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Summary

In Cambodia, the majority of the population is rural and reliant on subsistence agri-

culture, with cattle raised by smallholder farmers using traditional practices, resulting

in low productivity and vulnerability to foot-and-mouth disease (FMD). As FMD

causes deleterious impacts on rural livelihoods, known FMD risk factors were

reviewed, using knowledge, attitudes and practice (KAP) surveys of smallholders

(n = 240) from four regions. The study aimed to understand current biosecurity

threats to smallholder livelihoods and investigate the hypothesis that smallholder

farmers practising FMD risk management should be associated with higher incomes

from cattle. Descriptive data were examined to demonstrate trends in KAP and a

multivariable linear regression model developed to identify cattle income predictors.

Results showed that baseline mean knowledge scores were low at 28.4% across all

regions and basic biosecurity practices, including quarantine of new cattle, isolation

of sick cattle and FMD vaccination, were lacking. As farmers purchase and sell cattle

from and to various administration levels (including export), there is high risk of

FMD transmission into and from smallholder communities. The final multivariable

linear regression model identified significant explanatory parameters for annual cat-

tle income, including region, number of calves born, forage plot size (ha), vaccination

of cattle and the number of cattle purchased (F pr. < 0.001, R2 = 29.9). Individual

biosecurity practices including FMD vaccination were not significant predictors of

income. With the current focus of farmers on treatment of FMD with inappropriate

antibiotics leading to potential anti-microbial residue issues, yet receptivity to pay-

ment for vaccine in most regions, there is an urgent need for a coordinated national

biosecurity and FMD management public awareness campaign. Further, to enhance

the association between improved cattle health and rural livelihoods, it is recom-

mended that livestock development programmes implement a systems approach to

enhance farmer KAP in biosecurity, nutrition, reproduction and marketing of cattle.
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1 | INTRODUCTION

The Kingdom of Cambodia is centrally located within the Greater

Mekong Subregion (GMS) of mainland South-East Asia, sharing bor-

ders with Thailand to the north-west, Lao PDR to the north-east and

Viet Nam to the east. The country has a population of ~15.4 million,

of which ~80% live in rural areas and over 50% of employed people

between the ages of 15–64 are engaged in the agricultural sector

(UNdata, 2016). Although the poverty rate in Cambodia has dropped

significantly from 50% in 1992 to 13.5% in 2014, the country is

ranked 143 of 188 on the Human Development Index with a GDP

per capita of USD 2,943.5 and a mean of 4.4 years of schooling

(UNDP, 2016). Further, the more recently developed Multidimen-

sional Poverty Index (MPI), which also considers the dimensions of

health, education and standard of living, indicates that 46.8% of the

Cambodian population is living in multidimensional poverty (UNDP,

2016), observed as growth stunting of 40% of children under the

age of 5 (CDHS, 2011). While Cambodia is progressing to a lower-

middle income country, it appears that further efforts are required

to achieve sustainable food security and ensure rural populations

having access to burgeoning markets to assist in the reduction of

multidimensional poverty.

An emerging issue of concern to Cambodian food security is a

12.4% decrease in the cattle population, from 3.48 million to 3.05

million between 2010 and 2014 (MAFF, 2014) and further 4.7%

contraction in 2015 to 2.90 million (MAFF, 2015). The reasons for

the national herd contraction is most likely due to an increased

demand for beef, reduced draught use, poor cattle reproductive per-

formance and poor management of infectious diseases. Smallholder

farmers typically grow rice, producing an average of 5.4 tons of rice

per year from 2.22 hectares of cultivated land (ADB, 2014). Small-

holder farmers also own ~90% of cattle in Cambodia. However, cat-

tle productivity is low and is constrained by either limited or absent

biosecurity, nutrition, reproduction and marketing management prac-

tices (Young et al., 2014b). Cattle can serve multiple functions,

including: a source of household protein; a store of asset wealth and

livelihood gain from sale; provision of manure for fertilizer or biogas;

plus they are still used for draught tillage or transport of goods

despite increases in mechanization. The importance of the varied

uses of cattle may be influenced by season, such as draught tillage

during the planting season, and immediate needs of rural households,

where cattle may be sold in times of household need for finance,

such as medical requirements or to fund family events such as wed-

dings.

Typically, low-input management involves cattle being tethered

close to the household during the wet season from May to October

and fed rice straw and cut-and-carry native grasses (Samkol, Sath,

Patel, Windsor, & Holtenius, 2015). During the dry season from

November to April, cattle are taken to the rice fields daily and graze

rice stubble (Sath, Borin, & Preston, 2008). As a result, cattle are

undernourished year-round with average growth rates reported of

between 50 and 100 g/day (Pen, Savage, Stur, & Seng, 2013; Young

et al., 2014b). However, for almost a decade, the regional beef

market has experienced unprecedented growth driven by the chang-

ing dietary habits of the emerging middle class in China and Viet

Nam (O’Connell et al., 2013; Windsor, 2011). With dramatic

increases in cattle prices, smallholder farmers have seen increases in

returns from cattle and have responded by increasingly adopting for-

age technology to improve cattle productivity (Young, Evans-

Kocinski, Bush, & Windsor, 2015; Young et al., 2014a,b). This devel-

opment provides both immediate socioeconomic benefits to

strengthen food security and reduce poverty (Windsor, 2011), but

increased risks to livelihoods through losses incurred by failure to

manage transboundary animal diseases (TADs).

TADs are highly contagious epidemic diseases that can spread

rapidly, irrespective of national borders (FAO, 2016). Foot-and-

mouth disease (FMD) is the most important TAD affecting cattle in

Cambodia and throughout the GMS and beyond, with localized out-

breaks occurring on an annual basis and regional epidemics occurring

approximately every 5–7 years. FMD virus (FMDV) belongs to the

family Picornaviridae, genus Aphthovirus, of which there are seven

immunologically distinct serotypes found worldwide (A, O, C, SAT1,

SAT2, SAT3 and Asia 1). South-East Asia and China are classified as

Pool 1 of seven regional pools worldwide where significant FMD

virus circulation and evolution occurs (Rweyemamu et al., 2008) with

serotypes O, A and Asia 1. Asia 1 has not been identified in the

region since 2006 and if this serotype has become extinct locally, it

will leave a highly susceptible population (Tum, Robertson, Edwards,

Abila, & Morzaria, 2015).

Due to the widely suspected underreporting of FMD outbreaks,

the true incidence and impact of FMD on smallholder farmers and

the wider community remain unknown (Young et al., 2016).

Research has attempted to both quantify under-reporting (Vergne

et al., 2012) and model the financial impacts at the farmer level

(Young, Suon, Andrews, Henry, & Windsor, 2013; Young et al.,

2016). In Cambodia, FMD outbreaks occur as epidemic waves of

successive serotypes (Tum et al., 2015). To date, only one large-scale

seroprevalence study involving two-stage sampling has been under-

taken in Cambodia, revealing a village level prevalence at 87% with

an overall individual animal prevalence of 30% in southern Cambodia

in 2006. Serotypes O, A and Asia 1 were detected in this region

with a prevalence of 28.5%, 9.5% and 9.3%, respectively (Tum et al.,

2015). Seropositive animals were older than seronegative animals,

particularly with serotype O, and as the antibody level to FMDV ser-

otypes A and Asia 1 was generally low, it was concluded that sero-

type O is likely most responsible for the majority of recent

outbreaks of FMD in Cambodia, despite few samples being submit-

ted for analysis each year (Tum et al., 2015).

FMDV is transmitted by direct contact between infected and

susceptible animals; contaminated inanimate objects (hands, foot-

wear, clothing vehicles, etc.); consumption of untreated contami-

nated meat products (usually by pigs) or milk (usually calves);

artificial insemination with contaminated semen; inhalation of infec-

tious aerosols; and airborne transmission of virus in aerosols (espe-

cially in temperate zones) (OIE, 2013). Newly infected animals may

shed the virus prior to clinical signs occurring, with recovered
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ruminants harbouring the virus for up to 6 months as carrier animals,

although the role of carrier animals (defined as animals in which

FMDV persists in the oropharynx for more than 28 days) in trans-

mission of the disease is disputed (OIE 2013). Although it has been

recognized that the distribution and movement of FMD viruses in

South-East Asia is a reflection of the trade driven movement of live-

stock (Gleeson, 2002), there are few documented transboundary dis-

ease incursion events that directly link to live animal movements

despite viral molecular characterization demonstrating the persis-

tence and widespread dissemination from a common origin (Le et al.,

2010). Within the GMS, most cross-border animal movement occurs

unofficially as “informal” movements (Gleeson, 2002; Smith et al.,

2015). Various studies that have engaged with traders through pur-

posive trader selection and surveys and primary trade routes have

been described (Cocks et al., 2009; Kerr, Sieng, & Scoize, 2012; Kerr

et al., 2013; Smith et al., 2015; Young et al., 2016). However, it

appears that compliance with and enforcement of animal movement

regulations are ineffectual (Gleeson, 2002; Smith et al., 2015). In a

recent investigation of cattle traders, it was estimated almost one

million large ruminants enter China from neighbouring South-East

Asian countries annually (Smith et al., 2015).

Since 1997, the South-East Asia and China Foot and Mouth

Disease Campaign (SEACFMD), coordinated through the World

Organisation of Animal Health (OIE) Regional Coordination Unit in

Bangkok, has worked to develop a regional approach to FMD con-

trol, of which Cambodia, and its GMS neighbours are founding

members (OIE, 2016). More recently, the progressive control path-

way for FMD control (PCP-FMD) was developed to classify and

communicate FMD risk management progress within each member

country. The PCP-FMD recognizes that there are differences in risk

of infection between and within infected countries and that coun-

tries are at different stages in managing this risk, guiding countries

along a pathway of activities from measuring risk-to-risk manage-

ment and towards an application for recognition of disease freedom.

Cambodia remains at PCP-FMD Stage 1 of 5. Stage 1 requires an

understanding of the epidemiology of FMD in the country to enable

development of a risk-based approach to reduce the impact of

FMD. Quantifying FMD risk through farmer participatory-based

research is pertinent to this process, with an understanding of cur-

rent cattle producer knowledge, attitudes and practice (KAP)

towards FMD control and risk management required. This informa-

tion is of value to developing an evidence-based strategic FMD con-

trol plan to reduce the impact of FMD in at least one zone or

husbandry sector and, ultimately, enable the country to progress to

PCP Stage 2.

Studies of smallholder farmers have previously demonstrated a

very low knowledge of livestock infectious diseases and biosecurity

in southern Cambodia (Nampanya, Suon, Rast, & Windsor, 2012).

Through participatory “applied field research,” “on the job” training

plus “formal” training programmes, smallholder farmer knowledge

has been demonstrated to improve and lead to improved biosecurity

and livelihood outcomes (Young et al., 2014b). However, the suc-

cessful scale-out of these programmes has yet to be tested on a

wider geographical scale across Cambodia. To address this, a 3-year

“Village-based biosecurity for livestock disease risk management in

Cambodia” (VBLDRM) project commenced in mid-2015, funded by

the Australian Centre for International Agricultural Research (ACIAR)

and implemented by The University of Sydney, Australia, in collabo-

ration with the Department of Animal Health and Production

(DAHP), Cambodia (ACIAR, 2016). The objectives of this project

include improved preventive cattle disease risk management and dis-

ease surveillance and response, with motivation of participating

smallholders by improving cattle nutrition, reproduction and market

access (Young et al., 2013). This work involves a systems approach

to conduct applied research and extension activities, aiming to: (i)

evaluate the primary TAD risk practices of smallholder cattle farm-

ers; (ii) identify specific baseline farmer knowledge, attitudes and

practices of smallholder cattle TAD risk management; (iii) identify

barriers to adoption of TAD risk management interventions; and (iv)

identify if there is an association between higher annual smallholder

household income from cattle and TAD risk management. The pro-

ject will test the hypothesis that smallholder farmers that are actively

practising TAD risk management would be associated with higher

annual smallholder household incomes from cattle with reduced risk

of impacts from TAD, and FMD in particular.

2 | MATERIALS AND METHODS

2.1 | VBLDRM Project site selection

Sixteen rural “locations” (typically designated as a “village” and imme-

diate surrounding areas) from five Cambodian provinces were

selected for the VBLDRM project. This included four villages in Bat-

tambang (north-west Cambodia), four villages in Siem Reap (northern

Cambodia), two villages each in Tbong Khmum and Kampong Cham

(central Cambodia) and four villages in Takeo (southern Cambodia).

The five provinces were selected as they are considered to represent

Cambodia’s main cattle producing regions and supply the country’s

main urban markets. Location selection was based on criteria that

included: farmer, village leaders and local government commitment

to training and project research cooperation; each location having 25

smallholder farmers (400 in total) with current or intention to own

≥3–4 cattle; available land for forage establishment; and year-round

access to main roads and markets. Locations were selected following

consultation with provincial leaders and each location known to sup-

port Cambodia’s main city markets.

2.2 | Identifying TAD risk practices of smallholder
cattle farmers

Using the primary transmission routes as defined (OIE, 2013), we

developed a risk practice table to identify example scenarios or prac-

tices for FMD entry (release) onto a smallholder cattle farm and

potential biosecurity measures to mitigate these risks. The table is

not considered a complete risk assessment of all possible FMDV

entry pathways, but demonstrates most probable risk pathways to
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frame the proposed biosecurity measures to be delivered by the

VBLDRM project.

2.3 | Smallholder farmer knowledge, attitude and
practice (KAP) survey

The KAP survey was conducted between the 30 June and 18 July

2015. The survey consisted of four components, collecting small-

holder farmer responses to general information, knowledge, attitudes

and practices. The survey consisted of 50 closed-ended questions

comprising multiple choices, ranking of a selection, one-word

responses or tables for completion where appropriate. Part 1 con-

sisted of 15 questions, including name, smallholding location (village,

commune, district, province), farmer age, gender, number of persons

in household, gender of household decision-maker, hours per day

tending to cattle, farm area (ha), annual household income (total and

from cattle), cattle owned currently, and over the last 12 months

number of cattle born, died, purchased and sold. Part 2 consisted of

11 questions, assessing farmer knowledge of animal health and

biosecurity. Part 3 consisted of 11 questions, targeted at farmer atti-

tudes towards animal health and biosecurity. Part 4 consisted of 13

questions, relating to farmer animal health and biosecurity practices,

and also included questions on details of where cattle were pur-

chased and sold by administration level (i.e., from/to a village, dis-

trict, province or another country) to assess FMD transmission risk

from live cattle movement. No pilot study was performed.

2.4 | Survey participant selection and
implementation

The survey was written in English and translated into Khmer by

DAHP project staff. Prior to the survey, staff received training on

survey content and implementation to ensure a clear and consistent

understanding of the surveys objectives, questions and to limit

potential interviewer bias. Surveys were conducted in project loca-

tions between the 30 June and 18 July 2015. Respective provincial

veterinarians selected 15 enrolled project farmers to participate in

the survey using stratified random sampling from a total sample of

25 project farmers per village (400 total) for a total sample size of

240 farmers from 16 project locations, or 60 smallholder farmers

from each of the four regions of north-west, northern, central and

southern Cambodia (Figure 1). Surveys were conducted individually

to avoid group conformity, with each survey requiring ~30–40 min

to complete.

, ,

F IGURE 1 VBLDRM project and KAP survey sites in Battambang Province (north-west region), Siem Reap Province (northern region),
Kampong Cham and Tbong Khmum Provinces (central region) and Takeo Province (southern region) of Cambodia [Colour figure can be viewed
at wileyonlinelibrary.com]
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2.5 | Data management and analysis

Surveys were conducted in Khmer with answers recorded on pre-

prepared survey paper forms. Data were translated into English and

entered into a Microsoft Excel spreadsheet by a project officer, then

cleaned in Microsoft Excel, with “Correct” knowledge answers con-

verted to a “1” and “Incorrect” or “I don’t know” answers converted

to a “0” for binary analysis. A similar approach was taken with atti-

tude and practice questions, with affirmative answers converted to a

“1” and negative to a “0”. A descriptive analysis was conducted using

Microsoft Excel with a focus on the four study regions targeted in

the project. The mean total knowledge score for men and women

was assessed using a Mann–Whitney U test to identify any signifi-

cant difference in knowledge between gender groups.

2.6 | Univariable and multivariable regression
analyses

Potential predictive explanatory variables were tested for significant

effects on the “annual income from cattle” outcome variable. Raw

“annual income from cattle” data was negatively skewed and there-

fore log-transformed to be approximately normally distributed and to

reduce the influence of large figures for regression analysis. Farmers

reporting zero income from cattle in the last year were removed

from the data set. A total of 27 explanatory variables were tested in

univariable linear models using Genstat 17th Ed (VSN International).

Five of the explanatory variables were positively skewed (forage

area, hours spent tending cattle, cattle owned at present, cattle

owned in the last year and farm area) and were log-transformed to

be approximately normally distributed for regression analysis. A cut-

off p-value of .25 was selected for inclusion in multivariable model

building and the final model was constructed in Genstat 17th Ed

(VSN International) using forward selection, which stopped when all

p-values were <.05 with exceptions made for main predictors. Corre-

lation was tested between continuous variables using the Pearson

correlation coefficient and between ordinal variables using Spearman

rank correlation coefficient, to identify and remove any correlated

variables from the final model.

3 | RESULTS

3.1 | Summary of TAD risk practices of smallholder
cattle farmers

Risk factors or practices for foot-and-mouth disease entry into small-

holder cattle farm scenarios and biosecurity measures to mitigate

these risks are presented (Table 1). In total, nine scenarios are pro-

posed, five through direct contact and four through indirect contact.

3.2 | Smallholder farmer survey

Of the 240 farmers interviewed, 70 (29.2%) were women and 170

(70.8%) men. The mean age of all 240 farmers was 45.9 years,

with females 43.0 and males 47.1 years of age. Baseline descriptive

data are presented (Table 2). In the descriptive analysis of small-

holder farms and household data, the mean for a number of

parameters was consistent among regions including farmer age,

number of household members and forage area. However, mean

farm size varied significantly with a mean of 4.4 ha in the north-

west and only 1.4 ha in the southern region. The north-west region

also had the highest ownership of cattle, with a mean of 6.4 per

farmer, yet had one of the lowest rates of cattle purchases at 0.3

cattle purchased per year per farmer, with only the north region

having a lower rate of cattle purchases at 0.2 cattle purchased per

farmer per year. The central region reported the highest rate of

cattle sold per farmer, with a mean of 1.9 cattle sold in the past

year. This was closely followed by the north-west region with a

mean of 1.7 cattle sold per year, with the north and south regions

having the lowest rates at 0.8 and 1.0 cattle sold per year, respec-

tively (Table 2).

3.3 | Smallholder farmer knowledge

The mean knowledge score of all 240 farmers was 28.4%, with no

significant difference in knowledge score between men and women

(p = .651) (Table 3). The mean score for individual knowledge ques-

tions in each of the four regions is provided (Figure 2). In all regions,

30.8% of farmers correctly identified that “biosecurity” refers to

actions that reduce the risk of disease spread onto a farm, with 35%

of farmers correctly identifying that regular vaccination can prevent

cattle from becoming diseased.

In total, 26.3% of farmers correctly identified that FMD can be

transmitted through direct contact. Only 1.7% of farmers correctly

identified that FMD should not be treated with antibiotics, with

25.8% identifying that haemorrhagic septicaemia (HS) should be

treated with antibiotics. A total of 37.5% of farmers stated that it is

important to separate sick cattle from healthy cattle to prevent dis-

ease transmission, and 31.3% farmers identified that a shared water

source presents a disease risk. A total of 28.3% of all farmers identi-

fied correctly that purchasing unvaccinated cattle is a risk for disease

transmission, and 15.4% of farmers correctly stated that selling sick

cattle is a risk for disease transmission. When asked what disease

causes cattle to have ulcers on their tongue, teats and feet, 44.2%

correctly identified FMD. When asked what disease can cause diffi-

culty with breathing, swelling under the neck and often death,

35.8% correctly identified HS.

3.4 | Smallholder farmer attitudes

In total, 85% of farmers advised willingness to pay a Village Ani-

mal Health Worker (VAHW) to provide vaccines for their cattle

(no disease or vaccine type specified). When asked specifically if

farmers would be willing to pay for FMD vaccinations, this

dropped to 0%–45%, with no farmers surveyed in the southern

region stating they would be willing to pay for FMD vaccines

(Table 4). When asked about their perception of risk, if they
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thought their cattle would be affected by FMD next year, 13.8%

said yes, 66.3% stated they did not know, and 20.0% stated they

did not think they would be affected. Of concern, 25.4% of farm-

ers believed that vaccines can harm their cattle and 23.3%

believed vaccines could cause cattle to abort. Only 31.7% of farm-

ers believed vaccinations could increase cattle value. In addition,

the majority of farmers believed that VAHWs would benefit from

more training, more products and better equipment. When asked

if FMD or HS had affected their cattle in the last year, 24.6%

and 21.3% of farmers provided affirmative responses, respectively.

In relation to chronic impacts of FMD, farmers were asked to esti-

mate the value of their cattle following recovery from FMD, with

the percentage of farmers indicating affected cattle returned to

0%–20%, >20%–40%, >40%–60%, >60%–80% and >80%–100% of

previous healthy value, being 24.2%, 31.7%, 31.3%, 5.8% and

7.9%, respectively (Figure 3).

3.5 | Smallholder farmer practices

In total, 32.1% and 68.3% of farmers reported that they had their

cattle vaccinated for FMD and HS, respectively, within the last

12 months. When asked if farmers separate new purchases from

the existing herd for 2 weeks, 26.3% stated always, 25.8% some-

times and 47.9% never. When asked if farmers separate sick cat-

tle from healthy cattle, 52.1% stated always, 25.4% sometimes

and 22.5% never. When asked if cattle have direct contact with

other farmers’ cattle that they don’t own, 51.7% stated yes,

19.2% stated no and 27.9% stated they did not know. When

asked if farmers graze their cattle in communal grazing areas,

76.7% stated yes in the dry season and 16.7% stated yes in the

wet season, with 78.3% of farmers stating they keep cattle in a

fenced area. Individual question responses for each region are pro-

vided (Figure 4).

TABLE 1 Risk factor or practices for FMDV entry into smallholder cattle farm scenarios and proposed biosecurity measures to mitigate
these risks

Risk factor
or practice Example scenario(s) Proposed biosecurity measure(s) to mitigate riska

Susceptible cow

or herd has

direct contact

with an

infected

animal

A farmer purchases an infected

cowb and mixes it with his/her

existing susceptible cow/herd

• Purchase cattle with known health history

• Purchase cattle with up-to-date and appropriate vaccination
c

• Quarantine (keep separate) newly purchased cattle for 2 weeks

before herd introduction

• Appropriately vaccinate newly purchased cattle

• Develop widescale herd immunity through coordinated vaccination

campaigns (i.e., SEACFMD)

An infected animalb (buffalo, pig,

goat) has direct contact with

susceptible cow or herd

• Purchase animals with known health history

• Appropriately vaccinate all livestock

• Do not feed swill to pigs

A farmer grazes his/her susceptible

cattle in a communal grazing area

with infected cattleb

• Growing of forages and use of feeding stalls within farm to avoid

need for off-farm communal grazing

• Fence cattle in to limit direct contact with other cattle

• Ensure cattle are appropriately vaccinated

A farmer rents an infected bullb to

breed with his susceptible cow
• Ensure breeding bulls entering property have a known health

history and are appropriately vaccinated

A farmer hires an infected bullockb

to plough his/her rice paddy, which

has direct contact with his

susceptible cow or herd

• Ensure working cattle entering property have a known health

history and are appropriately vaccinated

• Use of mechanized tractors

Susceptible

cow has

indirect

contact with

an infected

animal

A susceptible cow ingests or inhales

contaminated excreta (saliva, blood,

faeces, etc.) from an infected animalb

• Avoid livestock entering communal or shared areas

Contaminated fomites on vehicles,

clothing, shoes or equipment (manure

containing FMDV) are carried onto

farm and cattle ingest or inhale fomite

• Control farm entrance and limit access

• Ensure vehicles, clothing, shoes and equipment are cleaned and

disinfected prior to use on farm

Susceptible cow inhales FMDV

through contaminated air plume
• Avoidance of commercial piggeries (limited evidence of airborne

transmission of FMD in the Tropics)

Susceptible cow or herd ingests

FMDV-contaminated animal product
• Do not allow cattle access to household or food waste

aImproving farmer knowledge of basic biosecurity concepts and FMDV epidemiology is required.
bInfected animal could be a preclinical infected animal, clinical case or carrier.
c ‘Appropriate vaccination’ for FMDV would ideally involve careful vaccine strain selection, timing of vaccine to coincide with immunity waning and

high-risk periods, cold chain management and post-vaccine monitoring.

6 | YOUNG ET AL.



3.6 | Univariable and multivariable regression
analyses

A total of 18 of the 27 explanatory variables met the <0.25 p-value

cut-off point and were included in the forward selection multivariable

model (Table 5). The final model of the income from cattle outcome

included five significant explanatory variables: Region (with the highest

income in the central region, followed by north, north-west and south),

number of calves born in the last 12 months, forage area (ha), vaccina-

tion of cattle in the last 12 months and number of cattle purchased in

the last year (Table 6). The final model accounted for 29.9% variance.

4 | DISCUSSION

With an overall mean score of 28.4% for the 11 questions on biose-

curity knowledge, this study confirms that smallholder farmers lack

basic understanding of biosecurity, with trends similar across all the

regional farmer cohorts examined. Less than 40% of farmers across

regions are aware that vaccination can prevent disease and in three

of four regions, less than 20% of farmers knew that selling sick cat-

tle presented a risk of disease spread. Less than 50% of smallholder

farmers in all four regions could correctly identify basic clinical signs

of FMD and HS. The implications of these findings are that disease

reporting sensitivity and specificity is compromised, public health

and community disease control programmes are threatened, plus

there are serious potential implications of inappropriate antibiotic

use. When asked if FMD should be treated with antibiotics, less than

2% of smallholders correctly answered “no.” Antimicrobial resistance

(AMR) is an emerging global concern with inappropriate use of

antibiotics in livestock an important risk factor. The widespread use

of antibiotics during FMD outbreaks, as reported previously in this

region (Nampanya, Khounsy, Young, Bush, & Windsor, 2015), has

the potential to cause spikes in antimicrobial residues entering the

food chain and contribute to AMR.

The annual global impact of FMD due to vaccination costs and

direct, visible production losses were recently estimated at a median

of USD 11 billion, of which USD 5.3 billion occurred in Asia (Knight-

Jones & Rushton, 2013). Recent research has helped identify the

impacts of both FMD and HS on smallholder farmers in Cambodia

TABLE 2 Descriptive Information (totals, mean � SD) of smallholder farm and household data

Variable Central North Northwest South Total

Number of farmer participants 60 60 60 60 240

Total Female participants 23 25 6 16 70

Total Male participants 37 35 54 44 170

Mean age (�SD) 43.5 (�11.7) 44.5 (�12.6) 46.2 (�11.0) 49.5 (�12.1) 45.9 (�12.0)

Mean number of hh members 5.5 (�1.6) 5.1 (�1.7) 5.1 (�1.8) 5.5 (�1.8) 5.3 (�1.7)

Mean Forage area (ha) 0.2 (�0.2) 0.1 (�0.1) 0.2 (�0.3) 0.1 (�0.1) 0.1 (�0.2)

Mean Rice area (ha) 1.6 (�1.6) 1.4 (�1.0) 3.4 (�2.8) 1.2 (�0.7) 1.9 (�1.9)

Mean Farm area (ha) 2.7 (�1.6) 1.8 (�1.4) 4.4 (�4.5) 1.4 (�0.8) 2.6 (�2.8)

Mean time tending cattle (hr/hh/day) 6.3 (�1.7) 6.4 (�2.2) 5.4 (�1.7) 4.8 (�1.9) 5.7 (�2.0)

Total cattle owned in last 12 months 370 294 383 192 1239

Mean cattle owned per farmer 7.1 (�5.9) 5.3 (�4.3) 6.8 (�7.9) 3.6 (�1.7) 5.7 (�5.6)

Total cattle purchased last 12 months 42 14 18 21 95

Mean cattle purchased per farmer 0.7 (�2.4) 0.2 (�0.7) 0.3 (�1.2) 0.4 (�0.7) 0.4 (�1.4)

Total cattle sold in last 12 months 113 50 100 61 324

Mean cattle sold per farmer 1.9 (�3.6) 0.8 (�1.2) 1.7 (�1.9) 1.0 (�1.1) 1.4 (�2.2)

Total cattle born in last 12 months 82 60 102 28 272

Mean cattle born per farmer 1.4 (�1.7) 1.0 (�1.3) 1.7 (�2.8) 0.5 (�0.9) 1.1 (�1.8)

Total cattle died in last 12 months 10 11 6 7 34

Mean cattle died per farmer 0.2 (�0.5) 0.2 (�0.5) 0.1 (�0.3) 0.1 (�0.3) 0.1 (�0.4)

Income (cattle) USD/year 828 (�884) 739 (�906) 801 (�806) 525 (�430) 723 (�785)

Income (rice) USD/year 726 (�523) 542 (�321) 1350 (�1854) 484 (�376) 791 (�1099)

Income (total) USD/year 2122 (�1836) 1485 (�1065) 2823 (�4550) 1158 (�712) 1897 (�2599)

hh, household.

TABLE 3 Knowledge scores of smallholder farmer participants (%)

Group Central Northern Northwest Southern Total

Mean score

(Female n = 70)

31.2 26.9 24.2 31.8 29.2

Mean score

(Male n = 170)

25.8 28.8 28.5 28.7 28.0

Mean score

(All n = 240)

27.9 28.0 28.0 29.5 28.4
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(Kawasaki et al., 2015; Young, Suon, Bush, & Windsor, 2013; Shan-

kar, Morzaria, Fiorucci, & Hak, 2012; Young et al., 2013, 2016).

However, no studies have reported on losses due to chronic impacts

of FMD, despite anecdotal reports and observations of sequelae

including the “hairy panter” syndrome where animals fail to fully

recover their production potential (Kitching, 2002) . A benefit–cost

analysis (BCA) of a vaccine-led FMD control programme over a 5-

year period, using ad hoc modelling to estimate the true FMD inci-

dence, indicated that an annual vaccine programme where all large

ruminants were vaccinated twice (at a cost of USD 3.15 per vaccine

per animal) would cost approximately USD 26 million per year and

had the potential to avoid losses of USD 135 million if a large-scale

outbreak occurred in the first year of the programme, leading to a

benefit–cost ratio of 6.05 (Young et al., 2016). While this investment

currently exceeds available resources in Cambodia, the findings sup-

port strategic vaccination and zoning approach to FMD, plus this

model could be applied on a smaller scale within Cambodia, or

potentially in other GMS countries.

The study identified that over 20% of farmers in all regions

reported that their cattle were affected with FMD in the preceding

12-month period, with 28.3% of farmers from the north-west region

and 23.3% of farmers in the other three regions reporting FMD. Of

concern, between 8.3% and 31.7% of farmers reported they did not

know if their cattle had been affected by FMD, indicating that in

addition to recognizing low knowledge of the disease, it might sug-

gest their cattle were affected by an unknown illness in the previous

12 months. When farmers were asked to estimate the value of their

cattle following recovery from FMD relative to their previous market

value, the vast majority indicated that their animals returned to

<60% of their previous value, providing further evidence that farm-

ers experience an unrecoverable financial impact, despite the com-

monly promulgated view that cattle recover fully from FMD.

Previous research has indicated that a large component of the losses

due to FMD is due to a decline in the market value of the affected

cattle (Young et al., 2013). As there is a paucity of research into the

chronic impacts of FMD, further research on this issue is required

and could be of importance to developed countries considering poli-

cies of non-slaughter of FMD-affected animals. The attitudes of

farmers were generally consistent across the regions and it was of

interest that the majority of farmers were willing to pay VAHWs to

vaccinate their cattle and are keen to see VAHWs have more train-

ing, better equipment and more products. This supports recent find-

ings by Stratton et al. (2015), who concluded that increased

veterinary extension to VAHWs and access to veterinary equipment,

vaccines and drugs may further increase VAHW-farmer engagement.

However, between 20 and 30% of farmers in all regions believed

that vaccines can harm cattle and cause abortions, indicating that

prior to implementing large-scale vaccination campaigns, extension

programmes addressing fears and misconceptions of vaccines should

be initiated. This is of relevance to achieving targeted herd vaccina-

tion coverage and sufficient herd immunity. Over 30% of farmers in

all regions believed that vaccination can increase the value of cattle,

presenting an opportunity to market vaccines for beneficial out-

comes to livelihoods. When asked if they thought they would be

affected by FMD in the next year, between 50 and 80% of farmers

stated they did not know, and between 10 and 30% stated they

F IGURE 2 Farmers (%) correctly
answering knowledge questions in each
region [Colour figure can be viewed at
wileyonlinelibrary.com]
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believed they would be in each region. This perception of risk is also

an important outcome and can be used for consideration of risk miti-

gation in scaling out of vaccination programmes.

This study identified that the mean of farmer practices displayed

wider regional variability than farmer knowledge and attitude

scores. Understanding farmer practices is a useful guide for consid-

eration of risky behaviours and risk management through biosecu-

rity actions by farmers. Questions on preventive practices included

vaccination (FMD and HS), separation of newly purchased and sick

cattle from healthy cattle, and fencing of cattle, were included in

the survey. Farmers in the southern region reported the lowest

rates of FMD and HS vaccination and also reported the lowest

rates of communal grazing in both the wet and dry seasons. Farm-

ers in the north-west and northern regions reported the highest

use of FMD and HS vaccination, while overall vaccination rates in

large ruminants in this study were 32.1% for FMD and 68.3% for

HS. Vaccination rates in our study are markedly higher than the

country level official reported rates of 1.1% and 29.4% for FMD

and HS, respectively (MAFF 2015). This may reflect that there is a

changing mindset of farmers who are now increasingly willing to

adopt vaccines and preventive biosecurity or that vaccination rates

are underreported.

Implementing FMD vaccination campaigns at the country level,

particularly in PCP-FMD Stage 1 countries such as Cambodia, pre-

sents major challenges. These include the following: the logistics of

supply and administration of vaccines into the animals in the

absence of developed veterinary services; lack of animal identifica-

tion and recording; need for vaccine matching and selection; the

cost of high-quality vaccines with sufficient potency; the develop-

ment of a reliable cold-chain management system; the need for suit-

able animal restraint to ensure safe handling for animals and

personnel; and the resources to conduct sufficient vaccine monitor-

ing to ensure the programme has been successful. The present sur-

vey included farmer “willingness to pay” for FMD vaccines,

capturing both the proportion of farmers and their attitude in what

level of payment they valued FMD vaccine. Interestingly, the pro-

portion of farmers willing to pay varied from 0 to 45% between

regions, with no farmers stating they would pay for FMD vaccines

in the southern region, yet 45% of farmer participants stating they

would pay for FMD vaccine in the north-west. Also of interest was

the mean value (USD) that farmers were willing to pay, with a mean

of USD 2.39, 2.89 and 2.78, in the central, northern and north-west

regions, respectively. These findings suggest that a trial of a cost-

sharing arrangement between farmers and the government or

donors in an FMD vaccine campaign could be considered, particu-

larly if we assume the cost of the manufacture of low- and high-

potency trivalent FMD vaccines is in the order of USD 0.70 and

USD 1.50 per dose, respectively. Effective private–public cost shar-

ing of FMD vaccine campaigns in PCP-FMD Stage 1 countries is

likely to significantly improve the economic sustainability of such a

campaign, which are currently heavily reliant on international

donors.

Given that movement of live animals is considered the major risk

factor for FMD transmission, improving understanding of how small-

holders engage and access markets is important. When farmers were

asked for information on both the administration level source and

TABLE 4 Variation in regional farmers (a) knowledge and
attitudes of and towards FMD and (b) purchase source and sale
destinations of cattle

Parameter

Region

Central North
North-
west South

(a) Farmers knowledge and attitudes of and towards FMD

Farmers ability to recognise FMD and HS clinical signs

Farmers correctly identified

FMD clinical signs (%)

43.3 48.3 43.3 41.7

Farmers correctly identified

HS clinical signs (%)

35.0 35.0 36.7 36.7

Farmers that stated cattle affected with FMD in last year

Yes, affected (%) 23.3 23.3 28.3 23.3

No, not affected (%) 65.0 51.7 63.3 45.0

Don’t know (%) 11.7 25.0 8.3 31.7

Farmer willingness to pay for FMD vaccination

Farmers willing to pay (%) 23.3 31.7 45.0 0.0

Mean (USD) 2.39 2.89 2.78 –

Median (USD) 2.46 2.95 2.46 –

Minimum (USD) 1.23 2.46 2.46 –

Maximum (USD) 3.69 3.69 4.92 –

Standard deviation (USD) 0.72 0.28 0.59 –

Farmer estimate of cattle value post FMD recovery

0%–20% of their previous

value (%)

21.7 11.7 31.7 31.7

>20%–40% of their previous

value (%)

26.7 35.0 15.0 46.7

40%–60% of their previous

value (%)

43.3 45.0 23.3 13.3

>60%–80% of their previous

value (%)

5.0 5.0 5.0 8.3

>80%–100% of their previous

value (%)

3.3 3.3 25.0 0.0

(b) Farmers reported purchase source and sale destination of cattle

Farmer cattle purchase administration level

Within village (%) 23.1 14.3 0.0 15.4

Within district (%) 23.1 14.3 0.0 46.2

Within province (%) 38.5 28.6 100.0 7.7

Other province (%) 0.0 0.0 0.0 15.4

Unknown (%) 15.4 42.9 0.0 15.4

Farmer cattle sale administration level

Remain in village (%) 2.9 4.0 33.3 5.9

Remain in province (%) 11.4 20.0 24.4 23.5

Other province (%) 0.0 28.0 6.7 11.8

Export (%) 17.1 4.0 8.9 17.6

Unknown (%) 68.6 44.0 26.7 41.2
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destination of cattle, it was concluded that farmers sourced cattle

from highly variable localities at the administration level, with the

exception of the north-west region, where surveyed farmers sourced

all cattle from within Battambang Province and outgoing sale cattle

also predominantly stayed within the province. This suggests that

Battambang may be a suitable trial site for FMD control zoning.

Despite a lack of thoroughly documented risk-based outbreak inves-

tigations in Cambodia, animal movement has been primarily impli-

cated in regional FMD transboundary spread, with pig traders

thought to have introduced FMD into Laos from Vietnam (Gleeson,

2002; Khounsy et al., 2009; Perry, Gleeson, Khounsy, Bounma, &

Backsell, 2002), and in more recent regional outbreaks, informal cat-

tle movements have been suspected. Further modelling of disease

risk from cattle movement is recommended.

This study identified several threats and opportunities for FMD

control programmes in Cambodia, including very low baseline farmer

knowledge of FMD epidemiology, risk pathways and prevention. The

concepts and practical application of on-farm biosecurity were found

F IGURE 3 Farmers (%) attitudes
towards cattle biosecurity in each region
[Colour figure can be viewed at
wileyonlinelibrary.com]

F IGURE 4 Farmers (%) undertaking
preventive or risk practices in each region
[Colour figure can be viewed at
wileyonlinelibrary.com]
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to be so low that they have no significant impact on farm income

from cattle. This indicates that programmes that fail to adequately

address farmer knowledge are likely to achieve low key performance

indicators, such as sufficient vaccine coverage to achieve adequate

herd immunity, placing programmes at risk of being unsustainable

when public funding dwindles or ceases. Furthermore, disease out-

breaks have been shown to lead to financial shocks at the household

level when they do occur and has been demonstrated for both FMD

(Young et al., 2013) and HS (Kawasaki et al., 2015) in the

Cambodian context. Unfortunately, a quarter of farmers believe vac-

cines can harm cattle (25.4%) and can cause abortion (23.3%),

although recognizing that these beliefs exist enables disease control

administrators and policymakers to address these issues, enabling

increased control intervention adoption and improved farmer biose-

curity practices. To date, published information on cattle reproduc-

tion has been limited to baseline production indices (Young et al.,

2013; Olmo et al., 2017), and it is recommended further research be

conducted to identify reproductive pathogenic epidemiology and its

impact on productivity.

While there are examples of successful implementation of

improving TAD risk management in smallholder systems (Nampanya

et al., 2012; Young et al., 2014a,b, 2015), the successful scale-out

and scale-up of such systems-based interventions have not yet

occurred. Further research is needed to provide clarity on content

and delivery methods for effective knowledge transfer and con-

tribute to successful biosecurity change management (Young et al.,

2015). In this study, baseline biosecurity knowledge, attitudes and

practices were not significantly associated with a higher household

income from cattle. Participants did not receive training prior to this

survey. However, the detailed analysis is revealing and the informa-

tion is likely to have significant value to the progression of under-

standing the complex interaction between smallholder cattle farmers

and TADs such as FMD. The information may also support regional

programmes such as the OIE SEACFMD in their quest to progress

GMS countries, including Cambodia, from PCP-FMD Stage 1 to

Stage 2 and higher.

As the selection methods used in this study may lead to selec-

tion bias, application of these findings to all smallholder cattle farm-

ers across Cambodia is cautioned. However, this study does provide

insights into the KAP of those smallholder farmers that are willing to

improve the productivity of their cattle. Strong and supportive village

leadership, usually through the village chief, is also important for

farmer engagement and participation as well as the adoption of

biosecurity-associated interventions and will continue to be explored

in the VBLDRM project. The results also highlight the risk of rapid

TABLE 5 Univariable linear regression analysis of annual income
from livestock

Parameters Categories b SE (b) p (F)

Region Central 851.53 1.12 <.001

North 0.67 1.17 .014

Northwest 0.81 1.17 .180

South 0.46 1.17 <.001

Age – 0.99 1.00 .243

Male decision-maker – 0.66 1.30 .117

Female decision-maker – 0.99 1.13 .948

Hours tending livestock (hr/day) – 3.51 1.43 <.001

Cattle kept at present – 3.02 1.26 <.001

Cattle born in last 12 months – 1.17 1.03 <.001

Cattle died in last 12 months – 0.92 1.15 .547

Cattle FMD vaccinated – 1.00 1.14 .999

Cattle HS vaccinated – 1.28 1.13 .050

Cattle in last 12 months – 3.61 1.23 <.001

Cattle purchased in last

12 months

1.11 1.06 .107

Cattle sold in last 12 months – 1.12 1.02 <.001

Forage area (ha) – 1.96 1.19 <.001

Farm area (ha) – 2.15 1.17 <.001

Total knowledge score (/11) – 0.99 1.03 .829

Would pay for VAHW to

vaccinate

– 1.43 1.17 .023

Use cattle for draught – 0.76 1.13 .028

Vaccinated in last 12 months – 1.45 1.14 .005

Affected by FMD in last

12 months

– 0.91 1.14 .489

Affected by HS in last

12 months

– 1.62 1.16 <.001

Always quarantine new

purchased

– 1.29 1.14 .055

Always separate sick from

healthy

– 1.50 1.12 <.001

Cattle have direct contact – 1.11 1.12 .391

Cattle sometimes fenced – 0.87 1.15 .330

No communal grazing dry

season

– 0.99 1.15 .934

No communal grazing wet

season

– 1.20 1.17 .263

TABLE 6 Final multivariable linear regression model for annual
income from livestock

Parameter ba SE (b) t (103) t pr.

Constant 603.95 1.22 31.62 <.001

Area central Ref Ref – –

Area north 0.97 1.24 �0.14 0.886

Area north-west 0.76 1.18 �1.66 0.101

Area south 0.73 1.19 �1.82 0.071

Number of cattle born last year 1.09 1.03 2.77 0.007

Forage area (ha) 1.45 1.19 2.12 0.036

Vaccinated livestock last year 1.73 1.15 3.86 <.001

Number of cattle purchased

last year

1.12 1.06 2.01 0.047

aBack-transformed to original scale (USD/year).
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TAD spread due to cattle trade. To date, there are few reports of

successful engagement of traders (Kerr et al., 2012), and uncon-

trolled livestock movement will need to be addressed with sustain-

able solutions that include consideration for trader motivations.

In the absence of a functioning and well-resourced veterinary

service in Cambodia, a shift in the paraveterinary VAHW service

model appears urgently needed. The current VAHW service has a

response-focused business model that risks absent or delayed TAD

reporting and potentially large-scale inappropriate use of antibiotics

for treatment of FMD cases. To move this towards a disease preven-

tion and reporting service, with provision of livestock productivity

advice, yet provide sufficient income generation, is a challenge.

Research has demonstrated that increased veterinary extension

capacities of VAHWs and better informed access to veterinary

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

engagement with disease control (Stratton et al., 2015). However,

for improved TAD prevention and more efficient control of out-

breaks, research that assesses provision of an animal health “preven-

tive-based” business model is urgently needed. This should aim to

reduce both the costs to farmers and the risks to the economy due

to FMD and other TADs in Cambodia, plus focus on more rational

use of antimicrobials to reduce risks of AMR.

5 | CONCLUSION

FMD is the most contagious TAD of cattle and animal movement is

acknowledged as the most significant transmission risk factor. Efforts

to implement biosecurity strategies within least developed countries

such as Cambodia are required for improved food security, cattle

market development and rural poverty alleviation, particularly as ani-

mal movement controls between countries remain tenuous. How-

ever, farmers and other stakeholders need to be motivated to adopt

disease preventive strategies, particularly as there is an absence of

knowledge of basic FMD risk and prevention. Understanding per-

ceived barriers and potential motivators is important and should be

incorporated into public awareness programmes that should be deliv-

ered with vaccination programs. This study provides further evidence

that biosecurity programmes aiming to achieve FMD control, zoning

and eventual freedom, will need to consider incorporating income

generating components such as improving nutrition (through forage

feeding), marketing and reproductive management to improve cattle

productivity. This systems approach presents a novel strategy to pol-

icy makers, yet linking cattle productivity improvements with coordi-

nated TAD control efforts offer significant socioeconomic benefits to

both Cambodia, the wider GMS and international efforts aimed at

FMD control.
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