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Drug resistance: Development, Spread and Consequences 
in Animal Health
How are Veterinary Products including Antimicrobials are 
introduced to the Hives.





AMR consequences in animal health



AMR – Is that a real problem? 

Source: https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
*Source: https://www.woah.org/app/uploads/2024/09/ihme-human-health-web-f23924.pdf

AMR*
(2022)

• A series of four reports, co-published with the World Bank (Sep.2024)
• Data from more than 200 countries estimating full toll of AMR (humans, livestock and our overall economies)

https://www.woah.org/en/superbugs-could-jeopardise-food-security-for-over-two-billion-people-and-increase-
annual-health-care-costs-by-us-159-billion-annually-by-2050-finds-most-extensive-modelling-to-date/
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EcoAMR Series – Economic Impacts of AMR
• A series of four reports, co-published with the World Bank (Sep.2024)
• Data from more than 200 countries estimating full toll of AMR (humans, livestock and our overall

economies)

•How prudent & 
responsible are 
you? 



Pandey et al.2024

This figure illustrates the interplay between livestock, humans, and the environment as
contributors to AMR Development



Environmental dissemination
pathways of ARGs from food-
animal production within the
OH framework

Wojnarowski et al,2025



Mechanisms of AMR proliferation in livestock under climate change

Gaddafi et al.2026

• Flooding, 
• Drought, 
• Sea level rise 
• Coastal erosion

▪ Human waste (e.g.
municipal, hospital,
industrial)

• Animal waste (e.g.
livestock) can contain
high levels of
antimicrobial compounds
and resistant
microorganisms

Climate change nexus AMR in the livestock 



Panicker et al. One Health 

Advances (2025) 3:20

Livestock vs Antibiotics  interface



A Comprehensive Narrative Review on the Hazards of Bee Honey Adulteration and 
Contamination

Journal of Food Quality, Volume: 2024, Issue: 1, First published: 07 March 2024, DOI: (10.1155/2024/3512676) 





Why Antibiotic Use 
in Honeybees 
Matters?

Residues in honey and 
other bee products. 

Disruption of the 
natural microbiota of 
honeybees. 

Emergence and spread of 
antimicrobial resistance.



Exposure to pesticide residues in honey and its potential cancer risk assessment



H. Sun et al. (2023).

The potential transmission routes of AMR bacteria and associated AMR genes mediated by honeybees and 

speculative factors affecting the horizontal gene transfer.



Antimicrobial Resistance Mitigation into 
Beekeeping Practices 

▪ Agricultural and apicultural practices expose honeybees

to a range of pesticides that have the potential to

negatively affect their

▪ physiology, neurobiology, and behavior.

• These effects extend to the honeybee gut microbiome,

which serves important functions for honeybee health.

• Gut microbial community plays an important role in

the regulation of insect health



Gut microbial community of 
Bees

▪ In contrast to many other animals, honey bees have a 

relatively simple and conservative gut microbiota 

community which is dominated by only eight core 

bacterial phylotypes,

▪ Snodgrassella alvi,

▪ Gilliamella apicola,

▪ Lactobacillus spp.,

▪ Bifidobacterium spp.,

▪ Frischella perrara,

▪ Bartonella apis,

▪ Parasaccharibacter apium Commensalibacter spp.



FEMS Microbiol Rev, Volume 50, , 2026, fuag001, https://doi.org/10.1093/femsre/fuag001

The content of this slide may be subject to copyright: please see the slide notes for details.

Response of bee 
gut microbiota 
under 
multidimensional 
environmental 
stress and its 
mechanism of 
impact on 

https://doi.org/10.1093/femsre/fuag001


Gut bacteria contribute to honey bee health

Regulating host 
hormonal signaling (Zheng 

et al., 2017)

Participating in food 
digestion (Zheng et al., 2019).

Priming the immune 
system against 
pathogenic infections 
(Emery et al., 2017).

Promoting the 
endogenous 
detoxification (Wu et al., 2020b).



FEMS Microbiol Rev, Volume 50, , 2026, fuag001, https://doi.org/10.1093/femsre/fuag001

The content of this slide may be subject to copyright: please see the slide notes for details.

Transmission and diffusion mechanism of ARGs in the bee gut. ARGs can enter the bee 
gut from environment 

https://doi.org/10.1093/femsre/fuag001






Antibiotics cannot protect 

against poor beekeeping 

practices 

The Progressive Management Pathway for Biosecurity Measures in Beekeeping (PMP-BMB)

FAO and IZSLT. 2021. Responsible use of antimicrobials in beekeeping. FAO Animal Production and Health Guidelines No. 26. Rome, FAO. https://doi.org/10.4060/cb6918en



The main advice for beekeepers on
use of antimicrobials in beekeeping

• Avoid/reduce use of antimicrobials and adopt GBPs and BMBs –

medicines should never be considered a substitute for GBPs or 

BMBs; 

• Only use antimicrobials according to a veterinarian’s indication 

and the instruction label; 

• Do not administer any antimicrobial during a honey flow or into 

honey supers; 

• Do not misuse antimicrobials, including prophylactically, 

because it may lead to AMR;

• Spillover of antimicrobials may be toxic for honey bees and may 

lead to residues in hive products; 

• Only use antibiotics for individual treatment on affected hives. 



On-farm intervention strategies structured according to the adapted prerequisite programme principles and the Hazard
Analysis Critical Control Point approach to reduce infectious disease pressure, AMU &AMR

Rhouma M, Carson CA, Van Boeckel TP, Madec J-Y. Antimicrobial resistance in livestock: current trends,
challenges and future directions. Rev. Sci. Tech. 2025;44:3752. https://doi.org/10.20506/rst.44.3752



Future directions for livestock stakeholders in One Health approach to promote prudent and responsible
antimicrobial use in animal production and minimise the selection for antimicrobial-resistant bacteria

Rhouma M, Carson CA, Van Boeckel TP, Madec J-Y. Antimicrobial resistance in livestock: current trends, challenges and future directions. Rev.
Sci. Tech. 2025;44:3752. https://doi.org/10.20506/rst.44.3752
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