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Introduction

Despite recent economic development, Cambodia remains
a mainly agrarian country with approximately 80% of the
population living in rural areas and dependent on agricul-
ture (MAFF, 2011). Increasing agricultural outputs for
both domestic consumption and export is considered an
important pathway to improve the livelihoods of small-
holder farmers and accelerate the pace of poverty reduc-
tion (MAFF, 2011). Preliminary estimates are that the
agricultural sector contributed 29% of Cambodia’s Gross
Domestic Product in 2010, an increase from 26.8% in

2008 and 28% in 2009 (MAFF, 2011). Livestock plays an
integral role in economic development in south-east Asia,
and in Cambodia, the livestock sub-sector contributes
12.8% to the agricultural sector, behind crop production
(53.9%) and fisheries (27.3%). However the mixed farm-
ing systems practiced by rural smallholders where cattle
are used for draft, manure for fertilizer, fuel, a source of
cash income and capital asset storage, means that these
systems are highly interdependent and improving large
ruminant livestock production is a potential pathway to
improving smallholder farm profitability (Windsor,
2011). Smallholder farmers own approximately 90% of
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Summary

The financial impact of an outbreak of FMD in 2010 on 62 smallholder cattle
farmers in four villages in southern Cambodia was investigated by a financial
impact survey questionnaire. Financial losses associated with FMD infection
were severe with variation depending on whether the animal survived or died
or was used for draft. The average post-FMD loss varied from USD 216.32, a
54% reduction from the pre-FMD value because of weight loss and treatment
costs, to USD 370.54, a 92% reduction from pre-FMD values if the animal was
treated, died and a rental draft replacement was required. Partial budget analy-
sis identified a strongly positive incentive for cattle to be vaccinated biannually
for FMD, providing USD 31.48 per animal for each animal owned. However
low vaccination rates suggest that farmers are mostly unaware of the need or
averse to the practice of vaccinating their cattle for FMD. This may be due to
poor understanding of preventative disease strategies such as vaccination,
unavailable disposable income for purchase of vaccines, and failure to recognize
the full costs that are incurred when the disease occurs. Enhancing smallholder
cattle productivity through the introduction of forage growing systems has
been suggested as a pathway for alleviating rural poverty in the Mekong region.
As our financial analysis identified a net benefit of vaccination for smallholder
farmer enterprises in an endemic FMD area in Cambodia, it is considered
important that farmer education strategies aimed at improving cattle produc-
tivity, also include both access to vaccine and training in preventative disease
risk management and biosecurity practices in Cambodia.
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cattle in Cambodia. With increased demand for red meat
in many developing countries in south-east and eastern
Asia, an opportunity has emerged for Cambodian small-
holder farmers to access these markets by improving cat-
tle production (Windsor, 2011). Crucial to the
enhancement of trade within and outside the region is
improved control of highly infectious diseases, and in this
category, foot and mouth disease (FMD) is the top prior-
ity (Perry et al., 1999).

The total number of large ruminants (cattle and buf-
falo) in Cambodia was reported at approximately
4.17 million head in 2010 (MAFF, 2011), with a cattle
population 3.48 million head, a decrease of about 2.6%
from 2009 (MAFF, 2011). A variety of factors may be
influencing the decrease in the national herd size, includ-
ing increased feed costs, illegal trading because of
increased export demand, plus animal movements to
replace market losses associated with regional climatic
impacts (Khounsy et al., 2011). However it is likely that
increased mechanization with a reduced need for draft
animals and transboundary animal diseases, particularly
endemic FMD and haemorrhagic septicaemia (HS), is of
relevance to the dynamics of the large ruminant popula-
tion in Cambodia. There has been a recent decrease in
the number of cattle and buffalo used for draft in Cam-
bodia, falling by 13.2% to 1.63 million animals from 2009
to 2010, which equates to 39% of the total large ruminant
population. This trend may be associated with the recent
increase in the numbers of tractors and hand tillers,
increasing by 16.2% and just over 20%, respectively
(MAFF, 2011). Although under-reporting of disease is
recognized as an issue in some countries in the region
(Nampanya et al., 2011), infectious disease surveillance
information provided to the Department of Animal
Health and Production (DAHP) does indicate the increas-
ing importance of FMD and HS in large ruminant pro-
duction in Cambodia. In each year between 2007 and
2010, FMD was recorded in 13, 14, 12 and 17 provinces,
with the 82 outbreaks in 2010 affecting 60 368 large
ruminants (Nampanya et al., 2011). In 2008 and 2010,
HS was reported from 17 and nine provinces as causing
sickness and/or death in 20 027 and 3 210 cattle and buf-
falo, respectively. Although many factors influence disease
surveillance data, vaccination coverage of the national
large ruminant population against FMD and HS in 2010
has been estimated at 2.7% and 43.8%, respectively (S.
Suon, unpublished data). These differences relate to DAHP
policy with public funds made available for HS vaccination
programmes to prevent the high mortality rates attributed
to this disease. However funding is scarce for FMD vaccina-
tion and costs are usually met by individual farmers unless
it is delivered in a research or development project. Despite
the widespread occurrence of severe FMD outbreaks in

Cambodia, the impact of the disease is often underesti-
mated as high mortality rates attributed to FMD are rarely
reported in cattle (OIE, 2007).

Smallholder farmers in Cambodia have limited knowl-
edge of husbandry practices, particularly the control of
endemic and parasitic disease. Recent research in Cambo-
dia on methods to improve large ruminant husbandry
and health suggests that a combination of interventions is
required. In particular, improving the nutritional basis of
large ruminant diets and controlling endemic infectious
diseases are considered as priorities (Nampanya et al.,
2011). This work has identified that improving nutrition
to raise the body condition of animals plus controlling
endemic diseases to improve marketability of animals are
interdependent and both need to be targeted if sustain-
able increases in the profitability of smallholder cattle
farmer enterprises are to be achieved. This work has also
identified that improved farmer knowledge of production
and disease control through vaccination and biosecurity
is achievable, albeit on a limited scale at this stage
(Nampanya et al., 2011). To meet increasing national and
regional demand for large ruminants for red meat con-
sumption, increasing FMD vaccination rates in Cambodia
is of importance. However a mass vaccination pro-
gramme for FMD in Cambodia provided by external
donor agencies will be very expensive and potentially
prohibitive, particularly with porous international borders
and dynamic trade routes that make targeted regional
vaccination programmes difficult to implement and sus-
tain. Widespread smallholder farmer education pro-
grammes that improve cattle profitability are likely to
increase incentives for farmer ‘owned’ vaccination, plus
biosecurity interventions to decrease disease risk. This
approach has the potential to reduce the incidence of
and hence the losses due to endemic disease, plus
improve animal welfare and, importantly, smallholder
farmer livelihoods.

There is a lack of data on the financial impact of FMD
and HS on smallholder farmers in Cambodia that could
be used to support more rigorous disease prevention pro-
grammes. An important objective of research to improve
large ruminant productivity in the region should be to
provide both smallholder farmers and the potential pro-
ject donor community with quantitative information on
the impact of FMD and HS. Economic impact evaluations
are considered difficult to perform because of a lack of
data, or lack of data in an appropriate form for analysis
(Perry et al., 1999). Case studies of recent outbreaks have
provided useful information that indicates that losses
because of FMD can be considerably greater than is often
recognized and that vaccination can have a major impact
on these losses (Rast et al., 2010). In this study, we esti-
mate the financial impact of an outbreak of FMD on
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smallholder farmers in southern Cambodia and deter-
mine, using a partial budget assessment, the net benefit/
cost of biannual FMD vaccine use by smallholder cattle
farmers.

Materials and Methods

Determining the financial impact of an FMD outbreak in
southern Cambodia
In late 2010, FMD outbreaks occurred in southern Cambo-
dia in the vicinity of four of the six project villages in the
Australian Centre for International Agricultural Research
(ACIAR) funded project ‘Best practice health and hus-
bandry of cattle, Cambodia’ are located (Nampanya et al.,
2011). Project staff conducted a financial impact survey
questionnaire (FISQ) in September 2010, involving 62
farmers that all owned cattle affected by clinical FMD,
located in the villages of Preak Taprum and Kompongous
in Kandal Province, and Meemang and Tang Tpang in
Kampong Cham Province. The FISQ contained questions
on the number of household members, number of cattle
owned, FMD morbidity and mortality during the outbreak,
and financial information on the cost impacts of cattle
affected by FMD infection. Farmers were asked to estimate
the weight and value of their cattle prior to (pre-FMD) and
after FMD infection (post-FMD), as well as the cost of
treatment and management, disease duration, and finally,
the costs of draft animal replacement. Financial informa-
tion was provided in KHR (Cambodian Riel) and con-
verted to USD at the exchange rate of KHR 4200 = USD 1
(September 2010). The FISQ results were recorded during
each interview onto a purpose designed record sheet and
later entered into a Microsoft Excel worksheet. Descriptive
analysis was performed using the statistical software
GenStat 12th Edition (VSN International).

Partial budget analysis for FMD vaccine use by small-
holder cattle farmers

Partial budgets are commonly used for livestock systems
where the proposed analysis concerns a simple economic
comparison of disease control measures on a farm, and
the outcome does not involve a specific time pattern or a
high degree of uncertainty (Dijkhuizen and Morris,
1997). Partial budgeting generally includes four sections:
1 additional returns: a list of items of returns from the

alternative plan that will not be received from the base
plan;

2 reduced costs: a list of items of costs for the base plan
that will be avoided with the alternate plan;

3 returns forgone: a list of items of returns from the
base plan that will not be received from the alterna-
tive plan;

4 extra costs: a list of items of costs of the alternate plan
that is not required with the base plan.

The change should be adopted if the sum of (1) and
(2) exceeds that of (3) and (4). In this analysis, the model
indicates the economic impact (benefit or cost) when an
individual farmer uses FMD vaccination biannually. The
base plan is no vaccine use by the smallholder farmer,
and the alternative plan is FMD vaccine use biannually.
The profitability of the proposed change in disease con-
trol strategy is calculated on an individual cow basis for
the period of 1 year as:

Net Profit ! "Additional returns# Reduced costs$
% "Returns foregone # Extra costs$:

A positive net result indicates that FMD vaccination is
desirable from an economic point of view.

Additional returns
Cattle infected with FMD will usually have decreased feed
intake, resulting in a decrease in live weight gain for the
duration of the illness. The additional return is primarily
derived from the weight gain achieved by a healthy ani-
mal, calculated as the average duration of illness multi-
plied by the estimated mean daily weight gain and the
value of live weight per kg. This value is then multiplied
by the predicted annual village disease incidence and the
expected morbidity.

Reduced costs
The reduced costs (being those that would be avoided
with the alternative plan) include the cost of treatment
and management, the cost of the weight loss, the cost of
selling a dead animal and the cost of replacement of an
animal used for draft. Weight loss is calculated by multi-
plying the average percentage of weight lost by the aver-
age value of a healthy cow, multiplied by the value of live
weight per kg. The cost of selling a dead cow is calculated
by subtracting the salvage value from the average healthy
cow value, multiplied by the mortality rate. The cost of
draft replacement is calculated by multiplying the mean
draft replacement cost by the estimated percentage of ani-
mals used for draft. The summation of these costs is mul-
tiplied by the village disease incidence and the expected
morbidity.

Returns forgone
The feeding strategy of smallholder farmers varies signifi-
cantly, from traditional low input systems that are com-
monplace, to those with the recent and rapid uptake of
forage technology. Diseased animals will have a reduced
feed intake. However greater effort may be undertaken to
‘cut and carry’ feed resources to ‘ill’ animals displaying
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lameness and anorexia. Research to more accurately
quantify feeding strategies used for ill animals is required.
However for the purposes of this analysis, the reduced
feed costs (or returns foregone) were considered to be
zero, consistent with a conservative approach with respect
to the benefit of the vaccine use.

Extra costs
The extra cost of the alternative plan is the purchase and
administration of the FMD vaccine. A trivalent vaccine
(serotypes O, A and Asia 1) is available and recom-
mended currently for use in Cambodia (OIE, 2007).

Assumptions
While the majority of the input parameters for the partial
budget came from the FISQ results, four key parameters
were either drawn from other references or assumptions
were made for the analysis and need mention. These were
as follows:
1 The FMD vaccine provides total prevention of weight

loss and death.
2 The assumed mean daily weight gain for cattle was

0.10 kg.
3 The proportion of cattle used for draft is 27%.
4 The cost of a single FMD vaccine and administration

in southern Cambodia is USD 1.22.

Partial budget sensitivity analysis

In financial analyses for assessing disease control options,
stochastic epidemiological variables need to be estimated,
discussed and where appropriate, sensitivity analysis

undertaken. Variable parameters including value of cattle
per unit, value as live weight per kg, duration of disease
(days), cost of replacement of draft, cost of treatment and
the weight loss when affected (%) were all considered to
be dynamic, with a sensitivity analysis applied using the
upper and lower quartile results from the FISQ. In addi-
tion, a sensitivity analysis of the predicted FMD incidence
was conducted to provide the predicted return using inci-
dences of 0.05, 0.20 (baseline) and 0.50, each representing
a predicted outbreak occurring every 20, 5 and 2 years.

Results

Financial impact survey questionnaire
Sixty-two smallholder cattle farmers were interviewed from
the four villages, of which 28 were female and 34 were male.
The mean age of the farmers interviewed was 46.0 years of
age (female 43.2 and male 47.8). The total number of cattle
owned by the farmers surveyed was 320, and the mean
number of cattle owned per farmer was 5.2, with a range of
2 to 13. The mean number of household members was 5.9,
ranged from 3 to 12. The descriptive features of farmers in
each of the four villages and the morbidity and mortality
rates during the outbreak in the surveyed population were
tabulated (Table 1) as were the results of the FISQ
(Table 2). The mean age of cattle was 3.7, ranged from 0.7
to 10 years of age. The reported morbidity and mortality
were 77.3% and 7.3%, respectively. The mean duration of
disease was 11.1 days, ranged from 3 to 25. The mean dura-
tion of treatment was 4.9 days, ranged from 1 to 12 days.
The mean healthy weight was 246.5 kg, ranged from 100 to
450 kg. The mean weight post-FMD was 200.2 kg, ranged

Table 1. Descriptive results of smallholder farmer parameters and FMD morbidity & mortality for each village and the total of all farmers

Village Province

Number of

farmers

Total

cattle

Mean cattle

per farmer

Mean household

members

FMD

morbidity (%)

FMD

mortality (%)

Preak Taprum Kandal 20 80 4.0 6.4 74.8 9.1

Kompongous Kandal 3 32 10.7 8.0 61.0 7.7

Meemang Kampong Cham 20 99 5.0 5.9 76.8 4.9

Tang Tpang Kampong Cham 19 109 5.7 5.2 83.1 7.7

All Farmers 62 320 5.2 5.9 77.3 7.3

Table 2. Descriptive results of costs associated with FMD infection by smallholder cattle farmers

Cost variable (USD) n Mean Minimum Lower quartile Median Upper quartile Maximum

Cattle value pre-FMD 62 404.19 95.24 285.71 353.57 476.19 1428.57

Cattle value post-FMD 41 203.25 47.62 119.05 166.67 238.10 833.33

Dead cattle value 21 80.50 23.81 71.43 71.43 95.24 14.29

Draft rental cost per ha 9 31.22 7.14 26.79 38.10 38.10 42.86

Treatment and management cost 62 15.13 2.38 10.00 13.10 18.33 40.00
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from 70 to 360 kg. This weight loss corresponded to a
mean percentage weight loss of 23.8%, ranging from 11.1
to 42.9%. No cattle in this survey were recorded as being
vaccinated for FMD. The mean number of days lost for
draft was 16.2, ranging from 3 to 30 days. The mean num-
ber of days a draft replacement was rented was 4.2 days,
ranging from 2 to 7 days.

The cost variables are shown in Table 2. There were two
reported outcomes of animals in the survey questionnaire,
those that survived and those that died. The mean value of
healthy animals pre-FMD was USD 404.19 (n = 62). The
mean value of animals that survived post-FMD was USD
203.25 (n = 41), equating to a loss of approximately 50%
of its original value. The mean value of animals that died
was USD 80.50 (n = 21), equating to a post-FMD value of
20% of its original value if it dies. The average cost of treat-
ment was USD 15.13, which is made up of medicines (USD
8.79) and care and management (USD 6.35). The average
cost of renting a replacement animal for draft for plough-
ing 1 ha was USD 31.22. Adding the costs to each of the
two outcomes, survival and death, and accounting for the
loss of asset value from the pre-FMD weight, there are four
possible scenarios as outcomes for the smallholder farmers
as displayed (Table 3).

The total cost incurred to the farmer (including the
reduced animal valuation) equates to USD 216.32, repre-
senting a reduction of 54% from the pre-FMD value. This
value increased to USD 247.54 if the animal was used for
draft, or a reduction from the pre-FMD value of 61%.
The highest cost occurred when the animal died (note the
reported mortality rate of 7.3%) where the cost was USD
339.32 or a reduction of pre-FMD value of 84%. In the
event that the dead animal was a draft animal and a ren-
tal draft animal was required, this cost increased to USD
370.54 representing a loss of 92% from the initial pre-
FMD cattle value.

FMD vaccine partial budget

The results of the partial budget input values and refer-
ences (Table 4) and the sensitivity analysis were tabulated

(Table 5) and identified a positive net profit to the small-
holder cattle farmer of USD 31.48 per animal using the
alternative plan, being biannual FMD vaccination of each
animal owned.

The partial budget analysis draws on input values from
the FISQ, and four assumptions (as stated) to establish
the predicted return on investment of using FMD vaccine
in individual cattle. In the baseline analysis, using the
input values (Table 4), the smallholder cattle farmer
would receive a net benefit of USD 31.48. The sensitivity
analysis (Table 5) indicates that even when the initial

Table 3. Outcome cost of FMD and proportion of initial animal value

Outcome cost

Total

cost

(USD)

Proportion of

initial value (%)

1. Animal survives + treatment 216.32 54

2. Animal survives + treatment

+ draft replacement

247.54 61

3. Animal dies + treatment 339.32 84

4. Animal dies + treatment

+ draft replacement

370.54 92

Table 4. Partial budget input values and references

Input values and reference Value

Morbidity rate (%) 77.30

Mortality rate (%) 7.30

FMD Incidence (%) 20.00

Weight loss when infected (%) 23.80

Average value per cow (USD) 404.19

Value of live weight per kg (USD) 1.79

Cost of draft replacement (USD) 31.22

Cost of treatment & management (USD) 15.13

Salvage value (USD) 80.50

Average duration of illness (days) 11.10

Table 5. Sensitivity analysis on six input parameters using upper and

lower quartile ranges from the financial impact survey questionnaire

results

Variable for

sensitivity

analysis Value

Partial budget

result

(USD)

Change from

baseline model

(USD)

Cattle value (USD) 404.19 31.48

Lower quartile 285.71 22.43 )9.05

Upper quartile 476.19 36.98 5.50

Value live weight

per kg (USD)

1.79 31.48

Lower quartile 1.19 22.49 )8.99

Upper quartile 1.91 33.28 1.80

Duration of disease (days) 11.10 31.48

Lower quartile 7.00 31.36 )0.12

Upper quartile 15.00 31.58 0.10

Draft replacement

cost (USD)

31.22 31.48

Lower quartile 26.79 31.30 )0.18

Upper quartile 38.10 31.76 0.28

Total treatment cost (USD) 15.13 31.48

Lower quartile 10.00 30.69 )0.79

Upper quartile 18.33 31.97 0.49

Weight loss when

infected (%)

0.24 31.48

Lower quartile 0.18 25.10 )6.38

Upper quartile 0.25 32.81 1.33

J. R. Young et al. Assessment of Financial Impact of Foot and Mouth Disease

ª 2012 Blackwell Verlag GmbH • Transboundary and Emerging Diseases. 5



healthy value was reduced to USD 285.71 (more than
29% from the baseline), the net benefit was USD 22.43
for biannual vaccination. This net benefit of USD 22.43
was the lowest recorded in the sensitivity analysis using
six of the variables from the FISQ. Annual FMD village
incidence was also assessed for sensitivity (Table 6). These
results showed that a net benefit of USD 6.04 would
result if the incidence was 0.05 or a village FMD event
occurred once in 20 years. If the annual FMD village inci-
dence was increased to 0.5, or a predicted FMD village
disease event every 2 years, a net benefit of USD 82.35
would be realized.

Discussion

The FISQ indicates that post-FMD animal values are sub-
stantially lower than pre-FMD values. This loss was highly
dependent on the outcome (either survival or death), and
use of draft. The range in proportion of loss of the initial
pre-FMD value ranged from 54% to 92%, indicating
FMD causes severe losses to smallholder farmers. In par-
ticular, animals that are used for draft and require the
farmer to rent a replacement lead to extremely high
losses. The high cost of draft replacement to plough 1 ha
(USD 31.22) may be attributable to a much lower num-
ber of draft animals being available for rent during an
outbreak, leading to upwards pressure on rental demand.
Of note is that renting a draft animal would put the
rented animal at risk if draft is carried out on or near the
FMD-infected area. This indicates that directing FMD
vaccine to draft animals should be a priority when vac-
cine resources are limited. The consequences of an out-
break occurring during critical cultivation periods when
there is a high use of draft animals have the potential for
significant impacts on household financial resources.

The partial budget analysis was undertaken using
parameters from the FISQ. However as described, 4
parameters were drawn either from other references or
from the assumptions, deserving of discussion. Cattle
mean daily weight gain will vary significantly and is
dependent on a number of factors including feed avail-
ability (influenced by season), feed quality, husbandry
method, if forage technology is practiced by the farmer,

as well as animal factors such as breed, age and sex. With
the low growth rates for cattle in Cambodia, estimated at
0.1 kg per day for the partial budget analysis, the time
required for cattle to regain lost condition would likely be
protracted. Investigations of the long-term effects of FMD
is required although this study suggests that focusing
attention on improving production as well as disease pre-
vention is important with both factors interdependent in
improving smallholder cattle farmer profitability.

The proportion of cattle used for draft was assumed to
27% in this study. MAFF (2011) reports that of the total
large ruminant population (4.17 million cattle and buf-
falo), 39% were considered draft animals in 2010. How-
ever data collected in these provinces during the current
ACIAR project ‘Best practice health and husbandry of cat-
tle, Cambodia, indicate that only 27% of the cattle popu-
lation is used for draft. Thus 27% was used for two
reasons, being that the value was for cattle only and was
more spatially relevant to the FISQ population.

FMD vaccines aim to prevent the debilitating effects of
the disease in the host. However like many vaccines, they
do not induce sterilizing immunity and may allow viral
replication at epithelial surfaces including the develop-
ment of the so-called carrier state in some vaccinated ani-
mals following live virus challenge (Doel, 2003). Boosting
of the immune response by repeated vaccination, as used
in many parts of the world, dramatically increases both
the magnitude and duration of neutralizing antibody
responses and would be expected to more effectively pre-
vent the local replication and spread of the virus at the
point of infection (Doel, 2003). In the partial budget con-
ducted in this analysis, the efficacy of biannual use of the
trivalent vaccine in the field in Cambodia was assumed to
be 100%. A recent case study demonstrated a high level
of protection from FMD vaccination in nearby Laos (Rast
et al., 2010) and similar work in Cambodia is required as
this information can be used to educate farmers on the
benefits of vaccination programmes. Effective herd immu-
nity requires that as many individuals within the popula-
tion are vaccinated as possible to reduce the opportunity
for FMD virus to enter, replicate and challenge individu-
als that have not been vaccinated or did not have a suffi-
cient immune response to resist infection (Doel, 2003).
Although it has been suggested that convalescent cattle
may be able to resist re-infection with the same strain of
FMD virus for up to 4.5 years, considerably shorter peri-
ods have been observed (Cunliffe, 1964) and it is gener-
ally agreed that vaccination confers about 6 months
immunity following the initial two-dose regimen (Doel,
2003). Multiple factors influence the host’s immune
response to the vaccine as described (Doel, 1999) and
current research in this area is on-going, with field obser-
vations indicating that herd immunity levels of 80-90%

Table 6. Sensitivity analysis on FMD annual incidence

Variable for

sensitivity

analysis Value

Partial

budget

result (USD)

Change from

baseline model

(USD)

FMD Incidence (Baseline) 0.20 31.48

Lower Incidence estimation 0.05 6.04 )25.44

Upper Incidence estimation 0.50 82.35 50.87
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might be the expected norm (OIE, 2007). However in a
village in Lao PDR, where cattle were fully vaccinated,
only three animals of a population of 289 became ill dur-
ing a recent FMD outbreak (Rast et al., 2010).

The final parameter drawn externally to the FISQ was
the cost to the smallholder farmer in southern Cambodia
of administration of single FMD vaccine. This value
(USD 1.22 per vaccination) was obtained by ACIAR pro-
ject staff and would be subject to small variations because
of market influences.

The results of the partial budget indicated a positive
benefit for vaccination for FMD by smallholder cattle
farmers, providing a return of USD 31.48 using a pre-
dicted village incidence of 0.2, or a village outbreak every
5 years and based on the assumption that all animals in
the village will be exposed. A sensitivity analysis was per-
formed using six of the input variables, including cattle
value, value of live weight per kg, duration of disease,
draft replacement cost, total treatment cost and the per-
centage of weight loss post-FMD. This indicated the net
benefit of FMD vaccine remained at USD 22.43 or higher.
If the incidence was reduced to 0.05, or a village FMD
outbreak occurrence was only once per 20 years, the
smallholder farmer using FMD vaccine still gained USD
6.04 by using the FMD vaccine biannually.

To our knowledge, no financial impact studies target-
ing smallholder cattle farmers in Cambodia have been
reported previously, although an analysis was conducted
in neighbouring Lao PDR in 1997 by consultants from
the Food and Agriculture Organization of the United
Nations (FAO). The economic impact assessment of FMD
on the village cattle and buffalo in Laos PDR calculated
the average return to FMD control per head ranged from
USD 0.2 to 0.5 depending on FMD incidence of between
0.1 and 0.3 (Perry et al., 1999). As mentioned, a more
recent report estimated the costs of FMD to smallholder
farmers in Laos PDR at USD 67.50 for unvaccinated ani-
mals, based on an estimated value of USD 230, and a
30% weight loss, and assuming that the weight loss would
have a linear relationship with the animal’s total value
(Rast et al., 2010). Our present study uses farmer esti-
mates of not only weight loss post-FMD infection, but
also the estimated animal value post-FMD infection and
indicates that the lost value is likely to be far more severe
than that of the analyses in Lao PDR. The variations in
the three studies highlight the challenge in providing eco-
nomic assessments for disease interventions in developing
countries and a detailed cost to benefit analysis of a sus-
tained national vaccination programme for FMD warrants
further investigation. It should be noted that no consider-
ation for external trade benefits was considered in this
analysis, despite the considerable trade opportunities for
red meat that are developing both within and beyond the

south-east Asian region, particularly into high-spriced
Asian markets (Perry et al., 1999). The partial budget
approach is a static model and represents a simplistic
view of the potential economic consequences of vaccinat-
ing for FMD. Extending this analysis to include provin-
cial, national and regional economic and epidemiologic
impacts, with possible development of dynamic, stochastic
models such as Markov Chain or Monte Carlo Simulation
to evaluate the impact of a FMD vaccination control
strategy on the spread of disease, requires further study.
However the potential gains from interventions that
reduce transmission and losses from FMD by increasing
herd immunity plus improving disease risk management
through biosecurity practices are likely to be very signifi-
cant if considered in terms of potential impacts this may
have on local and regional trade.

It is widely recognized that livestock movement is
probably the single most important method of transmis-
sion of FMD virus in those countries where FMD is ende-
mic (Rosenberg et al., 1980; Rweyemamu, 1984; Fonnan,
1991; Ferris et al., 1992; Windsor et al., 2011). In an anal-
ysis of over 140 putative risk factors for FMD spread in
Thailand, it was concluded that the greatest impact on
reducing the spread of FMD among villages would be
through strategies that reduce the likelihood of introduc-
tions through livestock purchases, and for villagers taking
greater care when livestock is grazed with those from
neighbouring villages, particularly when sharing common
water supplies (Cleland et al., 1996). Simple quarantine of
early cases during outbreaks and provision of indepen-
dent water supplies for different villages should also
reduce the frequency of FMD outbreaks (Cleland et al.,
1996). During a study in 1999 assessing the impact of an
FMD outbreak in southern Lao PDR, it was concluded
that the most appropriate approach to FMD control
would be to prevent infected animals from entering the
principal trading routes for pigs, cattle and buffalo, plus
protection of livestock systems adjacent to these trading
routes by vaccination (Perry et al., 2002). During this
outbreak, the sale of livestock for cash was severely
restricted, creating additional repercussions on that sector
(Perry et al., 2002).

With smallholder cattle farmers in Cambodia owning
approximately 90% of the national cattle herd, provision
of information on the financial impact of FMD is consid-
ered important as it appears that FMD has a significant
but largely unrecognized financial impact on rural
incomes. Currently, FMD vaccine is not widely adopted,
with an estimated 2.7% of Cambodian large ruminants
vaccinated for FMD in 2010 (S. Suon, unpublished data).
None of the farmers in this study had vaccinated their
cattle. The reasons for low FMD vaccination rates are
assumed to be due to lack of knowledge of disease
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prevention strategies and the perceived high cost of the
vaccine, as in the majority of situations the cost of FMD
vaccine is borne by the smallholder cattle farmer. The
current study enabled farmers to self-select FMD affected
cattle for provision of financial impact data based on
their own estimates of animal value. This may have
resulted in both selection bias and unit non-selection bias,
with farmers providing information on their worst
affected cases potentially providing an over-estimation of
the financial impact of the disease. However the study
does provide insights into how farmers view the financial
impacts of the FMD on their animals, and this appears
not to have been reported previously. Further investiga-
tions including collection of data using either weight loss
measurements or independent valuations of the loss in
animal may provide ‘actual’ financial losses because of
FMD on smallholder cattle farmer families in Cambodia.

Farmers in our ACIAR project are actively seeking
information and knowledge to improve nutrition and
increase cattle values (Nampanya et al., 2011). The work
has demonstrated significant recent uptake of forage tech-
nology, with increases ranging from 15% in Takeo to
50% in Kampong Cham and Kandal Provinces, demon-
strating the practice is now well established and extends
beyond the project villages in these provinces (Nampanya
et al., 2011). Improving large ruminant production
through forage technology increases farmer interest in
infectious disease risk management, with appropriate edu-
cation strategies able to improve vaccination uptake and
village level biosecurity. This approach provides a poten-
tial driver of FMD (Gleeson, 2002) control and eventual
eradication in the region (Windsor, 2011). Although
FMD has been eliminated from Indonesia and most
recently the Philippines (Windsor et al., 2011), the major-
ity of countries in south-east and eastern Asia remain
infected, many with endemic FMD (Gleeson, 2002). In
recent outbreaks in the previously FMD-free countries of
Korea and Japan in 2010, viral lineage studies indicated
the disease originated in south-east Asia (Knowles et al.,
2012). This indicates the importance of control of FMD
in the Mekong region to reduce risks of infection in
many other countries in the region. Our studies indicate
that in FMD endemic areas of south-east Asia, where ani-
mal movements are largely unregulated, disease surveil-
lance is variable and emergency responses may be lacking,
outbreaks are common and cause significant financial
losses to smallholder farmers. Farmer education pro-
grammes on improved husbandry practices such as forage
technologies, combined with training on vaccination and
biosecurity to reduce disease risk, may provide a more
sustainable and effective strategy to control FMD in the
region that will assist in addressing food insecurity and
rural poverty in the Mekong region and beyond.
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