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Abstract | Antibiotics are widely used in livestock farming to enhance growth and prevent infections. However,
prolonged antibiotic administration has significant implications for gut microbiota composition and overall animal
health. This study investigates the long-term effects of antibiotic use on livestock gut microbiota, focusing on microbial
diversity, nutrient absorption, gastrointestinal health, immune response, and antimicrobial resistance (AIMR). Through
16S rRNA sequencing and PCR-based analysis, we observed a decline in beneficial microbial species, leading to
dysbiosis, impaired feed efficiency, and increased susceptibility to gastrointestinal disorders. Additionally, antibiotic
exposure contributed to the proliferation of antibiotic resistance genes (ARGs), posing a potential risk to both animal
and human health. Our findings underscore the urgent need for alternative strategies, such as probiotics, prebiotics,
and controlled antibiotic usage, to mitigate these adverse effects.
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INTRODUCTION

he prolonged use of antibiotics in livestock has
profound effects on gut microbiota composition,
microbial diversity, and overall animal health. Antibiotics
disrupt the balance of the gut microbiome by selectively
eliminating beneficial bacteria while allowing opportunistic
and pathogenic microbes to proliferate (Kim ez 4/, 2019).

This dysbiosis leads to reduced microbial diversity,
weakened immune responses, and an increased risk of
gastrointestinal disorders (Zhang ez a/.,2020). Furthermore,
prolonged antibiotic exposure promotes the emergence of
antimicrobial-resistant bacteria, posing serious concerns
for both animal and human health due to the potential
transmission of resistant pathogens through the food

chain (Van Boeckel e a/l., 2017). Studies using 16S rRNA
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sequencing have shown that antibiotic-treated livestock
exhibit significant reductions in beneficial bacteria such as
Lactobacillus and Bifidobacterium, alongside an increase
in pathogenic species like Escherichia coli and Clostridium
perfringens (Peng ez a/., 2021). Additionally, antibiotic-
induced microbiota alterations have been linked to
metabolic inefficiencies, resulting in poorer feed conversion
ratios (FCR) and lower weight gain (Fry ez o/, 2018).
Given these adverse effects, there is a growing emphasis
on alternative strategies such as probiotics, prebiotics, and
organic feed additives to maintain gut health and reduce
reliance on antibiotics (Huang ez a/.,2022).

One of the primary effects of long-term antibiotic use
is the reduction in microbial diversity, as seen in studies
using 16S rRNA sequencing (Peng ¢z /., 2021). Beneficial
bacterial species such as Lactobacillus, Bifidobacterium,
and Ruminococcus often decline, while opportunistic
and potentially pathogenic bacteria like Escherichia coli,
Clostridium perfringens, and Salmonella proliferate
(Zhang et al., 2020). This shift in microbial composition
weakens gut homeostasis, making livestock more
susceptible to infections, inflammation, and metabolic
disorders.

The gut microbiota is essential for breaking down
complex carbohydrates, synthesizing essential vitamins,
and regulating short-chain fatty acid (SCFA) production,
which plays a key role in energy metabolism. Studies
have shown that antibiotic-treated livestock exhibit lower
SCFA levels, leading to poor feed conversion efficiency and
reduced weight gain (Fry ez a/., 2018). Table 2 indicates
that antibiotic-treated animals had a lower average weight
gain (22.1 kg) compared to the control group (25.4 kg),
with a higher feed conversion ratio (2.1 vs. 1.8), reflecting
less efficient nutrient utilization.

With beneficial bacteria being suppressed, livestock
experience a higher risk of gastrointestinal (GI) disorders
such as diarrhea, inflammation, and dysbiosis. As observed
in Table 2, the incidence of GI disorders in antibiotic-
treated animals was 25% compared to 10% in the control
group, further highlighting the adverse eftects of microbial
imbalance. A disrupted microbiota composition also affects
gut barrier integrity, increasing susceptibility to infections
from pathogenic bacteria.

Gut microbiota plays a significant role in immune
modulation. A reduction in beneficial bacteria impairs
the production of immune-regulating cytokines, making
livestock more vulnerable to diseases. The study by Huang
et al. (2022) showed that long-term antibiotic use leads
to a decline in cytokine levels, which corresponds with
the lower immune response (90 pg/mL vs. 120 pg/mL)
observed in antibiotic-treated livestock (Table 2). This

suggests that antibiotic-induced dysbiosis compromises
immune function, reducing the animal’s ability to fight
infections.

A critical consequence of long-term antibiotic usage is
the selection pressure it creates for antibiotic-resistant
bacteria. Resistant genes such as blaTEM, tetA, and ermB
are significantly higher in antibiotic-treated animals (45%,
30%, and 20%, respectively) compared to the control
group (10%, 5%, and 2%) (Table 3). Additionally, the total
number of resistant isolates increased from 17% in control
animals to 75% in antibiotic-treated livestock. This trend
is concerning, as resistant bacteria can spread to humans
through the food chain, environmental contamination, and
direct contact with farm animals (Van Boeckel ez a/., 2017).

Table 4 further highlights the increasing resistance levels in
bacterial species such as E. coli, Salmonella, and Enterococcus
spp. in antibiotic-treated livestock. For example, E. co/i
resistance increased from 20% in control animals to 65%
in antibiotic-treated animals, with a statistically significant
p-value (0.002). These findings emphasize the growing risk
of antimicrobial resistance (AMR), which is a global public
health threat.

This study was designed to examine the impact of long-
term antibiotic use on gut microbiota diversity in livestock.
Additionally, to assess its effects on livestock health,
growth, and antibiotic resistance.

MATERIALS AND METHODS

STUDY DESIGN

A comparative study will be conducted on livestock
administered long-term antibiotics versus a control group
without antibiotic exposure.

SAMPLE COLLECTION
Fecal samples will be collected at regular intervals from
both groups over a specified period.

MICROBIOTA ANALYSIS

Fecal samples will be subjected to DNA extraction
employing standardized procedures for obtaining high-
quality genetic material to be analyzed. The isolated
DNA will be submitted to 16S rRNA sequencing for the
identification and comparison of microbial communities
in the gut. Through this procedure, changes in microbiota
diversity and composition that occurred as a result of long-
term exposure to antibiotics will be evaluated, revealing
changes in positive and pathogenic bacterial populations.

HEALTH AND GROWTH ASSESSMENT
Body weight of the animals, feed intake, and health
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indicators will be monitored to measure growth
performance due to long-term exposure to antibiotics. The
presence of gastrointestinal diseases and immune reaction
will also be followed to quantify health hazards as a result
of disruption in gut microbiota.

ANTIBIOTIC RESISTANCE TESTING

Antibiotic resistance genes will be detected through PCR
and whole-genome sequencing to identify genetic markers
for resistance. Culture-based approaches will also be used
to evaluate bacterial resistance patterns, offering an overall
picture of how long-term antibiotic consumption affects
antimicrobial resistance in livestock.

STATISTICAL TOOLS

Statistical software like ANOVA will be employed to
contrast microbial diversity, health indices, and resistance
patterns between antibiotic-treated and control groups.
Analysis will assist in identifying significant differences
and correlations and offer insights into the long-term
implications of antibiotic usage on livestock gut microbiota

and general health.
RESULTS AND DISCUSSION

MICROBIAL DIVERSITY ANALYSIS

Microbial diversity analysis by 16S rRNA sequencing
facilitates evaluation of alterations in the composition of
gut microbiota following long-term use of antibiotics. This
technique measures alpha diversity (e.g., Shannon Index)
to quantify species richness and evenness within a sample,
and beta diversity (e.g., Bray-Curtis Dissimilarity) to
analyze the comparison of microbial differences between
groups. The analysis measures changes in the populations
of beneficial and pathogenic bacteria, elucidating the effects
of antibiotics on gut health and microbial equilibrium.

Table 1: Microbial diversity analysis.

Group  Alpha Beta diversi- % Change % Change
diversity  ty (bray-cur- in ben- in path-
(Shannon tis dissimi- eficial ogenic
index) larity) bacteria  bacteria
Control 45+0.3 025+0.02 +12% -5%
Antibiot- 3.2+0.4  0.45£0.03 -20% +30%
ic-treated

The results of microbial diversity analysis reveal that
there is a considerable effect of antibiotic use over a long
term on the gut microbiota composition. Alpha diversity
(Shannon Index) is decreased in the antibiotic-treated
group (3.2+0.4) as compared to the control group (4.5
+ 0.3), indicating a decrease in microbial richness and
evenness after antibiotic exposure. Also, the beta diversity
(Bray-Curtis Dissimilarity) is greater in the antibiotic-

treated group (0.45 = 0.03) compared to the control group
(0.25 + 0.02), demonstrating a larger change in microbial
composition between the two groups.

Additionally, beneficial bacteria declined by 20%, and
increased by 12% in the antibiotic and control groups,
respectively, to demonstrate the detrimental impact of
antibiotics on helpful microbial communities. On the
other hand, pathogenic bacteria increased by 30% in the
antibiotic-treated group but declined by 5% in the control

group.

GROWTH PERFORMANCE AND HEALTH PARAMETERS
Table 2: Growth performance and health parameters.

Group  Average Feed Incidence Immune
weight  conversion of GI response (cy-
gain (kg) ratio (FCR) disorders tokine levels,

(%) pg/mL)

Control 254423 1.8+0.1 10% 120 = 10

Antibiot- 22.1¢2.8 2.1+0.2  25% 90 + 8

ic-treated

'The growth performance and health indicators data show
that long-term antibiotic exposure has a negative impact
on livestock growth and immune response but enhances
gastrointestinal (GI) disease. The mean weight gain of the
antibiotic-treated group (22.1 + 2.8 kg) is less than that
of the control group (25.4 + 2.3 kg), which indicates that
exposure to antibiotics could impair growth efficiency. Also,
the feed conversion ratio (FCR) is greater in the antibiotic
group (2.1 + 0.2) than in the control group (1.8 + 0.1),
reflecting decreased feed efficiency, i.e., animals needed
more feed to gain the same weight.

The frequency of gastrointestinal (GI) diseases is
considerably greater in the antibiotic-treated group (25%)
compared to the control group (10%), possibly because
gut microbiota disruption may result in digestive-related
problems. In addition, the immune system, as expressed
through cytokine levels, is less favorable in the antibiotic-
treated group (90 + 8 pg/mL) than in the control group
(120 + 10 pg/mL). This indicates that long-term antibiotic
treatment could dampen immune response, predisposing
livestock to disease and infection.

ANTIBIOTIC RESISTANCE GENE DETECTION (PCR AND
WHOLE-GENOME SEQ_UENCING)
Table 3: Antibiotic resistance gene detection.

Group Resist- Resistance Resistance Total
ance gene  genetetA gene ermB resistant
blaTEM (%) (%) (%) isolates (%)
Control  10% 5% 2% 17%
Antibiot- 45% 30% 20% 75%
ic-treated
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Figure 1: Antibiotic resistance gene detection.

The results of the detection of antibiotic resistance genes
indicate a high level of resistance in the antibiotic-treated
group as compared to the control group. The incidence
of the blaTEM gene, which is responsible for resistance
to beta-lactam antibiotics, is considerably higher in the
antibiotic-treated group (45%) than in the control group
(10%). In like manner, the tetA gene, which is linked with
tetracycline resistance, is found in 30% of the antibiotic-
treated isolates, whereas in the control group, it is found
only in 5%. The ermB gene, which is responsible for
macrolide resistance, is also found more frequently in the
antibiotic-treated population (20%) than in the control
population (2%).

In general, the overall proportion of resistant isolates
is considerably greater in the antibiotic-treated group
(75%) than in the control group (17%). This indicates that
extensive exposure to antibiotics favors the growth and
development of antibiotic-resistant bacteria in livestock.
This poses serious concerns regarding the transmission of

Table 4: Bacterial resistance patterns
Bacterial species Control (Re- Antibiotic-treated p

sistance %)  (Resistance %) value
E. coli 20 65% 0.002
Salmonella spp. 15 50% 0.005
Enterococcus spp. 25 70% 0.001

'The information on resistance patterns of bacteria shows a
dramatic increase in antibiotic resistance among bacterial
isolates in the antibiotic-treated group as opposed to the
control group. Resistance in E. co/i is much greater in the
antibiotic-treated group (65%) than in the control group
(20%), with a statistically significant p-value 0o£0.002, which
indicates that exposure to antibiotics selects intensely for
resistant isolates. The same is the case for Salmonella spp.
resistance is higher in the antibiotic-treated group (50%)
than in the control group (15%), with a p-value of 0.005,
showing that there is a significant relationship between
antibiotic use and resistance. Resistance of Enferococcus spp.
is also significantly higher in the antibiotic-treated group
(70%) than in the control group (25%), with a p-value of
0.001, further supporting the effect of extended antibiotic
use on resistance.

ENTEROCOCCUS SPP.

SALMONELLA SPP.

E. COLI

resistant pathogens to human beings via the food chain 0 5 10 15 0=
and calls for tightened regulations on antibiotic use in
animal husbandry. B Antibiotic-Treated (Resistance %)
B Control (Resistance %)
BACTERIAL RESISTANCE PATTERNS (CULTURE'BASED
METHODS) Figure 2: Bacterial resistance patterns.
Table 5: ANOVA.
Parameter Control Antibiotic-treated F-value p-value Significance
(Mean + SD) (Mean = SD)
Shannon index (Alpha Diversity) 45+0.3 32+04 15.72 0.001**  Significant
Bray-curtis dissimilarity (Beta Diversity) 0.25 = 0.02 0.45 + 0.03 18.35  0.0008"  Significant
Weight Gain (kg) 254+23 22128 7.89 0.012* Significant
Feed conversion ratio (FCR) 1.8 0.1 2102 9.46 0.007**  Significant
Incidence of GI disorders (%) 10% 25% 20.21 0.0005*  Significant
Immune response (Cytokine Levels, pg/mL) 120 £ 10 90+ 8 14.63  0.002**  Significant
Total resistant isolates (%) 17% 75% 22.89 0.0003**  Significant
*Bnitid
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These findings show that long-term antibiotic use in
animals drives the selection of resistant bacterial strains
and raises the risk of resistant infection. The statistically
significant p-values affirm that these differences are not
likely the result of random chance.

ANOVA test shows statistically significant differences
between the control group and the antibiotic-treated
groups under all parameters (p < 0.05). Microbial
diversity (Shannon Index and Bray-Curtis Dissimilarity)
in the antibiotic-treated group significantly reduced,
demonstrating disrupted gut microbiota. Weight gain
was reduced, and the feed conversion ratio (FCR)
deteriorated, reflecting compromised livestock growth
efficiency. The prevalence of gastrointestinal disease rose,
and immune function (cytokine levels) fell, indicating
compromised  health. Moreover, antibiotic-treated
animals had a significantly greater proportion of resistant
bacterial isolates, further supporting concerns regarding
antimicrobial resistance. These results underscore the
dangers of long-term antibiotic use in livestock and the
necessity for alternative approaches.

CONCLUSIONS

The research presents the great long-term implications
of antibiotic exposure in livestock gut microbiota, growth
performance, immune response, and antibiotic resistance.
'The results demonstrate the decline of microbial diversity,
elevated pathogenic bacteria, and loss of beneficial gut
microbes among animals subjected to antibiotic exposure.
Further, the prolonged use of antibiotics is shown to affect
the efficiency of livestock growth adversely, promote
gastrointestinal diseases, and diminish immune function.
One of the greatest concerns is the increase in antibiotic
resistance genes and resistant strains of bacteria that have
serious implications for both animal and human health
through possible transmission.

In order to counter these risks, one needs to establish
responsible antibiotic usage policies, i.e., curbing non-
therapeutic uses of antibiotics and encouraging alternatives
like probiotics, prebiotics, and organic feed additives in
order to support gut health. Better farm management
practices, better biosecurity steps, and immunization
programs would assist in keeping disease incidence
at bay without being over-dependent on antibiotics.
Continuous surveillance of patterns in antibiotic resistance
and instituting strict policies on the use of antibiotics in
animal farming will be important measures against the
spread of resistant strains. Promoting additional research
on environmentally friendly disease management practices
will prove the most important in ensuring both livestock
productivity and public health security.
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