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Abstract
The human gut has a vast number of bacteria, which play a critical role in human health. At present, it is accepted 

that antibiotics have been one of the most common drugs in the world and early-life antibiotic use is associated with 
increased risk for several diseases. Antibiotic use during infancy will induce imbalances in gut microbiota, which 
is called dysbiosis. Therefore, more and more researches have been known about the impact of antibiotics on gut 
microbiota of infants. Here, we discuss some effects of antibiotics on gut microbiota and health of infants, including 
four types: structure of gut flora, metabolic capacity, diversity and stability of gut microbiota, risk of diseases. We also 
profile antibiotic resistance gene carried by gut microbiota and mechanism of intestinal drug -resistant bacteria. This 
article will also help provide recommendations for antibiotic use during infancy.
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Introduction
Our microbiome, termed the second genome, comprises a vastly 

more significant number of cells and genes than those derived from the 
human gametes [1]. In healthy people gastrointestinal ecosystem, there 
are enormous and complicated bacteria, more than 10 trillion, called 
gut microbiota. Gut microbiota is often considered to be an important 
organ acquired by the human body, which is known as body’s second 
brain [2]. It has been identified that our gut has nearly 9.88 million 
microbial genes [3]. Throughout the human lifetime, gut microbiota has 
a profound effect on all aspects of human health, such as protecting the 
host against pathogenic bacteria, promoting digestion and absorption of 
the host, drug metabolic and carcinogen, affecting the absorption and 
distribution of fat, regulating energy metabolism, regulating innate and 
adaptive immune systems and so on [4-10]. In a recent article, Vikram et 
al. reported that gut microbiota also promotes atherosclerosis [11]. And 
not only that, it has become evident that changes in the composition 
of the gut microbiota also have great physiological influence on 
people [12]. The type and number of gut microbiota are vulnerable 
to change by a variety of factors such as age, diet, antibacterial drugs 
and psychological pressure, causing imbalances in gut microbiota and 
diseases [refs]. Development of the intestinal microbiota in infants is 
characterized by rapid and large changes in microbial abundance, 
diversity, and composition [13,14]. Therefore, more and more attention 
has been given to the impacts of antibiotics on gut microbiota of infants. 
The gut of infants is sterile before they are born. At the time of birth, a 
variety of bacteria start breeding in infant gut. Originally, gut microbiota 
were mainly of Coliform, Enterococci and Clostridium. Five days later, 
Bifidobacteria occupied dominant positions. In neonates, the early 
development of the microbiota differs between antibiotic-treated and 
non-treated infants, but nothing is currently known about the long-
term associations between lifetime antibiotic use and gut microbiota 
in infants. Furthermore, antibiotic resistance is of major public health 
concern globally and is expected to become an increasingly serious 
obstacle in the treatment of infections [15].

In this review, to better understand the impacts of early-life 
antibiotic use on gut microbiota and health of infants, we combine 
recent abroad pertinent literature. We describe the impacts of antibiotics 
from four aspects: (i) structure of gut flora, (ii) metabolic capacity, (iii) 
diversity and stability of gut microbiota, (iv) risk of diseases. We also 

discuss the potential effects of antibiotic resistance gene(s) carried by 
gut microbiota and investigate mechanism of intestinal drug resistant 
bacteria. This article aims to better understand effects of early-life 
antibiotic use on infants’ gut microbiota and health take mechanism of 
intestinal drug-resistant bacteria into account and provide a reference 
for clinical treatment. Finally, the potential fields of further researches 
are prospected. 

Antibiotic use disrupts structure of gut flora and metabolic 
capacity

In clinical treatment, antibiotics are a class of commonly used drugs. 
In recent years, experimental studies showed that antibiotics can destroy 
the structure of normal gut microbiota and change the functions [16,17]. 
In the study of Klemm and Dougan, they have found that antibiotics 
use led to remarkable changes in the structure of gut microbiota by 
phylogenetics analysis [18]. Antibiotics use during infancy is closely 
associated with the changes in the composition of gut microbiota which 
last for more than 6 months. To resolve the origin of gut microbiota 
and thoroughly research the possible impact of antibiotics use and other 
environmental factors on gut microbiota, a team of researchers from 
the Massachusetts General Hospital (MGH) and the Broad Institute 
selected a cohort of 43 U.S. infants and analyzed microbial development 
during the first 2 years of life systematically [19]. They identified 
multiple disturbances associated with antibiotic exposures, cesarean 
section, and formula feeding. What’s more, experimental studies 
have proved that antibiotic exposures delayed microbiota maturation. 
Delayed microbiota maturation, as defined in healthy children, mirrors 
physiological disturbances in the host and occurs in mice exposed to 
antibiotics [20, 21].

In a study at the University of Helsinki in Finland, Korpela et al. 
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investigated 142 Finnish children aged 2-7 years (median age 5 years) 
who attended the same day-care centers at the time of the study to 
understand how the use of specific antibiotics can affect the intestinal 
microbiota in different ways [15]. The 16S rRNA sequencing data of 
the bacterial community obtained from the fecal samples showed that 
children’s gut microbial community composition can clearly reflect the 
use of antibiotics and antibiotic use will slow down the development of 
microbial community [22,23]. Children who received macrolides, such 
as azithromycin and clarithromycin in early life had obvious changes 
in the gut microbiota composition and metabolic capacity. Specifically, 
the abundance of Actinobacteria, which included Bifidobacterium 
as the dominant genus, was reduced, whereas the abundances of the 
Gram-negative phyla Bacteroidetes and Proteobacteria were increased 
[24]. However, children who used penicillin didn’t have such marked 
changes. Furthermore, the researchers found a positive correlation 
between overall lifetime antibiotic use and body mass index (BMI). 
The study results confirmed and extended previous results from mouse 
experiments and indicated that macrolide use may have detrimental 
effects on the developing microbiota of children, which may threaten 
the development of a healthy immune system and metabolism [20,25-
27]. Generally speaking, the intestinal microflora can recover within 1 
year after a macrolide course. However, if the child is repeatedly used in 
early life, the microbial community will not fully recover.

Antibiotic exposures impair the diversity and stability of gut 
microbiota

The balance between gut microbiota and the host immune system 
ensures the host health and homeostasis [28]. Recent research of 
Bokulich et al. has demonstrated that antibiotic exposures, cesarean 
section and formula feeding will significantly diminish the diversity 
and stability of gut microbiota [19]. In collaboration with a team 
of Finnish researchers they have worked with for several years, the 
Massachusetts General Hospital team enrolled a group of 39 children 
in 3 years [29]. During the study period, they collected their fecal 
samples and found decreased microbial diversity and increased short-
term composition changes in the gut microbiota of antibiotic-treated 
children [30]. In this case, low-Bacteroides children were even more 
obvious. Whole-genome shotgun (WGS) sequencing analysis also 
showed that, in antibiotic-treated children, bacterial species were fewer 
and tended to be controlled by a single strain, which was very different 
from that of the children who had not been exposed to antibiotics. 
With the elapse of time, many samples analysis revealed that the gut 
microbiota of antibiotic-treated children could become less stable, 
particularly around the period of antibiotic therapy. It has been a fact 
that antibiotics intensified the dysbiosis [31].

Another, published in 2016 by Finnish researchers, reported that 
antibiotic use, and macrolide use in particular, was associated with a 
long-term reduction in microbial richness [15]. Antibiotic-treated 
children still did not reach the level of the control samples even 12-
24 months after the course. Some aspects of the microbiota, such as 
the abundance of Bifidobacterium and Bacteroides and macrolide 
resistance, normalized within 12 months after a macrolide course. 
However, the abundances of Collinsella and Lactobacillus remained 
reduced for up to 2 years after a macrolide course.

Infants, particularly those born prematurely, represent an 
interesting population because they received early and often extensive 
antibiotic therapy in the first months after birth [32]. Gibson et al. 
recently demonstrated that children who had been exposed to antibiotic 
therapy had a dramatical reduction in the diversity of their microbial 

population. Meropenem, ticarcillin-clavulanate and cefotaxime 
treatments were associated with decreased species richness; gentamicin 
and vancomycin had variable effects on species richness [33]. One 
of the key motivations of microbiome research is that the microbial 
population of early childhood is crucial to human health because the 
decreased diversity of gut microbiota will cause some allergies and 
autoimmune diseases [29].

Antibiotic use increases the risk of diseases

Some previous studies have shown that antibiotic exposure in 
children had been associated with increased risk of immune system 
diseases, such as inflammatory bowel disease, obesity, diabetes, asthma 
and allergies [34-37]. It is generally accepted that gut microbiota have 
close relationship to these disease [38]. Alterations in gut microbiota 
composition and bacterial metabolites have been increasingly 
recognized to affect host metabolism in metabolic diseases such as 
obesity and type 2 diabetes (DM2) [39]. Short-term antibiotics use can 
lead to long-term disorder of intestinal flora, which will result in the 
occurrence or aggravation of the diseases [40].

The researchers have investigated the associations between 
antibiotic use and childhood asthma, allergies, and body mass index 
changes [41]. Small intestine bacterial and coliform have a great 
influence on weight-regulating system and glucose homeostasis [42]. 
Another team discovered that macrolide use was positively relevant to 
asthma and overweight [15]. The possibility of suffering from asthma 
and overweight on children who had frequent macrolide use during the 
first 2 years of life increased significantly. In addition, the overweight 
children with asthma had unique microbiota. Odds ratio for the group 
that received 42 macrolide courses compared with the non-exposed 
was 6.11. Other results showed that macrolide use in childhood is 
associated with long-term distortions in the composition, function and 
antibiotic resistance of the intestinal microbiota.

Early exposure to antibiotics has been an important reason which 
causes childhood obesity [43]. Paolella and Vajro proposed three 
methods to cope with the impact caused by antibiotics: First, a more 
judicious use of antibiotics and for instance, the use of narrower-
spectrum molecules for simple bacterial infections would surely be 
advantageous. Second, increase intake of ω-3 fatty acids. Finally, 
administration of prebiotics or probiotics is another possible strategy 
in this setting [44].

Gut microbiota carried antibiotic resistance gene

An increased incidence of antibiotic resistance genes observed 
in antibiotic-exposed children after treatment [29]. The presence of 
antibiotic resistance genes rose sharply and rapidly during antibiotic 
treatment and then declined swiftly after antibiotic therapy, whereas 
the antibiotic resistance genes still presented after antibiotic therapy 
discontinued for much longer periods of time. More interestingly, the 
researchers also observed that some children harboured antibiotic 
resistance genes as early as 2 months of age, before any antibiotic 
treatments. In recent report, researchers from Washington University 
School of Medicine (WUSM) demonstrated that gut microbiota in 
healthy American children also carried a large number of antibiotic 
resistance genes, likely to make harmful effects [32].

Nonetheless, to date, it has remained unclear where antibiotic 
resistance genes originated. Some previous studies have determined that 
some new-born infants harboured antibiotic resistance genes, potentially 
acquired from their mothers before their birth [45,46]. However, the 
reason for the increased abundance of antibiotic resistance genes is still 
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unknown. Here are the possible explanations: (i) response to antibiotics 
passed on to the child from the environment (for example, mothers’ 
breast milk), (ii) a response to a natural antibiotic molecule produced by 
other gut bacteria, (iii) pre-existing presence of the antibiotic resistance 
gene in the genomes of some early inhabitants of the gut [47], (iv) 
the spread of antibiotic resistance through natural populations due to 
widespread use of antibiotics [29]. Additional studies will be needed to 
find out the exact reasons for the early presence of antibiotic resistance 
genes in the gut microbiota of infants. Furthermore, it is particularly 
significant to understand the effects of childhood antibiotic exposure on 
the presence of antibiotic resistance genes.

Mechanism of intestinal drug resistant bacteria on infants

The incidence of antibiotics-resistant genes rises rapidly during 
antibiotic treatment then drop quickly after treatment was discontinued. 
But resistance genes encoded on small DNA molecules called mobile 
elements, one means by which resistance genes can be transmitted 
among bacteria, persisted much longer after antibiotic withdrawal [29]. 
After macrolide antibiotics treatment, in the infants’ body, macrolide 
antibiotics drug resistance increased rapidly, namely, macrolide 
antibiotics promoted the production of antibiotic resistance. Based on 
the metagenomic analysis, one recent study discovered that macrolide 
resistance was high in the recently macrolide-exposed gut microbial, 
and bile-salt hydrolases were reduced [15]. Bile-salt metabolism (BSM) 
is an important function of intestinal microbes, which influences 
energy and metabolism of the host [48]. Frequent antibiotic intake will 
accelerate the production of antibiotic resistance in infants, particularly 
those born prematurely, because they received early and often extensive 
antibiotic therapy in the first months after birth [32].

Brief summary and Future prospects

Gut microbiota plays an important role in nutrient absorption, 
immune system development and metabolic homeostasis of the human 
body [49, 50]. Antibiotics are among the many factors that influence the 
development of the microbiota and health [51].

In recent years, the research on gut microbiota of infants, particularly 
antibiotic-treated infants, has received more attention. Antibiotics use 
is detrimental to host health in the short and the long-term. In this 
review, to better understand the impacts of early-life antibiotic use 
on gut microbiota and health of infants, we showed: (i) antibiotics 
use leads to remarkable changes in the structure of gut microbiota 
and metabolic capacity, (ii) antibiotic exposures impair the diversity 
and stability of gut microbiota, (iii) antibiotic treatment increases the 
risk of diseases, such as inflammatory bowel disease (IBD), obesity, 
diabetes and asthma, as well as allergies, (iv) antibiotic resistance genes 
rise sharply and rapidly during antibiotic treatment and then declined 
swiftly after antibiotic therapy, whereas the antibiotic resistance genes 
still presented after antibiotic therapy discontinued for much longer 
periods of time. Meanwhile, we also investigate mechanism of intestinal 
drug resistant bacteria from some recent researches.

Because antibiotics are frequently used during the first critical years 
of gut microbiota development. Antibiotic use during childhood is 
prevalent in most parts of the world [52]. The average U.S. child receives 
about three courses of antibiotic by the age of 2 and 10 courses by the 
age of 10 [53]. Furthermore, the effectiveness of antibiotics has been 
weaken since they were introduced into modern medicine more than 
70 years ago [54]. One important consequence of antibiotic usage is the 
spread of antibiotic resistance genes, which is a serious public health 
issue. Antibiotic resistance is of major public health concern globally 

and is expected to become an increasingly serious obstacle in the 
treatment. In an earlier review, it was shown that, on present trends, the 
annual global death toll from bacterial resistance would be more than 
ten million, a figure more significant than that die from cancer [55]. 
Furthermore, bacteria, viruses and other microbes will again evolve 
resistance [56]. It has been demonstrated that macrolide use promoted 
a marked increase in macrolide resistance of the microbiota [15]. And 
worse still, abuse and misuse of antibiotics make antibiotic resistance 
give birth to the ‘super bacteria’ [57,58]. In one study on Mycobacterium 
tuberculosis, the causative agent of tuberculosis, Warrier et al. [59] have 
discovered a novel bacterial drug resistance, antibiotic inactivation 
via N-methylation. Nevertheless, it is not clear whether this new drug 
resistance mechanism is widely present in bacteria, and how to inhibit 
bacterial drug resistance [58,59]. Currently, the UN General Assembly 
High-Level Meeting of Heads of State discussed sustainable access to 
effective antimicrobials in September, 2016. International scientists 
advocated awareness about lack of access to antibiotics and drug 
resistance [60].

Despite widespread use of antibiotics in children, the effects of 
antibiotic. With our growing appreciation of gut microbiota’s role 
in human health and how to maintain healthy gut microbiota, it is 
particularly critical to understand the short-and long-term effects of 
antibiotic treatments on the gut microbiota. As we look to the future, 
additional studies will be needed to find out the effects of childhood 
antibiotic exposure on gut microbiota and health. Last but not least, 
little is currently known about mechanism of intestinal drug resistant 
bacteria in infants, but, it's certainly the case that antibiotic use will 
have a significant impact on gut microbiota of infants. Therefore, to 
better understand the health implications of early-life antibiotic use, 
mechanism of infant’s intestinal drug resistant bacteria is another issue 
that requires further investigation and prompt attention.
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