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Abstract 

Objective To identify and describe government policy targeting veterinary 
antimicrobial use and antimicrobial resistance in production animals globally and to 
map these interventions to identify evidence gaps. 

Methods We searched MEDLINE, CAB Abstracts, Web of Science and 
ProQuest Dissertations and Theses Global databases from inception to April 2025 for 
studies that quantitatively assessed the impact of government-enacted policy 
interventions by measuring the change in antimicrobial use (for example, mg/kg 
biomass, mg of active ingredient or defined daily doses for animals) or antimicrobial 
resistance in production animals or humans. Two reviewers independently completed 
screening, data extraction and risk-of-bias assessment for identified studies.  

Findings We identified 40 policy evaluations, all originating from the World 
Health Organization (WHO) Region of the Americas, European Region or Western 
Pacific Region. No eligible studies from other WHO regions were identified. Most 
studies (35/40) evaluated legislative or regulatory interventions and 26 were primarily 
bans or restrictions on specific antimicrobial uses. Most (34/40) articles reported 
decreases in antimicrobial use in animals or in antimicrobial resistance in animals or 
humans that were associated with policy implementation. However, the studies were 
methodologically heterogeneous and had a high risk of bias. 

Conclusion This systematic review and evidence map fill an important gap in 
knowledge supporting evidence-informed action on antimicrobial resistance. However, 
we identified relatively few quantitative evaluations of government policies targeting 
veterinary antimicrobial use or resistance, which highlights the need for additional 
methodologically robust, policy evaluations. 
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Introduction 

In 2020, antimicrobial resistance was estimated to have contributed to almost 5 million 

human deaths,1 making it one of the most critical threats to public health and is a threat 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 resistance, bodies such as the World 

Health Organization (WHO), the World Organization for Animal Health, the United Nations 

Environment Programme and the Food and Agriculture Organization have called for actions 

targeting antimicrobial use and resistance in production animal systems and veterinary 

medicine.7 However, to meet this call, governments need evidence 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 governments, 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 and based it 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 Organization 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 antimicrobial resistance in production animals. No limits on publication 
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dates were applied. We included studies published in any language and non-English studies 

were translated using Google Translate, which the Cochrane Handbook for Systematic 

Reviews of Interventions states is an acceptable method for screening and data extraction 

when professional translation is not feasible, as are other translation tools.9 Finally, we 

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 interventions 

implemented solely by professional veterinary bodies. Although industry- 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 additional criterion: eligible 

studies had to examine a policy intervention that was enacted by, or implemented in 

partnership 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 

correction 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 antimicrobial 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 involve the collection of samples from an abattoir, retail 

unit or farm (e.g. faecal samples). For human studies, data on antimicrobial resistance could 

be derived from regional or national, routine surveillance databases (e.g. from hospitals) or 

could have been collected for the study itself. Data on absolute or relative changes in 
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antimicrobial resistance were also included to help interpret the impact of government policy 

interventions. 

Data analysis 

Two reviewers independently screened titles, abstracts and full texts using a systematic 

review tool (Covidence, Melbourne, Australia). Any disagreements 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 tailored 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 

production 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 reviewers 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, serious or critical risk of bias across seven domains. 

We adapted the protocol and methods used in our systematic review from a 

previously published systematic review and evidence map, which identified and described 

government policy interventions 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 
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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 studies.14–50 Three were controlled, 

before–after 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 evaluated interventions in the WHO 

Region of the Americas,18–22,25,28,29,33,42,44,49 and 13 evaluated interventions in the Western 

Pacific Region (Table 2).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 interventions,30,31,35,37,51,52 and four examined bans on specific classes of 

antimicrobial.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 reduction in use.17 Most 

policies (35/40) were applied broadly across different species of production animal; a smaller 

number specifically targeted cows,32,39 chickens,42,47 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 

category and option, and the WHO region where the study was conducted are illustrated in 

Fig. 2. 

Antimicrobial use in animals 

Fourteen studies investigated the impact of policies on antimicrobial use in production 

animals.15,17,22,25,28,31,32,35,37–40,48,49 All 14 reported a reduction in antimicrobial use that was 

attributable to the policies they examined. Reductions ranged from moderate (i.e. around 20 

to 40%) to the near-complete elimination of specific classes of antimicrobials. For example, 

two studies found that the consumption of category-1 antimicrobials, 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 category-1 antimicrobials declined by 
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70 to 80% across production sectors following implementation of the provincial legislation,25 

whereas the other documented a 76% reduction in dairy cattle.28 In addition, two studies from 

Denmark and Kingdom of the Netherlands reported that decreased antimicrobial use was not 

associated with adverse animal health outcomes.14,39 For example, the 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 antimicrobial use 

regulations were supported by enforcement mechanisms, such as monitoring systems and 

financial penalties for noncompliance.14,15 

Antimicrobial resistance in animals 

Twenty-eight studies investigated the impact of policies on antimicrobial resistance in 

animals.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 declined 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 prevalence of the colistin-

resistance gene in bacteria of between 40 and 80 percentage 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 pathogen 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 resistance 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 despite sustained restrictions.19 One study from Quebec, 

Canada, which investigated the long-term impact of the 2019 provincial policy restricting 

category-1 antimicrobials, found that, although the prevalence of multidrug-resistance in 
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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 antimicrobial resistance in humans was affected 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 declines in the prevalence of a gene 

associated with colistin resistance in bacteria of 60 to 80%, with the prevalence of resistance 

falling from 15 to 20% 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 restricting 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 Administration 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 studies (10%) were 

classified as having a critical risk of bias.16,24,29,50 Thirty (75%) had a serious risk of bias, 

predominantly due to confounding variables, potential biases in participant selection and 

unclear intervention classifications.14,15,17,19–23,25–28,30–34,36,37,39,41,43,45–49,51–53 Finally, six 

studies (15%) were classified 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 
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Region. Only a minority examined the impact of policies on antimicrobial resistance in 

humans. The most frequently evaluated policy categories were legislative and regulatory 

interventions and most interventions involved bans on specific antimicrobial classes (e.g. 

fluoroquinolones) or specific uses of antimicrobials (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 improvements in the outcome of interest due to the various 

policies evaluated: there were decreases in antimicrobial use, animal antimicrobial resistance 

or human antimicrobial resistance. However, three studies reported no change in animal 

antimicrobial resistance after policy implementation,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 microbial strains or resistance genes were reported to 

persist after policy implementation in three studies, suggesting that a reduction in 

antimicrobial use may not translate uniformly into reductions in resistance across all 

pathogen–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 antimicrobial use alone may be insufficient to eliminate 

certain resistance phenotypes. 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 

downstream 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, 
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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 targeting 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 

reporting of contextual determinants, such as regulatory capacity, resource constraints and 

institutional structures, that influence 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 stewardship 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 government decision-makers. 

Most studies we identified employed uncontrolled, before–after comparisons and 

most had a high risk of bias. Consequently, there is a need for improved standardized 
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measures for use in intervention research on antimicrobial 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 

addition, 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 sustainability of an 

intervention’s impact on antimicrobial resistance. 

In conclusion, to address the challenge of antimicrobial resistance, governments and 

policy-makers must prioritize rigorous, transparent evaluations 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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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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Table 2. Study characteristics, systematic review of government policy interventions to reduce antimicrobial use in production 
animals, by policy category,a 1979–2022 
Study first author 
and year 

Study design Country 
(WHO region)b 

Study 
period 

Data source or 
biological 
sample 

Policy intervention 
(year) 

Authority 
enacting 

policy 

Policy option Outcome 
measure 

Impact of policy Overall risk 
of biasc 

Guidelines 

Ungemach et al., 
200637 

Uncontrolled 
before–after 

Germany 
(European) 

2000–2002 National 
prescription data 

Prudent-use 
veterinary guidelines 
(2000) 

National 
government 

Antimicrobial 
guidelines 

Animal 
antimicrobial 
use 

Total veterinary antibiotic 
consumption declined from 
4255 kg pre-guidelines to 
1145 kg by the first quarter of 
2002 

Serious 

Sammul et al., 
202131 

Uncontrolled 
before–after 

Estonia 
(European) 

2010–2019 Wholesaler sales 
data 

National treatment 
guidelines (2012) 

National 
government 

Antimicrobial 
guidelines 

Animal 
antimicrobial 
use 

Colistin use in pigs declined by 
0.23 mg/PUCE per 10 000 E. 
coli vaccine doses over 10 years 

Serious 

Miguela-Villoldo et 
al., 202227 

Uncontrolled 
before–after 

Spain 
(European) 

1998–2021 Pig caecal 
samples 

Reduce Porcino plan 
(2016) 

National 
government 

Ban on specific 
antimicrobials 

Animal AMR The prevalence of the colistin 
resistance-associated mcr gene 
in pig caecal samples increased 
between 2004 and 2015 to 66% 
but declined significantly from 
2017 (54%) to 2021 (17%; 
P < 0.001) 

Serious 

Liang et al., 2023 
(animals)52,h 

Controlled 
before–after 

China 
(Western 
Pacific) 

2019–2021 Broiler chicken 
cloacal swabs 

National pilot 
programme (2018) 

National 
government 

Antimicrobial 
guidelines 

Animal AMR (i) The prevalence of resistance 
to gentamicin, spectinomycin 
and ceftiofur was lower in 
intervention farms compared to 
non-intervention farms 
(P < 0.05); and (ii) the difference 
in some other antimicrobial 
drugs was not significant 

Serious 

Liang et al., 2023 
(antimicrobial 
resistance 
genes)51,h 

Controlled 
before–after 

China 
(Western 
Pacific) 

2019–2021 Broiler chicken 
cloacal swabs 

National pilot 
programme (2018) 

National 
government 

Antimicrobial 
guidelines 

Animal AMR Abundance of resistance genes 
declined in intervention farms 
compared to non-intervention 
farms (P < 0.05) 

Serious 

Perrin-Guyomard 
et al., 202330 

Uncontrolled 
before–after 

France 
(European) 

2014–2020 Poultry 
surveillance 
samples 

Ecoantibio2 plan 
(2017) 

National 
government 

Antimicrobial 
guidelines 

Animal AMR The prevalence of colistin 
resistance in E. coli in poultry 
populations declined from 6% to 
3% in turkeys and from 1.2% to 
1.0% in chickens 

Serious 

Legislation and regulation 

Trolldenier et al., 
199150 

Uncontrolled 
before–after 

Germany 
(European) 

1979–1988 Human clinical 
isolates and 

Ban on 
oxytetracycline feed 
use (1983) 

State 
government 

Ban on specific 
antimicrobial 
uses (e.g. 

Animal and 
human AMR 

(i) The prevalence of 
oxytetracycline resistance 
declined across 

Critical 
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porcine and 
bovine samples 

growth 
promotion) 

Enterobacteriaceae in animals 
and humans; (ii) the prevalence 
of oxytetracycline resistance in 
porcine and bovine Escherichia 
coli decreased by 27% and 
17%, respectively, from 1980 to 
1988; (iii) the prevalence of 
oxytetracycline resistance 
decreased by 65% in bovine 
Salmonella typhimurium, by 
50% in porcine S. typhimurium, 
by 50% in bovine Salmonella 
dublin and by 13–30% in porcine 
Salmonella choleraesuis; and 
(iv) in humans, the prevalence of 
oxytetracycline resistance in E. 
coli and Klebsiella decreased 
from 50–70% to 30% 

Laine et al., 200448 Uncontrolled 
before–after 

Finland 
(European) 

1999–2000 Farm-level 
antimicrobial use 
data 

European Union ban 
on carbadox and 
olaquindox (1999) 

Supranational 
body 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal 
antimicrobial 
use 

The distribution of antimicrobial 
use intensity across farms 
shifted to higher numbers of low 
and moderate users of 
antibiotics, without a change in 
piglet diarrhoea treatment 
frequency 

Serious 

Bywater et al., 
200516 

Uncontrolled 
before–after 

European 
Union 
(European) 

1998–2000 Chicken and pig 
slaughter and 
faecal samples 

European Union ban 
on four growth 
promoters (1999) 

Supranational 
body 

Ban on specific 
antimicrobials 

Animal AMR The prevalence of resistance in 
E. faecium declined for 
spiramycin, tylosin and 
virginiamycin but not bacitracin, 
across the six countries 
examined 

Critical 

Lauderdale et al., 
200726 

Uncontrolled 
before–after 

China, Taiwan 
(Western 
Pacific) 

2000–2003 Broiler chicken 
faecal samples 

Avoparcin ban 
(2000) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The prevalence of vancomycin-
resistant Enterococcus spp. 
declined in broiler chicken: from 
13.7% to 3.7% for E. faecalis 
and from 3.4% to 0% for E. 
faecium 

Serious 

Kmet’ et al., 200724 Uncontrolled 
before–after 

Slovakia 
(European) 

2005–2007 Broiler chicken 
faecal samples 

European Union in-
feed antibiotic ban 
(2007) 

Supranational 
body 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The prevalence of resistance of 
E. coli to enrofloxacin declined 
from 52% to 38% and resistance 
to fluoroquinolones declined 
from 54% to 33%, with minor 
increases in ampicillin and 
sulbactam resistance (from 0% 
to 2.7%) noted after the ban 

Critical 
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Aarestrup et al., 
201014 

Uncontrolled 
before–after 

Denmark 
(European) 

1995–2000 Broiler chicken 
and pig slaughter 
samples 

European Union 
avoparcin ban 
(1995), virginiamycin 
ban (1998) and 
voluntary antibiotic 
growth promoter ban 
(1999) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The prevalence of glycopeptide-
resistant Enterococcus faecium 
and Enterococcus faecalis 
declined markedly in broilers 
(5.8–72.7%) and pigs (6.0–90%) 
after growth promoter withdrawal 

Serious 

Andreasen et al., 
201215 

Uncontrolled 
before–after 

Denmark 
(European) 

2008–2011 National 
antimicrobial use 
data 

Yellow card scheme 
and voluntary 
cephalosporin ban 
(2010) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal 
antimicrobial 
use 

Total antimicrobial consumption 
in swine declined by 12.5% 
between 2009 and 2010 and by 
24.5% between 2010 and 2011, 
with near elimination of 
cephalosporin use 

Serious 

Zawack et al., 
201642 

Uncontrolled 
before–after 

USA 
(Americas) 

2004–2012 
(2002–2007 
for 
enrofloxacin 
analysis) 

National 
Antimicrobial 
Resistance 
Monitoring 
System data 

Enrofloxacin 
withdrawal in poultry 
(2005) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The prevalence of 
fluoroquinolone resistance in 
Campylobacter spp. remained 
largely unchanged following 
withdrawal of enrofloxacin 

Moderate 

Callens et al., 
201817 

Uncontrolled 
before–after 

Belgium 
(European) 

2011–2015 National 
veterinary 
antimicrobial use 
and laboratory 
AMR data 

National reduction 
targets (2011) 

National 
government 

Reduction 
goals 

Animal 
antimicrobial 
use and AMR 

(i) Antimicrobial use declined 
across all classes of 
antimicrobials except phenicols; 
and (ii) the prevalence of 
resistance in commensal E. coli 
declined for most antibiotics, with 
positive antimicrobial use and 
AMR correlations for ampicillin 
(P: 0.01) ciprofloxacin, nalidixic 
acid, sulfamethoxazole, 
tetracycline and trimethoprim 
(P: 0.05) 

Serious 

Vanhoudt et al., 
201839,d 

Uncontrolled 
before–after 

Netherlands 
(European) 

2013–2015 Farm veterinary 
records 

Ban on preventive 
antimicrobial use 
(2013) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal 
antimicrobial 
use 

(i) Intramammary antimicrobial 
sales declined by 38% (dry cow 
therapy) and 19% (mastitis 
treatment); (ii) overall use of 
antimicrobials decreased by 
29% between 2013 and 2015; 
and (iii) the selection of cows for 
dry cow therapy without 
antimicrobials did not impact 
udder health 

Serious 

Dillon 202022 Uncontrolled 
before–after 

USA 
(Americas) 

2009–2018 National 
Antimicrobial 
Resistance 
Monitoring 
System and 

Veterinary Feed 
Directive (2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal and 
human 
antimicrobial 
use and AMR 

Significant reductions in the 
prevalence of: (i) tetracycline 
resistance in Salmonella (cattle, 
P: 0.007; swine, P: 0.023; 
chicken, P: 0.007); (ii) penicillin 

Serious 
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national 
antimicrobial use 
databases 

resistance in Salmonella (turkey, 
P: 0.009); (iii) penicillin 
resistance in Campylobacter in 
chickens (P < 0.001); and 
(iv) penicillin resistance in 
Campylobacter in humans 
(P: 0.02), which was in line with 
reduced antimicrobial use in 
poultry 

Shen et al., 
202034,e 

Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2016–2018 Animal, human, 
food and 
environmental 
samples 

Ban of colistin in feed 
(2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal and 
human AMR 

(i) Ecosystem-wide decline in the 
prevalence of mcr genes 
observed; and (ii) the prevalence 
of colistin resistance declined 
from 45% to 19% in pigs 
(P < 0.0001) and from 19% to 
5% in humans (P < 0.0001) 

Serious 

Singer et al., 
202049,f 

Uncontrolled 
before–after 

USA 
(Americas) 

2013–2017 Producer-
reported 
antimicrobial use 
data 

Veterinary Feed 
Directive (2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal 
antimicrobial 
use 

Between 2013 and 2017: 
(i) medically important in-feed 
antimicrobial use declined 
substantially from 93% to 17%; 
(ii) in-feed tetracycline use 
decreased approximately 95%; 
(iii) water-soluble penicillin use 
decreased approximately 21%; 
(iv) water-soluble tetracycline 
use decreased approximately 
47%; and (v) water-soluble 
lincomycin use decreased 
approximately 28% 

Serious 

Wang et al., 
202040,e 

Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2015–2018 National sales 
and surveillance 
data 

Ban of colistin in feed 
(2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal and 
human 
antimicrobial 
use and AMR 

(i) Colistin production, sales and 
resistance declined markedly for 
animals and humans after the 
ban on colistin; (ii) after the ban 
on colistin as a growth promoter, 
marked reductions were 
observed in the production 
(27 170 tonnes in 2015 versus 
2 497 tonnes in 2018) and sale 
(US$ 71.5 million in 2015 versus 
US$ 8.0 million in 2018) of 
colistin sulfate; (iii) the 
prevalence of colistin resistance 
decreased from 34% to 5.1% in 
pig faeces (P < 0.0001) and from 
18.1% to 5% in chicken faeces 

Moderate 
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(P < 0.0001) from 2015 to 2018; 
and (iv) the prevalence of 
human carriage of colistin-
resistant bacteria decreased 
from 14.3% to 6.3% (P < 0.0001) 
from 2016 to 2019 

Santman-Berends 
et al., 202132,d 

Uncontrolled 
before–after 

Netherlands 
(European) 

2013–2017 National 
surveillance 

Preventive use ban 
(2013) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal 
antimicrobial 
use 

Antimicrobial use declined by 
63% in dry cow therapy and by 
15% in intramammary 
applications 

Serious 

Shen et al., 
202153,e 

Controlled 
before–after 
(interrupted 
time series) 

China 
(Western 
Pacific) 

2011–2019 Human E. coli 
isolates from 
hospitalized 
patients 

Ban of colistin in feed 
(2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Human AMR (i) The prevalence of colistin 
resistance genes, which had 
increased to > 60% by 2016, 
declined rapidly after the 2017 
ban to 5.3%, which approached 
pre-2015 levels; but 
(ii) background prevalence 
remained higher than early 
baseline levels in 2011–2013 

Serious 

Tenhagen et al., 
202135 

Uncontrolled 
before–after 

Germany 
(European) 

2010–2016 Slaughter 
samples 

National AMR 
minimization strategy 
(2013) 

National 
government 

Antimicrobial 
guidelines and 
national 
strategy 

Animal 
antimicrobial 
use and AMR 

(i) Large reductions in macrolide 
(−62%) and tetracycline (−58%) 
use; (ii) smaller reductions in 
aminoglycoside (−27%) and 
fluoroquinolone (−15%) use; 
(iii) an association was observed 
between reduced antibiotic use 
and the prevalence of resistance 
in Campylobacter isolates to 
tetracycline and erythromycin 
but not to aminoglycosides; and 
(iv) the prevalence of resistance 
to nalidixic acid and ciprofloxacin 
increased despite a decrease of 
fluoroquinolone use 

Moderate 

Tu et al., 202136,e Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2017–2018 Pig faecal swabs Ban of colistin in feed 
(2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The prevalence of mcr-1 in pig 
faeces declined from 86.4% to 
5.6% (P  < 0.01) but the colistin 
ban had little influence on 
unrelated resistance genes 

Serious 

Usui et al., 202138 Uncontrolled 
before–after 

Japan 
(Western 
Pacific) 

2017–2019 Pig faecal 
samples 

Ban of colistin in 
feed(2018) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The colistin-resistant E. coli 
concentration declined from 107 
to 103–104 CFU/g (P < 0.01) 

Moderate 
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de Lagarde 
Laroche et al., 
202220,g 

Uncontrolled 
before–after 

Canada 
(Americas) 

2017–2020 Farm faecal 
samples 

Restriction of 
highest-priority 
antimicrobials (2019) 

Provincial 
government 

Restricted use Animal AMR The prevalence of multidrug 
resistance in E. coli declined 
from 83% to 71% (P: 0.05) 

Serious 

Guérin et al., 
202223 

Uncontrolled 
before–after 

Belgium 
(European) 

2014–2015 
and 2020–
2021 

Calf faecal and 
necropsy 
samples 

Royal decree 
restricting 
cephalosporins 
(2016) 

National 
government 

Ban on specific 
antimicrobials 

Animal AMR (i) The prevalence of resistance 
to 3rd and 4th generation 
cephalosporins in E. coli 
declined from 16% to 7.5%; 
(ii) the prevalence of AmpC 𝛽-
lactamases declined from 8% to 
1%; and (iii) resistance varied, 
such that there was an increase 
in the prevalence of resistance to 
narrow-spectrum β-lactamases 

Serious 

Laroche et al., 
202225,g 

Uncontrolled 
before–after 

Canada 
(Americas) 

2016–2019 Provincial sales 
data 

Restriction of 
highest-priority 
antimicrobials (2019) 

Provincial 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal 
antimicrobial 
use 

The sale of category-1 
antimicrobials for use in dairy 
cattle declined by 76% from 1.7 
to 0.4 mg/ population correction 
unit 

Serious 

Millar et al., 
202228,g 

Uncontrolled 
before–after 

Canada 
(Americas) 

2017–2021 Sales and farm 
data 

Restriction of 
highest-priority 
antimicrobials (2019) 

Provincial 
government 

Ban on specific 
antimicrobials 

Animal 
antimicrobial 
use 

The sale of category-1 
antimicrobials for dairy herds 
declined substantially from a 
range of 14 258–21 528 defined 
course doses per month to 
1494–4707 doses per month by 
2021 

Serious 

Wen et al., 202246 Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2018–2021 Campylobacter 
coli isolates 

Antibiotic growth 
promoter ban (2020) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR (i) The prevalence of 
erythromycin resistance declined 
from 92% in 2018 to 62% in 
2021; but (ii) the prevalence of 
gentamicin resistance increased 
from 78% in 2018 to 94% in 
2021 and the prevalence of 
florfenicol resistance increased 
from 14% in 2018 to 72% in 
2021 

Serious 

Zhang et al., 
202243,e 

Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2014–2019 Chicken cloacal 
swabs 

Ban of colistin in feed 
(2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The mcr-1-positivity rate peaked 
before the colistin ban, at 12.6% 
in 2016 and 11.4% in 2017, and 
then decreased significantly to 
1.7% in 2018 and 0.9% in 2019 

Serious 

Zhao et al., 202245 Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2009–2019 Human clinical 
isolates 

Ban of colistin in feed 
(2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 

Human AMR The prevalence of mcr-1-positive 
E. coli showed an increasing 
trend between 2009 and 2016, 
whereas a decreasing trend was 

Serious 
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growth 
promotion) 

observed after 2017 when 
colistin was banned as a feed 
additive 

Casey et al., 
202318 

Uncontrolled 
before–after 

USA 
(Americas) 

2013–2021 Human urinary 
E. coli isolates 

California Senate Bill 
27 restricting 
medically important 
antibiotics to 
prescription-only use 
(2018) 

State 
government 

Restricted use Human AMR (i) The prevalence of extended-
spectrum cephalosporin 
resistance in E. coli declined by 
7.1% (P < 0.01); but (ii) no 
significant changes were 
observed for aminoglycosides, 
fluoroquinolones or tetracyclines 

Moderate 

Chandra Deb et 
al., 202319 

Uncontrolled 
before–after 

USA 
(Americas) 

2012–2019 National 
Antimicrobial 
Resistance 
Monitoring 
System and 
CDC isolates 

Food and Drug 
Administration 
stewardship 
regulations (2015) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal and 
human AMR 

Across the multiple bacterial 
species examined: (i) there were 
minimal phenotypic resistance 
changes (< 1-fold dilution); and 
(ii) no consistent reductions in 
the prevalence of resistance 
genes 

Serious 

Hou et al., 202347 Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2018–2022 Pig manure 
isolates 

Antibiotic growth 
promoter ban (2020) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR (i) The prevalence of multidrug 
resistance in isolates from pig 
manure declined; and (ii) the 
number of antibiotics for which 
the prevalence of resistance was 
> 66.7% decreased from six in 
2018 to four in Hebei province 
and to two in Ningxia province in 
2022 

Serious 

Sarkar & Okafor, 
202333,f 

Uncontrolled 
before–after 

USA 
(Americas) 

2002–2019 National 
Antimicrobial 
Resistance 
Monitoring 
System data 

Veterinary Feed 
Directive (2017) 

National 
government 

Restricted use Animal AMR (i) The odds of detecting 
tetracycline-resistant Escherichia 
(odds ratio, OR: 0.60), 
tetracycline-resistant 
Campylobacter (OR: 0.89) or 
erythromycin-resistant 
Campylobacter (OR: 0.43) in 
chicken breast decreased 
significantly after the Veterinary 
Feed Directive was issued; 
(ii) the odds of detecting 
tetracycline-resistant Salmonella 
(OR: 0.66), Escherichia 
(OR: 0.56) or Campylobacter 
(OR: 0.33) in ground turkey also 
decreased significantly; but 
(iii) the odds of detecting 
tetracycline-resistant Salmonella 
in chicken breast (OR: 1.49) and 

Serious 
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erythromycin-resistant 
Campylobacter in ground turkey 
(OR: 4.63) increased 
significantly 

Yang et al., 
202341,e 

Uncontrolled 
before–after 

China 
(Western 
Pacific) 

2011–2020 Foodborne 
surveillance data 

Ban of colistin in feed 
(2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Human AMR The prevalence of mcr genes in 
S. typhimurium declined from 
11.35% in 2017 to 4.31% in 
2018 (P < 0.0001) and to 0.79% 
in 2019 (P < 0.0001) 

Serious 

Mosaddegh et al., 
202429 

Uncontrolled 
before–after 

USA 
(Americas) 

2006–2014 National 
Antimicrobial 
Resistance 
Monitoring 
System data 

Extra-label 
cephalosporin ban 
(2012) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The prevalence of multidrug 
resistance in S. dublin declined 
from 92.41% before 2012 to 
88.23% after 2012 

Critical 

de Lagarde et al., 
202421,g 

Uncontrolled 
before–after 

Canada 
(Americas) 

2017–2021 Farm faecal 
samples 

Restriction of 
highest-priority 
antimicrobials (2019) 

Provincial 
government 

Ban on specific 
antimicrobials 

Animal AMR The prevalence of resistant and 
virulent E. coli lineages remained 
unchanged over a 4-year period 
on farms despite reduced 
access to antimicrobials 

Serious 

Cobo-Angel et al., 
202544 

Uncontrolled 
before–after 

USA 
(Americas) 

2012–2022 National 
Antimicrobial 
Resistance 
Monitoring 
System animal 
samples 
(slaughter and 
retail) 

Food and Drug 
Administration 
cephalosporin 
restriction (2012) and 
Veterinary Feed 
Directive (2017) 

National 
government 

Ban on specific 
antimicrobial 
uses (e.g. 
growth 
promotion) 

Animal AMR The median minimum inhibitory 
concentration for most 
antimicrobials in bovine 
Salmonella declined by 10–20%, 
except for chloramphenicol and 
gentamicin, which showed 
increases in median minimum 
inhibitory concentration over the 
periods 2013–2017 and 2018–
2022 

Moderate 

AMR: antimicrobial resistance; CDC: Centers for Disease Control and Prevention; CFU: colony forming unit; WHO: World Health Organization; US$: United States dollar. 
a Policy categories were defined using the behaviour change wheel framework.10 
b The full names of the World Health Organization regions listed are the Region of the Americas, the European Region and the Western Pacific Region. 
c The risk of bias was assessed using the ROBINS-I tool, which categorizes risk as low, moderate, serious or critical.11 
d This study examined the impact of the 2013 ban on the preventative use of antimicrobials in Dutch livestock. 
e This study examined the impact of a 2017 policy in China that banned colistin as a feed additive. 
f This study examined the impact of the 2017 rule changes to the United States Food and Drug Administration’s Veterinary Feed Directive, which aimed to limit the use of medically 
important antimicrobials in food-producing animals, including for growth promotion. 
g This study examined the impact of a 2019 provincial regulation that restricted the use of antimicrobials of very high importance for human health in production animals in Quebec, 
Canada. 
h This study examined the impact of a 2018 Chinese national pilot programme to reduce the use of veterinary antimicrobial drugs by guiding farms towards the rational use of 
antimicrobial drugs and improved surveillance of bacterial resistance of animal origin. 
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Fig. 1. Study selection, systematic review of government policy interventions to reduce 
antimicrobial use in production animals, 1979–2022 

 

AMR: antimicrobial resistance. 

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

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

35 197 titles and abstracts screened 

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 

6681 duplicate records removed: 
- 241 identified manually 

- 6440 identified by 

Covidence 
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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 

 
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. 

 


