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WOAH Statregy on Antimicrobial Resistance (AMR)
and the Prudent Use of Antimicrobials

Protecting animal health and welfare by supporting global efforts
to combat antimicrobial resistance
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AMR consequences in animal health
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AMR - Is'that

Leading causes of death in 2021 globally

1. Ischaemic heart disease

2 COVID-19

3. Stroke

4. Chronic obstructive pulmonar,,

5. Lower respiratory infections

6. Trachea, bronchus, lung cancers

7. Alzheimer disease and other dementias

8. Diabetes mellitus

9. Kidney diseases

10. Tuberculosis

4 [
Number of deaths (in millions)

O 2000 Communicable, maternal, perinatal and nutritional conditions
O 2019 Injuries

Noncommunicable diseases

Antimicrobial resistance
could result in production
losses in the livestock sector
equivalent to the
consumption needs of more
than 2 billion people annually
by 2050.

$5.2 Trillion

The spillover of resistant pathogens
from livestock to humans could
reduce global GDP

by $5.2 trillion from 2025 to 2050.

$1.7 trillion

Increased antimicrobial resistance
in humans could lower annual global
GDP by up to $1.7 trillion by 2050.
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O

39 million

Left unaddressed, antibiotic-
resistant infections could lead to
more than 39 million human deaths
between 2025 and 2050.
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EcoAMR Series = Economic Impacts of AMR

A series of four reports, co- publlsh,ed Ith he World Bank (Sep.2024)
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Forecasting the Fallout from AMR: | o =
Averting the Health and Economic .

Impacts through One Health Policy
and Investment

A policy brief from the ECOAMR series.

Antimicrobial resistance
could result in production
losses in the livestock sector
equivalent to the
consumption needs of more
than 2 billion people annually
by 2050.

Statistical analysis suggests that countries using anti-
microbials for growth promotion in livestock have
an estimated average of 45% higher antimicrobial

use per kilogram of animal biomass than countries

that do not use growth promoters. This estimate
accounts for all classes of antimicrobials except

Investments in combating
antimicrobial resistance
through drug innovation and
health care improvements
can yield returns as high as
28 times the initial funding.

ionophores. As previously reported by WOAH,

the use of antimicrobials as growth promoters is still
a practice among 20% of its Members, with 75% of
those being in the regions of the Americas, and in

Asia and the Pacific.

A 30% reduction in
antimicrobial use in
livestock within the next five
years could raise annual
global GDP in 2050 by

up to $14 billion by 2050.

- JAIDIE (D ¢ =

$5.2 Trillion

The spillover of resistant pathogens
from livestock to humans could
reduce global GDP

by $5.2 trillion from 2025 to 2050.

$990 billion

Improved antibiotics, vaccination, and
elimination of unsafe water,
sanitation, and hygiene can increase
global GDP by $990 billion by 2050.

A 30% reduction in
antimicrobial use in
livestock within the next five
years could raise annual
global GDP in 2050 by

up to $14 billion by 2050.




This figure illustrates the interplay between livestock, humans, and the environment as

contributors to AMR Development robia,
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Factors contributing to antimicrobial resistance (AMR)

®

HIGH

MODERATE

LOW

RELATIVE CONTRIBUTION OF FACTORAS A
DRIVER FOR ANTIMICROBIAL RESISTANCE

Buildi
22 — 24 June 2026, Maputo, Mozambique

LOW MODERATE HIGH

EVIDENCE THAT FACTOR IS CONTRIBUTING TO

ANTIMICROBIAL RESISTANCE

&

HUMAN ANTIMICROBIAL
MISUSE OR OVERUSE

ANIMAL ANTIMICROBIAL
MISUSE OR OVERUSE

ENVIRONMENTAL CONTAMINATION
HEALTH CARE TRANSMISSION
SUBOPTIMAL RAPID DIAGNOSTICS

SUBOPTIMAL VACCINATION

SUBOPTIMAL DOSING, INCLUDING
FROM SUBSTANDARD AND FALSIFIED
DRUGS

TRAVEL

MASS DRUG ADMINISTRATION
FOR HUMAN HEALTH

Holmes et al., 2016




Veterinary Drug Use
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Climate change nexus AMR in the livestock

Climate variables (Rising
temperature, Extreme

weather event, Rainfall)

*  Flooding,
*  Drought,
* Sealevelrise ‘

e Coastal erosion
Climate impact
S L

Horizontal gene transfer

S$S3l}S JeaH

Antimicrobial prolifergtion = Human waste (e

Resistant bacteria municipal, hospital,

industrial)
d‘d 4 i - * Animal waste (e.g.
¢ X livestock) can contain
Environmental pathway: .
: 2 high levels of
Water & soil contamin . :
; antimicrobial compounds
and resistant

microorganisms

Mechanisms of AMR proliferation in livestock under climate change

Gaddafi et al.2026



A AmR Evolution]

Antimicrobial Resistance
From Farm to Home

Metaphylactic
Prophylactic
Therapeutic

Sub-therapeuti

Growth enhancement)——— > \

.

Common modes of antimicrobial usage

A =

Role of Gut Microbiome |

J

(s) =

Antimicrobials administered
to animals

= S

Multiplication of
resistant bacteria

Emergence of -

Livestock gut Stages of resistance evolution

f( € Propagation of AMR to Humans |
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Livestock products
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Commoner

Contaminated farm
environment

,( D Impacton Humans}

_,——(Humon mortality )

’,—{Rising healthcare costs )

-——°C Rendering treatments ineffective ; driving morbldl!y)
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Panicker et al. One Health
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A Comprehensive Narrative Review on the Hazards of Bee Honey Adulteration and
Contamination

: N
PESTICIDES ANTIBIOTICS MICROORGANISM HEAVY METALS
® Acaricides . ® Streptomy<in : ® Bacillus cerews ® Aluminium (Al)
® Organic acids ® Erytromycin ® Candida parapsilosis ® Arsenic (As)
@ Insecticides ® Lincomycin ® Clostridium botulinum : ® Cadmium (Cd)
2 ) ® Sulfonamide o | 3 ® Iron (Fe)
® Herbicides : o Chioramphenicol : : ® Lead (Pb)

: : - ® Mercury (Hg)

® Nickel (Ni)

-




AMR vs Honeybees

* Recent analysis results reveal that the gut of honeybee serves as a reservoir of
AMR genes,

* Probably due to
v Antibiotics application history in beekeeping
v"  Horizontal gene transfer from the highly polluted environment
* These AMR genes accumulate in the honeybee gut,

¢ Could be transferred to the pathogen, even having the potential to
spread during pollination, tending, social interactions.

-

*** Newly acquired resistance traits may cause fitness reduction in
bacteria whereas facilitating adaptive evolution as well.

Hu et al. 2013



Why Antibiotic Use
in Honeybees
Matters?

s

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

Pesticides
Application

intake through
contaminated
honey

2 pesticides d

Exposure of pesticides
induces the risks of triggering
different types of cancers

Transfer of
contaminated honey

;A Collection of i
from bee hives WONH
!
J

contaminated nectar




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

speculative factors affecting the horizontal gene transfer.
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H. Sun et al. (2023).



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.
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Gut bacteria contribute to honey bee health

7/ Regulating host
!{L@ hormonal signaling (zneng

etal.,, 2017)

Priming the immune
4 system against
= pathogenic infections

(Emery et al., 2017).

L

Participating in food
d IgEStIOﬂ (zheng et al., 2019).

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



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

Antibiotic use i
beekeeping

____________ T »\‘ Y
G ' Antibiotic Resistance Bacteria (ARB)

= < Jf
= @&

Environment 1

n)
Environmental

Source of

Q)ollutlon exposur

Cntlblotlc pressu@ .

Antibiotic Resistance Genes (ARGs)

Ib ,I 3 > 1b > L. L. > ) 4b 3 lb o db 5
4 4
~antibiotic - . N == — o
residue
. . ( Gilliamella )4
Microenvironment — : e
of bee gut eoas . conjugate
e * ) . Harboring transfer harboring various
microbial specific ARGs ARGs
. e imbalance / s
c¥e . Bartonell
Primarily harboring ¥
l tetracycline-resistant ARGs Tcl'laerzgge:étglsn
&"—’
ARB (3 [oL)
enrichment (J )
l % IncQ plasmid MIDON Integron
intestinal

Horizonta
gene transfe

T Transposon Mobile genetic

elements

villi

among bagtenal -
communities

Human/
domestic animal

Environment 2

Potential 1 New ecosystem
ARGs N T T S O T
I LIVIO IVHUIUNIVL ISV, VUIUIIG U, ; £ULU, 1UAYUY 1, LIS UL Ol g 10, TV SIS 191 O 1Gag Uy |

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

OXFORD

UNIVERSITY PRESS



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

POLICY BRIEF

STEWARDSHIP FOR ELIMINATING ANTIBIOTICUSE IN APICULTURE:
HOW TO COMBAT ANTIMICROBIAL RESISTANCE AND PROTECT HONEY BEE
HEALTH, HONEY BEE WELFARE AND FOOD SAFETY

TOWARDS ZERO ANTIBIOTICS
IN BEEKEEPING

Protect Bees. Protect People. Protect Our Planet. &, A GBS L ZERO

% Y oS X 7 ANTIBIOTICS )
1 OUR GOAL
\, OUR FUTURE

Antibiotics in beekeeping pose risks to bee health, focd safety, h health, and the envir
A One Health approach and coordinated action can eliminate the need for antibiotics
and ensure sustainable apiculture for future generations.

KEY CHALLENGES

INCONSISTENT uunso vmmm INSUFFICIENT RISK OF ANTIMICROBIAL

REGULATIONS ALTERNATIVES RESISTANCE (AMR)

Diverse rles and Lack of dlagnosis, Urmited access to Antibiotic use can

erdorcoment gaps monitoring and effective, proven drive AMR, threatening

lead 0 uncontroled reperting systems R Beeo heakth, Puman
use and barriors hinders appropriate sodutions and good Beakh and the
2o trade. treatment and control Deckeepng practces. effectiveness of
of bee diseases. critical medicines.
RECOMMENDATIONS: THE PATH TO ZERO ANTIBIOTICS
Q = @ e =% (4] (5] — (6] 1 ZERO ANTIBIOTICS.
1111 = ‘ﬂ ﬁ;j“ ﬁf] A°)  SUSTAINABLE APICULTURE.
STRENGTHEN POLICIES 6000 SUPPORT EFFECTIVE EDUCATE AND MONITOR, EVALUATE Y A HEALTHY FUTURE.
AND REGULATIONS SERVICES AND BEEKEEPING ALTER! AND ENSURE
« Provide training oo LET’S ACT TOGETHER NOW.
= Establsh clear, science- * Bulid capacity for = Focus on hive hyglene, = lvvest in research and - o = Track progress
Based rules. Sagnoss and Puarition. queen heakth validation of non- i e : MR:': @ e®p g -@
OMtONnG. P L x
= Prohitit routins use and y ) : 5 2 o Botemege respeniitio 'ms:_:"‘ [ :‘i
disease reporting rather than treat. for contirnso

ZERO ANTIBIOTICS IN BEEKEEPING IS POSSIBLE. CoOMMI



ANTIBIOTIC STEWARDSHIP IN APICULTURE:

PROTECTING HONEY BEE HEALTH AND WELFARE,
FOOD SAFETY, AND COMBATING ANTIMICROBIAL RESISTANCE

Antibiotics are valuable tools when used responsibly o
to treat bacterial diseases in honey bees. il
and hive peoducts, and helps fight antimicrobial KEALTHY BEES

% resistance (AMR) for future generations. STRONG COLONIES SAFE FO00 PROTECT OUR FUTUIRE &8 7%
St [ oviuse o wisuse Leao o e
ey - OVERUSE AND MISUSE LEAD TO AMR
a6 borecudy BRA

DIAGNOSE CORRECTLY
Idertdy bacterial deseases acowrately.
Not all problems need antibiotics.

USE ONLY WHEN NECESSARY
Use antibiozics only for confirmed
bacterial mdections o prescrided
by & vetermarian.

&l
®:
‘ FOLLOW LABEL DIRECTIONS
E Use the right product, dose,
route, and duration

NaZ\  Bacteria can become resistant,

h oot Resistant bacterls can spresd to
o and the emveonment

AMR threatens animal and human
health and increases costs

RESPECT WITHORAWAL TIMES WE ALL HAVE A ROLE

Do not harvest honey or hive products
untd the withdrawal period is over.

KEEP RECORDS & MONITOR

HEALTHY BEES. SAFE FOOD. RESPONSIBLE USE. STRONGER TOMORROW.

o BE WISE, PRESCRIBE RIGHT, PROTECT OUR BEES AND OUR FUTURE.



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

COMPETENCE TO MAINTAIN NATIONAL

SUSTAINABLE BEEKEEPING

Development of a S inablk 1 Bi ity
Man*ement Pian (SNBMP) to defend and
d fron\ P

Development of a National Biosecurity
Management Plan (NBMP)

Application of BMP at local/provincial level ‘

Agreement between an expert group and beeckeepers on a list of GBPs and BMBs
to create a ity M. 't Plan (BMP)

START

[ Decision to keep bees in a specific country/area (by

B pers

ve)

Antibiotics cannot protect
against poor beekeeping
practices

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

Strategies Interventions
=N ’
Animal husbandry /\ Farm cleaning and sanitation ?Dm'“qwmw Codes of practice
Practices - 2
Lo e Stocking density ‘
=
Biosecurity Purchase, transportation, reception On-farm cross- .
fﬁ s LL:““’ _ of animals and other farm intrants & contamination O h, Senusion wns) phst
measures =. B 1 ith their st u . control
oo —
fraining and .’ Producers and feed ‘ & ‘
awareness raising i mill operators ﬁf' ’ﬁ Dncloyesa Pesarine
: (=N = a4
Hazard analysis
Identification of endemic and l = History review of on-farm microbial
high-risk pathogens "' Infections, AMU and AMR
Critical control points determination
Non-antimicrobial approaches for ¥l m"“mﬁ‘- On-farm
disease prevention and control 3 ‘ °'°:"°'d":":"' . NUSCSON

Antimicrobial use for disease treatment, ‘7 Antimicrobial use
prevention and control
3

Compliance with good practices in the use of s ,
vaccines, antimicrobial alternatives + Critical limits determination
and antimicrobials -

& O Monitoring procedures
Tracking effectiveness
Corrective actions

Regular assessment of on-farm non-antimicrobial
approaches, AMU and AMR trends

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/10.24506/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

Advancing the i tion of i

surveillance and monllotlng systems
and AMR

Enhancing and sustaining the
responsible and prudent use of
antimicrobials

Strengthening regulatory
frameworks governing AMU in
animal production
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antimicrobial susceptibility profiling
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ing early detection of b Y
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in animal
production
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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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