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Introduction
In 2020, antimicrobial resistance was estimated to have con-
tributed to almost 5 million human deaths,1 making it one of 
the most critical threats to public health and one that will only 
continue to grow.2 A major driver of antimicrobial resistance 
is the global use of antimicrobials,3 two thirds of which are 
allotted to production animals,2,3 defined as animals raised to 
provide a product, such as meat, eggs or milk.4 Antimicrobial 
use in these animals is a driver of antimicrobial resistance in 
both animal and human populations.5,6

In response to the threat of growing antimicrobial resis-
tance, bodies such as the World Health Organization (WHO), 
the World Organisation for Animal Health, the United Nations 
Environment Programme and the Food and Agriculture Or-
ganization have called for actions targeting antimicrobial use 
and resistance in production animal systems and veterinary 
medicine.7 However, to meet this call, governments need evi-
dence on the effectiveness of policy interventions addressing 
antimicrobial use and resistance in production animals.

To date, reviews of policy on antimicrobial use and 
resistance in production animals have focused on specific 
production systems (e.g. feedlots) or specific policy types.3 
There is a need for research that comprehensively examines 
government-enacted policies targeting antimicrobial use or 
resistance across all production animal systems. To fill this 
knowledge gap, support policy-makers and guide govern-
ments, we conducted a systematic review to: (i) identify and 

describe government policy interventions that have targeted 
veterinary antimicrobial use and resistance in production 
animals; and (ii) identify gaps in the evidence supporting 
these interventions.

Methods
A veterinarian developed our literature search strategy based 
on a previously published systematic review and meta-
analysis that examined restricting the use of antibiotics in 
food-producing animals.3 An epidemiologist reviewed the 
search strategy to ensure no key terms were missing. Finally, 
a veterinary information specialist refined it. The antibiotics 
included in the search were derived from the World Organ-
isation for Animal Health’s list of antimicrobials important 
for veterinary medicine.8

We searched the databases MEDLINE, CAB Abstracts, 
Web of Science and ProQuest Dissertations and Theses Global 
(a grey literature source) from inception to 20 April 2025 for 
studies quantitatively assessing the impact of a government 
policy intervention that targeted antimicrobial use or antimi-
crobial resistance in production animals. No limits on publi-
cation dates were applied. We included studies published in 
any language, and non-English studies were translated using 
Google Translate, which the Cochrane Handbook for System-
atic Reviews of Interventions states is an acceptable method 
for screening and data extraction when professional transla-
tion is not feasible, as are other translation tools.9 Finally, we 
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included any identified dissertations or 
non-peer-reviewed publications.

A list of inclusion and exclusion 
criteria for title and abstract screening 
is shown in Table 1. As the objective of 
this review was to evaluate policies that 
were enacted or formally endorsed by 
government authorities, we excluded 
industry-led initiatives and interven-
tions implemented solely by professional 
veterinary bodies. Although indus-
try- or profession-led initiatives may 
be implemented in response to, or in 
anticipation of, changes in governmental 
policy, these interventions vary widely in 

scope, enforcement and accountability, 
which limits their comparability and 
their relevance to an evidence synthesis 
focusing on government policy. At full-
text screening, we incorporated one ad-
ditional criterion: eligible studies had to 
examine a policy intervention that was 
enacted by, or implemented in partner-
ship with, a national, state, provincial, 
regional or municipal government or a 
government-controlled agency, ministry 
or department.

For studies on antimicrobial use, 
we included any study that collected 
data on selling, purchasing, prescribing 

or administering an antimicrobial drug 
by veterinarians, livestock producers, 
insurers or regulatory agencies. Studies 
that involved measuring antimicrobial 
consumption could employ any unit of 
measurement of antimicrobial use, such 
as sales volume, prescription volume 
and the amount administered. Examples 
are: (i) the quantity of active ingredient 
per unit biomass; (ii) the quantity of 
active ingredient per population cor-
rection unit or estimated live weight 
of animals; (iii) defined daily dose for 
animals; (iv) defined course dose; or 
(v) total sales volume. All routes of an-
timicrobial administration were eligible 
for inclusion.

Studies on antimicrobial resistance 
could involve the measurement of 
either phenotypic resistance (e.g. the 
prevalence of bacterial isolates with a 
breakpoint that indicates resistance) or 
genotypic resistance (e.g. the prevalence 
of a bacterium carrying a resistance 
gene of interest). Studies could also in-
volve the collection of samples from an 
abattoir, retail unit or farm (e.g. faecal 
samples). For human studies, data on 
antimicrobial resistance could be de-
rived from regional or national, routine 
surveillance databases (e.g. from hospi-
tals) or could have been collected for the 
study itself. Data on absolute or relative 
changes in antimicrobial resistance were 
also included to help interpret the im-
pact of government policy interventions.

Data analysis

Two reviewers independently screened 
titles, abstracts and full texts using a 
systematic review tool (Covidence, 
Melbourne, Australia). Any disagree-
ments were resolved through consensus 
or consultation with a third reviewer. 
Then, two reviewers independently 
extracted data on the general study 
characteristics, the policy intervention, 
the principal impact of the intervention, 
and any secondary impacts using a tai-
lored Excel extraction form (Microsoft 
Corporation, Redmond, United States of 
America). Any conflicts were resolved 
by consensus. When a consensus could 
not be reached, a third reviewer made 
the final decision.

From each included study, we 
extracted information about: (i) study 
design; (ii) country and WHO region; 
(iii) policy category (as defined by the 
behaviour change wheel framework);10 
(iv) policy option (e.g. policies banning 
antimicrobial types in certain produc-

Table 1.	 Title and abstract screening criteria, systematic review of government policy 
interventions to reduce antimicrobial use in production animals, 1979–2022

General 
criterion

Study inclusion criteria Study exclusion 
criteria

The study 
assessed the 
population 
and disease 
of interest

The study reported the impact of a policy 
intervention targeting production animals, which 
are defined as any species of animal raised to 
produce a product for human consumption, 
including meat, eggs, milk, fur, leather and wool. 
Included are commonly farmed species, such as 
avian, bovine, caprine, equine and ovine species, 
swine, camel, rabbit, fish, bees, molluscs, mink, 
ferrets and crustaceans, as well as other aquatically 
farmed species. Less commonly farmed groups, 
such as other rodents and other aquatic species of 
animals are also included

The study did 
not report on a 
policy intervention 
that addressed 
antimicrobial use 
or resistance in 
production animals

The study 
examined an 
intervention 
of interest

The study assessed the impact of any type of policy 
intervention on antimicrobial use or resistance 
in production animals. Policy interventions were 
defined using the behaviour change wheel 
framework as those that lead to a change in 
antimicrobial use through education, persuasion, 
incentivization, coercion, training, restriction, 
changing the physical or social context, modelling 
appropriate behaviour or reducing barriers to 
action10

The intervention 
was not a policy 
intervention

The study 
quantitatively 
examined the 
impact of the 
intervention

The study involved quantitative measurement 
of the impact of the policy intervention. Studies 
could examine the impact over time, where the 
comparator group could be historical (i.e. the 
same population compared before and after 
an intervention), or could involve a comparable 
group not subject to the intervention (e.g. with 
intervention and control sites)

The study did not 
evaluate the impact 
of an intervention 
or was a narrative 
review, a systematic 
review or theoretical 
(e.g. an editorial or 
commentary)

The study 
assessed 
a primary 
outcome of 
interest

The study reported on an outcome of interest, 
specifically: (i) the change in antimicrobial use 
in production animals, including the quantity 
of antimicrobials administered, prescribed or 
sold (other measures of antimicrobial use were 
also acceptable); (ii) the change in antimicrobial 
resistance in production animals, including 
the absolute or relative change in phenotypic 
or genotypic resistance; or (iii) the change in 
antimicrobial resistance in humans, including 
the absolute or relative change in phenotypic or 
genotypic resistance. All routes of antimicrobial 
administration were eligible (e.g. oral, parenteral 
and topical)

The study did not 
report the impact a 
policy that targeted 
antimicrobial use 
or resistance in 
production animals 
had on antimicrobial 
use or resistance in 
production animals 
or humans
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tion species and policies banning types 
of antimicrobial use in production 
animals); and (v) the government level 
at which the policy was enacted (e.g. 
national, state, provincial or municipal). 
As we did not identify three or more 
studies whose characteristics could be 
meaningfully pooled, a meta-analysis 
was not performed.

The risk of bias was assessed across 
all studies concurrently with the data 
extraction by two independent review-
ers and any disagreements were resolved 
by consensus. We used the ROBINS-I 
risk-of-bias assessment tool because it 
could be applied across the study designs 
we identified.11 The tool is applicable to 
nonrandomized studies and categorizes 
them as having a low, moderate, seri-
ous or critical risk of bias across seven 
domains.

We adapted the protocol and meth-
ods used in our systematic review from a 
previously published systematic review 
and evidence map, which identified and 
described government policy interven-
tions to reduce human antimicrobial 
use.12 Our review was developed in line 
with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
guidelines.13 The protocol was registered 
with Open Science Framework (Center 
for Open Science; https://​doi​.org/​10​
.17605/​OSF​.IO/​56PZG) and published 
in the journal Systematic Reviews.4

Results
We screened the titles and abstracts of 
35 197 citations and we assessed the full 
texts of publications on 138 studies for 
eligibility (Fig. 1). In total, 40 studies 
met the inclusion criteria. Most (37/40) 
were uncontrolled, before–after stud-
ies.14–50 Three were controlled, before–af-
ter studies: two had single time-points 
before and after the intervention,51,52 
and one involved an interrupted time 
series.53 Of the 40 studies, 15 evaluated 
interventions in the WHO European 
Region,14–17,23,24,27,30–32,35,37,39,48,50 12 evalu-
ated interventions in the WHO Region 
of the Americas,18–22,25,28,29,33,42,44,49 and 
13 evaluated interventions in the West-
ern Pacific Region (Table 2; available 
at https://​www​.who​.int/​publications/​
journals/​bulletin/​). 26,34,36,38,40,41,43,45–47,51–53 
No studies from the WHO African, 
Eastern Mediterranean or South-East 
Asia Regions were identified.

Twenty-six studies evaluated bans 
on the use of specific antimicrobials, 

most commonly those targeting growth 
promotion.14,15,19,22,24–26,29,32–34,36,38–50,53 Six 
studies assessed guideline-based inter-
ventions,30,31,35,37,51,52 and four examined 
bans on specific classes of antimicro-
bial.16,23,27,28 Three studies evaluated 
policies restricting antimicrobial use in 
defined contexts,18,20,21 and one assessed 
a policy establishing a target for a re-
duction in use.17 Most policies (35/40) 
were applied broadly across different 
species of production animal; a smaller 
number specifically targeted cows,32,39 
chickens42,47 or pigs.15 Most policies 
(31/40) were implemented at a national 
level,14,15,17,19,22,23,26,27,29–47,49,51–53 whereas a 
few were applied at a state or provincial 
(i.e. subnational) level,18,20,21,25,28,50 or at 
a supranational level (e.g. the European 
Union).16,24,48 Seven studies captured 
the impact of policies on more than 
one outcome.17,19,22,34,35,40,50 The detailed 
characteristics of each study are listed 
in Table 2 and the interrelationships 
between the government level at which 
policy was determined, the policy cat-
egory and option, and the WHO region 
where the study was conducted are il-
lustrated in Fig. 2.

Antimicrobial use in animals

Fourteen studies investigated the impact 
of policies on antimicrobial use in pro-
duction animals.15,17,22,25,28,31,32,35,37–40,48,49 
All 14 reported a reduction in antimi-
crobial use that was attributable to the 
policies they examined. Reductions 
ranged from moderate (i.e. around 20% 
to 40%) to the near-complete elimina-
tion of specific classes of antimicrobials. 
For example, two studies found that 
the consumption of category-1 antimi-
crobials, that is, antimicrobials of very 
high importance for human health, was 
significantly reduced after a Canadian 
provincial regulation restricted usage 
of these antimicrobials in production 
animals in Quebec in 2019.25,28 One of 
these two studies found that sales of cat-
egory-1 antimicrobials declined by 70% 
to 80% across production sectors follow-
ing implementation of the provincial 
legislation,25 whereas the other docu-
mented a 76% reduction in dairy cattle.28 
In addition, two studies from Denmark 
and Kingdom of the Netherlands re-
ported that decreased antimicrobial use 
was not associated with adverse animal 
health outcomes.14,39 For example, the 

Fig. 1.	 Study selection, systematic review of government policy interventions to reduce 
antimicrobial use in production animals, 1979–2022

41 878 records identified through data searches:
• 29 010 through MEDLINE
• 8239 CAB Abstracts
• 3999 Web of Science 
• 630 ProQuest Dissertations and Theses Global

35 197 titles and abstracts screened

6681 duplicate records removed:
• 241 identified manually
• 6440 identified by Covidence

138 full-text articles assessed for eligibility 

40 articles included

35 059 excluded 

98 articles excluded:
• 21 had wrong study design
• 61 covered nongovernmental policy
• 10 did not measure AMR or antimicrobial use
• 3 did not quantitatively evaluate policy 

intervention
• 2 did not describe the policy intervention 
• 1 was unavailable as full text

AMR: antimicrobial resistance.
Note: Covidence (Veritas Health Innovation, Melbourne, Australia) is a type of systematic review software.

https://doi.org/10.17605/OSF.IO/56PZG
https://doi.org/10.17605/OSF.IO/56PZG
https://www.who.int/publications/journals/bulletin/
https://www.who.int/publications/journals/bulletin/
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Dutch study showed that a 2013 ban on 
the preventive use of antimicrobials in 
livestock, which included a ban on the 
blanket application of antimicrobial dry 
cow treatment, led to a 63% reduction in 
this treatment and did not impact udder 
health.39 In Denmark, successful antimi-
crobial use regulations were supported 
by enforcement mechanisms, such as 
monitoring systems and financial penal-
ties for noncompliance.14,15

Antimicrobial resistance in 
animals

Twenty-eight  studies  invest igat-
ed the impact of policies on anti-
m i c r o b i a l  r e s i s t a n c e  i n  a n i -
mals.14,16,17,19–24,26,27,29,30,33–36,38,40,42–47,50–52 
Fourteen of the 28 reported reductions 
in antimicrobial resistance following 
policy implementation. For example, 
after implementation of a European ban 
on avoparcin, glycopeptide resistance in 
Enterococcus faecium in Danish pigs de-
clined from 70% to 90% to below 10%.14 
Similarly, three studies that evaluated 
China’s 2017 ban on colistin in animal 
feed reported reductions in the preva-
lence of the colistin-resistance gene in 
bacteria of between 40 and 80 percent-

age points, with the prevalence in some 
pig populations declining from over 80% 
before the ban to under 10% after.34,36,40

However, the effects of policies were 
not uniform and varied by both patho-
gen and antimicrobial class. Eleven 
studies found that the prevalence of 
resistance declined for some bacterial 
species or antimicrobials but remained 
unchanged for others.16–18,23,24,35,36,44,46,47,52 
One study reported that, although 
the prevalence of erythromycin resis-
tance decreased among Campylobacter 
isolates from pigs, the prevalence of 
antibiotic resistance to gentamicin and 
florfenicol increased between 2018 
and 2021 following the 2020 Chinese 
ban on antibiotic growth promoters 
in feed.46 In addition, three studies did 
not find any change in the prevalence 
of antimicrobial resistance caused by 
the interventions.19,21,42 One of these 
studies, which looked at the impact of 
national drug regulations in the United 
States, suggested that the ability to detect 
changes in prevalence may have been 
reduced by the limited follow-up time 
after policy implementation. On the 
other hand, another study documented 
the persistence of resistance genes de-

spite sustained restrictions.19 One study 
from Quebec, Canada, which investi-
gated the long-term impact of the 2019 
provincial policy restricting category-1 
antimicrobials, found that, although 
the prevalence of multidrug-resistance 
in Escherichia coli declined modestly 
from 83% to 71% over 4 years, resistance 
genes continued to spread and persist 
on dairy farms despite the restrictions.21

Antimicrobial resistance in 
humans

Nine studies evaluated how antimi-
crobial resistance in humans was af-
fected by policies aimed at reducing 
antimicrobial use or resistance in 
animals.18,19,22,34,40,41,45,50,53 Six studies, 
one from Germany and five from 
China,34,40,41,45,50,53 examined the effect 
of bans on oxytetracycline and colistin 
in animal feed. All found an associated 
reduction in the prevalence of resistance 
among the human pathogens examined. 
For example, following China’s colistin 
feed ban, there were documented de-
clines in the prevalence of a gene associ-
ated with colistin resistance in bacteria 
of 60% to 80%, with the prevalence 
of resistance falling from 15% to 20% 

Fig. 2.	 Evidence map of the relationships between the policy category, option and governmental level and study location, systematic 
review of government policy interventions to reduce antimicrobial use in production animals, 1979–2022
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WHO: World Health Organization.
Notes: Each slice in the circle represents an included study. Policy categories are shown in the inner ring and policy options are shown in the outer ring.
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before the feed ban was implemented 
to under 5% after.34,40,41,45,53 In Germany, 
restrictions on oxytetracycline use 
were associated with reductions in the 
prevalence of oxytetracycline resistance 
among human Enterobacteriaceae of 15 
to 30 percentage points.50

A 2023 study that examined the 
impact of a 2018 Senate bill restrict-
ing the use of some antibiotics in the 
American state of California found it 
was associated with a 7.1% reduction 
in the prevalence of extended-spectrum 
cephalosporin resistance; however, 
no change was found in resistance to 
aminoglycosides, fluoroquinolones or 
tetracyclines.18 Similarly, a 2023 study of 
the effect of a 2015 regulation from the 
United States Food and Drug Admin-
istration to control the use of medically 
important antimicrobials by requiring 
veterinary oversight and eliminating 
their use for growth promotion failed 
to find any change in the prevalence 
of resistance genes across human and 
animal bacterial samples.19

Risk of bias

The overall risk of bias for each of the 
40 studies is listed in Table 2. Four stud-
ies (10%) were classified as having a 
critical risk of bias.16,24,29,50 Thirty (75%) 
had a serious risk of bias, predomi-
nantly due to confounding variables, 
potential biases in participant selection 
and unclear intervention classificatio
ns.14,15,17,19–23,25–28,30–34,36,37,39,41,43,45–49,51–53 
Finally, six studies (15%) were clas-
sified as having a moderate risk of 
bias.18,35,38,40,42,44

Discussion
Most evaluations of government policies 
targeting veterinary antimicrobial use 
that we identified were observational 
before–after studies conducted in high-
income countries in the WHO Region 
of the Americas, the WHO European 
Region or the WHO Western Pacific 
Region. Only a minority examined the 
impact of policies on antimicrobial re-
sistance in humans. The most frequently 
evaluated policy categories were legisla-
tive and regulatory interventions, and 
most interventions involved bans on spe-
cific antimicrobial classes (e.g. fluoroqui-
nolones) or specific uses of antimicrobi-
als (e.g. for growth promotion or in-feed 
use) or were guideline-based approaches 
intended to improve antimicrobial use in 
production animal systems.

Most studies reported improve-
ments in the outcome of interest due 
to the various policies evaluated: there 
were decreases in antimicrobial use, ani-
mal antimicrobial resistance or human 
antimicrobial resistance. However, three 
studies reported no change in animal an-
timicrobial resistance after policy imple-
mentation,19,21,42 whereas eleven studies 
reported reductions in the prevalence 
of antimicrobial resistance for some 
pathogens or antimicrobial classes but 
no change for others.16–18,23,24,35,36,44,46,47,52

Fluoroquinolone-resistant micro-
bial strains or resistance genes were 
reported to persist after policy imple-
mentation in three studies, suggesting 
that a reduction in antimicrobial use 
may not translate uniformly into re-
ductions in resistance across all patho-
gen–drug combinations.18,35,42 These 
findings align with previous evidence 
that fluoroquinolone-resistant strains 
may have greater biological fitness 
than susceptible strains, which enables 
them to persist despite interventions 
addressing fluoroquinolone use.54 It is 
possible, then, that reductions in anti-
microbial use alone may be insufficient 
to eliminate certain resistance pheno-
types. Similarly, one study found that the 
prevalence of resistance to vancomycin 
and erythromycin in pigs in Denmark 
did not decrease until the use of both 
avoparcin and tylosin was restricted,14 
which highlights the importance of 
addressing multiple selective pressures 
simultaneously. Moreover, reductions 
in antimicrobial use may not result in 
immediate or measurable declines in 
resistance because of factors such as the 
low fitness cost associated with certain 
resistance traits, the presence of other 
selective pressures (e.g. co-selection), 
or the long time lag before changes are 
observed. Longer follow-up periods are 
needed to detect the impact of policies 
on changes in antimicrobial resistance 
compared with changes in antimicrobial 
use, especially when assessing down-
stream effects in humans.3

Since most studies included in 
our analysis were conducted in high-
income countries, the generalizability 
of our findings to different contexts, 
especially resource-constrained settings, 
may be limited. For example, Denmark’s 
yellow card system was more effective 
when antimicrobial use regulations 
were accompanied by enforcement 
mechanisms, including clear sanctions 
for noncompliance.15 In various settings, 

many antimicrobials are sold without 
prescriptions by legal drug sellers or on 
the black market, which may be hard 
to regulate effectively. Similarly, access 
to veterinary care and other animal 
services varies widely internationally,55 
which further limits the transferability 
of our findings on policy impacts across 
regions.

Despite the grave threat posed by 
antimicrobial resistance,1 it is notable 
that we were able to identify only a 
relatively small number of evaluations 
of policy targeting antimicrobial use or 
resistance in animal systems. A 2019 
systematic review and meta-analysis of 
government policy interventions target-
ing antimicrobial use in humans found 
that regulatory and guideline-based 
interventions were the most commonly 
evaluated policy types.12 We identified 
far fewer studies in animals compared 
with the 2019 human health-focused 
review. This discrepancy may reflect 
either the less frequent implementation 
of policies in veterinary contexts or a 
lack of formal quantitative evaluation 
of existing policies. Countries that 
have conducted internal evaluations of 
veterinary antimicrobial polices should 
be encouraged to make their findings 
publicly available to promote best 
practice for policies and adaptation to 
other contexts. Researchers should also 
prioritize the identification and report-
ing of contextual determinants, such as 
regulatory capacity, resource constraints 
and institutional structures, that influ-
ence the effectiveness of policy across 
One Health sectors.

Our study has several limitations. 
First, like most reviews, publication bias 
may have affected our results. Although 
we designed our search strategy to 
cover multiple data sources, relatively 
few studies were identified and there 
were none from the WHO African, 
Eastern Mediterranean or South-East 
Asia Regions. Most studies we identified 
reported that the policies evaluated had 
a positive impact. Although this may be 
accurate, it may also reflect a positive 
publication bias. Moreover, the high risk 
of bias we identified across most studies 
also reduces confidence in our findings. 
Additionally, as many studies focused on 
time frames close to the intervention, 
the long-term or permanent impacts 
of interventions remain unknown. We 
excluded industry-led interventions, 
which may have led us to underestimate 
the total level of antimicrobial stew-
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ardship activity in production animal 
systems, particularly in settings where 
voluntary or profession-led initiatives 
preceded or complemented formal 
regulation. However, this approach was 
necessary to ensure the focus of our 
review remained on informing govern-
ment decision-makers.

Most studies we identified em-
ployed uncontrolled, before–after com-
parisons and most had a high risk of 
bias. Consequently, there is a need for 
improved standardized measures for use 
in intervention research on antimicro-
bial resistance in production animals. 
Studies that examined antimicrobial 
resistance in animals obtained samples 
for evaluating resistance from a variety 
of sources, including healthy animals 
on farms, sick animals at necropsy and 
retail meat. This variability reduced the 

generalizability of our findings. In addi-
tion, there were variations in the animal 
species and populations sampled and in 
the measurement of antimicrobial use 
and resistance. This variability prevented 
us from conducting a meta-analysis. 
These limitations highlight the need for 
standardized outcome measures or best 
practices for animal research to facilitate 
direct comparisons between studies and 
aid evidence synthesis across studies in 
the future. Future evaluations would also 
benefit from controlled study designs 
and longer follow-up, which could result 
in improvements in isolating the effects 
of policy and in assessing the sustain-
ability of an intervention’s impact on 
antimicrobial resistance.

In conclusion, to address the chal-
lenge of antimicrobial resistance, gov-
ernments and policy-makers must 

prioritize rigorous, transparent evalu-
ations of policy interventions across all 
WHO regions, particularly in low- and 
middle-income countries, to strengthen 
the global evidence base and to inform 
effective One Health actions addressing 
antimicrobial resistance. ■
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ملخص

التدخلات للحد من استخدام مضادات الميكروبات في الماشية: مراجعة منهجية وخريطة للأدلة
الغرض تحديد ووصف السياسة الحكومية التي تستهدف استخدام 
الميكروبات في  البيطرية، ومقاومة مضادات  الميكروبات  مضادات 
حيوانات الإنتاج على مستوى العالم، ورسم خريطة لهذه التدخلات 

لتحديد الثغرات في الأدلة.
و  ،MEDLINE بيانات  قواعد  في  بالبحث  قمنا  الطريقة 
 ProQuestو  ،Web of Scienceو  ،CAB Abstracts
وحتى  إنشائها  منذ   Theses Globalو  ،Dissertations
الكمي  بالتقييم  قامت  التي  الدراسات  عن   2025 أبريل/نيسان 
في  التغير  قياس  خلال  من  الحكومية،  السياسية  التدخلات  لأثر 
ملجم/كجم  المثال،  سبيل  )على  الميكروبات  مضادات  استخدام 
من الكتلة الحيوية، أو ملجم من المادة الفعالة، أو الجرعات اليومية 
المحددة للحيوانات( أو مقاومة مضادات الميكروبات في حيوانات 
بإجراء  مستقل  بشكل  المراجعين  من  اثنان  قام  البشر.  أو  الإنتاج 
للدراسات  التحيز  مخاطر  وتقييم  البيانات،  واستخراج  الفحص، 

المحددة.
النتائج قمنا بتحديد 40 تقييمًاا للسياسات، جميعها صادرة عن إقليم 
الهادئ،  المحيط  إقليم غرب  أو  الأوروبي،  الإقليم  أو  الأمريكتين، 

أية  على  العثور  يتم  لم   .)WHO( العالمية  الصحة  لمنظمة  التابعة 
العالمية.  الصحة  لمنظمة  تابعة  أخرى  أقاليم  من  مؤهلة  دراسات 
قامت معظم الدراسات )35 من 40( بتقييم التدخلات التشريعية 
أو التنظيمية، بينما ركزت 26 دراسة منها بشكل أساسي على حظر 
أوضحت  الميكروبات.  لمضادات  محددة  استخدامات  تقييد  أو 
معظم المقالات )34 من 40( الانخفاضات في استخدام مضادات 
الميكروبات في الحيوانات، أو في مقاومة مضادات الميكروبات لدى 
السياسات. مع ذلك،  بتطبيق  ارتبط  ما  البشر، وهو  أو  الحيوانات 
اتسمت الدراسات بتفاوت منهجياتها، كما أنها عُُرضة لخطر التحيز.
الاستنتاج تعمل هذه المراجعة المنهجية وخريطة الأدلة في سدّّ فجوة 
قائمة على الأدلة بشأن مقاومة  معرفية هامة تدعم اتخاذ إجراءات 
نسبًيًا  قليل  عدد  بتحديد  قمنا  ذلك،  ومع  الميكروبات.  مضادات 
من التقييمات الكمية للسياسات الحكومية التي تستهدف استخدام 
مضادات الميكروبات البيطرية أو مقاومتها، مما يركز على الحاجة إلى 

تقييمات منهجية قوية وإضافية للسياسات.
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摘 要
为减少牲畜体内的抗微生物药物使用量而采取的干预措施 ：系统评价和证据图
目的 旨在确定和说明针对全球生产动物体内的兽用抗
微生物药物使用量以及抗微生物药物耐药性的政府政
策，并梳理此类干预措施以确定证据缺口。
方 法 我 们 搜 索 了 医 学 文 献 分 析 和 检 索 系 统 在 线 
(MEDLINE)、CAB Abstracts、Web of Science 和 ProQuest 
全球博硕士论文全文数据库自创建起至 2025 年 4 月
的相关数据，以查找那些通过测量生产动物或人类体
内抗微生物药物使用量【例如 ：生物量（单位 ：毫克
/ 千克）、活性成分（单位：毫克）或动物的限定日剂量】
或抗微生物药物耐药性变化来定量评估政府所推出政
策干预措施所产生影响的研究。基于选定研究，两名
评审员独立完成了筛选、数据提取及偏倚风险评估工
作。
结果 我们选定的 40 项政策评估研究全部来自于世卫
组织 (WHO) 美洲区域、欧洲区域或西太平洋区域。

我们在世卫组织的其他区域未找到任何符合条件的研
究。大多数研究 (35/40) 的评估对象是立法或监管干
预措施，而其中 26 项研究的主要评估对象则是抗微
生物药物特定用途相关禁令或限制。据大多数 (34/40) 
文章报告，随着政策的落实，动物体内的抗微生物药
物使用量有所减少或者动物或人类体内的抗微生物药
物耐药性有所降低。然而，此类研究在方法论上具有
异质性，且偏倚风险较高。
结论 本系统评价和证据图弥补了知识体系中存在的巨
大缺口，从而支持针对抗微生物药物耐药性问题采取
循证行动。然而，我们发现针对兽用抗微生物药物使
用量或耐药性的政府政策定量评估研究相对较少，这
凸显了开展其他在方法论上比较严谨的政策评估研究
的必要性。

Résumé	

Interventions visant à réduire l’utilisation d’antimicrobiens chez les animaux d’élevage: revue systématique et cartographie 
des données probantes
Objectif Identifier et décrire les politiques gouvernementales ciblant 
l’utilisation d’antimicrobiens à usage vétérinaire et la résistance aux 
antimicrobiens chez les animaux d’élevage à l’échelle mondiale et 
cartographier ces interventions afin de mettre en évidence les lacunes 
dans les données probantes.
Méthodes Nous avons effectué des recherches dans les bases 
de données MEDLINE, CAB Abstracts, Web of Science et ProQuest 
Dissertations and Theses Global, depuis leur création jusqu’en avril 2025, 
afin de trouver des études évaluant sur le plan quantitatif l’impact 
des interventions politiques mises en œuvre par différents pouvoirs 
publics en mesurant l’évolution dans l’utilisation d’antimicrobiens 
(p. ex. milligrammes par kilogramme de biomasse, milligrammes de 
principe actif ou doses quotidiennes définies pour les animaux) ou 
de la résistance aux antimicrobiens chez les animaux d’élevage ou les 
humains. Deux évaluateurs ont procédé de manière indépendante à la 
sélection, à l’extraction des données et à l’évaluation du risque de biais 
pour les études identifiées.
Résultats Nous avons identifié 40 évaluations de politiques, toutes 
provenant des régions Amériques, Europe ou Pacifique occidental 
de l’Organisation mondiale de la Santé (OMS). Aucune étude éligible 

provenant d’autres régions de l’OMS n’a été identifiée. La plupart 
des études (35 sur 40) ont évalué des interventions législatives ou 
réglementaires, et 26 d’entre elles avaient principalement trait à des 
interdictions ou à des restrictions concernant des utilisations spécifiques 
d’antimicrobiens. La plupart des articles (34 sur 40) faisaient état d’une 
diminution de l’utilisation d’antimicrobiens chez les animaux ou de la 
résistance aux antimicrobiens chez les animaux ou les humains, associée 
à la mise en œuvre des politiques. Toutefois, les études présentaient 
une grande hétérogénéité méthodologique et comportaient un risque 
élevé de biais.
Conclusion Cette revue systématique et cette cartographie des données 
probantes comblent une lacune importante dans les connaissances 
qui étayent des mesures fondées sur des données probantes en 
matière de résistance aux antimicrobiens. Toutefois, nous avons 
identifié relativement peu d’évaluations quantitatives des politiques 
gouvernementales ciblant l’utilisation d’antimicrobiens ou la résistance 
aux antimicrobiens en médecine vétérinaire, soulignant la nécessité 
de mener des évaluations supplémentaires et méthodologiquement 
rigoureuses de ces politiques.

Резюме

Меры, направленные на уменьшение применения антимикробных препаратов у скота: 
систематический обзор и карта доказательной базы
Цель Выявить и описать политику правительства, направленную 
на применение антимикробных препаратов в ветеринарии 
и на явление устойчивости к антимикробным препаратам у 
сельскохозяйственных животных, а также систематизировать эти 
меры для выявления пробелов в доказательной базе.
Методы Авторы провели поиск по базам данных MEDLINE, 
CAB Abstracts, Web of Science, ProQuest Dissertations и 
Theses Global от момента их создания до апреля 2025 года. 
Целью поиска были исследования, в которых проводилась 
количественная оценка влияния мер, реализуемых в рамках 
осуществляемых правительствами политик. Оценка проводилась 
путем измерения изменений в применении антимикробных 

препаратов (например, в мг/кг биомассы, мг действующего 
вещества или в заданных суточных дозах для животных) или 
путем определения устойчивости к антимикробным препаратам 
у сельскохозяйственных животных или человека. Два рецензента 
независимо друг от друга провели отбор, извлечение данных 
и оценку риска систематической ошибки для выявленных 
исследований.
Результаты Авторы обнаружили 40 оценок политики, выполненных 
в Американском, Европейском и Западно-Тихоокеанском 
регионах Всемирной организации здравоохранения (ВОЗ). 
В других регионах ВОЗ не было выявлено соответствующих 
критериям исследований. Большинство исследований (35/40) 
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были посвящены оценке законодательных или нормативных 
мер, из них 26 были в основном запретами или ограничениями 
применения определенных антимикробных препаратов. 
В большинстве статей (34/40) сообщалось о сокращении 
интенсивности применения антимикробных препаратов у 
животных или о снижении устойчивости к антимикробным 
препаратам у животных и людей, что ассоциировалось с 
реализацией соответствующей политики. Однако исследования 
были методологически неоднородными и имели высокий риск 
систематической ошибки.

Вывод Этот систематический обзор и карта доказательной базы 
восполняют существенный пробел в знаниях, необходимых 
для поддержки действий в отношении устойчивости к 
антимикробным препаратам на основе доказательной базы. 
Однако авторы обнаружили относительно мало количественных 
оценок государственных политик в отношении использования 
антимикробных препаратов или устойчивости к ним в 
ветеринарии, что подчеркивает потребность в дополнительной, 
методологически надежной оценке политик.

Resumen

Intervenciones para reducir el uso de antimicrobianos en la ganadería: revisión sistemática y mapa de evidencia
Objetivo Identificar y describir las políticas gubernamentales dirigidas 
al uso de antimicrobianos en veterinaria y a la resistencia a los 
antimicrobianos en animales de producción a nivel mundial, así como 
mapear estas intervenciones para identificar lagunas de evidencia.
Métodos Se realizaron búsquedas en las bases de datos MEDLINE, 
CAB Abstracts, Web of Science y ProQuest Dissertations and Theses 
Global desde su inicio hasta abril de 2025 para identificar estudios que 
evaluaran cuantitativamente el impacto de intervenciones de política 
implementadas por gobiernos, mediante la medición de cambios en 
el uso de antimicrobianos (por ejemplo, mg/kg de biomasa, mg de 
principio activo o dosis diarias definidas para animales) o en la resistencia 
a los antimicrobianos en animales de producción o en humanos. El 
cribado, la extracción de datos y la evaluación del riesgo de sesgo de 
los estudios identificados fueron realizados de forma independiente 
por dos revisores.
Resultados Se identificaron 40 evaluaciones de políticas, todas 
procedentes de la Región de las Américas, la Región Europea o la Región 
del Pacífico Occidental de la Organización Mundial de la Salud (OMS). 

No se identificaron estudios elegibles procedentes de otras regiones de 
la OMS. La mayoría de los estudios (35/40) evaluaron intervenciones 
legislativas o regulatorias, y 26 consistieron principalmente en 
prohibiciones o restricciones del uso de antimicrobianos específicos. La 
mayoría de los artículos (34/40) informaron de disminuciones en el uso 
de antimicrobianos en animales o en la resistencia a los antimicrobianos 
en animales o en humanos asociadas a la implementación de políticas. 
No obstante, los estudios presentaron heterogeneidad metodológica y 
un alto riesgo de sesgo.
Conclusión Esta revisión sistemática y mapa de evidencia cubren 
una importante laguna de conocimiento que respalda la adopción de 
medidas fundamentadas en la evidencia frente a la resistencia a los 
antimicrobianos. Sin embargo, se identificaron relativamente pocas 
evaluaciones cuantitativas de políticas gubernamentales dirigidas al 
uso o la resistencia a los antimicrobianos en veterinaria, lo que pone de 
manifiesto la necesidad de realizar evaluaciones de políticas adicionales 
con metodologías sólidas.

References
 1.	 Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Robles Aguilar G, Gray 

A, et al.; Antimicrobial Resistance Collaborators. Global burden of 
bacterial antimicrobial resistance in 2019: a systematic analysis. Lancet. 
2022 Feb 12;399(10325):629–55. doi: http:// dx .doi .org/ 10 .1016/ S0140
-6736(21)02724 -0 PMID: 35065702

 2.	 Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, Levin SA, Robinson TP, et 
al. Global trends in antimicrobial use in food animals. Proc Natl Acad Sci 
USA. 2015 May 5;112(18):5649–54. doi: http:// dx .doi .org/ 10 .1073/ pnas
.1503141112 PMID: 25792457

 3.	 Tang KL, Caffrey NP, Nóbrega DB, Cork SC, Ronksley PE, Barkema HW, et 
al. Restricting the use of antibiotics in food-producing animals and its 
associations with antibiotic resistance in food-producing animals and 
human beings: a systematic review and meta-analysis. Lancet Planet 
Health. 2017 Nov;1(8):e316–27. doi: http:// dx .doi .org/ 10 .1016/ S2542
-5196(17)30141 -9 PMID: 29387833

 4.	 Strong K, Emdin F, Orubu S, Rogers Van Katwyk S, Ganshorn H, Grimshaw J, 
et al. Government policy interventions to reduce veterinary antimicrobial 
consumption in production animals: a protocol for a systematic review 
and evidence map. Syst Rev. 2025 Jun 3;14(1):122. doi: http:// dx .doi .org/ 10
.1186/ s13643 -025 -02829 -9 PMID: 40462252

 5.	 Adamie BA, Akwar HT, Arroyo M, Bayko H, Hafner M, Harrison S, et al. 
Forecasting the fallout from AMR: economic impacts of antimicrobial 
resistance in food-producing animals. A report from the EcoAMR series. 
Paris & Washington, DC: World Organisation for Animal Health & World 
Bank; 2024. Available from: https:// www .woah .org/ app/ uploads/ 2024/ 09/
ecoamr -woah -animal -sector -web -reduced -23924 .pdf [cited 2024 May 17]. 

 6.	 Ardakani Z, Canali M, Aragrande M, Tomassone L, Simoes M, Balzani A, et al. 
Evaluating the contribution of antimicrobial use in farmed animals to global 
antimicrobial resistance in humans. One Health. 2023 Oct 31;17:100647. 
doi: http:// dx .doi .org/ 10 .1016/ j .onehlt .2023 .100647 PMID: 38024271

 7.	 Food and Agriculture Organization of the United Nations (FAO), United 
Nations Environment Programme (UNEP), World Health Organization 
(WHO) and World Organisation for Animal Health (WOAH). Call for 
actionable steps in response to the rising threat of antimicrobial resistance 
(AMR). Quebec City: Food and Agriculture Organization of the United 
Nations; 2024. Available from: https:// openknowledge .fao .org/ items/
2d692ce6 -a1c7 -4ea3 -9f54 -69416384b873 [cited 2024 May 17].

 8.	 OIE standards, guidelines, and resolutions on antimicrobial resistance and 
the use of antimicrobial agents. 2nd edition. Paris: World Organisation for 
Animal Health; 2020. Available from: https:// www .woah .org/ app/ uploads/
2021/ 03/ book -amr -ang -fnl -lr .pdf [cited 2024 May 17].

 9.	 Cochrane handbook for systematic reviews of interventions [internet]. 
London: Cochrane; 2026. Available from: https:// www .cochrane .org/
authors/ handbooks -and -manuals/ handbook [cited 2026 Jan 17].

 10.	 Michie S, van Stralen MM, West R. The behaviour change wheel: a new 
method for characterising and designing behaviour change interventions. 
Implement Sci. 2011 Apr 23;6(1):42. doi: http:// dx .doi .org/ 10 .1186/ 1748
-5908 -6 -42 PMID: 21513547

 11.	 Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, 
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of 
interventions. BMJ. 2016 Oct 12;355:i4919. doi: http:// dx .doi .org/ 10 .1136/
bmj .i4919 PMID: 27733354

 12.	 Rogers Van Katwyk S, Grimshaw JM, Nkangu M, Nagi R, Mendelson M, 
Taljaard M, et al. Government policy interventions to reduce human 
antimicrobial use: a systematic review and evidence map. PLoS Med. 
2019 Jun 11;16(6):e1002819. doi: http:// dx .doi .org/ 10 .1371/ journal .pmed
.1002819 PMID: 31185011

 13.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ. 2021 Mar 29;372(71):n71. doi: http:// dx .doi .org/ 10
.1136/ bmj .n71 PMID: 33782057

http://dx.doi.org/10.1016/S0140-6736(21)02724-0
http://dx.doi.org/10.1016/S0140-6736(21)02724-0
http://www.ncbi.nlm.nih.gov/pubmed/35065702
http://dx.doi.org/10.1073/pnas.1503141112
http://dx.doi.org/10.1073/pnas.1503141112
http://www.ncbi.nlm.nih.gov/pubmed/25792457
http://dx.doi.org/10.1016/S2542-5196(17)30141-9
http://dx.doi.org/10.1016/S2542-5196(17)30141-9
http://www.ncbi.nlm.nih.gov/pubmed/29387833
http://dx.doi.org/10.1186/s13643-025-02829-9
http://dx.doi.org/10.1186/s13643-025-02829-9
http://www.ncbi.nlm.nih.gov/pubmed/40462252
https://www.woah.org/app/uploads/2024/09/ecoamr-woah-animal-sector-web-reduced-23924.pdf
https://www.woah.org/app/uploads/2024/09/ecoamr-woah-animal-sector-web-reduced-23924.pdf
http://dx.doi.org/10.1016/j.onehlt.2023.100647
http://www.ncbi.nlm.nih.gov/pubmed/38024271
https://openknowledge.fao.org/items/2d692ce6-a1c7-4ea3-9f54-69416384b873
https://openknowledge.fao.org/items/2d692ce6-a1c7-4ea3-9f54-69416384b873
https://www.woah.org/app/uploads/2021/03/book-amr-ang-fnl-lr.pdf
https://www.woah.org/app/uploads/2021/03/book-amr-ang-fnl-lr.pdf
https://www.cochrane.org/authors/handbooks-and-manuals/handbook
https://www.cochrane.org/authors/handbooks-and-manuals/handbook
http://dx.doi.org/10.1186/1748-5908-6-42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pubmed/21513547
http://dx.doi.org/10.1136/bmj.i4919
http://dx.doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/pubmed/27733354
http://dx.doi.org/10.1371/journal.pmed.1002819
http://dx.doi.org/10.1371/journal.pmed.1002819
http://www.ncbi.nlm.nih.gov/pubmed/31185011
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057


Systematic reviews

415Bull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al. Government policy and antimicrobial use in production animals

 14.	 Aarestrup FM, Jensen VF, Emborg HD, Jacobsen E, Wegener HC. Changes 
in the use of antimicrobials and the effects on productivity of swine farms 
in Denmark. Am J Vet Res. 2010 Jul;71(7):726–33. doi: http:// dx .doi .org/ 10
.2460/ ajvr .71 .7 .726 PMID: 20594073

 15.	 Andreasen M, Alban L, Dahl J, Nielsen AC. Risk-mitigation for antimicrobial 
resistance in Danish swine herds at a national level. J Agric Sci Technol A. 
2012;2(3):412–6.

 16.	 Bywater R, McConville M, Phillips I, Shryock T. The susceptibility to growth-
promoting antibiotics of Enterococcus faecium isolates from pigs and 
chickens in Europe. J Antimicrob Chemother. 2005 Sep;56(3):538–43. doi: 
http:// dx .doi .org/ 10 .1093/ jac/ dki273 PMID: 16085669

 17.	 Callens B, Cargnel M, Sarrazin S, Dewulf J, Hoet B, Vermeersch K, et al. 
Associations between a decreased veterinary antimicrobial use and 
resistance in commensal Escherichia coli from Belgian livestock species 
(2011–2015). Prev Vet Med. 2018 Sep 1;157:50–8. doi: http:// dx .doi .org/ 10
.1016/ j .prevetmed .2017 .10 .013 PMID: 30086849

 18.	 Casey JA, Tartof SY, Davis MF, Nachman KE, Price L, Liu C, et al. Impact of 
a statewide livestock antibiotic use policy on resistance in human urine 
Escherichia coli isolates: a synthetic control analysis. Environ Health 
Perspect. 2023 Feb;131(2):27007. doi: http:// dx .doi .org/ 10 .1289/ EHP11221 
PMID: 36821707

 19.	 Chandra Deb L, Jara M, Lanzas C. Early evaluation of the Food and Drug 
Administration (FDA) guidance on antimicrobial use in food animals on 
antimicrobial resistance trends reported by the National Antimicrobial 
Resistance Monitoring System (2012–2019). One Health. 2023 Jun 
14;17:100580. doi: http:// dx .doi .org/ 10 .1016/ j .onehlt .2023 .100580 PMID: 
37448772

 20.	 de Lagarde M, Fairbrother JM, Archambault M, Dufour S, Francoz D, Massé 
J, et al. Impact of a regulation restricting critical antimicrobial usage on 
prevalence of antimicrobial resistance in Escherichia coli isolates from fecal 
and manure pit samples on dairy farms in Québec, Canada. Front Vet Sci. 
2022 Feb 17;9:838498. doi: http:// dx .doi .org/ 10 .3389/ fvets .2022 .838498 
PMID: 35252426

 21.	 de Lagarde M, Fairbrother JM, Archambault M, Dufour S, Francoz D, Massé J, 
et al. Clonal and plasmidic dissemination of critical antimicrobial resistance 
genes through clinically relevant ExPEC and APEC-like lineages (ST) in 
the dairy cattle population of Québec, Canada. Front Microbiol. 2024 Jan 
18;14:1304678. doi: http:// dx .doi .org/ 10 .3389/ fmicb .2023 .1304678 PMID: 
38304859

 22.	 Dillon ME. The impact of restricting antibiotic use in livestock: using a 
“One Health” approach to analyze effects of the veterinary feed directive. 
[master's thesis]. Boston: Harvard Extension School; 2020. Available from: 
https:// dash .harvard .edu/ entities/ publication/ 9e90b8e8 -c177 -4590 -9e4b
-011f53a30ab8 [cited 2026 Jan 17].

 23.	 Guérin V, Farchi A, Thiry D, Cawez F, Mercuri PS, Galleni M, et al. Seven-year 
evolution of β-lactam resistance phenotypes in Escherichia coli isolated 
from young diarrheic and septicaemic calves in Belgium. Vet Sci. 2022 Jan 
26;9(2):45. doi: http:// dx .doi .org/ 10 .3390/ vetsci9020045 PMID: 35202298

 24.	 Kmet’ V, Melichárek I, Bobček R, Bidleň L, Szakal T. Dynamics of antimicrobial 
resistance in commensal Escherichia coli isolated from broilers. Slov 
Veterinársky Časopis. 2007;32(4):252–3.

 25.	 Laroche J, Ferrouillet C, DesCôteaux L. Analysis of antimicrobial sales data 
of the main distributor in Quebec from 2016 to 2019: an estimate of usage 
in dairy cattle, horses, and small animals. Can Vet J. 2022 Apr;63(4):379–85. 
PMID: 35368389

 26.	 Lauderdale TL, Shiau YR, Wang HY, Lai JF, Huang IW, Chen PC, et al. Effect 
of banning vancomycin analogue avoparcin on vancomycin-resistant 
enterococci in chicken farms in Taiwan. Environ Microbiol. 2007 
Mar;9(3):819–23. doi: http:// dx .doi .org/ 10 .1111/ j .1462 -2920 .2006 .01189 .x 
PMID: 17298380

 27.	 Miguela-Villoldo P, Moreno MA, Rodríguez-Lázaro D, Gallardo A, Hernández 
M, Serrano T, et al. Longitudinal study of the mcr-1 gene prevalence in 
Spanish food-producing pigs from 1998 to 2021 and its relationship with 
the use of polymyxins. Porcine Health Manag. 2022 Mar 17;8(1):12. doi: 
http:// dx .doi .org/ 10 .1186/ s40813 -022 -00255 -0 PMID: 35300732

 28.	 Millar N, Aenishaenslin C, Lardé H, Roy JP, Fourichon C, Francoz D, et al. 
Evidence of a decrease in sales of antimicrobials of very high importance 
for humans in dairy herds after a new regulation restricting their use in 
Quebec, Canada. Zoonoses Public Health. 2022 Jun;69(4):370–81. doi: 
http:// dx .doi .org/ 10 .1111/ zph .12929 PMID: 35199952

 29.	 Mosaddegh A, Angel CC, Craig M, Cummings KJ, Cazer CL. An exploration 
of descriptive machine learning approaches for antimicrobial resistance: 
multidrug resistance patterns in Salmonella enterica. Prev Vet Med. 2024 
Sep;230:106261. doi: http:// dx .doi .org/ 10 .1016/ j .prevetmed .2024 .106261 
PMID: 38964208

 30.	 Perrin-Guyomard A, Houée P, Lucas P, Felten A, Le Devendec L, Chauvin C, 
et al. Prevalence and molecular epidemiology of mcr-mediated colistin-
resistance Escherichia coli from healthy poultry in France after national 
plan to reduce exposure to colistin in farm. Front Microbiol. 2023 Oct 
6;14:1254122. doi: http:// dx .doi .org/ 10 .3389/ fmicb .2023 .1254122 PMID: 
37869671

 31.	 Sammul M, Mõtus K, Kalmus P. The use of colistin in food-producing 
animals in Estonia – vaccination as an effective alternative to consumption 
of critically important antimicrobials in pigs. Antibiotics (Basel). 2021 Apr 
28;10(5):499. doi: http:// dx .doi .org/ 10 .3390/ antibiotics10050499 PMID: 
33924741

 32.	 Santman-Berends IMGA, van den Heuvel KWH, Lam TJGM, Scherpenzeel 
CGM, van Schaik G. Monitoring udder health on routinely collected census 
data: evaluating the short- to mid-term consequences of implementing 
selective dry cow treatment. J Dairy Sci. 2021 Feb;104(2):2280–9. doi: http://
dx .doi .org/ 10 .3168/ jds .2020 -18973 PMID: 33358166

33.	 Sarkar S, Okafor C. Effect of veterinary feed directive rule changes on 
tetracycline-resistant and erythromycin-resistant bacteria (Salmonella, 
Escherichia, and Campylobacter) in retail meats in the United States. PLoS 
One. 2023 Aug 3;18(8):e0289208. doi: http://​dx​.doi​.org/​10​.1371/​journal​
.pone​.0289208 PMID: 37535600

34.	 Shen C, Zhong LL, Yang Y, Doi Y, Paterson DL, Stoesser N, et al. Dynamics of 
mcr-1 prevalence and mcr-1-positive Escherichia coli after the cessation 
of colistin use as a feed additive for animals in China: a prospective cross-
sectional and whole genome sequencing-based molecular epidemiological 
study. Lancet Microbe. 2020 May;1(1):e34–43. doi: http://​dx​.doi​.org/​10​
.1016/​S2666​-5247(20)30005​-7 PMID: 35538907

35.	 Tenhagen BA, Flor M, Alt K, Knüver MT, Buhler C, Käsbohrer A, et al. 
Association of antimicrobial resistance in Campylobacter spp. in broilers and 
turkeys with antimicrobial use. Antibiotics (Basel). 2021 Jun 4;10(6):673. doi: 
http://​dx​.doi​.org/​10​.3390/​antibiotics10060673 PMID: 34199987

36.	 Tu Z, Gu J, Zhang H, Liu J, Shui J, Zhang A. Withdrawal of colistin reduces 
incidence of mcr-1-harboring IncX4-type plasmids but has limited effects 
on unrelated antibiotic resistance. Pathogens. 2021 Aug 12;10(8):1019. doi: 
http://​dx​.doi​.org/​10​.3390/​pathogens10081019 PMID: 34451483

37.	 Ungemach FR, Müller-Bahrdt D, Abraham G. Guidelines for prudent use 
of antimicrobials and their implications on antibiotic usage in veterinary 
medicine. Int J Med Microbiol. 2006 Jun;296 Suppl 41:33–8. doi: http://​dx​
.doi​.org/​10​.1016/​j​.ijmm​.2006​.01​.059 PMID: 16520092

38.	 Usui M, Nozawa Y, Fukuda A, Sato T, Yamada M, Makita K, et al. Decreased 
colistin resistance and mcr-1 prevalence in pig-derived Escherichia coli in 
Japan after banning colistin as a feed additive. J Glob Antimicrob Resist. 
2021 Mar;24:383–6. doi: http://​dx​.doi​.org/​10​.1016/​j​.jgar​.2021​.01​.016 PMID: 
33545419

39.	 Vanhoudt A, van Hees-Huijps K, van Knegsel ATM, Sampimon OC, Vernooij 
JCM, Nielen M, et al. Effects of reduced intramammary antimicrobial use 
during the dry period on udder health in Dutch dairy herds. J Dairy Sci. 
2018 Apr;101(4):3248–60. doi: http://​dx​.doi​.org/​10​.3168/​jds​.2017​-13555 
PMID: 29395142

40.	 Wang Y, Xu C, Zhang R, Chen Y, Shen Y, Hu F, et al. Changes in colistin 
resistance and mcr-1 abundance in Escherichia coli of animal and 
human origins following the ban of colistin-positive additives in 
China: an epidemiological comparative study. Lancet Infect Dis. 2020 
Oct;20(10):1161–71. doi: http://​dx​.doi​.org/​10​.1016/​S1473​-3099(20)30149​-3 
PMID: 32505232

41.	 Yang T, Li W, Cui Q, Qin X, Li B, Li X, et al. Distribution and transmission 
of colistin resistance genes mcr-1 and mcr-3 among nontyphoidal 
Salmonella isolates in China from 2011 to 2020. Microbiol Spectr. 2023 
Feb 14;11(1):e0383322. doi: http://​dx​.doi​.org/​10​.1128/​spectrum​.03833​-22 
PMID: 36519849

42.	 Zawack K, Li M, Booth JG, Love W, Lanzas C, Gröhn YT. Monitoring 
antimicrobial resistance in the food supply chain and its implications 
for FDA policy initiatives. Antimicrob Agents Chemother. 2016 Aug 
22;60(9):5302–11. doi: http://​dx​.doi​.org/​10​.1128/​AAC​.00688​-16 PMID: 
27324772

43.	 Zhang W, Zhang T, Wang C, Liang G, Lu Q, Wen G, et al. Prevalence of colistin 
resistance gene mcr-1 in Escherichia coli isolated from chickens in central 
China, 2014 to 2019. J Glob Antimicrob Resist. 2022 Jun;29:241–6. doi: 
http://​dx​.doi​.org/​10​.1016/​j​.jgar​.2022​.03​.024 PMID: 35405353

44.	 Cobo-Angel C, Craig M, Osman M, Cummings KJ, Cazer CL. Antimicrobial 
use regulations are associated with increased susceptibility among bovine 
Salmonella isolates from a U.S. surveillance system. One Health. 2025 Jan 
31;20:100983. doi: http://​dx​.doi​.org/​10​.1016/​j​.onehlt​.2025​.100983 PMID: 
39995770

http://dx.doi.org/10.2460/ajvr.71.7.726
http://dx.doi.org/10.2460/ajvr.71.7.726
http://www.ncbi.nlm.nih.gov/pubmed/20594073
http://dx.doi.org/10.1093/jac/dki273
http://www.ncbi.nlm.nih.gov/pubmed/16085669
http://dx.doi.org/10.1016/j.prevetmed.2017.10.013
http://dx.doi.org/10.1016/j.prevetmed.2017.10.013
http://www.ncbi.nlm.nih.gov/pubmed/30086849
http://dx.doi.org/10.1289/EHP11221
http://www.ncbi.nlm.nih.gov/pubmed/36821707
http://dx.doi.org/10.1016/j.onehlt.2023.100580
http://www.ncbi.nlm.nih.gov/pubmed/37448772
http://dx.doi.org/10.3389/fvets.2022.838498
http://www.ncbi.nlm.nih.gov/pubmed/35252426
http://dx.doi.org/10.3389/fmicb.2023.1304678
http://www.ncbi.nlm.nih.gov/pubmed/38304859
https://dash.harvard.edu/entities/publication/9e90b8e8-c177-4590-9e4b-011f53a30ab8
https://dash.harvard.edu/entities/publication/9e90b8e8-c177-4590-9e4b-011f53a30ab8
http://dx.doi.org/10.3390/vetsci9020045
http://www.ncbi.nlm.nih.gov/pubmed/35202298
http://www.ncbi.nlm.nih.gov/pubmed/35368389
http://dx.doi.org/10.1111/j.1462-2920.2006.01189.x
http://www.ncbi.nlm.nih.gov/pubmed/17298380
http://dx.doi.org/10.1186/s40813-022-00255-0
http://www.ncbi.nlm.nih.gov/pubmed/35300732
http://dx.doi.org/10.1111/zph.12929
http://www.ncbi.nlm.nih.gov/pubmed/35199952
http://dx.doi.org/10.1016/j.prevetmed.2024.106261
http://www.ncbi.nlm.nih.gov/pubmed/38964208
http://dx.doi.org/10.3389/fmicb.2023.1254122
http://www.ncbi.nlm.nih.gov/pubmed/37869671
http://dx.doi.org/10.3390/antibiotics10050499
http://www.ncbi.nlm.nih.gov/pubmed/33924741
http://dx.doi.org/10.3168/jds.2020-18973
http://dx.doi.org/10.3168/jds.2020-18973
http://www.ncbi.nlm.nih.gov/pubmed/33358166
http://dx.doi.org/10.1371/journal.pone.0289208
http://dx.doi.org/10.1371/journal.pone.0289208
http://www.ncbi.nlm.nih.gov/pubmed/37535600
http://dx.doi.org/10.1016/S2666-5247(20)30005-7
http://dx.doi.org/10.1016/S2666-5247(20)30005-7
http://www.ncbi.nlm.nih.gov/pubmed/35538907
http://dx.doi.org/10.3390/antibiotics10060673
http://www.ncbi.nlm.nih.gov/pubmed/34199987
http://dx.doi.org/10.3390/pathogens10081019
http://www.ncbi.nlm.nih.gov/pubmed/34451483
http://dx.doi.org/10.1016/j.ijmm.2006.01.059
http://dx.doi.org/10.1016/j.ijmm.2006.01.059
http://www.ncbi.nlm.nih.gov/pubmed/16520092
http://dx.doi.org/10.1016/j.jgar.2021.01.016
http://www.ncbi.nlm.nih.gov/pubmed/33545419
http://dx.doi.org/10.3168/jds.2017-13555
http://www.ncbi.nlm.nih.gov/pubmed/29395142
http://dx.doi.org/10.1016/S1473-3099(20)30149-3
http://www.ncbi.nlm.nih.gov/pubmed/32505232
http://dx.doi.org/10.1128/spectrum.03833-22
http://www.ncbi.nlm.nih.gov/pubmed/36519849
http://dx.doi.org/10.1128/AAC.00688-16
http://www.ncbi.nlm.nih.gov/pubmed/27324772
http://dx.doi.org/10.1016/j.jgar.2022.03.024
http://www.ncbi.nlm.nih.gov/pubmed/35405353
http://dx.doi.org/10.1016/j.onehlt.2025.100983
http://www.ncbi.nlm.nih.gov/pubmed/39995770


Government policy and antimicrobial use in production animals

416 Bull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.
Systematic reviews

 45.	 Zhao Q, Li Y, Tian Y, Shen Y, Wang S, Zhang Y. Clinical impact of colistin 
banning in food animal on mcr-1-positive Enterobacteriaceae in patients 
from Beijing, China, 2009–2019: a long-term longitudinal observational 
study. Front Microbiol. 2022 Feb 10;13:826624. doi: http:// dx .doi .org/ 10
.3389/ fmicb .2022 .826624 PMID: 35222338

 46.	 Wen R, Li C, Zhao M, Wang H, Tang Y. Withdrawal of antibiotic growth 
promoters in China and its impact on the foodborne pathogen 
Campylobacter coli of swine origin. Front Microbiol. 2022 Sep 8;13:1004725. 
doi: http:// dx .doi .org/ 10 .3389/ fmicb .2022 .1004725 PMID: 36160189

 47.	 Hou J, Sun X, Gao H, et al. Changes in a multidrug-resistant bacterial 
community and its antibiotic resistance characteristics in pig farms after the 
ban on antibiotic growth promoters. J Agro-Environ Sci. 2023; 42(3):682–91. 
Chinese.

 48.	 Laine T, Yliaho M, Myllys V, Pohjanvirta T, Fossi M, Anttila M. The effect of 
antimicrobial growth promoter withdrawal on the health of weaned pigs in 
Finland. Prev Vet Med. 2004 Dec 15;66(1-4):163–74. doi: http:// dx .doi .org/
10 .1016/ j .prevetmed .2004 .09 .001 PMID: 15579342

 49.	 Singer RS, Porter LJ, Schrag NFD, Davies PR, Apley MD, Bjork K. Estimates 
of on-farm antimicrobial usage in broiler chicken production in the United 
States, 2013–2017. Zoonoses Public Health. 2020 Nov;67(Suppl 1):22–35. 
doi: http:// dx .doi .org/ 10 .1111/ zph .12764 PMID: 1777007

 50.	 Trolldenier H, Witte W, Briedigkeit H. Sinkende Oxytetracyclinresistenz bei 
Enterobacteriaceae im Veterinär- und Gesundheitswesen nach Austausch 
dieses Wirkstoffes in der Tierernährung. Zentralbl Hyg Umweltmed. 
1991;192(3):264–78. German. PMID: 1777007

 51.	 Liang C, Wei Y, Wang X, Gao J, Cui H, Zhang C, et al. Analysis of resistance 
gene diversity in the intestinal microbiome of broilers from two types of 
broiler farms in Hebei Province, China. Antibiotics. 2023;12(12):1664. doi: 
http:// dx .doi .org/ 10 .3390/ antibiotics12121664 PMID: 1777007

 52.	 Liang C, Cui H, Chen L, Zhang H, Zhang C, Liu J. Identification, typing, and 
drug resistance analysis of Escherichia coli in two different types of broiler 
farms in Hebei Province. Animals (Basel). 2023 Oct 13;13(20):3194. doi: 
http:// dx .doi .org/ 10 .3390/ ani13203194 PMID: 37893917

 53.	 Shen C, Zhong LL, Zhong Z, Doi Y, Shen J, Wang Y, et al. Prevalence of 
mcr-1 in colonized inpatients, China, 2011–2019. Emerg Infect Dis. 2021 
Sep;27(9):2502–4. doi: http:// dx .doi .org/ 10 .3201/ eid2709 .203642 PMID: 
34424179

 54.	 Costa MM, Cardo M, Ruano Z, Alho AM, Dinis-Teixera J, Aguiar P, et 
al. Effectiveness of antimicrobial interventions in animal production: 
systematic review & meta-analysis. Eur J Public Health. 2023 Oct;33(Supp 
2): ckad160.082. doi: http:// dx .doi .org/ 10 .1093/ eurpub/ ckad160 .082 PMID: 
1777007

 55.	 Okello AL, Bardosh K, Smith J, Welburn SC. One Health: past successes and 
future challenges in three African contexts. PLoS Negl Trop Dis. 2014 May 
22;8(5):e2884. doi: http:// dx .doi .org/ 10 .1371/ journal .pntd .0002884 PMID: 
24851901

http://dx.doi.org/10.3389/fmicb.2022.826624
http://dx.doi.org/10.3389/fmicb.2022.826624
http://www.ncbi.nlm.nih.gov/pubmed/35222338
http://dx.doi.org/10.3389/fmicb.2022.1004725
http://www.ncbi.nlm.nih.gov/pubmed/36160189
http://dx.doi.org/10.1016/j.prevetmed.2004.09.001
http://dx.doi.org/10.1016/j.prevetmed.2004.09.001
http://www.ncbi.nlm.nih.gov/pubmed/15579342
http://dx.doi.org/10.1111/zph.12764
http://www.ncbi.nlm.nih.gov/pubmed/1777007
http://www.ncbi.nlm.nih.gov/pubmed/1777007
http://dx.doi.org/10.3390/antibiotics12121664
http://www.ncbi.nlm.nih.gov/pubmed/1777007
http://dx.doi.org/10.3390/ani13203194
http://www.ncbi.nlm.nih.gov/pubmed/37893917
http://dx.doi.org/10.3201/eid2709.203642
http://www.ncbi.nlm.nih.gov/pubmed/34424179
http://dx.doi.org/10.1093/eurpub/ckad160.082
http://www.ncbi.nlm.nih.gov/pubmed/1777007
http://dx.doi.org/10.1371/journal.pntd.0002884
http://www.ncbi.nlm.nih.gov/pubmed/24851901


Systematic reviews
Government policy and antimicrobial use in production animals

416ABull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.

Ta
bl

e 
2.

	S
tu

dy
 ch

ar
ac

te
ris

tic
s, 

sy
st

em
at

ic 
re

vi
ew

 of
 g

ov
er

nm
en

t p
ol

icy
 in

te
rv

en
tio

ns
 to

 re
du

ce
 an

tim
icr

ob
ia

l u
se

 in
 p

ro
du

ct
io

n 
an

im
al

s, 
by

 p
ol

icy
 ca

te
go

ry
,a  19

79
–2

02
2

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

Gu
id

el
in

es
Un

ge
m

ac
h 

et
 a

l., 
20

06
37

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ge
rm

an
y 

(E
ur

op
ea

n)
20

00
–2

00
2

Na
tio

na
l 

pr
es

cr
ip

tio
n 

da
ta

Pr
ud

en
t-u

se
 

ve
te

rin
ar

y 
gu

id
el

in
es

 
(2

00
0)

Na
tio

na
l 

go
ve

rn
m

en
t

An
tim

ic
ro

bi
al

 
gu

id
el

in
es

An
im

al
 

an
tim

icr
ob

ial
 

us
e

To
ta

l v
et

er
in

ar
y 

an
tib

io
tic

 c
on

su
m

pt
io

n 
de

cl
in

ed
 fr

om
 4

25
5 

kg
 p

re
-g

ui
de

lin
es

 to
 

11
45

 k
g 

by
 th

e 
fir

st
 q

ua
rte

r o
f 2

00
2

Se
rio

us

Sa
m

m
ul

 e
t a

l., 
20

21
31

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Es
to

ni
a 

(E
ur

op
ea

n)
20

10
–2

01
9

W
ho

le
sa

le
r s

al
es

 
da

ta
Na

tio
na

l 
tre

at
m

en
t 

gu
id

el
in

es
 

(2
01

2)

Na
tio

na
l 

go
ve

rn
m

en
t

An
tim

ic
ro

bi
al

 
gu

id
el

in
es

An
im

al
 

an
tim

icr
ob

ial
 

us
e

Co
lis

tin
 u

se
 in

 p
ig

s d
ec

lin
ed

 b
y 

0.
23

 m
g/

PU
CE

 p
er

 1
0 0

00
 E

. c
ol

i v
ac

ci
ne

 d
os

es
 o

ve
r 

10
 y

ea
rs

Se
rio

us

M
ig

ue
la

-V
ill

ol
do

 
et

 a
l., 

20
22

27
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Sp

ai
n 

(E
ur

op
ea

n)
19

98
–2

02
1

Pi
g 

ca
ec

al
 

sa
m

pl
es

Re
du

ce
 P

or
ci

no
 

pl
an

 (2
01

6)
Na

tio
na

l 
go

ve
rn

m
en

t
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

s
An

im
al

 A
M

R
Th

e 
pr

ev
al

en
ce

 o
f t

he
 c

ol
ist

in
 re

sis
ta

nc
e-

as
so

ci
at

ed
 m

cr
 g

en
e 

in
 p

ig
 c

ae
ca

l s
am

pl
es

 
in

cr
ea

se
d 

be
tw

ee
n 

20
04

 a
nd

 2
01

5 
to

 
66

%
 b

ut
 d

ec
lin

ed
 si

gn
ifi

ca
nt

ly
 fr

om
 2

01
7 

(5
4%

) t
o 

20
21

 (1
7%

; P
 <

 0.
00

1)

Se
rio

us

Li
an

g 
et

 a
l., 

20
23

 
(a

ni
m

al
s)

52
,h

Co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Ch

in
a 

(W
es

te
rn

 
Pa

ci
fic

)

20
19

–2
02

1
Br

oi
le

r c
hi

ck
en

 
cl

oa
ca

l s
w

ab
s

Na
tio

na
l p

ilo
t 

pr
og

ra
m

m
e 

(2
01

8)

Na
tio

na
l 

go
ve

rn
m

en
t

An
tim

ic
ro

bi
al

 
gu

id
el

in
es

An
im

al
 A

M
R

(i)
 T

he
 p

re
va

le
nc

e 
of

 re
sis

ta
nc

e 
to

 
ge

nt
am

ic
in

, s
pe

ct
in

om
yc

in
 a

nd
 c

ef
tio

fu
r 

w
as

 lo
w

er
 in

 in
te

rv
en

tio
n 

fa
rm

s c
om

pa
re

d 
to

 n
on

-in
te

rv
en

tio
n 

fa
rm

s (
P <

 0.
05

); 
an

d 
(ii

) t
he

 d
iff

er
en

ce
 in

 so
m

e 
ot

he
r 

an
tim

ic
ro

bi
al

 d
ru

gs
 w

as
 n

ot
 si

gn
ifi

ca
nt

Se
rio

us

Li
an

g 
et

 a
l., 

20
23

 
(a

nt
im

ic
ro

bi
al

 
re

sis
ta

nc
e 

ge
ne

s)
51

,h

Co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Ch

in
a 

(W
es

te
rn

 
Pa

ci
fic

)

20
19

–2
02

1
Br

oi
le

r c
hi

ck
en

 
cl

oa
ca

l s
w

ab
s

Na
tio

na
l p

ilo
t 

pr
og

ra
m

m
e 

(2
01

8)

Na
tio

na
l 

go
ve

rn
m

en
t

An
tim

ic
ro

bi
al

 
gu

id
el

in
es

An
im

al
 A

M
R

Ab
un

da
nc

e 
of

 re
sis

ta
nc

e 
ge

ne
s d

ec
lin

ed
 

in
 in

te
rv

en
tio

n 
fa

rm
s c

om
pa

re
d 

to
 n

on
-

in
te

rv
en

tio
n 

fa
rm

s (
P <

 0.
05

)

Se
rio

us

Pe
rri

n-
Gu

yo
m

ar
d 

et
 a

l., 
20

23
30

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Fr
an

ce
 

(E
ur

op
ea

n)
20

14
–2

02
0

Po
ul

try
 

su
rv

ei
lla

nc
e 

sa
m

pl
es

Ec
oa

nt
ib

io
2 

pl
an

 (2
01

7)
Na

tio
na

l 
go

ve
rn

m
en

t
An

tim
ic

ro
bi

al
 

gu
id

el
in

es
An

im
al

 A
M

R
Th

e 
pr

ev
al

en
ce

 o
f c

ol
ist

in
 re

sis
ta

nc
e 

in
 E

. 
co

li i
n 

po
ul

try
 p

op
ul

at
io

ns
 d

ec
lin

ed
 fr

om
 

6%
 to

 3
%

 in
 tu

rk
ey

s a
nd

 fr
om

 1
.2

%
 to

 
1.

0%
 in

 c
hi

ck
en

s

Se
rio

us

(c
on

tin
ue

s. 
. .

)



416B

Government policy and antimicrobial use in production animals

Bull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.
Systematic reviews

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

Le
gi

sl
at

io
n 

an
d 

re
gu

la
tio

n
Tr

ol
ld

en
ie

r e
t a

l., 
19

91
50

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ge
rm

an
y 

(E
ur

op
ea

n)
19

79
–1

98
8

Hu
m

an
 c

lin
ic

al
 

iso
la

te
s a

nd
 

po
rc

in
e 

an
d 

bo
vi

ne
 sa

m
pl

es

Ba
n 

on
 

ox
yt

et
ra

cy
cl

in
e 

fe
ed

 u
se

 (1
98

3)

St
at

e 
go

ve
rn

m
en

t
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

 
us

es
 (e

.g
. 

gr
ow

th
 

pr
om

ot
io

n)

An
im

al
 a

nd
 

hu
m

an
 A

M
R

(i)
 T

he
 p

re
va

le
nc

e 
of

 o
xy

te
tra

cy
cl

in
e 

re
sis

ta
nc

e 
de

cl
in

ed
 a

cr
os

s 
En

te
ro

ba
ct

er
ia

ce
ae

 in
 a

ni
m

al
s 

an
d 

hu
m

an
s; 

(ii
) t

he
 p

re
va

le
nc

e 
of

 
ox

yt
et

ra
cy

cl
in

e 
re

sis
ta

nc
e 

in
 p

or
ci

ne
 a

nd
 

bo
vi

ne
 E

sc
he

ric
hi

a 
co

li d
ec

re
as

ed
 b

y 
27

%
 

an
d 

17
%

, r
es

pe
ct

iv
el

y, 
fro

m
 1

98
0 

to
 1

98
8;

 
(ii

i) 
th

e 
pr

ev
al

en
ce

 o
f o

xy
te

tra
cy

cl
in

e 
re

sis
ta

nc
e 

de
cr

ea
se

d 
by

 6
5%

 in
 b

ov
in

e 
Sa

lm
on

ell
a 

ty
ph

im
ur

iu
m

, b
y 

50
%

 in
 

po
rc

in
e 

S. 
ty

ph
im

ur
iu

m
, b

y 
50

%
 in

 b
ov

in
e 

Sa
lm

on
ell

a 
du

bl
in

 a
nd

 b
y 

13
–3

0%
 in

 
po

rc
in

e 
Sa

lm
on

ell
a 

ch
ol

er
ae

su
is;

 a
nd

 (i
v)

 in
 

hu
m

an
s, 

th
e 

pr
ev

al
en

ce
 o

f o
xy

te
tra

cy
cl

in
e 

re
sis

ta
nc

e 
in

 E
. c

ol
i a

nd
 K

leb
sie

lla
 

de
cr

ea
se

d 
fro

m
 5

0–
70

%
 to

 3
0%

Cr
iti

ca
l

La
in

e 
et

 a
l., 

20
04

48
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Fin

la
nd

 
(E

ur
op

ea
n)

19
99

–2
00

0
Fa

rm
-le

ve
l 

an
tim

ic
ro

bi
al

 
us

e 
da

ta

Eu
ro

pe
an

 
Un

io
n 

ba
n 

on
 

ca
rb

ad
ox

 a
nd

 
ol

aq
ui

nd
ox

 
(1

99
9)

Su
pr

an
at

io
na

l 
bo

dy
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

 
us

es
 (e

.g
. 

gr
ow

th
 

pr
om

ot
io

n)

An
im

al
 

an
tim

icr
ob

ial
 

us
e

Th
e 

di
st

rib
ut

io
n 

of
 a

nt
im

ic
ro

bi
al

 u
se

 
in

te
ns

ity
 a

cr
os

s f
ar

m
s s

hi
fte

d 
to

 h
ig

he
r 

nu
m

be
rs

 o
f l

ow
 a

nd
 m

od
er

at
e 

us
er

s o
f 

an
tib

io
tic

s, 
w

ith
ou

t a
 c

ha
ng

e 
in

 p
ig

le
t 

di
ar

rh
oe

a 
tre

at
m

en
t f

re
qu

en
cy

Se
rio

us

By
w

at
er

 e
t a

l., 
20

05
16

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Eu
ro

pe
an

 
Un

io
n 

(E
ur

op
ea

n)

19
98

–2
00

0
Ch

ic
ke

n 
an

d 
pi

g 
sla

ug
ht

er
 a

nd
 

fa
ec

al
 sa

m
pl

es

Eu
ro

pe
an

 
Un

io
n 

ba
n 

on
 

fo
ur

 g
ro

w
th

 
pr

om
ot

er
s 

(1
99

9)

Su
pr

an
at

io
na

l 
bo

dy
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

s
An

im
al

 A
M

R
Th

e 
pr

ev
al

en
ce

 o
f r

es
ist

an
ce

 in
 E

. fa
ec

iu
m

 
de

cl
in

ed
 fo

r s
pi

ra
m

yc
in

, t
yl

os
in

 a
nd

 
vi

rg
in

ia
m

yc
in

 b
ut

 n
ot

 b
ac

itr
ac

in
, a

cr
os

s 
th

e 
six

 c
ou

nt
rie

s e
xa

m
in

ed

Cr
iti

ca
l

La
ud

er
da

le
 e

t a
l., 

20
07

26
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Ch

in
a, 

Ta
iw

an
 

(W
es

te
rn

 
Pa

ci
fic

)

20
00

–2
00

3
Br

oi
le

r c
hi

ck
en

 
fa

ec
al

 sa
m

pl
es

Av
op

ar
ci

n 
ba

n 
(2

00
0)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f v
an

co
m

yc
in

-re
sis

ta
nt

 
En

te
ro

co
cc

us
 sp

p.
 d

ec
lin

ed
 in

 b
ro

ile
r 

ch
ic

ke
n:

 fr
om

 1
3.

7%
 to

 3
.7

%
 fo

r E
. fa

ec
al

is 
an

d 
fro

m
 3

.4
%

 to
 0

%
 fo

r E
. fa

ec
iu

m

Se
rio

us

Km
et

’ e
t a

l., 
20

07
24

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Sl
ov

ak
ia

 
(E

ur
op

ea
n)

20
05

–2
00

7
Br

oi
le

r c
hi

ck
en

 
fa

ec
al

 sa
m

pl
es

Eu
ro

pe
an

 
Un

io
n 

in
-fe

ed
 

an
tib

io
tic

 b
an

 
(2

00
7)

Su
pr

an
at

io
na

l 
bo

dy
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

 
us

es
 (e

.g
. 

gr
ow

th
 

pr
om

ot
io

n)

An
im

al
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f r
es

ist
an

ce
 o

f E
. c

ol
i 

to
 e

nr
ofl

ox
ac

in
 d

ec
lin

ed
 fr

om
 5

2%
 to

 
38

%
 a

nd
 re

sis
ta

nc
e 

to
 fl

uo
ro

qu
in

ol
on

es
 

de
cl

in
ed

 fr
om

 5
4%

 to
 3

3%
, w

ith
 m

in
or

 
in

cr
ea

se
s i

n 
am

pi
ci

lli
n 

an
d 

su
lb

ac
ta

m
 

re
sis

ta
nc

e 
(fr

om
 0

%
 to

 2
.7

%
) n

ot
ed

 a
fte

r 
th

e 
ba

n

Cr
iti

ca
l

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



Systematic reviews
Government policy and antimicrobial use in production animals

416CBull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

Aa
re

st
ru

p 
et

 a
l., 

20
10

14
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
De

nm
ar

k 
(E

ur
op

ea
n)

19
95

–2
00

0
Br

oi
le

r c
hi

ck
en

 
an

d 
pi

g 
sla

ug
ht

er
 

sa
m

pl
es

Eu
ro

pe
an

 U
ni

on
 

av
op

ar
ci

n 
ba

n 
(1

99
5)

, 
vi

rg
in

ia
m

yc
in

 
ba

n 
(1

99
8)

 
an

d 
vo

lu
nt

ar
y 

an
tib

io
tic

 
gr

ow
th

 
pr

om
ot

er
 b

an
 

(1
99

9)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f g
ly

co
pe

pt
id

e-
re

sis
ta

nt
 

En
te

ro
co

cc
us

 fa
ec

iu
m

 a
nd

 E
nt

er
oc

oc
cu

s 
fa

ec
al

is 
de

cl
in

ed
 m

ar
ke

dl
y 

in
 b

ro
ile

rs
 

(5
.8

–7
2.

7%
) a

nd
 p

ig
s (

6.
0–

90
%

) a
fte

r 
gr

ow
th

 p
ro

m
ot

er
 w

ith
dr

aw
al

Se
rio

us

An
dr

ea
se

n 
et

 a
l., 

20
12

15
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
De

nm
ar

k 
(E

ur
op

ea
n)

20
08

–2
01

1
Na

tio
na

l 
an

tim
ic

ro
bi

al
 

us
e 

da
ta

Ye
llo

w
 c

ar
d 

sc
he

m
e 

an
d 

vo
lu

nt
ar

y 
ce

ph
al

os
po

rin
 

ba
n 

(2
01

0)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 

an
tim

icr
ob

ial
 

us
e

To
ta

l a
nt

im
ic

ro
bi

al
 c

on
su

m
pt

io
n 

in
 

sw
in

e 
de

cl
in

ed
 b

y 
12

.5
%

 b
et

w
ee

n 
20

09
 

an
d 

20
10

 a
nd

 b
y 

24
.5

%
 b

et
w

ee
n 

20
10

 
an

d 
20

11
, w

ith
 n

ea
r e

lim
in

at
io

n 
of

 
ce

ph
al

os
po

rin
 u

se

Se
rio

us

Za
w

ac
k 

et
 a

l., 
20

16
42

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

US
A 

(A
m

er
ic

as
)

20
04

–2
01

2 
(2

00
2–

20
07

 
fo

r 
en

ro
flo

xa
ci

n 
an

al
ys

is)

Na
tio

na
l 

An
tim

ic
ro

bi
al

 
Re

sis
ta

nc
e 

M
on

ito
rin

g 
Sy

st
em

 d
at

a

En
ro

flo
xa

ci
n 

w
ith

dr
aw

al
 in

 
po

ul
try

 (2
00

5)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f fl
uo

ro
qu

in
ol

on
e 

re
sis

ta
nc

e 
in

 C
am

py
lo

ba
ct

er
 sp

p.
 

re
m

ai
ne

d 
la

rg
el

y 
un

ch
an

ge
d 

fo
llo

w
in

g 
w

ith
dr

aw
al

 o
f e

nr
ofl

ox
ac

in

M
od

er
at

e

Ca
lle

ns
 e

t a
l., 

20
18

17
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Be

lg
iu

m
 

(E
ur

op
ea

n)
20

11
–2

01
5

Na
tio

na
l 

ve
te

rin
ar

y 
an

tim
ic

ro
bi

al
 

us
e 

an
d 

la
bo

ra
to

ry
 A

M
R 

da
ta

Na
tio

na
l 

re
du

ct
io

n 
ta

rg
et

s (
20

11
)

Na
tio

na
l 

go
ve

rn
m

en
t

Re
du

ct
io

n 
go

al
s

An
im

al
 

an
tim

icr
ob

ial
 

us
e 

an
d 

AM
R

(i)
 A

nt
im

ic
ro

bi
al

 u
se

 d
ec

lin
ed

 a
cr

os
s a

ll 
cl

as
se

s o
f a

nt
im

ic
ro

bi
al

s e
xc

ep
t p

he
ni

co
ls;

 
an

d 
(ii

) t
he

 p
re

va
le

nc
e 

of
 re

sis
ta

nc
e 

in
 

co
m

m
en

sa
l E

. c
ol

i d
ec

lin
ed

 fo
r m

os
t 

an
tib

io
tic

s, 
w

ith
 p

os
iti

ve
 a

nt
im

ic
ro

bi
al

 
us

e 
an

d 
AM

R 
co

rre
la

tio
ns

 fo
r a

m
pi

ci
lli

n 
(P

: 0
.0

1)
 c

ip
ro

flo
xa

ci
n,

 n
al

id
ixi

c 
ac

id
, 

su
lfa

m
et

ho
xa

zo
le

, t
et

ra
cy

cl
in

e 
an

d 
tri

m
et

ho
pr

im
 (P

: 0
.0

5)

Se
rio

us

Va
nh

ou
dt

 e
t a

l., 
20

18
39

,d
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Ne

th
er

la
nd

s 
(E

ur
op

ea
n)

20
13

–2
01

5
Fa

rm
 v

et
er

in
ar

y 
re

co
rd

s
Ba

n 
on

 
pr

ev
en

tiv
e 

an
tim

ic
ro

bi
al

 
us

e 
(2

01
3)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 

an
tim

icr
ob

ial
 

us
e

(i)
 In

tra
m

am
m

ar
y 

an
tim

ic
ro

bi
al

 sa
le

s 
de

cl
in

ed
 b

y 
38

%
 (d

ry
 c

ow
 th

er
ap

y)
 a

nd
 

19
%

 (m
as

tit
is 

tre
at

m
en

t);
 (i

i) 
ov

er
al

l u
se

 
of

 a
nt

im
ic

ro
bi

al
s d

ec
re

as
ed

 b
y 

29
%

 
be

tw
ee

n 
20

13
 a

nd
 2

01
5;

 a
nd

 (i
ii)

 th
e 

se
le

ct
io

n 
of

 c
ow

s f
or

 d
ry

 c
ow

 th
er

ap
y 

w
ith

ou
t a

nt
im

ic
ro

bi
al

s d
id

 n
ot

 im
pa

ct
 

ud
de

r h
ea

lth

Se
rio

us

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



416D

Government policy and antimicrobial use in production animals

Bull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.
Systematic reviews

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

Di
llo

n 
20

20
22

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

US
A 

(A
m

er
ic

as
)

20
09

–2
01

8
Na

tio
na

l 
An

tim
ic

ro
bi

al
 

Re
sis

ta
nc

e 
M

on
ito

rin
g 

Sy
st

em
 a

nd
 

na
tio

na
l 

an
tim

ic
ro

bi
al

 
us

e 
da

ta
ba

se
s

Ve
te

rin
ar

y 
Fe

ed
 

Di
re

ct
iv

e 
(2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 a

nd
 

hu
m

an
 

an
tim

icr
ob

ial
 

us
e 

an
d 

AM
R

Si
gn

ifi
ca

nt
 re

du
ct

io
ns

 in
 th

e 
pr

ev
al

en
ce

 
of

: (
i) 

te
tra

cy
cl

in
e 

re
sis

ta
nc

e 
in

 S
al

m
on

ell
a 

(c
at

tle
, P

: 0
.0

07
; s

w
in

e,
 P

: 0
.0

23
; c

hi
ck

en
, 

P:
 0.

00
7)

; (
ii)

 p
en

ic
ill

in
 re

sis
ta

nc
e 

in
 

Sa
lm

on
ell

a 
(tu

rk
ey

, P
: 0

.0
09

); 
(ii

i) 
pe

ni
ci

lli
n 

re
sis

ta
nc

e 
in

 C
am

py
lo

ba
ct

er
 in

 c
hi

ck
en

s 
(P

 <
 0.

00
1)

; a
nd

 (i
v)

 p
en

ic
ill

in
 re

sis
ta

nc
e 

in
 

Ca
m

py
lo

ba
ct

er
 in

 h
um

an
s (

P:
 0

.0
2)

, w
hi

ch
 

w
as

 in
 li

ne
 w

ith
 re

du
ce

d 
an

tim
ic

ro
bi

al
 u

se
 

in
 p

ou
ltr

y

Se
rio

us

Sh
en

 e
t a

l., 
20

20
34

,e
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Ch

in
a 

(W
es

te
rn

 
Pa

ci
fic

)

20
16

–2
01

8
An

im
al

, h
um

an
, 

fo
od

 a
nd

 
en

vi
ro

nm
en

ta
l 

sa
m

pl
es

Ba
n 

of
 c

ol
ist

in
 in

 
fe

ed
 (2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 a

nd
 

hu
m

an
 A

M
R

(i)
 E

co
sy

st
em

-w
id

e 
de

cl
in

e 
in

 th
e 

pr
ev

al
en

ce
 o

f m
cr

 g
en

es
 o

bs
er

ve
d;

 a
nd

 
(ii

) t
he

 p
re

va
le

nc
e 

of
 c

ol
ist

in
 re

sis
ta

nc
e 

de
cl

in
ed

 fr
om

 4
5%

 to
 1

9%
 in

 p
ig

s 
(P

 <
 0.

00
01

) a
nd

 fr
om

 1
9%

 to
 5

%
 in

 
hu

m
an

s (
P <

 0.
00

01
)

Se
rio

us

Si
ng

er
 e

t a
l., 

20
20

49
,f

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

US
A 

(A
m

er
ic

as
)

20
13

–2
01

7
Pr

od
uc

er
-

re
po

rte
d 

an
tim

ic
ro

bi
al

 
us

e 
da

ta

Ve
te

rin
ar

y 
Fe

ed
 

Di
re

ct
iv

e 
(2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 

an
tim

icr
ob

ial
 

us
e

Be
tw

ee
n 

20
13

 a
nd

 2
01

7:
 (i

) m
ed

ic
al

ly
 

im
po

rta
nt

 in
-fe

ed
 a

nt
im

ic
ro

bi
al

 u
se

 
de

cl
in

ed
 su

bs
ta

nt
ia

lly
 fr

om
 9

3%
 to

 1
7%

; 
(ii

) i
n-

fe
ed

 te
tra

cy
cl

in
e 

us
e 

de
cr

ea
se

d 
ap

pr
ox

im
at

el
y 

95
%

; (
iii)

 w
at

er
-s

ol
ub

le
 

pe
ni

ci
lli

n 
us

e 
de

cr
ea

se
d 

ap
pr

ox
im

at
el

y 
21

%
; (

iv
) w

at
er

-s
ol

ub
le

 te
tra

cy
cl

in
e 

us
e 

de
cr

ea
se

d 
ap

pr
ox

im
at

el
y 

47
%

; 
an

d 
(v

) w
at

er
-s

ol
ub

le
 li

nc
om

yc
in

 u
se

 
de

cr
ea

se
d 

ap
pr

ox
im

at
el

y 
28

%

Se
rio

us

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



Systematic reviews
Government policy and antimicrobial use in production animals

416EBull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

W
an

g 
et

 a
l., 

20
20

40
,e

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ch
in

a 
(W

es
te

rn
 

Pa
ci

fic
)

20
15

–2
01

8
Na

tio
na

l s
al

es
 

an
d 

su
rv

ei
lla

nc
e 

da
ta

Ba
n 

of
 c

ol
ist

in
 in

 
fe

ed
 (2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 a

nd
 

hu
m

an
 

an
tim

icr
ob

ial
 

us
e 

an
d 

AM
R

(i)
 C

ol
ist

in
 p

ro
du

ct
io

n,
 sa

le
s a

nd
 

re
sis

ta
nc

e 
de

cl
in

ed
 m

ar
ke

dl
y 

fo
r a

ni
m

al
s 

an
d 

hu
m

an
s a

fte
r t

he
 b

an
 o

n 
co

lis
tin

; 
(ii

) a
fte

r t
he

 b
an

 o
n 

co
lis

tin
 a

s a
 g

ro
w

th
 

pr
om

ot
er

, m
ar

ke
d 

re
du

ct
io

ns
 w

er
e 

ob
se

rv
ed

 in
 th

e 
pr

od
uc

tio
n 

(2
7 1

70
 

to
nn

es
 in

 2
01

5 
ve

rs
us

 2
 4

97
 to

nn
es

 in
 

20
18

) a
nd

 sa
le

 (U
S$

 7
1.

5 
m

ill
io

n 
in

 2
01

5 
ve

rs
us

 U
S$

 8
.0

 m
ill

io
n 

in
 2

01
8)

 o
f c

ol
ist

in
 

su
lfa

te
; (

iii)
 th

e 
pr

ev
al

en
ce

 o
f c

ol
ist

in
 

re
sis

ta
nc

e 
de

cr
ea

se
d 

fro
m

 3
4%

 to
 5

.1
%

 
in

 p
ig

 fa
ec

es
 (P

 <
 0.

00
01

) a
nd

 fr
om

 1
8.

1%
 

to
 5

%
 in

 c
hi

ck
en

 fa
ec

es
 (P

 <
 0.

00
01

) f
ro

m
 

20
15

 to
 2

01
8;

 a
nd

 (i
v)

 th
e 

pr
ev

al
en

ce
 

of
 h

um
an

 c
ar

ria
ge

 o
f c

ol
ist

in
-re

sis
ta

nt
 

ba
ct

er
ia

 d
ec

re
as

ed
 fr

om
 1

4.
3%

 to
 6

.3
%

 
(P

 <
 0.

00
01

) f
ro

m
 2

01
6 

to
 2

01
9

M
od

er
at

e

Sa
nt

m
an

-
Be

re
nd

s e
t a

l., 
20

21
32

,d

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ne
th

er
la

nd
s 

(E
ur

op
ea

n)
20

13
–2

01
7

Na
tio

na
l 

su
rv

ei
lla

nc
e

Pr
ev

en
tiv

e 
us

e 
ba

n 
(2

01
3)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 

an
tim

icr
ob

ial
 

us
e

An
tim

ic
ro

bi
al

 u
se

 d
ec

lin
ed

 b
y 

63
%

 
in

 d
ry

 c
ow

 th
er

ap
y 

an
d 

by
 1

5%
 in

 
in

tra
m

am
m

ar
y 

ap
pl

ic
at

io
ns

Se
rio

us

Sh
en

 e
t a

l., 
20

21
53

,e
Co

nt
ro

lle
d 

be
fo

re
–a

fte
r 

(in
te

rru
pt

ed
 

tim
e 

se
rie

s)

Ch
in

a 
(W

es
te

rn
 

Pa
ci

fic
)

20
11

–2
01

9
Hu

m
an

 E
. c

ol
i 

iso
la

te
s f

ro
m

 
ho

sp
ita

liz
ed

 
pa

tie
nt

s

Ba
n 

of
 c

ol
ist

in
 in

 
fe

ed
 (2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

Hu
m

an
 A

M
R

(i)
 T

he
 p

re
va

le
nc

e 
of

 c
ol

ist
in

 re
sis

ta
nc

e 
ge

ne
s, 

w
hi

ch
 h

ad
 in

cr
ea

se
d 

to
 >

 60
%

 
by

 2
01

6,
 d

ec
lin

ed
 ra

pi
dl

y 
af

te
r t

he
 2

01
7 

ba
n 

to
 5

.3
%

, w
hi

ch
 a

pp
ro

ac
he

d 
pr

e-
20

15
 

le
ve

ls;
 b

ut
 (i

i) 
ba

ck
gr

ou
nd

 p
re

va
le

nc
e 

re
m

ai
ne

d 
hi

gh
er

 th
an

 e
ar

ly
 b

as
el

in
e 

le
ve

ls 
in

 2
01

1–
20

13

Se
rio

us

Te
nh

ag
en

 e
t a

l., 
20

21
35

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ge
rm

an
y 

(E
ur

op
ea

n)
20

10
–2

01
6

Sl
au

gh
te

r 
sa

m
pl

es
Na

tio
na

l A
M

R 
m

in
im

iza
tio

n 
st

ra
te

gy
 (2

01
3)

Na
tio

na
l 

go
ve

rn
m

en
t

An
tim

ic
ro

bi
al

 
gu

id
el

in
es

 
an

d 
na

tio
na

l 
st

ra
te

gy

An
im

al
 

an
tim

icr
ob

ial
 

us
e 

an
d 

AM
R

(i)
 L

ar
ge

 re
du

ct
io

ns
 in

 m
ac

ro
lid

e 
(−

62
%

) 
an

d 
te

tra
cy

cl
in

e 
(−

58
%

) u
se

; (
ii)

 sm
al

le
r 

re
du

ct
io

ns
 in

 a
m

in
og

ly
co

sid
e 

(−
27

%
) 

an
d 

flu
or

oq
ui

no
lo

ne
 (−

15
%

) u
se

; (
iii)

 a
n 

as
so

ci
at

io
n 

w
as

 o
bs

er
ve

d 
be

tw
ee

n 
re

du
ce

d 
an

tib
io

tic
 u

se
 a

nd
 th

e 
pr

ev
al

en
ce

 
of

 re
sis

ta
nc

e 
in

 C
am

py
lo

ba
ct

er
 is

ol
at

es
 to

 
te

tra
cy

cl
in

e 
an

d 
er

yt
hr

om
yc

in
 b

ut
 n

ot
 to

 
am

in
og

ly
co

sid
es

; a
nd

 (i
v)

 th
e 

pr
ev

al
en

ce
 

of
 re

sis
ta

nc
e 

to
 n

al
id

ixi
c 

ac
id

 a
nd

 
ci

pr
ofl

ox
ac

in
 in

cr
ea

se
d 

de
sp

ite
 a

 d
ec

re
as

e 
of

 fl
uo

ro
qu

in
ol

on
e 

us
e

M
od

er
at

e

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



416F

Government policy and antimicrobial use in production animals

Bull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.
Systematic reviews

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

Tu
 e

t a
l., 

20
21

36
,e

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ch
in

a 
(W

es
te

rn
 

Pa
ci

fic
)

20
17

–2
01

8
Pi

g 
fa

ec
al

 sw
ab

s
Ba

n 
of

 c
ol

ist
in

 in
 

fe
ed

 (2
01

7)
Na

tio
na

l 
go

ve
rn

m
en

t
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

 
us

es
 (e

.g
. 

gr
ow

th
 

pr
om

ot
io

n)

An
im

al
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f m
cr

-1
 in

 p
ig

 fa
ec

es
 

de
cl

in
ed

 fr
om

 8
6.

4%
 to

 5
.6

%
 (P

  <
 0.

01
) 

bu
t t

he
 c

ol
ist

in
 b

an
 h

ad
 li

ttl
e 

in
flu

en
ce

 o
n 

un
re

la
te

d 
re

sis
ta

nc
e 

ge
ne

s

Se
rio

us

Us
ui

 e
t a

l., 
20

21
38

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ja
pa

n 
(W

es
te

rn
 

Pa
ci

fic
)

20
17

–2
01

9
Pi

g 
fa

ec
al

 
sa

m
pl

es
Ba

n 
of

 c
ol

ist
in

 in
 

fe
ed

(2
01

8)
Na

tio
na

l 
go

ve
rn

m
en

t
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

 
us

es
 (e

.g
. 

gr
ow

th
 

pr
om

ot
io

n)

An
im

al
 A

M
R

Th
e 

co
lis

tin
-re

sis
ta

nt
 E

. c
ol

i c
on

ce
nt

ra
tio

n 
de

cl
in

ed
 fr

om
 1

07  to
 1

03 –1
04  C

FU
/g

 
(P

 <
 0.

01
)

M
od

er
at

e

de
 L

ag
ar

de
 

La
ro

ch
e 

et
 a

l., 
20

22
20

,g

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ca
na

da
 

(A
m

er
ic

as
)

20
17

–2
02

0
Fa

rm
 fa

ec
al

 
sa

m
pl

es
Re

st
ric

tio
n 

of
 

hi
gh

es
t-p

rio
rit

y 
an

tim
ic

ro
bi

al
s 

(2
01

9)

Pr
ov

in
ci

al
 

go
ve

rn
m

en
t

Re
st

ric
te

d 
us

e
An

im
al

 A
M

R
Th

e 
pr

ev
al

en
ce

 o
f m

ul
tid

ru
g 

re
sis

ta
nc

e 
in

 
E. 

co
li d

ec
lin

ed
 fr

om
 8

3%
 to

 7
1%

 (P
: 0

.0
5)

Se
rio

us

Gu
ér

in
 e

t a
l., 

20
22

23
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Be

lg
iu

m
 

(E
ur

op
ea

n)
20

14
–2

01
5 

an
d 

20
20

–2
02

1

Ca
lf 

fa
ec

al
 

an
d 

ne
cr

op
sy

 
sa

m
pl

es

Ro
ya

l d
ec

re
e 

re
st

ric
tin

g 
ce

ph
al

os
po

rin
s 

(2
01

6)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
s

An
im

al
 A

M
R

(i)
 T

he
 p

re
va

le
nc

e 
of

 re
sis

ta
nc

e 
to

 3
rd

 
an

d 
4t

h 
ge

ne
ra

tio
n 

ce
ph

al
os

po
rin

s i
n 

E. 
co

li d
ec

lin
ed

 fr
om

 1
6%

 to
 7

.5
%

; (
ii)

 th
e 

pr
ev

al
en

ce
 o

f A
m

pC
 𝛽

-la
ct

am
as

es
 

de
cl

in
ed

 fr
om

 8
%

 to
 1

%
; a

nd
 

(ii
i) 

re
sis

ta
nc

e 
va

rie
d,

 su
ch

 th
at

 th
er

e 
w

as
 

an
 in

cr
ea

se
 in

 th
e 

pr
ev

al
en

ce
 o

f r
es

ist
an

ce
 

to
 n

ar
ro

w
-s

pe
ct

ru
m

 β
-la

ct
am

as
es

Se
rio

us

La
ro

ch
e 

et
 a

l., 
20

22
25

,g
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Ca

na
da

 
(A

m
er

ic
as

)
20

16
–2

01
9

Pr
ov

in
ci

al
 sa

le
s 

da
ta

Re
st

ric
tio

n 
of

 
hi

gh
es

t-p
rio

rit
y 

an
tim

ic
ro

bi
al

s 
(2

01
9)

Pr
ov

in
ci

al
 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 

an
tim

icr
ob

ial
 

us
e

Th
e 

sa
le

 o
f c

at
eg

or
y-

1 
an

tim
ic

ro
bi

al
s f

or
 

us
e 

in
 d

ai
ry

 c
at

tle
 d

ec
lin

ed
 b

y 
76

%
 fr

om
 

1.
7 

to
 0

.4
 m

g/
 p

op
ul

at
io

n 
co

rre
ct

io
n 

un
it

Se
rio

us

M
ill

ar
 e

t a
l., 

20
22

28
,g

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ca
na

da
 

(A
m

er
ic

as
)

20
17

–2
02

1
Sa

le
s a

nd
 fa

rm
 

da
ta

Re
st

ric
tio

n 
of

 
hi

gh
es

t-p
rio

rit
y 

an
tim

ic
ro

bi
al

s 
(2

01
9)

Pr
ov

in
ci

al
 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
s

An
im

al
 

an
tim

icr
ob

ial
 

us
e

Th
e 

sa
le

 o
f c

at
eg

or
y-

1 
an

tim
ic

ro
bi

al
s f

or
 

da
iry

 h
er

ds
 d

ec
lin

ed
 su

bs
ta

nt
ia

lly
 fr

om
 a

 
ra

ng
e 

of
 1

4 2
58

–2
1 5

28
 d

efi
ne

d 
co

ur
se

 
do

se
s p

er
 m

on
th

 to
 1

49
4–

47
07

 d
os

es
 p

er
 

m
on

th
 b

y 
20

21

Se
rio

us

W
en

 e
t a

l., 
20

22
46

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ch
in

a 
(W

es
te

rn
 

Pa
ci

fic
)

20
18

–2
02

1
Ca

m
py

lo
ba

ct
er

 
co

li i
so

la
te

s
An

tib
io

tic
 

gr
ow

th
 

pr
om

ot
er

 b
an

 
(2

02
0)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

(i)
 T

he
 p

re
va

le
nc

e 
of

 e
ry

th
ro

m
yc

in
 

re
sis

ta
nc

e 
de

cl
in

ed
 fr

om
 9

2%
 in

 2
01

8 
to

 6
2%

 in
 2

02
1;

 b
ut

 (i
i) 

th
e 

pr
ev

al
en

ce
 

of
 g

en
ta

m
ic

in
 re

sis
ta

nc
e 

in
cr

ea
se

d 
fro

m
 7

8%
 in

 2
01

8 
to

 9
4%

 in
 2

02
1 

an
d 

th
e 

pr
ev

al
en

ce
 o

f fl
or

fe
ni

co
l r

es
ist

an
ce

 
in

cr
ea

se
d 

fro
m

 1
4%

 in
 2

01
8 

to
 7

2%
 in

 
20

21

Se
rio

us

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



Systematic reviews
Government policy and antimicrobial use in production animals

416GBull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

Zh
an

g 
et

 a
l., 

20
22

43
,e

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ch
in

a 
(W

es
te

rn
 

Pa
ci

fic
)

20
14

–2
01

9
Ch

ic
ke

n 
cl

oa
ca

l 
sw

ab
s

Ba
n 

of
 c

ol
ist

in
 in

 
fe

ed
 (2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

Th
e 

m
cr

-1
-p

os
iti

vi
ty

 ra
te

 p
ea

ke
d 

be
fo

re
 

th
e 

co
lis

tin
 b

an
, a

t 1
2.

6%
 in

 2
01

6 
an

d 
11

.4
%

 in
 2

01
7,

 a
nd

 th
en

 d
ec

re
as

ed
 

sig
ni

fic
an

tly
 to

 1
.7

%
 in

 2
01

8 
an

d 
0.

9%
 in

 
20

19

Se
rio

us

Zh
ao

 e
t a

l., 
20

22
45

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ch
in

a 
(W

es
te

rn
 

Pa
ci

fic
)

20
09

–2
01

9
Hu

m
an

 c
lin

ic
al

 
iso

la
te

s
Ba

n 
of

 c
ol

ist
in

 in
 

fe
ed

 (2
01

7)
Na

tio
na

l 
go

ve
rn

m
en

t
Ba

n 
on

 sp
ec

ifi
c 

an
tim

ic
ro

bi
al

 
us

es
 (e

.g
. 

gr
ow

th
 

pr
om

ot
io

n)

Hu
m

an
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f m
cr

-1
-p

os
iti

ve
 E

. c
ol

i 
sh

ow
ed

 a
n 

in
cr

ea
sin

g 
tre

nd
 b

et
w

ee
n 

20
09

 a
nd

 2
01

6,
 w

he
re

as
 a

 d
ec

re
as

in
g 

tre
nd

 w
as

 o
bs

er
ve

d 
af

te
r 2

01
7 

w
he

n 
co

lis
tin

 w
as

 b
an

ne
d 

as
 a

 fe
ed

 a
dd

iti
ve

Se
rio

us

Ca
se

y 
et

 a
l., 

20
23

18
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
US

A 
(A

m
er

ic
as

)
20

13
–2

02
1

Hu
m

an
 u

rin
ar

y 
E. 

co
li i

so
la

te
s

Ca
lif

or
ni

a 
Se

na
te

 B
ill

 
27

 re
st

ric
tin

g 
m

ed
ic

al
ly

 
im

po
rta

nt
 

an
tib

io
tic

s t
o 

pr
es

cr
ip

tio
n-

on
ly

 u
se

 (2
01

8)

St
at

e 
go

ve
rn

m
en

t
Re

st
ric

te
d 

us
e

Hu
m

an
 A

M
R

(i)
 T

he
 p

re
va

le
nc

e 
of

 e
xt

en
de

d-
sp

ec
tru

m
 

ce
ph

al
os

po
rin

 re
sis

ta
nc

e 
in

 E
. c

ol
i 

de
cl

in
ed

 b
y 

7.
1%

 (P
 <

 0.
01

); 
bu

t (
ii)

 n
o 

sig
ni

fic
an

t c
ha

ng
es

 w
er

e 
ob

se
rv

ed
 fo

r 
am

in
og

ly
co

sid
es

, fl
uo

ro
qu

in
ol

on
es

 o
r 

te
tra

cy
cl

in
es

M
od

er
at

e

Ch
an

dr
a 

De
b 

et
 

al
., 2

02
319

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

US
A 

(A
m

er
ic

as
)

20
12

–2
01

9
Na

tio
na

l 
An

tim
ic

ro
bi

al
 

Re
sis

ta
nc

e 
M

on
ito

rin
g 

Sy
st

em
 a

nd
 C

DC
 

iso
la

te
s

Fo
od

 a
nd

 D
ru

g 
Ad

m
in

ist
ra

tio
n 

st
ew

ar
ds

hi
p 

re
gu

la
tio

ns
 

(2
01

5)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 a

nd
 

hu
m

an
 A

M
R

Ac
ro

ss
 th

e 
m

ul
tip

le
 b

ac
te

ria
l s

pe
ci

es
 

ex
am

in
ed

: (
i) 

th
er

e 
w

er
e 

m
in

im
al

 
ph

en
ot

yp
ic

 re
sis

ta
nc

e 
ch

an
ge

s (
<

 1-
fo

ld
 

di
lu

tio
n)

; a
nd

 (i
i) 

no
 c

on
sis

te
nt

 re
du

ct
io

ns
 

in
 th

e 
pr

ev
al

en
ce

 o
f r

es
ist

an
ce

 g
en

es

Se
rio

us

Ho
u 

et
 a

l., 
20

23
47

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ch
in

a 
(W

es
te

rn
 

Pa
ci

fic
)

20
18

–2
02

2
Pi

g 
m

an
ur

e 
iso

la
te

s
An

tib
io

tic
 

gr
ow

th
 

pr
om

ot
er

 b
an

 
(2

02
0)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

(i)
 T

he
 p

re
va

le
nc

e 
of

 m
ul

tid
ru

g 
re

sis
ta

nc
e 

in
 is

ol
at

es
 fr

om
 p

ig
 m

an
ur

e 
de

cl
in

ed
; a

nd
 

(ii
) t

he
 n

um
be

r o
f a

nt
ib

io
tic

s f
or

 w
hi

ch
 

th
e 

pr
ev

al
en

ce
 o

f r
es

ist
an

ce
 w

as
 >

 66
.7

%
 

de
cr

ea
se

d 
fro

m
 si

x 
in

 2
01

8 
to

 fo
ur

 in
 

He
be

i p
ro

vi
nc

e 
an

d 
to

 tw
o 

in
 N

in
gx

ia
 

pr
ov

in
ce

 in
 2

02
2

Se
rio

us

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



416H

Government policy and antimicrobial use in production animals

Bull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.
Systematic reviews

St
ud

y fi
rs

t 
au

th
or

 an
d 

ye
ar

St
ud

y d
es

ig
n

Co
un

tr
y 

(W
HO

 re
gi

on
)b

St
ud

y p
er

io
d

Da
ta

 so
ur

ce
 

or
 b

io
lo

gi
ca

l 
sa

m
pl

e

Po
lic

y  
in

te
rv

en
tio

n 
(y

ea
r)

Au
th

or
ity

 
en

ac
tin

g p
ol

icy
Po

lic
y o

pt
io

n
Ou

tc
om

e 
m

ea
su

re
Im

pa
ct

 of
 p

ol
icy

Ov
er

al
l r

isk
 

of
 b

ia
sc

Sa
rk

ar
 &

 O
ka

fo
r, 

20
23

33
,f

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

US
A 

(A
m

er
ic

as
)

20
02

–2
01

9
Na

tio
na

l 
An

tim
ic

ro
bi

al
 

Re
sis

ta
nc

e 
M

on
ito

rin
g 

Sy
st

em
 d

at
a

Ve
te

rin
ar

y 
Fe

ed
 

Di
re

ct
iv

e 
(2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Re
st

ric
te

d 
us

e
An

im
al

 A
M

R
(i)

 T
he

 o
dd

s o
f d

et
ec

tin
g 

te
tra

cy
cl

in
e-

re
sis

ta
nt

 E
sc

he
ric

hi
a 

(o
dd

s r
at

io
, O

R:
 0

.6
0)

, 
te

tra
cy

cl
in

e-
re

sis
ta

nt
 C

am
py

lo
ba

ct
er

 
(O

R:
 0

.8
9)

 o
r e

ry
th

ro
m

yc
in

-re
sis

ta
nt

 
Ca

m
py

lo
ba

ct
er

 (O
R:

 0
.4

3)
 in

 c
hi

ck
en

 
br

ea
st

 d
ec

re
as

ed
 si

gn
ifi

ca
nt

ly
 a

fte
r t

he
 

Ve
te

rin
ar

y 
Fe

ed
 D

ire
ct

iv
e 

w
as

 is
su

ed
; 

(ii
) t

he
 o

dd
s o

f d
et

ec
tin

g 
te

tra
cy

cl
in

e-
re

sis
ta

nt
 S

al
m

on
ell

a 
(O

R:
 0

.6
6)

, 
Es

ch
er

ich
ia

 (O
R:

 0
.5

6)
 o

r C
am

py
lo

ba
ct

er
 

(O
R:

 0
.3

3)
 in

 g
ro

un
d 

tu
rk

ey
 a

lso
 

de
cr

ea
se

d 
sig

ni
fic

an
tly

; b
ut

 (i
ii)

 th
e 

od
ds

 o
f d

et
ec

tin
g 

te
tra

cy
cl

in
e-

re
sis

ta
nt

 
Sa

lm
on

ell
a 

in
 c

hi
ck

en
 b

re
as

t (
O

R:
 1

.4
9)

 
an

d 
er

yt
hr

om
yc

in
-re

sis
ta

nt
 C

am
py

lo
ba

ct
er

 
in

 g
ro

un
d 

tu
rk

ey
 (O

R:
 4

.6
3)

 in
cr

ea
se

d 
sig

ni
fic

an
tly

Se
rio

us

Ya
ng

 e
t a

l., 
20

23
41

,e
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
Ch

in
a 

(W
es

te
rn

 
Pa

ci
fic

)

20
11

–2
02

0
Fo

od
bo

rn
e 

su
rv

ei
lla

nc
e 

da
ta

Ba
n 

of
 c

ol
ist

in
 in

 
fe

ed
 (2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

Hu
m

an
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f m
cr

 g
en

es
 in

 S
. 

ty
ph

im
ur

iu
m

 d
ec

lin
ed

 fr
om

 1
1.

35
%

 in
 

20
17

 to
 4

.3
1%

 in
 2

01
8 

(P
 <

 0.
00

01
) a

nd
 to

 
0.

79
%

 in
 2

01
9 

(P
 <

 0.
00

01
)

Se
rio

us

M
os

ad
de

gh
 e

t 
al

., 2
02

429
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
US

A 
(A

m
er

ic
as

)
20

06
–2

01
4

Na
tio

na
l 

An
tim

ic
ro

bi
al

 
Re

sis
ta

nc
e 

M
on

ito
rin

g 
Sy

st
em

 d
at

a

Ex
tra

-la
be

l 
ce

ph
al

os
po

rin
 

ba
n 

(2
01

2)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f m
ul

tid
ru

g 
re

sis
ta

nc
e 

in
 S

. d
ub

lin
 d

ec
lin

ed
 fr

om
 9

2.
41

%
 b

ef
or

e 
20

12
 to

 8
8.

23
%

 a
fte

r 2
01

2

Cr
iti

ca
l

de
 L

ag
ar

de
 e

t a
l., 

20
24

21
,g

Un
co

nt
ro

lle
d 

be
fo

re
–a

fte
r

Ca
na

da
 

(A
m

er
ic

as
)

20
17

–2
02

1
Fa

rm
 fa

ec
al

 
sa

m
pl

es
Re

st
ric

tio
n 

of
 

hi
gh

es
t-p

rio
rit

y 
an

tim
ic

ro
bi

al
s 

(2
01

9)

Pr
ov

in
ci

al
 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
s

An
im

al
 A

M
R

Th
e 

pr
ev

al
en

ce
 o

f r
es

ist
an

t a
nd

 v
iru

le
nt

 E
. 

co
li l

in
ea

ge
s r

em
ai

ne
d 

un
ch

an
ge

d 
ov

er
 a

 
4-

ye
ar

 p
er

io
d 

on
 fa

rm
s d

es
pi

te
 re

du
ce

d 
ac

ce
ss

 to
 a

nt
im

ic
ro

bi
al

s

Se
rio

us

Co
bo

-A
ng

el
 e

t 
al

., 2
02

544
Un

co
nt

ro
lle

d 
be

fo
re

–a
fte

r
US

A 
(A

m
er

ic
as

)
20

12
–2

02
2

Na
tio

na
l 

An
tim

ic
ro

bi
al

 
Re

sis
ta

nc
e 

M
on

ito
rin

g 
Sy

st
em

 a
ni

m
al

 
sa

m
pl

es
 

(s
la

ug
ht

er
 a

nd
 

re
ta

il)

Fo
od

 a
nd

 D
ru

g 
Ad

m
in

ist
ra

tio
n 

ce
ph

al
os

po
rin

 
re

st
ric

tio
n 

(2
01

2)
 a

nd
 

Ve
te

rin
ar

y 
Fe

ed
 

Di
re

ct
iv

e 
(2

01
7)

Na
tio

na
l 

go
ve

rn
m

en
t

Ba
n 

on
 sp

ec
ifi

c 
an

tim
ic

ro
bi

al
 

us
es

 (e
.g

. 
gr

ow
th

 
pr

om
ot

io
n)

An
im

al
 A

M
R

Th
e 

m
ed

ia
n 

m
in

im
um

 in
hi

bi
to

ry
 

co
nc

en
tra

tio
n 

fo
r m

os
t a

nt
im

ic
ro

bi
al

s 
in

 b
ov

in
e 

Sa
lm

on
ell

a 
de

cl
in

ed
 b

y 
10

–2
0%

, e
xc

ep
t f

or
 c

hl
or

am
ph

en
ico

l 
an

d 
ge

nt
am

ic
in

, w
hi

ch
 sh

ow
ed

 
in

cr
ea

se
s i

n 
m

ed
ia

n 
m

in
im

um
 in

hi
bi

to
ry

 
co

nc
en

tra
tio

n 
ov

er
 th

e 
pe

rio
ds

 2
01

3–
20

17
 a

nd
 2

01
8–

20
22

M
od

er
at

e

AM
R:

 a
nt

im
icr

ob
ia

l r
es

ist
an

ce
; C

DC
: C

en
te

rs
 fo

r D
ise

as
e 

Co
nt

ro
l a

nd
 P

re
ve

nt
io

n;
 C

FU
: c

ol
on

y f
or

m
in

g 
un

it;
 P

UC
E: 

po
pu

la
tio

n 
un

it 
co

rre
ct

io
n 

fo
r e

xp
os

ur
e;

 W
HO

: W
or

ld
 H

ea
lth

 O
rg

an
iza

tio
n;

 U
S$

: U
ni

te
d 

St
at

es
 d

ol
la

r.
a 	 P

ol
ic

y c
at

eg
or

ie
s w

er
e 

de
fin

ed
 u

sin
g 

th
e 

be
ha

vio
ur

 ch
an

ge
 w

he
el

 fr
am

ew
or

k.10

(. 
. .

co
nt

in
ue

d)

(c
on

tin
ue

s. 
. .

)



Systematic reviews
Government policy and antimicrobial use in production animals

416IBull World Health Organ 2026;104:407–416I| doi: http://dx.doi.org/10.2471/BLT.25.294408

Fiona Emdin et al.

b 	 T
he

 fu
ll n

am
es

 o
f t

he
 W

or
ld

 H
ea

lth
 O

rg
an

iza
tio

n 
re

gi
on

s l
ist

ed
 a

re
 th

e 
Re

gi
on

 o
f t

he
 A

m
er

ica
s, 

th
e 

Eu
ro

pe
an

 R
eg

io
n 

an
d 

th
e W

es
te

rn
 P

ac
ifi

c R
eg

io
n.

c 	 T
he

 ri
sk

 o
f b

ia
s w

as
 a

ss
es

se
d 

us
in

g 
th

e 
RO

BI
NS

-I 
to

ol
, w

hi
ch

 ca
te

go
riz

es
 ri

sk
 a

s l
ow

, m
od

er
at

e, 
se

rio
us

 o
r c

rit
ica

l.11

d 	 T
hi

s s
tu

dy
 e

xa
m

in
ed

 th
e 

im
pa

ct
 o

f t
he

 2
01

3 
ba

n 
on

 th
e 

pr
ev

en
ta

tiv
e 

us
e 

of
 a

nt
im

icr
ob

ia
ls 

in
 D

ut
ch

 liv
es

to
ck

.
e 	 T

hi
s s

tu
dy

 e
xa

m
in

ed
 th

e 
im

pa
ct

 o
f a

 2
01

7 
po

lic
y i

n 
Ch

in
a 

th
at

 b
an

ne
d 

co
lis

tin
 a

s a
 fe

ed
 a

dd
iti

ve
.

f 	 T
hi

s s
tu

dy
 e

xa
m

in
ed

 th
e 

im
pa

ct
 o

f t
he

 2
01

7 
ru

le
 ch

an
ge

s t
o 

th
e 

Un
ite

d 
St

at
es

 Fo
od

 a
nd

 D
ru

g 
Ad

m
in

ist
ra

tio
n’s

 Ve
te

rin
ar

y F
ee

d 
Di

re
ct

ive
, w

hi
ch

 a
im

ed
 to

 lim
it 

th
e 

us
e 

of
 m

ed
ica

lly
 im

po
rta

nt
 a

nt
im

icr
ob

ia
ls 

in
 fo

od
-p

ro
du

cin
g 

an
im

al
s, 

in
clu

di
ng

 fo
r 

gr
ow

th
 p

ro
m

ot
io

n.
g 	 T

hi
s s

tu
dy

 e
xa

m
in

ed
 th

e 
im

pa
ct

 o
f a

 2
01

9 
pr

ov
in

cia
l r

eg
ul

at
io

n 
th

at
 re

st
ric

te
d 

th
e 

us
e 

of
 a

nt
im

icr
ob

ia
ls 

of
 ve

ry
 h

ig
h 

im
po

rta
nc

e 
fo

r h
um

an
 h

ea
lth

 in
 p

ro
du

ct
io

n 
an

im
al

s i
n 

Qu
eb

ec
, C

an
ad

a.
h 	 T

hi
s s

tu
dy

 e
xa

m
in

ed
 th

e 
im

pa
ct

 o
f a

 2
01

8 
Ch

in
es

e 
na

tio
na

l p
ilo

t p
ro

gr
am

m
e 

to
 re

du
ce

 th
e 

us
e 

of
 ve

te
rin

ar
y a

nt
im

icr
ob

ia
l d

ru
gs

 b
y g

ui
di

ng
 fa

rm
s t

ow
ar

ds
 th

e 
ra

tio
na

l u
se

 o
f a

nt
im

icr
ob

ia
l d

ru
gs

 a
nd

 im
pr

ov
ed

 su
rv

ei
lla

nc
e 

of
 b

ac
te

ria
l r

es
ist

an
ce

 o
f 

an
im

al
 o

rig
in

.

(. 
. .

co
nt

in
ue

d)


	Table 1
	Figure 1
	Figure 2
	Table 2

