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Abstract
This research study was conducted to identify the factors associated with irrational antimicrobial use taking place in pig 
and layer farms in Chiang Mai–Lamphun and Chon Buri Provinces. The approach included twelve focus group discussions 
(FGDs) occurring among relevant stakeholders. Research questions were described by thematic analysis. Additionally, a 
cross-sectional survey of 125 pig and 126 layer farm owners/managers using a validated self-administered questionnaire 
was performed. Multiple logistics regression was used to investigate associations between factors and good-faire practices. 
Spearman rank correlation was also applied to analyze the direction and degree of the relationship between knowledge, 
attitudes and practices. It was revealed that the significantly associated factors included farm patterns with prior contracts 
of farming and these had fair to good practices by as much as 42.95 times (95%CI: 12.87–143.31, P=0.00001). The ad-
justed OR was 19.12 (95%CI: 5.55–65.82, P=0.00001) interpreting for the purposes of improved practices in Chon Buri 
Province. Among the factors that were associated with irrational antimicrobial usage on farms, there were a large number 
of licensed retail pharmacies, drug stores and other outlets involved in the distribution of antimicrobials throughout the 
country. Consequently, many antimicrobials can be easily accessed and obtained as over-the-counter substances. It is also 
common for antimicrobials to be over-prescribed and this is motivated and facilitated by financial incentives, insufficient 
and poor veterinary services, inadequate monitoring, a poor system of tracking and inspecting drugs along the supply chain, 
inadequate enforcement regulations pertaining to veterinary pharmaceutical medicines, especially on non-registered and 
small-scale independent farms.
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INTRODUCTION	

	 Antimicrobial resistance is a serious threat to global health, food se-
curity, and national economy (Gandra et al., 2014; WHO, 2001). Overuse of 
antimicrobial agents in both humans and animals has caused the antimicrobi-
al resistance worldwide (WHO, 2010; Padungtod et al., 2006; Boonyasiri et 
al., 2014; Nuangmek et al., 2018a). In developing countries, the antimicrobial 
agents can be purchased easily bought from retail pharmacies without prescrip-
tions, and these can be administered through an accepted standard of self-med-
ication (Morgan et al., 2011; Ocan et al., 2015). In 2009, the value of anti-
microbials that are manufactured and imported into Thailand was about 315 
million US dollars (Jitraknatee, 2011). In addition, there were 5,371 antimicro-
bial agents which were registered by the Thai Food and Drug Administration 
for importation and production in Thailand (Food and Drug Administration, 
2017). Additionally, 37% of these antimicrobials were used on livestock, pets 
and some were administered as medicated premixed substances. All of these 
could boost the irrational antimicrobial usage both human and farm animals 
(Sommanustweechai et al., 2018). Proper use of antimicrobials in humans and 
veterinary is one of the main objectives of the Global Action Plan on Antimi-
crobial Resistance (WHO, 2015). In Thailand, the goal of reducing antimicro-
bial consumption by 20% among humans and by 30% in the veterinary field 
by 2021 was promulgated by the Thai Cabinet in 2016 (FAO, 2017). Hence, 
relevant stakeholders must cooperate to achieve the goals.
	 Irrational antimicrobial usage could be found in almost all farming sys-
tems worldwide, including in Thailand. This is particularly true in poultry and 
pig farms where antimicrobials are used extensively (Metlay et al., 2006). Pig 
and poultry industries in Thailand have developed and grown significantly in 
recent years and consequently, farming systems have changed from small-scale 
to large-scale farms with fully integrated systems. Pig production has the high-
est market share of the total antimicrobial values (66.96%), followed by layer 
production (3.47%) (AHPA, 2013). Northern and eastern regions of Thailand 
have a high density of farms that raise animals and these farms house 46.57% 
of layers and 26.57% of pigs in Thailand (DLD, 2013); therefore, Chiang Mai–
Lamphun and Chon Buri Provinces, which are located in the northern and east-
ern regions respectively, were chosen as the focus of this study. The aim of this 
research study was conducted to identify the factors related to irrational anti-
microbial use on pig and layer farms in Chiang Mai–Lamphun and Chon Buri 
Provinces. The findings of this research can be used to assist policy makers for 
designing or updating policies to mitigation of antimicrobial resistance crisis 
in Thailand. 

MATERIALS and METHODS 

Study design and data collection
	  This study was conducted to explore the factors associated with ir-
rational antimicrobial use on pig and layer farms in Chiang Mai–Lamphun 
and Chon Buri Provinces in Thailand during the period of May 2015 through 
February 2017. Focus group discussions (with key informants selected from 
relevant stakeholders involved in the regional and provincial livestock officers 
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(RPLO), farm veterinary consultants (FVC), cooperative managers (COM), 
contract farmers (CF), cooperative farmers (COF) and independent farmers 
(IF)) and a cross-sectional survey of pig and layer farm owners/managers us-
ing a validated self-administered questionnaire were used to gather data on the 
factors associated with the practices of antimicrobial usage on farms. 

Focus group discussions
	 The selection criteria of the participants included seniority, experience 
with the research topic, and having an active role in the rational use of antimi-
crobials by relevant stakeholders. The participants were divided into twelve 
focus group discussions (FGDs). Two FGDs were conducted for regional and 
provincial livestock officers, two FGDs for farm veterinary consultants and 
cooperative managers, two FGDs for layer contract farmers, two FGDs for pig 
contract farmers, two FGDs for layer cooperative and independent farmers and 
another two FGDs were held for pig cooperative and independent farmers. Fif-
teen to twenty-five participants took part in each of the FGDs. All FGDs were 
conducted with the first (AN), third (SC) and fourth (PY) authors serving as 
facilitators along with a number of professional veterinarians that were there 
to help facilitate the discussions and to audio-record them for qualitative anal-
ysis of the FGDs. Each FGD lasted between 100 and 125 min. A topic guide 
was developed by the first author (AN), discussed with the co-authors, and re-
vised until a final agreement was reached. A topic guide was implemented that 
revealed two main challenges associated with the distribution and access of 
antimicrobials and active pharmaceutical ingredients (APIs) used at the farm 
level. Both of which are relevant to the control of antimicrobial usage, and the 
medicated feed and active pharmaceutical ingredients that are administered 
on farms. In the FGDs, a semi-structured approach was used to guide the dis-
cussion toward the research questions, and the facilitators were encouraged as 
participants to explore the primary discussion in-depth and to reflect upon any 
of their own issues. After the event, a summary, with the main conclusions, 
was sent to the participants for comments and clarification. All FGDs were 
audio-recorded, transcribed and translated where required.

A cross-sectional survey
	 A validated self-administered questionnaire was used to gather infor-
mation on the potential risk factors related to improper antimicrobial usage on 
pig and layer farms within the study sites. The sample size for the study was 
calculated using Epi Info™ 7 software (CDC, 2014). A response distribution 
of 80% was assumed with a confidence interval of 95% and a margin of error 
of 5%. By calculation, 125 and 126 of the pig and layer farm owners/man-
agers respectively, were estimated to be the minimum effective sample size. 
The sample size includes 75 pig farms and 85 layer farms that were located in 
Chiang Mai and Lamphun Provinces in the northern region of Thailand and 
50 pig farms and 41 layer farms in Chonburi Province, which is located in the 
eastern region of the country. Layer and pig farms in this study were strati-
fied by size into three classes including small, medium or large-scale farms. 
Layer farms with 1,000 to 10,000 birds were categorized as small-scale; those 
with 10,001 to 50,000 birds were classified as medium-scale; and those with 
more than 50,000 birds were stratified as large-scale farms (FAO, 2014). In pig 
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farms, livestock units were used to categorize the scale of the pig farms. Farms 
with 6 to 59 livestock units were categorized as small-scale; those with 60 to 
600 livestock units were classified as medium-scale; and those with more than 
600 livestock units were classified as large-scale farms (ACFS, 2009). Farms 
included in the study were selected using a convenience sampling method.

Data analysis
	 All audio-recorded FGDs were transcribed verbatim and processed 
anonymously. This was followed by thematic analysis, which was conducted 
using theoretical sampling and theoretical saturation (Marshall and Rossman, 
2006; Alhojailan, 2012). Research questions were used to sort and categorize 
the data in an initial deductive step. After the initial coding, an inductive ap-
proach was then applied to formulate a preliminary list of themes. Subsequent-
ly, the list of themes was refined in the following coding runs, while subthemes 
were added. The process was repeated iteratively until a final agreement was 
reached.
	 KAP respondents’ answers were scored. Regarding the knowledge as-
sessment, one mark was awarded for each correct answer and zero marks were 
given for each wrong or unsure response. Attitude responses were scored us-
ing a five-point Likert scale with potential responses ranging from “Strongly 
Agree” to “Strongly Disagree”. Practices of the respondents were assessed us-
ing a four-point Likert scale with potential responses ranging from “Usually” 
to “Never”. The reverse scoring was used for any negative statements in a 
manner that was similar to the one used in the calculation system. The rating 
scale is measure as follow Table 1. The total knowledge, attitude and practices 
scores were categorized into three levels using Bloom’s cut off point (60-80%). 
The categorized level is measure as follow Table 2. All data were analyzed 
using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, 
USA) version 17.0 (Mehta and Patel, 1996). Statistical analysis was calculated 
using Epi Info™ 7 software (CDC, 2014). Multiple logistic regression was 
used to investigate associations between factors (such as study sites, type of 
animal, farm owners' experience, farm owners' education, farm pattern, farm 
registration, farm size, farm owners' knowledge level, farm owners' attitude) 
and good-fair practices. Variables were included based on P < 0.05 significance 
in univariate analysis. The model was reduced in a backward-elimination pro-
cedure. A 10% change in the coeficient was considered evidence of possible 
confounding. Adjusted Odd Ratio (OR) and 95% confidence interval (CI) were 
calculated to determine the main effects. 
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Table 1 Statement of attitude and practices scores were assessed using Likert’s scale.

Table 2 Three categorized levels of total knowledge, attitude and practices scores by using Bloom’s cut off 
point (60-80%).

Attitude assessment Practice assessment

Choice Positive 
Scores Negative Scores Choice Positive 

Scores Negative Scores

Strongly agree 4 0 Usually 4 1

Agree 3 1 Sometime 3 2

Neutral 2 2 Rarely 2 3

Disagree 1 3 Never 1 4

Strongly disagree 0 4

Scores
Categorized  levels of Bloom’s cut off point

Knowledge Attitude Practice

Scores (81-100%) High level Concerned Good 

Scores (60-80%) Moderate level Neutral Fair 

Scores (Less than 60%) Low level Not concerned Poor 

	 Spearman rank correlation was also applied to analyze the direction 
and degree of the relationship between knowledge and attitudes, knowledge 
and practices and attitudes and practices wherever applicable using the Statis-
tical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) version 
17.0 (Mehta and Patel, 1996). The absolute value of Spearman’s rho was clas-
sified into five interval levels as 0.90-1.00 (Very high correlation), 0.70-0.89 
(High correlation), 0.50-0.69 (Moderate correlation), 0.30-0.49 (Low correla-
tion) and 0.00-0.29 (Little if any correlation) (Hinkle et al., 2003). The level of 
statistical significance was set at P < 0.05.

RESULTS 
	
	 Participants were identified from relevant stakeholders that were in-
volved in rational antimicrobial usage on pig and layer farms, namely region-
al and provincial livestock officers, farm veterinary consultants, cooperative 
managers, contract farmers, cooperative farmers and independent farmers. 
These participants were asked to reflect upon their shared owner issues in or-
der to find potential solutions for appropriate use of antimicrobials on farms. 
Two major themes which included distribution and access to antimicrobials 
and active pharmaceutical ingredients (APIs) at the farm level and control of 
antimicrobial use, medicated feed and APIs on farms were considered. Some 
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participants thought that many antimicrobials that are used on farms could be 
easily accessed and obtained over-the-counter, especially on non-registered and 
independent farms. Additionally, it was believed that veterinarian prescriptions 
are not needed when antimicrobials are purchased. In Thailand, there are large 
numbers of licensed retail pharmacies, drugs stores, and other outlets for the 
distribution of antimicrobials. However, there is also the issue of inadequate 
or weak enforcement of the regulation of antimicrobial distribution and sales, 
and this may contribute to the easy availability of antimicrobials. Some partici-
pants believed that pharmaceutical companies offer economic incentives to the 
buyers by financing international travel for many farmers. These issues may 
contribute to the excessive antimicrobial use that takes place on farms. With 
regard to the wholesale distribution of antimicrobials to farmers or others who 
are not licensed retail outlets became prohibited. However, some stakeholders 
mentioned to the sales of large amounts of antimicrobials to these individuals 
was not considered. APIs can only be sold by licensed importers and manu-
facturers. These entities could then distribute the substances to manufacturers 
who produce the finished products. However, some participants thought that a 
lack of monitoring and tracking of APIs and inadequate inspections at the drug 
distributorships and retailers has resulted in abuse of the system. Most contract 
farmers believed that antimicrobial usage on contract farms had more ration-
al use than on non-contract farms because they were more likely to follow 
relevant policies and rules pertaining to animal feed and antimicrobial usage 
on contract farms. Some participants thought that, the cooperative’s policies 
and the rules associated with antimicrobial usage are not strictly followed or 
enforced by the cooperative’s members. Regarding control of antimicrobial 
use, medicated feed and APIs on farms. Most of the regional and provincial 
livestock officers thought that the existing legislation and regulations are com-
prehensive enough to cover all areas of pharmaceutical activities and to protect 
the public and the health of animals in Thailand; however, weak, improper 
or ineffective enforcement of the existing legislation and regulation could be 
promoting the irrational antimicrobial use on farms. Some participants be-
lieved that many farms have obtained the standard accreditation by the DLD, 
however inappropriate antimicrobial use on farms persists. Some participants 
mentioned that there remains a lack of systematic monitoring and tracking, 
adequate inspections at the drug distributorship level and weak enforcement of 
legislation and regulation on farms. Hence, some APIs were being improperly 
used on farms. Regarding medicated feed on farms, farmers and cooperatives 
who produced their own medicated feed using a feed mixer do not implement 
quality control measures. The mention of statements by various stakeholders 
are shown in Table 3. Thematic analysis resulted in the identification of two 
major themes. These themes included distribution and access to antimicrobi-
als and active pharmaceutical ingredients (APIs) at the farm level and control 
of antimicrobial use, medicated feed and APIs on farms. The subthemes that 
emerged from the analysis are shown in Tables 4 and 5.
	 In a cross-sectional survey, multivariate logistic regression analysis 
was used to compare the relevant factors association with this situation and to 
assess fair to good practices regarding antimicrobial usage on farms. The study 
examined the factors that are significantly associated with antimicrobial use on 
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farms. It was found that farm patterns with prior farming contracts have fair to 
good practices recorded at 42.95 times (95%CI: 12.87–143.31, P = 0.00001) 
compared to the non-contract farms and study sites in Chon Buri and Chiang 
Mai-Lamphun Provinces. Notably, the adjusted OR was 19.12 (95%CI: 5.55–
65.82, P=0.00001) for good practices in Chon Buri Province. However, no 
differences were found in a comparison of the two regions for fair to good 
practices with regard to the remaining factors such as those related to animal 
kind, farm owners' experience on farms, farm registration status, farm size, 
farm owners' knowledge levels and farm owners' attitudes (Table 6).
	 The correlation among the overall levels of knowledge and attitude to-
ward and practice of using of antimicrobials on pig and layer farms is shown 
in Table 7. A slight positive correlation between knowledge and attitudes was 
noted pertaining to these statements (r=0.1555, n=251, P=0.014). However, no 
correlation was observed between knowledge and practice (r=0.054, n=251, 
P=0.398) and between attitude and practice (r=0.083, n=126, P=0.189).

Table 3 The major mention of various stakeholders regarding antimicrobial distribution, access and 
control on farms in Chiang Mai-Lamphun and Chon Buri Provinces.

Stakeholders The statements are mentioned by various stakeholders
Distribution and access of antimicrobials and APIs at the farm level
RPLO-1 “Farmers can purchase antimicrobials without a veterinarian’s prescription from 

fully-licensed distributers and great numbers of antimicrobials have been distribut-
ed throughout the country”. 

RPLO-3 “Many licensed retail pharmacies sell antimicrobials directly to livestock farms”.
RPLO-8 “These issues were found to exist to a greater extent in Chon Buri Province than in 

Chiang Mai-Lamphun Province”.
RPLO-7 “Some farmers purchase very large amounts of unnecessary antimicrobials because 

of the economic incentives that are extended to them”. 
RPLO-1 “Wholesale distribution of antimicrobials to farmers by pharmacies or veterinary 

professionals or licensed retail outlets could occur” 
RPLO-4 “Some farmers were illegally mixing APIs to animal feeds, probably as a cost-saving 

measure”.
RPLO-2 “Leakage of illegal APIs into the market has occurred, some of which are used di-

rectly on farms”. 
RPLO-10 “A lack of monitoring and tracking of pharmaceutical and inadequate inspections at 

the drug distributorships, retailers and on farms is common”. 
RPLO-1 “Veterinary pharmaceuticals distributed through the country level is not clearly 

stated and is not systematically”. 
IF-2, IF-5, IF-9. “Farmers can easily purchase antimicrobials from drugstores and pharmacies with-

out a veterinarian’s prescription”.
IF-2, IF-12, IF-15 “Retail pharmacies directly sell antimicrobials to our farms”.
IF-1 “Most independent farms use antimicrobials by self-administration without a pre-

scription”. 
IF-6 “Some farmers mixed APIs in the feed for animals on farms”. 
FVC-1, FVC-3, FVC-7, 
FVC-10

“Some registered farms purchase antimicrobials without a veterinarian’s prescrip-
tion and self-administer the substances on farms without being guided under the 
supervision of farm veterinarians”. 

FVC-11 “Farm veterinarians must comply with the Code of Practice for Control of the Use 
of Veterinary Drugs”. 
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All CF “They can access antimicrobials and feed only from contract companies, and that 
treatment and prevention procedures of diseases are also under the supervision of 
DLD-registered farm veterinarians that would be provided by the contract compa-
ny”. 

COF-1. “Some cooperative farmers could purchase antimicrobials without a veterinarian’s 
prescription from other sources, when they do not receive enough support from the 
cooperative”.

COF-4, COF-6, COF-9 “Cooperatives provide all most antimicrobials and feed for member farms”.
All COM “If cooperatives can’t supply pharmaceuticals and feed, farm members can obtain 

them from other sources and the cooperative’s policy and rules are resilient for the 
members”.

Control of antimicrobial use, medicated feed and APIs on farms
All RPLO “Antimicrobial usage on farms must follow the regulations set by DLD-registered 

farm veterinarians; however, insufficient and poor veterinary services are common, 
especially on non-registered and small-scale farms”.

RPLO-3, RPLO-11 “The notification of the livestock farm standard is voluntary. Some farms that ob-
tained registration have not strictly followed the SOP guidelines for farmers”. 

RPLO-1 “Notification of the livestock farm standard is voluntary, yet some farmers have not 
adhered to the policies and have administered antimicrobials on farms by self-med-
ication”.

RPLO-6 “Good agricultural practice could not be implement on all farms”
RPLO-7. “Antimicrobial usage on farms does not comply with the TAS 9032-200, because of 

insufficient and poor veterinary services, especially on non-registered and inde-
pendent farms”.

RPLO-1,  RPLO-8 “The farmers who produced their own medicated feed using a feed mixer did not 
follow quality control measures and were not certified by the relevant authority. This 
issue has occurred across all cooperatives”.

IF-9 “I administrated antimicrobials on my farm by myself”. 
IF-1 “Some farms have not registered with the relevant authority”. 
IF-7 “I couldn’t pay for veterinary services on my farm”.
FVC-5 “Antimicrobial usage without veterinary prescription on farms through self-medi-

cation feed practices were known to commonly occur, especially on non-registered 
and independent farms”. 

All FVC “Not only must contract farmers comply with the contract companies’ policies or 
rules, they also must obtain farm registration documentation from the DLD”.

FVC-3 “There are not enough farm veterinarian consultants to control antimicrobial use on 
farms, while most small-scale or independent farm owners could not pay for veteri-
nary services on their farms”. 

All CM “Regarding the cooperative policy, farm members may have followed the SOP for 
farmers, however there was not strict enforcement of the laws for obtaining accred-
itation for these farms from DLD”.. 

Note:	 Key informants selected from relevant stakeholders involved in regional and provincial livestock 
	 officers (RPLO); farm veterinary consultants (FVC); cooperative managers (COM); contract farmers 
	 (CF); cooperative farmers (COF) and independent farmers (IF)
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Table 4 Subthemes of distribution and accessed of antimicrobials and active pharmaceutical ingre-
dients (APIs) on farm level that emerged from the focus group discussions with key informants in 
Chiang Mai-Lamphun and Chon Buri Provinces.

Stakeholders Subtheme and important massage

Regional and 
provincial 
livestock officers

Many antimicrobials use on farms can be easily accessed and obtained over-the-counter.
Record of antimicrobials distribution through retail pharmacies, drugstores and farms are 
not clearly stated and not systematically.
Leakage of illegal APIs into the market, some of which are used directly to livestock farms.
Inadequate or weak enforcement regulation of drug distribution and sales may result in easy 
access.
The economic incentives of pharmaceutical and wholesale distribution of antimicrobials to 
farmers could contribute to the excessive antimicrobial use on farms.

Farm veterinary 
consultants

Veterinarian prescriptions are not needed when antimicrobials are purchased.
Self-medication with antimicrobials obtained without a prescription is a common practice 
on farms, especially independent and non-registration farms.
Easy accessed could be boosted the improper antimicrobials use on farms.

Contract farmers Feed and antimicrobials usage on contract farms are distributed by contract company.
Contract farmers can be accessed antimicrobials from only contract company.

Cooperative member 
farmers

Cooperative was the majority source of antimicrobials and feed for distributing to members.
The members are allowed to use of antimicrobials and feed from other sources if it was 
necessary.

Independent farmers Feed and antimicrobials usage on farms can be easily accessed form variety sources.
Almost farms using antimicrobials by self-medication without prescription.
Some of farm used APIs directly on farms.

Table 5 Subthemes of control of antimicrobials use, medicated feed and active pharmaceutical in-
gredients (APIs) on farms that emerged from the focus group discussions with key informants in 
Chiang Mai-Lamphun and Chon Buri Provinces.

Stakeholders Subtheme and important messages

Regional and 
provincial 
livestock officers

Antimicrobials usage follow by veterinarian prescription have not occurred in all farms.
Insufficient and poor veterinary services are common in non-registered and independent farms.
On DLD-registered farms, veterinarian responsible for supervision of their animal health and phar-
maceutical prescription, however these farms are voluntary.
Improper antimicrobial usage on farms need strictly enforcement by legislation and regulations.
The Acts prohibited directly use of APIs in animal feed
Inadequate inspection could boost farmers to purchase illegal drugs from drugstores or wholesalers.
The farmers who produced their own medicated feed did not have quality control.
Feed mills in Thailand must have obtained GMP and HACCP certified in order to sustenance good 
production quality.

Farm veterinary 
consultants

Veterinarian prescription could action on some farm
Inadequate or lack of antimicrobials monitoring and surveillance on farms was occurred.

Contract farmers Contract farmers must comply strictly with the company rules. 
Contract farmers are managed and integrated system by contract companies.
Antimicrobials usage on farm will be supported by only contract company.
Contract farmers are not allowed to use feeds and pharmaceutical product from other sources.

Cooperative member 
farmers

Some of antimicrobials usage on farm members are not clearly control by cooperative.
Weak enforcement of cooperative policy and rules for antimicrobial usage on farm members.
Feed mixer of cooperative which produced medicated feed for members do not obtain stand-
ard certify.

Independent farmers Couldn’t supply DLD-registered farm veterinarian to look after animal health and control 
antimicrobial usage in all farms.
Weak enforcement antimicrobial usage on independent farm by legislation and regulations.
Feed mixer on farms which produced medicated feed do not obtain standard certify. 
Some farmers mix APIs directly into their animal feeds.
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Table 6 Multivariate logistic regression analysis of factors associated with fair to good practice 
of antimicrobial usage on pig and layer farms in Chiang Mai-Lamphun and Chon Buri provinces. 
(n=251).

Variables Adjusted OR (95%CI)# P-value

Study site
     Chon Buri vs Chiang Mai-Lamphun province 19.12 (5.55–65.82) 0.00001*
Animal kind
     Pig vs layer 1.33 (0.57–2.24) 0.719
Farm owners' experience 
     Five year and over vs less than 5 year 0.62 (0.29–1.78) 0.376
Farm owners' education
     Over primary vs primary education  0.57 (0.28–1.13) 0.105
Farm pattern
     Contract vs non contract farming 42.95 (12.87–143.31) 0.00001*
Farm registration status
     Registered vs non registered farm 1.26 (0.36–4.14) 0.755
Farm size
     Small scale- vs medium to large scale-farm 1.97 (0.97–3.98) 0.059
Farm owners' knowledge level
     High vs moderate to low level 1.03 (0.49–2.18) 0.941
Farm owners' attitude
     Concern vs neutral to not concern 0.73 (0.38–1.41) 0.347

* Variable is significant at the < 0.01 level.
# Assessed by multivariated logistic regression, including risk factors for study site, animal kind, farm owners' ex-
perience, farm pattern, farm registration status, farm size, farm owners' knowledge level and farm owners' attitude.

Table 7 Correlation among knowledge, attitudes and practices of antimicrobial use on pig and layer 
farms in Chiang Mai-Lamphun and Chon Buri Provinces. (n=251).

Variables Spearman’s rho P-value

Knowledge & Attitude 0.155 0.014*

Knowledge & Practice 0.054 0.398

Attitude & Practice 0.083 0.189

* Correlation is significant at the 0.05 level.
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DISCUSSION 

	 This study highlights the factors associated with irrational antimicrobial 
usage on pig and layer farms in Chiang Mai-Lamphun and Chon Buri Provinces 
in order to support further insights for the planning and developing of strategies 
to promote the appropriate antimicrobial use on these farms. Key informants 
who had promoted appropriate antimicrobial usage on farms were chosen to par-
ticipate in FGDs including farm owners who are the key decision-makers with 
regard to the use of antimicrobials on their farms (Willock et al., 1999), farm vet-
erinary consultants who have a good reputation among farmers and who super-
vise farmers in appropriate antimicrobial usage on farms (Friedman et al., 2007; 
Garforth et al., 2013), regional and provincial livestock office authorities who 
are involved in activities for the post-marketing of veterinary drugs/biologics 
such as through law enforcement, the monitoring and surveillance of veterinary 
medicinal products on farms, as well as the cooperatives’ managers. 
	 As identified by the study participants, one of the main factors is the 
circumstance associated with the distribution and access of antimicrobials and 
APIs at the farm level. The participants agreed that many antimicrobials used 
on farms could be easily accessed and obtained over-the-counter. This finding is 
similar to what has been previously reported and has stated that many antimicro-
bials have been easily purchased without veterinarian prescription and that an-
timicrobial usage is common by self-administration in low- and middle-income 
countries (Kumaranayake et al., 2000; Teerawattananon et al., 2003; Suleman et 
al., 2016). Additionally, in Thailand, there are a large number of licensed retail 
pharmacies, drugs stores, and other outlets involved in the distribution of anti-
microbials throughout the country (Sommanustweechai et al., 2018). The inad-
equate and/or weak enforcement of the regulations of antimicrobial distribution 
and sales and weak pharmaco-vigilance also contribute to the easy availability 
of antimicrobials throughout the country. Besides, some pharmaceutical compa-
nies boost their market share by offering certain economic incentives to farmers 
such as by financing international travel for leisure purposes to farmers. The 
over-prescribed antimicrobials by financial incentives contribute to the exces-
sive antimicrobial use on farms (Iversen and Luras, 2000). Regarding the sale of 
large amounts of antimicrobials to individuals, the sale and distribution of drug 
products is only allowed to hospitals, clinical institutes, pharmacies or veterinary 
professionals by wholesalers who have obtained a wholesale license (Alan et 
al., 2015). Consequently, wholesale distribution of antimicrobials to farmers is 
prohibited. However, the sales of large amounts of antimicrobials to farms still 
exists. These issues contribute to the excessive provision of antimicrobials to 
farms. According to the Drug Act B.E. 2510 (1967), APIs must only be sold by 
licensed importers and manufacturers who can then distribute the substances to 
manufacturers for the purposes of producing finished products (The drug Act, 
1967). According to the 2015 Animal Feed Quality Control Act, such direct use 
of APIs in animal feed is prohibited (Animal Feed Quality Control Act, 2015). 
However, there exists a lack of monitoring and tracking of APIs and inadequate 
inspections at the drug distributorships and among retailers. Consequently, some 
APIs are being directly administered to animals in feed on farms. In line with 
previous reports, many farmers illegally mixed APIs into animal feed, probably 
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as a cost-saving measure (Sommanustweechai et al., 2018). These issues have 
likely boosted the irrational antimicrobial use on farms.
	 Another of the main factors revealed in this study was the lack of control 
of antimicrobial use and the used of feed that had been medicated with APIs on 
farms. The relevant legislation and regulation exist to control pharmaceutical 
activities and to protect the public and the health of animals in Thailand. These 
policies include the Act B.E. 2510 (1967) and its five amendments, in which the 
control of the pre- and post-marketing of veterinary drugs/biologics is stipulat-
ed (The drug Act, 1967). Additionally, the treatment and control of diseases on 
farms by farm veterinary consultants must comply with the Code of Practice for 
Control of the Use of Veterinary Drugs (TAS 9032-2009) (ACFS, 2009). Be-
sides, medicated feed is regulated under the 2015 Animal Feed Quality Control 
Act (Animal Feed Quality Control Act, 2015). However, irrational antimicrobial 
use that occurs on farms has continued due to weak, improper or ineffective en-
forcement of the existing legislation and regulation. This conclusion is similar to 
those of previous reports that have been published in Ethiopia (Suleman et al., 
2016). Most of the participants believe that the TAS 9032-2009 stipulates the 
supervisory veterinary drug use on farms; however, all farms did comply with 
this code. The notification of the livestock farm standard was issued to enforce 
measures related to farm management in order to produce safe and hygienic an-
imal products for consumers under the responsibility of the DLD. To gain live-
stock farm standard accreditation, each farm must implement good agricultural 
practices following the standard operating procedure (SOP) for farmers and have 
a DLD-registered farm veterinarian on site that is responsible for the supervision 
of the animals’ health and to oversee pharmaceutical prescriptions (ACFS, 2003; 
2008). Although, farms are required to obtain standard farm accreditation from 
the DLD, the inappropriate use of antimicrobials on farms persists. Because the 
notification of the livestock farm standard is voluntary, some farms that have ob-
tained registration have not strictly followed the SOP for farmers. Antimicrobial 
usage on registered farms must follow guidelines set by DLD-registered farm 
veterinarians; however, insufficient and poor veterinary services are common, 
especially on non-registered and small-scale farms. However, contract farmers 
must comply with contract companies’ policies or rules and they must obtain 
farm registration approval from the DLD. Accordingly, contract farming contin-
ues to implement more appropriate antimicrobial use on contract farms than on 
other farms. With regard to APIs, they must be distributed to manufacturers for 
the production of finished products and their direct use in animal feed is prohib-
ited (Sommanustweechai et al., 2018; The drug Act, 1967). However, a lack of 
monitoring and tracking, inadequate inspections at the drug distributorships and 
weak enforcement of legislation and regulation on farms still remain. Hence, 
some APIs were being used directly on farms in line with previous studies (Som-
manustweechai et al., 2018; Vincent ter, 2017), especially on non-registered 
farms and small-scale independent farms, which were known to have insuffi-
cient and poor veterinary services. The existing laws and regulations prohibit 
illegal antimicrobials being mixed into medicated feed on farms (Animal Feed 
Quality Control Act, 2015.). In Thailand, medicated feed on farms should be 
supplied by feed mills or are prepared by feed mixers on farms. Feed mills must 
have obtained GMP and HACCP certification in order to sustain good production 
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quality; however, the farmers who produced their own medicated feed using a 
feed mixer did not implement measures of quality control (Sommanustweechai 
et al., 2018). This outcome would include the feed mixers belonging to the coop-
eratives that produce medicated feed and dispend it to farm members. Therefore, 
feed mixers on both farms and cooperatives must be strictly controlled in order 
to contribute to the rational antimicrobial use on farms. Consequently, the 2018 
notification of the Ministry of Agriculture and Cooperatives was announced in 
the Royal Gazette. This will come into force on February 26, 2020. These notifi-
cations prohibit illegal antimicrobials and APIs being mixed into medicated feed 
on farms, and state that feed mixers must have obtained certification for proper 
production quality including the control of medicated feed for sale and distribu-
tion (Notification of the Ministry of Agriculture and Cooperatives, 2018).
	 The Thai Cabinet has announced its plan to achieve the goal of reduc-
ing antimicrobial consumption by 30% in veterinary medicines by 2021 (FAO, 
2017). This study was conducted to find solutions for appropriate use of antimi-
crobials on pig and layer farms. In a multivariate logistic regression analysis, it 
was revealed that contract farms have fair to good practices at about 43 times 
(95%CI: 12.87–143.31, P = 0.00001) compared to those on non-contract farms. 
This result indicated that antimicrobial usage on contract farms had more rational 
use than on other farms. Contract farms can access antimicrobials and feed only 
from contract companies, while the treatment and prevention of diseases are also 
under the supervision of veterinarian consultants who have been registered by 
the DLD authority and who must follow the company’s policies and rules. Con-
tract farms must be registered by the DLD authority and antimicrobial usage on 
farms must comply with the Code of Practice for Control of the Use of Veterinary 
Drugs (TAS 9032-2009) (ACFS, 2009). In addition, self-medicated feed and di-
rect use of APIs on farms and access to antimicrobials by wholesale distribu-
tion is not allowed on contract farms. In turn, antimicrobial use on non-contract 
farms, such as independent farms and non-registered farms, occur because anti-
microbials are easily accessed and obtained over-the-counter. Most small-scale 
independent farmers cannot afford veterinarian consultants for their farms. They 
illegally administer antimicrobials on the farms by self-medication. Additionally, 
improper or ineffective enforcement of the existing legislation and regulations on 
non-contract farms remains a problem. Similarly, the cooperative’s policies and 
rules involving antimicrobial usage is not strictly enforced by its the members. 
Therefore the cooperative member farmers were allowed to use antimicrobials 
and feed from other sources when it was necessary. These issues have boosted 
irrational antimicrobial use on these farms. Regarding specific farm sites, pig 
and layer farms situated in Chon Buri Province have better practices than those 
in Chiang Mai-Lamphun Province by about 19 times (95%CI: 5.55–65.82, P = 
0.00001). This is because most farms in Chon Buri Province were medium to 
large-scale farms with fully-integrated systems and the farms have obtained ap-
propriate farm registration from the DLD. However, in previous studies, farmers 
at both sites had low levels of knowledge, poor attitudes, and employed poor 
practices in the use of antimicrobials on farms (Nuangmek et al., 2018b). These 
issues have contributed to the irrational antimicrobial use on farms.
	 A correlation among overall knowledge, attitudes and practices (KAP) 
toward antimicrobial usage on pig and layer farms was observed (Table 7). A 
weak positive correlation between knowledge and attitudes was noted pertain-
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ing to these statements (r = 0.1555, n = 251, P = 0.014). However, there was no 
correlation between knowledge and practices (r = 0.054, n = 251, P = 0.398) 
and between attitudes and practices (r = 0.083, n = 126, P = 0.189). Our study 
indicated that there was no direct correlation of pig and layer farmers when con-
sidering knowledge, attitude or perception and the farmers’ behaviour toward 
antimicrobial use. Likewise, this finding is in accordance with those of previous 
studies in many countries like Britain and Holland (Davey et al., 2002; Stille et 
al., 2008). The education of target groups alone may not necessarily improve 
the misuse and abuse of antimicrobials in the country (McNulty et al., 2007). In 
order to avoid irrational antimicrobial usage, clear guidelines should be provided 
for antimicrobial use on farms and the implementation of restrictive policies on 
antimicrobial prescriptions should be developed. Additionally, in order to main-
tain rational antimicrobial use on farms, strict enforcement of laws and regula-
tions must be considered.

CONCLUSION  

	 This study revealed that the irrational antimicrobial usage on farms is 
influenced by the large number of licensed retail pharmacies which can sell an-
timicrobials over-the-counter. Additionally, antimicrobials are over-prescribed 
as a consequence of financial incentives that are offered by pharmaceutical 
companies, insufficient and poor veterinary services, inadequate monitoring, 
weak systems employed for tracking and inspecting drugs along the supply 
chain, inadequate or weak enforcement of the regulations on veterinary phar-
maceutical medicines, and overall weak pharmaco-vigilance. These issues 
contribute to excessive antimicrobial use and have boosted the irrational anti-
microbial use on farms, especially on non-registered and small-scale independ-
ent farms. In order to curtail irrational antimicrobial usage, clear guidelines 
must be provided for antimicrobial use on farms and the implementation of 
restrictive policies on antimicrobial prescriptions should be developed. Impor-
tantly, stringent enforcement of laws and regulations and effective monitoring, 
tracking and inspection of using antimicrobial agents along the supply chains 
must be implemented strictly. 

LIST of ABBREVIATIONS 
	
	 FGDs: Focus group discussions; OR: Odd ratio; RPLO: Regional and 
provincial livestock officers; FVC: farm veterinary consultant; COM: Coop-
erative manager; CF: Contract farmers; COF: Cooperative farmer; IF: Inde-
pendent farmer; APIs: Active pharmaceutical ingredients; KAP: Knowledge, 
attitude and practice; FDA: Thai Food and Drug Administration; DLD: Depart-
ment Livestock Development; GMP: Good manufacturing practice; HACCP: 
Hazard analysis critical control point; SOP: Standard operating procedure.
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