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Abstract Porcine reproductive and respiratory syndrome
(PRRS) was first identified in Cambodia in 2010, caus-
ing serious problems on affected farms, although the
costs of the disease have not been well defined. The
household financial impact of a PRRS outbreak in
Cambodia was investigated using partial budget analysis,
examining the economic benefit of three proposed inter-
ventions: (i) quarterly PRRS vaccine use, (ii) biosecurity
implementation, and (iii) implementation of vaccination
and biosecurity. The analyses were applied to three farm
models: (i) a two-sow breeder; (ii) a five-pig fattener;
and (iii) a single-sow, three-pig farrow-to-finish/breeder.
Data was derived from a knowledge, attitude, and prac-
tice survey of 240 smallholder farmers (61 with pigs)
from 16 villages across 5 provinces, plus case studies
of 12 farmers selected for more detailed financial analy-
sis. The study indicated that financial losses associated
with PRRS were severe, with a 25% mean loss to the
annual household income of 61 interviewed farmers.
Partial budget analysis identified a strongly positive in-
centive for vaccination and biosecurity to be implement-
ed in combination, with the highest annual net benefit of
USD 357.10 realised by the breeder system. However,
due to current scarcity of the PRRS vaccine and its high
cost to smallholders, biosecurity interventions may be
more cost-effective, especially for low PRRS incidence

regions. It was concluded that PRRS critically constrains
the profitability of smallholder pig farms and that these
findings will assist development of village-level livestock
disease risk management programmes that encourage
adoption of vaccination and biosecurity practices to en-
hance farmer livelihoods in Cambodia.
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Introduction

Porcine reproductive and respiratory syndrome (PRRS),
known locally in Cambodia as ‘blue-ear pig disease’, is
a highly contagious disease of swine caused by a single-
stranded RNA virus (PRRSV). PRRS is one of the most
widespread endemic swine diseases globally (Segalés and
Mateu 2012), causing abortions in sows, increased mor-
tality in piglets, and respiratory distress and poor growth
performance in fattening pigs (Cho and Dee 2006).

PRRSV is transmitted readily through direct contact
between pigs via ingestion or inhalation of excretions,
including saliva, nasal discharge, urine, faeces and se-
men of infected pigs, with coitus, and wounds when
biting and fighting as main routes of transmission
(Zimmerman et al. 2012). Indirect transmission via fo-
mites is also possible and pigs can become infected by
contact with contaminated clothing, feed, water, equip-
ment, vehicles, and from the hands of pig workers (Cho
and Dee 2006).

In 2006, a highly pathogenic form of PRRS (HP-PRRS)
was first reported in China and has since spread rapidly
through East and South-East Asia (Tian et al. 2007; Feng
et al. 2008; Zhou et al. 2008; Metwally et al. 2010). Unlike

* A. Zhang
azha9255@uni.sydney.edu.au

1 Faculty of Veterinary Science, University of Sydney, Camden, NSW,
Australia

2 Department of Animal Health and Production, Ministry of
Agriculture, Forestry and Fisheries, Phnom Penh, Cambodia

Trop Anim Health Prod
DOI 10.1007/s11250-017-1264-1

http://orcid.org/0000-0001-8006-2145
http://crossmark.crossref.org/dialog/?doi=10.1007/s11250-017-1264-1&domain=pdf


other PRRS outbreaks in China and historical PRRS out-
breaks worldwide, HP-PRRS spreads very rapidly through
pig populations and causes up to 100% morbidity and 100%
mortality, particularly in young stock, resulting in significant
economic losses (Zhou and Yang 2010).

Cambodia reported HP-PRRS outbreaks initially in
July 2010, with severe impacts on production and the
livelihoods of affected farmers (Theary et al. 2011). For
developing countries such as Cambodia, where pig pro-
duction is a vital component of the smallholder sector,
the persistence and impacts of this disease are growing
socioeconomic concerns for smallholder pig producers
(Dietze et al. 2011). Official data indicates the national
pig population has continued to expand in recent years,
increasing by 12.3% from 2013 to 2014 to 2,360,823
(DAHP 2015). Furthermore, the official reported disease
morbidity count is 112,207 and mortality count is 6996
(DAHP 2015). However, animal disease underreporting
remains a major issue in developing countries within
the Mekong region (Shankar et al. 2012; Vergne et al.
2012; Kawasaki et al. 2015; Young et al. 2014); there-
fore, the true impact of infectious diseases is likely to be
significantly higher.

In Cambodia, over 90% of pig producers are rural
smallholders (San 2011), typically owning up to six pigs
of mixed ages kept in rudimentary pens, tethered, or free
roaming (Sovann and San 2002). Whilst most farmers
still generate much of their income from rice cultivation,
pig raising is an important source of supplementary in-
come and cash that improves financial security, especial-
ly for poorer farmers (Chetra and Bourn 2009). Pigs are
also important in provision of manure for fertiliser; en-
abling the maximum use of rice by-products such as rice
bran; and increasing employment opportunities for peo-
ple in the dry season, especially women (FAO 2012).

However, the smallholder pig sector in Cambodia is
characterised by a very low level of productivity. This is
largely due to minimal input, poor understanding of nu-
tritional requirements, lack of knowledge in animal hus-
bandry, and poor veterinary services (Samkol et al. 2006).
Susceptibility to disease also represents a major
production-limiting constraint, and the increased occur-
rence of disease outbreaks that cause high pig mortality,
such as HP-PRRS, impacts negatively on farmer welfare,
with affected families often forced to give up pig produc-
tion (Tornimbene and Drew 2012).

Addressing HP-PRRS control in Cambodia is a diffi-
cult issue, both at the local level and on a national scale.
At the local level, smallholder farming systems are
characterised by lack of biosecurity and limited resources
and information related to disease pathogenesis and pre-
vention (Chetra and Bourn 2009). Lack of adequate
quarantine before replacement stock come into direct

contact with the rest of the herd is the main route of
PRRS entry into a farm (Dietze et al. 2011). In addition,
replacement stock often comes from a variety of sources
of unknown health status (Nguyen 2013) where hygiene
is usually very poor (Dietze et al. 2011). On a national
scale, unrestrained transport of infected animals and
smuggling from bordering countries contribute to the
spread of disease, with a weak national disease surveil-
lance system resulting in underreporting and a lack of
epidemiological data (Sovann and San 2002).

A vaccine against PRRS has been used by medium-
scale and large-scale farms in Cambodia and can be pur-
chased in some shops or from salesmen visiting villages
to sell vaccines directly to village animal health workers
(VAHWs) and farmers (Tornimbene and Drew 2012).
However, the use of PRRS vaccine is low and vaccina-
tion is not always perceived by smallholders to be effec-
tive (Tornimbene et al. 2014). This could be due to a
number of factors, including scarcity and poor quality
of the PRRS vaccine, errors in administration, and limit-
ed understanding of the benefits of vaccination
(Tornimbene and Drew 2012).

Research and development projects addressing con-
straints to smallholder livestock health and productivity
have recognised that by improving knowledge and prac-
tices that enhance productivity, smallholders become mo-
tivated to adopt disease prevention programmes
(Nampanya et al. 2012). The University of Sydney,
Australia, has partnered with the Department of Animal
Health and Production (DAHP), Cambodia, and com-
menced the research project ‘Village-based biosecurity
for livestock disease risk management in Cambodia’
(AH/2011/014) with funding from the Australian Centre
for International Agricultural Research (ACIAR 2015).
The project is investigating strategies that can improve
smallholder farmer disease prevention through vaccina-
tion and biosecurity, to reduce susceptibility and impacts
of livestock diseases including PRRS, thereby improving
farm profitability and smallholder farmer livelihoods.

For farmers to make a decision to implement and pro-
vide sustained support for a disease prevention pro-
gramme, financial considerations on the profit or benefit
arising from such a decision are important. As effective
biosecurity and vaccination can prevent production and
financial losses, the benefits may be less apparent com-
pared to overt gains from interventions that directly in-
crease production, such as improved nutrition. Therefore,
providing smallholder farmers and potential project do-
nor agencies with quantitative information on the impact
of PRRS and the benefits of its control is an important
step in determining the priorities of health and produc-
tion interventions that should be implemented on-farm in
Cambodia.
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Previous studies investigated the financial impact of
outbreaks of foot-and-mouth disease (FMD) and
haemorrhagic septicaemia (HS) in cattle in Cambodia
(Young et al. 2013; Kawasaki et al. 2015) and determined,
using partial budget analysis, the net benefits of FMD and
HS vaccine use by smallholder cattle farmers. As there
has been no published farm-level study of the financial
impacts of PRRS and the benefits of intervention in
Cambodian smallholder pig systems, we aimed to esti-
mate the financial impact of HP-PRRS outbreaks on
smallholder pig farms and determine the financial benefits
of various control options. It was hypothesised that
implementing both vaccination and biosecurity measures
may deliver the greatest net benefit to the smallholder pig
farmer, and the findings could assist farmers in making
informed decisions on implementation of health interven-
tions as a means to enhance pig production and improve
rural livelihoods in Cambodia.

Materials and methods

In order to understand the financial impact of PRRS and
estimate the net benefit or loss of improved disease
control, a framework for a model was developed
(Fig. 1). Partial budgets on the profitability of three
proposed disease control strategies were determined: (i)
quarterly PRRS vaccine use, (ii) implementation of
biosecurity measures, and (iii) implementation of both
vaccination and biosecurity. These were applied to the
three smallholder farm models of (i) a two-sow breeder;
(ii) a five-pig fattener; and (iii) a single-sow, three-pig
farrow-to-finish/breeder. To support these findings, a
knowledge, attitude, and practice (KAP) survey and a

series of smallholder farmer case studies were conduct-
ed to generate a better understanding of the decision-
making process of farmers on control of PRRS.

Choice of farm models

Based on farmer survey data from previous studies by FAO
(2012), Tornimbene and Drew (2012), and Tornimbene et al.
(2014), the three most common Cambodian smallholder pig
production systems were identified and selected for partial
budget analysis modelling:

a. Two-sow breeder

Breeders generally own one or two sows, which are mated
with a local boar, and sell the piglets locally. Each sow will
commonly give birth to 2 L year−1, and on average, around 8
piglets per litter will survive to weaning age (4–5 weeks),
which is when they are sold to fatteners.

b. Five-pig fattener

Fatteners buy piglets twice a year in order to rear a single
age group per time, which they keep until they reach the ideal
slaughter weight (70–80 kg), before replacing them with a
new batch of pigs. The age of the pigs at slaughter can vary
depending on the quality of feed and resources the farmer has
access to. For the purpose of this study, finishers were sold at
80 kg at 5 months of age.

c. Single-sow, three-pig farrow-to-finish/breeder

Most farrow-to-finish/breeder farmers have one sow and
can generally afford to buy feed to keep some of the piglets

Fig. 1 A conceptual diagram of
the financial analysis model
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born and fatten them until they reach slaughter weight. For the
purpose of this study, three weaners were retained for fatten-
ing per litter.

Selected smallholder farms were visited (detailed in
the ‘Smallholder farmer KAP survey’ and ‘Smallholder
farmer case studies’sections) including breeders, fat-
teners, and farrow-to-finisher/breeders to assess and con-
firm the findings of published literature in regard to the
production and financial parameters of the different pig
rearing systems.

Choice of biosecurity measures

The biosecurity measures considered in this study were
included to ensure that animals entering and leaving the
farm were free of infection. Measures included preven-
tion of direct contact with possible infected sources
(wild pigs and free-range pigs), prevention of indirect
contact (fomites, tools, tyres, etc.), and prevention of
within-farm (pen-to-pen) and inter-farm spread of infec-
tion. Specifically, the following biosecurity measures
were considered to be applicable to smallholder pig
farms:

a. Quarantine and segregation

Strategic use of pig pens to quarantine/separate newly
purchased pigs from the main herd and improved moni-
toring of farm boundaries to restrict access to the herd by
roaming animals, vehicles, and people from other farms
or villages, plus reduction of the spread of infection to
other farms by banning the sale of sick pigs

b. Cleaning

Daily sweeping, removal of manure, and routine
washing of the pen with a copious amount of water
and soap, in addition to ensuring proper disposal of
carcasses by burying, composting, or burning

Inputs and assumptions

Additional epidemiological, production, and financial in-
formation was examined from the available literature (Li
et al. 2007; DAHP 2010; Zhou and Yang 2010; FAO
2012; Ni et al. 2012; Han et al. 2015). The input pa-
rameters and figures used in the calculations were tab-
ulated (Table 1) and the assumptions used were listed
below:
1. Implementation of vaccination alone will only be 50%

effective in preventing weight loss and death.

2. Implementation of biosecurity alone will only be 50%
effective in preventing weight loss and death.

3. Implementation of both biosecurity and vaccination
will be 100% effective against the risk of infection
with PRRS and will provide total prevention of
weight loss and death.

4. The current PRRS incidence rate is 0.3, which represents
a village outbreak occurring approximately once every
3 years.

5. The predicted cost of a single PRRS vaccine and admin-
istration in Cambodia is USD 2.50.

6. Implementation of biosecurity measures will result in a
20% increase in the cost of labour.

Partial budget analysis of vaccination and biosecurity
interventions

Partial budget analyses were performed to evaluate the
net benefits or costs of (i) quarterly PRRS vaccine use;
(ii) applying biosecurity measures; and (iii) applying
both vaccination and biosecurity measures, for the three
smallholder farm units of (i) two-sow breeder; (ii) five-
pig fattener; and (iii) single-sow, three-pig farrow-to-fin-
ish/breeder. In this analysis, the base plan was no vac-
cine use or application of biosecurity measures by the
smallholder farmer, and the alternative plans are the
three proposed disease control strategies as outlined.
For each farm unit, the outcome of each proposed
change in disease control strategy was calculated for
the period of 1 year as follows:

Net benefit=cost ¼ Additional returnsþ Reduced costsð Þ

– Returns foregoneþ Additional costsð Þ:

For the decision criterion, a positive net result indicated that
PRRS vaccination and/or biosecurity application was a prof-
itable and desirable change for the smallholder farmer.

Partial budget models were developed and calculated in a
Microsoft Excel spreadsheet using the values drawn from ex-
ternal references and based on the following:

1. Additional returns: any additional income received
from the change

The additional returns (AR) are derived from im-
proved performance of sows and fattening pigs follow-
ing implementation of the alternative plan. For example,
healthy sows will give birth to a greater number of
healthy piglets, resulting in an increased number of
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piglets weaned and sold. Since the disease causes 100%
mortality in suckling piglets (Ni et al. 2012), the num-
ber of piglets expected to be sold by a sick sow is zero.
Therefore, the difference between the number of piglets
sold by a sick and healthy sow is simply the number of
piglets expected to be sold by a healthy sow per year.

Thus, the AR for a sow breeder is calculated using the
following formula:

AR ¼ Number of sows

� number of piglets sold per sow per year

� value per weaner� sow morbidity rate

� annual incidence rate

� efficacy of disease control strategy

For a fattener, the AR is derived from the weight gain
achieved by a healthy animal and calculated using the follow-
ing formula:

AR ¼ Number of fattening pigs� daily weight gain in kg

� value of liveweight per kg� duration of illness

� finisher morbidity rate� annual incidence rate

� efficacy of disease control strategy

2. Reduced costs: any reduced expenses as a result of the
change

The reduced costs (RC), or the costs that would be avoided
with the alternative plan, include the cost of treatment, the cost
of weight loss and mortality in fattening pigs, and the cost of

Table 1 Partial budget input
values Input values Value Data source

Disease inputs

PRRS incidence 0.30 DAHP (2010)

Duration of illness (days) 10.00 Zhou and Yang (2010); Li et al.
(2007)

Morbidity rate (%) 100.00 Li et al. (2007); Zhou and Yang
(2010)

Sow mortality rate (%) 20.00 Ni et al. (2012)

Piglet mortality rate (%) 100.00 Ni et al. (2012)

Finisher mortality rate (%) 50.00 Ni et al. (2012)

Production inputs

Piglets weaned per sow per year 16.00 FAO (2012)

Market weight of finishers at 180 days (kg) 85.50 FAO (2012)

Mean finisher daily weight gain (kg) 0.55 FAO (2012)

Mean weight loss when infected (%) 14.00 Han et al. (2015)

Cost inputs

Value per weaner (USD) 50.00 FAO (2012)

Value per finisher (USD) 183.70 FAO (2012)

Cost of sow replacement (USD) 172.33 FAO (2012)

Salvage value of sick/culled sow (USD) 212.50 FAO (2012)

Salvage value of sick/culled finisher (USD) 117.60 FAO (2012)

Cost of treatment per sow (USD) 29.86 FAO (2012)

Cost of treatment per fattener (USD) 4.10 FAO (2012)

Vaccine and administration cost (USD) 2.50 Personal comm.

Annual cost of labour for a breeder system (USD) 150.00 FAO (2012)

Annual cost of labour for a fattener system (USD) 90.00 FAO (2012)

Annual cost of labour for a farrow-to-finish/breeder system
(USD)

120.00 FAO (2012)
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replacing a dead animal. As there is no specific treatment for
PRRS and village-bought antibiotics only aim to prevent sec-
ondary bacterial infections (Dietze et al. 2011), it was assumed
that treated animals would die anyway.

For a sow breeder, the RC is calculated using the following
formula:

RC ¼ Number of sows� treatment cost per animalþ sow replacement cost� sow mortality rateð Þ � sow morbidity rate

� annual incidence rate� efficacy of disease control strategy

For a fattener, the RC is calculated using the following
formula:

RC ¼ Number of fattening pigs�
treatment cost per animalþ weaner replacement cost� finisher mortality rateþ percentage of weight loss when infected

� value of a healthy finisher � value of liveweight per kgþ value of a healthy finisher � finisher mortality rate

0
B@

1
CA

� finisher morbidity rate� annual incidence rate� efficacy of disease control strategy

For a vaccination-only disease strategy, the cost of fatten-
ing pig mortality is replaced by the salvage cost of selling sick/
culled finishers, which is calculated by subtracting the salvage
value from the average healthy finisher value, multiplied by
the mortality rate and the number of fattening pigs.

3. Returns foregone: any reduced income as a consequence
of the change

The returns foregone (RF) result from lost income
from applying the biosecurity measure of not selling
sick or culled animals to prevent disease spread. Thus,
the RF would simply be the salvage value of a culled
or underperforming animal multiplied by the mortality
rate and the number of animals. The summation of
these costs is multiplied by the predicted annual disease

incidence, the expected morbidity, and the efficacy of
the disease strategy. The RF for a vaccination-only dis-
ease strategy is zero, because the biosecurity measure of
not selling sick animals is not applied and any income
received from the sale of sick or culled animals is not
foregone.

4. Additional costs: any additional expenses incurred due to
the implementation of the change

The additional costs (AC) associated with the alternative
plans are the cost of quarterly PRRS vaccinations and the cost
of applying biosecurity measures such as additional labour for
quarantine and segregation.

For a farrow-to-finish/breeder, the AC is calculated using
the following formula:

AC ¼ Number of sows�
cost of single PRRS vaccination per animal� 4 doses of vaccines given annuallyþ number of piglets weaned per sow per year

� cost of single PRRS vaccination per animal� 1 dose of vaccine given pre−weaning

þ number of weanlings retained for fattening per sow per year � cost of single PRRS vaccination per animal

� 1 dose of vaccine given post−weaning

0
BBBBBBBB@

1
CCCCCCCCA

þ annual cost of labour for a breeder system� 20%
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The partial budget format, including the potential AR, RC,
RF, and AC outlined above, was tabulated (Table 2).

Sensitivity analysis

A sensitivity analysis was performed to assess the impact on
the net benefit/cost when key input parameters change in the
partial budget models. Variable parameters including the out-
break incidence rates, duration of illness (days), weight loss
when infected (%), and vaccination costs were all considered
to be dynamic, with sensitivity analyses being applied in the
following scenarios:

1. The outbreak incidence rates decrease to 0.10 and in-
crease to 1.00, representing a predicted outbreak occur-
ring every 10 years and every year.

2. The duration of illness decreases by 50% and increases by
50% from the baseline.

3. The percentage of weight loss when infected decreases by
50% and increases by 50% from the baseline.

4. The vaccination costs decrease by 50% and increase by
50% from the baseline.

Smallholder farmer KAP survey

A KAP survey was designed in June 2015 containing
60 closed-ended questions directed at smallholder live-
stock producers involved in project AH/2011/014.
Sixteen questions considered important for this study
were included and focused on establishing current

biosecurity practices and use of PRRS vaccine, in addi-
tion to general pig production data. The questionnaire
was drafted in English and translated into Khmer by
DAHP project staff, who then travelled to project vil-
lages and conducted interviews with farmers on-farm
between July and August 2015 (University of Sydney
Human Ethics Committee Approval No: 2014/783).

The survey involved 240 farmers located in 16 vil-
lages across five provinces in Cambodia (Fig. 2). Takeo,
Kampong Cham and Tbong Khmum, Battambang, and
Siem Reap provinces were selected by the research team
due to being important livestock producing and trading
areas. The total number of villages in each of the above
provinces is 1117, 1758, 831, 799, and 907, respectively
(NIS 2009). Across the five provinces, 16 project vil-
lages were selected based on a number of selection
criteria: (1) having the required number of willing
farmers, (2) sufficient livestock ownership of required
species, and (3) year round access to sites. Groups of
25–30 farmers in each village with a minimum of 60
large ruminants (collectively) and substantial pig and
poultry populations were selected, and of those, 15
farmers were randomly sampled to be surveyed from
each village site.

All interviews were conducted in Khmer by the in-
terviewers and responses were recorded for each farmer.
The results were then entered into Microsoft Excel and
translated into English for descriptive analysis. Financial
information provided in KHR (Cambodian riel) was
converted to USD at the current exchange rate (KHR
4100 = USD 1.00).

Table 2 Partial budget format
with potential outcomes and
intervention budget items

Potential intervention budget
items

Additional
returns

Reduced
costs

Returns
foregone

Additional
costs

Potential outcomes

Increased pigs born and
weaned

x

Weight gain of healthy
fatteners

x

Reduced animal treatments x

Reduced mortality x

Reduced weight loss of
fatteners

x

Reduced animal replacements x

Potential intervention options

No selling of sick/dead pigs x

Extra labour x

Vaccination x
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Smallholder farmer case studies

A case study pro-formawas designed in June 2015with the aim
of providing a more detailed insight into the disease status of
PRRS in smallholder villages and the financial situation of
individual smallholder pig producers. Five questions were de-
veloped to elaborate the findings from the KAP survey, partic-
ularly in regard to farmer experience and knowledge of PRRS
and its control, plus provision of more detailed information on
biosecurity and management decisions of farmers during dis-
ease outbreaks. Questions on the type of production system and
financial incentives for pig rearing were also included.

A total of 12 farmers were interviewed across eight project
villages in Kampong Cham, Tbong Khmum, and Takeo prov-
inces (Fig. 2), were selected on the criteria that they were
actively rearing pigs at the time, and were willing to be
interviewed. The case study was conducted in July 2015
alongside the KAP survey. DAHP staff and students from
the University of Sydney travelled to project sites and con-
ducted informal discussions with farmers on-farm, with ques-
tions in English verbally translated into Khmer then responses
received in Khmer and translated into English and recorded.
The results were entered into Microsoft Excel worksheets and
analysed using descriptive analysis.

Results

Partial budget analysis of vaccination and biosecurity
interventions

The results of the partial budget analysis were tabulated
(Tables 3 and 4). A positive net profit to the smallholder pig
farmer was identified for each proposed disease control strat-
egy across all farm models. ‘Vaccination only’ was the least
profitable alternative plan across all three farm models, with
the single-sow, three-pig farrow-to-finish/breeder, realising
the lowest net benefit of USD 131.74 per year using quarterly
PRRS vaccination as the sole disease control strategy.
Conversely, implementing both vaccination and biosecurity
measures was the most profitable alternative plan across all
three farmmodels, with the highest net benefit of USD 357.10
per year being realised by a smallholder operating the two-
sow breeder system.

These results contrast with the predicted outcome of the
base plan, where a farmer will experience financial losses
following a PRRS outbreak of USD 494.33, USD 387.61,
and USD 393.48 per year for a two-sow breeder, a five-pig
fattener, and a single-sow, three-pig farrow-to-finish/breeder,
respectively. This equates to a mean financial loss of USD

Fig. 2 Map of Cambodia showing approximate locations of the 16
selected village sites (closed circles) for inclusion in a smallholder pig
farmer KAP survey and the 8 selected village sites (open circles) for

inclusion in a smallholder pig farmer case study, in Battambang, Siem
Reap, Kampong Cham, Tbong Khmum, and Takeo provinces,
Cambodia, July 2015

Trop Anim Health Prod



425.14 per year per household as a result of an outbreak if no
disease control interventions are implemented.Whilst this val-
ue accounts for >100% of the annual income and is as high as
145% in 3% of the 61 interviewed farmers, it accounts for
>10% of the annual income in 100% of the interviewed
farmers. Overall, a PRRS outbreak would cost these farmers
an average of 25% of their mean annual income (USD
1693.32).

Sensitivity analysis

The results of applying sensitivity analysis to the baseline
partial budget model were tabulated (Table 5) and showed that
when the incidence rate of the disease outbreak changed, re-
ductions and enlargements in the net benefits were the
greatest. When an outbreak occurs once every year, or an
incidence rate of 1.0, the highest recorded net benefit of
USD 1493.65 was realised by a two-sow breeder
implementing both quarterly PRRS vaccination and
biosecurity measures. Under such conditions, vaccination
and biosecurity delivered similar net profits across all farm
models when implemented separately, and for the first time
in the partial budget model, vaccination was more profitable
than biosecurity for one of the farm models.

The partial budget model became negative for the first time
for a two-sow breeder using vaccination as the sole disease
control strategy when the incidence rate became 0.10, that is,
an outbreak occurred every 10 years. The net cost of USD
17.61 indicates that implementing quarterly PRRS vaccina-
tions is not cost-effective under such conditions and is unde-
sirable for a smallholder pig farmer operating a two-sow
breeder. In addition, when the incidence rate became 0.10, it
was the first time in the partial budget model that ‘both vac-
cination and biosecurity’ did not deliver the highest net benefit
for all three farm units and ‘biosecurity only’ became the most
profitable alternative plan for both a two-sow breeder and a
single-sow, three-pig farrow-to-finish/breeder.

When the duration of illness changed, only slight reduc-
tions and enlargements in the net benefits were observed. Note
that there was no change to the net benefits of the two-sow
breeder due to the fact that the duration of illness was only
used in calculations of weight loss and weight gain in fatten-
ing pigs. A similar trend was observed when the percentage of
weight loss from infection decreased by 50%, resulting in
greater changes to the net benefits of the five-pig fattener
and the single-sow, three-pig farrow-to-finish/breeder.

When the vaccination costs changed, moderate reduc-
tions and enlargements were observed in the net

Table 3 Intermediary table of
partial budget outcome values
showing the AR, RC, RF, AC,
and net profit for each farming
system and the implementation of
biosecurity and vaccination over a
period of 1 year

Partial budget models Additional
returns
(USD)

Reduced
costs
(USD)

Returns
foregone
(USD)

Additional
costs (USD)

Net
profit
(USD)

Two-sow breeder V 240.00 7.16 0.00 100.00 147.16

B 240.00 16.30 12.75 30.00 213.55

VB 480.00 32.60 25.50 130.00 357.10

Five-pig fattener V −17.64 176.17 0.00 25.00 168.81

B 17.64 264.37 88.20 18.00 175.81

VB 35.28 528.73 176.40 43.00 344.61

Single-sow, three-pig
farrow-to-finish/-
breeder

V 85.58 111.16 0.00 65.00 131.74

B 85.58 144.27 59.30 24.00 146.56

VB 171.17 288.54 118.59 89.00 252.12

V vaccination only, B biosecurity only, VB both vaccination and biosecurity

Table 4 Partial budget outcomes
of the base plan and three
alternative plans for three
smallholder pig farm units over a
period of 1 year

Disease control strategy Net profit (USD)

Two-sow breeder Five-pig fattener Single-sow, three-pig
farrow-to-finish/breeder

Do nothing −494.33 −387.61 −393.48
Vaccination only 147.16 168.81 131.74

Biosecurity only 213.55 175.81 146.56

Both vaccination and biosecurity 357.10 344.61 252.12
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benefits of all three farm models implementing ‘vacci-
nation only’ and ‘both vaccination and biosecurity’.
Even when the vaccination costs increased by 50%,
farmers can expect to receive positive net benefits using
quarterly PRRS vaccinations, with the net benefit of
USD 97.16 being the lowest for a two-sow breeder
using vaccination only. When the vaccination costs de-
creased by 50%, the highest net benefit (USD 407.10)

was realised by a two-sow breeder implementing both
vaccination and biosecurity measures.

Smallholder farmer KAP survey

The descriptive features of the pig farmers surveyed and their
knowledge, attitudes, and practices regarding biosecurity and
vaccination were tabulated (Table 6). Of the 240 smallholder

Table 5 Partial budget sensitivity analysis on four input parameters

Variable for sensitivity analysis Value Partial budget result (USD) and [change from baseline model (USD)]

Two-sow breeder Five-pig fattener Single-sow, three-pig
farrow-to-finish/breeder

PRRS incidence 0.30 V 147.16 168.81 131.74

B 213.55 175.81 146.56

VB 357.10 344.61 252.12

Lower estimate 0.10 V −17.61 [−164.77] 39.60 [−129.21] 0.58 [−131.16]
B 51.18 [−162.37] 46.50 [−129.21] 32.85 [−113.71]
VB 32.37 [−324.73] 86.20 [−258.41] 24.71 [−227.41]

Upper estimate 1.00 V 723.88 [+576.72] 621.02 [+452.21] 590.80 [+459.06]

B 781.83 [+568.28] 628.02 [+452.21] 544.53 [+397.97]

VB 1493.65 [+1136.55] 1249.04 [+904.43] 1048.35 [+795.93]

Duration of illness (days) 10.00 V 147.16 168.81 131.74

B 213.55 175.81 146.56

VB 357.10 344.61 252.12

−50% 5.00 V 147.16 [0] 159.99 [−8.82] 126.45 [−5.29]
B 213.55 [0] 166.99 [−8.82] 141.27 [−5.29]
VB 357.10 [0] 326.97 [−17.64] 241.53 [−10.59]

+50% 15.00 V 147.16 [0] 177.63 [+8.82] 137.03 [+5.29]

B 213.55 [0] 184.63 [+8.82] 151.85 [+5.29]

VB 357.10 [0] 362.25 [+17.64] 262.70 [+10.58]

Weight loss when infected (%) 14.00 V 147.16 168.81 131.74

B 213.55 175.81 146.56

VB 357.10 344.61 252.12

−50% 7.00 V 147.16 [0] 127.34 [−41.47] 81.98 [−49.76]
B 213.55 [0] 134.34 [−41.47] 121.68 [−24.88]
VB 357.10 [0] 261.67 [−82.94] 202.35 [−49.77]

+50% 21.00 V 147.16 [0] 210.28 [+41.47] 181.50 [+49.76]

B 213.55 [0] 217.28 [+48.47] 171.44 [+24.88]

VB 357.10 [0] 427.55 [+82.94] 301.88 [+49.76]

Vaccination cost (USD) 2.50 V 147.16 168.81 131.74

B 213.55 175.81 146.56

VB 357.10 344.61 252.12

−50% 1.25 V 197.16 [+50.00] 181.31 [+12.50] 164.24 [+32.50]

B 213.55 [0] 175.81 [0] 146.56 [0]

VB 407.10 [+50.00] 357.11 [+12.50] 284.62 [+32.50]

+50% 3.75 V 97.16 [−50.00] 156.31 [−12.50] 99.24 [−32.50]
B 213.55 [0] 175.81 [0] 146.56 [0]

VB 307.10 [−50.00] 357.11 [−12.50] 219.62 [−32.50]

V vaccination only, B biosecurity only, VB both vaccination and biosecurity

Trop Anim Health Prod



farmers interviewed, 61 had owned at least one pig in the last
12 months. The total number of pigs owned by the 61 small-
holder pig farmers at the time of the survey was 408, and the
mean number of pigs owned per farmer was 6.7, with a range
of 1 to 25. The mean annual household income was USD
1693.32, with a range of USD 292.68 to USD 4024.39.

Smallholder farmer case studies

The responses of the 12 smallholder farmers interviewed were
tabulated (Table 7). The fattening of purchased weaners was
the most common activity amongst participants, and when
asked about the main reason for keeping pigs, the most com-
mon reason was that they were easy to raise and sell. Two
farmers in Kampong Cham province both mentioned that pigs
were easy to take care of in a small area next to the household.
Also of note are the two farmers whose main reason for raising
pigs was feed availability. One farmer, a sow breeder in

Kampong Cham province, owned a rice milling machine
and used rice bran (a by-product of rice milling) to mix with
purchased feed concentrate to reduce the overall cost of feed-
ing her sows. The other farmer, who had a farrow-to-finish
system in Takeo province, made her own corn meal, bean
meal, and rice bran to reduce feed costs and allowed her to
fatten all her piglets to market weight. Both farmers believed
that having the opportunity to reduce the cost of feed was an
advantage.

Disease was most commonly identified by farmers as the
main obstacle for pig rearing, closely followed by the high
cost of feed. Almost all interviewed farmers had never, to their
knowledge, experienced a PRRS outbreak before in their pig
herds. When asked about their actions during a disease out-
break, the large majority of farmers said they would seek
assistance from the VAHWor a local veterinarian. Only three
farmers identified separating sick pigs from healthy pigs as an
action they would take during a disease outbreak.

Table 6 Descriptive results of the smallholder farmer KAP survey based on responses from 61 participants who owned at least one pig in the last
12 months

Topic Response

Total number of participants 61

Total number of pigs owned at time of survey 408

Mean pigs per farmer 6.7

Mean annual household income (USD) 1693.32

Knowledge True (%) False (%) Do not know (%)

Regular vaccination can prevent my animals getting infectious diseases 46 13 41

Vaccinating pigs will reduce the morbidity and mortality rate 34 13 53

If I buy animals that look healthy but are not vaccinated,
there is potential to introduce disease into my village

28 11 61

It is important to separate sick animals away from healthy animals 46 10 44

If sick and healthy livestock drink from the same water source,
there is a risk of disease spread

28 16 56

Good management of animal waste can prevent disease spread 33 13 54

Selling sick animals will not spread infectious disease
to other areas outside of my farm

31 15 54

Attitudes True (%) False (%) Do not know (%)

Vaccination can cause harm to my animals 18 41 41

Vaccination can lead to pregnant animals aborting 31 23 41

Vaccinating my livestock can increase livestock value
because they are less likely to become diseased

34 12 54

Yes (%) No (%)

Do you believe there is any risk of feeding uncooked meat to pigs? 82 18

Practices Always (%) Sometimes (%) Never (%)

Separates newly purchased animals for 2 weeks before introducing to the herd 36 30 34

Separates sick animals from healthy animals 62 15 23

Yes (%) No (%)

Keep pigs in a fenced area 82 18

Vaccinated pigs in the last 12 months 48 52

Used the PRRS vaccine in the last 12 months 2 98

Trop Anim Health Prod



Discussion

This study identified that smallholder pig farmers may expe-
rience considerable financial loss from a PRRS outbreak, with
a mean loss of USD 425.14 per year per household,
representing 25% of the mean total annual household income
of interviewed farmers. In the literature on the burden of hu-
man disease, the seriousness of a disease is categorised as
‘catastrophic’ when the financial impact exceeds 10% of the
household income (Ranson 2002; Shankar et al. 2012).
Following this classification, the modelled financial impact
of an outbreak of PRRS can be described as a catastrophic
financial shock to 100% of the farmers interviewed for this
study. These findings indicate that PRRS has the potential to
devastate the financial position of a household through lost
income, the loss of savings, and the acquisition of debt re-
quired to replace lost livestock and cover treatment and veter-
inary service costs. This is also supported by the smallholder
farmer case studies presented, where ‘diseases’ were most
commonly identified as the main obstacle for pig rearing
amongst the interviewed farmers.

To date, quantitative questionnaire-based data on the finan-
cial impact of PRRS outbreaks on Cambodian smallholder
households has been lacking. A financial impact survey ques-
tionnaire (FISQ) is one such data collection tool useful for
determining morbidity and mortality rates during a disease
outbreak and immediate cost impacts of the outbreak, such
as the cost of treatment and management and the weight and
value of animals prior and after infection. FISQs have been
implemented in previous studies assessing the financial im-
pacts of FMD and HS on smallholder cattle farmers in
Cambodia (Kawasaki et al. 2015, Young et al. 2013).
However, for the present study, time and resource constraints
prevented the use of a FISQ and instead of real farm data
collected from farmers interviewed following an outbreak of
PRRS, an estimation of potential household financial losses
due to a PRRS outbreak was calculated, using epidemiologi-
cal and production data derived from various sources to deter-
mine the predicted costs of treatment and losses due to mor-
talities and morbidities. This limits the accuracy of the results,
as the use of unspecific data to model the impacts of a disease
outbreak does not take into account the effect of various real-

Table 7 Descriptive results of
smallholder farmer case studies Variable Number of

farmers

Total number of participants 12

Participants’ farming practices in the last 12 months

Fattener: purchasing weaners and fattening them 7

Breeder: breeding sows and selling all the piglets born 2

Farrow-to-finish/breeder: breeding sows, selling some of the piglets born, and retaining
some of the piglets for fattening

2

Farrow-to-finish: breeding sows and fattening the piglets born 1

Participants’ main reason for pig keeping

Easy to raise and sell 4

Extra source of income 2

Available feed for pigs 2

High price at market 2

Follow other people 2

Main obstacle for pig rearing

Diseases 5

High cost of feed 4

Unstable price due to imported pigs 2

Lack of money to expand production 1

Experienced PRRS outbreak before?

No 10

Yes 2

Participants’ actions during a disease outbreak (multiple answers)

Seek assistance from the VAHWor local veterinarian 8

Separate sick pigs from healthy pigs 3

Keep sick pigs hoping they will recover 2

Sell dead pigs to other families to eat 1

Give medication to sick pigs 1
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world factors. Despite these limitations, this study provides
the first insight into the impact of PRRS on smallholder
farmers. Implementing a FISQ in future financial impact as-
sessments of PRRS outbreaks is recommended and may pro-
vide a better understanding of ‘actual’ financial losses that
smallholder farmers experience after a PRRS outbreak.

The partial budget analysis was undertaken using parame-
ters drawn either from external references or from the assump-
tions, some of which are deserving of discussion. The efficacy
of quarterly PRRS vaccination and biosecurity measures was
both conservatively assumed to be 50% when implemented
alone. PRRS vaccines may prevent the debilitating effects of
the disease in the host but do not prevent PRRS infection
(Nguyen 2013). However, when used in combination with
disease prevention strategies, such as biosecurity measures,
vaccines can minimise the impact of disease should it pass
the biosecurity barriers and gain entry to the population
(Zimmerman et al. 2012). Therefore, it was assumed that
implementing both vaccination and biosecurity will be 100%
effective against the risk of infection with PRRS and will
provide total prevention of weight loss and death.

In recent years, the most used commercialised vaccine
against PRRS is Ingelvac® PRRS MLV, which confers 3–
4 months immunity (Zhou and Yang 2010). Whilst not yet
officially approved for use by the government of Cambodia,
this vaccine has already been used bymedium- and large-scale
farms and can be purchased in shops or from salesmen that
travel to villages to sell directly to VAHWs and farmers (FAO
2012). In Cambodia, the quality and delivery of the vaccine
are still an issue as they are poorly preserved during transpor-
tation and some shops may divide vaccines into smaller doses
using inappropriate facilities and equipment, reducing its effi-
cacy (FAO 2012). A serological study to evaluate field effica-
cy of PRRS vaccination in smallholder villages is recom-
mended and would be particularly valuable in regions like
Cambodia where vaccine resources, capacity, and uptake are
limited (Kawasaki et al. 2015).

This paper focuses on biosecurity at the farm level,
which includes measures that are used to protect a farm
from both entry of new pathogens and internal transfer
amongst different areas of the farm. The implementation
of biosecurity measures in smallholder pig production
systems is constrained by the farmers’ limited knowledge
and capacity to invest resources and time and by the na-
ture of smallholder pig production. For example, a mini-
mum distance between neighbouring pig farms is desir-
able, to limit the risk of aerosol disease spread (FAO
2010). However, this is often impossible to implement
in villages with high animal density and where farmers
live close to their neighbours. Other segregation measures
such as full fencing around the farm area and a closed
entrance to the farm area and limiting access and
enforcing changing of footwear and clothing for all

people entering the farm may not be considered practica-
ble or affordable by smallholders. Similarly, disinfectants
are often not available or effective in village conditions
(FAO 2010).

A simple segregation measure practised by the large ma-
jority of Cambodian smallholders is the confinement of pigs in
pens, often as a way to better manage feeding and hygiene. In
a study by FAO (2012), 96% of smallholders reported prac-
tising full confinement in their production system, and
amongst the 61 farmers interviewed for the present study,
86% reported keeping their pigs in a fenced area (Table 6).
This allows farmers to reduce the risk of disease spread by
controlling pig contact with other pigs—domestic, feral, or
wild—rodents, birds, and other livestock.

A further biosecurity measure that can be recom-
mended to farmers is the quarantine/separation of newly
purchased animals to prevent the introduction of disease
into the farm. It is an achievable and relatively inexpen-
sive next step for farmers to take if they are already
practising full confinement, through the strategic use
of existing pens. However, only 36% of the farmers
interviewed for this study reported practising quarantine
every time they purchased new animals (Table 6). By
improving farmer knowledge on the importance of quar-
antine, farmers would be more likely to ensure that
segregation occurs during key risk periods, such as
when new animals are purchased. Quarantine should
take place in a separate pen at the periphery of the farm
and a minimum of 30 days is recommended to allow
time for clinical signs to develop (FAO 2010). During
quarantine, pigs should be observed frequently for signs
of disease. Therefore, the costs associated with
implementing quarantine are primarily additional labour
costs.

Other biosecurity measures considered suitable for
implementation by smallholders, focusing on a mini-
mum burden in terms of costs and time, include in-
creased monitoring of farm boundaries to restrict access
to the farm, routine cleaning (daily removal of manure
and washing pens with water and soap), banning the
sale or consumption of sick pigs, and ensuring the prop-
er disposal of dead pigs.

It was assumed that the implementation of the above
biosecurity measures would result in a 20% increase in the
normal annual cost of labour for a smallholder pig farm.
Whilst the accuracy of this assumption would be a valid query,
a benefit-cost analysis of biosecurity implementation in an
African smallholder piggery calculated a 10% increase in an-
nual labour costs (Fasina et al. 2012). For the purpose of this
study, a 20% increase in labour costs, to also account for the
cost of farmer training and monitoring to ensure compliance,
was considered suitable. More accurate information on the
extra time and costs farmers are expected to invest into
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implementing biosecurity measures in the face of an outbreak
of PRRS would preferably be derived from a FISQ that could
provide a more detailed analysis of the benefits of biosecurity.

The incidence rate for a PRRS outbreak was assumed to be
0.3 (an outbreak occurring around every 3 years) and is based
on a seroprevalence study conducted in Kandal province
(DAHP 2010). However, reliable epidemiological data on
PRRS in Cambodia is lacking and the true incidence and
prevalence of the disease in different regions are unknown.
Furthermore, a weak national disease surveillance and
reporting system renders the collection of such data to be
particularly difficult (Sovann and San 2002). There is an ur-
gent need for further studies investigating the health status of
the swine population in Cambodia to more accurately assess
disease impacts and control strategies.

The results of the partial budget analysis showed clear eco-
nomic benefits of PRRS vaccination and biosecurity interven-
tions to the smallholder pig producer. Positive net benefits for
quarterly PRRS vaccine use, implementation of biosecurity
measures, and a combination of vaccine use and biosecurity
implementation were realised by all three farm models, pro-
viding a return of USD 131.74 per year or higher, using a
predicted village incidence of 0.3 (or a village outbreak
around every 3 years) and the assumption that all animals in
the village will be exposed. Overall, the implementation of
both vaccination and biosecurity measures yielded the greatest
net profits across all farmmodels, providing the highest return
of USD 357.10 per year for the two-sow breeder system.

A sensitivity analysis was performed using four input var-
iables, including the outbreak incidence rate, duration of dis-
ease, percentage of weight loss when infected, and cost of
vaccination. If the incidence was reduced to 0.10 (or a village
PRRS outbreak occurrence was only once per 10 years), the
profitability of using the PRRS vaccine reduced substantially
and became negative for the first time in the model.
Interestingly, the implementation of biosecurity alone became
the most profitable disease control strategy for two out of the
three farm models under such conditions. These findings in-
dicate that biosecurity at farm level will be better than no
intervention irrespective of how often a PRRS outbreak oc-
curs in a village, but due to its higher cost, vaccination may
not be financially feasible for villages that only rarely experi-
ence outbreaks of PRRS.

When the incidence was increased to 1.00 (representing a
village PRRS outbreak occurring every year), the financial ben-
efits delivered by all three disease control strategies increased
considerably. Under such conditions, vaccination and
biosecurity delivered similar net profits across all farm models
when implemented separately, and for the first time in the par-
tial budget model, vaccination was more profitable than
biosecurity for one of the farm models. These findings indicate
that future PRRS vaccination programmes should target re-
gions where disease risk is higher, such as villages close to

main roads that connect Cambodia to Vietnam, where it can
reduce the negative effects of PRRS outbreaks on production
and deliver strong financial benefits to smallholder farmers,
even in the absence of biosecurity (Tornimbene et al. 2015).
However, the additional implementation of biosecurity mea-
sures to limit PRRS transmission would be an even more prof-
itable decision for the smallholder pig farmer.

Sensitivity analyses on duration of disease, percentage of
weight loss when infected and vaccination cost indicated the
net benefit of quarterly vaccine use, the least profitable of the
three proposed disease control plans, remained at USD 81.98
or higher. Extending this analysis to include the impact of
changing market prices, treatment costs, less acute forms of
PRRS, and the seasonality of feed availability and weight gain
requires further investigation.

An interesting finding of the partial budget and sensitivity
analyses was the difference in profitability amongst the three
farm models. The breeder and fattener models tended to pro-
duce higher net profits as an outcome of implementing inter-
ventions compared to the farrow-to-finish/breeder farm. It is
uncertain why this was the case, although this trend was sup-
ported by both the results of the case studies and in the liter-
ature, where the most popular production system was fatten-
ing and the least popular was farrow-to-finish, due to differ-
ences in input costs such as feed, labour, and time (FAO 2012;
Tornimbene et al. 2014; Tornimbene and Drew 2012). It is
interesting to note that smallholder pig farmers rarely maintain
the same production type through the years, and instead, they
often vary the system in order to better adapt to seasonal
variation, financial availability, pig added value, pork meat
demand, and animal health constraints (Tornimbene and
Drew 2012). Therefore, the inclusion of three different farm
models in this analysis provides flexibility and adaptability for
smallholder farmers when making decisions regarding
biosecurity and vaccination interventions.

The estimation of the household financial impact of PRRS,
plus estimation of PRRS vaccine and farm-level biosecurity
outcomes by partial budgeting, provides clear evidence that
the intervention of vaccination and biosecurity prior to PRRS
outbreaks is a very good investment for Cambodian small-
holder pig farmers. However, due to the current lack of acces-
sibility of the PRRS vaccine to smallholder farmers and its
perceived high cost, biosecurity interventions are likely to be
more feasible and cost-effective and presumably more readily
adopted in the field. Further, whilst this study focused on the
benefit of biosecurity in preventing PRRS infection alone,
efficacious biosecurity will also prevent other infectious dis-
eases including FMD, classical swine fever (CSF), Aujeszky’s
disease, and porcine circoviruses (Fasina et al. 2012). Clearly,
the overall benefits of implementing biosecurity will far out-
weigh the partial budget analysis carried out in this study
whilst ever the risk of infection with these diseases remains
high in Cambodia.
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For smallholder farmers to implement and show sustained
support for an intervention, education is needed, particularly
in farmer understanding of the benefits of vaccination and
improved biosecurity (Young et al. 2013). This study identi-
fied that, of the 61 smallholder farmers interviewed for their
knowledge, attitudes, and practices regarding biosecurity and
vaccination, half did not know that disease spread can be
prevented by separating sick animals away from healthy ani-
mals, not allowing sick and healthy animals to drink from the
same water source, and through good management of animal
waste. Only 15% of farmers knew that selling sick animals
will spread disease to areas outside the farm. These findings
highlight the low level of knowledge farmers have of disease
transmission routes, an important factor in understanding the
purpose of biosecurity measures, such as quarantine to prevent
transmission via direct contact, or hygiene application to pre-
vent indirect transmission via fomites. Despite this low level
understanding, some biosecurity measures, such as keeping
pigs in a fenced area (82%), quarantining newly purchased
animals (36%), and separating sick animals from healthy ones
(62%), were practised by the interviewed farmers. These find-
ings suggest that whilst there is a need to improve farmer
knowledge of PRRS transmission patterns and educate
farmers in biosecurity practices to reduce disease risk, adop-
tion of improved practices is achievable.

This study identified 46% of interviewed farmers having
vaccinated their pigs in the last 12 months, but of those, only
one farmer had used the PRRS vaccine. This suggests that
farmers have some knowledge and understanding of the need
and importance of vaccination to reduce the morbidity and
mortality risk of infection, but the issue of PRRS vaccine
uptake and availability to farmers is of concern. Farmer resis-
tance to vaccinate certain groups of animals such as pregnant
sows for fear that vaccination leads to abortion was also noted,
although there is little evidence for this concern (Zimmerman
et al. 2012). Other possible reasons for low PRRS vaccination
rates amongst interviewed farmers include low PRRS out-
break incidence rates in the surveyed villages, indicated by
the results of the case studies. Understandably, there is a lack
of incentive to apply costly disease control measures such as
vaccination, by farmers that have not had direct experience
with PRRS and are unaware of the costs that can result from
an outbreak. These findings support the need to improve farm-
er knowledge of infectious disease risk management through
appropriate education strategies able to improve the uptake of
vaccination programmes and village-level biosecurity. Farmer
training on vaccination and biosecurity may provide a sustain-
able and effective strategy to control financially devastating
diseases, such as PRRS, and improve farmer livelihoods
(Nampanya et al. 2012).

This study has estimated the household financial impact of
a PRRS outbreak in Cambodia and quantitatively described an
economic approach to preventing the disease at the farm level

using vaccination and biosecurity. This information may ben-
efit farmers through improved educational programmes pro-
vided by project donor agencies, guiding decision-making on
the allocation of funds to vaccination and biosecurity imple-
mentation. Of importance, this model can be readily updated
with improved data and utilised in other countries within the
Mekong region to further PRRS control and assist in address-
ing food insecurity and rural poverty.
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