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A B S T R A C T   

Antibiotic use (ABU) plays an important role in the proliferation of antimicrobial resistance (AMR). Global 
antimicrobial consumption in food production is projected to rise by 67% from 2010 to 2030, but available 
estimates are limited by the scarcity of ABU data and absence of global surveillance systems. The WHO South- 
East Asia (WHO SEA) region is at high risk of emergence of AMR, likely driven by intensifying farm operations 
and worsening ABU hotspots. However, little is known about farm-level ABU practices in the region. To sum-
marize emerging evidence and research gaps, we conducted a scoping review of ABU practices following the 
Arksey and O’Malley methodological framework. We included studies published between 2010 and 2021 on 
farm-level ABU/AMR in the 11 WHO SEA member states, and databases were last searched on 31 October 2021. 
Our search strategy identified 184 unique articles, and 25 publications underwent full-text eligibility assessment. 
Seventeen studies, reported in 18 publications, were included in the scoping review. We found heterogeneity in 
the categorizations, definitions, and ABU characterization methods used across studies and farm types. Most 
studies involved poultry, pig, and cattle farms, and only one study examined aquaculture. Most studies evaluated 
ABU prevalence by asking respondents about the presence or absence of ABU in the farm. Only two studies 
quantified antibiotic consumption, and sampling bias and lack of standardized data collection methods were 
identified as key limitations. Emerging evidence that farm workers had difficulty differentiating antibiotics from 
other substances contributed to the uncertainty about the reliability of self-reported data without other vali-
dation techniques. ABU for growth promotion and treatment were prevalent. We found a large overlap in the 
critically important antibiotics used in farm animals and humans. The ease of access to antibiotics compounded 
by the difficulties in accessing quality veterinary care and preventive services likely drive inappropriate ABU in 
complex ways.   

1. Introduction 

Antimicrobial resistance (AMR) presents a significant health and 
economic burden worldwide especially in low- and middle-income 
countries (LMICs). [1] One projection suggested that global AMR, 

estimated from studies on Klebsiella pneumonia, Escherichia coli, Staphy-
lococcus aureus, HIV, tuberculosis, and malaria, could cause ten million 
deaths annually by 2050, mostly in Africa and Asia. [2] Alarmingly, as 
early as 2019 an estimated 4.95 million deaths globally were associated 
with bacterial AMR alone, with the highest mortality rate found in 
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western sub-Saharan Africa. [3] While difficult to quantify, the impact of 
AMR extends beyond the clinical setting by compounding the burden of 
chronic illnesses and widening health inequities. [1,4–6] 

As part of concerted efforts to address AMR, the World Health Or-
ganization (WHO) is implementing a global action plan that includes 
optimizing antibiotic use (ABU) in humans and animals. [7] The rec-
ommendations stem from the evidence that ABU drives the proliferation 
of AMR. [8–13] While ABU in humans and farm animals appear com-
parable, the biomass of farm animals substantially exceeds human 
biomass. [14] There is also accumulating evidence of environmental 
contamination linked to ABU in humans and animals, suggesting the 
need for a One Health approach. [15] However, until recently most of 
the studies describing ABU have centered on in-hospital and 
community-dwelling humans. [16] Moreover, the effect of ABU in ani-
mals on AMR in humans at the population level is unclear. [17–19] 

Van Boeckel and collaborators estimated the 2010 global antimi-
crobial consumption in food animal production at 57,290 t and pro-
jected a steady rise to 95,795 t by 2030. [20] A combination of 
regulatory caps in veterinary antimicrobial consumption, reduction in 
meat intake, and imposition of user fees on the price of veterinary an-
tibiotics is projected to reduce global animal antimicrobial consumption 
by 80%. [14] However, these estimates are limited by the scarcity of 
ABU data, especially from LMICs, and the absence of a global veterinary 
antimicrobial sales database. [14,20] 

Southeast Asia (SEA), a region of the world with rapidly growing 
economies, changing societal structures, and expanding socioeconomic 
inequities experiences a disproportionate burden of AMR. [21] Poten-
tially important contributors include underdeveloped surveillance sys-
tems and limited antimicrobial stewardship practices. [22] The high risk 
of emergence of AMR among humans and animals in WHO-SEA is also 
attributed to increased ABU in intensive livestock production. [23] The 
region hosts key veterinary ABU hotspots including the northern sub-
urbs of Bangkok and southern coasts of India. [20] Despite the large 
burden of ABU and AMR in SEA, a systematic review of ABU in animal 
production spanning the last three decades found that only 17 of the 89 
included studies were conducted in LMICs, with only two studies coming 
from the WHO SEA region. [24] 

We conducted a scoping review to summarize emerging evidence 
about ABU practices in animal farms in the WHO-SEA region. A scoping 
review is a tool used in identifying and mapping available evidence 
when specific questions addressed by a more precise systematic review 
are unclear. [25] Our aim was to summarize the current evidence 
regarding: i) practices and motivations for ABU in animal farms in the 
WHO SEA region; ii) access to antibiotics including types and amounts 
used in animal farms; iii) potential drivers of inappropriate ABU in an-
imal farms; and iv) research gaps. 

2. Materials and methods 

We used the methodological framework elaborated by Arksey and 
O’Malley. [26] We applied key components of the Preferred Reporting 
Items for Systematic Review and Meta-analyses extension for Scoping 
Reviews checklist in the development of the manuscript. [27] 

2.1. Information sources and search strategy 

Two reviewers (GMM and NA) independently performed a system-
atic bibliographic database search of PubMed, Scopus, and Ovid 
including Embase, Medline, Applied and Complementary Medicine, 
Global Health, and Zoological Records. The search strategy was drafted 
by GMM and was duplicated and verified by NA. We used Boolean op-
erators on permutations of the keywords related to the following terms: 
“antibiotic use”, “animal farming”, “practices”, “estimation”, and the 11 
WHO-SEA member states. The databases were last searched on 31 
October 2021. Supplementary Table S1 elaborates the full search strat-
egy used for Ovid. 

2.2. Study selection and eligibility criteria 

Two reviewers (GMM and NA) independently performed study se-
lection based on the following eligibility criteria. 

Inclusion Criteria  

- Primary research on ABU or AMR in animal farms  
- Description or quantification of practices by farmers and other 

stakeholders (may include managers, veterinarians, and other 
personnel)  

- Conducted between 2010 and 2021 inclusive  
- Conducted in WHO SEA member states (i.e., Bangladesh, Bhutan, 

India, Indonesia, Korea DPRK, Maldives, Myanmar, Nepal, Sri Lanka, 
Timor-Leste, and Thailand) [28]  

- Available full text in English 

Exclusion criteria  

- Studies not involving farm animals  
- Indirect quantification methods of ABU/AMR including modelling 

studies  
- Systematic, scoping, or literature reviews involving any of inclusion 

criteria  
- Clinical, health facility-based, or diagnostic research  
- Quality improvement projects 

A two-step selection strategy was performed. First, the study title and 
abstract were screened for inclusion. Disagreements were settled by 
discussion, and a third reviewer (AM) was the designated adjudicator. 
Full text articles were subsequently assessed independently for inclusion 
using a similar procedure. 

2.3. Data charting process 

The data extraction tool was developed in Microsoft Excel [29] by 
one reviewer (NA) and validated by another (AM). Test extraction ses-
sions were performed by both reviewers to calibrate the tool. Two other 
reviewers (GMM and NH) independently extracted data from each 
eligible article. Discussion sessions were held to resolve disagreements, 
to synthesize extracted data, and to elaborate on emerging themes. Any 
persisting disagreement was adjudicated by another reviewer (AM). 

2.4. Data items 

The extracted variables included study characteristics, ABU prac-
tices, and potential drivers of inappropriate ABU. The reviewers also 
extracted additional data and reported study outcomes deemed to be 
relevant in characterizing ABU in animal farming. Supplementary 
Table S2 outlines the definitions of each variable. 

2.5. Synthesis of results 

We synthesized characteristics of included studies narratively and 
described ABU practices. We tabulated the classes of antibiotics used by 
farms and their corresponding classification on the WHO list of Critically 
Important Antimicrobials for Human Medicine (WHO-CIA) [30], the 
WHO AWaRe list of antibiotics [31], and the World Organisation for 
Animal Health (OIE) List of Antimicrobial Agents of Veterinary Impor-
tance [32]. We synthesized the reported potential drivers of inappro-
priate ABU based on pre-specified levels. Finally, we discussed the gaps 
we identified in the existing body of evidence. 
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3. Results 

3.1. Selection of sources of evidence 

Our search strategy identified 184 publications that underwent title/ 
abstract screening. (Fig. 1) We selected 25 reports for full-text eligibility 
assessment. Seven reports were excluded: one was a literature review of 
drivers of AMR [33]; one included domestic animals instead of farm 
animals [34]; three reports were indirect methods of quantification of 
ABU/AMR [20,35,36]; and two articles were conference reports 
[37,38]. Seventeen studies, described in 18 publications [39–56], were 
included in the scoping review. 

3.2. Characteristics and results of sources of evidence 

Of the 17 studies, 12 were quantitative cross-sectional surveys, and 
two were qualitative studies (Table 1). Three were mixed-method 
studies: one involved survey and direct observation [48]; one used in- 
depth interviews (IDI), surveys, and observation [49]; and one 
involved policy analysis, IDI, and secondary analysis of quantitative data 
[52] from a previously published cross-sectional survey [51]. Seven 
studies were conducted solely in Thailand, five in India, and four in 
Bangladesh; one was a transnational study involving Indonesia, 
Thailand, and Vietnam. Eight studies involved poultry farms; six studies 

included cattle and dairy farms; five studies involved pig farms; and only 
one study included fish farms. The study participants included farm 
operators and/or owners, veterinarians, and pharmacists. Four studies 
dichotomized study population based on farm size and ownership, and 
two studies categorized the population based on food products (e.g. 
broiler and layer poultry farms). 

Of the 15 studies that reported ABU data, nine used self-reported 
information without assessment of reliability. Validation methods used 
by the remaining studies were: i) direct observation for antibiotic 
packets and containers during visits [42,48,56]; ii) antibiotic expendi-
ture estimation for contract farms based on information from company 
veterinarians [43,46]; iii) antibiotic residue testing in milk samples [48] 
and pooled feeds [50]; iv) estimation of antibiotic volume from feed 
production records [49]; and v) review of treatment records [50]. 

Fourteen studies described the prevalence of ABU at the farm level. 
Most of the studies outlined the sources of antibiotics used in farms (14/ 
17) and the indications for ABU (15/17). Only 11 studies enumerated 
the types of antibiotics used, with some reporting frequency and strat-
ifying results based on the relevant type of farm included. Finally, 14 
studies presented an assessment of non-prescription antibiotic use, but 
only six explicitly assessed adherence to withdrawal periods. 

Fig. 1. PRISMA flow diagram.  
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Table 1 
Characteristics of included studies.  

Author year 
country 

Animal farms 
(n) 

Study design Prevalence of 
antibiotic use 
in animal 
farms (%) 

Method of collection 
of antibiotic data 

Sources of 
antibiotics 

Indications for ABU (% of 
farms/respondents) 

Antibiotics used (% of 
farms/respondents) 

Brower et al. 
2017 
India 
[36] 

Poultry layer 
farms (9) 
Poultry broiler 
farms (9) 

Cross-sectional 
Survey 

100 Questionnaire 
interview without 
validation 

NR Disease treatment 
Growth promotion 

Fluoroquinolones (50.0)   

▪ Ciprofloxacin  
▪ Enrofloxacin  
▪ Levofloxacin 

Tetracyclines (50.0)   

▪ Oxytetracycline  
▪ Doxycycline 

Aminoglycoside (44.4)   

▪ Neomycin 
Chauhan et al. 

2018 
India 
[37] 

Cattle and 
dairy farms 
(15) 

Qualitative 
Study 
(Interviews, 
Observations) 

NR NR Private drug 
companies 
Informal 
prescribers 
Government 
extension 
services 

NR NR 

Coyne et al. 
2019 
Indonesia, 
Thailand, 
and Vietnam 
[38] 

Small to 
medium 
commercial 
broiler farms 
(419) 
Small to 
medium 
commercial 
pig farms (51) 

Cross-sectional 
Survey and 
Document 
Review 

Not clearly 
stated 

Questionnaire 
interview without 
validation for 
Indonesia and 
Thailand 

Animal 
pharmacies 
Private drug 
companies 

Disease prevention 
Growth promotion 
Increasing mortality rate in 
surrounding farms 

Penicillin 
Tetracyclines 
Aminoglycosides 

Ferdous et al. 
2019 
Bangladesh 
[39] 

Small scale 
poultry layer 
farms (120) 

Cross-sectional 
Survey 

~100 Questionnaire 
interview with 
validation using 
leftover antibiotic 
packets and bottles 

Veterinarians 
Informal 
prescribers 
Animal 
pharmacies 

Disease prevention and 
treatment (40.8) 
Disease treatment only 
(34.2) 
Disease prevention only 
(14.2) 

Ciprofloxacin (22.5) 
Enrofloxacin (17.5) 
Amoxicillin (16.6) 

Hallenberg 
et al.a 

2020 
Thailand 
[40] 

Small scale pig 
farms (113) 
Medium scale 
pig farms (51) 

Cross-sectional 
Survey 

79.3 Questionnaire 
interview 
For medium scale 
farms: model created 
for expenditure 
estimates based on 
information provided 
by company 
veterinarians 

Animal 
pharmacies 
Animal health 
workers 
Company 
veterinarians 

Disease treatment (small 
scale farms – 84.0) 
Disease prevention 
(medium scale farms – 
94.0) 

Enrofloxacin 
Gentamicin 
Penicillin/Streptomycin 
Amoxicillin 

Hassan et al. 
2021 
Bangladesh 
[41] 

Poultry layer 
farms (210) 
Poultry broiler 
farms (210) 

Cross-sectional 
Survey 

Layer farms – 
83.8 
Broiler farms 
– 85.7 

Questionnaire 
interview without 
validation 

Registered 
veterinarians 
Animal feed 
seller 
Animal 
pharmacies 

Disease treatment   

▪ Chronic 
respiratory disease  

▪ Newcastle disease  
▪ Avian influenza  
▪ Salmonellosis 

Layer Farms: 
Amoxicillin (36.4) 
Ciprofloxacin (34.1) 
Tetracyclines (12.5) 
Broiler Farms: 
Ciprofloxacin (30.0) 
Tetracyclines (20.6) 
Amoxicillin (11.7) 

Hicks et al. 
2021 
Bangladesh 
[42] 

Small scale 
poultry 
husbandry 
(499) 
Small scale 
bovid 
husbandry 
(228) 

Cross-sectional 
Survey 

Poultry – 24.0 
Cattles – 36.0 

Questionnaire 
interview without 
validation 

Drug seller/ 
pharmacist 
Government 
and/or private 
veterinarians 
Informal 
prescribers 

Growth promotion 
Disease treatment 
Poor egg production 

NR 

Huber et al.a 

2021 
Thailand 
[43] 

Small scale pig 
farms (113) 
Medium scale 
pig farms (51) 

Cross-sectional 
Survey 

79.3 Questionnaire 
interview 
For medium scale 
farms: model created 
for expenditure 
estimates based on 
information provided 
by company 
veterinarians 

Animal 
pharmacies 
Animal health 
workers 
Company 
veterinarians 

Disease treatment (small 
scale farms – 84.0) 
Disease prevention 
(medium scale farms – 
94.0) 

Enrofloxacin 
Gentamicin 
Penicillin/Streptomycin 
Amoxicillin 

Ingthamjitr 
et al. 
2017 
Thailand 
[44] 

Red tilapia 
cage culture 
farms (35) 

Cross-sectional 
Survey 

100 Questionnaire 
interview without 
validation 

Direct from 
company 

Disease prevention NR 

(continued on next page) 
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Table 1 (continued ) 

Author year 
country 

Animal farms 
(n) 

Study design Prevalence of 
antibiotic use 
in animal 
farms (%) 

Method of collection 
of antibiotic data 

Sources of 
antibiotics 

Indications for ABU (% of 
farms/respondents) 

Antibiotics used (% of 
farms/respondents) 

Kumar et al. 
2021 
India 
[45] 

Cattle dairy 
farms (491) 

Mixed Methods 
(Surveys, Direct 
Observation) 

10.0 Questionnaire 
interview 
Direct observation 
Milk residue testing 

Not clearly 
stated 

Disease treatment   

▪ Fever  
▪ Mastitis  
▪ Diarrhea  
▪ Salmonellosis 

Milk production promotion 

Beta-lactams 
Fluoroquinolones 
Sulfonamides 
Aminoglycosides 

Lekagul et al. 
2020 
Thailand 
[46] 

Commercial 
pig farms (58) 
Small scale pig 
farms (26) 

Mixed Methods 
(Surveys, Direct 
Observation, 
Key Informant 
Interviews) 

73.8 Questionnaire 
interview 
Estimation of 
antibiotic volume 
from feed production 
records 

Drug 
companies and 
pharmacies 
Feed stores 
Pharmacies 

Disease prevention 
Disease treatment 

Enrofloxacin 
Amoxicillin 
Penicillin and 
combination 
Tetracycline 

Love et al. 
2015 
Thailand 
[47] 

Commercial 
pig farms (4) 
Small scale pig 
farms (16) 

Cross-sectional 
Survey 

65.0 Questionnaire 
interview 
Pooled feed analysis 

Feed stores 
Animal 
pharmacies 

NR Commercial farms:   

▪ Enrofloxacin  
▪ Lincomycin  
▪ Penicillin 

Small scale farms:   

▪ Amoxicillin  
▪ Cefalexin  
▪ Colistin 

Nuangmek 
et al.b 

2018 
Thailand 
[48] 

Poultry layer 
farms (126) 
Pig farms (125) 

Cross-sectional 
Survey 

100 Questionnaire 
interview without 
validation 

Animal 
pharmacies 
Direct from 
company 
Private 
veterinarians 

Disease treatment 
Growth promotion 

NR 

Nuangmek 
et al.b 

2021 
Thailand 
[49] 

Poultry layer 
farms (126) 
Pig farms (125) 

Mixed Methods 
(Policy Analysis, 
Key Informant 
Interviews, 
Survey) 

100 Questionnaire 
interview without 
validation 

Animal 
pharmacies 
Direct from 
company 
Private 
veterinarians 

Disease treatment 
Growth promotion 

NR 

Raosaheb et al. 
2020 
India 
[50] 

Cattle dairy 
farms (4) 

Cross-sectional 
Survey 

100 Estimation using 
treatment records 
(5–10 years data) 

NR Disease treatment (mastitis, 
gastrointestinal tract 
disease,   

▪ Mastitis  
▪ Gastrointestinal 

tract diseases  
▪ Postpartum 

uterine infection  
▪ Fever of unknown 

origin  
▪ Wound  
▪ Foot problems 

Penicillin and 
combinations 
Tetracyclines 
Aminoglycosides 
Sulfonamides and 
combinations 
Fluoroquinolones 

Roess et al. 
2015 
Bangladesh 
[51] 

Households 
with chicken 
and/or cattle 
(521) 

Cross-sectional 
Survey 

58.0 Questionnaire 
interview without 
validation 

Animal 
pharmacies 
Informal 
prescribers 
Government 
source 

Growth promotion 
Disease treatment   

▪ Fever  
▪ Malaise  
▪ Diarrhea  
▪ Newcastle disease 

NR 

Sharma et al. 
2020 
India 
[52] 

Dairy cattle 
farms (28) 

Qualitative 
Study 
(In-Depth 
Interviews and 
Focus Group 
Discussions) 

NR NR Private 
veterinarians 
Animal 
pharmacies 
Quack 
practitioners 
Government 
veterinarians 
Milk 
federations 

Disease treatment   

▪ Mastitis  
▪ Foot and mouth 

disease 

Gentamicin 
Oxytetracycline 
Penicillin 
Dicrysticin 
Amoxicillin 
Ampicillin 

Wongsuvan 
et al. 2018 
Thailand 
[53] 

Broiler chicken 
farms (8) 

Cross-sectional 
Survey 

100 Questionnaire 
interview 
Direct observation 

Direct from 
company 

Growth promotion 
Disease prevention 

Amoxicillin 
Colistin 
Doxycycline 
Oxytetracycline 
Tilmicosin 

NR Not reported. 
a Both records refer to the same study. 
b Nuangmek et al. 2021 includes quantitative data from Nuangmek et al. 2018. 

G.M. Malijan et al.                                                                                                                                                                                                                             



One Health 15 (2022) 100412

6

3.3. Evidence synthesis 

3.3.1. Animal farm types 
We found heterogeneity in the definitions used in categorizing farms 

according to size. Five studies involving pig farms in Thailand applied 
varying classifications. One used the number of sows, pertaining to fe-
male pigs with litter [43,46]; two studies used the gross number of pigs 
kept with different thresholds [49,50]; and two studies expressed pig 
farm size based on livestock units [51,52]. In poultry farms, size cate-
gories were based on varying ranges of birds kept, likely reflecting the 
different definitions used in Bangladesh [44] and Thailand [51,52]. 
Lastly, one study reported the number of milking bovines as a descriptor 
of cattle farm size. [48] 

Smallholder and small-scale farms (SSF) were associated with sub-
sistence extensive practices, wherein animal farming was not the only 
source of income for the operators. [43,46] Often the operators were 
also the farm owners who practiced animal husbandry and kept different 
livestock in their properties. In contrast, most of the medium- (MSF) to 
large-scale farms (LSF) involved intensive farming, and many were 
contracted and/or effectively owned by commercial establishments. 
[51,52,56] 

3.3.2. Antibiotic use prevalence 
The studies reported ABU at the farm level (i.e., proportion of 

included farms reporting ABU) and not at livestock level (i.e., proportion 
of livestock given antibiotics per farm). Most studies described ABU by 
evaluating farm operators ever having used antibiotics or within a wide 
observation period (i.e., up to 1 year prior to the survey). Only two 
studies provided an estimation of antibiotic consumption. [49,56] 
Twelve studies indicated that >50% of farms had ABU, including eight 
studies in which 100% of the included farms reported ABU. A study 
involving 164 pig farms found that ABU was significantly higher in MSF 
(100% of farms) compared to SSF (69.9% of farms). [43,46] Antibiotics 
were more commonly used as feed additives in MSF (47% of farms) than 
in SSF (0.9% of farms). One study reported that 13.1% of pig farms used 
antibiotic medicated feed [49], and another study on red tilapia cage 
cultures found that 57% of farms used both antibiotics and feed pre-
mixes [47]. 

Of the two studies with <50% of farms reporting ABU, one was 
conducted in Bangladesh which sampled at the household level. [45] 
The study found that 24% of households keeping poultry and 36% of 
households farming cattle used antibiotics therapeutically. A study of 
491 dairy farmers in India showed only 10% of farms reported ABU in 
the past year [48]; like other studies [43,46], ABU was more frequently 
found in MSF and LSF. During site inspection, researchers found 3% of 
surveyed farms routinely kept antibiotics onsite, with higher frequency 
in LSF (10%) compared to SSF (2%). Alarmingly, the study found that in 
the farms that stocked antibiotics, more than half of the respondents had 
never heard of the term antibiotics. 

3.3.3. Types of antibiotics used 
We found a large overlap between the antibiotics used in human and 

animal health. (Table 2) Many of the critically important drugs of 
highest priority for human use, including quinolones, cephalosporins, 
and macrolides, were used in animals in large quantities. Studies also 
reported farms using antibiotics under the Watch 
[39,41–44,46,48–50,53,55] and Reserve [39,42,49,50,56] AWaRe 
groups. One study collected data between 2019 and 2020 in poultry 
farms in Bangladesh [44] and still reported ABU under the Watch 
AWaRe group despite the 2019–2023 country-level target of at least 
60% total antibiotic consumption coming from Access AWaRe group 
[31]. 

There was general concordance in the classes of antibiotics (e.g., 
aminopenicillins, tetracyclines, and quinolones) used in poultry layer 
and broiler types. [44] The antibiotics used in SSF and backyard pig 
farms were also comparable to those used in MSF and commercial farms. 

[43,46,50] In dairy-producing cattle, similar antibiotics were reported 
(e.g., penicillin, tetracyclines, and quinolones) in organized and unor-
ganized farming. [53] In certain commercial poultry farms, prophylactic 
antibiotic regimens consisted of a cocktail of amoxicillin, colistin, tet-
racyclines, and tilmicosin. [56] Colistin, a critically important drug used 
in treating multidrug-resistant bacterial infection, was being used in 
poultry [39,42] and pig [49,50,56] farms. However, the studies that 
reported colistin use were conducted prior to country-level adoption of 
policies banning their use. [57,58] 

3.3.4. Antibiotic consumption estimation 
One study used data from 31 feed mills to estimate the volume of 

antibiotics added to pig feeds in Thailand. [49] A total of 843 t of an-
tibiotics were mixed into feeds in 2017. Another study calculated the 
weight of active pharmaceutical ingredients (APIs) received by each bird 
through a review of company-provided antibiotic regimen. [56] In both 

Table 2 
Frequently reported antibiotics.  

Farm type Reported 
antimicrobial 
class 

WHO list 
category 
[27] 

WHO 
AWaRe 
category 
[28] 

OIE list 
category 
[29] 

Aquaculture Quinolones 
Sulfonamides 
Tetracyclines 

Highly 
Important 
Critically 
Important – 
Highest 
Highly 
Important 

Access 
Watch 
Access 

Critically 
Important 
Critically 
Important 
Critically 
Important 

Cattle and 
Dairy- 
Producing 

Aminoglycosides 
Beta-lactams 
Penicillin 
Quinolones 
Sulfonamides 
Tetracyclines 

Critically 
Important – 
High 
Critically 
Important – 
Highest 
Highly 
Important 
Critically 
Important – 
Highest 
Highly 
Important 
Highly 
Important 

Watch 
Watch 
Access 
Watch 
Access 
Access 

Critically 
Important 
Critically 
Important 
Critically 
Important 
Critically 
Important 
Critically 
Important 
Critically 
Important 

Pig Aminoglycosides 
Penicillin and 
combinations 
Quinolones 
Tetracyclines 

Critically 
Important – 
High 
Highly 
Important 
Critically 
Important – 
Highest 
Highly 
Important 

Watch 
Access 
Watch 
Access 

Critically 
Important 
Critically 
Important 
Critically 
Important 
Critically 
Important 

Poultry Aminoglycosides 
Amoxicillin and 
Penicillin 
Colistin 
Cotrimoxazole 
Macrolides 
Quinolones 
Tetracyclines 

Critically 
Important – 
High 
Critically 
Important – 
High 
Critically 
Important – 
Highest 
Highly 
Important 
Critically 
Important - 
Highest 
Critically 
Important – 
Highest 
Highly 
Important 

Watch 
Access 
Reserve 
Access 
Watch 
Watch 
Access 

Critically 
Important 
Critically 
Important 
Highly 
Important 
Critically 
Important 
Critically 
Important 
Critically 
Important 
Critically 
Important  
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studies, the researchers identified sampling biases and lack of stan-
dardized methods of ABU data collection as key limitations. 

3.3.5. Sources of antibiotics 
Antibiotics were accessed through written prescription and non- 

prescription routes. Operators who received professional advice from 
veterinarians and university-affiliated extension workers purchased 
antibiotics from veterinary pharmacies. [40,41,50] Commercial MSF- 
LSF had access to company veterinarians who directly provided pre-
scriptions and medications. [47,51,52,56] Private animal health prac-
titioners of unknown qualifications provided advice and prescription, 
especially in smallholders and SSF. [43,46,55] 

Some farmers relied on old and invalid prescriptions to purchase new 
or similar antibiotics. [42] Various cadres of animal health workers (e. 
g., paraveterinarians and homeopaths) also provided farmers with 
medication guidance and antibiotics. [45,49,54] Across countries, most 
farms were able to access drugs from animal pharmacies and feed sellers 
without prescriptions. [43–46] 

3.3.6. Indications for antibiotic use 
Antibiotics were used for disease treatment and prevention including 

growth promotion (AGP). Reported illnesses varied per animal type. In 
poultry layer farms, chronic respiratory disease, Newcastle disease, and 
avian influenza were treated with antibiotics. In poultry broiler farms, 
ABU was reported for gumboro, coccidiosis, and respiratory illnesses. 
[44] In pig farms, operators gave antibiotics for diarrhea, malaise, and 
fever. [43] In dairy farms, mastitis, postpartum uterine infections, and 
gastrointestinal diseases were treated with antibiotics. [53] Finally, red 
tilapias were given antibiotics for weakness, stress, and wounds. [47] 

Antibiotics were overwhelmingly used as growth promoters. 
Reduced egg production prompted routine ABU. [42] In dairy farms, 
antibiotics were given to improve milk production. [48] Increasing 

mortality in surrounding farms also triggered operators to give antibi-
otics to the rest of the herd. [41] Farmers and other stakeholders viewed 
ABU as a means of increasing net profit, especially in commercial MSF. 
[43] Contract farmers were given regimented antibiotics and feeds to 
intensify livestock growth such as in tilapia cage cultures [47] and 
poultry farms [56]. 

3.3.7. Withdrawal period 
Withdrawal period refers to the set interval between the last anti-

biotic dose and the production of foodstuff to reduce animal product 
residues. [59] Three studies characterized the respondents’ awareness of 
the need for withdrawal. They found minimal awareness across farm 
types: 5.8% in poultry farms [42] and at most 2% in dairy farms, being 
more frequent in LSF (5%) than in SSF (1.4%) [48,55]. One study of 
contract broiler farms found 100% adherence to a protocolized with-
drawal period at day 31 of life [56], and 92% adherence was seen for 
both layer and pig farms based on surveys [51,52]. 

3.3.8. Drivers of inappropriate antibiotic use (Fig. 2) 

3.3.8.1. Individual level drivers 
3.3.8.1.1. Limited antibiotic knowledge. Evidence suggests limited 

farm-level knowledge on the role of antibiotics and effects of ABU. 
Farmers found difficulty differentiating antibiotics as a distinct class of 
drugs from other substances, adding uncertainty to the quality of 
collected data via cross-sectional interviews. [40,45,48,55] None of the 
studies reported on the language used in drug packaging or product 
inserts; however, one study included a figure of an empty tub of colistin 
from a rural poultry farm in Thailand in 2016, showing English text in 
the packaging. [56] Awareness of AMR was limited, especially in inde-
pendent farms. [42,52] Farmers did not have the formal training to 
detect animal diseases, especially in SSF. [48] Even with appropriate 

Fig. 2. Drivers of inappropriate antibiotic use in animal Farms. Potential drivers of inappropriate antibiotic use in animal farms are categorized according to in-
dividual, community and health system, and policy levels. Dashed lines in between the levels indicate the likely complex interactions between the drivers and across 
these levels. 
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training, translation to practice remained limited. [51] Farmers treated 
sick animals with multiple rounds of antibiotics before seeking care, 
regardless of etiology. [40,42] Finally, lack of understanding of the 
withdrawal period compounded inappropriate ABU. [42] 

3.3.8.1.2. Ease of access to antibiotic-treated feed. Operators were 
unaware of the presence of antibiotics in feeds and their impact on AMR. 
[39,42,43] Contract farmers followed medicated feed guidelines set by 
companies, regardless of local disease epidemiology. [43,47,55] Similar 
to antibiotics, studies reported use of medicated feeds both for growth 
promotion [41,47,49] and treatment [41,54]. In an analysis of APIs from 
a medicated feed mill survey in Thailand, a majority of critically 
important antimicrobials of highest priority including colistin were 
mixed to enhance feeds for fatteners in pig production. [49] 

3.3.8.1.3. Inadequate focus on biosecurity and vaccinations. There 
was low recognition of alternatives to antibiotics for growth promotion 
such as biosecurity and vaccinations. [39,41,43,45,46,50,51,54,55] 
Poor biosecurity practices were more frequent in smallholder and 
backyard farms, where use of open facilities was more common. [50] 
Some farmers and households shared enclosed spaces and water sources 
with farm animals [45], despite risks of zoonotic diseases [55]. Even in 
commercial farms, biosecurity was not prioritized despite rapid inten-
sification [41], and ABU was used to mitigate poor housing conditions 
[46]. With poor growth, farms were likely driven to greater ABU. 

3.3.8.1.4. Lack of ownership and accountability. Effective farm 
ownership dictated ABU practices by shaping healthcare access. Con-
tract MSF-LSF were bound by company guidelines. This was beneficial in 
some cases by facilitating early targeted therapy. [41] However, over-
reliance on company guidelines perpetuated indiscriminate ABU prac-
tices such that a farm capable of raising 112,000 chickens annually 
would have used 34 kg of antibiotics in the same period just for growth 
promotion. [56] Intensive MSF was associated with higher AMR rates 
compared to extensive SSF due to larger ABU in pig production. [46] All 
MSFs in the study accessed drugs through their respective company. 
[43] Independent ownership could also propagate poor ABU practices 
by relying on unqualified prescribers. [41,44,47–49] Moreover, farmers 
did not feel accountable for monitoring farm-level ABU, viewing it as 
government responsibility. [41] 

3.3.8.1.5. Overpowering economic incentives. Economic costs and 
benefits to the farm were perceived to be the most important consider-
ation for choosing antimicrobials by a majority of farmers (63.7%) in a 
survey of layer and pig farms in Thailand. [51,52] A larger proportion of 
layer farms (73.8%) compared to pig farms (53.6%) agreed with this 
perception. Similarly, the majority (>75%) of farmers in poultry farms 
and pig farms in Indonesia and Thailand reported that antibiotics 
increased farm profitability and prevented livestock mortality. [41] In 
the same study, economic assessments of pig production in Thailand and 
poultry production in Indonesia showed that the cost of antimicrobials 
was small relative to other farm inputs. Fish cage operators, a majority of 
whom invested with their own savings (68.6%) and set up cages in front 
of their own residences (91.4%), used antibiotics to reduce disease and 
mortality in the farm. [47] 

3.3.8.2. Community and health system level drivers 
3.3.8.2.1. Ease of diffusion of community-level knowledge and 

practices. Community leaders influenced ABU practices especially in 
SSF. Groupthink and learning from other farmers could propagate 
inappropriate practices. [40,41] Farms belonging to cooperatives sought 
guidance from leaders who might not have had appropriate training 
[49] and had direct connections with drug sellers, presenting a conflict 
of interest [40]. Information regarding animal deaths and ABU from 
neighboring farms readily diffused in the community. [41,44,55] In 
contexts where livestock carried cultural significance as in cattle 
farming in Bangladesh, losing the herd carried severe consequences, 
including loss of respect in the community. This may have justified 
greater antibiotic spending to avoid death. [54] 

3.3.8.2.2. Limited animal healthcare access. Farms had limited access 
to quality animal healthcare, impacting smaller farms more severely. 
[43] Veterinarian consults were too costly; hence, there was a prolifer-
ation of workers of varying credentials. [40,44–46,55] Even when offi-
cially free, government services were associated with inconveniences 
and costs to farmers due to many potential reasons such as infrastructure 
deficiencies in remote areas. [54] In one study, up to 12% of cattle 
farms, mostly SSF, never received veterinary care. [48] Even when 
present, many veterinarians relied solely on their past treatment expe-
riences due to unavailability of prescribing guidelines and diagnostic 
tests. [53] 

Limited healthcare was also evident in MSF-LSF, where drug sus-
ceptibility testing at the farm level was deemed too costly, preventing its 
application during outbreaks. [51] Protocolized antibiotic regimens 
were not always grounded on best evidence because of lack of surveil-
lance systems. [40,41,50] Lastly, healthcare workers trained for human 
healthcare were reportedly treating ill poultry. [45] 

3.3.8.2.3. Ease of access to antibiotics. Antibiotics, medicated feeds, 
and other substances were deemed easily accessible. [48,50] In practice, 
prescriptions were not required for routine use [43,52], and especially 
when bought in bulk, antibiotics were cheaper [45]. 

3.3.8.3. Policy level drivers 
3.3.8.3.1. Inadequate Effective Legislations and Guidelines. Studies 

identified inadequacy of treatment guidelines [43,53] and effective 
legislation regarding access to antibiotics and medicated feeds 
[41,43,47,49]. In certain areas, no legislation adequately covered 
monitoring of antibiotic residues in eggs [42] and meat products [50]. 
Oversight on rational ABU within large commercial farms was lacking. 
[43,46] Distribution of antibiotics by pharmaceutical companies was 
also poorly regulated or unregulated. [40,52] Among smallholder dairy 
farms in India, antibiotics were directly marketed by pharmaceutical 
representatives to the farmers with community elders serving as medi-
ators. [40] In Thailand the regulations covering the distribution of 
veterinary products by pharmaceutical companies at the farm level were 
unclear, and procedures for sale of products including APIs were not 
systematically recorded. [52] 

3.3.8.3.2. Insufficient enforcement. Despite the presence of compre-
hensive policies in some countries, effective enforcement remained 
inadequate. In Thailand, regulatory authorities did not have practical 
means of implementing laws, likely due to the large number of farms 
nationwide. [51,52] Specific rules were difficult to implement and 
resource-intensive. [46] For example, despite banning ABU in feeds in 
Bangladesh, poultry farmers found a loophole by adding antibiotics to 
water sources. [44] Enforcement demands were so large that a study 
even reported on health facilities being able to sell drugs without 
licenses. [52] 

3.3.8.3.3. Incomplete focus on preventive practices. Farm biosecurity, 
vaccination, and other preventive measures were neither frequently 
promoted nor regulated. For instance, no rules covered egg tray man-
agement and routine personal protective equipment use in Bangladesh. 
[42] Farm zoning was also not discussed in Thailand. [50] 

4. Discussion 

The current body of evidence suffers from a deficiency of sustainable, 
standardized methods of ABU characterization. This may account for the 
heterogeneity of operational definitions used, the variety of the vali-
dation methods employed, and the uncertainties surrounding the quality 
of available data across farm types and countries. 

Most of the included studies involve cross-sectional surveys; hence, 
estimates of ABU practices are based on self-reported data which are 
subject to respondents’ comprehension of individual questions, recall 
ability, and truthfulness. The emerging evidence suggesting that re-
spondents have difficulty differentiating antibiotics from other 
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substances further raises concerns about the reliability of self-reported 
data. That we found only a small number of studies reporting on the 
types of antibiotics used in farms may be a manifestation of the limita-
tions of these surveys. It highlights the importance of validating ques-
tionnaire interview data with production, treatment, and sales records. 
Moreover, due to the scarcity of updated farm registries in the region, 
many of the included cross-sectional studies employ convenience sam-
pling and may not be representative of the target population. The un-
derdeveloped data infrastructure and surveillance systems, especially in 
small and independent farms, are persisting problems worldwide. 
[60–62] This limits data aggregation, estimation, and comparison of 
results across contexts. 

We did not find any longitudinal study on ABU practices in farms in 
the region, preventing characterization of changes and assessment of 
impact of interventions such as Thailand’s National Strategic Plan on 
AMR. Instead, models are used to explore outcomes, but they are 
resource-intensive and lack reliable parameterization. [19] 

We found only one study characterizing aquaculture in the region. 
This paucity in data is critical because the per capita consumption of 
aquaculture products is expanding more rapidly than meat and dairy 
consumption worldwide. Global antimicrobial consumption in aqua-
culture is projected to rise by 33% from 2017 to 2030, with the Asia- 
Pacific region having the largest ABU share (93.8%). [63] Further-
more, a review including the phenotypic prevalence of AMR in bacterial 
isolates from aquaculture products in SEA found high levels of resistance 
in Enterococcus spp. and Streptococcus dysgalactiae isolates in fish and in 
Klebsiella spp. isolates in shrimp. [64] 

We found nominal reference to the One Health approach in the 
literature, whether in the analysis framework or the contextualization of 
results in the existing body of evidence. Most reference to ABU and AMR 
centered on animal-animal and animal-human transmission and in-
teractions. The limited engagement with One Health-related literature 
suggests that further coordinated efforts by both government and non- 
governmental agencies in the area are needed. 

Drawing on the emerging evidence, we propose the following rec-
ommendations. First, we recommend reviewing and developing sus-
tainable and standardized methods of characterizing ABU in animals 
and the environment to support research and policy evaluation. These 
methods need to be grounded on the economic and logistic constraints in 
LMICs. Investments must be made to strengthen surveillance systems on 
antimicrobial consumption and resistance, like the Global Point Preva-
lence Survey used in human health [65]. Concerted efforts to evaluate 
livestock quantification methods and cross-validate consumption esti-
mates based on sales data are also necessary to better characterize ABU. 

Second, we recommend strengthening of veterinary health system in 
the region. While the drivers of inappropriate ABU likely interact with 
one another in complex ways, the lack of equitable access to qualified 
animal healthcare, the ease of access to antibiotics, and the paucity of 
preventive services are salient and recurring themes. Part of strength-
ening the veterinary health system is ensuring proper investments in 
water, sanitation, and hygiene (WASH) in both animal farms and sur-
rounding communities are made. Reduction of AGP may be facilitated 
by improving biosecurity and WASH facilities and expediting herd 
vaccination. Public-private partnerships are likely necessary to capaci-
tate the veterinary healthcare systems in the WHOSEA region. 

Finally, we call for a collaborative research agenda examining the 
problems associated with inappropriate ABU from the vantage point of 
other actors including formal and informal veterinary workers, policy 
makers, and academic institutions. This could contribute to a more 
adequate characterization of ABU practices and ultimately inform the 
development of equitable interventions aimed at curbing AMR in the 
region. 

5. Conclusions 

In the WHO SEA region, many of the antibiotics used in animals for 

growth promotion and treatment are critically important for use in 
humans. The body of evidence is limited by the scarcity of surveillance 
systems and standardized ABU characterization and livestock quantifi-
cation methods. The ease of access to poorly regulated antibiotic and 
drug products, compounded by the lack of access to quality animal 
healthcare and insufficient focus on preventive practices, likely drive 
inappropriate ABU. 
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