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Abstract

Background: Unreasonable use of antibiotics and probiotics can alter the gut ecology, leading to antibiotic resist-
ance and suboptimal health outcomes during early life. Our study aims are to clarify the association among antibi-
otic and probiotic exposure in early life, the microecology of the gut microbiota, and the development of antibiotic
resistance; to investigate the long-term impact of antibiotics and probiotics on the health outcomes of infants and
young children; and to provide a theoretical basis for the rational use of antibiotics and probiotics from a life course
perspective.

Methods: The study is a prospective, longitudinal birth cohort study conducted in Shaanxi Province, China from
2018 to 2024. A total of 3,000 eligible mother—child pairs will be enrolled from rural, suburban, and urban areas. The
recruitment of the participants begins at pregnancy, and the newborns will be followed up for 2 years at succes-
sive timepoints: within 3 days after birth, 42 days after birth, and at 3, 6, 12, 18, and 24 months of age. Sociodemo-
graphic data, environmental exposures, dietary patterns, psychological conditions, and medical and drug histories
are collected. Cognitive and behavioural development among infants and young children and questionnaires on
antibiotic knowledge and behaviour among caregivers will be collected at 12 and 24 months of age. The faecal
samples are collected and analysed by 16S rRNA high-throughput sequencing and quantitative PCR (qPCR) for
antibiotic resistance genes.

Discussion: The findings will inform antibiotic and probiotic use for pregnant women and infants and contribute
to establishing rational use strategies of antibiotics and probiotics for paediatricians, health practitioners, and drug
administration policy-makers.
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Trial registration: The study was registered on the Chinese Clinical Trial Registry (ChiCTR) platform, http://www.

chictrorg.cn (Record ID: ChiCTR2100047531, June 20, 2021).
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Background

The developmental origins of health and disease
(DOHaD) concept highlights the importance of the first
1000 days (from conception to one’s second birthday),
which is also a critical period for the establishment,
gradual diversification, and stability of the gut microbi-
ota. The early life stages are characterized by microbial
immobilization and gut microbiota maturation in vivo,
and their composition has lifespan implications on sub-
sequent health outcomes [1]. Increasing evidence from
epidemiological studies suggests that maturation of the
gut microbiota is associated with immune and meta-
bolic development to resist pathogen attack and prevent
abnormal immune responses [2, 3]. In this critical phase,
the colonization of the gut microbiota is influenced by
genetic and environmental factors [4—6], including anti-
biotic and probiotic use.

Studies have shown that unreasonable antibiotic
exposure in early life may have severe consequences for
human health, which can impair immune system func-
tion, resulting in allergic asthma, gut microbiota disor-
der, infections, and a vicious cycle of further antibiotic
use [7-11]. For maternal and infant health, antibiotic
exposure in the prenatal and postnatal periods can dis-
rupt the delicate ecosystem of the newborn microbi-
ome and thus increase the risk of poor health outcomes
[6]. Specifically, these health consequences include gut
microbiota disorder of an increased microbial abun-
dance up to 3 months after birth [12], a higher risk of
obesity among 2-year-olds [13, 14], a higher risk of
asthma before 5 years of age [15, 16], and a suboptimal
BMI trajectory during early life [17]. However, the dose,
timing, and duration of antibiotic exposure and its
impact on the health of infants and young children have
not been fully studied, especially based on a pregnancy
and birth cohort. In underdeveloped districts, misuse
and/or overuse of antibiotics during early life is a seri-
ous problem in current health practice [18—20], which
may result in adverse developmental outcomes and a
faster increase in antibiotic resistance. A cross-sec-
tional study in China reported that during 2014-2018,
the number of antibiotic prescriptions for pregnant
women in western China was 2.1% [21], whereas dur-
ing recent years, the rate may have increased under
COVID-19 restrictions due to self-medication or
online buying [22]. In China, antibiotic resistance genes
(ARGs) have been detected in newborn faeces [23, 24].

Thus, a well-designed and constructed birth cohort is
needed to further clarify the relationship between anti-
biotics and gut microbiota alterations from an epidemi-
ological perspective.

Probiotics are commonly used in paediatrics and
even within families to regulate gut function. Probi-
otics are commonly defined as “live microorganisms
which, when administered in adequate amounts, con-
fer a health benefit to the host” [25]. The Food and
Agriculture Organization/World Health Organization
(FAO/WHO) consultation indicated that the potential
health benefit is dose-based, however, the “adequate
amount” in the definition is required to assess human
interventions especially in early life periods. Although
encouraging, existing conclusions are preliminary with-
out longitudinal verification, and the reasoning behind
using probiotics to deal with antibiotic resistance needs
more evidence [26, 27].

Improper use of antibiotics and/or probiotics con-
tributes to the development of antibiotic resistance.
The strong influence of the infant resistome is mainly
through the gut, oral cavity, vagina, and breastmilk,
which enrich ARGs [28]. Additionally, some probiotic
strains already have natural or mutant antibiotic resist-
ance, and consumption may help restore gut microbi-
ota imbalance caused by antibiotic treatment; however,
some specific ARGs can be transmitted vertically, e.g.,
maternal microbial reservoir transmission during the
vaginal delivery period to the infants. Moreover, strains
could transfer antibiotic resistance to pathogenic
microorganisms and other gastrointestinal commensal
microorganisms through horizontal transmission [29].
Combining probiotics with antibiotics can reduce the
incidence and severity of antibiotic-associated diar-
rhoea (AAD), so some special probiotics that do not
carry resistance genes are selected to treat or prevent
antibiotic side-effects [30]. However, the influence of
vertically and horizontally transmitted aberrant micro-
biota on infants needs more evidence.

To address these issues, the Pregnancy and Birth
Cohort in Northwest China (PBCC) was established to
(a) clarify the association among antibiotic and probi-
otic exposure in early life, the microecology of the gut
microbiota, and the development of antibiotic resist-
ance; (b) investigate the long-term impact of antibiotics
and probiotics on the health outcomes (including birth
outcome, physical and cognitive development, disease
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and immune response) of infants and young children;
and (c) provide a theoretical basis for the rational
use of antibiotics and probiotics from a life course
perspective.

Methods/design

Study design

The PBCC is a prospective, ongoing pregnancy and birth
cohort study conducted in rural, suburban, and urban
areas, which are representative of the different economic
levels, geographic coverage, and medical services in
Shaanxi Province, Northwest China from January 2018 to
December 2024. The rural site is the People’s Hospital in
Binzhou city, as well as six town health centres of primary
health facilities. The suburban site is Lintong District
Maternal and Child Hospital, Xi’an city, which serves a
mixed urban and rural population, and the urban site is
the Second Affiliated Hospital of Xi'an Jiaotong Univer-
sity. Specifically, the birth numbers at the three sites var-
ied, and the average numbers per year are 1731, 2040, and
3000 at the rural, suburban, and urban sites, respectively.
Almost all pregnant women will deliver in hospitals,
while some may deliver at home in rural areas (average of
2 per year). The caesarean rate in the three site hospitals
varies between 25 and 50%, and the average rate of NICU
admission is 10% but varies with hospital level. Critically
ill pregnant women will be transferred to higher-level
hospitals in advance. After delivery, the exclusive breast-
feeding rates declined from 58.3% among newborns to
29.1% at three or four months and declined further to
13.6% among those aged five to six months [31], and the
exclusive breastfeeding rates in rural areas, small urban
areas and megacities at 6 months were 28.3%, 23.3%, and
35.6%, respectively. After weaning, infants usually receive
formula. Child health care centres are usually located in
the family’s district within a 1-h walk, and the proportion
of children receiving health care is 50%-70%, but this pro-
portion is lower in rural areas because a greater propor-
tion of parents work outside the town.

Sample size calculation

From the perspective of antibiotic and probiotic use in
early life, we considered using probiotics to prevent anti-
biotic-associated diarrhoea (AAD) in infants to calculate
the sample size. The rate of AAD after broad-spectrum
antibiotic treatment is reported to be 25%-53% in chil-
dren [32]. A meta-analysis of probiotic uses to prevent
AAD and Clostridium difficile infection among hospital-
ized patients revealed a statistically significant reduction
in the risks of AAD (RR=0.61, 95% CI 0.47 to 0.79) and a
lower number of CDI at the end (RR=0.37, 95% CI 0.22
to 0.61) [33].
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Therefore, with a statistical power of 90% (p=0.1) and
a two-tailed significance level of 5% (a=0.05), for each
district, the sample size was calculated using the follow-
ing formula:

__ 2
Yy (24+/2Pq £ zp+/poqo + p191)
(1 — po)*

P1=RR - pg

_ 1
p= E(Po +p1)

where p, denotes the risk of AAD in the control group,
p; denotes the risk of AAD in the treatment group, and g
=1-p.

Then, we estimated 354 as the minimum number of
participants for each group (AAD or no AAD). Consid-
ering a 15% foetus attrition rate and 5% loss to follow-
up rate, we expanded the number by 20%. Hence, for
the three districts, we need to enrol 2,550 participants.
Finally, after discussion with the site managers, 3,000 eli-
gible women and their healthy, singleton infants will be
recruited for this study.

Participant enrolment and selection criteria

We collaborate with local doctors, nurses, and medical
staff. The pregnant women are enrolled during their first
antenatal care (ANC) visits (any trimester) by obstetri-
cians and gynaecologists in the collaborating units. Writ-
ten informed consent is obtained from the women after
enrolment.

The inclusion criteria are as follows: (1) pregnant
women who planned to deliver in the collaborating hos-
pital; (2) singleton foetus; and (3) women agreeing to
completing at least 2 years of postnatal follow-up. The
exclusion criteria are as follows: (1) planning to move out
of the town; (2) rejecting or not adhering to the 2-year
follow-up; (3) participating in other research projects;
and (4) chronic disease or chronic medication use (diag-
nosed pre-pregnancy). As a result, we will enrol term and
preterm infants of any gestation, including neonates who
require intensive care, and the medical records will be
carefully collected.

Data collection

Data collection entails three stages including preg-
nancy, delivery and after birth, as shown by the timeline
in Fig. 1. The ANC, delivery record, and follow-up data
from the hospitals are independently managed by the
hospital and collected by hospital staff using their routine
hospital information system (HIS).
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“Cognition and behaviour will be
assessed by Bayley Scales of Infant and
Toddler Development (Bayley-IV) in 12
and 24 months of age.

Fig. 1 Timeline of the Pregnancy and Birth Cohort in Northwest China (PBCC)

Pregnancy (including three trimesters)

During pregnancy (see T1-T3 in Fig. 1), the data will be
collected from the ANC visits of the women. Several
questionnaires will be carried out face-to-face in the
first, second, and third trimesters of pregnancy to assess
sociodemographic data, gestational age, environmen-
tal exposures, dietary patterns, nutritional supplements,
psychological conditions, and medical and drug history,
especially antibiotic and probiotic use. After the ques-
tionnaire investigation, body composition measurements,
including body weight, fat percentage, fat mass, fat-free
mass (FFM), muscle mass, total body water (TBW), TBW
percentage, bone mass, basal metabolic rate (BMR), vis-
ceral fat and body mass index (BMI), will be conducted
at the project office by using a body composition analyser
(DC-430MA, TANITA Co. Ltd) for pregnant women.

Delivery/birth outcomes

After delivery, the delivery record and birth outcomes
will be collected by the staff. The meconium will be col-
lected within 3 days (T4 in Fig. 1); most of the meconium
samples are the first faeces, and all samples are from the
first three bowel movements.

After birth (follow-up)

During the afterbirth period, the follow-up time points
are 42 days, 3 months, 6 months, 12 months, 18 months,
and 24 months of age (T5-T10 in Fig. 1). The follow-up
is designed to be embedded in the scheduled immuniza-
tion and child health services, and therefore the data can
be collected regularly in a timely manner. Specifically, the

medication and prescription drug data will be obtained
by the HIS, and the face-to-face questionnaire is used to
collect information on caregivers, feeding patterns, nutri-
tional supplements, and medical and drug history, espe-
cially antibiotic and probiotic use.

We also measure the physical development of children
at every follow-up time point. We use uniform measure-
ment tools including infant scales, electronic scales, and
tape measures. After calibration, weight, height, head
circumference, chest circumference, and mid-upper arm
circumference are measured at least twice until reaching
the minimum standard, and the average is recorded. Fur-
thermore, offspring cognitive and behavioural health will
be assessed by Bayley Scales of Infant and Toddler Devel-
opment (Bayley-IV) at 12 and 24 months of age, which
will be conducted by trained research assistants. Likewise,
questionnaires on antibiotic knowledge and caregiver
behaviours will be collected at these two time points.

Biological sample collection and analysis
Faecal samples will be collected in three stages (shown
in Table 1). The sample collection and laboratory experi-
ments are as follows:
Collection and preservation of samples for microbial
testing

We use a one-time sterile collection tube to collect
fresh faecal samples with a 75% alcohol-disinfected sten-
cil-sealed cover, which will be transferred quickly within
two hours (using an icebox for temporary storage) to the
hospital’s clinical laboratory and preserved in a -20 °C
refrigerator and frozen after marking. Then, every two
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Table 1 Faecal sample collection at every timepoint of the
Pregnancy and Birth Cohort in Northwest China (PBCC)

Stage Timepoints  Period Faecal Sample source
sample
Pregnancy T1 1 trimester v/
T2 2™ trimester v/ Mother
T3 39 trimester v/
Delivery T4 Birth N4 Infant
After birth ~ T5 42 days Vv
T6 3 months Vv
T7 6 months Vv Infant
T8 12 months Vv
T9 18 months Vv
T10 24 months V4

weeks, these samples will be temporarily transferred to
a mobile fridge, with an average travel time of 60 min,
ranging from 30 to 120 min to the lab located at Xian
Jiaotong University, School of Public Health Centre. All
the samples will be stored in a -80 °C refrigerator.
DNA extraction and 16S rRNA gene amplicon
sequencing

Bacterial DNA is extracted from faecal samples with
a QIAamp Fast DNA Stool Mini Kit (Qiagen, Cat. No./
ID: 51,604), and PCR amplification is conducted with
barcode-specific bacterial primers targeting the variable
regions V3-V4 of the 16S rRNA gene: the forward primer
341F for 5'-CCTAYGGGRBGCASCAG-3" and 806R for
5-GGACTACNNGGGTATCTAAT-3" [34]. Sequencing
libraries and paired-end reads are generated on an Illu-
mina HiSeq 2500 platform from Biomarker Technologies
Co.Ltd. (Beijing, China) according to a standard protocol.

ARGs detected by qPCR

We then use quantitative PCR (gPCR) to detect the
expression of ARGs in faecal samples. After a careful lit-
erature review, we selected 6 ARGs of four kinds of anti-
biotics: beta-lactam, tetracycline, fluoroquinolone, and
macrolide, which are commonly used during pregnancy
and early life [12, 35, 36]. Each sample includes three rep-
licates for data accuracy.

The main study indicators and instructions

Independent variables: Antibiotic and probiotic use

To assess antibiotic and probiotic exposure, the infor-
mation is recorded in detail through the HIS of the
hospital including the dose, timing, duration, and type,
which are collected not only in the perinatal period
but also in the follow-up period. We enquire about
maternal or infant administered medications such as
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antibiotics or probiotics by questionnaire, with the
analysis from both simultaneous and separate per-
spectives to further clarify the effect on the periods of
maternal and early life.

Outcomes of interest: Birth outcomes and early health
outcomes

Birth outcomes include gestational age at delivery
(weeks), mode of delivery (vaginal delivery or C-sec-
tion), gender, infant Apgar scores, infant anthropomet-
ric measurements, and medications. The adverse birth
outcomes are as follows [37]:

+ A low Apgar score is defined as an Apgar score at
5 min of <7.

+ Low birth weight is defined as a live birth weigh-
ing <2500 g.

« Small for gestational age infant (SGA) is defined as
birthweight <10% of that for a specific gestational
age.

o DPreterm birth is defined as a neonate born before
37 completed weeks.

The secondary health outcomes include antibiotic
resistance, disease and treatments, physical devel-
opment, and cognitive development, and they are
recorded at every timepoint.

« Antibiotic resistance: It is reported that antibiotic
resistance genes were found in infant faecal sam-
ples regardless of antibiotic exposure. In the study,
we use 16S rRNA microbiome high-throughput
sequencing and qPCR of ARGs for antibiotic resist-
ance gene analysis.

+ Disease and treatment: Common diseases in chil-
dren often occur in the respiratory, digestive, or
urinary systems, and the medical treatment and
drug history are extracted from the HIS in the hos-
pital.

+ Physical development: Anthropometric measure-
ments including weight (kg), height (cm), head cir-
cumference (cm), chest circumference (cm), and
mid-upper arm circumference (cm), are standard-
ized using WHO norms [37, 38].

+ Cognitive development is assessed by standard
Bayley Scales of Infant and Toddler Development
(Bayley-1V), which is a widely used, comprehensive
assessment of development for infants and toddlers
aged 1 to 42 months [39] administered by trained
research assistants.
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Research management

Follow-up compliance

Multiple strategies are used to improve the compliance
of the women and infants: (1) Step-by-step training is
carried out for the investigators to follow-up the par-
ticipants. (2) Biological analysis reports are sent to the
women regularly so that they can receive health informa-
tion feedback in time. (3) Social media are used to keep
in touch with the women. We use the WeChat applica-
tion to set up a group to remind the participants of the
date of follow-up and sample collection. (4) Calls and
home visits are conducted for the participants who are
not able to come to the health facilities.

Quality control

Regarding the design of the questionnaire, the literature
had been extensively reviewed, advice had been obtained
from obstetrics and paediatric experts, and preliminary
interviews had been conducted before formal enrolment.

Regarding investigator training, everyone will receive
a detailed workbook and guidance on how to complete
a face-to-face questionnaire and call/home visit at the
beginning. During the investigation, disagreements
occurring between the two investigators will be resolved
by a senior investigator.

After the regular investigation, researchers will check
the questionnaire for missing data and logistical errors,
and a supplementary survey will be conducted if needed.
Data entry will be conducted by hard-copy questionnaire
and online investigation, with double-entry assuring data
accuracy.

Data management and statistical analysis

Data will be collected and managed using REDCap
(Research Electronic Data Capture) tools by investiga-
tors, and questionnaire data entry will be conducted as
soon as possible at each timepoint. Moreover, the exter-
nal data including the records from the HIS, will be
inputted regularly. All pregnant women enrolled in the
study will be included in the final analysis.

The characteristics of the women or infants are
described as the means & SDs or medians for quantitative
variables and percentages with numbers for categorical
variables. One-way ANOVA is used to test the difference
in means for continuous variables, and chi-square tests
or Fisher’s exact test are used to summarize the associa-
tions of categorical variables.

To analyse the 16S rRNA gene sequence data, we will
not only perform cross-sectional comparisons across
individuals at the same time but also perform longitu-
dinal follow-up within the same individual at different
time points. All the data will be analysed using QIIME
tools. (1) For community diversity and dissimilarity,
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alpha-diversity metrics including diversity (Shannon,
Simpson) and richness (Chao, ACE) are used to meas-
ure diversity within species, and beta-diversity metrics
are employed using the Bray—Curtis or binary Jaccard
distance matrix to measure the differential abundance
among species based on antibiotic exposure, probiotic
consumption, delivery mode and feeding patterns. (2)
Then, principal coordinate analysis (PCoA), nonmetric
multidimensional scaling (NMDS), the unweighted pair-
group method with arithmetic means (UPGMA) and
heatmap of species clusters are used to conduct cluster
and dimensionality reduction. (3) Furthermore, linear
discriminant analysis (LDA) effect size (LEfSe), and Met-
astats methods are used to identify significant differ-
ences from the phylum to genus levels among groups.
(4) Multivariable analysis is used to adjust for confound-
ing factors and analyse the associations between clinical
and microbiota data and identify the influencing factors
of abundance and diversity of the mother-infant micro-
biota. (5) For longitudinal data analysis of gut microbiota
changes over the first two years, a linear mixed effects
model or multilevel mixed effects model are used. (6) A
Dirichlet multinomial mixtures (DMM) model [40] is
used for gut microbiota community type determination.

For gPCR data, parametric repeated tests such as
ANOVA determine different groups over time, and non-
parametric tests after transformation to logl0 such as t
tests are used for analysis.

All analyses are performed using Stata v.13.1 (Stata-
Corp, College Station, TX), and visualization is per-
formed using R statistical software v3.6.1 (http://
www.r-project.org/) with the ggplot2 package. Statistical
significance is evaluated using a 95% confidence interval
and a two-tailed p value of <0.05.

Discussion

Strengths and limitations of this study

There are several strengths in our study. First, the study
is conducted in underdeveloped districts containing
rural, suburban, and urban areas in Northwest China,
which could be representative and provide evidence for
a similar study in other less-developed districts world-
wide. Second, not only exposure data during pregnancy,
but also delivery and early life data of health outcomes
are collected. Third, to ensure a high follow-up response
rate, a detailed investigation plan had been formulated.
Furthermore, for antibiotic and probiotic assessment,
a questionnaire of knowledge and behaviour related
to antibiotics for parents is conducted, and the Bayley
Scales of Infant and Toddler Development (Bayley-1V)
are used, to make the evaluation of the results more mul-
tidimensional. However, the study has some limitations.
The registration of the study is relatively late due to the
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COVID-19 pandemic, but the normality of the cohort
is not affected by late registrations. A possible selection
bias exists in the study population because investigators
recruited individuals who cooperated rather than a ran-
dom sample, and the rate of antibiotic use varies during
pregnancy, so a large sample size is needed. Moreover,
due to limitations in medical knowledge and women’s
migration for work, many participants will fail to com-
plete the follow-up of the two-year study. However, we
will keep close contact with the participants to limit loss
to follow-up. In addition to the time points aligned with
scheduled immunization and health services, it seems
urgent that we combine the information with health ser-
vice systems of different institutions for the integrity of
the data. In the future, if the study budget and time per-
mit, the follow-up time will be extended.

Implications

The PBCC provides a multidimensional platform for
studying antibiotic resistance and health outcomes dur-
ing early life through a longitudinal perspective with a
focus on the alteration of the gut ecology. The rich data-
set from three representative areas will inform antibiotic
and probiotic use for pregnant women and infants and
contribute to establishing rational strategies on the use
of antibiotics and probiotics for paediatricians, health
practitioners, and drug administration policy-makers. In
the study, we will extend the analysis of biological sam-
ples to breast milk, vaginal swabs and oral swabs from
the same cohort in further studies. Furthermore, we are
considering collaborating with microbiologists to create
a biobank of probiotic strains to serve as stable selection
samples for human use. Finally, we intend to combine
data from different institutions (including primary health
care units and the Centre for Disease Control) and multi-
ple biological samples (including breastmilk, vaginal and
oral samples) to explore new evidence between antibi-
otic/probiotic exposure during the perinatal period and
health outcomes in early life.

Abbreviations

AAD: Antibiotic-Associated Diarrhoea; ANC: Antenatal Care; ANOVA: Analysis
of Variance; ARGs: Antibiotic Resistance Genes; BMI: Body Mass Index; ChiCTR:
Chinese Clinical Trial Registry; DMM: Dirichlet Multinomial Mixtures; FAO: Food
and Agriculture Organization; HIS: Hospital Information System; LEfSe: Linear
Discriminant Analysis (LDA) Effect Size; PBCC: Pregnancy and Birth Cohort in
north-western China; NMDS: Non-metric multidimensional scaling; PCoA: Prin-
ciple Coordinate Analysis; PCR: Polymerase Chain Reaction; gPCR: Quantitative
Polymerase Chain Reaction; REDCap: Research Electronic Data Capture; RR:
Risk Ratio; SD: Standard Deviation; UPGMA: Unweighted Pair-Group Method
with Arithmetic means; WHO: World Health Organization.

Acknowledgements

The local doctors, nurses, and medical staff are acknowledged for the recruit-
ment, sample collection, and health consulting service either online or offline.
We are also grateful to all the women and their families who collaborated

Page 7 of 8

with us to complete the ongoing and the whole follow-up periods of our
birth cohort. Finally, we thank Professor Bei Han and Professor Maria Carmen
Collado for their kind help in the review and revision of this manuscript and
language improvements.

Authors’ contribution

LXZ led the conceptualization and design of the study, supervise the study,
and revised the manuscript. QQ, SRL, LW, XYW, JLS, YZZ,YC, JZ,YY, LS and ZHZ
are the investigators of fieldwork, QQ, MAG, AKA, YJK, WFY, ZHZ write and
revised the manuscript. All authors reviewed the manuscript and agreed with
the submission.

Funding

The fieldwork for this study was funded by the National Natural Science
Foundation of China (grant number 81872633), National Key Research

and Development Program of China (grant number 2017YFC0907200,
2017YFC0907201), and the Natural Science Basic Research Plan of the Shaanxi
Province (Grant Number: 2020JM-077). This study was also funded by grant
202006280219 from the China Scholarship Council. The funding agencies
have no role in the study design, data collection, analysis, and interpretation,
or in manuscript writing.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analysed during the current study.

Declarations

Ethics approval and consent to participate

The study was approved by the Institutional Review Board (IRB) of Xi'an
Jiaotong University Health Science Centre (No. 2018-293). For all pregnant
women and infants included in the study, written and verbal informed con-
sent will be obtained from the women and their families. All research findings
will be disseminated to the public by peer-reviewed publications, journals,
and academic conferences.

Consent for publication
Not applicable.

Competing interest
The authors declare they have no competing interests.

Author details

'School of Public Health, Xi'an Jiaotong University Health Science Centre,
Xi'an, Shaanxi, People’s Republic of China. “Department of Paediatrics,

The Second Affiliated Hospital of Xi'an Jiaotong University, Xi'an, Shaanxi,
People’s Republic of China. *Xi‘an Lintong District Maternal and Child Health
Hospital, Xi'an, Shaanxi, People’s Republic of China. “Department of Obstetrics
and Gynaecology, The First Affiliated Hospital of Xi'an Jiaotong University,
Maternal & Child Health Centre, Xi'an, Shaanxi, People’s Republic of China. *Key
Laboratory of Environment and Genes Related to Diseases (Xi'an Jiaotong
University), Ministry of Education, Xi'an, Shaanxi, People’s Republic of China.

Received: 22 December 2021 Accepted: 18 December 2022
Published online: 28 December 2022

References

1. Pantoja-Feliciano IG, Clemente JC, Costello EK, Perez ME, Blaser MJ, Knight
R, et al. Biphasic assembly of the murine intestinal microbiota during
early development. ISME J. 2013;7:1112-5.

2. Schirmer M, Smeekens SP, Vlamakis H, Jaeger M, Oosting M, Franzosa
EA, et al. Linking the human gut microbiome to inflammatory cytokine
production capacity. Cell. 2016;167:1897.

3. Baumler AJ, Sperandio V. Interactions between the microbiota and
pathogenic bacteria in the gut. Nature. 2016;535:85-93.

4. Lim ES,Wang D, Holtz LR. The bacterial microbiome and virome mile-
stones of infant development. Trends Microbiol. 2016;24:801-10.



Qi et al. BMC Pediatrics (2022) 22:738

20.

21

22.

23.

24.

25.

26.

27.

28.

Buffington SA, Di Prisco GV, Auchtung TA, Ajami NJ, Petrosino JF, Costa-
Mattioli M. Microbial reconstitution reverses maternal diet-induced social
and synaptic deficits in offspring. Cell. 2016;165:1762-75.

Tamburini S, Shen N, Wu HC, Clemente JC. The microbiome in early life:
implications for health outcomes. Nat Med. 2016;22:713-22.

Van Belkum M, Mendoza Alvarez L, Neu J. Preterm neonatal immunology
at the intestinal interface. Cell Mol Life Sci. 2020;77:1209-27.

Shu S-A, Yuen AWT, Woo E, Chu K-H, Kwan H-S, Yang G-X, et al. Microbiota
and food allergy. Clinic Rev Allerg Immunol. 2019;57:83-97.

Renz H, Skevaki C. Early life microbial exposures and allergy risks: oppor-
tunities for prevention. Nat Rev Immunol. 2021,21:177-91.

Alhasan MM, Cait AM, Heimesaat MM, Blaut M, Klopfleisch R, Wedel A,

et al. Antibiotic use during pregnancy increases offspring asthma severity
in a dose-dependent manner. Allergy. 2020;75:1979-90.

. Belenky P, Ye JD, Porter CBM, Cohen NR, Lobritz MA, Ferrante T, et al.

Bactericidal antibiotics induce toxic metabolic perturbations that lead to
cellular damage. Cell Rep. 2015;13:968-80.

Azad M, Konya T, Persaud R, Guttman D, Chari R, Field C, et al. Impact

of maternal intrapartum antibiotics, method of birth and breastfeed-
ing on gut microbiota during the first year of life: a prospective cohort
study. BJOG: Int J Obstet Gy. 2016;123:983-93.

Zhang M, Differding MK, Benjamin-Neelon SE, @stbye T, Hoyo C, Mueller
NT. Association of prenatal antibiotics with measures of infant adiposity
and the gut microbiome. Ann Clin Microbiol Antimicrob. 2019;18:18.
Cassidy-Bushrow AE, Burmeister C, Havstad S, Levin AM, Lynch SV, Ownby
DR, et al. Prenatal antimicrobial use and early-childhood body mass
index. Int J Obes. 2018;42:1-7.

Lapin B, Piorkowski J, Ownby D, Freels S, Chavez N, Hernandez E, et al.
Relationship between prenatal antibiotic use and asthma in at-risk chil-
dren. Ann Allergy Asthma Immunol. 2015;114:203-7.

Stensballe LG, Simonsen J, Jensen SM, Bannelykke K, Bisgaard H. Use of
antibiotics during pregnancy increases the risk of asthma in early child-
hood. J Pediatr. 2013;162:832-838.e3.

Schwartz BS, Pollak J, Bailey-Davis L, Hirsch AG, Cosgrove SE, Nau C, et al.
Antibiotic use and childhood body mass index trajectory. Int J Obes.
2016;40:615-21.

. Qiao M, Ying G-G, Singer AC, Zhu Y-G. Review of antibiotic resistance in

China and its environment. Environ Int. 2018;110:160-72.

. YuM, Zhao G, Lundborg CS, Zhu Y, Zhao Q, Xu B. Knowledge, attitudes,

and practices of parents in rural China on the use of antibiotics in chil-
dren: a cross-sectional study. BMC Infect Dis. 2014;14:112.

Zhang Z, Zhan X, Zhou H, Sun F, Zhang H, Zwarenstein M, et al. Antibiotic
prescribing of village doctors for children under 15 years with upper
respiratory tract infections in rural China: a qualitative study. Medicine.
2016;95(23): €3803.

Zhao H, Zhang M, Bian J, Zhan S. Antibiotic prescriptions among China
ambulatory care visits of pregnant women: a nationwide cross-sectional
study. Antibiotics (Basel). 2021;10:601.

Hu'Y, Wei X, Zhu Q, Li L, Liao C, Jiang G. COVID-19 pandemic

impacts on humans taking antibiotics in China. Environ Sci Technol.
2022;56(12):8338-49.

Moore AM, Patel S, Forsberg KJ, Wang B, Bentley G, Razia Y, et al. Pediatric
fecal microbiota harbor diverse and novel antibiotic resistance genes.
PLoS ONE. 2013;8(11): 78822.

Wang P, Ma Z,Tong J, Zhao R, ShiW, Yu S, et al. Serotype distribution,
antimicrobial resistance, and molecular characterization of invasive group
B Streptococcus isolates recovered from Chinese neonates. Int J Infect
Dis. 2015;37:115-8.

Joint FAO/WHO Expert Consultation. Health and nutritional properties
of probiotics in food including powder milk with live lactic acid bacteria.
https://www.igb.es/digestivo/pdfs/probioticos.pdf. Accessed 1-4 Octo-
ber 2001.

Thomas DW, Greer FR. Probiotics and prebiotics in pediatrics. Pediatrics.
2010;126:1217-31.

Deshpande G, Jape G, Rao S, Patole S. Benefits of probiotics in preterm
neonates in low-income and medium-income countries: a systematic
review of randomised controlled trials. BMJ Open. 2017;7: e017638.
Parnanen K, Karkman A, Hultman J, Lyra C, Bengtsson-Palme J, Lars-

son DGJ, et al. Maternal gut and breast milk microbiota affect infant

gut antibiotic resistome and mobile genetic elements. Nat Commun.
2018;9:3891.

Page 8 of 8

29. Daniali M, Nikfar S, Abdollahi M. Antibiotic resistance propagation
through probiotics. Expert Opin Drug Metab Toxicol. 2020;16:1207-15.

30. Mantegazza C, Molinari P, D'Auria E, Sonnino M, Morelli L, Zuccotti GV.
Probiotics and antibiotic-associated diarrhea in children: a review and
new evidence on Lactobacillus rhamnosus GG during and after antibiotic
treatment. Pharmacol Res. 2018;128:63-72.

31. Guo 'S, Fu X, Scherpbier RW, Wang Y, Zhou H, Wang X, et al. Breastfeed-
ing rates in central and western China in 2010: implications for child and
population health. Bull World Health Organ. 2013;91:322-31.

32. Amos Aegerter V, Bally F. Role of probiotics in the treatment and preven-
tion of antibiotics-associated diarrhea. Rev Med Suisse. 2012;8:1907-10.

33. Pattani R, Palda VA, Hwang SW, Shah PS. Probiotics for the prevention of
antibiotic-associated diarrhea and Clostridium difficile infection among
hospitalized patients: systematic review and meta-analysis. Open Med.
2013;7:€56-67.

34. Michelsen CF, Pedas P, Glaring MA, Schjoerring JK, Stougaard P. Bacterial
diversity in Greenlandic soils as affected by potato cropping and inor-
ganic versus organic fertilization. Polar Biol. 2014;37:61-71.

35. Liu H, Wang HH. Impact of microbiota transplant on resistome of gut
microbiota in gnotobiotic piglets and human subjects. Front Microbiol.
2020;11:932.

36. Loo EXL, Zain A, Yap GC, Purbojati RW, Drautz-Moses DI, Koh YQ, et al.
Longitudinal assessment of antibiotic resistance gene profiles in gut
microbiomes of infants at risk of eczema. BMC Infect Dis. 2020;20:312.

37. WHO child growth standards: length/height-for-age, weight-for-age,
weight-for-length, weight-for-height and body mass index-for-age:
methods and development. World Health Organization; 2006.

38. WHO child growth standards : head circumference-for-age, arm circum-
ference-for-age, triceps skinfold-for-age and subscapular skinfold-for-age:
methods and development. World Health Organization; 2007.

39. Balasundaram P, Avulakunta ID. Bayley Scales Of Infant and Toddler Devel-
opment. 2021.

40. Holmes |, Harris K, Quince C. Dirichlet multinomial mixtures: generative
models for microbial metagenomics. PLoS ONE. 2012;7: €30126.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://www.iqb.es/digestivo/pdfs/probioticos.pdf

	The impact of early-life antibiotics and probiotics on gut microbial ecology and infant health outcomes: a Pregnancy and Birth Cohort in Northwest China (PBCC) study protocol
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methodsdesign
	Study design
	Sample size calculation
	Participant enrolment and selection criteria
	Data collection
	Pregnancy (including three trimesters)
	Deliverybirth outcomes
	After birth (follow-up)

	Biological sample collection and analysis
	The main study indicators and instructions
	Independent variables: Antibiotic and probiotic use
	Outcomes of interest: Birth outcomes and early health outcomes

	Research management
	Follow-up compliance
	Quality control

	Data management and statistical analysis

	Discussion
	Strengths and limitations of this study
	Implications

	Acknowledgements
	References


