplicon sequence variants at age 3 months and 17 amplicon sequence 

variants at 12 months. 

CS = Caesarean born infants, GA = gestational age, IAP = intrapartum antibiotic prophylaxis, qPCR = quantitative PCR rRNA = ribosomal ribonucleic acid, vag = vaginally born infants. 
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these three variables may obscure the true effects of maternal an-

tenatal antibiotic use, as reported in healthy vaginally born infants.

Consequently, the effects of maternal antibiotic use on microbial

composition in studies including antibiotic treated infants, preterm

infants and caesarean born infants should be interpreted with cau-

tion due to possible confounding. We feel that only the study de-

signs and inclusion criteria from studies in subgroup A1 and the

RCT from subgroup B1 are sufficiently robust, minimising poten-

tial bias, to draw any conclusions on the effect of maternal an-

tibiotic use. The RCT by Kamal et al. was the only study investi-

gating the effect of IAP, taking the effect of route of delivery into

account. In 42 infants, these authors compared the microbiota of

infants from mothers receiving antibiotics prior to CS compared

to infants from mothers receiving antibiotics after clamping of the

umbilical cord. No differences were found in taxonomic composi-

tion. However, species richness as measured by alpha-diversity was

decreased in the antibiotic exposed group after nine months, but

not after 10 days. The authors speculated that this difference was

caused by bacterial community reorganisation and chance rather

than by a direct immediate effect of antibiotics, since one would

expect the differences to be more pronounced in the early sample.

However, consistent with observations in studies in older subjects,

in vaginally born children some studies also reported effects of IAP

in samples collected around twelve months that were not seen in

early collected samples. These findings illustrate the need for lon-

gitudinal studies to assess the true impact of perinatal antibiotic

use. 

There were some other limitations with respect to the included

studies. Some studies retrospectively retrieved data on maternal

antibiotic use by a questionnaire which might have caused re-

call bias since not all mothers will remember whether they have

received antibiotics during pregnancy or delivery. Consequently,

cases from antibiotic exposed mothers might not have been recog-

nised and might have been analysed in the control group. 

Furthermore, not all studies reported which antibiotic had been

used and for which indication. Prophylactically administered an-

tibiotics are mainly prescribed to otherwise healthy women, in

contrast with therapeutic use of antibiotics. As the microbiota is

influenced by many comorbidities, studies of therapeutic use of

antibiotics may have included mothers with pre-existing illnesses

and associated microbiota alterations, which in turn influence the

vertical-transmission to their infants. Since not all studies reported

the indication for antibiotic administration, we were unable to in-

vestigate different effects of prophylactic versus therapeutic use of

antibiotics. 

We were also unable to investigate whether the use of specific

classes of antibiotics has different effects on the microbial coloni-

sation, for multiple reasons. The majority of studies did not re-

port the indication for antibiotic administration, nor which class of

antibiotic was used. In most studies reporting the class of antibi-

otics, penicillin or ampicillin was administered exclusively. If dif-

ferent classes of antibiotics were used, then only few studies re-

ported effects on the microbiome separately per antibiotic class.

The diversity was decreased when stool samples from all infants

from antibiotic exposed mothers were analysed and this persisted

in infants from mothers exposed to multiple classes of antibi-

otics (n = 12). 38 In contrast, no significant differences were found

in infants from penicillin (n = 55) or cephalosporin (n = 14) exposed

mothers. At species level there was an increase in the abundance

of B. fragilis following cephalosporin exposure, whereas the oppo-

site was found following ampicillin exposure. 38 This illustrates that

different classes of antibiotics may have different effects at diver-

sity and at taxonomic composition of the infant microbiota. Future

studies should take effects of different classes into account and

move beyond traditional methods towards longitudinal analyses of

community-structure. 60 
Interestingly, most studies focused on the effect of intrapartum

dministered antibiotics. Only few articles reported possible ef-

ects of antibiotics earlier during pregnancy. Antibiotics adminis-

ered just before childbirth will likely still be present in the in-

ant bloodstream after birth, where antibiotics administrated ear-

ier in pregnancy will probably already have been eliminated. 22 

his might result in a difference in effect on microbiota acquisi-

ion. 

Antibiotics administrated earlier in pregnancy, will influence

he maternal microbial composition in the short- and longer term,

hich might influence the vertical transmission process and thus

he neonatal microbiota. 61 Results from the four studies on the ef-

ect of antibiotics earlier in pregnancy are contradictory. However,

hey were likely influenced by aforementioned confounders, limit-

ng the possibility to draw any firm conclusions. 

Term vaginally born infants from mothers receiving antibi-

tics during labour seemed to have an increased abundance of

roteobacteria, which leads to niche-competition with the other

pecies in the healthy intestinal tract such as Firmicutes, Actinobac-

eria and Bacteriodetes . 62 , 63 Importantly, Proteobacteria consist of

everal commensal bacteria as well as human pathogens. 63 An un-

ontrolled overgrowth of Proteobacteria reflects gut dysbiosis and

s seen in multiple metabolic and inflammatory diseases: whether

he expansion of facultative anaerobes, mainly Proteobacteria , oc-

urs after, before or in tandem with intestinal inflammation is

he subject of intense debate. 64 , 65 Subsequently, whether the an-

ibiotic induced expansion of Proteobacteria in the infant gastroin-

estinal tract leads to an increased risk of pathology remains as

et unknown. 63 Species belonging to the genus Bifidobacteria (and

he phyla Actinobacteria ), which tended to be decreased in in-

ants from antibiotic exposed mothers, are reported to confer pos-

tive health benefits. 66 , 67 Bifidobacteria are one of the first colonis-

rs and most abundant genera in infants. In numerous clinical

onditions the abundance of Bifidobacteria is decreased. Whether

his is a cause or consequence of disease is still an ongoing

ebate. 66 , 67 

Development of a healthy intestinal microbiota during infancy

s essential since it plays a major role in the maturation of our

mmune system 

68 , 69 and the development of a number of clinical

onditions. 1 , 70-72 In the studies investigating the effect of prenatal

r intrapartum antibiotics on the infant microbiota, only one study

lso investigated health related outcomes. In this study, children

rom mothers exposed to second trimester antibiotics, had an aber-

ant microbiota and higher WFL scores. Furthermore antibiotics ad-

inistered during pregnancy and labour have been associated with

n elevated risk on atopy, asthma, allergy and obesity 73 later in life

nd on colitis in murine models. 74 Besides, these antibiotics have

een shown to increase the development of antibiotic resistance 11 

nd an increase in the incidence of Gram negative early onset

epsis. 12 The effects of intrauterine exposure to antibiotics on

onger term health remain largely to be elucidated. 

Taken together, these observational studies illustrate the need

or better understanding of the dynamics of early host-microbiome

nteractions to mitigate the risk of maternal morbidity and early

nset sepsis as well as late onset microbiome-mediated health

roblems. We are still at the beginning of studying interventions to

anipulate early life colonisation such as faecal transplantation, 75 

aginal seeding, 76 administration of probiotics 77 and diet. 78 

In conclusion, maternally administered intrapartum antibiotics

eem to significantly alter the infant microbial colonisation pro-

ess. However, most evidence is of low quality as derived from

tudies in term vaginally born infants. Whether these effects can

e extrapolated to preterm and caesarean born infants remains to

e elucidated. Observed dysbiosis, especially in these populations,

ay be influenced by many confounding factors, including route

f delivery, postnatally prescribed antibiotics and feeding practices.
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urthermore, studies on effect of antibiotics administrated earlier

n pregnancy are limited. Previous studies suggest an association

etween prenatal antibiotic exposure and clinical conditions such

s asthma and obesity, probably due to early microbiota aberra-

ions. However, none of the included studies combined data on

ntibiotic-induced microbial alterations beyond the age of one

ear and clinical outcomes. Future research should also focus on

hether the antibiotic induced microbial changes have significant

hort- or long-term health consequences. To improve quality

f evidence, these studies should be aware of potential varying

ffects of different classes of antibiotics, indication for antibiotics

prophylactic versus therapeutic) and take confounding factors

nto account. 
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