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Abstract: In the Mekong Delta of Vietnam, small-scale poultry farmers use large amounts of
antimicrobials to raise their flocks, and veterinary drug shops owners and their staff are a key source
of advice to farmers on antimicrobial use (AMU). We described the network of veterinary drug
shops (n = 93) in two districts within Dong Thap province (Mekong Delta). We also interviewed a
randomly selected sample of chicken farmers (n = 96) and described their linkages with veterinary
drug shops. Antimicrobials represented 15.0% [inter quartile range (IQR) 6.0–25.0] of the shops’
income. Fifty-seven percent shop owners had been/were affiliated to the veterinary authority, 57%
provided diagnostic services. The median number of drug shops supplying antimicrobials to each
farm during one production cycle was 2 [IQR 1–2]. Visited shops were located within a median
distance of 3.96 km [IQR 1.98–5.85] to farms. Drug shops owned by persons affiliated to the veterinary
authority that did not provide diagnostic services had a higher fraction of their income consisting of
antimicrobial sales (β = 1.913; p < 0.001). These results suggest that interventions targeting veterinary
drug shop owners and their staff aiming at improving their knowledge base on livestock/poultry
diseases and their diagnosis may contribute to reducing overall levels of AMU in the area.
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1. Introduction

The indiscriminate use of antimicrobials in animal production is now recognised as a major driver
of antimicrobial resistance (AMR) worldwide [1,2]. Approximately 80% of total antimicrobial usage
(AMU) is thought to be aimed at animal production [3]. In the European Union, where data on AMU
in humans and animals are regularly collated, AMU in animals represented 70.2% of a total of 12,720
tonnes used in 2014 [4]. Antimicrobials are used in animal production to treat and prevent disease, as
well as for growth promotion in many countries [5,6]. In the Mekong Delta of Vietnam, veterinary
drug shops are the main source of antimicrobials to chicken farmers [7].

A recent study showed that the density of veterinary drug shops at commune level was positively
correlated with AMU in chicken flocks in this area [8]. In Vietnam, in 2015 there were ~10,400 licenced
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veterinary drug shops (average 150–200 per province). There are approximately ~5000 licensed
veterinary products on the market containing more than 70 antimicrobial ingredients [9]. The most
significant recent development in the country is the launch (2017) of the National Action Plan (NAP) for
the management of AMU and control of AMR in livestock production and aquaculture 2017–2020 [10].
The Vietnamese NAP is aligned with the Food and Agriculture Organisation Action Plan on AMR
2016–2020 [11] and includes key activities to support awareness, surveillance, governance and good
AMU practices. However, the Vietnamese NAP does not specifically focus on the network of veterinary
drug shops. As in many other low- and middle-income countries (LMICs) antimicrobials are sold ‘over
the counter’ without a prescription [12].

High levels of AMU have been reported both in chicken and pig production in the Mekong
Delta of Vietnam [13–15]. This behaviour is partly driven by the prevailing farming conditions that
lead to a high incidence of disease and mortality [8]. In addition, farmers often use antimicrobials
prophylactically as a replacement for good farming practices [16]. In the Mekong Delta of Vietnam,
there are three to six veterinary drug shops per commune (~32 km2), compared with only one or
two government veterinarian/s or commune animal health worker/s. Farmers have more regular
access to local veterinary drug shops than contact with any other animal health advisors [16]. It has
been suggested that pharmacy owners should play a central role in antimicrobial stewardship [17,18].
Therefore, owners of veterinary drug shops and their staff are likely to play an important role in
advising farmers on issues related to animal health, including AMU. However, it is of concern that
owners and staff of these shops may have vested interests in the sale of antimicrobials. Here, the aims
were: (1) To characterise and map out the veterinary drug shop network in the study area; (2) and to
investigate linkages between veterinary drug shops with 96 randomly selected chicken farmers in a
selected area of the Mekong Delta of Vietnam

2. Results

2.1. Characteristics of Veterinary Drug Shops

Of the 138 registered drug shops, 45 (32.6%) exclusively sold products for aquaculture. The
owners of the remaining 93 veterinary drug shops (i.e., those targeting terrestrial animals) (50 in
Cao Lanh, 43 in Thap Muoi) were interviewed. Demographic information and business activities
of these shops are described in Table 1. Most (66.7%) owners were male and of a median age of 40
[IQR 36–51] years-old. The majority (59.1%) of veterinary shop owners had a vocational (animal
science) qualification obtained in a technical college, whilst the remainder had a degree in veterinary
medicine. One owner had a post-graduate (Master’s) degree. Farmers were the main customer of
these establishments (median 100% [IQR 90–100]), followed by animal health workers (mentioned
by 36.6% veterinary drug shop owners). The median number of staff members (including the owner)
working in each shop was 2 [IQR 1–2], the respective values were 2 [IQR 2–2] and 2 [IQR 1–2] for Cao
Lanh and Thap Muoi. In term of staffing capacity, the median value was 12 person-days [IQR 7–14]
per week, 14 [IQR 9–14] for Cao Lanh and 10 [7–14] for Thap Muoi drug shops. There were 5 (5.4%)
shops staffed by personnel adding a total of 22.5–28.0 days/week. A total of 53 (57%) shop owners had
links with the local veterinary authority (Sub-Department of Animal Health of Dong Thap, SDAH-DT)
(50% in Cao Lanh and 65% in Thap Muoi). Of those, 6 (6.5%) shop owners were currently working at
SDAH-DT. A total of 68.8% of shops provided loan services to farmers for specific goods, consisting of
commercial feed (60.2% shops) and veterinary medicines (34.4%). Of the total income of antimicrobial
sales, products for pig farming represented 30% [IQR 15–60%] income, followed by ducks (20% [IQR
13–40%]), chickens (15% [IQR 10–25]), aquatic species (0% [IQR 0–3]) and other (cows, goats) (2 [IQR
0–10]) respectively. Diagnostic services (including post-mortem necropsy) were available in 57% drug
shops (76.0% in Cao Lanh and 34.8% in Thap Muoi).
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Table 1. Descriptive characteristics of veterinary drug shops. The breakdown of total sample size into
a fraction of antimicrobial sales is based on a median of 15% of antimicrobial sales.

Characteristics All
(n = 93)

<15%
Antimicrobial Sales

(n = 45)

≥15%
Antimicrobial Sales

(n = 48)

Owner’s gender (%)
Male 62 (66.7%) 31 31
Female 31 (33.3%) 14 17

Owner’s age in year (median [IQR]) 40 [36–51] 39 [36–48] 44 [38–52]

Education status (%)
Master’s degree 1 (1.1) 1 0
Degree in Vet Medicine/Animal husbandry 37 (39.8) 17 20
Vocational 55 (59.1) 27 28

District (%)
Cao Lanh 50 (53.8) 29 21
Thap Muoi 43 (46.2) 16 27

Number of years in business (median [IQR]) 13 [6–18] 12 [6–16] 14 [7–12]

Percent of customer by type (median [IQR])
Farmer 100 [90–100] 100 [97–100] 100 [88–100]
Other vet shops 0 [0–0] 0 [0–0] 0 [0–0]
Animal health worker 0 [0–10] 0 [0–2] 0 [0–2]

Staffing (median [IQR])
No. staff 2 [1–2] 2 [2–2] 2 [1–2]
Person-days per week 12 [7–14] 14 [9–14] 11 [7–14]

Affiliation (%)
Veterinary authority (current) 6 (6.5%) 2 4
Veterinary authority (previous) 47 (50.5%) 19 28
No veterinary authority affiliation 40 (43.0%) 24 16

Diagnostic service available (%)
Yes 53 (57.0%) 32 21
No 40 (43.0%) 13 27

Loan service (%)
Any product (feed or health products) 64 (68.8) 32 32
Feed 56 (60.2) 31 25
Health products 32 (34.4) 14 18

Percent of antimicrobial sales by species
(median/[IQR])

Pig 30 [15–60] 30 [15–70] 30 [18–60]
Duck 20 [13–40] 25 [10–50] 20 [15–36]
Chicken 15 [10–25] 10 [10–20] 15 [10–25]

Aquatic animals 0 [0–3] 0 [0–3] 0 [0–5]
Other 2 [0–10] 4 [0–10] 1 [0–10]

The types of commodities and services offered by veterinary drug shop are displayed in Figure 1.
A total of 85% shops retailed commercial feed, representing a median of 50.0% [IQR 20.0–70.0] of total
income across shops. All shops dispensed antimicrobial products and other health-related products.
Antimicrobial sales represented a median of 15.0% [IQR 6.0–25.0] of income. Non-antimicrobial drugs
health-related products represented a median income of 16.0% [IQR 8.0–27.0] of income). A total of
11.8% and 3.2% veterinary drug shops respectively offered services, such as selling day-old chicks and
collecting slaughtered-age chickens.
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Figure 1. Types of commodities and services provided by veterinary drug shops in the study area. 
Each colour represents a type of commodity/service, including antimicrobials, non-antimicrobial 
health-supporting products, commercial feed, day-old-chicks, collection slaughter-age chickens, and 
‘Other’ (services and other equipment: Drinkers, feeders, rice husks, etc.). 

2.2. Mapping of Veterinary Drug Shops and Livestock Populations 

The overall mean density of drug shops in the study area was 1.76 (SD ±1.94) per 10 km2 (1.84/10 
km2 in Cao Lanh; 1.48/10 km2 in Thap Muoi). Drug shops were unevenly distributed across the 
geographical space, with 5 clusters with a density of >5 shops/10 km2 accounting for 47% of all shops 
(Figure 2). Overall, there were 745 ducks, 167 chickens, 36 pigs, and <8 of each other species (Muscovy 
ducks, goats, geese, cows etc.) per km2 in the two study districts, representing an average of 2.5 tonnes 
of animal bodyweight per km2 (2.4–2.6 in each study district).  

Overall there were 3.8 shops (total 46.3 person-days) per 100 tonnes of animal bodyweight, 4.5 
in Cao Lanh (57.2 person days), 3.2 (37.3 person-days) in Thap Muoi. These values were equivalent 
to 1 veterinary drug shop per 26.3 tonnes (~32,875 chickens/ducks or 669 pigs), and 1 person-
day/week per 2.2 tonnes (~2,750 chickens/ducks or 56 pigs) (Table 2). 

Figure 1. Types of commodities and services provided by veterinary drug shops in the study area.
Each colour represents a type of commodity/service, including antimicrobials, non-antimicrobial
health-supporting products, commercial feed, day-old-chicks, collection slaughter-age chickens, and
‘Other’ (services and other equipment: Drinkers, feeders, rice husks, etc.).

2.2. Mapping of Veterinary Drug Shops and Livestock Populations

The overall mean density of drug shops in the study area was 1.76 (SD ±1.94) per 10 km2 (1.84/10
km2 in Cao Lanh; 1.48/10 km2 in Thap Muoi). Drug shops were unevenly distributed across the
geographical space, with 5 clusters with a density of >5 shops/10 km2 accounting for 47% of all shops
(Figure 2). Overall, there were 745 ducks, 167 chickens, 36 pigs, and <8 of each other species (Muscovy
ducks, goats, geese, cows etc.) per km2 in the two study districts, representing an average of 2.5 tonnes
of animal bodyweight per km2 (2.4–2.6 in each study district).

Overall there were 3.8 shops (total 46.3 person-days) per 100 tonnes of animal bodyweight, 4.5 in
Cao Lanh (57.2 person days), 3.2 (37.3 person-days) in Thap Muoi. These values were equivalent to 1
veterinary drug shop per 26.3 tonnes (~32,875 chickens/ducks or 669 pigs), and 1 person-day/week per
2.2 tonnes (~2750 chickens/ducks or 56 pigs) (Table 2).

2.3. Correlation between Number of Veterinary Drug Shops and Livestock Population

There were no significant correlations between the number of veterinary drug shops and the total
animal bodyweight, as well as each of the three major species (duck, chicken and pig) at commune
level. The Spearman’s rank correlation coefficients were of 0.20, 0.19, 0.08 and 0.17 respectively, (all p >

0.280). Similarly, the animal population of total bodyweight and three species of duck, chicken and
pig were also not significantly correlated with the staffing capacity per commune (all p > 0.520), the
correlation coefficients were 0.07, 0.12, 0.05 and 0.06 respectively. (Table S2, Figure S1).
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Figure 2. Geographical distribution of veterinary drug shop and livestock density at commune level in
the study area. (A) Geographical distribution and kernel density of veterinary drug shops within an
area of 10 km2; (B) density of animal populations by commune expressed as animal bodyweight, and
location of veterinary drug shops; (C) density heat map displaying the number of veterinary drug shops
per 100 tonnes of animal bodyweight; (D) density heat map of staffing capacity (person-days/week) per
100 tonnes of animal bodyweight.

2.4. Linkages between Veterinary Drug Shops and Chicken Farms

A total of 96 chicken farmers were interviewed. The median number of veterinary drug shops
visited by each farmer to purchase antimicrobials was 2 [IQR 1–2]. Farmers in Cao Lanh visited more
veterinary drug shops than those in Thap Muoi (median 2 [IQR 2–2] vs. 1 [IQR 1–2] respectively)
(Fisher’s Exact Test, p < 0.000). Three farmers (3.1%) (2 in Cao Lanh, 1 in Thap Muoi) had visited
>3 shops to buy antimicrobials, and 1 bought antimicrobial from 8 different veterinary drug shops.
Two farmers had travelled outside their district for purchasing antimicrobials (Table S3). The distance
between farms and the shops where farmers had purchased antimicrobials ranged from 0.03 to 14.97
km (median 3.96, [IQR 1.98–5.85]; 2.33 [IQR 1.43–4.36] for Cao Lanh, 5.15 [IQR 3.80–8.25] for Thap
Muoi). Farms were located at a median distance of 1.92 km [IQR 0.96–2.76] from their closest veterinary
drug shop (1.25 [IQR 0.73–2.06] for Cao Lanh, 2.53 [IQR 1.51–3.08] for Thap Muoi) (Figure 3).
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Table 2. Veterinary drug shops and density of animal population by commune and district.

Commune Area
(km2)

Vet
Drug
Shops

Person-
Days per Week

(Sum)

Person-Days
per Week
(Average)

Total Tonnes
Animal

Bodyweight

Tonnes
Bodymass per

km2

No. of Drug
Shops per 100

tonnes

Person-Days
per Week per

100 tonnes

Cao Lanh District 464.7 50 635.0 12.7 1109.7 2.4 4.5 57.2
An Binh 8.2 0 0.0 0.0 28.9 3.5 0.0 0.0
Ba Sao 62.7 2 22.5 11.3 77.9 1.2 2.6 28.9
Binh Hanh Tay 14.4 6 63.0 10.5 60.7 4.2 9.9 103.9
Binh Hang Trung 19.9 4 31.5 7.9 95.6 4.8 4.2 32.9
Binh Thanh 27.6 0 0.0 0.0 75.5 2.7 0.0 0.0
Gao Giong 51.4 3 43.0 14.3 59.8 1.2 5.0 72.0
My Hiep 22.5 2 21.0 10.5 72.2 3.2 2.8 29.1
My Hoi 15.9 4 46.0 11.5 105.4 6.6 3.8 43.7
My Long 21.0 3 42.0 14.0 42.7 2.0 7.0 98.5
My Tho 23.9 1 7.0 7.0 66.8 2.8 1.5 10.5
My Tho town 8.2 5 75.0 15.0 59.2 7.2 8.4 126.7
My Xuong 9.9 2 30.5 15.3 39.5 4.0 5.1 77.1
Nhi My 26.0 1 14.0 14.0 49.2 1.9 2.0 28.4
Phong My 28.2 3 35.0 11.7 103.2 3.7 2.9 33.9
Phuong Thinh 44.3 2 38.0 19.0 45.1 1.0 4.4 84.2
Phuong Tra 17.5 6 81.5 13.4 33.1 1.9 18.1 246.2
Tan Hoi Trung 40.7 4 70.0 17.5 46.2 1.1 8.7 151.6
Tan Nghia 22.4 2 15.0 7.5 48.7 2.2 4.1 30.8

Thap Muoi District 517.7 43 502.0 11.7 1346.9 2.6 3.2 37.3
Doc Binh Kieu 32.6 4 73.5 18.8 216.0 6.6 1.9 34.0
Hung Thanh 49.6 1 7.0 7.0 74.0 1.5 1.4 9.5
Lang Bien 23.3 1 7.0 7.0 73.4 3.1 1.4 9.5
My An 18.6 1 9.5 9.5 97.4 5.2 1.0 9.8
My An town 17.1 12 149.5 12.5 107.9 6.3 11.1 138.6
My Dong 25.2 1 7.0 7.0 108.7 4.3 0.9 6.4
My Hoa 36.7 2 15.0 7.5 63.4 1.7 3.2 23.7
My Quy 61.3 6 63.0 10.5 112.0 1.8 5.4 56.2
Phu Dien 45.4 4 40.5 10.1 143.8 3.2 2.8 28.2
Tan Kieu 42.4 2 16.0 8.0 100.1 2.4 2.0 16.0
Thanh Loi 47.8 1 14.0 14.0 45.9 1.0 2.2 30.5
Thanh My 44.7 2 14.0 7.0 127.2 2.8 1.6 11.0
Truong Xuan 73.0 6 86.0 14.3 77.1 1.1 7.8 111.5

Whole study area 982.4 93 1137 12.2 2456.6 2.5 3.8 46.3
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Figure 3. The geographical distance between farms (n = 94), their closest veterinary drug shop, and
the visited veterinary drug shops from which farmers purchased antimicrobials. Data from 2 farms
were excluded, since farmers visited other districts to buy antimicrobials. Solid red line: The median
distance between farms and visited shops (3.96 km); Dashed red lines: Inter quartile range [1.98–5.85].
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The reasons given by farmers to justify their choice of specific veterinary drug shops were, in
decreasing order: (1) Animal health services (including advice on husbandry, diagnostic support,
including post-mortem, vaccination support, sales of day-old-chicks) (mentioned by 47.9% farmers)
(standardised score 38.5%); (2) Kinship (a relative or friend), mentioned by 37.5% farmers (score 31.7%);
(3) Quality of products retailed (including the perception of being effective) (mentioned by 37.5%
farmers (score 27.6%); (4) Distance from farm (26% farmers) (score 14.7%); and (5) price (7.2% farmers)
(score 4.8%). Other, less commonly mentioned reasons (mentioned by 14.6% farmers in total) were:
Knowledge, experience of qualification of the owner, availability of special products (drugs used in the
brooding period) (scores 4.1) (Figure 4).Antibiotics 2019, 8, x 8 of 13 
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2.5. Risk Factor Analyses

Factors associated with a higher proportion of their income associated with antimicrobial sales
in univariable models (p < 0.2) were: (1) Owner ≥ 40 years-old; (2) District of Thap Muoi; (3)
Person-days per week (protective) (log), (4) Affiliation to government veterinary authority; and (5)
Diagnostic services available. The latter two variables (Affiliation to government veterinary authority
and Diagnostic services available) were combined into a new variable with four levels. In the final
multivariable model, the variable ‘District’, ‘Age’, and ‘Person-days’ became non-significant, since they
were confounded by affiliation to the veterinary authority. The highest risk corresponded to shops
owned by veterinarians affiliated to the veterinary authority that did not provide diagnostic services
(Table 3).
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Table 3. Linear models that investigate factors associated with a higher share of income consisting of
antimicrobial sales.

Univariable Multivariable *
β 95% CI p-Value β 95% CI p-Value

Owner’s gender (baseline = Male)
Female 0.011 −0.77–0.79 0.976

Owner’s age (baseline <40 years old)
≥40 years old 0.647 −0.07–1.37 0.079 0.156 −0.57–0.88 0.672

Education status (baseline = Vocational)
Bachelor or higher 0.341 −0.40–1.08 0.366

District (baseline = Cao Lanh)
Thap Muoi 0.993 0.28–1.70 0.006 0.462 −0.31–1.24 0.241

No. of years in business (log) 0.207 −0.18–0.59 0.296
Person-days per week (log) −0.910 −1.81–0.00 0.049 −0.726 −1.62–0.16 0.110
Affiliation to veterinary government authority
(baseline = No)

Yes 0.773 0.04–1.50 0.037
Diagnostic service (baseline = Yes)

No 0.989 0.27–1.70 0.007
Affiliation of shop owner and diagnostic
service (baseline = No affiliation to veterinary
government authority, diagnostic service)
Affiliation to veterinary government authority,

diagnostic service 0.656 −0.28–1.59 0.167 0.565 −0.38–1.51 0.239

Affiliation to veterinary government authority,
no diagnostic service 1.913 0.88–2.94 <0.001 1.497 0.32–2.66 0.012

No affiliation to veterinary government
authority, no diagnostic service 0.801 −0.25–1.85 0.135 0.692 −0.44–1.82 0.229

Loan service of any product (baseline = Yes)
No 0.454 −0.33–1.24 0.257

Kernel density of shops (log) −0.087 −0.67–0.50 0.769

* Intercept = 4.578; SE = 1.156.

3. Discussion

To our knowledge, this is the first study describing veterinary drug shops and their linkages
with farmers in a low- and middle-income country. Our results indicate a poor spatial correlation
between veterinary drug shops and animal populations at commune level. This is consistent with our
observation that farmers often purchase antimicrobials from shops for reasons other than geographical
proximity, preferring to travel to longer distances. In contrast, the provision of services (diagnostics,
vaccination support, advice on flock health) were major factors influencing the farmers’ choice/s of
veterinary drug shop.

According to the farmers’ opinions, antimicrobial retail prices had little impact on their specific
choice of veterinary drug shop. This is consistent with a previous study conducted in the area, where
poultry farmers stated that they would be willing to accept a three to four-fold hike in prices without
altering their AMU behaviour [16]. It has been shown that antimicrobials intended for veterinary
use are extremely affordable in the region (average of 0.56 cents of a USD per kilogram treated) and
represent only a small fraction of overall chicken production costs [12]. We found that, despite high
levels of AMU by chicken flocks in the area [15], antimicrobial sales represented a relatively small
fraction of the total income of veterinary drug shops. There were, however, the large difference
across establishments.

We found interesting differences in antimicrobial sales depending on the geographical location
and the profile of the shop owner. Shops in Thap Muoi district obtained a higher fraction of their
income from antimicrobial sales. However, this was explained by a higher fraction of drug shops in this
district that did not offer diagnostic services. Interestingly, the provision of diagnostic services was not
linked to the shop being owned by a fully qualified veterinarian (data not shown). Antimicrobials were
more likely sold in establishments where diagnostic support services, even basic (i.e., post-mortem),
were not available. This is consistent with studies in human medicine showing that uncertainty
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of diagnosis or the absence of diagnostic facilities is factors leading to an excessive prescription of
antimicrobials [19,20].

The higher density of pharmacies in Cao Lanh district is likely to result in competition among
shop owners and be reflected in more likely availability of diagnostic services in their shops. Despite
differences observed in antimicrobial sales and staff capacity in shops in these two districts, a previous
study identified larger overall levels of AMU among chicken farmers in this district [8]. This was
probably explained by a larger number of veterinary drug shops accessed by farmers in this district.

We mapped out veterinary drug shops and related these to animal bodymass. A previous study
conducted in one district within Ho Chi Minh City estimated that there were 301 drug shops for a
resident human population of 396,175 people [21]. Assuming an average bodyweight of 50 kilograms
per person, we calculate that one pharmacy supplied to a total of 65.8 tonnes of human bodyweight. In
contrast, in our study, there was one veterinary drug shop for 26.3 tonnes of animal bodyweight (i.e.,
2.5 times higher than human drug shops).

Our study had a number of limitations: We only interviewed drug shop owners, even though
other persons for which we did not gather information often staffed these shops. Also, there were a
number of veterinary drug shops falling outside the district boundaries. This was more likely for farms
located close to the edges of the district (data not shown). This may have resulted in an underestimation
of the distances between farms and their chosen drug shops. We focused on small- scale chicken
farms since small-scale farming is the most common type of farming system in the Mekong Delta and
elsewhere in Southeast Asia. The chosen farms had already been enrolled as part of a large field-based
project (www.viparc.org), and previous data indicated exceptionally high levels of AMU in these
systems. We believe that, to a certain extent, our findings can be extrapolated to small farms raising
other poultry species and pigs in the region.

4. Materials and Methods

4.1. Study Area, Populations and Veterinary Drug Shops

The study was conducted in two districts (Cao Lanh and Thap Muoi) within Dong Thap province
(Mekong Delta of Vietnam) in October 2018. These two districts had a combined area of 982.6 km2,
representing 27% of the whole province, and have a combined population of 313,445 people (population
density 319 people/km2). Rice and fruit crops, as well as raising livestock (pigs, cattle, goats) and
poultry (ducks, chickens and Muscovy ducks) are the main economic activities in this rural area. Data
on animal populations by commune (an administrative sub-division within the district) were provided
by the Sub-Department of Animal Health of Dong Thap (SDAH-DT) (official census, 2017). In Cao
Lanh and Thap Muoi districts, there were a combined population of 732,337 ducks, 163,572 chickens,
35,647 pigs, 7843 Muscovy ducks, 2934 cows, 1160 goats, and 784 geese. A total of 138 active veterinary
drug shops were registered in these two districts.

4.2. Correlation between Veterinary Drug Shop and Livestock Population

Data on the total number of animals (ducks, Muscovy ducks, chickens, pigs, geese, bovines, goats)
in each commune were converted into animal bodyweight based on 50% of the average weight of
slaughtered animals in Mekong region [22]: Duck, chicken (1.6 kg), goat (44.4 kg), pig (78.6 kg), cow
(200 kg). The Muscovy duck and goose slaughter weights were estimated in 3.2 kg. We calculated
the Spearman’s rank correlation coefficient between the number of veterinary drug shops and animal
bodyweight at commune level. Detailed on animal population by species at commune level are
provided in Table S2.

4.3. Mapping of Veterinary Drug Shops and Livestock Density

The location coordinates of all veterinary drug shops and chicken farms in the two study districts
were obtained. These were plotted using Quantum GIS (QGIS), version 2.18.15 (QGIS Development

www.viparc.org
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Team) based on DIVA-GIS boundary data (https://www.diva-gis.org). A kernel density algorithm was
used to create density heat maps of veterinary drug shop within a radius of 5 kilometers [23]. Likewise,
the ratio of veterinary drug shops and person-days per week (the sum of working days of all staff

including the shop owner per week) to total tonnes of animal bodyweight per commune was plotted
using a kernel density.

4.4. Survey of Veterinary Drug Shops and Chicken Farmers

Veterinary drug shop owners in Cao Lanh and Thap Muoi district were interviewed using
structured questionnaires. Information on demographic characteristics of the shop owners (i.e., age,
gender, educational status) and other shop-related variables (district, number of years in business,
type/s of customer, opening times, staffing capacity, types of products sold, diagnostic services, loan
service of feed, health products and sales by species) were collected. In addition, we interviewed
small-scale chicken farmers (raising between 100 and 2000 chickens) that had previously been randomly
selected for a longitudinal study [24]. Farmers were asked to list the veterinary drug shops from
where they purchased veterinary drugs over their latest flock production cycle. Farmers were asked to
list and rank the reasons behind their choice of each drug shop, adding up to 100%. We calculated
a standardised score for each reason by multiplying each of these ranks by the share of expenditure
on each veterinary drug shop. The distances between veterinary drug shops and chicken farms were
determined using the Distance Matrix Tool on QGIS.

4.5. Risk Factor Analysis

Risk factor analyses for the outcome variable ‘proportion of business income consisting of
antimicrobial sales (square root transformed) were carried out by linear regression. The variables
investigated were: (1) Owner’s gender; (2) Owner’s age (as determined with a cut-off of median value
of 40 years old); (3) Qualification of owner (vocational/bachelor or higher); (4) District; (5) Numbers of
years in business (log); (6) Staffing capacity (person-days per week) (log); (7) Affiliation to veterinary
authority (previous or current); (8) Diagnostic services available (including post-mortem); (9) Loan
services available; (10) Kernel density of veterinary drug shop (log). A multivariable model was built
using a step-wise forward approach to select the final model. Univariable models were screened, and
those with a p < 0.20 were kept as a candidate for multivariable models. All statistical analyses were
done using R (http://www.r-project.org).

5. Conclusions

Our findings suggest that improving the knowledge base of veterinary drug shops owners and
their staff on animal diseases and diagnostics may contribute to reducing excessive dispensation of
antimicrobials, whilst improving their awareness on the consequences of antimicrobial misuse. This
should be coupled with more stringent licencing requirements and training certificates to owners of
these shops, as well as any staff operating them.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-6382/8/4/195/s1,
Figure S1: Correlation between animal population and number of veterinary drug shops/ total person-day per
week at commune level, Table S1: Data on survey of veterinary drug shop, Table S2: Total animal population in
study area, Table S3: Geographical coordinates and distance between veterinary drug shops and chicken farms,
Table S4. Standardised scores of reasons for choosing a veterinary drug shop by chicken farmers.
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