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Summary

A cross-sectional survey of 445 Village Animal Health Workers (VAHWs) from

19 provinces in Cambodia was undertaken. The aim was to establish their levels

of training, farm visit frequency, reasons for visits and disease reporting practices,

enabling the strengths and weaknesses of the VAHW system in Cambodia to be

determined, in providing both a fee-based smallholder livestock clinical service

and a government partnership in transboundary animal disease (TAD) surveil-

lance and control. The study used ‘guided group interviews’ and identified that

VAHWs had good contact with farmers with 61.5% making more than one farm

visit daily. However, incomes from services remained low, with 45% VAHWs

obtaining between 20 and 40% of their household income from VAHW activities.

VAHWs recorded relatively high rates of disease reporting, with 72% claiming

they report diseases immediately and 74% undertaking monthly reporting to vet-

erinary authorities. Logistic regression analysis revealed VAHW contact frequency

with district and/or provincial officers was associated with more VAHW farm vis-

its, and frequency of VAHW visits to smallholder farms was positively associated

with average monthly expenditure on animal medication and equipment. This

suggests that increased veterinary extension to VAHWs and access to veterinary

equipment, vaccines and drugs may further increase VAHW-farmer engagement.

VAHWs provide an accessible, market-based, animal health ‘treatment and

reporting’ service linked to livestock smallholders across Cambodia. However, for

improved TAD prevention and more efficient control of outbreaks, research that

assesses provision of an animal health ‘preventive-based’ business model is

urgently needed to reduce both the costs to farmers and the risks to the economy

due to foot-and-mouth disease and other TADs in Cambodia.

Introduction

The Kingdom of Cambodia is centrally located within

mainland South-East Asia bordering Thailand, Lao PDR,

Vietnam and the Gulf of Thailand. Cambodia has a popula-

tion of 15 million people, of which approximately 70% are

located in rural areas and are dependent on agrarian activi-

ties for their livelihoods. In rural villages, the Village Animal

Health Worker (VAHW) is usually a farmer who has had

rudimentary training (typically of 1-month duration) in

animal health and provides fee-based clinical services to

livestock smallholder farmers within their village. Govern-

ment Animal Health and Production Officers are present at

the central Department (DAHP), Provincial (POAHP) and

District (DOAHP) levels only, with no government officer

at the commune or village level. Cambodia is one of the

pioneering countries to use the VAHW system following

the aftermath of the Khmer Rouge era (CelAgrid, 2007).
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The Cambodian Government commenced VAHW training

in the 1990s, with initial support from non-government

organizations (NGOs) and the Food and Agriculture Orga-

nization of the United Nations (FAO) (Calba et al., 2014).

Refresher training is undertaken by government officers;

however, the FAO and a number of NGOs have continued

to contribute to training activities. Government engagement

with VAHWs comprises registration, informal contacts for

the purposes of surveillance and reporting, and engagement

for delivery of a national haemorrhagic septicaemia (HS)

vaccination programme. VAHWs privately purchase veteri-

nary drugs and equipment, usually from local veterinary

drugstores or suppliers. Historically, NGOs and government

groups provided subsidized access to drugs and equipment

for VAHWs, but in almost all cases, a private fee-based drug

purchase and provision system appears to have evolved.

The Cambodian Ministry of Agriculture Forestry and Fish-

eries (MAFF) Annual Report states that in 2010, there were

12 474 VAHWs in Cambodia, increasing to 14 563 in 2011

and approximating the specified aim of having one VAHW

per Cambodian village (MAFF, 2011, 2012).

There has been ongoing debate about whether VAHWs

help or hinder the development of an appropriately skilled

field animal health network in developing countries, as

VAHWs fill the role of a veterinarian yet generally lack suf-

ficient training, skills and reliability for tasks such as passive

surveillance and accurate drug delivery in a food-safe

responsible manner (Ashley, 2002; Oakeley et al., 2003).

Research in Uganda comparing VAHW perspectives and

reporting with serological measurement of protection from

Rinderpest vaccination demonstrated that VAHWs could

not be relied upon to provide accurate data (Jost et al.,

1998). The World Organisation of Animal Health (OIE)

Terrestrial Animal Health Code does not recognize

VAHWs as being part of the field Veterinary Services unless

they are authorized or approved by the Veterinary Author-

ity to undertake delegated animal health functions (OIE,

2012). However, there is also support for VAHW systems

as being beneficial to national livestock health and rural

livelihoods (Huttner et al., 2001; Curran and MacLehose,

2002; Peeling and Holden, 2004; Grace et al., 2009; Bhan-

dari et al., 2011; Collinson, 2011; Tornimbene et al., 2014).

Recent studies in Cambodia indicate that VAHWs are an

important resource for smallholder farmers, whereas semi-

commercial producers prefer a private veterinarian (Torn-

imbene et al., 2014). Government disease information cam-

paigns have targeted both VAHWs and local veterinarians

(Tornimbene et al., 2014), and VAHWs have been reported

as providing a key role in information exchange between

technical experts and the community in biosecurity for pre-

vention of highly pathogenic avian influenza (HPAI) (Bhan-

dari et al., 2011). In a Cambodian study of disease in pigs,

over 50% of backyard producers reported calling their

VAHW when their animals were sick, with 21% stating they

only called the VAHW when the pigs were very sick and

when medicines bought privately were not effective (Torn-

imbene et al., 2014). An argument for the VAHW system in

Cambodia is that achievable income levels from smallholder

payments for animal treatment may not adequately support

involvement of more highly skilled veterinarians or even

para-veterinarians in livestock services. In the absence of

VAHWs, smallholder farmers would be denied access to

such services or would attempt to undertake them them-

selves, potentially at even higher risk of misdiagnosis, incor-

rect treatment choice or dosage. Further, with their practical

experience from most being smallholders themselves,

VAHWs have the potential to be useful in recognizing clini-

cal signs and alerting authorities to undertake further diag-

nostic investigations where required.

Foot-and-mouth disease (FMD) and HS have been iden-

tified as the most significant transboundary animal diseases

(TADs) affecting large ruminants in Cambodia. The South-

East Asia and China Foot and Mouth Disease (SEACFMD)

Campaign that commenced in 1997 and is regionally coor-

dinated by the OIE, is now entering its fifth phase with the

aim of reducing FMD incidence by 2020. FMD has been

demonstrated to have caused recent major financial

impacts on Cambodian households (Young et al., 2013)

and at the national level (Young et al., 2014), and sustain-

able strategies for national FMD control in Cambodia are

urgently needed. As basic biosecurity practices are either

absent or very limited on smallholder farms, and vaccina-

tion coverage of the national large ruminant population

against FMD and HS in 2010 has been estimated at 2.7%

and 43.8%, respectively (Young et al., 2013), it is apparent

that preventive strategies for FMD control are largely

absent. Further, failure to report FMD outbreaks has been

recognized as an important issue (Shankar et al., 2012;

Vergne et al., 2012; Kawasaki et al., 2013; Young et al.,

2013, 2014), and without accurate knowledge of the disease

burden and insufficient information on current FMD sero-

types in circulation, both the justification for investment in

and strategies for effective FMD control are compromised.

To determine whether enhancement of the VAHW system

could help address these deficits, a study was conducted to

investigate the practices of Cambodian VAHWs to identify

potential opportunities for their more coordinated engage-

ment in national TAD control.

Materials and Methods

Sampling strategy

Target population

The target population for the survey was all active VAHWs

in Cambodia, with non-active VAHWs intentionally
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excluded. An active VAHW was defined as one that had

received initial VAHW training, was included on the gov-

ernment VAHW registration list and was actively visiting

and treating animals within their village at the time of the

study.

Selection of provinces

A cross-sectional survey was conducted in 19 of the 24 pro-

vinces in Cambodia (Fig. 1) in 2008. Five provinces were

excluded due to either being urban and not having VAHWs

(Phnom Penh Province), logistical difficulties reaching

remote rural villages with non-paved road access during

the wet season (Uddar Meanchey, Preah Vihear and Mon-

dulkiri Provinces) or due to a lack of time (Pailin Pro-

vince). Due to non-paved road access, Rattanakiri Province

was surveyed after access by aircraft. The 19 provinces

selected represent 18 of 19 accessible rural provinces and 1

of 4 remote rural provinces in Cambodia (Phnom Penh

province excluded).

Selection of district and VAHWs

The survey targeted one district per province followed by a

meeting involving 20–30 VAHWs in each selected district.

The number of districts targeted per province was based on

time and budget constraints, and the number of VAHWs

per meeting was based on the maximum number practical

for administration of the questionnaire. On the directive of

the Cambodian Department of Animal Health and Produc-

tion (DAHP), the provincial officer in each province was

requested to use a random process to select one district and

then select 20–30 VAHWs for survey participation. This

process provided a total number of VAHWs for the survey

that exceeded the target sample size of 374 based on the

standard formula for estimated proportion of 50%, confi-

dence level of 95%, margin of error of 5% and total popula-

tion in 2010 of 12,474 VAHWs in Cambodia.

VAHWmeetings

A meeting with VAHWs was conducted in each selected

district to collect data on VAHW activities and provide

training on bovine health to support DOAHP extension

delivery. Each meeting ran for 3–4 h and had the following

set five-part format in sequence:

• Introduction that explained the purpose and the struc-

ture of the meeting.

• Administration of the questionnaire via the guided

group interview technique.

• A break involving a game, refreshments and provision of

a small travel reimbursement.

• Administration of a quiz to test knowledge of FMD.

• A lecture on the basic epidemiology and control of FMD

with the provision of a laminated summary sheet for

future reference to participants.

In two provinces (Kampong Cham and Takeo), an addi-

tional practical session on cattle restraint using a bleeding

pole, examination and venipuncture was conducted follow-

ing the meeting.

Fig. 1. Map of Cambodia showing provinces

and districts sampled
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Questionnaire design and administration

The questionnaire

A multiple-choice questionnaire (MCQ) was developed

with input from Cambodian DAHP Officers, Australian

project staff and qualified translators. It was designed to

ensure the questions avoided ambiguity and translational

errors, had mutually exclusive answers, were easy to

understand and presented in an appropriate sequence.

The questionnaire was created in English, translated into

Khmer language by one translator and back-translated

into English by a second translator. The original and

back-translated English versions were compared, and the

Khmer version revised to correct identified translation

errors.

The questionnaire had two parts: Part one with 15 ques-

tions related to the VAHW system. Part two with 15 ques-

tions related to bovine diseases and is not reported in this

article. Part one presented in order three questions on

VAHW training, seven questions on farmer contact (in-

cluding visits, income and expenditure), four questions

related to government contact and disease reporting and

one question on knowledge about FMD and HS outbreaks

around their own village. The questions were closed in

MCQ or ranking format with the exception of a single open

question asking the VAHW what assistance they sought to

better perform their VAHW role. Delivery of the question-

naire was undertaken using a novel technique termed a

guided group interview.

The guided group interview

The guided group interview was conducted with a transla-

tor and consisted of a facilitator leading the group of

VAHWs question-by-question through self-administration

of the questionnaire. For each question, the facilitator read

out the question and explained the nature of answer/s

requested. Participants were then given adequate time to

ask questions to clarify meaning of the question (both con-

tent and form) and to circle their answers (for MCQ where

multiple options could be chosen) or number the answer

options (for ranking questions).

Participants were instructed to provide truthful answers

relevant for their own village and experience and that there

was no requirement to share answers with others. Partici-

pants were informed that completed questionnaires were

anonymous as no names or villages were recorded. The

final and only open question provided an opportunity to

gauge participant literacy for each group.

The questionnaire and delivery method was piloted at a

meeting with 19 VAHWs in Kandal Province and subse-

quently revised with the addition of three questions (one

additional question to Part one) and the deletion of one

question from Part two that was found to be too complex

for the participants. Given that the pilot administration of

the questionnaire was considered to have obtained sound

data for relevant questions, these data were included in the

survey data set for analyses.

Data management

Questionnaire data were coded and entered into Microsoft

Excel spreadsheets. A comprehensive protocol for dealing

with response errors (classified as an illegible answer, multi-

ple answers provided when only one required or no

answer) encountered during data entry by question, and

question type was developed and followed. Where required,

KHR was converted to USD at a rate of KHR 4169 = USD

1 (XE Currency, 1 January 2010).

Statistical analyses

Standard descriptive analyses of the questionnaire data

were performed with proportions for categorical variables.

Investigation of variables considered to be plausibly asso-

ciated with frequency of VAHW visits to farmers was per-

formed with generalized linear modelling using an ordinal

logistic regression model (proportional odds model).

Model construction began with an a priori model based on

a putative causal model (Dohoo et al., 2009). The model

can be represented by the following equation:

log
p1 þ p2 þ p3 þ . . .þ pj

pjþ1 þ pjþ2 þ pjþ3 þ . . .þ pj
¼ b0;j þ b1X1 þ . . .þ bp�1Xp�1

where X = variables of interest, b = coefficients of interest

and p = odds for the jth category.

The explanatory variables of interest included as follows:

• Number of years working as an active VAHW (age was

not recorded to preserve anonymity)

• Frequency of additional veterinary training

• Average monthly expenditure on animal medication and

equipment

• Average income per visit

• Frequency of contact with district/provincial officer

The outcome was the frequency of VAHW visits to farm-

ers and was ordinal with 5 categories as shown in Table 2

and coded from 1 to 5 with 1 being >3 visits per day and

five being ≤1 visit per year.
Regression analyses were conducted in the R statistical

environment using the polr function from the MASS pack-

age (Venables and Ripley, 2002). Regression diagnostics are

poorly developed for ordinal logistic regression models, but

an approximate assessment of the assumption of propor-

tional odds was made by comparing the log likelihood of

the ordinal logistic model and one obtained from a multi-

nomial logistic model of the same data using a likelihood

ratio test (Dohoo et al., 2009).
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Results

VAHW participants

A total of 445 VAHWs participated in this survey with a

mean of 23.4 per province (median 23, range 16–32)
(Table 1). Of these, 42 (9.4%) were women VAHWs with a

mean of 2.2 per province (median 2, range 0–8). There were
no women VAHWs interviewed in five provinces (Kampong

Ch’nang, Kep, Prey Veng, Rattanakiri and Stung Treng).

The response error rate was relatively low at 1.7% (227

errors or incorrectly answered questions of 13,350 individ-

ual question responses). These results were removed from

the data set and not included in analysis.

VAHW experience and training

All of the 445 VAHWs participated in this survey com-

pleted the questions on: years of experience working as an

active VAHW, initial VAHW training delivered by different

stakeholders and VAHW frequency of refresher training.

Most VAHWs had a moderate level of experience with 57%

having more than 5 years and only 18% having two or less

years. Two-thirds of VAHW training was undertaken by a

government officer, with NGO’s providing the remaining

one-third. Agencies and NGOs involved in training have

included the World Bank, FAO, Veterinarians Sans Fron-

tieres, Church World Service, CONCERN and the Ameri-

can Friends Service Committee. The majority of VAHWs

frequently participate in refresher training, with over 40%

receiving refresher training every 6 months or more and

>75% at least yearly.

Farmer contact

Nearly two-thirds of VAHWs reported making more than

one VAHW visit to a farm per day (Table 2). Reported

Table 1. Number of 445 Village Animal Health Workers surveyed in

Cambodia from March to November 2008

Province District (number of VAHW)

Number of VAHW

Male Female Total

Banteay

Meanchey

Monkul Boray 27 2 29

Battambong Battambong (20), Song Kie(9) 26 3 29

Kampong

Cham

Prey Choor 26 4 30

Kampong

Ch’nang

Rolech Peea 21 0 21

Kampong

Speu

Oudong (17), Som Roang (15) 27 5 32

Kampong

Thom

Kampong Thom 23 2 25

Kampot Angkor Chey 22 3 25

Kandal Sa’ang 23 2 25

Kep Kun Kep (10), Jong Ow (6) 16 0 16

Koh Kong Sre Ambel (17), Kampong

Seila (3)

12 8 20

Kratie Kratie district 17 3 20

Prey Veng Prey Veng district 25 0 25

Pursat Kundiang (3), Bagan (8),

Kraw Koh (8), Phnom Craw

Wiang (8), Som Piah (3)

23 3 26

Rattana Kiri Vienxiay 21 0 21

Siem Reap Soun Ti Coum 16 1 17

Sihanoukville Sihanoukville district 18 2 20

Stung Treng Sien Boueng 23 0 23

Svay Rieng Svay Ch’room (6),

Romihie (4), Cham Trier (4),

Romdoul (3), Svay Tiep (3)

18 2 20

Takeo Tram Kok 19 2 21

Table 2. Contact with farmers reported by 445 VAHWs surveyed in

Cambodia from March to November 2008

Variable Number Percentage

Frequency of visits to farmers to see their animals

More than 3 a day 45 10

More than one a day 230 52

More than one a week 124 28

More than one a month 35 8

≤Once a year 10 2

Proportion of visits that involve cattle (%)

0–20 49 12

>20–40 124 28

>40–60 138 31

>60–80 111 25

>80–100 18 4

Average monthly expenditure on animal medication and equipment for

work as VAHW (KHR)

<8000 4 1

>8000–20 000 37 8

>20 000–40 000 93 21

>40 000–100 000 130 29

>100 000 181 41

Average income per visit (KHR)

2000 67 15

4000 166 37

10 000 125 28

20 000 62 14

40 000 25 6

Income per month derived from work as VAHW (KHR)

<8000 51 11

>8000–40 000 87 20

>40 000–80 000 93 21

>80 000–160 000 98 22

>160 000 116 26

Household income derived from work as VAHW (%)

0–20 94 21

>20–40 201 45

>40–60 106 24

>60–80 39 9

>80–100 5 1
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expenditure per month on medication and equipment for

60% of VAHWs was more than 40 000 KHR (~ USD $10).

Over one-third of VAHWs reported to earn an average of

around 4000 KHR or ~USD $1 per farm visit, with almost

half reporting earnings of 80,000 KHR (~USD $20) or more

per month. As a form of validation, this annual earning

approximated the frequency of farm visits and the average

amount charged per farm visit. VAHW activity is a sec-

ondary income source with 66% of VAHWs earning <40%
of their household income from VAHW activity. Ranking

of cattle visits by reason for visit (from 1 to 5 with one as

the most frequent reason and five the least frequent reason)

found the most common reason was for suspected HS

(mean rank of 1.97), followed by general poor body condi-

tion, weakness or sickness (2.88), FMD (3.07), vaccination

(3.18), and treatment of injuries and lameness (3.89).

Government contact and reporting

Over 70% of surveyed VAHWs report they contact the dis-

trict and/or provincial officer either once per month or

more, and over 80% indicated they report cattle diseases to

the district or provincial officer either monthly and/or

more frequently (Table 3). FMD was the most frequently

reported disease, closely followed by HS. Reporting pre-

dominately involved telephone or individual face-to-face

meetings, with few VAHWs submitting documentation

(18%).

Association with frequency of VAHW visits to farmers

Table 4 presents the model of five explanatory variables of

interest and association with frequency of VAHW visits.

The likelihood ratio test statistic was 67.4 with 108 degrees

of freedom meaning that there is no evidence that the pro-

portional odds assumption does not hold (P = 0.99).

This model includes all five variables a priori on the

basis of a casual diagram model developed by the

authors. The model indicated that two variables had

most categories significantly associated with frequency of

visits. For average monthly expenditure on animal medi-

cation and equipment, higher expenditure is associated

with more frequent visits to farmers. For frequency of

contact with district/provincial officer, less frequent con-

tact with government officer was associated with less fre-

quent visits to farmers.

Discussion

This study represents one of the largest cross-sectional sur-

veys of Cambodian VAHWs to date and provides details of

their practices with the aim of identifying opportunities for

improved TAD control and particularly FMD.

Sixty per cent (60%) of VAHWs reported that more than

40% of their farm visits were to attend cattle, indicating

VAHW and smallholder engagement for cattle associated

work is a major reason for VAHWs visiting smallholder

farms. Interestingly, it is reported that VAHWs rarely visit

farms for attending diseased poultry, despite resources

devoted to HPAI training (Bhandari et al., 2011). This was

observed in the current study, with VAHWs not well

Table 3. Contact with government officers and cattle disease reported

by 445 VAHWs surveyed in Cambodia from March to November 2008

Variable Number Percentage

Typical contact frequency with district

veterinarian and/or provincial veterinarian

Once a week or more 54 12

Every 1–4 weeks 271 61

Every 1–3 months 79 18

Every 3–6 months 31 7

Every 6–12 months 10 2

Frequency of cattle disease reports to

district/provincial veterinarian (more than

1 option could be selected)

Routinely weekly 41 9

Routinely monthly 329 74

Routinely 6 monthly or yearly 57 13

Immediately whenever there is a disease 321 72

Never 13 3

Cattle diseases reported (more than

1 option could be selected)

Foot and mouth disease 370 83

Haemorrhagic septicaemia 364 82

Blackleg 129 29

Anthrax 76 17

Other 98 22

Method/s used to report diseases (more

than 1 option could be selected)

Telephone 348 78

Face to face individual visit with

district veterinarian

284 64

Face to face group meeting with

district veterinarian

174 39

Mail, courier or other document delivery 80 18

Fascimile or email 0 0

Level of knowledge about disease situation

(e.g. FMD or HS outbreaks) in area

around own village

I know only of the cattle disease situation

in my own village

111 25

I have a good understanding of the cattle

disease situation in my commune

182 41

I have a good understanding of the cattle

disease situation in my district

98 22

I have a good understanding of the cattle

disease situation in my province

36 8

I have a good understanding of the cattle

disease situation in the whole of Cambodia

14 3
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equipped for poultry work, and farmers generally indicat-

ing the cost of treating low value village poultry were not

justified. For poultry mortality events, if notification or

reporting occurred, villagers tended to consult with the Vil-

lage Chief as such events were seen as the responsibility of

the authorities, not VAHWs. This was a similar to a previ-

ous finding (Van Kerkhove et al., 2009) that identified a

decline in reporting HPAI mortalities to VAHW and an

increase to the Village Chief.

VAHWs ranked their most frequent reason for visiting

farms to respond to HS (first), poor body condition score,

weakness or sickness (second), FMD (third), vaccination

(fourth) and treatment of injuries or lameness (fifth). The

reason for visit ranking indicates that the majority of the

work of the VAHW is focused on treatment of ill animals.

However, as an appropriately selected and administered

vaccination programme in a village cattle population

should largely prevent TADs including HS and FMD, there

is an opportunity for VAHWs to shift towards a more

disease prevention based service approach.

Strategies to enhance mobile phone disease reporting

and documentation of reporting details could be enhanced,

and research is needed to trial this. Two-thirds of VAHWs

did not have a good awareness of circulating cattle disease

beyond the commune level, indicating that the VAHW

communication network generally remained local. Without

a government Animal Health Officer at the commune level,

communication of disease details may be limited, leading

to either delayed or absent response measures such as vacci-

nation, movement control or other heightened on farm

biosecurity interventions delivered in an emergency

response manner. As more rapid reporting is needed, effec-

tive basic epidemiology training for VAHWs to ensure they

understand the need to limit the spread of a TAD outbreak

may be of value.

Logistic regression analysis showed that VAHW contact

frequency with district and/or provincial officers every 1–
12 months was associated with more VAHW farm visits by

VAHWs (<0.001), with VAHWs who contacted DOAHP

and POAHP officers every 1–4 weeks only just above the

Table 4. Ordinal logistic regression model to investigate association with frequency of VAHW visits to farmers reported by VAHWs in Cambodia in

2008

Explanatory variables b SE (b) t value P value Odds ratio OR 95% CI

Number of years working as an active VAHW

<1 year 1

1–2 years �1.05 0.762 �1.378 0.168 0.35 0.078, 1.585

>2–5 years �0.475 0.739 �0.644 0.52 0.622 0.146, 2.696

>5–10 years �0.895 0.733 �1.221 0.222 0.409 0.097, 1.751

>10 years �0.932 0.735 �1.268 0.205 0.394 0.093, 1.696

Frequency of additional veterinary training

More than every 6 months 1

Every 6–12 months 0.045 0.244 0.186 0.853 1.046 0.649, 1.688

Every >1 to <3 years �0.636 0.385 �1.653 0.098 0.53 0.248, 1.122

Every 3–10 years �3.415 1.257 �2.716 0.007 0.033 0.001, 0.358

Never 0.251 0.376 0.667 0.505 1.286 0.612, 2.684

Average monthly expenditure on animal medication and equipment for work as VAHW (R)

Under 8000 1

8000–<20 000 �3.26 1.598 �2.04 0.041 0.038 0.001, 0.706

20 000–<40 000 �3.046 1.61 �1.891 0.059 0.048 0.001, 0.899

40 000–100 000 �3.699 1.609 �2.299 0.022 0.025 0.001, 0.466

Over 100 000 �4.697 1.611 �2.916 0.004 0.009 0.000, 0.173

Average income per visit (R)

2000 1

4000 �0.374 0.318 �1.176 0.24 0.688 0.369, 1.285

10 000 0.092 0.33 0.28 0.78 1.097 0.575, 2.102

20 000 �0.309 0.395 �0.781 0.435 0.734 0.338, 1.592

40 000 0.309 0.507 0.609 0.542 1.362 0.502, 3.686

Frequency of contact with district veterinarian and/or provincial veterinarian

Once a week or more 1

Every 1–4 weeks 0.671 0.344 1.95 0.051 1.957 0.999, 3.861

Every 1–3 months 1.382 0.393 3.518 <0.001 3.981 1.851, 8.645

Every 3–6 months 1.77 0.507 3.49 <0.001 5.871 2.180,15.964

Every 6–12 months 5.397 0.981 5.499 <0.001 220.743 34.495,1701.67

P values <0.05 are indicated in bold.
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defined significance level (P = 0.051). This is a strong indi-

cation that VAHWs who are engaged with DOAHP and/or

POAHP officers are more active and evidence that greater

government officer engagement with VAHWs will result in

increased VAHW smallholder farm visits. Further, the anal-

ysis showed the frequency of VAHW visits to smallholder

farms was positively associated with average monthly

expenditure on animal medication and equipment. This

finding indicates that if VAHWs are well supplied with

medication and equipment, their necessity (and presum-

ably motivation) to visit and interact with farmers could be

increased. Further research is required to better understand

what available resources VAHWs have access to and their

levels of knowledge of products and appropriate applica-

tion. Observations during the survey suggested that par-

enterally administered drugs not requiring a cold chain

were most commonly used, including antibiotics (e.g.

oxytetracycline), anthelmintics (e.g. ivermectin) and anti-

inflammatory drugs (e.g. long-acting dexamethasone). Dis-

cussions indicated that although a history was taken,

VAHWs did not undertake a systematic clinical examina-

tion. Thermometers were occasionally used, but no stetho-

scopes were observed (J. Stratton, pers. comm.). Recent

research in both Cambodia and Laos has revealed farmers

spent (sometimes large amounts of) money on antibiotics

to treat large ruminants with FMD (Young et al., 2013;

Nampanya et al. 2014), raising concerns of exacerbating

direct household financial losses through inappropriate

attempts to treat a viral disease with antibiotics and the risk

of inappropriate use of antibiotics on food animals leading

to residue and antimicrobial resistance issues. Further

research is urgently required to understand the role of pri-

vate drug and vaccine suppliers, products available, logisti-

cal aspects (such as cold chain and storage, shelf-life) and

identify whether administration is appropriate (Tornim-

bene et al., 2014).

It is acknowledged that whilst it was requested that the

POAHP officers use a random process to select districts

and active VAHW for participation in this survey, the

extent to which a randomization was utilized is not known.

It is likely that the emphasis on active VAHWs meant that

VAHWs well known to the POAHP were included. Further,

selection bias may also have occurred through the selection

of VAHWs that were conveniently located or influenced by

POAHP knowledge of locality of disease event history. Geo-

graphically, 10 of the 19 districts selected were within the

general vicinity of the provincial capital (see Fig. 1),

although this was considered appropriate as these areas

have the highest human and cattle population densities

(Aum, 2012). Efforts to reduce potential selection bias

included increasing the sample size (445 cf. the required

374) and conducting the survey in 19 of 24 Cambodian

provinces. The involvement of development projects that

involve training interventions may also lead to information

bias. Future studies should involve a structured random

sampling (such as simple random sampling using a number

table) and greater detail on source of training should be

obtained.

The guided group interview technique was found appro-

priate to the general levels of education and literacy of par-

ticipants. Participants were encouraged not to rush ahead,

but to complete each question as a group. Before moving

to the next question, the facilitator asked the group whether

they had all understood and completed the question. As

needed, individual assistance was given to participants who

asked questions, asked for help or who were observed to be

having difficulty completing a question. This technique

could be replicated in future VAHW studies.

This cross-sectional survey provides insights not previ-

ously reported regarding VAHW practices. Results indi-

cate that VAHWs are generally actively engaged in animal

health services, and provide an important link between

smallholder farmers and district and provincial govern-

ment veterinary officers. However, effort could be direc-

ted at ensuring VAHWs have a more viable business

strategy working in closer partnership with animal health

authorities, preferably directed at preventive animal

health rather than the current activities focusing on

response and treatment. Interestingly, another study

reported only 6% of backyard producers thought VAHWs

were too expensive (Tornimbene et al., 2014), and further

investigation of farmer willingness to pay for animal

health services is needed. In addition, resources required

for effective VAHW service delivery need to be more

clearly identified, and future VAHW training should

focus on TAD prevention, transmission risks, response

strategies as well as appropriate use of treatments and the

implications for food safety from product residues in

meat.

In summary, this study has identified that:

• More interaction between government Animal Health

Officers and VAHW is associated with more regular

smallholder farm visits; therefore, greater interaction and

training activities should be encouraged. Training should

include identifying, correctly diagnosing and clear treat-

ment plans for FMD and HS.

• VAHWs that are well supplied with medication and

equipment are associated with more interactions with

farmers; therefore, improving availability and access to

these resources need to be investigated.

• VAHW visits to farmers are generally for treatment of

disease (including FMD and HS) with preventive animal

health services such as vaccination having less emphasis.

Research that seeks ways to enhance preventive activities

and biosecurity education and a transition from response
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and treatment service to a disease preventive service is

urgently needed.

• VAHWs most commonly use cell phones for disease

reporting and communication with government officers,

and the use of this technology for improved and

increased TAD reporting should be investigated.

In conclusion, this study confirms that active VAHWs

are providing an accessible, market-based, animal health

response service to livestock smallholders across much of

Cambodia and that VAHWs make regular farm visits,

engage with farmers and treat smallholder cattle. Local

authorities can support VAHWs by providing regular train-

ing, assisting in sourcing and application of appropriate

animal health products, and the implementation of effec-

tive TAD responses. However, VAHW incomes remain low

and results from this study indicate that VAHWs could

play a more strategic role in national FMD control, particu-

larly if government could work with them to facilitate a

shift from a disease response and treatment service to a

TAD prevention service model. Research trials promoting a

disease preventive-based model for FMD control that

enhances the existing relationships of VAHWs with small-

holders in current market conditions is urgently needed to

reduce the costs and risk to public good due to FMD and

other TADs.
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