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The usage of antimicrobials in livestock production is a driver for antimicrobial resistance worldwide. Reducing
the use of antibiotics in the animal sector is a priority and requires a change in practices. Vietnam has diverse
husbandry and antimicrobial use practices. The objective of this study was to determine the socio-economic and
technical factors associated with antibiotic usage patterns on chicken farms in the north and south of Vietnam.
Semi-structured interviews (n = 34) and on-farm questionnaires (n = 125) were conducted to collect socio-
economic, technical, biosecurity, health management, and antibiotic usage data. Using Multivariate Corre-
sponding Analysis, we identified three production systems (A, B, C) and three patterns of antibiotic usage (1, 2,
3). Group A raised indoor exotic chickens in an intensive setting and was associated with group 1, which used
antibiotics according to company recommendations for both treatment and prevention. Group C raised free-
range chickens for their own consumption and was associated with group 2, which used antibiotics according
to drugstore advice for treatment. Finally, group B was a market-oriented, semi-confined system associated with
group 3, which practiced experience-based antibiotic use and overuse. Farms in the south of Vietnam were
associated with group 3 and those in the north with group 2. The prediction of antibiotic usage patterns based on
farming practices could lead to the identification of a group of farms to be targeted in order to foster the more
prudent use of antibiotics in Vietnam.

1. Introduction

Vietnam is subject to rapid demographic and economic growth,
which in turn has led to an increase in animal production. Even though
pork remains the main meat consumed by the Vietnamese, chicken ac-
counts for 27% of the total meat consumed and is increasing (shown by
Cesaro et al., 2019), with the total number of chickens reaching 383
million heads in 2020 (GSOV, 2020a). To meet the increased demand,
the Vietnamese government has promoted more industrial production
methods in the agricultural restructuring plan for 2021 — 2025 (Prime
Minister, 2021). Even so raising less than 100 chickens still represents
95.40% of household raising chickens (GSOV, 2016), Vietnam is
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currently undergoing a shift towards a more industrial production sys-
tem that varies across different regions (GSOV, 2020b). The north of
Vietnam tends to have more familial production system while the south
is more industrialized (Coyne et al., 2020; Cesaro et al., 2019). Inten-
sification of practice led to an increased antibiotic consumption and a
higher dependency to it. Transitioning farms towards intensive pro-
duction are also more likely to demonstrate improper antibiotic usage
(ABU) (Robinson et al., 2017). As antibiotic resistance (ABR), is mainly
driven by the misuse and overuse of antibiotics in humans, animals, and
in the environment (Holmes et al., 2016), it is necessary to promote a
change of practice towards prudent ABU.

The quantity of antimicrobial active ingredients used per kilogram of
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animal is estimated to be 1.6 times higher in Vietnam than European
countries (Carrique-Mas et al., 2020). Antibiotics are widely used as
prophylactics (Choisy et al., 2019) and a high percentage of farmers
self-medicate their animals (Pham-Duc et al., 2019), which is facilitated
by easy access to drugs without diagnosis and prescriptions (Phu et al.,
2019). Following the adoption of the national action plan (NAP) in 2017
(MARD, 2017), new legislations have been enforced as the ban of anti-
microbials growth promoters (AGP) (National Assembly of the Socialist
Republic of Vietnam, 2018), the ban of antibiotic in the feed for pro-
phylaxis by 2025 (The Government of the Socialist Republic of Vietnam,
2020), and making the prescription mandatory (MARD, 2020). The new
NAP (MARD, 2021), published in 2021, highlights the need for better
enforcement of the recent regulations due to the low compliance rate of
farmers (MARD, 2021). Providing an evidence-based study is thus
necessary for policy makers to ensure better implementation and reduce
ABU.

In this way, reducing antibiotic usage at the farm level requires a
precise understanding of the system in which the strategy is imple-
mented. Building a typology is a way to classify groups of farms that are
approximately homogenous and for which the same recommendations
can be made (Castel et al., 2010; Delpont et al., 2018). In Vietnam, three
or four types of chicken production systems are usually described
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(backyard, semi-intensive and intensive farms) (Burgos et al., 2007;
Desvaux et al., 2008; Duc and Long, 2008), but more complexity may be
required to properly describe chicken farming diversity. Previous
studies have determined heterogeneity in the amounts of antimicrobials
used in different systems (Carrique-Mas et al., 2015) and in practices
surrounding their usage (Kim et al., 2013; Luu et al., 2021). However,
few studies have compared the usage between the 3 production systems
at the same time.

The objectives of this study were to analyse technico-economic,
socio-demographic and animal health management data on chicken
farms in Vietnam, in order to characterise chicken farming systems, and
explore associations between socio-economic, technical and antibiotic
usage.

2. Material and methods
2.1. Local expert knowledge

To answer the research question, we conducted semi-structured in-
terviews using participatory approaches (Catley et al., 2012) with ex-

perts specialised in chicken production or the veterinary drugs
distribution chain in Vietnam between November 2019 and April 2020.

Hanoi province

Study areas 1

,1(‘,
LA\__J

) 10 20 30 km

e — |

Long An province

Study areas [ i

0 10 20
|

30 km

Fig. 1. Map of the study areas with the division into 63 provinces and zoom on Hanoi and Long An provinces. Hanoi and Long An provinces are represented in green.
The five surveyed districts are represented in orange: Soc Son and Chuong My in Hanoi and Thanh Hoa, Can Duoc and Can Giuoc in Long An (Quantum GIS

version 3.10.11).
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Fig. 2. Framework of the methodological process for typology of farming practices and antibiotic usage patterns.

Adapted from (Alvarez et al., 2018).

Experts were selected based on a list of contacts obtained for a previous
study (Bordier et al., 2018) and through snowball sampling. Interviews
were conducted by one or two researchers face-to-face, or over the
phone, in the north and south of Vietnam. The average duration of each
interview was 60 min and Vietnamese, English, or French languages
were used. Data were collected by note-taking and the flowchart of each
production system described by the participant was drawn. Respondents
were free to directly modify the flowchart during the interview when
conducted face to face. All the flow charts were compiled in a single one
and transcripts were analysed.

2.2. Sampling and data collection

To assess the diversity of farming practices and antibiotic usage
across Vietnam, we selected two provinces: Hanoi in the Red River Delta
(RRD) region and Long An in the Mekong Delta (MD) region,

respectively in the north and south of Vietnam. The RRD has the largest
chicken population accounting for nearly 24,1% of the national popu-
lation and the MD for 14,0% (GSOV, 2020a). The two surveyed prov-
inces were selected based on their number of chickens, diversity of
production and ease of access. Moreover, they play an important so-
cioeconomic role in both regions due to their proximity to two important
cities: Hanoi and Ho Chi Minh City. According to the census data, Hanoi
has the highest number of poultry (27,7%) while Long An ranks second
(12.4%) in the total population of chicken of RRD and MD regions
respectively (GSOV, 2020a).

Within these two provinces, 10 communes in five different districts
(Chuong My and Soc Son, in the north; Thanh Hoa, Can Duoc, and Can
Giuoc, in the south) were chosen based on chicken density, diversity of
farming practices, and prior approval from local authorities (Fig. 1). To
capture farm diversity, we selected the farms using a stratified sampling
method based on four strata defined by expert knowledge and stemming



C. Batie et al.

Breeding
Company*

—

Importers

Hatchery

GP farm Company*

Preventive Veterinary Medicine 208 (2022) 105731

Company* Drug
* oC
Company Drugs
1 Feed mill
. company *
AP
Breeding Hatchery AP Trader 1 -
company company EITIPEITY o
Drugs =
Drug g (%]
company Fe E
— Drug/feed E—— m
eed mi pecialize o]
] agenc

i lradere shop @

AP AP | Wholesale Canteens/

company | market restaurant

P/
Gov GP f Familial Eggs Local ] | Local market
OV &L tar breeding farm Hatchery boc

Inputs

— Flow of animal product
Flow of input
(D Association/cooperative
<=3 Self-consumption
« Notalways a part of the integrated
system

Collector

Distribution and
consumption

Fig. 3. Description of the chicken production value chain in Vietnam from stakeholders’ interviews in 2020. AP: Alternative products; GP: Grandparents; PM: Process

manufactory; DOC: day-old chicks.

from the literature review (Burgos et al., 2007; Desvaux et al., 2008; Duc
and Long, 2008; Hanh et al., 2007). The four strata included backyard
farms with fewer than 100 chickens, semi-intensive family commercial
farms with between 100 and 2000 chickens, intensive family commer-
cial farms with more than 2000 chickens, and contract farms with more
than 2000 chickens that reared either broiler, laying hens, or roosters.
We sampled 125 farms with an equal distribution between provinces
and strata to maximise the diversity while taking technical constraints
into account. Farms were randomly selected from a list drawn up by the
communal veterinarians.

A structured questionnaire including 110 close-ended questions was
designed around four main sections: (i) socio-demographic and eco-
nomic data; (ii) farm characteristics (technical characteristics, inputs,
outputs, biosecurity); (iii) health management (disease management,
training courses, records); (iv) antibiotic usage. Farm visits were con-
ducted in June and July 2020 by two research teams of 3 researchers
from the National Institute of Animal Science (NIAS) in Hanoi province
and 2 students and 1 teacher from Nong lam University (NLU) in Long
An province. The questionnaire was designed and addressed in paper
version (Hanoi) and on a web interface — KoBoToolbox using tablets
(Long An) (Pham and Vinck, 2020). Paper versions were then reported
on the web interface. The questionnaire was tested and reviewed
through three pilot studies, two in Hanoi and one in Long An. Both teams
were trained on data collection.

The objectives of the survey were explained, and written informed
consent was obtained from all farmers before each interview. This study
was approved by the Ethics Review Board for biomedical research of
Hanoi University of Public Health with the application number
020-150/DD-YTCC.

2.3. Data management and analysis

Data gathered through the Kobotool box were loaded onto a Micro-
soft Excel© datasheet and then cleaned using R software version 3.6.3.
The “factoextra” (Kassambara and Mundt, 2020), “FactomineR” (Hus-
son et al., 2020), and “Factoshiny” (Vaissie et al., 2021) packages were
used for factorial and clustering analyses.

Farmers who did not answer the question “do you use antibiotics”
were excluded from the dataset. Two sub-datasets were created: farmers
who used antibiotics in which the multivariate analysis was conducted
and farmers who did not use antibiotics.

A Multiple Correspondence Analysis (MCA) followed by a Hierar-
chical Cluster Analysis (HCA) were performed to classify farm groups
displaying the same characteristics and antibiotic usages (Husson et al.,
2017). We used the Principal Components (PC) that explained more than
50% of the total variance from the MCA for the HCA with consolidation
according to Ward’s method applied to individuals situated in a
Euclidian space (Husson et al., 2017). The number of factors was
determined based on the loss of within-group inertia and the inter-
pretability of the classes. The similarity between individuals was
explored by assessing the relationships between variables and then
assigning them into farm groups (clusters) according to the pattern of
variables (Husson et al., 2017).

We separated the 192 variables obtained from the questionnaire into
154 farming practice variables and 38 ABU variables.

To create the typology of farming practices, out of the 154 variables,
we introduced 21 relevant variables in the first MCA/HCA as active
variables and 22 as supplementary variables. The number of key vari-
ables is usually recommended to be 5 times less than the sample size
(Alvarez et al., 2018). The other variables were removed because they
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Table 1
Socio-demographic characteristics of the 111 Vietnamese chicken farms sur-
veyed in 2020.

Variables Total n (%)
Gender

Male 85 (76.6)

Female 26 (23.4)
Age group

<30 13 (11.7)

30-45 28 (25.2)

46-60 51 (46.0)

> 60 19 (17.1)
Education

Illiterate/primary school 6(5.4)

Secondary school 49 (44.1)

High school 38 (34.2)

College or higher 18 (16.2)
Occupation

Owner 98 (88.6)

Employee 13 (11.49)
Year farming experience

<5 21 (18.9)

5-10 34 (30.6)

11-15 21 (18.9)

>15 32 (28.8)
Farm status

Family 87 (78.4)

Contract/company 24 (21.6)
Type main of chicken

Broilers 70 (63.0)

Laying hens 36 (32.4)

Roosters 5 (4.6)
Chicken breed

Foreign 37 (33.3)

Crossbreed 43 (38.7)

Local 31 (28.0)

Dim2 (11.3%)

10 -05 00 05 10
Dim1 (20.4%)

Fig. 4. Projection of the 111 Vietnamese chicken farms on the first two di-
mensions within the 3 groups identified through MCA and HCA performed on
farming practices variables.
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Fig. 5. Projection of the 111 Vietnamese chicken farms on the first two di-
mensions within the 3 groups identified through MCA and HCA performed on
antibiotic usage patterns.

In black: categories of variables that most characterise the farms; in red: Clus-
terTypo and FarmType (supplementary variable).

were either compiled into a new one, correlated with other variables
that were homogeneous in response, or not addressed by all respondents
(Ornelas-Eusebio et al., 2020). The 3 groups were described from cate-
gories that were overexpressed (p-value less than 5%) in the group and
they were transformed into a new variable called, ClusterTypo.

To create the typology on ABU, out of the 38 ABU variables, 15 were
included in the second MCA/HCA. Then, ClusterTypo was introduced in
the analysis as a supplementary to identify the association between
farming practices and ABU (Fig. 2).

3. Results
3.1. Semi-structured interviews

Thirty-four interviews were conducted in Hanoi and Ho Chi Minh
City from November 2019 to April 2020 with 18 experts from the public
sector and 16 from the private sector. We identified 4 production sys-
tems characterised by their socio-demographic data, farm management,
value chain, and antibiotic usage. Each farming system was defined
according to its farm characteristics, place within the chicken value
chain, health management, and antibiotic use (Fig. 3).
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Table 2
Frequency of ABU variables categories according to the 3 groups on ABU patterns identified from the MCA/HCA performed on the 111 Vietnamese chicken farms
surveyed in 2020. Categories that are over-represented within each group figure in bold and under-represented in italics, * : p < 0.05, **: p < 0.01, *** : p < 0.001.
Variables AB farms Group 1 Group 2 Group 3
(n=111) (n = 25) (n =57) (n=29)
KNOWLEDGE
AB definition
Correct 6 (5.4%) 1 (4.0%) 4 (7.0%) 1 (3.4%)
Partially correct 66 (59.5%) 14 (56.0%) 28 (49.1%) * 24 (82.8%)
Incorrect 39 (35.1%) 10 (40.0%) 25 (43.9%) 4 (13.8%) o
Source of training
Public 10 (9.0%) 0 (0.0%) 1(1.8%) wx 9 (31.0%) ok
Private 38 (34.2%) 10 (40.0%) 22 (38.6%) 6 (20.7%)
Both 10 (9.0%) 4 (16.0%) 5 (8.8%) 1 (3.4%)
No training 53 (47.8%) 11 (44.0%) 29 (50.9%) 13 (44.8%)
Record information on treatment
Yes 29 (26.1%) 18 (72.0%) ok 2 (3.5%) ok 9 (31.0%)
No 82 (73.9%) 7 (28.0%) i 55 (96.5%) e 20 (69.0%)
USAGE
Reason
Treatment 52 (46.9%) 7 (28.0%) * 40 (70.2%) ek 5(17.2%) ok
Treatment and prevention 59 (53.1%) 18 (72.0%) * 17 (29.8%) ek 24 (82.8%) s
Growth promotion 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
AB in the feed
Yes 12 (10.8%) 2 (8.0%) 3 (5.3%) 7 (24.1%) *
No 99 (89.2%) 23 (92.0%) 54 (95.7%) 22 (75.9%) *
ADVICE
First source of advice
Company 27 (24.3%) 23 (92.0%) e 3 (5.3%) 1 (3.4%)
Drugstore 34 (30.6%) 1 (4.0%) 28 (49.1%) 5 (17.2%)
Local veterinarian 15 (13.5%) 0 (0.0%) * 14 (24.6%) ok 1 (3.4%)
Own experience 35 (31.5%) 1 (4.0%) ok 12 (21.1%) * 22 (75.9%) ok
Second source of advice
Company 14 (12.6%) 6 (24.0%) * 5 (8.8%) 3(10.3%)
Drugstore 16 (14.4%) 1 (4.0%) 2 (3.5%) ek 13 (44.8%) i
Local veterinarian 7 (6.3%) 1 (4.0%) 14 (24.6%) 2 (6.9%)
Other farmers 9 (8.1%) 0 (0.0%) 5 (8.8%) 4 (13.8%)
Own experience 11 (9.9%) 0 (0.0%) 12 (21.1%) 5 (17.2%)
No 54 (48.6%) No * 35 (61.4%) wx 2 (6.9%) ok
PRACTICES
Source of AB
Company 21 (18.9%) 20 (80.0%) 0 (0.0%) 1(3.4%)
Retailers 90 (81.1%) 5 (20.0%) 57 (100.0%) 28 (96.5%) wx
Drug cost
< 3% 15 (13.5%) 2 (8.0%) 12 (21.1%) * 1 (3.4%)
3-5% 11 (9.9%) 1 (4.0%) 8 (14.0%) 2 (6.9%)
5-10% 30 (27.0%) 7 (28.0%) 4(7.0%) wk 19 (65.5%) ok
> 10% 18 (16.2%) 5 (20.0%) 8 (14.0%) 5 (17.2%)
Don’t know 37 (33.3%) 10 (40.0%) 25 (43.9%) * 2 (6.9%) el
Dosage
More 27 (24.3%) 2 (8.0%) 5 (8.8%) i 20 (69.0%) el
Follow advice 79 (70.3%) 20 (80.0%) 51 (89.5%) ok 7 (24.1%) ok
Less 6 (5.4%) 3 (12.0%) 1 (1.8%) 2 (6.9%)
Duration
More 9 (8.1%) 0 (0.0%) 3 (5.3%) 6 (20.7%) *
Follow advice 83 (74.8%) 21 (84.0%) 48 (84.2%) * 14 (48.3%) i
Less 5 (4.5%) 0 (0.0%) 0 (0.0%) * 5 (17.2%) ok
Until recover 14 (12.6%) 4 (16.0%) 6 (10.5%) 4 (13.8%)
Administer all chickens
Yes 89 (80.2%) 19 (76.0%) 43 (75.4%) 27 (93.1%) *
No 22 (19.8%) 6 (24.0%) 14 (24.6%) 2 (6.9%) *
Measure not cured
Ask for advice 21 (18.9%) 4 (16.0%) 7 (12.3%) 10 (34.5%) *
Cull 5 (4,5%) 1 (4.0%) 2 (3.5%) 2 (6.9%)
Change AB 79 (71.2%) 19 (76.0%) 43 (75.4%) 17 (58.6%)
Don’t have the case 6 (5.4%) 1 (4.0%) 5 (8.8%) 0 (0.0%)
Withdrawal time
Veterinarian or product instruction 15 (13.5%) 10 (40.0%) e 2 (3.5%) * 3 (10.3%)
Own experience 81 (73.0%) 11 (44.0%) Rkl 45 (79.0%) 25 (86.2%)
Don’t know 15 (13.5%) 4 (16.0%) 10 (17.5%) 1 (3.4%)
Leftover
Keep 38 (34.2%) 4 (16.0%) * 16 (28.1%) 18 (62.1%) ok
Throw away 13 (11.7%) 2 (8.0%) 5 (8.8%) 6 (20.7%)
No leftover 60 (54.0%) 19 (76.0%) * 36 (63.2%) 5(17.2%) i
SUPPLEMENTARY VARIABLES
Farm type
Backyard 22 (19.8%) 0 (0.0%) o 18 (31.6%) w 4 (13.8%)

(continued on next page)
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Variables AB farms Group 1 Group 2 Group 3

(n=111) (n=25) (n=57) (n=29)
Semi-intensive 28 (25.2%) 2 (8.0%) * 17 (29.8%) 9 (31.0%)
Intensive family 37 (33.3%) 3 (12.0%) 19 (33.3%) 15 (51.7%) *
Contract 24 (21.6%) 20 (80.0%) ok 3 (5.3%) ok 1 (3.4%) o
ClusterTypo
A 26 (23.4%) 22 (88.0%) 3 (5.3%) 1(3.4%) o
B 68 (61.3%) 3 (12.0%) 40 (70.2%) 25 (86.2%) o
C 17 (15.3%) 0 (0.0%) 14 (24.6%) o 3(10.3%)

3.2. Description of the study population

Out of the 125 selected farms, 7 were initially removed from the
dataset, and 7 did not use any antibiotics (Supplementary materials).
The MCA/HCA analysis was performed on 111 farms 54 in Hanoi
province and 57 in Long An province. In total, we surveyed 22 (19.8%)
backyard, 28 (25.2%) semi-intensive, 37 (33.3%) intensive and 24
(21.6%) contract farms. Socio-demographic data are presented in
Table 1.

3.3. Typology of farming practices

We selected the first six components of the MCA that explained 50%
of the total variance to perform the HCA (supplementary materials). We
then selected three groups based on the total loss of inertia and the
ability to describe them (Husson et al., 2017). We called these A, B, and
C (Fig. 4). The active variables that best characterised the partitioning
into three groups were: the main outlet of the farm’s products, the
source of supply of Day-Old Chicks (DOCs) or pullets, duration of the
downtime period, whether fed with cereals, and the presence of a bio-
security protocol (supplementary materials).

Group A included 27 farms, which mainly raised exotic breed
chickens in a closed, equipped building with biosecurity measures. This
system was characterised by the full integration of the farm through a
contract with a chicken company (from DOC to final product) for most of
the farms. Farmers were young (under the age of 30), had less than 5
years of experience, and graduated from college or further higher
education.

Group B included 67 farms, mainly raising crossbreed chickens (mix
between a local and an exotic breed) raised in a semi-confined system
without automatic facilities and biosecurity. DOCs and/or pullets were
usually supplied by a local hatchery or hatchery companies and the farm
products were sold mostly through middlemen. The respondents were
experienced farmers (more than 15 years) and graduated from second-
ary school. They combined poultry production with other agriculture-
related activities and worked alone or with their family.

Group C included 17 farms, raising local breed chickens in semi-
confined or in a free-range system in contact with other poultry. DOCs
and pullets were produced on-farm and chickens were raised mainly for
their own consumption or sold directly. Poultry production was not their
main activity and represented less than 25% of their income. The 3
groups are fully described in the supplementary materials.

From these groups a new variable, called ClusterTypo was created
with the 3 groups as categories.

3.4. Typology of antibiotic usage

We selected the first six components of the MCA, explaining 50% of
the total variance, to perform the HCA (supplementary material). From
the HCA, we selected three groups (named 1, 2 and 3, Fig. 5) based on
the total loss of inertia and the ability to describe them.

The active variables that best characterised the partitioning into
three groups were: the primary source of advice (ABUadvice), the source
of AB supply (source), recording information on the treatment (Record

information. treatment), the dosage of antibiotics (ABdosage), and the
secondary source of advice (SecondABUadvice).

Group 1 (n = 25) included farmers who sought advice on ABU from
companies (chicken, drug, or feed company) from which they also
purchased antibiotics. Antibiotics were used for prevention and treat-
ment, according to the recommendations provided by the company.
Group 2 (n = 57) included farmers who used AB according to the advice
provided by the local drugstore or veterinarian. They purchased anti-
biotics from retailers (local veterinarians or drugstores). Antibiotics
were only used for treatment and according to retailer instructions.
Finally, group 3 (n = 29) did not seek professional advice and used AB
based on their own experience. Antibiotics were used for treatment and
prevention at a higher dosage and duration than indicated by the
veterinarian or indicated on the product (the details are shown in
Table 2).

3.5. Association between farming practices typology and antibiotic usage
patterns

The results showed that group A was associated with group 1 (88% of
farms in group A are in group 1), group B with group 3 (86.2%), and
group C with group 3 (24.6%) (Fig. 5).

We then tested the association between the pattern of ABU and the
farming practice variables including socio-demographic variables. The
Long An province was statistically associated with group 3 and Hanoi
province was associated with group 2 (Table 3).

4. Discussion

In this study, we identified three chicken production systems asso-
ciated with three different ABU patterns. This exploratory approach
allowed us to anticipate an ABU pattern based on the production system
adopted by the farms in northern and southern Vietnam. The relation-
ship between the production system and ABU in Vietnam has been
explored before (Kim et al., 2013; Luu et al., 2021). But to our knowl-
edge, this is the first study to explore the association between farming
practices (as a group or by individual variables) and patterns (which
group several variables associated with each other) of ABU in northern
and southern Vietnam.

From the multivariate analysis, we identified three contrasting
chicken production systems. Group A represents a very distinct group of
contract farms comprising of a vertical integration by foreign multina-
tionals (Duc and Long, 2008). The company provides all supplies to the
integrated farm including AB and sells the meat and eggs to supermar-
kets or catering facilities. Group B consists of family commercial farms
that have developed a market-oriented production of hundreds to
thousands of hybrid chickens, sold on the local market, raised in a
semi-confined system and fed with commercial feed. Group C is made of
backyard farms characterised by a few dozen local breed chickens raised
in an extensive system for the household’s own consumption. Our results
are in line with those found in the literature (Burgos et al., 2007;
Delabouglise, 2015; Desvaux et al., 2008; Duc and Long, 2008). It is
noteworthy that the respondents from the semi-structured interviews
divided group B into two production systems: intensive and
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Table 3
Association between categories of farming practice variables and the three ABU patterns that are statistically (p < 0.05) significant.
Group Category of farming practices p-value Group Category of farming practices p-value Group Category of farming p-value
1 variable 2 variable 3 practices variable
DOC/pullet supplier_chicken 1.1 x 10712 Technical record_No 4.6 x 1078 Province_Long An 5.2 x 1078
company
Technical Record_Yes 3.2x 10712 Automatic water No 1.4 x 107 Main outlet_ middle men 2.9 x107°
Employees_Yes 1.9 x 1071° Province_Hanoi 3.2x10°° Feed cost_65-80% 3.3x10°*
Protocol of biosecurity_Yes 6.0 x 10710 Protocol of biosecurity No 3.9x107° Breed_local 1.6 x 1072
Breed_foreign 3.4x107° Income from poultry 21x107* Employee_No 1.7 x 1073
activity_< 25%
Automatic water_Yes 1.8 x 1078 Pest control_No 45x10°* Scavenging feed_Yes 1.2 x 1072
Entering in the farm_vetand staff 6.1 x 1077 Employees No 6.7 x 1074 Alternative product in 1.4 x 1072
only feed_probiotic Vitamin
electrolyte detox
Investment source_company 24x1°° Hire land_No 7.2x107* Anticoccidial drugs_Yes 2.1 x 1072
Housing_inside 5.6 x 107° Education_secondaryschool 81x107* Housing_in and out 3.6 x 1072
Deworming No 6.3 x 107° Cereals_Yes 1.1 x 1072
Hire land_Yes 1.7 x 1074 Productive crop_Yes 2.0 x 1073
Age_< 30 1.7 x 1074 Main activity_agriculture 49x107°
Main activity_poultry 2.6 x107* Entering in the farm_different 5.4 x107°
visitors
Scavenging feed_No 47 x107* Main outlet_own consumption 7.8 x1072
Cereals feed_No 6.6 x 10~* Chicken breed_cross breed 2.3 x 1072
Anticoccidial drugs No 8.0 x 107* Fallowing tim_< 2 weeks 2.7 x 1072
Income from poultry 3.2x1073 Family worker _Yes 3.1 x 1072
activity_don’t know
Start working on the farm_< 5 43x107° Investment source_own money 3.3 x 1072
Education_College/higher 5.6 x 1073 Deworming_Yes 3.9 x 1072
Productive crop_No 7.7 x 1073 Main outlet_direct selling 4.0 x 1072
Pest control Yes 9.9 x 1073 DOC/pullet supplier_trader/ 4.0 x 1072
market
Fallowing period_2 weeks 1.0 x 1072 Investment source_own money 4.5 x 1072
and bank
Borrow money_No 2.0 x 1072
Feed cost_51-65% 2.1 x 1072
Experience of farming < 5 2.2 x 1072
Income from poultry 2.9 x 1072
activity_76-100%
Other animals_Yes 4x1072
Give an alternative to sick 5.0 x 1072

animals_vitamins electrolytes or
probiotics

semi-intensive family commercial farms. The combination of these two
groups into a single group suggested that they shared similar charac-
teristics and that intensification is not necessarily synonymous with
industrialisation (Robinson and FAO, 2011).

The use of antibiotics for preventive purposes in livestock production
is common in Vietnam (Carrique-Mas et al., 2015; Luu et al., 2021;
Truong et al., 2019) and was, in the present study, found to be associated
with contract and commercial farms (group A and B). The AB misuses
(improper dosage, no professional advice) of group 3 were found to be
associated with the family and commercially oriented production sys-
tem (group B) that use more antibiotics than backyard farms (group C).
Our findings are concordant with previous results that have shown that
intensive farms use higher levels of antibiotics than backyard (Luu et al.,
2021). Farmers who consume their own products tend to use fewer
antibiotics for prevention (Kim et al., 2013) than commercially oriented
systems.

In our study, no farmers reported the use of antibiotics as growth
promoters, which was also found in other studies conducted after the
implementation of the law (Luu et al., 2021; Pham-Duc et al., 2019)
compared to previous studies (Kim et al., 2013). As using AB for growth
promotion and prevention may be difficult to distinguish and may be
under reported by farmers (Coyne et al., 2020), these results should be
taken with caution. From semi-structured interviews, the addition of AB
for growth promotions is still reported by respondents and more than
half of the farmers (53,1%) reported using AB for both treatment and
prevention. Eleven farms reported mixing AB into the feed and 10 used it
after the 21 days allowed by the government (The Government of the
Socialist Republic of Vietnam, 2020). These practices are associated

with the group B. With a total ban of AB in feed for prophylaxis purposes
planned for 2025, there is an urgent need to raise awareness among
farmers and specifically target commercial family farmers.

Group C was associated with a pattern of ABU where farmers comply
with the dosage instructions provided by retailers and better ABU (group
2), while group B was associated with a pattern where farmers do not
follow the recommended dosage and use higher amounts of antibiotics
(group 3). Another study reported that semi-industrial farms (that
shared common characteristics with group B) have higher compliance
with dosage than backyard (related to group C) (Luu et al., 2021). Our
findings can be explained because group B is a large group that might
include some farms that lie at the limit between backyard and family
commercial farms. Increasing the biosecurity protocol of commercial
farm could be a way to reduce the usage of antibiotic in commercial
farm. In group A, the antimicrobial-decision-making system is driven by
the company’s orientation. When facing to a disease, farmers must call
the veterinarian or the technician of the company, that will decide to
give AB or not. Farmers also have a precise husbandry protocol with the
vaccination and AB (in prevention) schedule. Targeting these companies
is therefore an approach that can help to reduce ABU in integrated
farms. We identified an association between the ABU pattern of group 2
with Long An province and of group 3 with Hanoi province. This dif-
ference between provinces can be explained by the fact that data
collection was conducted by two different teams using different tools
(paper version and tablet). However, no differences were identified
between provinces regarding the typology of farming practices. We can
hypothesise that the higher dosages of antibiotic observed in Long An
province can be explained by a lower quality of the drug, as it has been
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found in the Mekong delta in south Vietnam (Yen et al., 2019). There is
also a greater weather variation in the north which was associated with
seasonal variation of outbreaks of highly pathogenic avian influenza
while it was not the case in the south (Delabouglise et al., 2017). It has
also been shown that the higher proportion of large-scale farms in the
south was associated with the presence of more drugstores (Dela-
bouglise, 2015). However, those differences don’t correspond to our
findings. It suggests that other factors could have an impact on the
antibiotic usage such as political factors in relation with the organisation
of the Vietnamese government.

The high proportion of farmers using antibiotics on the basis of their
own experience has been widely documented in Vietnam (Kim et al.,
2013; Pham-Duc et al., 2019; Truong et al., 2019). This practise is
facilitated by the availability of cheap drugs (Carriques-Mas et al., 2019)
over the counter (Carrique-Mas et al., 2015) as in other countries in
Southeast Asia (Lekagul et al., 2020; Om and McLaws, 2016) and in the
human health sector (McKinn et al., 2021). Drugstores have already
been shown to be the main source of advice and supply for small-scale
farms (Phu et al., 2019). But advice must progress towards more pru-
dent ABU to efficiently reduce its usage. Drugstores must also to be
included in the process of reducing antibiotic usage in Vietnam by
improving their awareness and knowledge. Indeed, a three-year inter-
vention study has demonstrated that providing professional advice to
farmers on small-scale farms leads to a reduction in ABU (Phu et al.,
2021). Currently, there is no surveillance system for ABU and ABR in
Vietnam, developing it, is one of the objectives of the NAP. As experi-
enced in a recent study, AB monitoring at drugstores level is a way to
develop ABU surveillance in Vietnam (Ha et al., 2021). The new circular
on prevention may also be a way of surveillance but further studies on
the level of compliance of drug sellers in issuing prescriptions should be
conducted.

Our study presents some limitations. As antibiotic usage can be a
sensitive subject, especially when farmers do not comply with recom-
mendations or regulations, answers related to the misuse or overuse of
antibiotics may be biased. Moreover, a misunderstanding of the defini-
tion of antibiotics can also lead to erroneous answers. We limited this
bias by adding farm observations and an explanation of the definition of
antibiotics.

5. Conclusions

This study showed different ABU across various chicken production
systems in Vietnam, suggesting that the ABU pattern can be associated
with socio-economic and technical factors. Considering the urgency to
reduce and improve ABU in Vietnam, the findings from this study may
contribute to developing targeted communication strategies. In the
context of policy changes, this study can also provide evidence of anti-
biotic usage practices that are necessary to develop targeted in-
terventions to increase the compliance of farmers in reducing their
antibiotic use. Family commercial farms should be targeted to empha-
sise the need to seek professional advice, which is associated with better
ABU. The other target population could be drugstores, private veterinary
practitioners or corporate veterinarians that provide direct advice to
farmers and could act as information relays and provide leverage to
foster better ABU on chicken farms in Vietnam.
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