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ABSTRACT

Introduction Antibiotics are powerful drugs to prevent and

treat perinatal infections. Overuse of antibiotics leads to anti-

biotic resistance, has potential side effects and influences the

maternal and neonatal microbiome.

Patients and Methods We performed a prospective obser-

vational study on the prevalence, indications, and prescribing

patterns of antibiotics during pregnancy and childbirth. We in-

cluded women who had given birth after 23 + 0 weeks of

gestation at a single tertiary center in Germany from January

2020 to March 2021. Descriptive statistics and binomial

regression were performed to analyze the factors influencing

the prescription of antibiotics.

Results We included 522 postpartum women into our study.

337 (64.6%) were exposed to antibiotics during pregnancy

and/or childbirth. 115 women received antibiotics during

pregnancy, 291 during birth. Most antibiotics during preg-

nancy were prescribed for urinary tract infections (UTIs)

(56.0%). Most prescriptions were issued by obstetrics and gy-

necology physicians (65.8%), followed by hospitals (16.7%)

and family medicine physicians (8.8%). Most antibiotics during

childbirth were given for a cesarean section (64.3%), followed

by preterm rupture of membranes (41.2%). 95.3% of women

who had a preterm birth were exposed to antibiotics. In logis-

tic regression models, lower gestational age at birth, higher

maternal body-mass-index and smoking were independently

associated with antibiotic use during pregnancy and child-

birth.

Conclusion We found a high rate of antibiotic exposure during

pregnancy and childbirth. Our results imply an urgent need

for antibiotic stewardship programs in perinatal medicine as

well as further research on the effects of perinatal antibiotic

exposure on microbiome development and childhood health.
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ZUSAMMENFASSUNG

Einleitung Antibiotika sind potente Medikamente, die ver-

schrieben werden, um perinatale Infektionen zu verhindern

oder zu behandeln. Der übermäßige Einsatz von Antibiotika

führt zur Antibiotikaresistenz, ist potenziell mit Nebenwirkun-

gen behaftet und hat zudem Auswirkungen auf das mütter-

liche und neonatale Mikrobiom.

Patientinnen und Methoden Wir führten eine prospektive Be-

obachtungsstudie durch, um die Prävalenz, die Indikationen

und die Verschreibungsmuster für Antibiotika während der

Schwangerschaft und der Geburt zu untersuchen. Einge-

schlossen wurden Frauen, die nach 23 + 0 Schwangerschafts-

wochen zwischen Januar 2020 and März 2021 in einem deut-

schen universitären Perinatalzentrum Level I entbanden. Es

wurden eine deskriptive statistische Analyse sowie binomiale

Regressionsanalysen durchgeführt, um Faktoren, welche die

Verschreibung von Antibiotika beeinflussen, zu identifizieren.

Ergebnisse Insgesamt wurden 522 Frauen nach der Entbin-

dung eingeschlossen. 337 (64,6%) erhielten Antibiotika wäh-

rend der Schwangerschaft und/oder der Geburt. 115 Frauen

erhielten Antibiotika während der Schwangerschaft und

291 Frauen erhielten sie während der Geburt. Die meisten

Antibiotika wurden während der Schwangerschaft zur Behand-

lung von Harnwegsinfektionen verschrieben (56,0%). Die

meisten Verschreibungen wurden von Frauenärzten aus-

gestellt (65,8%), gefolgt von Krankenhäusern (16,7%) und

Hausärzten (8,8%). Die meisten während der Geburt ver-

abreichten Antibiotika wurden wegen eines Kaiserschnitts

(64,3%) verschrieben; an zweiter Stelle war die Verschreibung

wegen vorzeitigen Blasensprungs (41,2%). 95,3% der Frauen,

die eine Frühgeburt hatten, wurden mit Antibiotika behandelt.

In den Regressionsmodellen war ein niedriges Gestationsalter

bei der Entbindung, ein hoher mütterlicher Body-Mass-Index

und Rauchen unabhängig voneinander mit dem Einsatz von

Antibiotika während der Schwangerschaft und der Geburt as-

soziiert.

Schlussfolgerung Unsere Studie zeigt eine hohe Antibiotika-

exposition von Frauen während Schwangerschaft und Geburt.

Die Ergebnisse weisen darauf hin, dass ein Antibiotic-Steward-

ship-Programm in der Perinatalmedizin dringend nötig ist.

Weitere Studien zu den Auswirkungen einer perinatalen Anti-

biotikaexposition auf die frühe Entwicklung des menschlichen

Mikrobioms sowie auf die Gesundheit von Kindern werden be-

nötigt.

Introduction

Bacterial infections can cause serious perinatal morbidity and mor-
tality of mothers and their infants [1, 2]. Antibiotics are powerful
drugs to prevent and treat perinatal infections like chorioamnio-
nitis or neonatal sepsis and to reduce preterm birth rates caused
by infectious pathogens of the maternal genitourinary tract [3, 4].

On the contrary, antibiotics can have serious toxic and terato-
genic side effects, or can cause maternal anaphylaxis and neonatal
necrotizing enterocolitis (NEC) [5]. The total consumption of anti-
bacterials for systemic use has significantly decreased over the last
ten years in Europe [6]. This is attributed to a rising awareness for
antimicrobial resistance and the implementation of antibiotic
stewardship programs [7]. Antibiotic resistance is a global health
threat increased by the widespread overuse of antibiotics. Anti-
biotic stewardship aims at promoting a sustainable and rational
use of antimicrobials to ensure the accessibility of an effective anti-
biotic therapy for patients with bacterial infections [8]. Surveil-
lance of antimicrobial use and resistance is an important tool to
fight antimicrobial resistance on a national and international level
[9]. In Germany, databases on antibiotic surveillance and antibiotic
stewardship are organized by the Robert Koch Institute [10]. As of
today, there is no specific national data on the use of antibiotics
during pregnancy and childbirth.

The growing body of knowledge on the impact of perinatal
antibiotic exposure on the neonatal microbiome is adding a new
aspect to the discussion of antibiotic use in pregnancy and during
early life. Apart from the proven benefits of prophylactic (e.g., for
operative birth or group B streptococci) and therapeutic anti-
biotics (e.g., for chorioamnionitis or urinary tract infection) during
pregnancy and childbirth [3, 11, 12, 13, 14], it has been shown

that exposure to antibiotics in this critical phase can change the
offspring’s developing microbiota significantly [15, 16]. The initial
colonization of the infant’s gut at the beginning of life is influ-
enced by several known factors like birth mode, breast-feeding
versus formula feeding, microbial transfer by the mother, environ-
ment and early life antibiotic exposure [17]. Antibiotic resistance
genes can already be found in the neonatal gut during the first
days and weeks of life, making a vertical transmission highly prob-
able [18, 19]. Exposure to antibiotics in pregnancy has been asso-
ciated with a higher risk for childhood asthma, allergies and obe-
sity [20, 21, 22]. In addition, antibiotics during infancy can influ-
ence childhood health including higher incidences for overweight
and atopic diseases [23].

As current national data is lacking, we conducted a prospective
observational study at a single tertiary center to evaluate the prev-
alence, indications, and prescribing patterns of antibiotics during
pregnancy and childbirth in Germany.

Patients and Methods

Sample population
We performed a prospective observational study at a tertiary cen-
ter in Germany from January 2020 to March 2021. We included
postpartum women who had given birth at our hospital with a
maternal age of at least 18 years. We excluded all stillbirths and
births below 23 + 0 weeks of gestation. Postpartum women were
contacted in three different ways to get consent for their study in-
clusion: Primarily, women were personally contacted on the
maternity ward within the first days after birth. Due to entrance
restrictions during the COVID-19 pandemic we additionally con-
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tacted postpartum women at home after their discharge from the
hospital either by phone or by mail to ask for their consent to par-
ticipate in the study. Every woman provided written informed con-
sent prior to inclusion. Approval by the local ethics committee for
research in human subjects of the University of Lübeck has been
granted (Reference number 20–063). Clinical data from routine
perinatal care was extracted from the local hospital information
systems (ORBIS, ViewPoint). Clinical data concerning antibiotic use
in pregnancy and basic maternal data was collected from the pa-
tient on a predefined case report form. We specifically asked the
women for systemic antibiotic use (oral, intravenous). We did not
record local antibiotics like vaginal inserts, ointments, eye drops
etc.

Statistical analyses
Descriptive statistics using percentages for prenatal and perinatal
parameters and corresponding antibiotic use were carried out. For
categorical variables Pearson’s-Chi-square test and for continuous
variables Mann-Whitney U test were used for calculating statistical
significance. The type I error level was set to 0.05. For cross tables,
the “No AB” group (no antibiotics during pregnancy and child-
birth) was used as a reference for P values in the “AB total”
column, the “No prenatal AB” group (no prenatal antibiotics but
possibly antibiotics during childbirth) was used as a reference for
P values in the “Prenatal AB” column and the “No AB birth” group
(no antibiotics during childbirth but possibly prenatal antibiotics)
was used as a reference for P values in the “AB birth” column. All
statistical analyses were performed with SPSS 27.0 software (IBM
SPSS Statistics for Windows, Version 27.0. Munich, Germany).
After univariate analyses, we performed logistic regression models
and included the variables and risk factors for antibiotic exposure
which were statistically significant in the univariate analysis
(▶ Table 1): For total antibiotic exposure we included twin preg-
nancy, previous preterm birth, gestational age at birth, body mass
index (BMI), maternal age, gravidity, and hospital admission
during pregnancy into the logistic regression model. For prenatal
antibiotic exposure we included gestational age at birth, parity,
smoking, and hospital admission during pregnancy into the logis-
tic regression model. For antibiotics at birth we included maternal
age, twin pregnancy, gestational age at birth, BMI, and hospital
admission during pregnancy into the regression model.

Results

Cohort characteristics
Between January 2020 and March 2021, we included n = 522 post-
partum women into our study (see ▶ Fig. 1). N = 258 women were
included after personal contact on the maternity ward, n = 157
after contact via mail and n = 109 after phone contact. During the
same time, there were n = 2077 births at our hospital. Of those,
n = 820 women were contacted and asked to participate in the
study. 522 of 820 (66.7%) women signed the written informed
consent form and were included into the analysis. The gestational
age at birth was 38.3 weeks for the total cohort, 16.5% of the
women had a preterm birth. There were 23 twin pregnancies
(4.4%). The total cesarean section (CS) rate was 36.3%. The mean

BMI at the beginning of pregnancy was 25.3 kg/m2. The incidence
of diabetes in pregnancy was 15.1%. N = 185 women from our co-
hort did not take any systemic antibiotics during pregnancy and
childbirth (35.4%). N = 337 women (64.6%) were exposed to anti-
biotics during pregnancy and/or childbirth. N = 115 women re-
ceived antibiotics during pregnancy, n = 291 during birth. N = 69
women were treated during pregnancy as well as during child-
birth.

Of the 86 women who had a preterm birth, 82 were exposed
to antibiotics during pregnancy and childbirth (95.3%). 27 of
86 women received antibiotics during pregnancy and 75 of 86
during childbirth. The mean gestational age at birth for this sub-
cohort was 34.0 weeks (± 2.5 weeks).

Antibiotic versus no antibiotic use during pregnancy
and childbirth
Women who were exposed to antibiotics during pregnancy and/or
during childbirth (AB total, see ▶ Table 1) had a higher maternal
age (p = 0.017) and a higher gravidity (p = 0.045) than women
not exposed. There were more twin pregnancies in the AB total
group (p = 0.006), the women gave birth at a lower gestational
age (p < 0.001) and had more preterm births (p < 0.001). 56.7% of
the AB total group gave birth by CS and were consequently
exposed to the surgical antimicrobial prophylaxis before skin
incision. Women from the exposed group had a higher BMI
(p = 0.019), a higher gravidity (p = 0.045) and were more fre-
quently admitted to the hospital during pregnancy (p = 0.001).

Prenatal antibiotic use
N = 115 women of our cohort used antibiotics during pregnancy.
Compared to women who did not use antibiotics during preg-
nancy, they gave birth at a lower gestational age (p = 0.004), more
often had a preterm birth (p = 0.022), were more commonly ad-
mitted to the hospital during pregnancy (p = 0.006), had a lower
parity (p = 0.024), and more commonly smoked (p = 0.004, see
▶ Table 1). Most antibiotics during pregnancy were prescribed for
urinary tract infections (56.0%, see ▶ Fig. 2), followed by respira-
tory infections (14.7%) and other infections (7.8%). Most prescrip-
tions were done by obstetrics and gynecology physicians (65.8%),
followed by hospitals (16.7%) and family medicine physicians
(8.8%, see ▶ Fig. 3).

Antibiotics during childbirth
N = 291 women were exposed to antibiotics during childbirth (AB
birth group). Women from the AB birth group had a higher mater-
nal age than women not exposed during birth (p = 0.011), more
often had twin pregnancies (p < 0.001), had a lower gestational
age at birth (p < 0.001) and more preterm deliveries (p < 0.001,
see ▶ Table 1). 66% of them gave birth by CS. They also had a
higher BMI (p = 0.001) and were more often hospitalized during
pregnancy (p = 0.001). The indications for the administration of
antibiotics during birth are depicted in ▶ Fig. 4. Most women from
the AB birth group received the antibiotics for a CS (64.3%), fol-
lowed by preterm rupture of membranes (PROM, 41.2%), preterm
birth (16.2%), Group B streptococci (GBS, 15.1%) and suspected
chorioamnionitis (5.8%).
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▶Table 1 Cohort characteristics.

Total Cohort
N = 522

No AB
N = 185

AB total*
N = 337

AB pregnancy#

N = 115
AB birth+

n = 291

Origin, n (%) p = 0.034 p = 0.801 p = 0.158

Germany 445 (85.2) 160 (86.5) 285 (84.6) 102 (88.7) 245 (84.2)

Europe + Russia 38 (7.3) 14 (7.6) 24 (7.1) 7 (6.1) 22 (7.6)

Americas 2 (0.4) 1 (0.5) 1 (0.3) 0 (0) 1 (0.3)

Asia 16 (3.1) 9 (4.9) 7 (2.1) 2 (1.7) 6 (2.1)

Africa 8 (1.5) 0 (0.0) 8 (2.4) 1 (0.9) 7 (2.4)

Middle East/Turkey/Northern Africa 13 (2.5) 1 (0.5) 12 (3.6) 3 (2.6) 10 (3.4)

Highest Education, n (%) p = 0.339 p = 0.03 p = 0.946

University 194 (37.6) 69 (38.1) 125 (37.3) 37 (32.5) 108 (37.4)

Vocational School 165 (32.0) 52 (28.7) 113 (33.7) 44 (38.6) 96 (33.2)

Secondary school, 12–13 years 46 (8.9) 22 (12.2) 24 (7.2) 5 (4.4) 23 (8.0)

Secondary school, 10 years 52 (10.1) 15 (8.3) 37 (11.0) 17 (14.9) 30 (10.4)

Secondary school, 9 years 25 (4.8) 9 (5.0) 16 (4.8) 7 (6.1) 14 (4.8)

No school degree 34 (6.6) 14 (7.7) 20 (6.0) 4 (3.5) 18 (6.2)

Maternal age, mean (SD) 32.0 (4.8) 31.4 (4.7) 32.3 (4.9)
p = 0.017

31.9 (4.9)
p = 0.972

32.4 (4.9)
p = 0.011

Gravidity, mean (SD) 2.2 (1.4) 2.0 (1.3) 2.2 (1.4)
p = 0.045

2.2 (1.2)
p = 0.171

2.2 (1.4)
p = 0.235

Parity, mean (SD) 0.7 (0.9) 0.6 (0.8) 0.8 (0.9)
p = 0.182

0.8 (0.9)
p = 0.024

0.7 (0.9)
p = 0.918

Twin pregnancy, n (%) 23 (4.4) 2 (1.1) 21 (6.2)
p = 0.006

6 (5.2)
p = 0.631

21 (7.2)
p < 0.001

GA at birth, weeks, mean (SD) 38.3 (2.4) 39.3 (1.2) 37.7 (2.7)
p < 0.001

37.6 (3.0)
p = 0.004

37.6 (2.7)
p < 0.001

Preterm birth, n (%) 86 (16.5) 4 (2.2) 82 (24.3)
p < 0.001

27 (23.5)
p = 0.022

75 (25.8)
p < 0.001

Mode of birth, n (%) p < 0.001 p = 0.858 p < 0.001

Cesarean section 186 (36.3) 0 (0.0) 186 (56.7) 43 (37.7) 186 (66.0)

Vaginal birth 310 (60.4) 179 (96.8) 181 (39.9) 68 (59.6) 88 (31.2)

Operative vaginal birth 17 (3.3) 6 (3.2) 11 (3.4) 3 (2.6) 8 (2.8)

Previous preterm birth, n (%) 51 (9.8) 10 (5.4) 41 (12.2)
p = 0.013

16 (13.9)
p = 0.09

33 (11.3)
p = 0.175

Diabetes, n (%) 79 (15.1) 24 (13.0) 55 (16.3)
p = 0.307

19 (16.5)
p = 0.638

45 (15.5)
p = 0.813

BMI, mean (SD) 25.3 (6.8) 24.2 (4.6) 25.9 (6.8)
p = 0.019

25.2 (5.4)
p = 0.702

26.3 (7.1)
p = 0.001

Smoking, n (%) 24 (4.6) 8 (4.3) 16 (4.7)
p = 0.825

11 (9.6)
p = 0.004

13 (4.5)
p = 0.873

Inpatient in pregnancy, n (%) 95 (18.2) 19 (10.3) 76 (22.6)
p = 0.001

31 (27.0)
p = 0.006

68 (23.4)
p = 0.001

P values were derived from Pearson’s Chi-square Test for categorial variables and Mann-Whitney-U-Test for continuous variables. Percentages are given as
column percentages. * The “No AB“ group was used as a reference for P values in the “AB total” column. # The “No AB pregnancy” group was used as a
reference for P values in the “AB pregnancy” column. +The “No AB birth” group was used as a reference for P values in the “AB birth” column (see methods
section).
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Risk factors for antibiotic treatment
We further evaluated the variables/risk factors which showed a
significant association with antibiotic use in the univariate analysis
(▶ Table 1) in three different logistic regression models. For total
AB use, maternal BMI (OR 1.07, 95% CI 1.03–1.11, p = 0.001) and
gestational age at birth (OR 0.67, 95% CI 0.58–0.76, p < 0.001)
showed an independent association with antibiotic exposure. For
prenatal antibiotic use, gestational age at birth (OR 0.89, 95% CI
0.82–0.97, p = 0.006) and smoking (OR 3.21, 95% CI 1.38–7.46,
p = 0.007) were independently associated with antibiotic treat-

ment. For antibiotics at birth, maternal BMI (OR 1.09, 95% CI
1.05–1.13, p < 0.001) and gestational age at birth (OR 0.71, 95%
CI 0.64–0.80, p < 0.001) were independent risk factors for an anti-
biotic treatment.

Discussion

We present data from a single center prospective observational
study on the prevalence, indications, and prescribing patterns of
antibiotic treatment during pregnancy and childbirth. Almost 65%
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n = 522

age 18 years

live birth

Postpartum women

≥

Antibiotic use

n = 337 (64.6 %)

No antibiotic use

n = 185 (35.4 %)

Antibiotics during birth

n = 291/337 (86.4 %)

Antibiotic use pregnancy + birth

n = 69/337 (20.5 %)

Antibiotics during pregnancy

n = 115/337 (34.1 %)

▶ Fig. 1 Study Flowchart.

UTI

Streptococci
Imminent preterm birth

Vaginal infection

STI

Surgical

Other

infection

Respiratory

56,0 %

14,7 %

7,8 %

5,2 %

4,3 %

4,3 %

4,3 %

3,4 %

▶ Fig. 2 Indications for antibiotic therapy in pregnancy (excluding
childbirth). N = 115 women from this cohort used antibiotics during
pregnancy. They were asked for the indication for the antibiotic
prescription. If a patient got antibiotics more than once during
pregnancy, the indication for the first course was used.

Obstetrics and

gynecology

Not specified

Other speciality

Hospital

Family medicine

65,8 %

16,7 %

8,8 %

6,1 %

2,6 %2,6 %

▶ Fig. 3 Specialties of physicians prescribing antibiotics to pregnant
women during pregnancy. N = 115 women from this cohort took
antibiotics during pregnancy. They were asked who prescribed
the antibiotics to them. If a patient got antibiotics more than once
during pregnancy, the prescriber for the first course was used.
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of mother-infant pairs of our cohort were exposed to antibiotics,
most of them during birth (86.4%). Thus, most neonates have had
contact to antibiotics even before they were born. Over 95% of
women who had a preterm birth were exposed to antibiotics
during pregnancy and birth.

There is no doubt about the importance of anti-infective drugs
in perinatal medicine. Maternal sepsis was the cause of 9.7% of
maternal deaths globally, being responsible for a total of
23717 deaths in 2013 [2]. Maternal infectious morbidity and mor-
tality has a direct effect on newborn health [1]. Hence, the avail-
ability of effective antibiotics is a major public health issue in peri-
natal medicine. On the contrary, an overuse of antibiotics leads to
unnecessary side effects and a rise of resistant bacteria. But how
much is too much? This question is asked by more and more ex-
perts in the field of perinatal infectious diseases [24]. Almost 65%
of our cohort was exposed to antibiotics during pregnancy and
childbirth. Current data on the use of antibiotics in pregnancy is
sparse. A register-based cohort study from Denmark published in
2014 reports on outpatient antibiotic prescriptions in pregnancy
over a ten-year period. They found that 33.4% of all pregnant
women had used systemic antibiotics in the year 2000 which in-
creased to 37% in 2010 [25]. As this study did not include hospital
medications, their data is only comparable to our subgroup “AB in
pregnancy” (n = 115 of 522 pregnancies, 22.0%). The authors de-
scribe obesity, young maternal age, and lower education as risk
factors for prenatal antibiotic use. A population-based cohort
study from Italy found a rate of 27% for prenatal antibiotic expo-
sure from 2007 to 2017, also not including hospital medications
[26]. They focused on neonatal outcomes and report an increased
risk of preterm birth, low birth weight and low APGAR scores with
antibiotic use in pregnancy. There seems to be a wide variation of
outpatient antibiotic prescriptions between countries and conti-
nents. A trial on antibiotics in ambulatory care in China only found
a prescription rate of only 2% [27]. Observational data from Ger-

many described outpatient prescriptions of antibiotics to 15% of
pregnant women from 2005 to 2014 [28]. Older data from 2006
found a rate of 20% in the outpatient setting, 1.3% received sub-
stances which are contraindicated in pregnancy [29]. There is no
German data on the use of antibiotics during hospital stays and
especially birth except for a doctoral thesis from Jena which
showed an antibiotic exposition of 24% of vaginal births at term in
the years 2013/14 [30]. The national perinatal statistic by the Insti-
tute for Quality Assurance and Transparency in Healthcare (IQTIG)
only mentions the surgical antimicrobial prophylaxis for caesarean
section, which 99% of pregnant women received in 2020 [31].

In our study, most antibiotics in pregnancy were prescribed for
urinary tract infections (UTIs). Symptomatic UTIs are common and
effect 1–2% of all pregnancies. As they increase the risk for pyelo-
nephritis, they should be treated with antibiotics [14]. Impor-
tantly, guidelines recommend a urine culture before the start of
treatment for all pregnant women [14, 32]. The evidence for
asymptomatic bacteriuria in pregnancy is less clear. It is defined as
a significant level of bacteria in the urine without any symptoms
and affects 5 to 10% of pregnancies [33]. It increases the risk for
symptomatic UTI and pyelonephritis. German guidelines do not
recommend screening for and treatment of asymptomatic bacte-
riuria anymore [14, 34], based on data from a Dutch randomized
controlled trial (RCT), which did not show a significant association
of asymptomatic bacteriuria with preterm birth [35], but there is
no international consensus. As 12.5% of our cohort received anti-
biotics for UTI which is a lot more than reported in literature, it
can be suspected that there is potential for antibiotic stewardship
in this indication.

During childbirth, 55.7% of our cohort received antibiotics. The
indications included CS, PROM, preterm birth, GBS prevention and
suspected chorioamnionitis. 36.3% of women in our cohort gave
birth by CS. The CS rate in Germany was 32.2% in 2020 [31]. All
surgical procedures can be complicated by surgical site infections.
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For example, wound infections affect 2 to 7% of women with CS
and endometritis affects 2 to 16% [36]. Thus, prophylactic anti-
biotics are international standard for CS and significantly reduce
maternal infectious complications [12]. Until 2013, prophylactic
antibiotics for CS were given after cord clamping [37]. As large
trials and meta-analyses revealed a lower risk for complications
when antibiotics are given before skin incision [11, 38, 39], guide-
lines changed and now recommend the administration of anti-
biotics 30 to 120 minutes before skin incision [40, 41, 42]. This,
however, leads to an intrauterine exposure to antibiotics of all in-
fants born by CS and there is evidence that even a single dose of
antibiotics has an impact on early neonatal gut microbiome devel-
opment [43]. A recent prospective multicenter study from Switz-
erland did not find an increased risk for infections in mothers who
received the antibiotic after cord clamping. It was the largest clin-
ical study on the topic so far [44]. However, infectious morbidity
after birth can be a severe maternal health risk, disturbs maternal
care for the newborn and potentially leads to postpartum anti-
biotic treatment which transfers to the infant via breast milk. Pro-
spective RCTs are needed to evaluate if a surgical antimicrobial
prophylaxis for CS is needed in every obstetric setting, especially
in low-risk situations like elective CS with intact membranes in
facilities with good hygiene standards and adequate postpartum
care. By this, a safe reduction of perinatal antibiotic exposure
could be achieved.

A large proportion of our cohort received intrapartum anti-
biotics because of PROM, preterm birth or GBS carrier status. In
total, 96 of 327 women (29.4%) with vaginal birth received anti-
biotics. Intrapartum antibiotic prophylaxis is most commonly
given to prevent neonatal GBS disease including sepsis, meningi-
tis, and pneumonia by vertical transmission. There are two strat-
egies to prevent early-onset GBS infection: risk-based versus
screening-based protocols [45]. In Germany, a mixture of both is
practiced. While a 2016 national guideline by neonatal and obstet-
ric societies recommends a universal GBS screening between 35
and 37 weeks [46], the German maternity guidelines do not in-
clude the culture-based approach during prenatal care and it is
not covered by many health insurances [47]. Therefore, women
with unknown GBS status are common and are treated with intra-
partum antibiotics based on the risk-based strategy. Intrapartum
antibiotics are administered to
1. GBS positive women and
2. women with unknown GBS status who meet one of the

following criteria: preterm birth, PROM for more than
12 hours or temperature >/= 38.0°C [34, 46].

There is no international consensus on the optimal approach
to GBS prevention. In terms of antibiotic exposure, risk- and
screening-based strategies both lead to antibiotic treatment of
many healthy women and fetuses. Even if universal GBS screening
by a single culture at 35 to 37 weeks of GA was implemented, over
99% of mother infant pairs with positive screening would be ex-
posed to antibiotics without a personal benefit [48]. Therefore,
further research is needed to better identify women and infants at
risk for GBS disease. An intrapartum PCR assay for GBS and a GBS

vaccination are discussed as efforts to reduce the global burden of
GBS disease [49, 50]. They would also help to reduce intrapartum
antibiotic exposure affecting 29.4% of women with vaginal birth in
this cohort, which is in line with published data [45].

Over 95% of preterm neonates were exposed to antibiotics pre-
natally in our study. Preterm birth increases the risk for neonatal
infections and special caution needs to be taken including peri-
natal antibiotic treatment [51]. Preterm infants are more often
born by cesarean section or receive intrapartum antibiotics to pre-
vent early onset sepsis. Furthermore, they are often treated with
antibiotics during early life. Taken together, almost all preterm in-
fants are exposed to perinatal antibiotics which influences neo-
natal gut microbiome development and has potential long term
health consequences [16, 52].

We are aware of strengths and limitations of our study. A major
strength is the prospective design and the structured data acquisi-
tion with a predefined data set. The design made it possible to col-
lect reliable information by the women themselves on antibiotic
use during pregnancy and childbirth. Most published trials on this
topic use prescription data from registries, which is usually limited
to ambulatory settings. We are also aware of some limitations.
One limitation is the relatively small cohort size (n = 522), a second
one is the single center design of our study. As standards of care
and patient characteristics differ between regions and hospitals,
our results may not be fully transferable to other populations.

Conclusions

A majority of mothers and infants are prenatally exposed to anti-
biotics during pregnancy and childbirth. As overuse of antibiotics
increases antimicrobial resistance, has an impact on neonatal gut
microbiome development as well as potential long term health
consequences, there is a need for antibiotic stewardship programs
and antimicrobial surveillance in perinatal medicine. Furthermore,
more research is needed to limit the use of perinatal antibiotics to
high-risk populations and achieve a safe reduction of antibiotic
exposure of mothers and infants during pregnancy and birth.
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