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ABSTRACT 

Background: ARGs found in animal-derived foods represent a significant route of antimicrobial resistance transmission 

beyond clinical antibiotic use. Livestock products such as meat, milk, eggs, and fish from animals exposed to antibiotics 

frequently contain diverse ARGs. Because the gut microbiota of infants and young children is still forming, dietary 

exposure to ARGs may have amplified biological effects during early development. 

Objective: This review aims to synthesize current evidence the presence of ARGs in livestock-based foods, evaluates how 

dietary intake may contribute to ARG exposure in children, and describes the mechanisms through which these genes may 

influence gut microbiota development and child health. 

Methods: A comprehensive literature search were conducted in PubMed, MEDLINE, Web of Science, and Google Scholar. 

English-language studies involving human or animal subjects were included if they examined ARGs in animal-source 

foods or their implications for gut microbiota and pediatric health. Findings from cohort studies, randomized controlled 

trials, and mechanistic research were integrated narratively. 

Results: Studies report ARGs such as blaCTX-M, mecA, tetM, sul1, and gyrA in poultry, beef, milk, eggs, and fish. 

Following ingestion, ARGs may interact with the pediatric gut through horizontal gene transfer—via conjugation, 

transformation, or transduction—promoting dysbiosis, increasing susceptibility to infection, reducing antibiotic 

effectiveness, and influencing immune function during early life. 

Conclusion: Dietary exposure to ARGs from animal-source foods may contribute to early establishment of the gut 

resistome in children and alter microbiota-related functions. Strengthened control of ARGs along the food production 

chain is essential to reduce exposure and protect child health. 
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INTRODUCTION 

Antimicrobial Resistance (AMR) is a 

critical global health challenge of the 21st century, 

with projections of 10 million annual deaths by 

2050.1 The origin of the problem of AMR is 

associated with the emergence of Antimicrobial 

Resistance Genes (ARGs) – which are genetic 

components able to confer survival advantage to 

bacteria in the presence of antibiotics.2 ARGs 

originate from environmental bacteria and can be 

transferred to pathogens through mobile genetic 

elements.3 Although clinical overuse of antibiotics is 

a widely acknowledged contributor AMR, recent 

research highlights the growing concern over non-

clinical exposure pathways to AMR, particularly 

through the food chain.4 The presence of resistant 

bacteria in the food supply chain poses a potential 

risk to public health.5 

A key yet overlooked contributor to ARGs is 

the extensive use of antibiotics in livestock 

production, where animals routinely receive 

antibiotics for the treatment and prevention of 

diseases as well as for enhancing growth.4 These 

practices, along with the feeding of animal 

byproducts to livestock, may result in the selection 

and enrichment of resistant bacteria within a host’s 

microbiota and its environment (manure), as well as 

in the animal’s food products, including meat, milk, 

and eggs.6–9 By consuming these products, children 

and other susceptible populations may be exposed to 

dietary ARGs that are capable of integrating into the 

gut microbiome and facilitating horizontal gene 

transfer to microbiota associated with the intestine—

both commensals and pathogenic microbes.10 

In this case, children represent an age group 

that is especially at risk. Because their gut 

microbiota has not fully developed, it is prone to 

http://ejournal3.undip.ac.id/index.php/jnc/
https://doi.org/10.14710/jnc.v13i3.40815
https://crossmark.crossref.org/dialog/?doi=10.14710/jnc.v15i2.51238&domain=pdf
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outside influence.11,12 The damage caused by 

exposure to ARGs might not only heighten the 

danger of maintaining resistant bacteria, but also 

undermine immune functions, metabolic health, and 

the efficacy of subsequent antibiotic treatments.11,13 

This review aims to synthesize current 

knowledge on the presence of ARGs in livestock-

derived foods, assess potential pathways of dietary 

exposure in children, and explore the impacts of such 

exposure on gut microbiome composition and health 

outcomes.  
 

METHODS 

A comprehensive literature search was 

conducted in PubMed, MEDLINE, Web of Science, 

and Google Scholar to identify studies discussing 

dietary exposure to antimicrobial resistance genes 

(ARGs) from animal-derived foods and their 

implications for gut microbiota development in 

children. No restrictions on publication year were 

applied, ensuring inclusion of both foundational 

studies and recent advances. 

The search strategy incorporated relevant 

keywords and their synonyms—such as 

“antimicrobial resistance genes”, “ARGs”, 

“livestock products”, “animal-sourced food”, 

“dietary exposure”, “gut microbiota”, “infant”, 

“children”, and “randomized controlled trial”—

combined using Boolean operators (AND, OR) to 

refine the query. Both human and animal studies 

were considered eligible when they examined the 

presence or transmission of ARGs through food 

consumption and its potential influence on the gut 

microbiota or host health outcomes. Only articles 

published in peer-reviewed journals and available in 

English were included. Priority was given to 

experimental evidence, including randomized 

controlled trials (RCTs), controlled feeding studies, 

and mechanistic investigations that elucidate 

transmission pathways or biological consequences 

of ARG exposure. 

Although adopting a narrative review 

framework, this work integrates data from multiple 

study types to provide a broad, evidence-based 

synthesis rather than a systematic meta-analysis. 

RCTs and cohort studies were used selectively to 

reinforce mechanistic arguments and clarify causal 

relationships, not to perform pooled quantitative 

analysis. By combining contextual interpretation 

with high-quality empirical evidence, this review 

presents a balanced overview of current knowledge 

regarding ARG prevalence in livestock-derived 

foods, dietary exposure pathways in children, and 

their implications for microbiome development and 

antibiotic resistance dynamics. 

 

RESULT AND DISCUSSION 

The use of antibiotics in livestock production 

has become a key contributor to the emergence and 

dissemination of ARGs in the food chain.14 These 

ARGs, initially selected within the gut microbiota of 

food-producing animals, can persist in meat, milk, 

and eggs that are commonly consumed by humans, 

including young children.7,15,16 As a result, dietary 

exposure to ARGs has emerged as a significant, yet 

underexplored, route of AMR transmission, with 

potential long-term consequences for gut health—

especially in early childhood when the microbiome 

is most vulnerable.10,14 

Sources of ARGs in Livestock Products 

Antibiotics are routinely administered to 

livestock for therapeutic, prophylactic, and growth-

promoting purposes, practices that create selective 

pressure for antibiotic-resistant bacteria.17,18 These 

practices generate strong selective pressures that 

favor the proliferation of antibiotic-resistant bacteria 

in the gastrointestinal tracts, skin, and mucosal 

surfaces of livestock.18 The result is a microbiome 

enriched with ARGs, which can persist in animal 

waste, the environment, and eventually in the food 

chain.19  Once acquired, these genes can be 

maintained in bacterial populations even in the 

absence of continuous antibiotic exposure, 

increasing the likelihood of long-term 

environmental and foodborne contamination.18 

These ARGs and their bacterial hosts can 

contaminate animal-derived food products.14,19 

Multiple studies have documented the presence of 

ARGs in raw and processed meats, as well as in milk, 

dairy, and eggs.20,21 For example, genes such as 

mecA, tetM, sul1, and blaCTX-M have been detected 

in Staphylococcus aureus and E. coli strains isolated 

from retail meat and ready-to-eat products (Tabel 

1).8,16,22 Metagenomic analyses of raw milk have also 

confirmed ARG enrichment during improper 

storage, further underscoring the importance of post-

farm handling practices.21,23 

The presence of ARGs in livestock products 

is not necessarily limited to viable bacterial cells.14 

Heat-treated or processed foods can still carry 

extracellular DNA fragments that retain the capacity 

to transfer ARGs to gut bacteria under favorable 

conditions.24 Recent studies have shown that DNA 

can survive common cooking temperatures and 

remain functionally active, suggesting that ingestion 

of even heat-processed animal products could 

contribute to ARG exposure.25,26 This challenges 

traditional food safety paradigms that primarily 

focus on microbial viability and neglect the genetic 

dimension of resistance.26 

Dietary Exposure to ARGs in Children 

Dietary exposure is increasingly recognized 

as an important, yet underexplored, pathway through 
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which ARGs are introduced into the human gut 

microbiome, particularly in children.10 Although 

environmental and clinical antibiotic exposures have 

historically dominated discussions on resistance, 

current research has revealed the substantial impact 

of animal-derived food products in promoting the 

dietary intake of ARGs.31 This issue is exacerbated 

in the pediatric population, where dietary practices, 

metabolic susceptibility, and the developing 

condition of the gut microbiota collectively increase 

the potential effects of such exposures.32–34 

Children often ingest milk, eggs, poultry, 

beef, and processed meat products, all of which have 

demonstrated the presence of measurable quantities 

of ARGs and antibiotic-resistant bacteria.35,36 

Specifically, cattle subjected to regular antibiotic 

exposure—either for growth enhancement or 

preventive purposes—exhibit gut microbiota 

characterized by elevated ARG loading. These genes 

may be transmitted to zoonotic and commensal 

bacteria that contaminate meat, milk, and egg 

products during slaughter, processing, or storage.20,31 

Numerous studies have validated the existence of 

clinically significant ARGs, including blaCTX-M, 

tetM, sul1, and mecA, in raw chicken, beef, retail 

pork, and unpasteurized milk intended for human 

consumption.7–9,15,16,28 

Children ingest a greater quantity of food per 

kilogram of body weight than adults and frequently 

depend significantly on animal-derived proteins and 

dairy for their nutritional requirements.10,37 Infants 

and toddlers, especially during weaning, may ingest 

substantial quantities of formula or milk and pureed 

meats.10,38 If these products derive from livestock 

administered antibiotics, they may serve as conduits 

for dietary ARG transfer.35,36 Processed or cooked 

foods are not completely devoid of risk; although 

heat treatment can diminish bacterial viability, 

extracellular DNA harboring antibiotic resistance 

genes may persist stable and biologically active in 

gastrointestinal environments, particularly amid 

inflammation or dysbiosis.24,25 

In addition to animal products, vegetables 

and fruits irrigated with contaminated water or 

fertilized with untreated manure may potentially 

transmit antimicrobial resistance genes into the 

diet.39,40 This topic centers on animal-based sources; 

nevertheless, it is important to recognize that 

integrated food systems can generate intricate 

exposure pathways, allowing resistant bacteria to 

disseminate from farm to fork via common water, 

soil, and handling conditions.41 

Once ingested, ARGs from food may 

interact with the growing gut microbiota of the 

infant.42 During the initial years of life, the 

gastrointestinal environment is exceptionally 

amenable to colonization, and the microbiome is in 

the process of development.42,43 ARGs can be 

assimilated by indigenous gut microbiota via HGT 

processes, so creating a reservoir of resistance 

independent of therapeutic antibiotic use.44,45 This 

may not only lead to long-term dysregulation of 

microbiota but also elevate the risk of colonization 

by multidrug-resistant pathogens that are 

challenging to treat if an infection arises.46,47 
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Tabel 1. Recent Studies of ARGs Source in Foods 

Study Title Food type Detected 

ARGs 

Methodology Main Findings 

Antimicrobial Susceptibility, and 

Molecular Characterization of 

Staphylococcus aureus Isolated from 

Different Raw Milk Samples in China.16  

Raw Milk blaZ, aac6′-

aph2″, tet(M), 

mecA, ant(6)-

Ia, fexA, sec 

qPCR, 

metagenomics 

Raw milk samples 

contained multiple ARGs, 

with higher loads in 

samples stored improperly. 

Presence of Antibiotic Resistance Genes 

in Bacteria Isolated from Raw Cow Milk 

obtained from Bowen University Dairy 

Farm.7 

Raw milk TEM, SHV-1,  

CTX-M 

qPCR, 

metagenomics 

A high rate of antibiotic 

resistance was observed in 

bacteria isolated from raw 

cow milk, with 81.8% 

resistance to cefuroxime 

and 98.1% resistance to 

cefixime and 

amoxicillin/clavulanate. 

Prevalence of Escherichia coli in Marked 

Poultry Carcasses in Egypt.27 

chicken meat 

samples, 

including 

breast, thigh, 

lung, liver, 

and gizzard 

cuts-up 

stx1 and stx2 qPCR, 

metagenomics 

The study found a high 

prevalence (66.3%) of 

multidrug-resistant E. coli 

in retail chicken meat in 

Egypt. 

Molecular detection of antimicrobial 

resistance genes in E. coli isolated from 

slaughtered commercial chickens in Iran.8 

Chiken meat tet(A), tet(B), 

dfrA1, qnrA, 

aac(3)-IV, sul1, 

bla SHV , bla 

CMY , ere(A), 

catA1 and 

cmlA. 

qPCR, 

metagenomics 

This study detected the 

distribution of antibiotic-

resistant genes in E. coli 

isolates from commercial 

chickens in Iran using PCR, 

finding a high prevalence of 

multi-resistance and 

validating PCR as an 

effective detection method. 

Multi-Drug Resistance to Salmonella spp. 

When Isolated from Raw Meat Products.9 

Beef, pork, 

poultry meat 

blaSHV, 

blaPSE-1, 

blaTEM. 

qPCR, 

metagenomics 

Salmonella spp. is a major 

cause of foodborne diseases 

with an increasing problem 

of multi-drug resistance 

(MDR) strains. 

Diversity of Antibiotic Resistance Genes 

in Enterococcus Strains Isolated from 

Ready-to-Eat Meat Products.28 

Ready-to-eat 

meat 

products 

ant(6')-Ia, tetM, 

ermB 

qPCR, 

metagenomics 

Enterococcus strains were 

found in 74.1% of ready-to-

eat meat product samples, 

indicating a widespread 

presence. A high percentage 

of isolates showed 

resistance to various 

antibiotics, including 

streptomycin and 

erythromycin. 

Prevalence and distribution of antibiotic 

resistance in marine fish farming areas in 

Hainan, China.29 

Fish sul1 and tetB  qPCR, 

metagenomics 

Sul and tet family genes 

were widely distributed in 

marine fish farming areas in 

Hainan, China.  The total 

abundance of ARGs 

increased significantly 

from the rearing to the 

harvesting period. 

ARGs Detection in Listeria 

Monocytogenes Strains Isolated from the 

Atlantic Salmon (Salmon salar) Food 

Industry:  A Retrospective Study.30 

Salmon fresh 

and smoke 

fillets 

tetC, tetD, tetK, 

tetL, tetS,aadA, 

strA, aacC2, 

aphA1, aphA2, 

cmlA1, catI, 

catII, cfr, 

optrA, poxtA  

qPCR, 

metagenomics 

This retrospective study 

investigated the trend of 

antibiotic resistance genes 

in Listeria monocytogenes 

isolates from Atlantic 

salmon products and 

environmental samples 

over 15 years, finding  
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Figure 1. From Farm Antibiotics to Children’s Gut Health 

 

Tabel 1. Recent Studies of ARGs Source in Foods (Continue…) 

Study Title Food type Detected 

ARGs 

Methodology Main Findings 

    significant resistance to 

various antibiotics and a 

consistent increase in 

resistance due to improper 

antimicrobial use. 

Detection of Antibiotic Resistance Genes 

in Escherichia coli Isolated from Chicken 

Eggs.15 

 

 

 

 

 

 

Eggs tetA, tetB, 

gyrA 

qPCR, 

metagenomics 

High resistance rates were 

observed in E. coli isolates 

against various antibiotics, 

with 57.78% resistance to 

ciprofloxacin being the 

highest. PCR analysis 

showed that 82.22% of 

isolates carried the 

tetracycline resistance gene 

(tetA), 71.11% carried 

(tetB), and all isolates 

carried the quinolone 

resistance gene (gyrA). 

Presence of antimicrobial resistance in 

coliform bacteria from hatching broiler 

eggs with emphasis on ESBL/AmpC-

producing bacteria.6 

Eggs blaSHV–12, 

blaTEM–52, 

blaACT–39 

qPCR, 

metagenomics 

The study investigates the 

presence of antimicrobial-

resistant coliform bacteria 

in broiler hatching eggs, 

finding that approximately 

30% of isolates are resistant 

to certain antibiotics and 

confirming the presence of 

ESBL-producing bacteria, 

highlighting broiler 

hatching eggs as a potential 

source of these resistant 

bacteria for broiler chicks. 
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Dietary exposure to ARGs in children has 

significant implications for treatment efficacy and 

immunological development.10 If resistance traits 

get integrated into the microbiome, future antibiotic 

treatments may be less efficacious, heightening the 

risk of therapeutic failure.42,48,49 This may result in 

prolonged illness durations, complications, or 

dependence on last-resort antibiotics.49,50 

Furthermore, dysbiotic changes caused by ARG-

carrying bacteria may modify gut-immune 

interactions, which are particularly vital in early life 

for developing immunological tolerance and 

preventing inflammatory disorders.43,50 

Implications for Gut Microbiota in Children 

Antibiotic use within livestock and poultry 

farming practices, especially for growth stimulation 

and disease prophylaxis, has amplified the 

proliferation of ARGs in the food chain.14 Meats, 

dairy products, and eggs are some of the animal-

derived foods that often contain antibiotic-resistant 

bacteria along with mobile ARGs.26,31 Child 

population is considered one of the most vulnerable 

groups and in this case, they are especially at risk due 

to relatively greater consumption of milk and 

protein-rich products per unit of body weight and 

their developing physiological systems.32,42,43 

Once absorbed, antibiotic resistance genes 

ARGs may interact with the child’s gut microbiota 

through various mechanisms on contaminated 

livestock products.42 The gastrointestinal tract, 

primarily during the formative years of life, offers a 

liquid environment that is propitious for HGT to 

occur.44 This includes processes such as conjugation 

(genetic material is directly transferred from one 

bacterial cell to another), transduction (mediated 

through viruses that infect bacteria known as 

phages), and transformation (where the bacteria take 

in foreign DNA found within its surroundings).45 

These ways embed ARGS into ordinary bacteria like 

obligate anaerobic commensal Escherichia coli, 

Bacteroides, and Enterococcus species.51 Many 

young infants and toddlers have not fully developed 

their gut microbiome and thus possess and have low 

microbial diversity, which may promote 

colonization of in resistant strains.34 

Establishing ARGs in the early-life 

microbiome poses threat to short or long-term 

health.43,47 The infant gut microbiome has certain 

stages of colonization, so any newly introduced 

ARGs will always disrupt metabolic succession and 

stimulate gut microbial succession.46 Introduction of 

ARGs at this time may hinder normal succession, 

inhibit fragments of versions of microbes that serve 

host functions, and accelerate opportunistic or 

antibiotic resistants version of microbes to 

dominate.52 Changes of this nature can severely 

interfere with short chain fatty acid synthesis, disrupt 

gut barrier strength, activate immune signaling sas 

and cause alterations on overall effect of the immune 

system and metabolism.10,52 (Table 2) 

Increased risk of infections is one of the 

most immediate clinical consequences of this type of 

colonization.47 The resistant strains that survive in 

the gastrointestinal tract can serve as reservoirs for 

potential systemic infections, such as urinary tract 

infections, bloodstream infections, or other 

gastrointestinal diseases, especially when the host is 

immunocompromised.53 These infections may be 

difficult to manage because there is resistance to 

standard treatment, requiring costlier and more 

harmful substitutes.47,48,54 In addition, the presence 

of ARGs among the commensal flora may render 

some antibiotic treatment less effective because 

resistance genes can either deactivate antiobiotics or 

expel them from the bacterial cell before any 

therapeutic action can take place.11,32,53 This is 

particularly concerning in pediatric populations, 

where antibiotics are often prescribed empirically, 

and where the dosing schedules are directly 

proportional to age and weight.48,50,54,55 

Beyond infection control, ARGs in gut may 

also contribute to immune dysregulation.53,56 The 

early microbiota plays a pivotal role in educating the 

immune system, helping it distinguish between 

harmless commensals and pathogenic threats.57 

Disruption of this process—through exposure to 

ARG-carrying pathogens or commensals—may 

skew immune development toward pro-

inflammatory or allergic phenotypes.58 Several 

studies have proposed associations between early-

life dysbiosis and the onset of conditions such as 

asthma, eczema, type 1 diabetes, and inflammatory 

bowel disease, although the role of ARGs in these 

processes remains an area of active investigation.57–

59 

Infants possess metabolic and 

developmental characteristics that differ from older 

children, rendering them more vulnerable to the 

effects of dietary exposure to antimicrobial 

resistance genes (ARGs).10,19 During early life, rapid 

growth and the maturation of organ systems place 

substantial metabolic demands on the host. .60–62 At 

this stage, the gut microbiota remains limited in 

diversity and highly responsive to external inputs, 

such that even modest alterations in microbial 

composition may influence nutrient processing and 

metabolic function.10,48,63 The infant gut relies on 

microbial fermentation to produce short-chain fatty 

acids (SCFAs), which support epithelial integrity, 

mucosal immunity, and energy regulation.64 

Exposure to ARG-carrying bacteria or extracellular 

DNA has the potential to disturb these fermentative 

pathways, modify SCFA profiles, and reduce 
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mucosal protection, thereby contributing to 

inefficient energy utilization and increased 

susceptibility to inflammatory processes.10,42,48 In 

contrast, older children exhibit greater microbial 

diversity and a more stable gut ecosystem, which 

affords partial resilience against dietary 

disturbances.64,65 Nonetheless, continued intake of 

ARGs from livestock-derived foods may contribute 

to low-grade dysbiosis and subtle shifts in metabolic 

pathways.10,50 Evidence from pediatric microbiome 

studies indicates that prolonged ARG exposure can 

affect bile acid metabolism, insulin sensitivity, and 

lipid regulation, linking early-life resistome 

enrichment with heightened metabolic risk later in 

childhood.66,67 

Mechanistically, ARGs located on mobile 

genetic elements can alter the functional capacity of 

commensal microbes by influencing pathways 

involved in carbohydrate fermentation and amino 

acid metabolism.68–70 These genomic shifts may 

reduce microbial efficiency, diminish diversity, and 

limit the production of metabolites essential for 

maintaining homeostasis. In infants, such 

disturbances may have longer-term implications due 

to the ongoing development of metabolic and 

immune systems.10,70 Taken together, these 

observations underscore that the metabolic 

consequences of dietary ARG exposure vary across 

developmental stages.62,71 Infancy represents a 

period of heightened susceptibility due to rapid 

physiological development and an evolving gut 

microbiome.70 Reducing ARG exposure during this 

window is therefore essential for supporting normal 

metabolic and immunological maturation.10,38,63,70 
 

Tabel 2. How Antibiotics Affected Gut microbiome in Children 

Authors Study title Design 

Study 

Populations Results 

Samarra A et 

al. 2024.49 

Unravelling the evolutionary 

dynamics of antibiotic 

resistance genes in the infant 

gut microbiota during the 

first four months of life 

Cohort 

Study 

72 infants 

during their 

first months 

of life (7 

days, 1, 2, 

and 4 

months) 

An increase in antibiotic resistance was 

observed over the first four months of life, 

with delivery mode playing a fundamental 

role in shaping resistance profiles. Feeding 

methods were also found to influence the 

development of the resistome, with 

significant shifts in resistance gene 

composition over time and differences 

based on feeding type. 

Trosvik P et 

al. 2024.48 

Antibiotic resistance gene 

dynamics in the commensal 

infant gut microbiome over 

the first year of life 

Longitudi

nal 

Cohort 

12 infants 

over 1 year 

Revealed high carriage of ARGs and 

pathobionts in the infant gut microbiome, 

with implications for horizontal gene 

transfer and long-term health outcomes. 

Li x et al. 

2024.50 

Co-localization of antibiotic 

resistance genes is 

widespread in the infant gut 

microbiome and associates 

with an immature gut 

microbial composition 

Cohort 

study 

662 Danish 

children 

Found that co-localization of ARGs with 

other resistance and virulence genes is 

common in the early gut microbiome and 

is associated with gut bacteria indicative 

of low maturity, suggesting potential risks 

for health. 

Schwartz, 

Drew J et al. 

2023.72 

Effect of amoxicillin on the 

gut microbiome of children 

with severe acute 

malnutrition in Madarounfa, 

Niger: a retrospective 

metagenomic analysis of a 

placebo-controlled trial 

Randomi

zed 

controlle

d trial 

(RCT) 

301 children 

aged 6 to 59 

months. 

Amoxicillin increased gut antibiotic 

resistance gene abundance to 6044 reads 

per kilobase million (95% CI 4704–7384) 

at week 1, up from 4800 (3391–6208) at 

baseline, which returned to baseline 3 

weeks later 

Doan T et 

al.2024.73 

Gut Microbiome Diversity 

and Antimicrobial 

Resistance After a Single 

Dose of Oral Azithromycin 

in Children: A Randomized 

Placebo-Controlled Trial. 

randomiz

ed, 

placebo-

controlle

d trial 

450 children  A single dose of oral azithromycin in 

children aged 8 days to 59 months 

transiently decreased gut microbiome 

diversity and increased macrolide 

resistance determinants at 2 weeks, but 

these effects were not detectable at 6 

months, indicating temporary disruptions. 

Lebeaux, R 

et al. 2022.55 

Impact of antibiotics on off-

target infant gut microbiota 

and resistance genes in 

cohort studies. 

Cohort 

study 

Over 200 

infants 

Infants who attended day care and were 

exposed to antibiotics within the first year 

had a higher abundance of Escherichia 

coli and antibiotic resistance genes 
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Emerging information about dietary ARG 

exposure underscores the imperative to integrate 

antibiotic resistance issues into food safety and 

public health policy.  Implementing more stringent 

rules on antibiotic usage in animal agriculture, 

particularly the prohibition of non-therapeutic drugs, 

is crucial for diminishing the prevalence of 

antibiotic-resistant genes in livestock products.  

Children dietary guidelines and clinical practices 

should consider the possible dangers linked to ARGs 

in frequently ingested foods, particularly during 

early developmental phases when the gut microbiota 

is still establishing.  The food business must adopt 

antibiotic-free production processes and ensure 

hygienic processing to reduce ARG contamination.  

Addressing dietary ARG exposure underscores the 

significance of a One Health approach that 

amalgamates human, animal, and environmental 

health interventions.  Ultimately, these findings 

underscore the necessity for concerted, multisectoral 

efforts to avert ARG spread throughout the food 

chain and safeguard children's health from the 

subsequent consequences of antibiotic resistance. 
 

RESEARCH GAPS IDENTIFIED 

Acknowledged risks of ARGs propagating 

through the food chain are becoming more 

recognized. However, their associated risks remain 

inadequately researched. Causal relationships are 

rarely longitudinal, as dietary ARG intake's 

influence on gut microbiome health in children is 

unexplained. There are gaps in monitoring and 

reporting ARGs in food products, as no standardized 

protocols exist for livestock-derived food products, 

which enables fragmented surveillance. Existing 

studies tend to utilize in vitro and animal testing. 

There is a distinct lack of human in vivo studies 

evaluating the persistence and transfer of ARGs 

within the gastrointestinal tract after ingestion. 

Moreover, resistome research that analyses dietary 

patterns among children is rather underdeveloped, 

impeding the understanding of daily food 

consumption and ARG exposure. Dietary trials 

aiming to lower ARGs in diet or through dietary 

regulation are also lacking in literature, signifying a 

gap in applied research. 

 

CONCLUSION 

Consuming livestock products that contain 

antimicrobial resistance genes (ARGs) provides a 

clear pathway for these genes to reach the gut 

microbiota of children. As discussed in this review, 

antibiotics used in livestock production can enrich 

ARGs within animal microbiota, and these genes 

may persist in meat, milk, and eggs even after 

processing. ARGs carried by bacteria or 

extracellular DNA can survive the digestive tract and 

interact with the gut microbiome through well-

recognized mechanisms of horizontal gene transfer, 

including conjugation, transformation, and 

transduction. 

Children—especially infants—are more 

vulnerable to these exposures because their gut 

microbiota is still developing and their immune and 

metabolic systems are not yet mature. These 

conditions create an environment in which ARGs 

can be more easily integrated into the gut ecosystem, 

potentially influencing future responses to infection 

and antibiotic treatment. The long-term implications 

include a higher likelihood of resistant infections, 

reduced treatment effectiveness, and disturbances in 

immune or metabolic development. 

Taken together, the evidence highlights the 

importance of reducing dietary exposure to ARGs 

and strengthening oversight within the food 

production chain. Addressing this issue requires 

cooperation across public health, agriculture, and 

clinical sectors. Future research should clarify levels 

of exposure, track how ARGs move within the 

human body, and evaluate how dietary or policy 

changes might reduce these risks. 

 

REFERENCES 

1. Tang KWK, Millar BC, Moore JE. 

Antimicrobial Resistance (AMR). Br J Biomed 

Sci. 2023;80. doi:10.3389/bjbs.2023.11387 

2. Ali Mirza S, Liaqat I, Awan MUF, Afzaal M. 

Long-range transport of antibiotics and 

AMR/ARGs. In: Antibiotics and Antimicrobial 

Resistance Genes in the Environment. Elsevier; 

2020:117-125. doi:10.1016/B978-0-12-818882-

8.00007-3 

3. Ramamurthy T, Ghosh A, Chowdhury G, 

Mukhopadhyay AK, Dutta S, Miyoshi S inchi. 

Deciphering the genetic network and 

programmed regulation of antimicrobial 

resistance in bacterial pathogens. Front Cell 

Infect Microbiol. 2022;12. 

doi:10.3389/fcimb.2022.952491 

4. Giacometti F, Shirzad-Aski H, Ferreira S. 

Antimicrobials and Food-Related Stresses as 

Selective Factors for Antibiotic Resistance along 

the Farm to Fork Continuum. Antibiotics. 

2021;10(6):671. 

doi:10.3390/antibiotics10060671 

5. Malagón-Rojas JN, Parra Barrera EL, Lagos L. 

From environment to clinic: the role of 

pesticides in antimicrobial resistance. Revista 

Panamericana de Salud Pública. 2020;44:1. 

doi:10.26633/RPSP.2020.44 

6. Mezhoud H, Chantziaras I, Iguer-Ouada M, et al. 

Presence of antimicrobial resistance in coliform 

bacteria from hatching broiler eggs with 

emphasis on ESBL/AmpC-producing bacteria. 



 Journal of Nutrition College, Volume 15, Nomor 2, Tahun 2026, 113 

Copyright 2026, P-ISSN: 2337-6236; E-ISSN: 2622-884X 

This is an open access article under the CC BY-SA License(https://creativecommons.org/licenses/by-sa/4.0/) 

Avian Pathology. 2016;45(4):493-500. 

doi:10.1080/03079457.2016.1167837 

7. Owoseni AA, Adigun TO, Asogbon OH, 

Atobatele BO, Adeleke OA, Nejo YT. Presence 

of Antibiotic Resistance Genes in Bacteria 

Isolated from Raw Cow Milk obtained from 

Bowen University Dairy Farm. IOP Conf Ser 

Earth Environ Sci. 2023;1219(1):012004. 

doi:10.1088/1755-1315/1219/1/012004 

8. Momtaz H, Rahimi E, Moshkelani S. Molecular 

detection of antimicrobial resistance genes in E. 

coli isolated from slaughtered commercial 

chickens in Iran. Vet Med (Praha). 

2012;57(4):193-197. doi:10.17221/5916-

VETMED 

9. Pławińska-Czarnak J, Wódz K, Kizerwetter-

Świda M, et al. Multi-Drug Resistance to 

Salmonella spp. When Isolated from Raw Meat 

Products. Antibiotics. 2022;11(7):876. 

doi:10.3390/antibiotics11070876 

10. Theophilus RJ, Taft DH. Antimicrobial 

Resistance Genes (ARGs), the Gut Microbiome, 

and Infant Nutrition. Nutrients. 

2023;15(14):3177. doi:10.3390/nu15143177 

11. Zhou Z, Chen H. Evaluating human exposure to 

antibiotic resistance genes. Biosaf Health. 

2024;6(2):98-100. 

doi:10.1016/j.bsheal.2024.02.005 

12. AKAGAWA S, AKAGAWA Y, YAMANOUCHI 

S, KIMATA T, TSUJI S, KANEKO K. 

Development of the gut microbiota and 

dysbiosis in children. Biosci Microbiota Food 

Health. 2021;40(1):12-18. 

doi:10.12938/bmfh.2020-034 

13. Tan R, Jin M, Chen Z, et al. Exogenous 

antibiotic resistance gene contributes to 

intestinal inflammation by modulating the gut 

microbiome and inflammatory cytokine 

responses in mouse. Gut Microbes. 2023;15(1). 

doi:10.1080/19490976.2022.2156764 

14. Kim J, Ahn J. Emergence and spread of 

antibiotic-resistant foodborne pathogens from 

farm to table. Food Sci Biotechnol. 

2022;31(12):1481-1499. doi:10.1007/s10068-

022-01157-1 

15. Sultana T, Bhuyan AAM, Hossain KMM. 

Detection of Antibiotic Resistance Genes in 

Escherichia coli Isolated from Chicken Eggs. 

Journal of Science and Technology Research. 

2024;5(1):135-142. 

doi:10.3329/jscitr.v5i1.74013 

16. Liu H, Dong L, Zhao Y, et al. Antimicrobial 

Susceptibility, and Molecular Characterization 

of Staphylococcus aureus Isolated From 

Different Raw Milk Samples in China. Front 

Microbiol. 2022;13. 

doi:10.3389/fmicb.2022.840670 

17. Vidovic N, Vidovic S. Antimicrobial Resistance 

and Food Animals: Influence of Livestock 

Environment on the Emergence and 

Dissemination of Antimicrobial Resistance. 

Antibiotics. 2020;9(2):52. 

doi:10.3390/antibiotics9020052 

18. Kaur K, Singh S, Kaur R. Impact of antibiotic 

usage in food-producing animals on food safety 

and possible antibiotic alternatives. The 

Microbe. 2024;4:100097. 

doi:10.1016/j.microb.2024.100097 

19. Yuan M, Huang Z, Malakar PK, Pan Y, Zhao Y, 

Zhang Z. Antimicrobial resistomes in food chain 

microbiomes. Crit Rev Food Sci Nutr. 

2024;64(20):6953-6974. 

doi:10.1080/10408398.2023.2177607 

20. Aminzare M, Mohammadi M, Hashemi M, et al. 

Residual antibiotics as an alarming health threat 

for human; A systematic study and meta-analysis 

in Iranian animal food products. J Agric Food 

Res. 2024;18:101435. 

doi:10.1016/j.jafr.2024.101435 

21. Kerek Á, Németh V, Szabó Á, et al. Monitoring 

Changes in the Antimicrobial-Resistance Gene 

Set (ARG) of Raw Milk and Dairy Products in a 

Cattle Farm, from Production to Consumption. 

Vet Sci. 2024;11(6):265. 

doi:10.3390/vetsci11060265 

22. ChajÄTMcka-Wierzchowska W, Zadernowska 

A, Ĺ�aniewska-Trokenheim Ĺ. Staphylococcus 

Aureus from Ready-To-Eat Food as a Source af 

Multiple Antibiotic Resistance Genes. CBU 

International Conference Proceedings. 

2017;5:1108-1112. doi:10.12955/cbup.v5.1079 

23. Liu J, Zhu Y, Jay-Russell M, Lemay DG, Mills 

DA. Reservoirs of antimicrobial resistance 

genes in retail raw milk. Microbiome. 

2020;8(1):99. doi:10.1186/s40168-020-00861-6 

24. James C, Dixon R, Talbot L, James SJ, Williams 

N, Onarinde BA. Assessing the Impact of Heat 

Treatment of Food on Antimicrobial Resistance 

Genes and Their Potential Uptake by Other 

Bacteria—A Critical Review. Antibiotics. 

2021;10(12):1440. 

doi:10.3390/antibiotics10121440 

25. Nawaz MA, Mesnage R, Tsatsakis AM, et al. 

Addressing concerns over the fate of DNA 

derived from genetically modified food in the 

human body: A review. Food and Chemical 

Toxicology. 2019;124:423-430. 

doi:10.1016/j.fct.2018.12.030 

26. Aarts H, Margolles A. Antibiotic resistance 

genes in food and gut (non-pathogenic) bacteria. 

Bad genes in good bugs. Front Microbiol. 

2015;5. doi:10.3389/fmicb.2014.00754 

27. Abdelkarim EA, Hafez AEE, Hussein MA, 

Elsamahy TS. Prevalence of Escherichia coli in 



Journal of Nutrition College, Volume 15, Nomor 2, Tahun 2026, 114 

Copyright 2026, P-ISSN: 2337-6236; E-ISSN: 2622-884X 

This is an open access article under the CC BY-SA License(https://creativecommons.org/licenses/by-sa/4.0/) 

Marked Poultry Carcasses in Egypt. Adv Anim 

Vet Sci. 2020;8(1s). 

doi:10.17582/journal.aavs/2020/8.s1.55.61 

28. Chajęcka‐Wierzchowska W, Zadernowska A, 

Łaniewska‐Trokenheim Ł. Diversity of 

Antibiotic Resistance Genes in Enterococcus 

Strains Isolated from Ready‐to‐Eat Meat 

Products. J Food Sci. 2016;81(11). 

doi:10.1111/1750-3841.13523 

29. Wu J, Su Y, Deng Y, et al. Prevalence and 

distribution of antibiotic resistance in marine 

fish farming areas in Hainan, China. Science of 

The Total Environment. 2019;653:605-611. 

doi:10.1016/j.scitotenv.2018.10.251 

30. Ferri G, Lauteri C, Festino AR, Vergara A. ARGs 

Detection in Listeria Monocytogenes Strains 

Isolated from the Atlantic Salmon (Salmo salar) 

Food Industry: A Retrospective Study. 

Microorganisms. 2023;11(6):1509. 

doi:10.3390/microorganisms11061509 

31. de Alcântara Rodrigues I, Ferrari RG, 

Panzenhagen PHN, Mano SB, Conte-Junior CA. 

Antimicrobial resistance genes in bacteria from 

animal-based foods. In: 2020:143-183. 

doi:10.1016/bs.aambs.2020.03.001 

32. Yallapragada SG, Nash CB, Robinson DT. 

Early-Life Exposure to Antibiotics, Alterations 

in the Intestinal Microbiome, and Risk of 

Metabolic Disease in Children and Adults. 

Pediatr Ann. 2015;44(11). 

doi:10.3928/00904481-20151112-09 

33. Simon DA, Kellermayer R. Disturbed Pediatric 

Gut Microbiome Maturation in the 

Developmental Origins of Subsequent Chronic 

Disease. J Pediatr Gastroenterol Nutr. 

2023;76(2):123-127. 

doi:10.1097/MPG.0000000000003664 

34. Azad MB, Moossavi S, Owora A, Sepehri S. 

Early-Life Antibiotic Exposure, Gut Microbiota 

Development, and Predisposition to Obesity. In: 

2017:67-80. doi:10.1159/000455216 

35. Blanco-Picazo P, Gómez-Gómez C, Morales-

Cortes S, Muniesa M, Rodríguez-Rubio L. 

Antibiotic resistance in the viral fraction of dairy 

products and a nut-based milk. Int J Food 

Microbiol. 2022;367:109590. 

doi:10.1016/j.ijfoodmicro.2022.109590 

36. Gréta Tóth A, Csabai I, Krikó E, et al. Raw milk 

for human consumption may carry antimicrobial 

resistance genes. Preprint posted online 

November 25, 2019. doi:10.1101/853333 

37. Headey D, Hirvonen K, Hoddinott J. Animal 

Sourced Foods and Child Stunting. Am J Agric 

Econ. 2018;100(5):1302-1319. 

doi:10.1093/ajae/aay053 

38. Tang M, Griese KE, Krebs NF. Dietary Intakes 

of Formula‐Fed Infants Consuming a Meat‐ or 

Dairy‐Based Complementary Diet: A Semi‐

Controlled Feeding Trial. The FASEB Journal. 

2016;30(S1). 

doi:10.1096/fasebj.30.1_supplement.151.8 

39. Zhang YJ, Hu HW, Chen QL, et al. Transfer of 

antibiotic resistance from manure-amended soils 

to vegetable microbiomes. Environ Int. 

2019;130:104912. 

doi:10.1016/j.envint.2019.104912 

40. Hölzel CS, Tetens JL, Schwaiger K. Unraveling 

the Role of Vegetables in Spreading 

Antimicrobial-Resistant Bacteria: A Need for 

Quantitative Risk Assessment. Foodborne 

Pathog Dis. 2018;15(11):671-688. 

doi:10.1089/fpd.2018.2501 

41. Gudda FO, Waigi MG, Odinga ES, Yang B, 

Carter L, Gao Y. Antibiotic-contaminated 

wastewater irrigated vegetables pose resistance 

selection risks to the gut microbiome. 

Environmental Pollution. 2020;264:114752. 

doi:10.1016/j.envpol.2020.114752 

42. Pärnänen KM, Hultman J, Markkanen M, et al. 

Early-life formula feeding is associated with 

infant gut microbiota alterations and an 

increased antibiotic resistance load. Am J Clin 

Nutr. 2022;115(2):407-421. 

doi:10.1093/ajcn/nqab353 

43. Casaburi G, Duar R, Henrick B, Frese S. A 

Microbiome-Based Solution to Address 

Alarming Levels of Drug-Resistant Bacteria in 

the Newborn Infant Gut. Infect Control Hosp 

Epidemiol. 2020;41(S1):s439-s439. 

doi:10.1017/ice.2020.1106 

44. von Wintersdorff CJH, Penders J, van Niekerk 

JM, et al. Dissemination of Antimicrobial 

Resistance in Microbial Ecosystems through 

Horizontal Gene Transfer. Front Microbiol. 

2016;7. doi:10.3389/fmicb.2016.00173 

45. Lerminiaux NA, Cameron ADS. Horizontal 

transfer of antibiotic resistance genes in clinical 

environments. Can J Microbiol. 2019;65(1):34-

44. doi:10.1139/cjm-2018-0275 

46. Choure AC, B. Dohe V, S. Mudshingkar S, S. 

Palewar M, R. Bhardwaj R. Multidrug Resistant 

Bacteria in Pediatric Patients: A Therapeutic 

Nightmare. Int J Curr Microbiol Appl Sci. 

2018;7(10):2392-2396. 

doi:10.20546/ijcmas.2018.710.277 

47. Folgori L, Bielicki J. Future Challenges in 

Pediatric and Neonatal Sepsis: Emerging 

Pathogens and Antimicrobial Resistance. J 

Pediatr Intensive Care. 2019;08(01):017-024. 

doi:10.1055/s-0038-1677535 

48. Trosvik P, Noordzij HT, de Muinck EJ. 

Antibiotic resistance gene dynamics in the 

commensal infant gut microbiome over the first 



 Journal of Nutrition College, Volume 15, Nomor 2, Tahun 2026, 115 

Copyright 2026, P-ISSN: 2337-6236; E-ISSN: 2622-884X 

This is an open access article under the CC BY-SA License(https://creativecommons.org/licenses/by-sa/4.0/) 

year of life. Sci Rep. 2024;14(1):18701. 

doi:10.1038/s41598-024-69275-w 

49. Samarra A, Cabrera-Rubio R, Martínez-Costa C, 

Collado MC. Unravelling the evolutionary 

dynamics of antibiotic resistance genes in the 

infant gut microbiota during the first four 

months of life. Ann Clin Microbiol Antimicrob. 

2024;23(1):72. doi:10.1186/s12941-024-00725-

z 

50. Li X, Brejnrod A, Trivedi U, et al. Co-

localization of antibiotic resistance genes is 

widespread in the infant gut microbiome and 

associates with an immature gut microbial 

composition. Microbiome. 2024;12(1):87. 

doi:10.1186/s40168-024-01800-5 

51. Forster SC, Liu J, Kumar N, et al. Strain-level 

characterization of broad host range mobile 

genetic elements transferring antibiotic 

resistance from the human microbiome. Nat 

Commun. 2022;13(1):1445. 

doi:10.1038/s41467-022-29096-9 

52. Trosvik P, Noordzij HT, de Muinck EJ. 

Antibiotic resistance gene dynamics in the 

commensal infant gut microbiome over the first 

year of life. Sci Rep. 2024;14(1):18701. 

doi:10.1038/s41598-024-69275-w 

53. Medernach RL, Logan LK. The Growing Threat 

of Antibiotic Resistance in Children. Infect Dis 

Clin North Am. 2018;32(1):1-17. 

doi:10.1016/j.idc.2017.11.001 

54. Thänert R, Sawhney SS, Schwartz DJ, Dantas G. 

The resistance within: Antibiotic disruption of 

the gut microbiome and resistome dynamics in 

infancy. Cell Host Microbe. 2022;30(5):675-

683. doi:10.1016/j.chom.2022.03.013 

55. Lebeaux RM, Madan JC, Nguyen QP, et al. 

Impact of antibiotics on off-target infant gut 

microbiota and resistance genes in cohort 

studies. Pediatr Res. 2022;92(6):1757-1766. 

doi:10.1038/s41390-022-02104-w 

56. Tan R, Jin M, Chen Z, et al. Exogenous 

antibiotic resistance gene contributes to 

intestinal inflammation by modulating the gut 

microbiome and inflammatory cytokine 

responses in mouse. Gut Microbes. 2023;15(1). 

doi:10.1080/19490976.2022.2156764 

57. Shi N, Li N, Duan X, Niu H. Interaction between 

the gut microbiome and mucosal immune 

system. Mil Med Res. 2017;4(1):14. 

doi:10.1186/s40779-017-0122-9 

58. Li X, Stokholm J, Brejnrod A, et al. The Infant 

Gut Resistome is Shaped by Environmental 

Exposures, and Associates with Gut Bacterial 

Maturity and Asthma-Associated Bacterial 

Composition. SSRN Electronic Journal. 

Published online 2021. 

doi:10.2139/ssrn.3762767 

59. Laforest-Lapointe I, Arrieta MC. Patterns of 

Early-Life Gut Microbial Colonization during 

Human Immune Development: An Ecological 

Perspective. Front Immunol. 2017;8. 

doi:10.3389/fimmu.2017.00788 

60. Ferri M, Ranucci E, Romagnoli P, Giaccone V. 

Antimicrobial resistance: A global emerging 

threat to public health systems. Crit Rev Food 

Sci Nutr. 2017;57(13):2857-2876. 

doi:10.1080/10408398.2015.1077192 

61. Velazquez-Meza ME, Galarde-López M, 

Carrillo-Quiróz B, Alpuche-Aranda CM. 

Antimicrobial resistance: One Health approach. 

Vet World. Published online March 28, 

2022:743-749. 

doi:10.14202/vetworld.2022.743-749 

62. Tiedje JM, Fu Y, Mei Z, et al. Antibiotic 

resistance genes in food production systems 

support One Health opinions. Curr Opin 

Environ Sci Health. 2023;34:100492. 

doi:10.1016/j.coesh.2023.100492 

63. Ding Y, Jiang X, Wu J, et al. Synergistic 

horizontal transfer of antibiotic resistance genes 

and transposons in the infant gut microbial 

genome. mSphere. 2024;9(1). 

doi:10.1128/msphere.00608-23 

64. Hsu CY, Khachatryan LG, Younis NK, et al. 

Microbiota-derived short chain fatty acids in 

pediatric health and diseases: from gut 

development to neuroprotection. Front 

Microbiol. 2024;15. 

doi:10.3389/fmicb.2024.1456793 

65. Hollister EB, Riehle K, Luna RA, et al. Structure 

and function of the healthy pre-adolescent 

pediatric gut microbiome. Microbiome. 

2015;3(1):36. doi:10.1186/s40168-015-0101-x 

66. Chen RA, Wu WK, Panyod S, et al. Dietary 

Exposure to Antibiotic Residues Facilitates 

Metabolic Disorder by Altering the Gut 

Microbiota and Bile Acid Composition. 

mSystems. 2022;7(3). 

doi:10.1128/msystems.00172-22 

67. Park H, Park NY, Koh A. Scarring the early-life 

microbiome: its potential life-long effects on 

human health and diseases. BMB Rep. 

2023;56(9):469-481. 

doi:10.5483/BMBRep.2023-0114 

68. Kumavath R, Gupta P, Tatta ER, Mohan MS, 

Salim SA, Busi S. Unraveling the role of mobile 

genetic elements in antibiotic resistance 

transmission and defense strategies in bacteria. 

Frontiers in Systems Biology. 2025;5. 

doi:10.3389/fsysb.2025.1557413 

69. Cross BJ, Partridge SR, Sheppard AE. Impacts 

of mobile genetic elements on antimicrobial 

resistance genes in gram-negative pathogens: 

Current insights and genomic approaches. 



Journal of Nutrition College, Volume 15, Nomor 2, Tahun 2026, 116 

Copyright 2026, P-ISSN: 2337-6236; E-ISSN: 2622-884X 

This is an open access article under the CC BY-SA License(https://creativecommons.org/licenses/by-sa/4.0/) 

Microbiol Res. 2026;302:128340. 

doi:10.1016/j.micres.2025.128340 

70. Farooq S, Talat A, Dhariwal A, Petersen FC, 

Khan AU. Transgenerational gut dysbiosis: 

Unveiling the dynamics of antibiotic resistance 

through mobile genetic elements from mothers 

to infants. Int J Antimicrob Agents. 

2025;65(5):107458. 

doi:10.1016/j.ijantimicag.2025.107458 

71. Udit Jain G, Barkha Sharma P, Ravi A. One 

Health Perspective on Antimicrobial Resistance. 

Indian Journal of Veterinary Public Health. 

2023;9(2):12-19. 

doi:10.62418/ijvph.9.2.2023.12-19 

72. Oldenburg CE, Hinterwirth A, Dah C, et al. Gut 

Microbiome among Children with 

Uncomplicated Severe Acute Malnutrition in a 

Randomized Controlled Trial of Azithromycin 

versus Amoxicillin. Am J Trop Med Hyg. 

2023;108(1):206-211. doi:10.4269/ajtmh.22-

0381 

73. Doan T, Liu Z, Sié A, et al. Gut Microbiome 

Diversity and Antimicrobial Resistance After a 

Single Dose of Oral Azithromycin in Children: 

A Randomized Placebo-Controlled Trial. Am J 

Trop Med Hyg. 2024;110(2):291-294. 

doi:10.4269/ajtmh.23-0651 

  

 

 

 

 

 

 

 

 

 

 
 


