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Abstract 
Biosecurity measures are essential for protecting pig health, however, these 
practices are not always utilized by smallholder farmers in Cambodia. This 
study aimed to assess the knowledge and practices, in terms of pig biosecurity 
measures, of individual stakeholders involved in pig production in rural and 
peri-urban households in Cambodia. A survey tool was developed and admi-
nistered using Kobotoolbox, an online electronic survey tool. Surveys were 
conducted in the provinces of Kampong Thom, Siem Reap, and Battambang 
during December 2017 to September 2018. There were 225 pig farmers, 43 
village animal health workers (VAHWs), 3-district veterinarians (DVs), and 
81 feed store owners enrolled in the study. Results showed that several biose-
curity guidelines are not followed or well understood by farmers. Specific 
concerning practices included using natural boars, sharing pig equipment (e.g. 
scales), feeding kitchen waste, managing other livestock, handling manure, 
and not restricting access by visitors (VAHWs or DVs, boar owners, pig buy-
ers, neighbors, and meat sellers). Thus, education of pig smallholder farmers 
and VAHWs on pig biosecurity is needed for improving pig health and pro-
duction, economic value, and livelihood of smallholder farmers in Cambodia. 
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1. Introduction 

Livestock production in Cambodia can be broken into two major groups: large 
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animals (cattle and buffalo) and small animals (poultry and pigs). In recent 
years, the Cambodian Ministry of Agriculture, Forestry and Fisheries (MAFF) 
has estimated increases in the numbers of ducks, chickens, and pigs being pro-
duced in the country [1]. Furthermore, poultry and pig production are major 
sources of household income, with pork having the largest share of the livestock 
market in Cambodia. 

Cambodia has three major types of pig production: smallholder, semicommer-
cial, and commercial [2]. Of these production types, the largest percentage, 
roughly 90, is smallholder. Smallholders are mainly located in rural areas [3] and 
are relatively small (i.e. keeping 5 pigs or less; [2] [4]). Although small-scale pig 
production may not contribute to overall efficiency of pork production for 
Cambodia, many smallholder households rely on pigs for income. High mortal-
ity, low reproductive performance, and widespread malnourishment are major 
constraints for smallholder pig farmers [5] [6]; which can jeopardize livelihoods 
for smallholder households. Samkol et al. (2006) reported that the economic 
failure of Cambodian pig smallholders production is often due to high mortality 
of young piglets as farmers commonly buy piglets from middlemen at the time 
of the rice harvest and those piglets are generally not adapted to the smallholder 
environment and often cannot survive on poor quality diets [3].  

Disease and mortality are major challenges in raising pigs. Disease outbreaks 
were considered one of the main constraints of pig production, along with ex-
pensive feed and low payment prices for the slaughter pigs [7]. Currently, several 
important pig diseases are circulating in Cambodia including Classical Swine 
Fever virus, Foot and Mouth Disease virus, Porcine Circovirus, highly patho-
genic PRRSv, Aujeszky’s virus, Mycoplasmas [7], and porcine cysticercosis [8]. 
Of these, it has been suggested that African Swine Fever and parasites place the 
largest health constraints on smallholder pig farmers [5]. However, Dione et al. 
(2018) reported that some pathogens including Streptococcus suis, Porcine cir-
covirus type 2, Actinobacillus pleuro-pneumoniae, and Mycoplasma hyopneu-
monia have a high prevalence in smallholder pig production systems and might 
be silent killers, thus affecting productivity [9]. Furthermore, there is also the 
possibility that some zoonotic pathogens can spread to human populations and 
affect the health of smallholder families and communities.  

In Cambodia, village animal health workers (VAHWs) have been officially 
recognized by law since 2001 and are required to formally register and undergo 
approved training. Training has historically focused on technical assistance and 
animal health services such as vaccination and treatments [7] [10] [11]. Use of 
VAHWs provides an accessible, market-based, animal health “treatment and 
reporting” service linked to livestock smallholders across Cambodia [7] [12]. 
Recent studies in Cambodia indicate that smallholder farmers use the VAHWs 
as their primary contact for heath related decisions [13]. Thus, increased veteri-
nary extension to VAHWs and access to veterinary equipment, vaccines, and 
drugs may further increase VAHW-farmer engagement [7]. Moreover, increas-
ing the knowledge of these animal health workers is critical for changing com-
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mon farmer habits and practices. Although most of Cambodian VAHWs pre-
viously received training on good hygienic practices, ensuring they consistently 
follow these practices can be challenging [14]. A study in China found that some 
village veterinarians did not apply consequent biosecurity measures (e.g. use of 
disinfectant or gloves) when handling sick animals which can pose a great threat 
to their own health or transmit the diseases in human and pig populations [14].  

Several studies have been conducted on pig smallholder biosecurity in Viet-
nam [15], Indonesia [16], Uganda [9], Kenya [17], Madagascar [18], Central 
Africa [19], and India [20]. However, no information is available regarding 
knowledge and practices of pig biosecurity on pig smallholders and VAHWs in 
Cambodia. Thus, the objective of this study was to assess the knowledge and 
practices of biosecurity measures of smallholder farmers and VAHWs to reduce 
the risk of pig diseases in rural and peri-urban households in Cambodia. 

2. Material and Methods 

The research protocol and data collection tools were reviewed and approved by 
the Institutional Review Board at Kansas State University (IRB #8899.1). 

2.1. Study Area 

The study areas comprised rural and peri-urban areas of Kampong Thom, Siem 
Reap, and Battambang province which were designated as within the zone of in-
fluence for the Feed the Future Innovation Lab for Livestock Systems in Cambo-
dia (Figure 1). 
 

 
Figure 1. Map of study area. 
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2.2. Study Design and Data Collection 

Surveys were collected in over 10 months from December 2017 to September 
2018. There were 225 pig farmers, 81 feed store owners, and 43 VAHWs and 
3-DVs enrolled in the surveys. The surveys were conducted under guidance of 
the district veterinarians in each target province. They facilitated farm selection 
and accompanied the Royal University of Agriculture (RUA) team on survey 
trips. Farmers, feed store owners, VAHWs, and DVs were chosen from two dis-
tricts of Kampong Thom, and three districts in Battambang and Siem Reap. Se-
lection of districts was based on information about the number of smallholder 
farms and density of pig populations in the study areas from reports from the 
Provincial Department of Agriculture, Forestry, and Fisheries and the Provincial 
Department of Animal Health and Production in each province. The survey was 
used to assess current practices and knowledge concerning feed and health 
management, as well as to identify gaps in disease management strategies. A 
census of surveys was performed by veterinary students and staff of faculty of 
veterinary medicine, RUA, Phnom Penh. Students and staff were trained in the 
use of the survey. The surveys were conducted via Kobotoolbox program on 
Ipads. 

2.3. Survey Tool Development 

A survey tool with three questionnaires was designed to investigate biosecurity 
knowledge and practices for different respondent groups: 1) farmers, 2) VAHWs 
and DVs, and 3) feed store owners. Each questionnaire consisted of a different 
set of questions designed to investigate the individual knowledge of respondent 
groups. The questionnaires were created in an online software developed by 
Harvard Humanitarian Initiative to serves as a “suite of tools for field data col-
lection” (KoBoToolbox, Harvard Humanitarian Initiative) [21]. This software 
was chosen based upon a unique feature that allows surveys to be taken in offline 
mode; which allowed for data collection and storage in areas without an internet 
connection. 

Survey questionnaires were developed in English and translated into Khmer 
(the local language) and orally administered—by university staff and students 
from the Royal University of Agriculture (RUA), Phnom Penh, Cambodia—to 
participants through a personal one-on-one interview technique. The survey was 
administered orally to gain more reflective answers, ensure the understanding of 
respondents on complex questions, and to maintain a quality control measure 
over response rate. Additionally, an observational assessment was conducted in 
feed stores, in order to examine the cleanliness and general settings of feed store 
environments. 

2.4. Farmer Survey 

A total of 225 farmers were interviewed in this study. Farmers were surveyed at 
their homes or pig barns. Farmers were surveyed to obtain data on feed re-
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sources, current diet practices, and knowledge concerning feed, biosecurity, and 
health management. Farmer surveys took about 40 minutes including the collec-
tion of the feed or ingredients, taking picture of the feed or ingredients, pig, pig 
barn area, and medicine used. 

2.5. Village Animal Health Worker or District Veterinarian Survey 

A total of 43 VAHWs and 3 DVs were interviewed in this study. The VAHWs or 
DVs surveys were conducted either at the home of the VAHWs or at the DVs’ 
home. The VAHWs and DVs were surveyed to obtain data on services, medicin-
al tools, and knowledge on bio-security. VAHWs and DVs survey took about 50 
minutes including taking picture of medicine, medicine tools, and medicine bag. 

2.6. Feed Store Surveys 

A total of 81 feed store owners were interviewed in this study. Feed store owners 
were surveyed at their stores. This survey included questions regarding feed or 
ingredient type and cost, veterinary drugs, and vaccines available at the store. 
Also, the status of store regarding hygiene management was assessed. Pictures of 
feed, ingredients, veterinary drugs, and vaccines were also taken with permis-
sion. Feed store surveys took about 30 minutes including sampling feed and in-
gredients. 

2.7. Statistical Analyses 

Results of the biosecurity portion of the surveys are presented here with infor-
mation on other portions of the survey presented elsewhere. All data regarding 
current practices and knowledge concerning feed and health management were 
analyzed through descriptive statistics. 

3. Results 
3.1. Farmer Surveys 

A total of 225 farmers were interviewed with 33% being male and 67% female 
(Table 1). In terms of pig ownership, 80% of the farmers owned sows, with 97% 
of them owning 10 or fewer. Interestingly, 50% of all farmers owned between 1 
to 2 sows, and only 8% of farmers owned a boar. In total, 85% of farmers owned 
grow-finish pigs, with 38% of all farmers having 10 or less pigs, and 28% having 
11 to 20 pigs. Only 10% of farmers had more than 30 grow-finish pigs. Most pigs 
(83%) were of improved breeds with only 9% being local breeds and the re-
mainder being a combination. There were no major differences in survey results 
between the three provinces. 

Several concerning biosecurity areas were found in the farmer surveys (Table 
2). Live boars from a boar man were used by 64% of the farmers for breeding 
with only 12% using artificial insemination (AI). Pig buyers come to the farm to 
buy the pigs in 99% of the cases and bring other pigs that were purchased from 
others with them 88% of the time. Farmers shared scales (48%), cages (16%),  

https://doi.org/10.4236/ojas.2020.103037


B. Chea et al. 
 

 

DOI: 10.4236/ojas.2020.103037 577 Open Journal of Animal Sciences 
 

Table 1. Status of pig production of smallholders in provinces in Cambodia. 

Descriptions 
Provinces 

Overall 
Kampong Thom Siem Reap Battambang 

1) Gender 
    

Male 18/75 (24) 29/75 (39) 27/75 (36) 74/225 (33) 

Female 57/75 (76) 46/75 (61) 48/75 (64) 151/225 (67) 

2) Pig breed kept by farmers 
    

Improved breed 49/75 (66) 65/75 (87) 72/75 (96) 186/225 (83) 

Local breed 16/75 (21) 3/75 (4) 1/75 (1) 20/225 (9) 

Both breed 10/75 (13) 7/75 (9) 2/75 (3) 19/225 (8) 

3) Sows inventory kept by farmer (head) 
    

0 18/75 (24) 13/75 (17) 16/75 (22) 47/225 (21) 

1 28/75 (37) 19/75 (25) 21/75 (28) 68/225 (30) 

2 13/75 (17) 17/75 (23) 15/75 (20) 45/225 (20) 

3 8/75 (11) 8/75 (11) 7/75 (9) 23/225 (10) 

4 - 10 8/75 (11) 14/75 (19) 15/75 (20) 37/225 (17) 

10 - <25 0/75 (0) 4/75 (5) 1/75 (1) 5/225 (2) 

4) Boars inventory kept by farmers (head) 
    

0 72/75 (96) 66/75 (88) 70/75 (93) 208/225 (92) 

1 1/75 (1) 3/75 (4) 2/75 (3) 6/225 (3) 

2 0/75 (0) 1/75 (1) 0/75 (0) 1/225 (0) 

3 0/75 (0) 3/75 (4) 3/75 (4) 6/225 (3) 

<4 - 5 2/75 (3) 2/75 (3) 0/75 (0) 4/225 (2) 

5) Fattening pigs inventory kept by  
farmers (head)     

0 8/75 (11) 19/75 (25) 6/75 (8) 33/225 (15) 

1 - 10 30/75 (40) 26/75 (34) 30/75 (40) 86/225 (38) 

11 - 20 26/75 (34) 14/75 (19) 23/75 (31) 63/225 (28) 

21 - 30 9/75 (12) 5/75 (7) 9/75 (12) 23/225 (10) 

31 - <120 2/75 (3) 11/75 (15) 7/75 (9) 20/225 (9) 

6) Main pig sources 
    

Own sows 50/75 (67) 45/75 (60) 49/75 (65) 144/225 (64) 

Buys directly from multiple sources 20/75 (27) 25/75 (34) 13/75 (18) 58/225 (26) 

Purchase from a contract farm 4/75 (5) 1/75 (1) 7/75 (9) 12/225 (5) 

Purchase from a pig buyer 1/75 (1) 0/75 (0) 2/75 (3) 3/225 (1) 

Received from NGO 0/75 (0) 1/75 (1) 0/75 (0) 1/225 (1) 

Other 0/75 (0) 3/75 (4) 4/75 (5) 7/225 (3) 

Numbers in parenthesis are percentages. 
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Table 2. Status of pig biosecurity management of smallholders in provinces in Cambodia. 

Descriptions 
Provinces 

Overall 
Kampong Thom Siem Reap Battambang 

1) People control by farmers to reduce 
disease risks     

Neighbors come to see the pigs 68/75 (91) 66/75 (88) 63/75 (84) 197/225 (88) 

Neighbors whom visit pigs own their own 
pigs 

60/75 (80) 62/75 (83) 55/75 (73) 177/225 (79) 

Farmer restrict access of other people to 
the pig area     

No restrictions 72/75 (96) 70/75 (94) 68/75 (90) 210/225 (93) 

Visitors allowed with restrictions* 2/75 (3) 4/75 (5) 2/75 (3) 8/225 (4) 

No visitors allowed 1/75 (1) 1/75 (1) 5/75 (7) 7/225 (3) 

*Types of restrictions 
    

Change footwear 0/75 (0) 1/75 (1) 0/75 (0) 1/225 (1) 

Must not own or been around other pigs 1/75 (1) 1/75 (1) 0/75 (0) 2/225 (1) 

Disinfect shoes 0/75 (0) 1/75 (1) 0/75 (0) 1/225 (1) 

Must not own pigs 0/75 (0) 1/75 (1) 0/75 (0) 1/225 (1) 

Just allow as it is impolite to restrict 1/75 (1) 0/75 (0) 0/75 (0) 1/225 (1) 

Not allow strangers 0/75 (0) 0/75 (0) 2/75 (3) 2/225 (1) 

Person selling meat to the pig farm 30/75 (40) 39/75 (52) 26/75 (35) 95/225 (42) 

Pig selling and pig buyers 
    

Buyer comes to the farm and picks them 
up 

75/75 (100) 74/75 (99) 74/75 (99) 223/225 (99) 

Farmer takes pigs to the buyer 0/75 (0) 1/75 (1) 1/75 (1) 2/225 (1) 

Buyer purchase from other farms? 70/75 (93) 63/75 (84) 65/75 (87) 198/225 (88) 

Buyer brings a scale to the farm? 6/75 (8) 5/75 (7) 9/75 (12) 20/225 (9) 

2) Waste feeding practices to pigs by  
farmers     

Feeding restaurant waste to pigs 3/75 (4) 4/75 (5) 7/75 (9) 14/225 (6) 

Delivery of restaurant waste to the pigs 
farms 

3/75 (4) 4/75 (5) 7/75 (9) 14/225 (6) 

Restaurant waste cooked before feeding to 
the pigs 

2/75 (3) 3/75 (4) 7/75 (9) 12/225 (5) 

Feeding own kitchen waste to the pigs 41/75 (55) 42/75 (56) 27/75 (36) 110/225 (49) 

Kitchen waste contains meat scraps 17/75 (23) 15/75 (20) 11/75 (15) 43/225 (19) 

3) Boars and semen management by  
farmers     

Breeding sows 
    

A boar man brings a boar 44/75 (59) 44/75 (59) 57/75 (76) 145/225 (64) 

Artificial insemination* 12/75 (16) 10/75 (13) 5/75 (7) 27/225 (12) 
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Continued 

Farmers own their boar and breeds sows to 
others 

1/75 (1) 8/75 (11) 2/75 (3) 11/225 (5) 

Farmers own their boar and only use their 
own sows 

0/75 (0) 1/75 (1) 1/75 (1) 2/225 (1) 

Uses a boar from a neighbor 4/75 (5) 0/75 (0) 1/75 (1) 5/225 (2) 

*Who does the artificial insemination? 
    

Boar owner 11/12 (92) 5/10 (50) 1/10 (20) 17/27 (63) 

Farmer themselves 1/12 (8) 5/10 (50) 2/10 (40) 8/27 (30) 

Village animal health workers 0/12 (0) 0/10 (0) 2/10 (40) 2/27 (7) 

4) Sharing equipment by farmers 
    

Scale 35/75 (47) 28/75 (37) 46/75 (61) 109/225 (48) 

Pig’s cage 15/75 (20) 17/75 (23) 3/75 (4) 35/225 (16) 

Cart to move the feed 7/75 (9) 13/75 (17) 3/75 (4) 23/225 (10) 

Pig lifting stick 10/75 (14) 6/75 (8) 1/75 (1) 17/225 (8) 

Teeth clipper/tail docker 0/75 (0) 1/75 (1) 6/75 (8) 7/225 (3) 

Other 0/75 (0) 1/75 (1) 0/75 (0) 1/225 (1) 

5) Own livestock besides pigs by farmers 
    

Chickens 69/75 (92) 72/75 (96) 61/75 (81) 202/225 (90) 

Ducks 28/75 (37) 45/75 (60) 35/75 (47) 108/225 (48) 

Cattle 25/75 (33) 40/75 (53) 21/75 (28) 86/225 (38) 

Geese 6/75 (8) 1/75 (1) 4/75 (5) 11/225 (5) 

Buffalos 1/75 (1) 0/75 (0) 0/75 (0) 1/225 (1) 

Goats 0/75 (0) 0/75 (0) 1/75 (1) 1/225 (1) 

Other 2/75 (3) 6/75 (8) 0/75 (0) 8/225 (4) 

6) Manure management 
    

Not collected or managed 50/75 (67) 60/75 (81) 59/75 (79) 169/225 (75) 

Collected and fertilize crops/vegetables 24/75 (32) 7/75 (9) 16/75 (21) 47/225 (21) 

Use for Biogas system 0/75 (0) 7/75 (9) 0/75 (0) 7/225 (3) 

Other 1/75 (1) 1/75 (1) 0/75 (0) 2/225 (1) 

Numbers in parenthesis are percentages. 

 
trucks or carts (10%), or other supplies. Almost all of the farmers (93%) allowed 
visitors near their pigs without restrictions and 88% said their neighbors come to 
see their pigs with 79% of those neighbors also having pigs. Kitchen waste was 
fed by 49% of the farmers with meat scraps included in the kitchen waste by 19% 
of them. Farmers also indicated that people come to the farm to sell meat (42% 
of those surveyed). Manure management was also an issue with manure not be-
ing collected or managed by 75% of farms. Keeping livestock with the pigs also 
was found to be an issue with 90% of farmers also having chickens, 48% having 
ducks, 38% with cattle, and less than 5% having others animals. 
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3.2. Village Animal Health Worker and District Veterinarian  
Surveys 

A total of 46 village animal health workers and district veterinarians were inter-
viewed with 83% male and 17% female (Table 3). Twenty percent of them had  
 
Table 3. Biosecurity practices by village animal health workers in Cambodia.  

Descriptions Overall 

1) Gender  

Male 38/46 (83) 

Female 8/46 (17) 

2) Experience of VAHWs 
 

0 - 10 9/46 (20) 

11 - 20 23/46 (50) 

21 - >30 14/46 (30) 

3) Mode of transportation of VAHWs 
 

Motorcycle 46/46 (100) 

Bike cycle 7/46 (15) 

Walk 8/46 (17) 

4) Order of visiting pig farm of VAHWs 
 

Least sick to most sick 4/46 (9) 

Most urgent first 23/46 (50) 

Farms that are closer to minimized the travel between farms 3/46 (6) 

Whenever calls first is visited first 16/46 (35) 

5) Biosecurity practiced by VAHWs when visit farm to farm 
 

No biosecurity 13/46 (28) 

Wash hands between farms 40/46 (87) 

Disinfect shoes between farms 10/46 (22) 

Change clothes/shoes between farms 5/46 (11) 

Wash vehicle between farms 1/46 (2) 

Other 3/46 (7) 

6) Needle use by VAHWs 
 

Needle reuse when get dull by the VAHWs 25/46 (54) 

Ways to clean reusable needles by VAHWs 
 

Alcohol 2/41 (5) 

Boil in water 34/41 (83) 

Other 5/41 (12) 

Needle change during pig treatment by VAHWs 
 

Between farms 20/41 (49) 

Between pigs 16/41 (39) 

When needle gets damaged or broken 5/41 (12) 

Data was obtained from VAHWs and DVs in Kampong Thom, Siem Reap, and Battambang province. 
Numbers in parenthesis are percentages. 
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10 years of experience or less. Fifty percent of them had 10 to 20 years of expe-
rience, while 30% had more than 20 years of experience. All respondents used 
motorcycles for pig service calls. Less than 20% of respondents reported that 
they will walk or ride their bikes when the pig service calls are close in proximity 
to their houses. VAHWs utilized various techniques for setting their schedules 
for farm visits. Fifty percent of them prioritized urgent issues first, while 35% 
visit farms in the order that the request for visit was received. Less than 10% of 
them visit farms in order of least to most sick pigs or by distance between farms 
(closest farm first). 

Twenty-eight percent of VAHWs or DVs stated they went to the pig farm 
without practicing any biosecurity. Hand washing was common with 87% of 
VAHWs indicating that they washed hands between farms. Fifty-four percent of 
VAHWs or DVs used reusable needles. Forty-nine percent of VAHWs or DVs 
changed needle between farms and 39% changed needles between pigs. Some of 
them (12%) used reusable needle until the needle gets damaged or broken dur-
ing pig treatment.  

3.3. Feed Store Surveys 

Cleanliness was an issue in the feed stores with 35% having dirty floors that 
hadn’t been swept recently and 28% having fecal matter present (Table 4). 
Spilled feed ingredients on the floor were found in 48% of stores and there was 
evidence of rodents in 74% of stores. Other animals in the feed store were also a 
concern with 92% having live chickens in the store and 58% having other live 
birds or bird feces in the store. Thirty-eight percent of store owners indicated 
that they or their workers had pigs on their own farm. 
 
Table 4. Status of store in feed store in Cambodia. 

Descriptions Overall 

1) Gender 
 

Male 38/81 (47) 

Female 43/81 (53) 

2) Sell veterinary medications 51/81 (63) 

3) Handle veterinary medications 
 

In cabinet that can be in sunlight for at least part of the day 33/51 (65) 

In cabinet that is never in the sunlight 18/51 (35) 

4) Hygiene and management of the store 
 

Store owners has pigs on their own farm 31/81 (38) 

Floor of the store get wet 6/81 (7) 

Floor looks like it has been swept recently 28/81 (35) 

Having fecal material in front of the store 23/81 (28) 

Loose or spilled feed ingredients on the floor 39/81 (48) 

Evidence of rodents in the store 60/81 (74) 
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Continued 

Evidence of live birds and bird faces in the store 47/81 (58) 

Evidence of live farm animals at the store 
 

Chickens 22/24 (92) 

Dogs 2/24 (8) 

Data was obtained from VAHWs and DVs in Kampong Thom, Siem Reap, and Battambang province. 
Numbers in parenthesis are percentages. 

4. Discussion 

Pigs make an important contribution to the livelihoods of urban, peri-urban, 
and rural households Cambodia, but many households face external constraints 
on their pig production, such as diseases and low revenues, which may have a 
negative impact on their livelihoods [22]. This paper presents the biosecurity 
knowledge and practices of Cambodia pig smallholder farmers and VAHWs 
collected through in-person surveys. The biosecurity knowledge and practices 
measures covered in this study included introduction of new pigs and breeding, 
instruments or equipment, other species present in the farms, waste feeding, 
manure, and visitors and their vehicles management, which are all part of com-
pliance recommendations for smallholder farmers by [23]. Several pig biosecur-
ity concerns were found from farmer surveys, including using natural boar, 
sharing pig equipment, managing other livestock, feeding kitchen waste, han-
dling manure, and control of visitors (village animal health workers, boar own-
ers, pig buyers, neighbors, and pig meat sellers).  

Adding new pigs, either from single or multi sources, to the farm without a 
quarantine period or sanitation practice, contributes the greatest risk to the 
health of the pigs in a pig operation [24]. This study found that 26% of farmers 
acquiring pigs from multiple sources. Similar results were found by a study in 
Madagascar [18]. An even greater percent of farmers in Cameroon (59%) indi-
cated purchasing pigs from multi sources [25]. When surveyed, very few farmers 
indicated that pigs are purchased or received from a contract farm. This is a 
missed opportunity, as contract farms may have stronger disease control pro-
grams, simply based upon infrastructure and technical capacity. They also can 
provide pigs from a single source over time to provide a more consistent disease 
status. Few interviewed farmers purchased pigs from a pig buyer, which is posi-
tive, due to the fact that often these pigs are from unknown origins and may tra-
vel through multiple farms before being purchased.  

Although more farmers (64%) preferred to keep pigs from their own sows, the 
respondents indicated that 64% use live boars for breeding sows, with only 12% 
using AI. Using natural mating by unknown boars or wild boars not only leads 
to higher mortality rates of newborn piglets [26], but also transmits diseases be-
tween sows and boars, which can lead to large outbreaks of diseases among pig 
populations [25]. It is well documented that introduction of semen or animals 
from different herds increases the risk of disease introduction to pig farms [27] 
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[28] [29]. Exchange of animals among farms is one of the most rapid ways for 
disease dissemination, because an animal may appear to be healthy while it may 
actually be experiencing chronic disease or within incubation time-frames for 
microbial pathogens [25]. Introducing new animals into a farm can increase the 
likelihood of disease transmission from new animals to animals already on the 
farm. For instance, pigs with chronic forms of African Swine Fever (ASF) can 
live for several months [30]; while living in a chronic stage, these pigs will pose a 
major hazard for pig farms, as the virus will be shed via their secretions and ex-
cretions. Therefore, the widespread practice of utilizing natural breeding with 
boars, which was observed among farmers in the study, is of major concern. An 
alternative solution for reproduction could be use of AI, which is already prac-
ticed on a limited number of farms surveyed in this study. However, limited 
availability, lack of expertise, and cost of AI service may limit AI utilization by 
farmers in the present areas of this study. Nevertheless, those farmers should pay 
attention to biosecurity measure whether they practice doing AI by themselves 
or use service from boar owners and VAHWs. Disease can be transmitted from 
semen if inappropriate hygiene is used during semen collection and distribution. 
Boars should be routinely screened for infections known to be spread by semen 
through boar man or service providers [23].  

Equipment used by pig farmers must be considered as potentially contami-
nated fomites [23]. Thus, sharing of equipment, even valuable equipment, be-
tween farms should be minimized [24]. Any equipment, including veterinary 
equipment, slurry spreaders, etc. moving onto or from premises must be tho-
roughly cleaned and disinfected. This study found that farmers shared mostly 
scales (48%) and cages (16%). Although shared to a lesser extent, trucks or carts 
(10%), and other supplies (teeth clipper/tail docker) were also shared without 
applying good sanitation practices. This practice could spread pig diseases from 
one farm to another, or from one pig to another on a given farm. Similar study 
results have been reported by [25] specifically for production tools and equip-
ment used with a piggery. Scales or cages were primarily shared by farmers in 
the study when pigs were at the age of being slaughtered, which could transmit 
pathogens to other pigs from urine and faeces contaminating the scale. This 
suggest that farmers should clean or disinfect equipment before it is moved to 
another farm. Applying good sanitation is the one way to reduce disease trans-
mission from use of pig equipment [24]. 

This study found that almost all of the pig farmers kept chickens, and nearly 
half of them kept ducks, cattle, geese, goat, and pets, which is a serious biosecur-
ity problem since cross contamination of pathogens between different species 
has been previously demonstrated [23] [31] [32]. Similar finding have been re-
ported by [16] [25]. Although pigs were confined in the present study, some 
diseases/pathogens that can be transmitted from other animals to pigs or vice 
versa include: Bordetella spp., avian tuberculosis, Salmonella spp. classical swine 
fever, PRRSV, IAV, and TGE, and avian influenza [24] [31] from birds to pigs; 
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Salmonella Typhimurium between pigs, poultry and ruminants [32]; classical 
swine fever [33]; Aujesky’s disease [34] from wild boar to pigs and pig dysentery, 
brucellosis, Pasteurella, leptospirosis and toxoplasmosis [24] from dogs or cats 
to pigs. 

Livestock manure is a valuable fertilizer that may contribute to enhanced food 
security by improving soils and increasing crop yields, when managed properly 
[35]. In Cambodia, pig manure is commonly used to fertilize rice, vegetables, 
and sell, but it is also discharged into the environment close to the pig barn [36]. 
The practice of dumping pig manure is more common in households with a 
lower socio-economic index [37]. In this study, two-thirds of the farmers indi-
cated that manure was not being collected or managed. However, of the farmers 
who do collected and manage manure, only 21% of them utilize it to fertilize 
crops; while 3% used manure for biogas production. Similar finding has been 
reported with non-biogas farms in Vietnam [37]. However, studies by [18] [36] 
reported that, on smallholder farms, one-half of the pig manure is discarded 
from the pig barn. In Cambodia, manure management practices vary by region 
and farmer training. Farmer often allows the pig manure to run out of the pig 
barn into a pond, canal, or rice field. Consequently, poor manure management 
by urban and peri-urban households may pose a public health threat and an en-
vironmental hazard when the pig manure is dumped in the environment [23] 
[36]. The poor management of the pig manure in Cambodia may due to manure 
application practices, low transportation availability, and socio-economic factors 
[36]. These findings support the theory that resource-poor livestock keepers 
might have limited means to invest in the equipment necessary for proper ma-
nure disposal [38]. Low use of manure to fertilize the crops in the present study 
is in agreement with the previous findings. Biogas is economically viable and 
sustainable for rural household and as well as safe for resources and provide fer-
tilizer [39]. Cambodian farmers normally used pig manure to make gas used in 
household for cooking and lighting. However, we found few farmers have im-
plement this practice.  

This study found 49% of the farmers fed kitchen waste with 19% feeding 
kitchen waste contained meat scraps and 6% feeding restaurant waste. One con-
cern related to feeding food waste to pigs is the potential to transmit disease to 
the pigs, especially infectious diseases including classical swine fever, foot and 
mouth disease, ASF, and pig vesicular disease. Other pathogens of concern that 
could spread to humans are Salmonella, Campylobacter, Trichinella, and Tox-
oplasma. Therefore, food waste to be fed to pigs must be heat treated [23] [24] 
[25]. Diseases may be spread to other livestock or humans if pigs consume con-
taminated meat in improperly treated food waste [24]. Although restaurant 
waste was cooked by most farmers, cooking temperature is not well monitored 
and management of waste delivery before cooking, such as delivery container, 
vehicle, and personnel needs improved sanitation. As observed, restaurant waste 
was delivered to the pig area where chickens and ducks could be exposed to the 
waste before the waste was cooked. Those animals roamed around the pig barn 
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and sometime get close to the pigs. Thus, they could transfer pathogens to the 
pigs. Feeding kitchen waste is common for smallholder farmers in Cambodia, 
similar to practices of small farmers in Cameroon, Central Africa [25]. Thus, 
countries where kitchen waste feeding is practiced need increased education on 
proper cooking and management for farmers. 

Livestock haulers (buyers and transporters), livestock-owning neighbors, 
workers or others that keep pigs of their own, along with processing crews, and 
veterinarians are groups that pose a high-risk for bringing disease onto pig 
farms. Presence of these people in the pig farm poses a higher risk for disease in-
troduction if biosecurity is not taking place [23] [24]. These farm visitors can 
transport pathogens on footwear, clothing, hands, or equipment. For instance, 
they can carry viruses on their nasal mucosae (nasal carriers) without being in-
fected, and can also be infected by and shed pathogens when they are sick or 
asymptomatic carriers [23]. This study found that almost all of the farmers 
(93%) allowed visitors near their pigs without restrictions. In a similar study in 
Vietnam [15]. Furthermore, Ninety-nine percent of the farmers allowed the 
traders/pig buyers to come into the pen with their pigs and 88% of those buyers 
travel to different farms on the same day, which could lead to pig disease ex-
change from one to another farm and as well as their vehicles and pig holdings. 
It is in agreement with data reported by [40]; livestock traders in Cambodia car-
ried a high risk of spreading disease. This suggests that education of livestock 
traders about preventing disease spread should be a priority in Cambodia. Con-
trarily, trader/pig buyers were not frequent farm visitors in Madagascar with 
only 33% of farmers allowing them to visit their pigs [18]. The difference be-
tween studies may be differences in farmer traditions as pig farmers in Mada-
gascar prefer to sell their pigs to the market rather than to traders or other pig 
farmers while Cambodian farmers rely on traders. Additionally, 88% of farmers 
stated their neighbors come to see their pigs with 79% of those neighbors also 
having pigs. In Madagascar, 31% of pig farmers allowed other pig farmers to vis-
it their farms and 47% of them allowed family or friends. VAHWs are allowed to 
enter the pig barn without any restriction. However, most of them practiced 
good sanitation while 28% of them did not practice any sanitation procedures. A 
relatively high percentage (42%) of farmers indicated that people come to the 
farm to sell meat. A similar percentage was reported by a study in Madagascar 
by [18]. Delivery of raw meat to farms is a concern because of the potential pa-
thogens present in raw meat and the person transporting the meat moves from 
farm to farm and may serve transfer disease on their shoes and transportation 
vehicle. Biosecurity measures include showering with a complete change of 
boots and coverall, and use of gloves is often recommended for pig farms. These 
practices are often implemented on high or medium economic-farmers which is 
mainly semi-commercial and commercial farms [24]. It is likely for smallholders 
such as those in the present study will not implement these practices. Alterna-
tively, farmers can do other biosecurity steps, such as use of caution, no visitor 
signs, fencing, changes of shoes, and other means of limiting visitor entry.  
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Limited knowledge and poor biosecurity practices of VAHWs or DVs were 
found in this study including physical service material management, and priori-
tization in visiting pig farms. All of VAHWs or DVs used motorcycle for travel-
ing for the pig service, but only few of them washed vehicles between farms and 
none used disinfectants. Disinfectants cost money and can be corrosive, but 
washing vehicle without using disinfectants may increase the risk of vehicle 
contamination by creating an infectious slurry puddle of run-off [40]. Further-
more, vehicles can become contaminated and can carry disease when manure 
containing disease agents adheres to vehicle tires or bodywork [23]. Some im-
portant pathogens such as African Swine Fever, Porcine Epidemic Diarrhoea, 
Actinobacillus pleuropneumoniae, TGE, and Streptococcus suis can be shed in 
the faeces of infected animals at extremely high rates and they spread easily and 
quickly via contaminated vehicles [23]. People including workers, visitors, and 
service providers can transport pathogens on footwear, clothing, and hands [23] 
[24]. Consequently, transmission may occur through urine and faeces from in-
fected animals on footwear and clothing as has been proven through experi-
ments with several pathogens, including E. coli [42] and classical swine fever vi-
rus [41]. This study found that VAHWs or DVs practiced some biosecurity 
measures with 87% washing hands, 22% disinfecting shoes, and 11% changing 
clothes and shoes between farms. Although, a majority of VAHWs or DVs prac-
ticed hand washing, and some of them disinfect shoes and change clothes or 
shoes, these practices alone remain insufficient as some pathogens can survive 
without disinfection. Combination of practices is needed to reduce contami-
nated pathogens. Twenty-eight percent of VAHWs stated they went to the pig 
farm without practicing any biosecurity. This poor practice could lead to trans-
mission of pig diseases from one to another farm during the day they visit. [7] 
reported that about 50% of VAHWs visit livestock (mainly cattle) more than 
once a day. The combination pig and cattle service made by the VAHWs during 
the day could explain this hypothesis. [14] reported that ensuring VAHWs con-
sistently follow good practices can be challenging, although they had received 
training on good hygienic practices. Similar study in China found that some vil-
lage veterinarians did not apply consequent biosecurity measures (e.g. use of 
disinfectant or gloves) when handling sick animals [14].  

About 50% of VAHWs or DVs changed needle between farms; while 39% of 
them changed needles between pigs. Good biosecurity recommendation suggests 
all administered treatment needles should be single use and if not applicable, all 
multiple needle use should be confined to a single needle per litter or single 
needle per pen [43]. Reuse of needles poses a special risk of transferring infec-
tion from one group of animals to another [43]. However, half of VAHWs or 
DVs in the present study still use reusable needles, and some of them used the 
needle until it was damaged or broken during pig treatment. For those using 
reusable needles, VAHWs or DVs have been mainly boiled them in hot water or 
cleaning with alcohol. However, insuring proper boiling and alcohol cleaning 
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can be challenging. Fifty percent of VAHWs or DVs visited the pig farm with 
most urgent problems first with only a few visiting pig farms in order from least 
to most sick pigs. This indicated poor understanding of biosecurity and their 
role in transferring pathogens from sick to healthy pigs. The farmer survey indi-
cated that 41% of farmers called VAHW when their pigs were sick, and 16% 
called the VAHW when the pigs were very sick and when self-medication was 
not effective (data was not shown). The results of this study on use of VAHW by 
farmers are consistent with a previous study in Cambodia by [13].  

Feed or ingredients can serve as a possible source of pathogens (viruses and 
bacteria) as well as mycotoxins [24]. Those pathogens can contaminate the feed 
or ingredients when there is unclean loading of the feed bag, dirty floor, and 
present of urine or fecal material from the rodents, birds, pets, and livestock. 
This study found 35% of feed store had dirty floors that hadn’t been swept re-
cently, and 28% had fecal material present in front of the store. There was evi-
dence of rodents in 74% of stores. Other animals, mainly live chickens, were 
present with 92% and other live birds or bird feces present in 58% of stores. It is 
documented in Prakas of MAFF Cambodia with article No 14 that stores that are 
unhygienic, inappropriate to technical standards, or carrying pathogens that are 
harmful to humans’ and animal’s health and animal production will be chal-
lenged to terminate the business, however, it is likely that monitoring of stores 
has not been implemented yet. The problem is when the contaminated feed or 
ingredients delivered to the pig farms will transmit some important diseases if 
good sanitation is not applied. It is recommended that farm-owned vehicle must 
be thoroughly cleaned, washed, and disinfected and as well as biosecurity prac-
ticed by the driver prior to picking up the feed [44]. We found that 84% of far-
mers picked up feed or ingredients from the feed store themselves, while 15% 
received deliveries by the feed store owner (data not shown) without any apply-
ing good sanitation on vehicles. Similar finding in Madagascar has been report 
by [18]. 

5. Conclusion 

Several pig biosecurity guidelines were not followed or well understood by far-
mers. Specific concerning practices included using natural boar, sharing pig 
equipment, feeding waste, managing other livestock, handling manure, and un-
restricted access by visitors (VAHWs or DVs, boar owners, pig buyers, neigh-
bors, and meat sellers). Thus, education of pig smallholder farmers and VAHWs 
on pig biosecurity is needed for improving pig production, economics value, and 
livelihood of smallholder farmers in Cambodia. 
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