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Abstract

Purpose In developed countries, data on the frequency of antibiotics given to mothers during childbirth are limited
beyond the overall effect of all various prophylactic indications. Also, data on the impact of such antibiotics to the
well-being of term babies are scarce. We aimed to characterize the frequency of antibiotic use during childbirth of
term pregnancy. Secondly, we assessed whether the use of antibiotics was associated with any symptoms in infants.

Methods This was a cross-sectional study of 1019 term deliveries of women participating in the prospective Health
and Early Life Microbiota (HELMi) birth cohort study between March 2016 and March 2018 in the capital region of
Finland. The data on antibiotic use were collected from the hospital records.

Results In total, 37% of the mothers received antibiotics during childbirth and 100% in Caesarean Sects. (17% of
the deliveries). Less than 5% of antibiotics were non-prophylactic. In vaginal deliveries, the most common indication
(18%) was prophylaxis for Group B Streptococcus. The most frequently used antibiotics were cefuroxime (22%) and
benzylpenicillin (15%), and 56% received only one dose. In infants exposed to antibiotics during delivery, defecation
frequency was higher during the first months (p-value <0.0001- 0.0145), and weight gain was higher at the age of
three months (p-value 0.0371).

Conclusion More than every third new-born in a developed country is exposed to antibiotics during birth. Our
findings support the hypothesis that maternal antibiotics given during birth have an impact on the well-being of the
infants. These findings should inform current policies for prophylactic antibiotics in childbirth.
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Introduction

During the first years of life, the intestinal microbiota
of infant develops radically. The most common factors
that disturb the development of the infant microbiota
are caesarean section (CS) and the use of antibiotics
during pregnancy and delivery as well as in infancy
[1-3]. Prophylactic antibiotics are commonly used dur-
ing delivery and the indications have expanded during
the recent years. The primary aims of prophylaxis are
to prevent neonatal group B streptococcus (GBS) early-
onset disease and postpartum infections, especially
after CS. Approximately 18% of women are colonized
with GBS worldwide [4] but the strategies to identify
mothers to whom intrapartum GBS prophylaxis is rec-
ommended vary. The most common are risk factor-
based assessment, rectovaginal culture at 36 0/7-37
6/7 weeks of gestation and point-of-care polymerase
chain reaction (PCR) screening on admission [5, 6].

However, antibiotics during delivery do not only
decrease the vertical transmission of pathogenic
microbes from mother to child but also that of com-
mensals, and correspondingly increase the relative
number of microbes originating from the environment,
for example from other patients in the same ward in the
hospital [7]. It has been reported that those new-borns
who have been exposed to antibiotics during deliv-
ery or postnatally have lower amount of Bifidobacte-
rium and Bacteroides spp. in their gut microbiome than
others [8, 9]. It is noticeable that the development of
the infant microbiome follows certain time frames and
when disrupted by antibiotics the natural developmen-
tal pattern is disrupted [10].

The long-term consequences of an antibiotic course
for the infant’s health depend on the timing. For exam-
ple, prenatal antibiotics seem to increase the risk for
very early-onset inflammatory bowel disease [11] and
childhood asthma [12] whereas the antibiotic courses
of infancy have been associated with childhood obe-
sity [13, 14]. It has been noted that antibiotics have
different capabilities to pass through the placenta [15].
Furthermore, the drug delivery may vary according to
gestational age and presence of infection, for example,
chorioamnionitis [15].

The purpose of this study was to research in a cross-
sectional study to what extent mothers receive antibi-
otics during term delivery in a developed country. The
other aim was to find out whether there was an asso-
ciation between such antibiotics on child’s health and
weight gain during the first months. We utilized the
data from southern Finland collected for the prospec-
tive study HELMi [16] monitoring infant health focus-
ing here on the use of maternal antibiotics during
delivery.
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Materials and methods

Data collection

This study is a part of the Health and Early Life Micro-
biota (HELMi) study [16] which is a longitudinal Finn-
ish general population birth cohort that consist of a little
over one thousand children and their families, mainly
from the capital region of Finland. The purpose of the
HELMi study is to research possible associations between
the intestinal microbiota development, environmental
and genetic factors as well as health outcomes [16]. All
infants in the cohort were born full term in 2016-2018
in public healthcare. In Finland, most babies are born in
public hospitals and home births are rare. At 3 months
of age, 86% of the babies were exclusively breastfed, 2%
exclusively formula-fed and 70% were given probiotic
products [16].

The data about antibiotics during delivery were col-
lected from the maternity records of the Hospital District
of Helsinki and Uusimaa (HUS). The data of the HELMi
study were prospectively collected using extensive online
questionnaires focusing on infant health at weekly to
monthly intervals [16]. In addition, the families attended
study visit at 3 months (participation rate 95%) [16]. Here
we utilized data on defecation frequency, stool consist-
ency, crying, childhood infections and weight during the
first months.

Ethics

The families that participated in the HELMi study have
given their written informed consent, and the study has
been approved by the ethical committee of HUS (HUS
1797/2016). At least one parent from each family needed
to understand Finnish to be able to fill in the question-
naires. Higher educated parents were slightly over-
represented, as well as parents who had allergy or other
immune-mediated diseases [16].

Prophylaxis policy during the study period

At the time of the study, all women in delivery were
screened routinely for GBS with a PCR-based test at the
time of admission according to local hospital guidelines.
Proven or unclear GBS carriage status of a symptomless
mother, urinary tract infection during pregnancy caused
by GBS, former GBS early-onset disease of the mother
or of a previous child indicated intrapartum intravenous
prophylactic course of penicillin. In case of mother's
penicillin allergy with low risk of anaphylaxis, clindamy-
cin, erythromycin, or cefuroxime were used, and with
high risk of anaphylaxis, vancomycin. If the mother had
a concomitant infection, antibiotic was chosen to cover
both indications. Typical prophylaxis in CSs included
one dose of cefuroxime at the beginning of surgery or in
case of allergy to cefuroxime, one dose of clindamycin or
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vancomycin, respectively. Cefuroxime was also indicated
in case there had been preterm pre-labour rupture of
membranes (PPROM).

There are minor differences in the types of prophylactic
antibiotics recommended in various countries. For exam-
ple, in the United States (US) first-generation cephalo-
sporins such as cefazolin are recommended in cases of
mother's penicillin allergy with low risk of anaphylaxis,
and in high risk for anaphylaxis either clindamycin, or
vancomycin. In CSs there are more diverse practices as in
the US cefazolin is recommended for antibiotic prophy-
laxis with the addition of adjunctive azithromycin proph-
ylaxis [17].

Statistical analysis

Data are presented as median and interquartile range
(IQR) unless otherwise stated. The statistical compari-
sons were made with the non-parametric Mann—Whit-
ney U test and the Chi square test when appropriate
using Graph Pad Prism -program (version 9.2.0). The
value of statistical significance was p <0.05.

Results
Study population
Data were collected from 1019 deliveries occurring
between March 2016 and March 2018 in the Finnish pub-
lic healthcare region HUS covering the capital region.
All except five births occurred in a hospital. The infants
were born full term at gestational weeks 37—42 without
known congenital defects and 51.4% of the infants were
males. The median time of discharge from the hospital
was 2 days after birth (IQR 2-3).

The age range of the mothers was from 15 to 45 years
while the median age was 33 years (IQR 30-36; data
missing in 15 cases). The median pre-pregnancy BMI
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was 23.4 kg/m? (IQR 20.9-24.9 kg/m? data missing in 23
cases).

Proportion and indications of intrapartum antibiotic use
Of all deliveries, 83.1% were vaginal and 16.9% CSs
(Table 1). Of CSs, 55.2% were performed on emergency
and of vaginal births, 20.7% were induced. Of the vagi-
nal deliveries, 23.7% of the mothers received antibiotics,
but in the induced vaginal deliveries the frequency was
significantly higher (40.6%; p-value <0.0001). All mothers
who gave birth by CS received antibiotics. At least one
antibiotic was received by 36.6% of all mothers.

The pre-pregnancy BMI of the mothers who gave
birth by CS was significantly higher compared to moth-
ers giving vaginal birth (the median 24.0 kg/m2 (IQR
21.9-26.4) and 22.5 kg/m? (IQR 20.8—-24.6), respectively;
p-value<0.0001). There was no statistically significant
association between pre-pregnancy BMI and whether
vaginal delivery was induced or not, or BMI and the
urgency of CS (p-values 0.0651-0.2381). Furthermore,
when only vaginal births were considered, there was no
association between BMI and receiving antibiotic during
delivery (p-value 0.4125).

For prophylactic indications, antibiotics were used in
34.6% of all deliveries. The most common prophylactic
indications were proven or unclear GBS carriage sta-
tus of the mother (17.1% of all deliveries) and CS. Other
prophylactic indications were PPROM, covering 2.4% of
all deliveries, Foley catheter induction, 1.3%, and green
amniotic fluid, 0.1% (Tables 1 and 2).

For non-prophylactic indications, antibiotics were used
in 4.8% of all deliveries. Signs of chorioamnionitis such
as raised temperature, fever and elevated leucocyte levels
or C-reactive protein (CRP) covered 4.5% of all deliver-
ies, while infections unrelated to delivery, such as urinary

Table 1 Prophylactic and non-prophylactic antibiotic use during 1019 full-term deliveries

Antibiotics Prophylactic Non-prophylactic Indication unclear
All deliveries 373 (36.6%) 353 (34.6%) 49 (4.8%) 1(0.1%)
n=1019
Vaginal deliveries 201 (23.7%) 181 (21.4%) 33 (3.9%) 1(0.1%)
n=2847
Spontaneous vaginal deliveries 130 (19.3%) 120 (17.9%) 18 (2.7%) 1 (0.2%)
n=6/2
Induced vaginal deliveries 71 (40.6%) 61 (34.9%) 15 (8.6%) 0 (0.0%)
n=175
Caesarean sections 172 (100.0%) 172 (100.0%) 16 (9.3%) 0 (0.0%)
n=172
Elective caesarean sections 77 (100.0%) 77 (100.0%) 2 (2.6%) 0 (0.0%)
n=77
Emergency caesarean sections 95 (100.0%) 95 (100.0%) 14 (14.7%) 0 (0.0%)

n=295
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Table 2 Antibiotic use by indication during 1019 full-term deliveries
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Indications to antibiotic use

Caesarean section
172 (49.7%)

Proven or unclear GBS®
carriage status

174 (49.3%)

Signs of chorioamnio-
nitis

46 (93.9%)

Prophylactic antibiotics
n=353°

Infection unrelated to
delivery
4 (8.2%)

Non-prophylactic
antibiotics
n=49

Green amniotic fluid
1(0.3%)

Preterm pre-labour
rupture of membranes
24 (6.8%)

Foley catheter induc-
tion
13 (3.7%)

2 One indication stayed unclear
b 66 antibiotic courses include more than one indication

€ Group B streptococcus

tract or ear infection, covered the rest. The indication of
one antibiotic course was unclear (Tables 1 and 2).

Most frequently used antibiotic was cefuroxime since it
was received by 22.3% of all mothers and 95.3% of moth-
ers who gave birth by CS. Benzylpenicillin was received
by 15.4% of all mothers and it was most frequently used
in induced vaginal deliveries. Metronidazole was received
by 2.9% and clindamycin by 1.4% off all mothers and they
were most frequently used in emergency CSs. In addi-
tion, one mother received nitrofurantoin (Table 3). Both
oral agents and intravenous antibiotics were included.

Mothers received a median of one dosage (IQR 1-3) of
antibiotics. Among vaginal deliveries, the median dosage
was 2 (1-3) and among CSs 1 (1-1).

Gastrointestinal function and crying of the babies

The defecation frequency of the infant was statistically
significantly higher if the mother had received intra-
partum antibiotics when compared to those infants
whose mothers had not received antibiotics (during
the first week, the median defecation frequency 3.2 per
day (IQR 2.8-4.0) and 2.6 (IQR 2.3-3.3), respectively;

p-value<0.0001). The association stayed statistically sig-
nificant during the entire 17 weeks observation period
(p-value <0.0001- 0.0145) (Fig. 1).

If the mother had received antibiotics, the defecation
frequency was higher among vaginally born infants com-
paring to infants born by CS (during the first week, the
median 4.0 per day (IQR 2.9-5.7) and 3.6 (IQR 2.9-5.0),
respectively; p-value 0.0425). The association stayed sig-
nificant during the first three weeks (p-value 0.0250-
0.0425) (Fig. 1).

When observing all deliveries, there was no association
between defecation frequency and birth mode (during
the first week, among CSs the median 3.6 per day (IQR
2.3-5.0) and among vaginal deliveries 3.0 (IQR 2.0-5.0)).
Furthermore, there was no statistically significant asso-
ciation between intrapartum antibiotics and the stool
consistency, or the amount of crying in the infants as
reported online by their parents during the first 17 weeks
(whether infants were exposed to antibiotics, during
the first week the median stool consistency of infants
was 6 at the Bristol stool chart (IQR 6-6) and estimated
amount of crying 1 h per day (IQR 1-1)).

Table 3 Use of different types of antibiotics during 1019 full-term deliveries

Benzylpenicillin Cefuroxime Metronidazole Clindamycin Nitrofurantoin
All deliveries 157 (15.4%)° 227 (22.3%) 30 (2.9%) 14 (1.4%) 1(0.1%)
n=1019
Vaginal deliveries 140 (16.5%) 63 (7.4%) 12 (1.4%) 7 (0.8%) 1(0.1%)
n=2847
Spontaneous vaginal deliveries 97 (14.4%) 31 (4.6%) 7 (1.0%) 6 (0.9%) 1(0.2%)
n=672
Inducted vaginal deliveries 43 (24.6%) 32 (18.3%) 5(2.9%) 1 (0.6%) 0 (0.0%)
n=175
Caesarean sections 17 (9.9%) 164 (95.3%) 18 (10.5%) 7 (4.1%) 0 (0.0%)
n=172
Elective caesarean sections 0(0.0%) 74 (96.1%) 3(3.9%) 2 (2.6%) 0 (0.0%)
n=77
Emergency 17 (17.9%) 90 (94.7%) 15 (15.8%) 5 (5.3%) 0 (0.0%)
caesarean sections
n=295

@48 mothers received several different antibiotics and each of them have been recorded
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Fig. 1 Defecation frequency of 1019 babies born full-term

Weight gain of the babies

At the age of three months, the weight of the children
that had been exposed to intrapartum antibiotics was
statistically higher than the weight of those children who
had not been exposed to antibiotics (the median 6.4 kg
(IQR 5.9-6.9) and 6.3 kg (IQR 5.7-6.8), respectively;
p-value 0.0371). The difference in weight was not signifi-
cant during the previous months, and it disappeared by
the age of four months. There was no significant weight
difference between children born by vaginal delivery ver-
sus CS at the age of three months.

Infections of the infants during follow up

During the first four months, 53.1% of the infants got an
infection (45.6% respiratory tract, 1.2% gastrointestinal,
0.3% urinary tract and 6.0% other infection). There was
no statistically significant association between the use of
intrapartum antibiotics and the incidence of infections
during that time (during the first month, 14.7% of those
infants who were exposed to antibiotics got an infection,
whereas 21.5% of those infants that were not exposed).

Discussion

The purpose of this study was to find out the frequency
of antibiotic use during term deliveries in a developed
country as well as the indications and types of antibiot-
ics used in a comprehensive study cohort. The other
aim was to find out whether the antibiotic use is associ-
ated with infant health during the first three months of
life. The data about antibiotics during delivery were col-
lected from the maternity records and combined with
the data from the online survey of the participants of the

prospective HELMi cohort [16]. All 1019 infants were
born between March 2016 and March 2018 at gestational
weeks 37—42 without known congenital defects.

Overall, antibiotics were used during 36.6% of all
deliveries. The number is slightly larger than in a corre-
sponding Danish study including 706 women, where the
frequency was 33% [18] and slightly smaller comparing
to frequency in the US,>40% [19]. In our study, 23.7%
of the mothers who gave birth vaginally received anti-
biotics. Comparable to that, in a Canadian cohort study
including 198 infants, 27% of vaginally born infants were
exposed to intrapartum antibiotics mostly due to GBS
prophylaxis or PPROM [20]. In our cohort, the indica-
tion for antibiotics was non-prophylactic in less than 5%
of the deliveries.

In our cohort, all mothers with intended vaginal deliv-
ery were screened routinely for GBS with PCR-based test
at the time of admission to delivery ward, and 17% of all
mothers received antibiotics for proven or unclear GBS
carriage status. The number is equivalent to a worldwide
amount of GBS carriers (18%) [4]. GBS screening policy
is heterogeneous [5]. In a study covering 95 countries,
approximately two thirds of countries reported a GBS
screening policy, most often based either on rectovagi-
nal culture or clinical risk factors and only few reported
point-of care PCR-screening [5]. In maternity hospitals
in Helsinki and Uusimaa district PCR-screening per-
formed by midwives by point of care test is used, since
it proves rapid information of the current GBS status of
the mother, is easy to perform and effective in prevent-
ing GBS early-onset disease in infants (0.15 cases during
first 72 h/1000 live births between years 2016 and 2017).
While discussing the potential side effects of antibiotics,
it should be acknowledged that intrapartum antibiotic
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prophylaxis is the only effective treatment so far to pre-
vent GBS early-onset disease and therefore effective
screening at the time of delivery is necessary [21].

All mothers who gave birth by CS received antibiot-
ics as prophylaxis due to birth mode as recommended in
international guidelines, since prophylaxis reduces the
incidence of maternal wound infections and endometri-
tis [22, 23]. The effect is especially profound in women
undergoing emergency CS and lower in non-laboring
women with intact membranes undergoing elective CS
[23]. In our study, CSs covered 16.9% of the deliveries
corresponding to the national rate of 16.7% in Finland
[24]. This is a slightly smaller number than a correspond-
ing recent number of Northern Europe 22.4%, worldwide
percentage being 18.6% but with large country-specific
variations [25]. The proportion of CS, however, has been
on the rise during the last decades [25]. Reasons for the
phenomenon are complex, varying from maternal char-
acteristics to ethical considerations [26]. As a result, an
increasing number of infants are exposed to antibiotics
during delivery [19].

Administration of prophylactic antibiotics after the
cord is clamped can prevent infant’s exposure to anti-
biotics during CS. However, current WHO recommen-
dation is to administer prophylactic antibiotic before
surgical incision based on meta-analyses concluding that
this policy reduces the risk of surgery [27]. On the con-
trary, recent large Swiss study did not confirm this find-
ing [28]. At the time of our study, local hospital guidelines
instructed to start prophylactic antibiotics 30—60 min
before incision.

In our study, higher pre-pregnancy BMI of the mother
was statistically significantly associated with a higher
frequency of CS, and therefore also the use of intrapar-
tum prophylactic antibiotics. Other studies have shown
that delivery progresses more slowly when maternal BMI
increases [29, 30], leading more frequently to emergency
CSs.

Intriguingly, the antibiotic use during delivery was
associated with gastrointestinal function of the infant.
Defecation frequency of the infant during the 17-week
follow-up period was increased significantly when the
mother had received intrapartum antibiotics. The dif-
ference may not be clinically relevant, but supports the
hypothesis that antibiotics used during delivery affect
the gastrointestinal tract and infant microbiota [31, 32].
During the first three weeks, those infants who received
antibiotics during vaginal delivery had higher defecation
frequency comparing to infants born by CS, which may
indicate that antibiotics received just before birth during
CS may not modify the infant microbiome as strongly
as antibiotics received earlier. The finding may also be
explained by different the types of antibiotics used during
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delivery since benzylpenicillin was more frequently used
in vaginal deliveries and cefuroxime in CSs. In addition,
the median dosage of antibiotics during delivery was 2
among vaginal deliveries and 1 among CSs supporting
the result. Importantly, intrapartum antibiotics did not
associate with greater amount of crying or did not carry
along an increased risk for impaired health of the infant
during the first 17 weeks.

Earlier studies of the association between the growth
of the infant and antibiotics during pregnancy and early
age have reported that there is some variation between
different antibiotics. For example, especially macrolides
and beta-lactams such as penicillin associated with a
greater weight gain during infancy and childhood [33-
35]. This may be explained by variable transplacental
transmission of different antibiotics. It also seems that
the timing of the antibiotic course is of major impor-
tance. For example, one study reported that antibiotics
taken during the first week of life were associated with
smaller growth whereas the later use of antibiotics dur-
ing the first year was associated with a greater growth
and weight gain [36].

We observed a positive association between intrapar-
tum antibiotics and the weight of the infant at the age of
three months. The infants who had been exposed to anti-
biotics during delivery weighted on average 140 g more
than the others and the finding was not explained by the
birth mode. Although the weight difference disappeared
by four months the results are in line with previous stud-
ies suggesting that the antibiotics increase weight gain in
children most likely through modification of the intesti-
nal microbiota [35].

Strengths and limitations

To our knowledge, this study cohort of term pregnan-
cies included in the analyses of antibiotic use is one of the
largest reported. This cohort represents well the general
population as the number of CSs (16.9%) corresponded
accurately to the number of CSs in Finland (16.7% in
2017 [24]). Also, the data were comprehensive and reli-
able, collected from one hospital district with uniform
patient charts and clinical practice. Notably, the data
on infant health was prospectively collected on weekly
online questionnaires covering the 17-week observation
period [16]. As a limitation, we did not have the data on
infant heights at three months of age. Importantly, there
were no major health concerns related to infant health
when being exposed to antibiotics during delivery.

As another limitation, there was slight uncertainty of
the data recorded in patient charts of a few mothers. In
such cases, the entire maternity record was thoroughly
reviewed. However, missing data were rare and occa-
sional unclear markings did not affect the main results.
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Conclusions

This study shows that the use of antibiotics during term
delivery was astonishingly frequent since more than
every third new-born was exposed to intrapartum antibi-
otics. In most cases, the indication for antibiotic use was
prophylactic, either a positive test results of the mother in
GBS-screening or CS. However, antibiotics are not fully
harmless as they modify the microbiota of the mother
and the new-born. Reassuringly, we did not observe any
major immediate health issues in infants exposed to anti-
biotics during delivery, but long-term effects need to be
addressed.

Prophylaxis policy, type of antibiotics used, and screen-
ing techniques vary between countries and therefore the
most optimal prophylactic use of antibiotics should be
investigated to optimize the benefits and minimize the
harms to mother and infant and the risk of increasing
antimicrobial resistance. Also, further understanding is
needed on how to enhance the recovery of the gut micro-
biota after antibiotics.
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