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The developmental origin of health and disease highlights the importance of the period
of the first 1000 days (from conception to 2 years) of life. In particular, the process of
gut microbiota establishment occurs within this time window. Therefore, determinants
interfering with neonatal gut establishment may disrupt its physiological functions
and potentially lead to negative health outcomes. Antibiotics are among perinatal
determinants that can directly or indirectly affect the pattern of gut bacterial colonization,
with a long-lasting impact on intestinal ecosystem functions. In this review, we will
examine the impact of antibiotics on the intestinal microbiota during the perinatal period
and first years of life, a key interval for development of an individual’s health capital.
Further, we will discuss the role of antibiotics during short- and long-term dysbiosis and
their associated health consequences.
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INTRODUCTION

The human digestive microbial ecosystem represents a considerable biomass with multiple roles,
including metabolic, barrier, and immune functions. Establishment of the intestinal microbiota is
crucial for these functions. The developmental origin of health and disease, or DOHaD, emphasizes
the importance of the first 1000 days, from conception to the 2 years of life, for future health. This
concept includes microbiota establishment, particularly the intestinal microbiota, whose impact on
the possible occurrence of subsequent pathologies is becoming increasingly evident (Butel et al.,
2018). Further, because multiple processes are regulated by the intestinal microbiota, any microbial
imbalance can impact its physiological functions and the health of the host.

Natural or synthetic organic substances and antibiotics are defined by their ability
to limit or prevent proliferation of pathogenic bacteria. Since the first reported use of
sulfanilamide and penicillin in humans, evidence of the efficacy of antibiotic treatment
for infectious diseases has been widely established, including significant reductions in the
mortality rate (Rustam, 2010). In recent years, multiple studies have shown that over-
consumption, prolonged use, incorrect dosage, or the pharmacological properties of antibiotics
can have unforeseen and undesirable consequences on the intestinal microbiota (Butel
et al., 2018). The success of antibiotic therapy, whether curative or prophylactic, is based
on microbiological, pharmacological (pharmacokinetics and pharmacodynamics), and clinical
characteristics of the antibiotics used in treatment. Antibiotic effects on the intestinal microbiota
are dependent on the spectrum, doses, duration of treatment, route of administration, and
pharmacokinetic and pharmacodynamic properties of the considered molecule (Figure 1).
In this review, we will focus on the impact of antibiotics on the intestinal microbiota
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during the perinatal period and first years of life, an important
phase during the development of an individual’s health capital.
Additionally, we will discuss the role of antibiotics in short- and
long-term dysbiosis and their health consequences.

ANTIBIOTICS

The perinatal period represents the first window of potential
antibiotic exposure in humans. This period is characterized by
a high incidence of neonatal infections, which are the leading
cause of death (Thea and Qazi, 2008), and corresponds to an
increased risk of exposure to nosocomial infection in hospitalized
newborns. During this period, the absence of markers or
symptoms suggestive of infection makes it difficult to establish
a diagnosis, resulting in an early and probabilistic prescription.
In industrialized countries, more than 50% of children have been
prescribed antibiotics during their first year of life (Nogacka
et al., 2018). Despite the existence of guidelines concerning the
diagnosis and curative treatment of bacterial neonatal infections
(Fuchs et al., 2018), significant heterogeneity in the management
of suspected infections has been observed. Specifically, variability
in the practice of antibiotic prescriptions in neonatology has
been demonstrated both nationally and internationally. For
example, in the United States, variations (up to 40-fold) in dosing
regimens were observed across 127 neonatal intensive care units
with equivalent levels of infection (Schulman et al., 2015). In
France, following analysis of antibiotic prescription protocols
used in 44 neonatal intensive care units, it was shown that 41
antibiotic molecules were identified, with an average of nine
different dosage regimens per molecule. Additionally, significant
variations in daily doses were found, depending on the protocols
(Leroux et al., 2015). In the United Kingdom, Kadambari et al.
(2011) identified 10 different dosing regimens for gentamicin
prescriptions in 43 neonatal units. In addition to the variability
in the application of dosing recommendations, the use of non-
authorized drugs has also been reported (Magalhães et al., 2015).

INTESTINAL MICROBIOTA: IMPACT OF
ANTIBIOTICS

In adults, antibiotics are known to cause temporary changes to
microbiota, without any recognized consequences in most cases,
except for the emergence of bacterial resistance. A relatively rapid
return to the previous microbiota profile is possible owing to
its functional redundancy or resilience (Dethlefsen and Relman,
2011). However, perinatal disturbances during establishment of
the gut microbiota, which is less diverse than adults, can lead
to modifications that prevent resilience and disrupt the essential
functions of the gut (Figure 1).

Early antibiotic therapy decreases the biodiversity of neonatal
microbiota, including decreases in beneficial genera, such as
Bifidobacterium and Lactobacillus (Tanaka et al., 2009; Fouhy
et al., 2012), or decreases in the abundance of Clostridiales
(including Lachnospiraceae) and Ruminococcus (Fjalstad et al.,
2018). Few studies have analyzed the impact on microbiota

relative to the duration of antibiotic therapy. In neonates treated
for less than 72 h for suspected unconfirmed infection, a
decrease in bacterial diversity was associated with prolonged
antibiotic therapy (Fjalstad et al., 2018). Gut bacterial groups
can be modified during the first 2–3 years of life, such
as Lachnospiraceae, which are butyrate-producing bacteria, a
metabolite involved in the maturation of the intestinal mucosa
(Bokulich et al., 2016). In a study by Yassour et al. (2016),
antibiotic therapy during the first year of life was found
to be associated with a decrease in microbial diversity at
the age of 3 years.

Very preterm or very low birth weight infants are at a higher
risk of dysbiosis. They receive more frequent broad-spectrum
probabilistic treatment at birth. They also have delayed bacterial
colonization kinetics in the gut, resulting in a reduced number
of bacterial species in the intestinal microbiota (Arboleya et al.,
2013; La Rosa et al., 2014). Early empiric antibiotic use in
preterm infants is associated with a decrease in bacterial diversity
(Greenwood et al., 2014). Bacterial equilibrium is also altered
by an increase in enterobacteria and a decrease in potentially
beneficial bacterial groups, such as Bifidobacterium, Bacilli, and
Lactobacillales (Greenwood et al., 2014; Zwittink et al., 2018).
Premature infants either untreated (n = 5), treated for less than
3 days (n = 5), or treated for 5 days or more (n = 5) showed
a decrease in bifidobacteria and enterobacteria, at the expense
of enterococci (Zwittink et al., 2018). However, no impact
on diversity was observed. Interestingly, short-term treatment
allowed a return to a similar profile in untreated newborns within
3 weeks, whereas changes in the profile were still visible after
6 weeks in the long-term treatment groups.

MATERNAL ANTIBIOTICS

Maternal antibiotic therapy can affect the development of the
neonatal microbiota. The consensual practice of intrapartum
antibiotic prophylaxis treatment against neonatal group B
streptococcal infection has proven to be effective in reducing its
incidence infections. In industrialized countries, approximately
30% of women receive antibiotic prophylaxis, making it the main
cause of perinatal antibiotic exposure (Nogacka et al., 2018).
Several studies investigating the impact of this treatment on
microbiota establishment have shown a decrease in colonization
of some genera (Arboleya et al., 2015; Aloisio et al., 2016).
Children born to mothers who received intrapartum antibiotic
therapy showed less colonization by bacteria belonging to the
phylum Actinobacteria (including Bifidobacterium) or genus
Lactobacillus, and were more frequently colonized by the phyla
Firmicutes and Proteobacteria (including Enterobacteriaceae).
Over time, changes are still visible during the first months of life
(Azad et al., 2016; Nogacka et al., 2017).

Vaginal and fecal microbiota play a role in the microbiota
establishment in newborns via vertical transmission
(Dominguez-Bello et al., 2010; Sakwinska et al., 2017). The
vaginal microbiota can evolve during pregnancy (Kervinen et al.,
2019). Antibiotic therapies during pregnancy, especially at the
end of pregnancy to treat premature rupture of membranes, can
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FIGURE 1 | Antibiotic impact.

alter the microbiota and thus the bacterial establishment in the
unborn child (Walther-António et al., 2014).

ANTIBIOTICS: PATHOPHYSIOLOGICAL
CONSEQUENCES OR
EPIDEMIOLOGICAL ASSOCIATION

Short-Term Consequences
Establishment and maturation of the microbiota in newborns
are important physiological steps. Early dysbiosis can result in
short- and long-term health consequences. Regarding short-term
consequences, decreases in the phylogenetic diversity of intestinal
microbiota following antibiotic treatment have been correlated
with increased frequency of sepsis in premature infants (Madan
et al., 2012; Carl et al., 2014). Similarly, broad-spectrum antibiotic
therapy has been associated with an increased risk of developing
necrotizing enterocolitis in premature infants (Kuppala et al.,
2011; Cotten, 2016).

Long-Term Consequences
For long-term consequences, early exposure to antibiotics that
leads to dysbiosis is a risk factor for pathologies associated
with poor maturation of the immune system and impaired
metabolic functions of the microbiota. Antibiotic exposure in
young children may also lead to the development of pathologies
associated with immune disorders, such as asthma, allergic
diseases, or eczema. Several studies, mostly on cohort follow-
ups of children, have reported an association between pre-
and postnatal exposure to antibiotics and an increased risk of
developing asthma in early childhood (Murk et al., 2011; Heintze
and Petersen, 2013; Metsälä et al., 2015; Pitter et al., 2016).
The risk of developing asthma after antibiotic therapy, whether
prenatal, perinatal, or during the first year of life, was frequently
observed [odds ratio (OR) = 1.2–2]. In the follow-up of a large

Swedish cohort, the inclusion of siblings as a control population
showed a decreased, yet significant (OR = 2.36), probability of
this association with respiratory infection in early childhood, but
the association disappeared when considering antibiotic therapy
during pregnancy. This suggests an important role of the familial
environment in allergy development. Another study described a
weak relationship (OR = 2.3) between antibiotic therapy during
the first year and asthma, but no association was found at the
age of 5 years with subsequent occurrences of recurrent asthma,
eczema, or immunological criteria of atopy (Kusel et al., 2008).
Additionally, a meta-analysis of 22 studies found a relationship
between antibiotic exposure during the first 2 years of life and the
subsequent risk of eczema (OR = 1.26) or hay fever (OR = 1.23),
and for three of these studies, an increased risk of developing
food allergy (OR = 1.42) (Ahmadizar et al., 2018). However, no
association was found with objective measures of atopy, such as
prick tests and specific IgE levels.

Links between early and/or repeated exposure to antibiotics
and the risk of developing Crohn’s disease or inflammatory bowel
disease (IBD) have been established (Shaw et al., 2010; Hviid
et al., 2011). In a meta-analysis of 11 studies looking for an
association between the accumulation of antibiotic exposure and
subsequent risk of IBD, a significant association was found for
the occurrence of Crohn’s disease but not for ulcerative colitis
(Ungaro et al., 2014), which was higher in pediatric patients
with Crohn’s disease. A Danish cohort study also demonstrated
an increased risk of pediatric Crohn’s disease after multiple
antibiotic treatments (relative risk = 7.32, in children who
received 7 or more courses of antibiotics); however, the causal
relationship needs to be confirmed as antibiotic therapy may
serve as a marker for the management of digestive symptoms
in undiagnosed Crohn’s disease (Hviid et al., 2011). Further, a
Swedish cohort study showed an association between antibiotic
therapy during pregnancy in the third trimester and an increased
risk of infantile Crohn’s disease (OR = 2.48). Yet, this association
was not found for antibiotic treatment prescribed in early
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childhood or ulcerative colitis (Örtqvist et al., 2014). In the field
of digestive disorders, a significant association between planned
cesarean section birth and the subsequent occurrence of celiac
disease should be noted (OR = 1.15) (Mårild et al., 2013).

Obesity has been associated with low diversity and an
abnormal profile of the adult microbiota (Le Chatelier et al.,
2013). Several studies have shown an association between
exposure to antibiotics during the first year of life and obesity
in children (Trasande et al., 2013; Azad et al., 2014; Bailey
et al., 2014; Murphy et al., 2014). This association appears to be
stronger in boys than in girls (Azad et al., 2014; Murphy et al.,
2014). A study on a US cohort of more than 360,000 children
found a relationship between being overweight at age 5 and
exposure to antibiotics during the first 2 years of life (Block et al.,
2018). Moreover, two reviews and meta-analyses have highlighted
the association between early and/or repeated exposure to
antibiotics and an increased risk of being overweight or obese,
even though this increase is relatively small (Miller et al., 2018;
Rasmussen et al., 2018). Although the causal relationship between
alterations in the microbiota composition and antibiotics has not
been formally demonstrated, the microbiota is known to increase
the capacity of energy storage from food. In addition, certain
bacterial genera or groups have been implicated in low-grade
inflammation in obesity (Gasparrini et al., 2016).

RESISTOME

A set of resistance genes is present in the intestinal microbiota,
representing the endogenous or resident resistome. It is
composed of resistance genes from the host’s resident microbiota
and by exogenous or variable genes from bacteria in transit
(Ruppé et al., 2016). Studies of the resistome have been carried
out using culture, PCR, or metagenomics approaches. The
microbiota of newborns hosts a large variety of antibiotic
resistance genes (Francino, 2015; Moore et al., 2015). Gosalbes
et al. (2016) have shown that many antibiotic resistance genes
can be identified in fecal samples of one-week-old newborns,
and even in meconium samples. Antibiotic resistance genes
are detected not only in adults and children who have
undergone antibiotic treatment, but also in newborns who are
naïve to antibiotic treatment, possibly due to vertical maternal
transmission of these genes (Vaishampayan et al., 2010; Moore
et al., 2015). Some resistance genes may be common between
maternal and neonatal fecal samples. In some cases, common
resistance genes are present in meconium, colostrum, or maternal
milk samples (Francino, 2015). However, resistance genes that

are absent in mothers have been detected in neonates, reflecting
acquisition from other sources. Indeed, reports have highlighted
the presence of antibiotic-resistant bacteria and genes into the
environment, including hospitals, and therefore transmissible
(Kim and Cha, 2021). Besides, the abundance of resistance genes
was also correlated with antibiotic use practices. Yassour et al.
(2016) showed an increase in resistance genes following antibiotic
administration, which decreased after cessation of treatment,
while the mobile genetic elements of resistance remained high.
For intrapartum group B streptococcal antibiotic prophylaxis,
an increase in resistance of 30–50% to erythromycin and
25–35% to clindamycin has been observed (Verani et al., 2010).
Moreover, intrapartum antibiotic therapy has been associated
with increased ampicillin-resistant Escherichia coli in premature
infants (Stoll et al., 2002; Bizzarro and Gallagher, 2007; Bizzarro
et al., 2008; Kuhn et al., 2010). The combination of cefotaxime-
amoxicillin and penicillin-tobramycin increases the relative risk
of colonization with a resistant strain by a factor of 18 (de Man
et al., 2000). Further, an extended duration of antibiotic therapy
has been shown as a risk factor for the development of late
neonatal infection (Didier et al., 2012).

CONCLUSION

Data on the impact of antibiotic therapy on the newborn
intestinal microbiota clearly show an alteration in bacterial load
and diversity. The effect of antibiotics appears to be long-lasting,
with a rapid return to the original composition of the microbiota,
depending on the antibiotic molecule. The consequences of
modifying the microbiota balance include an increased risk of
developing some pathologies later in life and bacterial resistance.
This underlines the importance of the rational use of antibiotics,
particularly choosing among the recommended antibiotics,
giving preference to the narrowest spectrum molecules to
minimize side effects. Antibiotic stewardship should make sense.
While it is clear that antibiotics influence the establishment of the
intestinal microbiota, the parameters associated with antibiotic
use, such as specificity, dose, treatment time, and mode of
administration, have not been studied, making it difficult to
accurately determine the precise impact of antibiotics.
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