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Abstract
Background: Antimicrobial resistance (AMR), recognised as a serious and growing threat to global health, is promoted by multiple drivers, including antibiotic use in the livestock sector. Thus, understanding factors influencing
antibiotic use in livestock production is essential to the design and implementation of effective interventions to
reduce AMR. This qualitative study aimed to explore the experiences and views of the key actors associated with the
use of antibiotics for pig farming in Thailand, from local farmers to officers in central government institutions.
Methods: A total of 31 in-depth interviews were conducted with different categories of actors: pig farmers (n = 13),
drug retailers (n = 5), veterinarians (n = 7), government officers (n = 3) and representatives of animal and human
health associations (n = 2). Themes emerging from the interviews were identified and explored using thematic analysis. In addition, direct observations were conducted in the pig farms.
Results: The findings highlight the multi-faceted nature of the views and practices that may contribute to misuse
or overuse of antibiotics in the study locations, including misconceptions about the nature of antibiotics and AMR
(particularly among smallholders), lack of facilities and financial means to establish an antibiotic-free farm, lack of
sufficient training on AMR and antibiotic prescribing for veterinarians, the profit motive of pharmaceutical companies
and their ties to farm consultants, and lack of sufficient regulatory oversight.
Conclusions: Our study indicates a clear need to improve antibiotic use for pig production in Thailand. Farmers need
better access to veterinary services and reliable information about animal health needs and antibiotics. Innovative
investments in biosecurity could improve farm management and decrease reliance on antibiotics, although the cost
of these interventions should be low to ensure wide uptake in the livestock sector. Lastly, further development of professional training and clinical guidelines, and the establishment of a code of conduct, would help improve antibiotic
dispensing practices.
Introduction
Antimicrobial resistance (AMR), recognised as a serious
and growing threat to global health, is driven by many
factors including antibiotic use not only in humans but
also in animals. In many countries, antibiotics are widely
applied to promote growth in livestock in addition to
preventing and treating infections [1]. This practice has
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potential risks to human health that need to be addressed
[2–4]. Of great concern is the emergence of resistance to
those antibiotics categorised by the WHO as Critically
Important Antimicrobials (CIA), such as colistin, which
are reserved for treating the most severe human infections [5].
In the pig sector, intensive use of antibiotics has promoted resistance of both commensal and pathogenic
bacteria [6, 7], particularly in low- and middle-income
countries (LMICs) [8, 9]. In view of this, research efforts
have been made to explore the factors influencing
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antibiotic use in pig farms [10–16]. A recent systematic
review showed that antibiotics are commonly used during the suckling and post-weaning stages of production;
in addition, the same review found that specific farm
characteristics (such as the density of pigs) influence
the use of antibiotics [16]. Apart from the factors associated with pig production, knowledge and understanding of antibiotics among farmers are also important. A
number of studies found that farmers may have limited
knowledge of the names of antibiotics and their correct
usage [10, 12]. For example, a study in China found an
association between poor knowledge of antibiotics and
inappropriate use in the farms [11]. Findings about the
impact of legislation and government policies on antibiotic use have been mixed. In five European countries,
farmers were worried about the implications of legal provisions to reduce antibiotic use, particularly their impact
on farm maintenance and costs [13]. In two other surveys
in Europe, legislation regarding veterinary drugs was perceived to influence prescribing practices more than the
price of antibiotics, market demand or clinical guidelines
[14, 15].
Despite these studies, our knowledge of practices influencing the agricultural use of antibiotics is still scarce,
especially in countries where resources to conduct
research and evaluation are more limited. Considering
this gap in knowledge, this article reports findings from a
study which aimed to explore the experiences and views
of key actors associated with the use of antibiotics for pig
farming in Thailand, from local farmers to officers in central government institutions. After a description of the
study context, methods, and the presentation of findings,
implications of the study for the design and implementation of action plans on AMR are discussed.

Materials and methods
Study context

The Thai agricultural sector accounts for approximately
10% of GDP (USD 42 billion in 2018) with livestock production, including pigs, contributing around USD 400
million [17]. In 2017, nearly 19.5 million pigs were raised
and slaughtered, mainly for the domestic market [18,
19]. Since the 1960s, pig production in the country has
increasingly shifted from smallholder farming for household consumption to intensive commercial production
for the growing urban markets. The pig sector is dominated by a small number of large agro-industrial conglomerates although a diversity of production systems
coexist [20], characterised by different levels of bio-security [21]. In smallholder farms, pigs receive a variety of
feed including leftover food and vegetables. Such farms
have often limited access to veterinary services and antibiotics, while in commercial farms antibiotics are usually
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applied to whole groups of pigs through medicated feed,
either commercial or mixed in the farm. In 2017, it was
estimated that about 3,690 tonnes of antibiotics were
given to food-producing animals, of which about 50%
belonged to the CIA group [19]. To improve farm management, the Thai Department of Livestock Development
(DLD) grants Good Agriculture Practices (GAP) certificates to farms which comply with standards of animal
husbandry [22]. GAP-certified farms are required to have
designated veterinarians to supervise the control, prevention and treatment of animal diseases, including the use
of antibiotics. GAP certification is voluntary.
Study design

This qualitative study was conducted between March
2018 and January 2019 in a province in the central region
of Thailand, which accounts for about 20% of annual
domestic pig production and hosts different production
systems, from smallholders to large industrial farms. The
study was part of a larger project which included a crosssectional survey of antibiotic use among pig farmers in
six sub-districts with the highest number of pig farms in
the same province [23]. The research design for the qualitative study was meant to capture the diversity of actors
in the pig farming sector that may influence antibiotic use
at different level of analysis, from disease prevention and
control in the farms to the wider regulatory environment.
In practice, data collection primarily involved interviews with farmers to explore their views and practices
related to antibiotic use. In parallel with the interviews
with farmers, observations were conducted to gain a better understanding of management practices in the same
farms. In order to capture the diversity of perspectives,
interests, and incentives which may influence antibiotic
use, veterinarians, drug retailers, industry representatives, and government officers were also interviewed.
Participant selection

Participants in this study were recruited from the larger
sample of 84 farmers included in the cross-sectional
survey [23]. In total, 11 out of the 84 farmers agreed to
participate in the study reported here. Two farmers who
did not use antibiotics were purposively selected through
a snowball sampling technique. In addition, informants
who could provide further insight into the use of antibiotics for pig production were approached at relevant
organisations, including government offices, the Thai
Feed Mill Association, and associations of human and
animal health professionals. The first author contacted
potential informants to ask if they were able and willing
to participate in the study.
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Data collection

Drawing from previous studies [10, 24], the guidelines
for the interviews with farmers covered: (a) animal health
and farm management, (b) pig production and market
demand, (c) relationships with other farmers, veterinarians, pharmaceutical companies, and (d) regulation and
policy on antibiotic use (see Additional file 1). Interviews with other categories of participants were tailored
to their role and the expertise they could bring to this
study. Interviews were conducted face-to-face by the first
author and lightly structured to let participants express
their own views. Interviews were conducted either in
the farms or the offices or shops of key informants. On
average, interviews lasted two hours. Written field notes
were taken and, where permission was given, the interview was audio-recorded. After the interviews with pig
farmers, the researcher sought permission to conduct
observations in their farm. During the observations, the
researcher examined activities of farm workers, the feed
labels, the medicines used in the farm, and general sanitation and farm management practices. In addition, the
researcher walked through the farms and engaged in
casual conversations with farmers and farm workers. To
prevent cross-infection between farms, farm visits were
restricted to no more than one a week.
Data processing and analysis

The interview audio recordings were transcribed verbatim and anonymised by the researcher (AL). Data were
imported into the software NVivo 12 for qualitative
analysis. The researcher (AL) generated initial codes
after iterative reading of the transcripts. The field notes
were reviewed in parallel with the transcripts. Then two
researchers (AL and VT) identified and organised themes
and sub-themes. To reduce subjective bias, the researchers (AL, ML, SY and VT) discussed emerging findings
and their interpretation throughout the process of analysis. In qualitative data analysis, themes are considered
robust when they are cohesive and meaningful within

the entire data set [25]. Thus, consistency both within the
individual interviews and across respondents by triangulation was assessed.

Results
Profiles of participants and studied farms

Table 1 shows the profiles of the 31 participants interviewed, which consisted of farmers, animal drug retailers, veterinarians, and informants at government offices
or relevant professional associations. Table 2 shows the
characteristics of the 13 farms, which ranged from a
smallholder farm with only one sow and five piglets to a
large commercial farm with more than 10,000 pigs and a
monthly income of more than US$15,900. Six farms were
DLD GAP-certified, one was a contracted farm and five
farms were members of a cooperative. Three were fattening farms and ten were farrow-to-finish farms. Two
farms were antibiotic-free. Research observations were
allowed in six farms with variable characteristics, including “backyard” production and large commercial farms.
Use of antibiotics in pig production: views and experiences
of different actors

The analysis of the interviews revealed diverse and at
times competing views of different actors in the agricultural sector about antibiotic use – the pig farmers, health
professionals, and the pharmaceutical industry, considered in turn in the sections below.
Pig farmers
Perceived health benefits and economic value of antibiotics

All the pig farmers interviewed believed that some form
of medication, including antibiotics, was necessary to
maintain animal health, and control and prevent disease.
Medicines are really important in my farm. Without medicines, my pigs would be very ill. Antibiotics protect my pigs from becoming worse. [Fs02,
female, > 40 years old, non-GAP farm]

Table 1 Respondents’ profiles
Total

Gender
Male

1. Pig farmers
2. Animal drug retailers

Female

Age (years; mean,
range)

Work experience
(years; mean,
range)

13

10

3

47.9 (35–66)

22.7 (5–50)

5

3

2

40.8 (30–48)

15.1 (3.5–24)

3. Veterinarians

8

5

3

49 (31–61)

4. Government officers

3

2

1

37.3 (31–50)

10 (4–20)

5. Representatives of health and animal
professional associations

2

1

1

62.5 (60–65)

10 (8–12)

31

21

10

47.8 (30–66)

16.1 (3.5–50)

Total

22.8 (5–37)

Smallholder

Smallholder

Commercial (S)

Commercial (S)

Commercial (S)

Commercial (S)

Commercial (S)

Commercial (M)

Commercial (M)

Commercial (M)

Commercial (L)

Commercial (L)

2

3

4

5

6

7

8

9

10

11

12

13

2500

2000

0

600

140

50

0

40

10

0

4

5

1

Number of sows

Number of pigs

GAP good agriculture practice, FtoF farrow-to-finish farm

Smallholder

1

Size of farm

Table 2 Farm characteristics

> 10,000

> 10,000

5000

3000

600

200

500

195

90

60

12

25

5

Number
of other pigs

Y

N

Y

Y

Y

Y

Y

N

N

N

N

N

N

GAP farm

N

N

N

N

N

N

N

N

N

Y

N

N

N

Contracted
farm

Y

Y

N

Y

N

N

Y

Y

N

N

N

N

N

Member
of cooperative

FtoF

FtoF

Fattening

FtoF

FtoF

FtoF

Fattening

FtoF

FtoF

Fattening

FtoF

FtoF

FtoF

Type of farm

> US$15,900

> US$15,900

US$3170–15,900

US$3170–15,900

US$3,170–15,900

US$3,170–15,900

Not willing to respond

Not willing to respond

US$3,170–15,900

US$317–1590

< US$317

< US$317

< US$317

Income from selling pigs
per month (US$ 1 = 31.5 THB)

Y

Y

N

Y

Y

N

Y

Y

Y

Y

Y

Y

Y

Use of antibiotics

N

Y

Y

N

Y

Y

N

N

N

Y

N

N

Y

Farm visit
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At the suckling and nursery stages, the piglets are
so vulnerable. I usually apply antibiotics to 100%
of them. Whether or not they are sick, I must use
antibiotics for prevention… [Fc07, male, > 50 years
old, GAP-certified farm]
Many farmers explained that antibiotics are an
affordable approach to reduce pig mortality. One
farmer estimated that medicated feed cost only 2.7%
more than non-medicated feed and administering
antibiotics to the whole herd via medicated feed was
less labour intensive than individual treatment.
I think that antibiotic use is a cheap solution…
and affordable… The cost of production is not
really different whether we add medicine [antibiotics] or not. For example, now the cheapest
medicine is chlortetracycline. For nursery pigs, the
feed mixed with chlortetracycline is baht 22.60
compared with baht 22 per kilogram of regular
feed [without antibiotics]. It doesn’t add much to
my budget. [Fc12, male, > 30 years old, non-GAP
farm]

Pig farmers’ knowledge of antibiotics and awareness of AMR

Knowledge of antibiotics differed greatly amongst pig
farmers. None of the three smallholder farmers understood the word “antibiotics” (yaa-pati-cheewana)
while commercial farmers could generally differentiate
between antibiotics and other medicines. Most farmers
who understood the meaning of antibiotics said they
used them according to the indications on the package labels or following the recommendations of pharmacists. However, some farmers routinely used high
potency antibiotics without clinical justification:
For the treatment of common diseases, I apply
a broad-spectrum antibiotic such as amoxycillin. If there is no improvement, I will change to
cepha(losporin), cefo(xamine) or enrofloxacin…
I believe in higher potency antibiotics. If there is
no price difference, I always select higher potency
antibiotics [Fc12, male, > 30 years old, non-GAP
certified farm]
Commercial farmers also understood the concept of
antibiotic resistance but they were elusive when the
researcher raised the issue that excessive antibiotic use
in the farm was an important contributing factor:
Our pigs are good, clean. I know resistant pathogens, but I don’t think that we (farmers) are
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involved in it. [Fs03, male, > 40 years old, nonGAP certified farm]
Farm management

All interviewed farmers agreed that sound farm management was key to animal health and consequently to
reducing the need for antibiotics.
I give more attention to prevention than treatment.
Water quality, low pig density and good air ventilation are essential for healthy pigs…. When the pigs
are healthy, I don’t need to use antibiotics. [Fc09,
female, 45 years old, GAP farm]
The government officers in this study also believed that
GAP certification contributes to the optimised use of
antibiotics. Indeed, the antibiotic-free farms in our study
were GAP-certified farms with bio-security measures
such as change of clothing and boots and disinfection of
all vehicles before entering the farm (Fig. 1). However,
only six of the farms in the study were GAP certified.
Some farmers were concerned that improving infrastructure and biosecurity to meet GAP standards would
require large financial investments.
A closed system housing of 300 m2 costs more than
1 million THB (US$ 31,700) …the closed system
would improve the health of my pigs and minimise
the introduction of pathogens in the farm… so it
would reduce the need for antibiotics. But this adds
to the production cost. I can’t afford it. [Fc06, male,
40 years old, non-GAP-certified farm]
Limited availability of farm veterinarians and gaps in
the monitoring system were seen as further challenges to
the implementation of GAP requirements.
The GAP criteria are quite strict. They require a
farm veterinarian to monitor antibiotic use in the
farm. If antibiotic residue is found in pork products, the farm veterinarian must take responsibility.
When the farm veterinarian is not available, farmers often give antibiotics to their animals without
prescription. [GO3, male, 31 years old].
With the GAP certification, the farmer must report
on administrative records all medicines used in the
farm and declare they were prescribed by the farm
veterinarian. However, farmers may choose to not
follow veterinarian’s prescription. We cannot really
monitor this. [GO2, female, 50 years old]
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Fig. 1 Pigs in the outdoor area at the antibiotic free farm
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Textbox 1: antibiotic‑free farm

The antibiotic-free farm A was a 5000-fattener farm
covering 8,000 m2. Eight barns were lined up in an
east–west direction to minimize direct sunlight. Each
barn had an indoor area of 400 m
 2, with access to an
2
outdoor area of 800 m
 for two to three hours during
the day, allowing the pigs to move in and out freely.
There were no inside partitions, so all 400 pigs (per
barn) could live together. The barn floors were made of
concrete and cleaned daily by farm workers. Weaning
pigs were sourced from another farm, located 17 kms
away and owned by the same farmer. If sick pigs were
found, they were isolated for treatment or culling.
Observations found that all barns were clean. The
researchers also observed pigs roaming around, digging up the ground in search for roots, and also eating fruits from trees that the farmer grew outside
the barn. The owner said this farming concept was
intended to raise “happy and healthy pigs” because
the animals could express their natural behaviour and
were not stressed. He said this was a feasible alternative to using antibiotics. The farm received many
visitors, with walls lined with photos of international
guests and actors.
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consultants” who were academics, reportedly tied to
pharmaceutical companies. Smallholder farmers had
limited access to veterinary services, due to lack of public veterinary health facilities and district veterinarians,
while most animal clinics served companion animals
only. All smallholder farmers received advice on antibiotic use from other farmers or the pharmacies where
they purchased antibiotics.
Training

Interviews with key informants from the veterinary
and pharmacy councils confirmed that courses on the
prudent use of antibiotics were not included in the veterinary and animal husbandry curriculum, while the
pharmacy curriculum did not cover use of antibiotics
in animals. A key informant from a veterinary association mentioned that their association provided in-service
training and clinical practice guidelines for disease management. However, veterinarians expressed concern over
lack of clinical guidelines, lack of protocols for sample
collection, difficulties in laboratory sample transportation, delays in receiving lab results and high cost of bacterial culture and drug sensitivity testing.
Awareness of AMR

Lack of market demand and production facilities
for antibiotic‑free pork

The owner of an antibiotic-free farm expressed concerns that market demand for antibiotic-free pork
was still low. Another participant pointed out that
antibiotic-free standards cannot be fully met in Thailand since most slaughterhouses do not have facilities
to separate antibiotic-free pork and medicated pork,
causing possible contamination. However, a farmer
explained that large companies would not face this
problem since they usually control the whole supply
chain, including the farm, the slaughterhouse and the
retail outlet.

Health professionals
Veterinary services

Antibiotics and other medicines used in the farms were
provided by different categories of actors working in the
agricultural sector, including veterinary practitioners,
veterinarians in pharmacies, representatives of pharmaceutical companies and animal husbandry specialists. Most farmers in our sample relied on the advice of
veterinarians regarding the selection and use of antibiotics. However, only one out of 13 farms hired a fulltime licensed veterinarian, while the others hired “farm

Most veterinarians were aware of government policy on
reducing the use of antibiotics. However, some of them
became defensive when the researcher raised the issue of
AMR. They said antibiotics were used only when necessary, and not indiscriminately as perceived by the public.
Of course, we use a large amount of antibiotics in
livestock, but I believe that other sectors such as doctors, pharmacists and orchards use more. Patients
who don’t take the full dose are the cause of the
resistant bacteria … I don’t believe that people will
die from AMR transmitted by animals. [V07, male,
52 years old]]

The pharmaceutical industry
Antibiotic sales and advertisement

Commercial farmers explained they could buy antibiotics
easily at pharmacies or from representatives of pharmaceutical companies who visited their farms. Respondents
from the three commercial farms also reported that representatives of pharmaceutical companies encouraged
the purchase of antibiotics and other medicines through
discounts and gifts such as leisure travel.
All pharmaceutical companies offer sales promotions. You can choose either 10% discount or international leisure travel awards. In previous years, I have
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travelled to the US, Iceland, Spain, Japan. I feel like
I have to order more medicines to gain the award.
[Fc13, male, > 40 years old, GAP certified farm]
Representatives of pharmaceutical companies
offered me a dinner or presents such as a liquor…
and they asked me to help them achieve their sales
target… [Fc10, male, > 40 years old, GAP certified
farm]
In addition, government officers noted that indiscriminate sales were difficult to control due to lack of sufficient
human resources.
We have only a few inspectors. We cannot inspect
all pharmacies in our catchment area, particularly
the animal pharmacies. It is not our priority as the
governor gives priority to the control of illegal drugs
[GO1, male, 37 years old]
Relationship between pharmaceutical companies, farmers,
and academia

Farmers who hired academic lecturers as farm consultants felt “obligated” to follow their recommendations
on various aspects of farm mangement, including advice
on the choice of antibiotics. Two farmers believed that
academic consultants would receive gifts from the pharmaceutical companies they recommended, such as equipment for their faculty or honoraria.
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Most lecturers are linked with pharmaceutical companies. They support lecturers by providing equipment to their university (…) When these lecturers
come here and recommend to purchase the antibiotics from a company, it is difficult to deny their
advice. [Fc10, male, > 40 years old, GAP certified
farm]

Discussion
This qualitative study aimed to deepen understanding of
the complex set of factors influencing the use of antibiotics for pig farming in a particular context of livestock
production. As described above and summarised in
Fig. 2, the findings highlight the multi-faceted nature of
antibiotic use and the complexity of influencing factors,
ranging from perceptions (and misunderstandings) about
the health benefits of antibiotics to the various interests of the multiple actors involved. A remarkable finding from this study is that many farmers recognised that
good farm management practices (such as safe and clean
housing and routine vaccination) could greatly reduce
disease prevalence and therefore the need for antibiotics. However, only a few farmers could afford the capital
investment that is needed to build and maintain an antibiotic-free farm. By contrast, from a farmer’s perspective,
intensive use of antibiotics provides a reliable and costeffective solution to protect animal health and maximise
profit. In line with our study, a survey of pig production

Fig. 2 Factors related to the use of antibiotics for pig production in the study locations
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costs in Spain found that the cost of drugs and vaccines
was less than 4.2% of the total [26].
Our findings also showed that farmers, particularly
smallholders, may have inadequate understanding of
antibiotics and antibiotic resistance. As emerged in some
interviews, this can partly be explained by the existence
of different ways to refer to “antibiotics” in Thai, including
yaa-kha-chue (“drug that kills germs”), yaa-khae-akseab
(“anti-inflammatory drug”) and yaa-pati-cheewana
(“drug that fights microbes”). The term yaa-kha-chue is
particularly confusing since it can also be used to indicate
other types of drugs such as antifungal, anthelmintic, and
antiprotozoal drugs. In addition, yaa-pati-cheewana is a
technical term which is often used in AMR campaigns
but is not commonly understood by lay people as we
found in our study. That said, we should bear in mind
that a good understanding of antibiotics does not necessarily translate into appropriate use. For example, a study
in Lithuania found no correlation between knowledge
of antibiotics and their use for self-medication [27]. The
cross-sectional survey of 84 pig farmers we conducted
as part of this project also found no association between
antibiotic understanding and use [23].
Further considering our findings, we can draw some
lessons on policy and regulatory issues that need to be
addressed to improve antibiotic use in the pig sector. In
most countries, it is recognised that veterinarians and animal health authorities should play a key role in providing
information about antibiotics and their appropriate use
[24, 28]. In Thailand, the Department of Livestock Development (DLD) is mandated to prevent and control animal
disease, enforce legal provisions and promote good practices in livestock production [29]. To this end, the DLD
relies on a network of farm veterinarians and officers.
However, our study suggests that the availability of veterinary services may be insufficient due to gaps in human
resources, particularly for smallholders [30]. In addition,
lack of effective surveillance systems for infectious diseases in livestock and limited AMR information were perceived to hamper appropriate dispensing of antibiotics
by veterinarians. Similarly, a study in European countries
found that veterinarians seldom used sensitivity tests to
inform decisions about antibiotic use due to the excessive
time lag between testing and results [15]. Veterinarians
were also found to have business concerns. such as the
need to maintain good relationships with clients and the
cost of laboratory diagnosis [31], which are not conducive
to appropriate antibiotic dispensing [24, 31–33]. These
problems are also apparent in the human health sector,
where conflicts of interest between healthcare providers
and pharmaceutical companies may lead to inappropriate
prescribing behaviour and create negative public perceptions towards health professionals [34–37].
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Lastly, the role of pharmaceutical companies and market incentives to promote antibiotic use, including the
provisions of gifts and other rewards, deserves particular
attention [36–38]. In some countries, codes of conduct
and ethical guidelines to regulate the behaviour of pharmaceutical companies are in place [39, 40]. In the UK, for
example, the Code of Practice for the Promotion of Animal Medicine restricts the advertisement of animal medicines [41]. In Thailand, the production and use of certain
veterinary antibiotics was regulated in 2019. Specifically,
farmers need a veterinary prescription to produce farmmixed medicated feed and to use other types of antibiotics in their farms such as injections or medicated water
with quinolones and derivatives, cephalosporins, macrolides or polymyxins [42]. However, implementation of
this regulation has been slow and compliance is not yet
monitored. In addition, there are no codes of conduct or
ethical guidelines to regulate advertisement and marketing practices.
In the future, rules on market access could help
increase safety standards for the production, processing
and sale of pig products [43, 44]. In recent years, private
food safety standards have been implemented in Thailand, including those related to antibiotic residue testing in food products and antibiotic-free pork production,
particularly in large commercial farms. By law, animals
that are given antibiotics cannot be slaughtered until the
withdrawal period ends [45] and the maximum residue
limit of veterinary drugs in food is set by the Food and
Drug Administration [46]. When residue violations are
detected, the Thai-FDA or DLD must take legal action
against violators and remove the contaminated products
from the market.
Yet tighter restrictions on the use of antibiotics may
have a negative impact on the financial viability of smallholders. First, a large farm has higher capacity to replace
antibiotic use with other preventive measures such as
vaccination and improved infrastructure, while smallholders may not be able to afford these additional costs.
Second, as we have seen, the pig production and supply
chain in Thailand is structured in a way that limits access
of smallholder farmers to the premium markets of antibiotic-free products. Large farm owners can produce antibiotic-free pork in their own farms, process the meat in
their slaughterhouses and pack the final product in their
retail shops, ensuring supply to premium markets from
the farm to the fork. In contrast, interviews with farmers
revealed that antibiotic-free pork and other pork are not
processed and packed separately at external slaughterhouses. As a result, those who cannot afford the maintenance of a slaughterhouse may find it difficult to produce
antibiotic-free meat.
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Study limitations

To our knowledge, this is the first qualitative investigation of factors influencing the use of antibiotics in pig
production in a middle-income country. The study aimed
to unpack the complexity of interactions among actors
involved in antibiotic use, in the wider policy and regulatory context. However, limitations should be noted.
Since AMR is a sensitive issue in Thailand, the number of
farmers who agreed to participate in the study was rather
small. In addition, findings cannot be generalised widely
although we hope this study can provide useful insights
to better understand antibiotic use in many other settings
with similar livestock production systems, markets and
regulatory environments.
Policy recommendations

Our study highlights the need to improve antibiotic
use for pig production in Thailand. Given that farmers had limited knowledge and awareness of antibiotics and AMR, access to veterinary services and reliable
information about animal health needs to be improved,
particularly for smallholder farmers. Innovative lowcost investment in biosecurity could result in better
farm management leading to effective disease control,
improved animal health and decreased reliance on antibiotics. Poor antibiotic prescribing could be addressed
through continued professional development and training, stronger undergraduate curricula, and monitoring
adherence to clinical guidelines. Controlling the commercial interests of the industry and health professionals
in promoting antibiotics will also require the establishment, enforcement and monitoring of a code of conduct.
Finally, the combination of private market access rules
and control through regulations could be another effective instrument to govern the use of antibiotics where
other approaches are ineffective.
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