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ABSTRACT

Background Rising global concern about antimicrobial
resistance has drawn attention to the use of antibiotics in
livestock. Understanding the current usage of antibiotics
in these animals is essential for effective interventions on
the optimisation of antibiotic use. However, to date few
studies have been conducted in low- and middle-income
countries. This study aimed to explore the use of antibiotics
and estimate the total amount of antibiotics used in pig
production in Thailand.

Methods This was a mixed-methods study including

a cross-sectional questionnaire-based survey of 84 pig
farmers, secondary analysis of data from a survey of 31
feed mills to estimate the amount of antibiotics mixed in
pig feed and interviews with five veterinarians involved

in the feed mill industry to gain an understanding of
medicated feed production.

Findings Half of the farmers reported using antibiotics
for disease prevention. Use was significantly associated
with farmers’ experience in raising pigs, farm income,
having received advice on animal health and belonging
to a farm cooperative. The estimated total amount of
active ingredients mixed into medicated feed for pigs for
the whole country was 843 tonnes in 2017. Amoxicillin
was the most commonly used antibiotic reported by both
pig farms and feed mills. The use of Critically Important
Antimicrobials including colistin was common, with one-
third of farmers reporting their use as oral or as injectable
medication, and accounting for nearly two-thirds of
antibiotics contained in medicated feed.

Conclusion A majority of antibiotics used in Thai pig
farms belonged to the category of Critically Important
Antimicrobials. Progressive restriction in the use of
antibiotics in pigs is recommended through using
prescriptions to control the distribution of certain
antibiotics. The government should strengthen veterinary
services to improve access of farmers to animal health
advice and explore alternative interventions.

BACKGROUND
Rising global concern about antimicrobial
resistance (AMR)' has drawn attention to the

'In general, this study focuses on antibiotics. The

Key questions

What is already known?

» Rising global concern about antimicrobial resistance
has drawn attention to the use of antibiotics in an-
imals, in particular the use of last-resort antibiotics
normally reserved for severe infections in humans.

» Low- and middle-income countries are large live-
stock producers and consumers. There are many
studies about the use of antibiotics in livestock in
high-income countries yet very few have been con-
ducted in low- and middle-income countries.

What are the new findings?

» Over half of the farmers used antibiotics for disease
prevention in pig production.

» The total amount of active ingredients mixed into
medicated feed for pigs was estimated to be 843
tonnes in 2017.

» Amoxicillin was the most common antibiotic used for
disease prevention and mixed into medicated feed.

» Half the oral and injectable antibiotics used in farms
and two-thirds of antibiotics added in medicated
feed belonged to the category of Critical Important
Antimicrobials (CIA).

What do the new findings imply?

» Alternative approaches need to be sought to main-
tain herd health and productivity in order to protect
the effectiveness of antibiotics. These solutions need
to be tested and demonstrated to farmers to show
their relative cost-effectiveness.

» We recommend progressive restriction in the use of
antibiotics in pigs with an emphasis on CIA. This can
be achieved by controlling the distribution of certain
antibiotics for animal use with medicines available
only on prescription.

term antimicrobials are used when we refer to
standard terminology such as antimicrobial resis-
tance, WHO Critically Important Antimicrobials
or when we refer to published literature which use
antimicrobials.
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use of antibiotics in livestock with an estimated 70%
of the antibiotic consumption in Europe being in the
animal sector.' Many of the antibiotics commonly used
in animals are categorised as Critically Important Antimi-
crobials (CIA) for treating humans according the WHO
list of Ciritically Important Antimicrobials for Human
Medicine (WHO CIA list). The WHO CIA list catego-
rises Medically Important Antimicrobials into three
categories: Important, Highly Important and Critically
Important, and further divides the last category (CIA)
into ‘high priority’ CIA including aminoglycosides, amin-
openicillins and carbapenems; and ‘highest priority” CIA
including cephalosporins (third, fourth and fifth gener-
ation), glycopeptides, macrolides, polymyxin (colistin)
and quinolones.”® Of particular concern has been the
use of CIA, the lastresort antibiotics normally reserved
for the most severe infections in humans.” Indeed there
is emerging evidence of the threat including a recent
report describing the discovery of a plasmid-mediated
colistin-resistant gene in commensal Escherichia coli from
tests on pigs, pork products and humans in China.”

The use of antibiotics in pigs is complex and associ-
ated with the interrelating domains of animal health,
animal welfare and economics. Antibiotics have been
used routinely in farm animal production since the 1950s
to treat, control and prevent disease and to increase
productivity. Based on the predicted continued rise in
global demand for livestock products, global antimicro-
bial consumption of livestock is predicted to increase by
two-thirds over the next 10 years.® Within this sector, anti-
microbial consumption is estimated to be highest in pigs,
compared with chicken and cattle.® It has been a common
practice for decades to use subtherapeutic doses of antibi-
otics in food-animals for a number of reasons: to control
the spread of symptomatic infections between animals in
close contact some of which may be subclinically infected;
to prevent disease at points of high risk prior to the onset
of symptoms, particularly when animals are under stress
(eg, extreme weather, post vaccination or moving pen)
and to improve production performance.” '’ In pigs,
antibiotics can be applied to whole groups including by
mixing antibiotics into feed (medicated feed) or adding
antibiotic powder or solution into drinking water (medi-
cated water).!171?

In order to design and implement effective interven-
tions that will reduce the unnecessary use of antibiotics
in livestock, an understanding of current usage is essen-
tial. However, while data are available from high-income
countries on the use of antibiotics in pigs, there are few
studies from low- and middle-income countries. In 2018,
Thailand was the first middle-income country in Asia
to publish data on the total consumption of antimicro-
bials and reported that 3690 tonnes of antimicrobials
were used in livestock production in 2017.'® However,
these data do not help understand use by animal species,

Domesticated animals kept mainly for meat, milk, egg and
wool production.

production system or indications. To address this knowl-
edge gap, this study aimed to explore the use of antibi-
otics and to estimate the total amount of antibiotics used
in pig production in Thailand. A better understanding
of antibiotic use in pigs, particularly in low- and middle-
income countries, can help design appropriate inter-
vention strategies to optimise the use of antibiotics in
livestock production.

METHODS

Thailand has very diverse livestock production systems,
including large agro-industrial conglomerates, contract
farming (where the buyer of fatteners also provides
piglets, feed, vaccines and technical support to the
contract farmers) and smallholder farms. A few large
agro-industrial companies dominate the livestock
production business with integrated operations including
animal breeding, feed production and processing meat
products. In 2017, about 19.5million pigs were raised
by 180000 pig farmers, of whom 40% were smallholder
farmers (less than 50 pigs per farm) raising indigenous
pig breeds.'®”

In order to determine the patterns and total amount
of antibiotic use in pig production in Thailand, mixed
methods were used: a survey of farmers, secondary data
analysis of a survey of feed mill operators and inter-
views with veterinarians. Data collection was carried out
between March 2018 and December 2018.

Survey of pig farmers

Questionnaire development

To guide the development of the questionnaire, a litera-
ture review and exploratory interviews with five veterinar-
ians were conducted. Following piloting, some questions
were modified to suit the local context of pig production.
The questionnaire consisted of both closed and open-
ended questions covering general information about the
farms (type of farm, number of workers, current number
of pigs at different stages, health management), pig
production, antibiotic use for prevention of infectious
diseases, the source of antibiotics and medicated feed
and farmers’ knowledge and awareness about antibiotics
and antibiotic resistance (online supplementary file 1).

Study site and sample population

The cross-sectional study was conducted in a province
in the central region of Thailand, which has one of the
highest pig populations, accounting for about 20% of
total annual Thai pig production. The province has an
area of about 5000 square kilometres subdivided into 10
districts, some with many pig and cattle farms, and some
with very few. Based on the best available data and discus-
sions with each district health office, the three districts
with the highest number of pig farms were purposively
selected and within each district, the two subdistricts with
the highest number of pig farms were selected. Due to
practical and budgetary constraints, a census and random
sampling were not possible.
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Selection and recruitment process

Within the six selected subdistricts, all pig farmers were
invited to participate in the studyvia an official letter. Village
health volunteers and public health staff in the subdistrict
health centres also encouraged pig farmers to participate.

Data collection

Between March 2018 and December 2018, interviews with
pig farmers took place in the local health centres and
were conducted face-to-face in Thai by 10 interviewers
with a healthcare background, who were provided with
basic information about pig farming as well as specific
data collection training. Most interviews took between
45 and 60min. Data were collected on tablets offline
and synchronised onto a cloud-based server when the
internet was available.

Data management and analysis
The data were exported into Microsoft Excel and Stata/
SE 15 for cleaning and analysis. Based on the number of
pigs on the farm at the time of the study, farms were cate-
gorised by size as per the Department of Livestock Devel-
opment (DLD) definition: smallholder farm (less than
50 pigs), small commercial farm (from 51 to 500 pigs),
medium commercial farm (from 501 to 5000 pigs) and
large commercial farm (more than 5001 pigs). The farms
were grouped by type into farrow-to-finish (breeder, suck-
ling piglet, nursery pig, fattener), fattening (fattener-
only) and breeding (breeder-only). Pig farms were also
classified according to whether they held a Good Agricul-
ture Practice (GAP) certificate from the DLD, indicating
they had satisfied a certain practice standard. Farms
were also classified into a contract or non-contract farm.
Contract farmers provide animal housing and labour
while the contracting company provides pigs, feed, medi-
cines and technical support to farmers. Non-contract
farmers are independent of contracting companies. Pig
farms were also grouped based on whether they were
members of a district or provincial cooperative.
Descriptive analyses including examination of means
and frequencies were conducted to describe the char-
acteristics of participants, reported pig health problems
and the use and source of antibiotics on the farm. Univar-
iate analysis was used to assess the association between
the dependent variable (the use of antibiotics in pigs)
and each independent variable (size of farm, type of
farm, etc).

Survey of feed mills

To estimate the total amount of antibiotics mixed in pig
feed in Thailand, we used data from a 2017 national
survey of feed mills conducted by the International
Health Policy Program (IHPP), Ministry of Public
Health, which estimated the total national consumption
of medicated feed by food-producing animal species.'®
The target population was the 238 feed mills registered
with the DLD in 2018. IHPP met representatives of the
53 feed mills who were members of the Thai Feed Mill

Association (TFMA) to explain the study in March 2018
prior to sending the survey form via email and fax. The
official letter and survey form were also sent to the non-
TFMA members (185 feed mills). In May 2018, all non-
responders were followed up by phone.
The respondents were asked to extract the volume
of antibiotics added to feeds from the feed production
records which were usually kept in an electronic format.
They were asked to fill in separate forms for each animal
species for the calendar year 2017. For the secondary
data analysis for this study, we extracted the data from
the forms related to pigs and used the following variables:
» Name of the antibiotic (added to the medicated
premix) according to the veterinary anatomical ther-
apeutic chemical (ATCvet) classification system.

» Thailand Food and Drug Administration (Thai-FDA)
market authorisation identification number.

» Trade name of the medicated premix and the market
authorisation holder.

» Type and amount of the antibiotic added to the feed.

» Stage of pig production for which the medicated feed
was intended.

Data management and analysis

Data from survey forms were entered into in Microsoft
Excel and checked for completeness. Descriptive statis-
tical analyses were performed using Stata/SE 15 software.
Antimicrobial consumption was measured by kilograms
of active ingredient per year (2017) and calculated as the
volume of active ingredients multiplied by the strength
of each antibiotic according to Thai-FDA market author-
isation identification number. The market authorisation
identification number and ATCvet codes were used to
categorise different active ingredients of antibiotics used
in the medicated feed and verified with Thai-FDA data-
base. Consumption of each active ingredient was classi-
fied into different stages of pig production: breeding pig,
pig less than 25 kg and fattener.

Interviews with veterinarians in the feed industry

To gain a deeper understanding of medicated feed we
conducted in-depth interviews with veterinarians working
in the feed mill industry. As there was no list or system-
atic way to approach all potential participants directly, we
solicited the help of the TFMA to identify veterinarians
fulfilling the following criteria: (1) they could provide
information about the use of antibiotics in animal feed,
(2) they had worked in the animal feed area for more
than 10 years and (3) they were willing to be interviewed.
Five veterinarians have met these criteria identified by
the TFMA.

All interviews were conducted face-to-face in Thai by
the researchers (AL and VT) between October 2018 and
December 2018 using a semi-structured interview guide
with three sections: common antibiotics mixed in feed
including type, dosage and duration of use; common
diseases and pathogens and common conditions in pigs
that require the use of antibiotics. The interviews were
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audio-recorded and lasted between 1.5 to 2hours. The key
informants were also asked to complete a one-page closed-
ended questionnaire and return it online within 14 days.

Data management and analysis

The interview audio recording was transcribed verbatim
and anonymised by AL. The questionnaire data were
transferred to Microsoft Excel and Prism 8 for data
management and visualisation. The information in rela-
tion to the use of antibiotics was plotted over a period of
pigs’ age in weeks according to different stages including
suckling piglet, nursery pig and fatteners. The maximum
or minimum dose range was reported if there were
different reports from more than one veterinarian. The
information was returned to the informants for review.

Consent and ethical considerations

Prior to the interviews, pig farmers and feed mills’ repre-
sentatives were provided with a participant information
form and asked to sign an informed consent form if they
agreed to participate. Veterinarians working at feed mills
gave their verbal consent to take part in an interview.
Permission was requested to record the interview and
written notes were also taken.

The data were manually checked for completeness
and for entry errors by the researcher (AL). Information
including the name of respondents and feed mills were
deleted from the data set. Data were protected by access
authentication with only the researcher (AL) able to
access the survey and interview data.

Patient and public involvement
No patients were involved in this study.

RESULTS

Pig farmer survey

Characteristics of farmers and farms

In total, 84 of 102 farmers agreed to participate (response
rate 82.4%). Over half (59.5%) were female and over
two-thirds (72.6%) owned the farm that they worked on.
About two-thirds (69.0%) of respondents were running
commercial farms and the remainder were running
smallholder farms. Over 60% of the farms were farrow-
to-finish farms and over 30% were fattening farms. Thir-
ty-six per cent of the farms had a GAP certificate. Twenty
per cent were members of cooperative farms and only
9.5% were contract farms.

One-third reported a monthly income of less than
THB 10 000 (US$ 317; US$ 1=31.5THB) and over half
reported a significant reduction in income over the last
3years due to oversupply and lower market prices for
live pigs. Of the 84 farmers, 21.4% reported spending
an average of more than THB 50 000 (US$ 1590) per
month on purchasing feed and a third (36.9%) reported
spending an average of less than THB 1000 (US$ 32) on
medicines. Marketing of the animals was variable with
a third of farmers using brokers (32.1%), a fifth using
pork retailers (21.4%) and 14.3% using both brokers and

Table 1 Use of antibiotics and medicated feed, and their
sources, from the farmer survey

Antibiotic Medicated feed

(n=84, %) (n=84, %)
Use of antibiotics or medicated
feed
> Use 62 (73.8) 11 (13.1)*
» Do not use 22 (26.2) 18(21.4)
» Do not know - 19 (22.6)
»  Not willing to respond - 36 (42.9)
Source of antibiotics and medicated
feed
»  Pharmaceutical company/ 16 (25.8) 2(18.2)
feed mill
»  Pharmacy 10177 -
»  Both pharmaceutical 29 (46.8) -
company and pharmacy
»  In-house mixing - 8 (72.7)
»  Internet, online - -
»  Others 6 (9.7) 1(99.1)

*At least one feed formula at farm.

retailers. The remainder used a mixture of routes that
mainly related to local consumption (online supplemen-
tary table Al).

Across all pig age groups, gastrointestinal infections,
respiratory infections and lameness were reported at
least occasionally in the previous 12 months by more
than half of respondents. In suckling piglets and nursery
pigs, gastrointestinal infections were reported to have
occurred regularly, 34.0% and 12.2%, respectively. In
sows, reproductive infections were also reported as occur-
ring by half of farmers (online supplementary figure A2).

Use of antibiotics at farm

Three-quarters of farmers reported using antibiotics, but
most farmers were not willing to say that they used medi-
cated feed or did not know whether or not the feed they
used contained antibiotics. Pharmaceutical companies
and pharmacies were common sources of antibiotics.
The majority of farmers reported adding antibiotics to
feed in-house. No farmer reported buying antibiotics or
medicated feed online (table 1).

Oral and injectable antibiotics for disease prevention
About half of farmers reported using oral antibiotics
(oral solution or adding solution or powder to drinking
water, excluding medicated feed) and injectable antibi-
otics for disease prevention for the whole group. Overall,
one-third of farmers reported using oral and injectable
antibiotics in the CIA group. Half of the farmers used
only one active ingredient in each stage of pig produc-
tion (table 2A,B).

In total, farmers reported using 11 different antibi-
otic active ingredients for disease prevention. Although
amoxicillin was the most commonly reported, about half
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By type of pig in farm (no. of farms)

All farms Sow
(n=84) (n=54)*

Suckling pig
(n=54)*

Nursery pig

(A) Number (%) of farms (n=54)* Fattener (n=84)

Reporting any use of Critically
Important Antimicrobials for human
medicine for prevention

26 (31.0) 17 (31.5) 11 (20.4) 9 (16.7) 14 (16.7)

(B) Number (%) different types of active ingredient used

Two active ingredients 12 (25.0) 3(9.7) 5(19.2) 6 (35.2) 5(19.2)

Four active ingredients 6 (12.5)

w
©
2
I
I

4 (15.4)

(I) Critically important antimicrobials - highest priority

Enrofloxacin (QJO1MA90) 11 (22.9) 4 (12.9) 6 (23.1) 5 (29.4) 9 (34.6)

Amoxicillin (QJO1CA04) 19 (39.6) 15 (48.4) 5(19.2) 7(41.2) 7 (26.9)

Kanamycin (QJ01GB04) 3(6.3) 3(9.7) 2(7.7) 0 3 (11.5)

(I Highly important antimicrobials

Lincomycin (QJ01FF02) 5(10.4) 3(9.7) 4 (23.5) 4 (15.4)

Tetracycline (QJO1AAQ7) 6 (12.5) 5 (16.1) 1(3.8) 2(11.8) 2(7.7)

Tiamulin (QJO1XQ01) 3(6.3) 2 (6.5) - - 1(3.8)

*Number of farms reporting raising pigs in this stage.
TNumber of farms reporting antibiotic use for prevention.
ATCvet, veterinary anatomical therapeutic chemical; WHO CIA list, WHO list of Critically Important Antimicrobials for Human Medicine.

Factors associated with the use of antibiotics for prevention

’

Of all farmers, 81% reported having received advice on
animal health, 77.4% on antibiotic administration and

! . rience in raising pigs, farm income, farm type, having
42.9% on the use of feed. It is worth noting that most

received advice on animal health and belonging to a farm

farmers sought advice on animal health management
(45.6%), antibiotics (45.8%) and feed (44.4%) from
‘others’. These were unqualified sources such as relatives,
peers, other farmers or someone they called ‘doctor’ who
may or may not have been a veterinarian. Pharmaceutical

cooperative.

Feed mill survey

Characteristics of feed Mills

Of the 238 questionnaires distributed, 31 were returned
(response rate 13%). However, it is estimated that the 31
feed mills that did participate in the survey, account for
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Number of farms  Use of antibiotic

Characteristics Categories with data available for prevention (%) OR (95% Cl) P-value

Secondary school 47
and higher

30 (63.8) 2.28 (0.92-5.65)  0.10

>10years 47 31 (66.0) 2.82(1.01-8.08)  0.04*

Score>60% 52 32 (61.5) 1.86 (0.72-4.75) 0.19

Commercial farm 58 36 (62.1) 2.54 (0.96-6.71) 0.05

Fattening 30 10 (33.3) 0.33(0.12-0.87)  0.02*

Yes 31 21 (67.7) 2.54(0.96-6.71)  0.05

Yes 17 14 (82.4) 7.73 (1.49-40.01)  0.01*

Yes 8 5 (62.5) 1.28 (0.28-5.80)  0.75

More than BHT 23
50,000

18 (78.3) 4.46 (1.32-15.05)  0.01*

Receiving advice 68 42 (61.8) 3.78 (1.12-12.73)  0.02*

*Statistically significant at p<0.05.
TKnowledge: five true/false statements in relation to the use of antibiotics and AMR, taken from the AMR module in the 2017 National Health

Welfare survey form.

AMR, antimicrobial resistance; GAP, Good Agriculture Practice; rv, reference value.

approximately 80% of the total national production of
pig feed (data from a market survey via personal commu-
nication). Twenty-five out of the 31 participating feed
mills reported that they had added antibiotics to some
feeds in 2017, while the remaining 6 feed mills denied
having done so.

Use of medicated feed
Based on the analysis of the feed mill survey data, the
total amount of active ingredients mixed into medicated
feed for pigs was 843 tonnes in 2017 (table 4). Among
these, the top three active ingredients were amoxicillin,
contained in almost half of feeds, then halquinol and
tiamulin. Of the total production, 64.3% of medicated
feed contained antibiotics on the CIA group, including
an estimated total of over 40 tonnes of colistin.

Of the total amount of antibiotics added in medi-
cated feed, 39.7% was targeted at suckling and nursery

pigs, followed by fatteners (37.3%) and breeding pigs
(23.0%). Regarding choices of antibiotics across the
different stages of pig production, the majority of colistin
(87.2%) and haquinol (60.4%) were intended for suck-
ling and nursery pigs, while the majority of tylosin (81%),
lincomycin (61.7%) and tiamulin (44.3%) was added to
feed for fatteners. Most bacitracin (87.6%) and oxytetra-
cycline (83.5%) were added to feed for sows (figure 1).

Feed industry veterinarian interviews

All five of the animal feed industry veterinarians who
were interviewed had practised in the animal feed field
for more than 20 years (maximum=37 years). They were
asked to explain the use of common antibiotics in rela-
tion to common diseases and common management at
different stages of pig production (by week) (figure 2).
Amoxicillin and tiamulin were commonly recommended
for use at all stages; the dose range was between 300 and

(=2}
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Table 4 Amounts of active ingredients mixed in medicated feed from the feed mill survey, categorised by WHO CIA list

Amount of antibiotic added to medicated feed in kg

By stage of pig production

Active ingredient (WHO ATCvet All feeds Feeds for breeding Feeds for pigs <25kg Feeds for
code) (kg, %) pig (sow) (suckling and nursery pigs) fatteners
(I) Critically important antimicrobials ~ 145805.3 (17.3) 18487.3 62399.5 64918.6
highest priority
Colistin (QA07AA10) 40378.5 (4.8) 2251.7 35209.4 2917.4
Fosfomycin (QJO1XX01) 767.2 (0.1) 79.6 11.2 676.4
Kitasamycin (QJO1FA93) 9435.4 (1.1) 2153.7 588.9 6692.9
Tilmicosin (QJO1FA91) 54738.9 (6.5) 10271.0 21045.6 23422.3
Tylosin (QJO1FA90) 38507.1 (4.6) 1764.2 5543.5 31199.4
Tylvalosin (QJO1FA92) 1978.2 (0.2) 1967.1 0.9 10.2

(I) Critically important antimicrobials  395971.6 (47.0) 102994.7 152266.0 140710.9

high priority
Amoxicillin (QJO1CA04) 395950.1 (47.0) 102994.7 152244.5 140710.9
Apramycin (QJ01GB90) 21.5(<0.1) - 21.5 -

(Il Highly important antimicrobials 48328.3 (5.7) 17851.5 11247.7 19229.0
Chlortetracycline (QJO1AA03) 32889.4 (3.9) 11853.7 7515.2 13520.4
Doxycycline (QJO1AA02) 2686.6 (0.3) 1661.2 881.7 143.7
Lincomycin (QJO1FF02) 7881.0 (0.9) 270.9 2749.2 4860.9
Oxytetracycline (QJO1AA06) 4871.3 (0.6) 4065.7 101.6 704
Sulfadimidine (QJO1EQO3) 240.2 (0.1) - 24.0 216.1

(IV) Important antimicrobials 128519.1 (15.3) 41809.6 33433.7 53275.9
Bacitracin (QA07AA93) 9285.3 (1.1) 8136.5 710.1 438.7
Tiamulin (QJO1XQ01) 119233.8 (14.2) 33673.1 32723.6 52837.2

(V) Antimicrobial classes currently not 123707.1 (14.7) 12763.9 74844.6 36098.7

used in humans
Avilamycin (QA07AA95) 281.5(<0.1) - 143.0 138.6
Bambermycin (QA07AA96) 78.2 (<0.1) - 78.2 -
Halquinol (QA07Ax91) 123347.4 (14.6) 12763.9 74623.4 35960.1

Total 842571.7 193906.9 334215.5 314449.2

ATCvet, veterinary anatomical therapeutic chemical; WHO CIA list, WHO list of Critically Important Antimicrobials for Human Medicine.

400 ppm (1 ppm equivalent to 1 mg of active ingredient
per 1kg of feed) and 150 and 200 ppm, respectively.
Halquinol and colistin were commonly recommended
for addition to medicated feed for suckling piglets and
nursery pigs for the prevention of gastrointestinal tract
infection. Tylosin, tilmicosin and chlortetracycline were
recommended for fatteners. According to the indica-
tion label on feed packages and veterinary supervision,
the duration of antibiotic use was commonly about 4 to
6 weeks. No medicated feed was said to be provided to
fatteners 1 month prior to slaughter (20" to 24™ week).
The veterinarians reported that the choice of active
ingredients in the feed was designed for both treatment
and prevention of common diseases and animal health
management at different stages of pig production, partic-
ularly when the animals are under stress or prone to infec-
tion. For example, during the first week, piglets undergo
teeth and tail clippings and castration. During the second

week, pigs start having feed and are weaned in the fourth
week. The feed is changed at the fifth, ninth, thirteenth
and nineteenth weeks. Between the second and seventh
week, pigs are vaccinated against common infectious
diseases. These procedures, including handling animals
and movement between pens, cause pigs stress.

DISCUSSION

Use of antibiotics by different active ingredients

To our knowledge, this is one of the first studies to assess
in detail antibiotic use in pig production in a low- or
middle-income country. This study indicated that amox-
icillin, a broad-spectrum antibiotic, was the most used
oral and injectable antibiotic for prevention of disease
(39.6% of total farms) and in the medicated feed (47%
of the total amount of antibiotics). The national surveil-
lance consumption data confirm that amoxicillin was
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Figure 1 Amount (tonnes) of active ingredients mixed in
medicated feed from the feed mill survey, by stage of pig
production (antibiotics including 1 tonne at less of the active
ingredient).

the most used antibiotic in both humans and animals,
and that a quarter (24.6%) of total consumption was in
animals.'® In animals, amoxicillin is reportedly widely
used for prophylaxis and treatment of generalised infec-
tions in many countries. '® 'Y However, when given orally
to pigs via medicated feed, absorption and bioavailability
are low *** | This may lead to chronic exposure of gut

microbiota to amoxicillin and an associated high selec-
tive pressure in the intestine of animals, making them
more likely to develop antibiotic resistance. **

Our previous reviews observed differences in antibi-
otic use among stages of pig production, mainly due to
differences in diseases, epidemiology and administration
route of the available drugs.'” In this study, gastrointes-
tinal infection reportedly mostly affects suckling piglets
and nursery pigs. These are periods when pigs are most
susceptible to getting diarrhoea from common patho-
gens such as post-weaning L. coli and salmonellosis. The
use of colistin in pigs has been shown to lead to the devel-
opment of a plasmid-mediated colistin-resistant gene
in humans in China.” ® Consequently, in 2018, DLD
restricted the use of colistin for disease prevention in live-
stock, and farmers replaced it with halquinol. Halquinol
is not used in humans and not listed on the WHO CIA
list. It is now widely used in pig and poultry produc-
tion for prevention control and treatment of diarrhoea
caused or complicated by E. coli and Salmonella spp in
pigs. However, the maximal residue limit of halquinol has
not been established by Codex Alimentarius due to a lack
of information about the characterisation of residues in
animal tissues.”®

Feed industry veterinarians considered that the use
of antibiotics in the fattening period for disease preven-
tion was crucial for farms, particularly those which could
not effectively control common diseases. Antibiotics
were used in the medicated feed for fatteners, including
lincomycin, tiamulin and tylosin. Tylosin belongs to the
macrolides class of antibiotics and is classified as a highest
priority CIA. Macrolides are used to treat infections in
humans and are also reserved as second-line treatments

sucking piglet nursery pig fattener
I i | |
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400 N ] colistin
. ’
. [ B I ] [ halquinol
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o
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Figure 2 Common active ingredients in medicated feed, dose and duration of use, synthesised from the interview with

veterinarians.
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for patients who are allergic to penicillins.*® Resistance to
macrolides in human enterococci and enterococci from
animal sources in Europe ** has been well documented.
High levels of resistance to tylosin in several bacteria
including zoonotic pathogens are also reported in pigs
in many European Union countries; for example, 43%
to 59% of Streptococcus suis isolates are tylosin resistant in
the UK, and 69% of all pathogens collected from pigs
in 2017 are resistant to tylosin in France.” In Thailand,
a high level of S.suis isolates resistant to erythromycin
(belonging to macrolides class) (80.9%) were found in
human patients and pigs.” Other potential zoonotic
bacteria such as Salmonella spp showed a high level of
resistance to common antibiotics including tetracycline
(82.6%) and ampicillin (81.4%) in Thailand. In food
chain, 53.7% of Salmonella and 60.6% of E. coli are resis-
tant to ampicillin. Resistance of E. coli to colistin is low,
3% and none are resistant to meropenem.”*

Use of antibiotics at farm level
Our results show that 57.1% of farmers reported the
use of oral and injectable antibiotics for prevention.
Common sources of antibiotics for farmers were pharma-
cies and pharmaceutical companies. In Thailand, most
antibiotics are classified as dangerous drugs, which do
not require a prescription but do need to be dispensed by
licensed pharmacists or veterinarians at licensed pharma-
cies; a few are classified as ‘special control medicines’ and
require a prescription. In 2017, there were about 24000
retailers and wholesalers licensed for pharmaceutical
sales.” This large number of antibiotic sellers serving
human health needs provides easy access to antibiotics
for use in animals. In addition, pharmacists may have
limited knowledge about pig disease and farm manage-
ment due to the absence of veterinary medicine content
in the pharmacist undergraduate syllabus.
Pharmaceutical companies can sell antibiotics to
livestock producers through veterinarians (mostly in
commercial farms). Therefore, veterinarians are likely to
play a dual role as animal healthcare providers and drug
distributors leading to a conflict of interest where they
make a direct profit from the sales of medical products
including antibiotics. In the Netherlands, the govern-
ment decoupled the functions of prescription from the
selling of drugs by veterinarians.” There is currently no
similar intervention in Thailand to address the potential
financial incentives for both veterinarians and pharma-
cists to sell medical products for animals.

Factors influencing the use of antibiotics in farms

Farmers’ number of years’ experience and belonging to
a farm cooperative were associated with the use of antibi-
otics for prevention. Experienced farmers may have an
established protocol or programme of using antibiotics
without a detailed examination of animals’ health condi-
tions. Belonging to a farm cooperative probably increased
the opportunity among farmers to exchange information
about animal health and antibiotic use. Some studies

have found that the opinions of peers affected farmers'
decision-making on antibiotic use.” " In addition, farms
with higher incomes were more likely to use antibiotics
for prevention, perhaps reflecting greater ability to
purchase.

The majority of farmers reportedly received advice
on animal health and antibiotic use from unqualified
sources, possibly contributing to the positive correla-
tion between advice on animal health and high level of
antibiotic use for prevention in this study. Other studies
have shown that farmers perceive veterinarians to be the
most trusted information source on disease control*’ and
influence their decisions.™ *!

However, other risk factors with a lower impact may
not have been detected. Possible factors associated with
antibiotic use for prevention reported in other studies
include the density of pig population in the area and the
number of pigs on the farm,*™* production systems,*
the type of farm'***" and pig age groups.'?***

Medicated feed

In this study, based on data from the feed mill survey, the
largest proportion of medicated feed was applied to suck-
ling and nursery pigs (39.7%) and fatteners (37.3%),
similar to some other studies.**" This study estimated
that at a national level, the total volume of antibiotics
mixed into pig feed was around 843 tonnes. The 2017
national antimicrobial consumption report'’ states that a
total 3690 tonnes of veterinary antimicrobials were used
by all food-producing animals, of which 2007 tonnes
(54%) was premix for medicated feed however these
data do not provide a breakdown by animal type. Our
estimation from the feed mill survey is likely to be an
underestimate of the true volume of antibiotics in medi-
cated feed due to a number of reasons. One being that
many farmers add antibiotics to the feed in-house at the
farm level. For example, the farm survey indicated that
72.7% of farmers produced their own medicated feed
using mixers. In addition, the mix of medicated feed in
farms implies a lack of quality control in ensuring homo-
geneous distribution of antibiotics in the feed, a concern
also in Europe.” This is an area which requires effective
regulation.

Policy implications

The majority of antibiotics added to the medicated feed
(64.3% of total amount of medicated feed) and used as
oral and injectable medications at farm level (31% of
total farms) belonged to the category of Critically Impor-
tant Antimicrobials for human health. Recently in March
2018, in response to the AMR threat, the DLD stipulated
that medicated feed can only be produced, sold and
used with a veterinary prescription. It also prohibited the
addition of five classes of antibiotics (polymyxin, penicil-
lins, fluoroquinolones, fosfomycin and cephalosporins)
to medicated feed for disease prevention. Additionally,
cephalosporins are not allowed in medicated feeds for
any indications.”
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In order to promote antibiotic stewardship in animal
health, the use of antibiotics should be based on guide-
lines with clear guidance on the indication for use, choice
of antibiotic, dose and duration and these should be
based on local microbiological surveillance data. Where
possible non-WHO CIA list antibiotics should be recom-
mended, and where this is not possible then antibiotics in
the lower tiers on this list should be recommended first.
Ideally, the use of antibiotics in the CIA category should
be limited to treatment, with specific indications and only
when there is no lower tier alternative. However, one chal-
lenge is that there are currently very few such guidelines
available in veterinary field, especially in low- and middle-
income countries.” The development and dissemination
of such guidelines is an important priority.”*

For disease prevention, ideally the use of antibiotics
should be avoided according to the WHO and Euro-
pean Union guidelines for the use of antibiotics in
animals.'’ *° For alternatives to antibiotics, farmers may
consider improving husbandry and farm management
such as good ventilation, good feed quality and water
and farm bio-security. Vaccinations are likely to play an
important role in reducing the risk of infection and the
need for antibiotics for prevention. The use of probiotics
or prebiotics and immunomodulators such as natural
herbal remedies have also been proposed as alternatives.’®

Limitations

This study had some limitations. First, as described in our
recent review, there is no standard approach to collecting
data on the volume of antibiotics used on farms, and a
wide range of methods have been applied for example
farm-based survey, inspection of discarded antibiotic
packaging in bins and veterinary prescription data.”’ In
high-income countries where recording systems are avail-
able at farms, antibiotic prescription or treatment records
are the most common sources of farm-level data on anti-
biotic use. These provide accurate data on the type of
antibiotic, indications, doses and duration, the number
of animals receiving antibiotics and can inform the rela-
tionship between antibiotic use and antibiotic resistance.
However, none of these data collection methods were
applicable in this study: antibiotic treatment and medi-
cated feed use were often not recorded; feed packages
lacked labels and counting discarded packages of antibi-
otics was not feasible (online supplementary figure Al).
The collection of on-farm data is thus a great challenge
in a country such as Thailand, and demanded the mixed
methods used here. Changing the regulations to require
a prescription is critical to improved audit data.

Second, apart from the large proportion of farmers
who did not know if they used antibiotics in feed as the
feed package did not label antibiotic content, a large
proportion of farmers were not willing to disclose this. In
2018, the DLD issued a new regulation which mandated
all feed mills to print on all medicated feed the antibi-
otics’ names and concentration (PPM), and all farmers
were required to keep records of veterinary prescriptions

and administration. This should help in the monitoring
of antibiotic use on farms, if the regulation is effectively
enforced and monitored.

The third challenge was the sample representative-
ness. For reasons of feasibility, the survey of pig farms was
conducted in only one province. Additionally, the list of
pig farms was out of date and many farms especially small-
holder farms had closed down due to a significant reduc-
tion in the market price for pigs over the last few years.
This meant that it was difficult to conduct a random selec-
tion of farms across the province and instead a complete
sampling of farms in selected subdistricts was carried
out. However, the full range of farm types was included:
from smallholder farms with only a few pigs through to
large commercial farms with thousands of pigs and the
province with one of the highest number of farms was
chosen. Moreover, an outbreak of African swine fever
was reported in neighbouring countries™ over the data
collection period, probably affecting the willingness to be
part of the study. Due to a small sample size, only univar-
iate analysis could be conducted, and it revealed that the
use of antibiotics in pig farms was significantly associated
with certain farm characteristics such as belonging to a
farm cooperative, type of farm and farmer’s income.

Nonetheless, this study covered 84 pig farms with a
high response rate of 82.4%. Of 18 farmers who did not
participate in the study, 12 smallholder farmers (26%,
12/46 farmers in the studies areas) and 6 commercial
farmers (11%, 6/56 farmers in the studies areas). In
terms of geographical distribution, among six subdis-
tricts, the response rate in two subdistricts was 100% and
about 90% in other three subdistricts. The response rate
was low in only one subdistrict (38%) (online supple-
mentary file 3 tableAl). The results are therefore likely
to represent a significant proportion of pig production in
the province, and meaningful conclusions about farmers’
antibiotic use in the studied province can be drawn.

Besides, the farm survey data was supplemented by
data from the feed mill survey. Although only 31 feed
mills participated, they included the large agro-industrial
conglomerates responsible for an estimated 80% of the
national production of medicated feed and are therefore
an important target for future interventions.

CONCLUSION

This is one of the first studies outside high-income coun-
tries to obtain information on the critical question of
antibiotic use in pig farming. It used multiple approaches
to investigate the use of antibiotics in pig production
in Thailand. From the data, we established patterns of
antibiotic use and estimated consumption of antibiotics
through farmer and feed mill surveys. Our results clearly
show the majority of antibiotics used in Thai pig farms
are considered the Highest and High Priority Critically
Important Antimicrobials for human health according to
the WHO-CIA list, with concerning implications in terms
of the potential for AMR in pigs and humans.
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We recommend progressive restriction in the use of
antibiotics, in particular, those highest tier on the WHO
CIA Iist. This includes through controlling distribution by
reclassifying certain antibiotics as prescription-only medi-
cines and restricting the use of CIA for specific indica-
tions and guided by local microbiological and sensitivity
evidence. The DLD should strengthen the veterinary
service system at all levels to improve access of farmers,
smallholder farms in particular, to quality animal health
information and potential alternative interventions to
antibiotic use including farm management improve-
ment, vaccines and immunomodulators.

Alternative solutions need to be carefully tested for
their cost-effectiveness in comparison to the antibiotics
they would replace. Those solutions with the greatest
impact need to be demonstrated to the farmers in order
to build confidence in new solutions. Future studies
about factors contributing to the use of antibiotics are
required to fill these important knowledge gaps and
introduce effective policies.
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