Email: biovetinnovator@gmail.com Official Website: https://biovetinnovator.in/

Fueling The Future of Science... ISSN: 3048-8397

h o Moy | Bio Vet Innovator Magazine

9 P

e
- L.f“‘a:_:/l Volume 2 (Issue 4) APRIL 2025
MAGAZINE

FUELING THE FUTURE -

'__ S PeN (G) Access WORLD VETERINARY DAY - 26 APRIL 2025 POPULAR ARTICLE

Uterine Infections and Antimicrobial Resistance in Livestock:
Impacts, Insights, and Innovations

Sushil Kumar*, Nandini Panwar, Renu Sharma, Adithya Muthuswamy,
Saurabh Nistane _ .
Division of Animal Reproduction Published: April 08, 2025

ICAR-IVRI, Izatnagar © All rights are reserved by Sushil Kumar
*Corresponding Author: sushildrzeus@gmail.com

DOI: https://doi.org/10.5281/zenodo.15332930

Received: April 04,2025

Abstract:

Uterine infections are a major cause of infertility and economic loss in livestock, particularly in
dairy animals. The widespread and often indiscriminate use of antibiotics in the treatment of
reproductive tract infections has contributed significantly to the emergence of antimicrobial
resistance (AMR) among uterine pathogens. Common infections such as metritis, endometritis,
and pyometra, caused by organisms like Escherichia coli, Trueperella pyogenes, and
Fusobacterium necrophorum, have shown increasing resistance to conventional antimicrobial
therapies. This not only complicates treatment protocols but also threatens overall
reproductive efficiency by increasing days open, reducing conception rates, and raising culling
risks. Moreover, the lack of proper diagnosis and antibiotic sensitivity testing before treatment
aggravates the problem. The growing concern of multidrug-resistant strains necessitates the
exploration of alternative therapeutic approaches such as probiotics, phytotherapeutics,
immunomodulators, and nanotechnology-based drug delivery systems. This article highlights
the mechanisms, implications, and drivers of AMR in uterine infections, while also advocating
for improved diagnostic techniques, antimicrobial stewardship, and a One Health approach to
safeguard both animal and public health.
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Introduction: Antimicrobial Resistance in Livestock Reproduction:
Maintaining optimal reproductive health is paramount for maximizing livestock productivity.
Reproductive disorders significantly impact fertility, leading to decreased conception rates, prolonged

calving intervals, and increased culling rates, ultimately affecting profitability and food security. In dairy
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and beef cattle, uterine infections are a major concern. These infections, including metritis (inflammation

of the uterine lining), endometritis (inflammation of the endometrium), and pyometra (pus accumulation
in the uterus), cause significant economic losses worldwide. In the United States alone, uterine infections
cost the dairy industry approximately $650 million annually, while the cost in Europe is estimated at
€1.4 billion (Mekibib et al.,, 2024). The situation is likely to be even more severe in developing countries
due to limited resources and inadequate prevention and control measures.

Traditionally, antibiotics have been the mainstay of treatment for these uterine infections. Their
widespread use, however, has inadvertently fueled the rise of antimicrobial resistance (AMR) in
veterinary practice. AMR occurs when microorganisms, such as bacteria, fungi, and parasites, evolve
mechanisms to resist the effects of antimicrobial drugs, rendering standard treatments ineffective. This
phenomenon is not merely a veterinary concern; it poses a significant threat to human health through
the potential transmission of resistant strains from animals to humans via the food chain or direct
contact (Sharma et al., 2018). The indiscriminate use of antibiotics in livestock, often as prophylactic or
growth-promoting agents, has significantly contributed to the selection and spread of resistant bacteria.
This non-therapeutic application of antibiotics, along with inadequate dosage control and disregard for
withdrawal periods, needs urgent revaluation and stricter regulation.

The consequences of AMR are far-reaching. Resistant pathogens prolong illness, increase the risk
of infection spread, necessitate more expensive and less effective treatments, and ultimately lead to
higher mortality rates (Ahmed et al, 2024). The development of multidrug-resistant (MDR) strains
further complicates treatment, limiting the available therapeutic options and potentially reversing the
progress made in controlling infectious diseases. The emergence of AMR necessitates a shift towards
more responsible antimicrobial use, improved surveillance systems to monitor resistance patterns, and
the development of alternative treatment strategies. These strategies include exploring novel
antimicrobial agents, promoting antimicrobial stewardship programs, and investigating alternative
therapies such as probiotics, bacteriophages, and ozone therapy. A comprehensive "One Health"
approach, integrating human, animal, and environmental health considerations, is crucial to effectively
combat AMR and safeguard both animal and human health (Appiah et al., 2020). The challenge lies in
implementing these strategies effectively and globally to mitigate the growing threat of AMR in livestock
reproduction and beyond.

Common Pathogens Involved:

Several bacterial species are commonly implicated in postpartum uterine infections in dairy
cattle. These pathogens vary in their prevalence and the severity of disease they cause, but all contribute
significantly to reduced fertility and economic losses in the dairy industry.

» Escherichia coliis frequently isolated from cows with metritis, often appearing early in the
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postpartum period and potentially facilitating subsequent infections by other bacteria. Its

presence is strongly associated with the development of uterine disease.

» Trueperella pyogenesis another significant pathogen, particularly in cases of endometritis
occurring beyond three weeks postpartum. Its association with disease severity and infertility is
well-established.

» Fusobacterium necrophorum is also a common isolate from cows with uterine infections. It often
appears in mixed infections alongside other bacteria, contributing to the complexity of uterine
disease.

» Various species of Streptococcus and Staphylococcus, including coagulase-positive and
coagulase-negative strains, are frequently identified in uterine samples from infected cows. These
bacteria can contribute to both metritis and endometritis, sometimes as primary pathogens and
sometimes as part of a polymicrobial infection. The specific species and their relative
contributions to disease can vary depending on factors such as farm management practices,
hygiene, and the overall health status of the cow. The prevalence of these pathogens and their
antimicrobial resistance profiles are crucial considerations for effective disease management and
prevention strategies.

Risk Factors for AMR Development:

The emergence and dissemination of antimicrobial resistance (AMR) in veterinary medicine,
particularly concerning bovine reproductive health, are significantly influenced by several
interconnected risk factors. The overuse and misuse of antibiotics, especially through intrauterine
infusions, constitute a primary driver of AMR. Frequent and often prophylactic antibiotic use exerts
selective pressure, favouring the survival and expansion of resistant bacterial strains. Intrauterine
infusions, while sometimes clinically indicated, can generate high local antibiotic concentrations,
accelerating resistance development within the uterine microenvironment. Inadequate antibiotic dosage
or treatment duration further contributes to AMR. Sub-therapeutic antibiotic levels fail to completely
eliminate susceptible bacteria, allowing resistant subpopulations to thrive and ultimately dominate.

Premature treatment cessation before complete pathogen eradication provides an opportunity for
resistant bacteria to re-establish themselves. The absence of appropriate microbial culture and
sensitivity testing prior to antibiotic therapy represents a critical deficiency. Empirical treatment, based
on assumptions rather than confirmed pathogen identification and susceptibility profiles, increases the
likelihood of selecting for resistant strains and promotes the inappropriate use of broad-spectrum
antibiotics, thereby exacerbating the AMR problem. Finally, deficient hygiene and suboptimal farm
management practices foster an environment conducive to the spread of resistant bacteria. Inadequate

sanitation, compromised biosecurity measures, and ineffective waste management facilitate the
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transmission of resistant pathogens between animals and across farms.

These factors, in combination with antibiotic-related practices, significantly elevate the risk of
AMR development and persistence within dairy herds. Addressing these risk factors through improved
antibiotic stewardship, enhanced diagnostic capabilities, and stringent hygiene protocols is crucial for
mitigating the threat of AMR in livestock reproduction.

Diagnostic Approaches:

Diagnosing uterine infections in cattle and determining antimicrobial susceptibility profiles
requires a combination of traditional and advanced techniques. Traditional culture and sensitivity testing
remains a cornerstone of diagnosis. Samples, typically uterine swabs or uterine flushing, are collected
aseptically and cultured on various media to isolate and identify the causative bacteria. Following
identification, antimicrobial susceptibility testing (AST) is performed using methods like disk diffusion or
broth microdilution to determine the minimum inhibitory concentration (MIC) of various antibiotics
against the isolated pathogens. This information guides targeted therapy, ensuring the selection of
effective antibiotics and minimizing the use of broad-spectrum agents. However, culture-based methods
can be time-consuming, may not detect all pathogens (particularly fastidious or anaerobic bacteria), and
may not accurately reflect the complex microbial communities present in the uterus.

Molecular tools offer significant advantages over traditional culture methods. Polymerase chain
reaction (PCR) and quantitative PCR (qPCR) assays can rapidly detect specific bacterial pathogens
directly from clinical samples, even in the presence of mixed infections. These techniques are particularly
useful for identifying fastidious or slow-growing bacteria that may be missed by culture. Furthermore,
qPCR allows for quantification of bacterial load, providing insights into the severity of infection.
Metagenomic approaches, involving high-throughput sequencing of microbial DNA from uterine samples,
offer a comprehensive view of the entire uterine microbiome, including both culturable and unculturable
bacteria. This approach can reveal the presence of novel or unexpected pathogens and provide a deeper
understanding of the complex interactions within the uterine microbial community. Metagenomics can
also identify resistance genes directly, providing valuable information for guiding antimicrobial therapy.

Antibiograms, which summarize the antimicrobial susceptibility patterns of bacterial isolates
from a specific region or population over time, are crucial for guiding targeted therapy. By analyzing
antibiogram data, veterinarians can make informed decisions about antibiotic selection, considering the
local resistance patterns and minimizing the use of antibiotics to which pathogens are already resistant.
The integration of traditional culture and sensitivity testing with advanced molecular techniques and
antibiogram data provides a comprehensive approach to diagnosing uterine infections, guiding targeted
therapy, and ultimately contributing to improved treatment outcomes and reduced antimicrobial

resistance.
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Alternatives to Antibiotics:

The escalating threat of antimicrobial resistance necessitates the exploration and implementation
of alternative strategies for managing uterine infections in cattle. Probiotics, prebiotics, and synbiotics
offer promising avenues, leveraging the beneficial effects of specific microbial strains or their metabolites
to modulate the uterine microbiome and enhance host immunity. Herbal and phytotherapeutic agents,
rich in bioactive compounds with antimicrobial and immunomodulatory properties, represent another
area of significant interest, with several plant extracts demonstrating efficacy against common uterine
pathogens in vitro and in vivo studies. Nanoparticle-based drug delivery systems offer the potential to
enhance the efficacy of existing antimicrobial agents while minimizing their side effects and reducing the
development of resistance. Finally, immunomodulators and vaccines, such as those targeting specific
pathogens like Trueperella pyogenes, can stimulate the host's immune response to combat infection and
reduce reliance on antibiotics. While these alternatives show promise, further research is crucial to
optimize their efficacy, safety, and cost-effectiveness for widespread application in veterinary practice.
Conclusion & Future Directions:

Addressing the escalating threat of antimicrobial resistance (AMR) in bovine reproductive health
requires a multi-pronged approach encompassing enhanced surveillance, responsible antibiotic use, and
the development and implementation of alternative treatment strategies. Robust surveillance programs
are crucial for monitoring the prevalence and patterns of AMR in uterine pathogens, providing essential
data to guide antibiotic stewardship initiatives and inform the development of targeted interventions.
Promoting the judicious use of antibiotics through antimicrobial stewardship programs, including
appropriate diagnostic testing, targeted therapy, and adherence to withdrawal periods, is paramount to
minimizing the selective pressure driving resistance development. Simultaneously, substantial
investment in research is needed to explore and validate non-antibiotic therapies, such as probiotics,
phytotherapeutics, immunomodulators, and novel drug delivery systems, offering viable alternatives to
conventional antibiotic treatments. Finally, effective farmer education and comprehensive veterinarian
training are indispensable. Farmers require education on proper hygiene practices, biosecurity
measures, and the responsible use of antibiotics to minimize the risk of infection and AMR development.
Veterinarians need advanced training in diagnostics, antimicrobial stewardship, and the application of
alternative therapies to effectively manage uterine infections while mitigating the spread of AMR. A
concerted effort integrating these elements is essential to safeguard animal health, ensure food security,
and protect public health from the growing threat of AMR in livestock production.

References:
Ahmed, S. K., Hussein, S., Qurbani, K., Ibrahim, R. H., Fareeq, A.,, Mahmood, K. A. and Mohamed, M.

G. (2024). Antimicrobial resistance: Impacts, challenges, and future prospects. Journal of

Citation: Sushil Kumar, Nandini Panwar, Renu Sharma, Adithya Muthuswamy, Saurabh Nistane. (2025). Uterine Infections and Antimicrobial Resistance in Livestockj
Impacts, Insights, and Innovations. In Bio vet innovator magazine (Vol. 2, Issue 4, pp. 8-13). Bio vet innovator magazine. https://doi.org/10.5281/zenodo.15332930

12


mailto:biovetinnovator@gmail.com

Email: biovetinnovator@gmail.com Official Website: https://biovetinnovator.in/
Fueling The Future of Science... ISSN: 3048-8397

Medicine, Surgery, and Public Health, 2, 100081.
Appiah, M. 0, Wang, J. and Lu, W. (2020). Microflora in the reproductive tract of cattle: a
review. Agriculture, 10(6), 232.
Sharma, C,, Rokana, N., Chandra, M., Singh, B. P., Gulhane, R. D., Gil], J. P. S. and Panwar, H. (2018).
Antimicrobial resistance: its surveillance, impact, and alternative management strategies

in dairy animals. Frontiers in veterinary science, 4, 237.
Mekibib, B., Belachew, M., Asrade, B., Badada, G. and Abebe, R. (2024). Incidence of uterine
infections, major bacteria and antimicrobial resistance in postpartum dairy cows in

southern Ethiopia. BMC microbiology, 24(1), 4,

Citation: Sushil Kumar, Nandini Panwar, Renu Sharma, Adithya Muthuswamy, Saurabh Nistane. (2025). Uterine Infections and Antimicrobial Resistance in Livestockj
Impacts, Insights, and Innovations. In Bio vet innovator magazine (Vol. 2, Issue 4, pp. 8-13). Bio vet innovator magazine. https://doi.org/10.5281/zenodo.15332930



mailto:biovetinnovator@gmail.com

