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Summary

Haemorrhagic septicaemia (HS) is an acute fatal infectious disease of mainly cat-

tle and buffalo and outbreaks occur commonly in Cambodia. Disease outbreak

reports were examined to select five villages from three provinces for a retro-

spective investigation of HS epidemiology and socioeconomic impact on small-

holders, with an aim of identifying potential benefits from improving disease

prevention through biosecurity and vaccination. The Village Animal Health

Worker (VAHW) or Chief in each village and 66 affected smallholders were sur-

veyed. At the village level, 24% of all households were affected with an estimated

mean village herd morbidity of 10.1% and mortality of 28.8%. Affected farmers

reported HS disease morbidity and mortality at 42.7% and 63.6% respectively.

Buffalo had a higher morbidity (OR = 2.3; P = 0.003) and mortality (OR = 6.9;

P < 0.001) compared with cattle, and unvaccinated large ruminants a higher

morbidity (OR = 2.9; P = 0.001). The financial impact varied depending on

whether the animal survived, provision of treatment, draught replacement and

lost secondary income. The mean cost per affected household was USD 952.50

based on ownership of five large ruminants. The impact per affected animal was

USD 375.00, reducing the pre-disease value by 66.1%. A partial budget revealed

an overwhelming incentive for farmers to practice biannual vaccination, with a

net benefit of USD 951.58 per household based on an annual disease incidence

rate of 1. Sensitivity analysis showed that a net benefit of USD 32.42 remained

based on an outbreak every 20 years. This study indicates HS can cause a cata-

strophic financial shock to smallholders and remains a critical constraint to

improving large ruminant productivity and profitability. Addressing HS disease

control requires a focus on improving smallholder farmer knowledge of biosecu-

rity and vaccination and should be priority to stakeholders interested in address-

ing regional food insecurity and poverty reduction.

Introduction

Haemorrhagic septicaemia (HS) is an acute fatal infectious

disease of mainly cattle and buffalo and has also been

reported in pigs, fallow deer, horses, donkeys, elephant and

yak (Shivachandra et al., 2011; FAO, 2013). HS is caused

by specific serotypes of the bacterium Pasteurella multocida

with serotypes B : 2 (Asian serotype) and E : 2 (African

serotype) considered responsible for most outbreaks. The

incubation period is brief, ranging from 1 to 3 days follow-

ing exposure to the organism (De Alwis, 1999; Shivachan-

dra et al., 2011). Affected animals can die within 24 h of

contracting infection without developing observable clini-

cal signs, but more commonly develop signs including pyr-

exia (41–42°C), respiratory distress, serous nasal discharge,
salivation and oedema in the pharyngeal region spreading
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to the ventral neck and the brisket, with a clinical course

lasting 2–3 days (De Alwis, 1999; Shivachandra et al.,

2011). In general, buffalo are believed to be more suscepti-

ble than cattle with young animals more susceptible in both

species (De Alwis, 1999). High mortality rates (up to

100%) in affected animals are common, with the majority

of deaths seen in older calves or young adults (Shivachan-

dra et al., 2011). Recovery from clinical disease is rare

unless animals are treated early (De Alwis, 1999).

Although HS has been reported globally, it is considered

to be of most economic significance in Asia and Africa with

frequency and distribution greatly influenced by husbandry

practices, geographical area and climatic conditions (Shiv-

achandra et al., 2011). Neither serotype has been found in

South America, Central America, Australia or New Zealand

(FAO, 2013). High humidity and temperature, associated

with the wet season, increases the risk of HS outbreaks,

although they do occur throughout the year (Kumar et al.,

2004; De Alwis, 1999). Other risk factors include free-range

management with high buffalo population densities, poor

husbandry practices, exposure to carrier and diseased ani-

mals or their decomposing carcasses, plus draught animals

compromised by work stress (Benkirane and De Alwis,

2002). As in many countries in Southeast Asia, outbreaks of

HS are common in Cambodia, with 64 outbreaks reported

in 2011 affecting a total of 1912 cattle and buffalo including

201 deaths in 12 provinces (Suon et al., 2013). Haemor-

rhagic septicaemia in animals previously infected with

foot-and-mouth disease (FMD) has been reported in India

(Subash et al., 2004). Haemorrhagic septicaemia outbreaks

are more likely where there is poor farmer knowledge of

disease prevention including biosecurity and vaccination,

and high rates of large ruminant trading. This was observed

in Cambodia where on average 17% of the village cattle are

bought and sold annually (Young et al., 2013a), and in

FMD, ‘hotspots’ within northern Laos where disease risks

are compounded by higher populations of animals awaiting

cross-border trading (Nampanya et al., 2012).

When HS is suspected a provisional diagnosis is generally

made on clinical signs, herd history, morbidity and mortal-

ity patterns, species susceptibility and age groups affected

(Shivachandra et al., 2011; OIE, 2012a). Confirmation is

assisted by gross pathology and laboratory investigations to

isolate and characterize the pathogen by culture and bio-

chemical methods, determining the serotype using serologi-

cal and molecular techniques where available (OIE, 2012a).

Haemorrhagic septicaemia prevention and control

requires strategic vaccination of susceptible populations

with a high-quality vaccine with current recommendations

to vaccinate twice annually following the initial two doses

given 1–3 months apart in all cattle and buffalo over

3 months of age (Verma and Jaiswal, 1998; De Alwis, 1999;

Maclean, 2006). Protection varies depending on the type of

vaccines used with annual vaccination considered adequate

when oil-based vaccines are used (De Alwis, 1999; Shivach-

andra et al., 2011). Eradication of HS is generally not con-

sidered feasible (Benkirane and De Alwis, 2002), although

greater control is possible with appropriate biosecurity

including quarantine, movement control, traceability,

slaughter of infected/exposed animals and disinfection of

affected premises (Spickler, 2009).

Economic significance of HS

In Pakistan, with 17.7 million cattle and 18.8 million buf-

falo, HS reportedly accounts for 34.4% of all deaths in sus-

ceptible stock with an estimated annual economic loss of

USD 350 million (FAO, 1979; Benkirane and De Alwis,

2002). In Malaysia, with relatively small cattle and buffalo

populations of 735 and 186 thousand, respectively, losses

due to HS are estimated at USD 0.85 million (FAO, 1979;

Benkirane and De Alwis, 2002). Both of these reports indi-

cate high financial impacts where HS is endemic, particu-

larly where there are high buffalo populations and draught

power is important for rice cultivation (Benkirane and De

Alwis, 2002). As most estimates consider only direct losses

(i.e. value of animals that die) and not loss of lifetime pro-

ductivity and reproductive potential (Benkirane and De

Alwis, 2002), a more accurate estimate of losses due to HS

is needed. This estimate is likely to be much greater than

reported and is a recognized issue within the region due to

a shortage of financial and trained human resources for dis-

ease surveillance (Bellet et al., 2012) combined with a

general lack of disease knowledge by smallholder farmers

(Nampanya et al., 2012).

In Cambodia, approximately 75% of the population live

in rural areas with many relying on agriculture for their

livelihood (MAFF, 2012; Young et al., 2013b). The agricul-

ture sector has grown by an average of 4–5% per year since

2006, contributing to about 30% of the Gross Domestic

Product in 2010 (MAFF, 2012). Cattle and buffalo are

important (Kral et al., 1993) with populations of approxi-

mately 3.4 and 0.68 million, respectively, in 2011 (MAFF,

2012; OIE, 2012b). Over 99% of cattle in Cambodia are

owned by smallholder farmers living in rural areas (MAFF,

2012), and about 40% of all cattle and buffalo are used for

draught power (EAHMI, 2012; MAFF, 2012). Livestock

production is the third most important subsector following

crop production and fisheries (MAFF, 2012; Young et al.,

2013b).

Recent increased demand of livestock products in many

rapidly developing Asian countries (Shankar et al., 2012) is

providing smallholder farmers with an opportunity to

improve their livelihoods through improving livestock pro-

ductivity and profitability (Windsor, 2011). However,

many constraints inhibit the expansion of the regional beef
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industry, including HS and FMD control. This study fol-

lows on from investigations of suspected FMD outbreaks

undertaken in 2012 after a 2009–2011 major regional epi-

demic of FMD. Investigations identified high mortality and

indicative diagnosis of HS, providing an opportunity to

objectively assess the epidemiology of the outbreaks and

calculate the costs of HS to smallholder farmers. Potential

benefits from improving disease prevention practices

including vaccination and biosecurity are also identified.

Materials and Methods

Selection of study sites

Between June and November 2012, large ruminant out-

breaks of suspected HS were reported to the National Vet-

erinary Research Institute through the Department of

Animal Health and Production (DAHP) from eight prov-

inces. Using these records, the following five villages were

selected for investigation: Lvea and Alek in Kampong

Chhnang province, Tropangplong I and Rel Krom in Kam-

pong Cham province and Cheou Pleung in Pursat province

(Fig. 1). Purposive selection of study sites was influenced

by reporting of an outbreak, ease of site accessibility (i.e.

distance from Phnom Penh), timing and size of outbreak

(i.e. recent moderate to large outbreak), species and size of

animal population in the village.

Data collection

Detailed retrospective epidemiological and financial impact

information was collected at household and village level

using a Financial Impact Survey Questionnaire (FISQ) dur-

ing face-to-face interviews with affected farmers and Village

Chief (VC) or VAHW. The farmer FISQ consisted of 28

open and closed questions that covered the three broad cat-

egories of: (i) general household information including

number of members, animals kept, livestock use, estimated

annual income and importance of livestock rearing; (ii)

husbandry practices including livestock rearing and vacci-

nation practices; and (iii) impact of morbidity, mortality

and estimated financial losses. A separate questionnaire for

each village VC or VAHW provided outbreak details at the

village level. Questions included the number of households,

cattle and buffalo populations, morbidity and mortality

rates, village level disease prevention practices, plus infor-

mation on potential sources of infection, patterns of disease

spread within the village and/or between neighbouring vil-

lages.

The interviews were conducted in Khmer by DAHP

Extension Office staff with Australian project staff in atten-

dance on 9th August, 8th and 10th December 2012. Each

study village was visited once, either in August (Lvea and

Alek) or in December (Tropangplong I, Rel Krom, and

Cheou Pleung). Information was recorded onto pre-

designed record sheets.

Data analysis

Financial Impact Survey Questionnaire results were trans-

lated into English and entered into a Microsoft ExcelTM

spreadsheet. Financial information provided in KHR

(Cambodian riel) was converted to USD at the exchange

rate of KHR 4000 = USD 1.00 (September 2012). Analyses

included: (i) descriptive analyses; (ii) basic epidemiological

analyses of suspected HS cases reported by farmers and

VC/VAHW; and (iii) economic analyses by partial budget

(PB) and sensitivity analysis for use of biannual HS vacci-

nations by smallholder farmers.

Epidemiological analyses

Cases reported by the farmers were evaluated for a clinical

diagnosis of HS based on descriptions of clinical signs that

met the following case definition:

A large ruminant that had a sudden onset of respira-

tory disease or acute death, that exhibited either one

or more clinical signs including increased respiratory

rate, nasal discharge, hypersalivation, inappetence,

depression, pyrexia, oedema of the submandibular

region spreading to the ventral neck and brisket and

sudden death.(De Alwis, 1999; OIE, 2009)

As laboratory validation of the clinical diagnosis was not

possible, it was assumed that all cases meeting the case

definition were truly HS, with cases not meeting this
Fig. 1. Map of Cambodia showing approximate locations of the five

study villages.
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description excluded. Morbidity and mortality rates were

calculated for each of the potential risk factors investigated

as part of the FISQ survey and compared between groups.

Risk factors included age (≤1-year old or >1-year old), sex
(male entire, male castrated or female), HS vaccination his-

tory (vaccinated or unvaccinated), and time from the last

vaccination (≤10 months, ≤12 months, or >12 months) in

addition to village and species (cattle or buffalo). Associa-

tions between these factors and disease were evaluated by

calculating odds ratios with 95% confidence intervals. A

Chi-squared test established statistical significance

(P < 0.05) for differences in morbidity or mortality rates

between groups. Where the Chi-squared test was consid-

ered inappropriate due to small sample size, a Fisher’s exact

test was performed. Two-tailed P-values were considered

appropriate and calculated for each of the tested variables.

Information provided by the VC or VAHW of each village

was analysed to evaluate cattle and buffalo morbidity, and

mortality rates observed in each village.

Costs per affected household and village

Overall, costs experienced by farmers during the outbreak

were calculated at the household and village level using the

following equations:

Household cost

¼ Reduced asset value ðdue to death or weight lossÞ
þ treatmentþmanagementþ draught replacement

þ lost secondary income;

Village cost ¼ Mean household cost
� number of affected households:

Vaccine PB use per household

A PB analysis was performed to evaluate the net benefit or

cost of biannual HS vaccinations to smallholder farmers

using impact parameters obtained from the FISQ study.

The PB outcome is calculated using the formula:

Net benefit=cost ¼ ðAdditional returnsþ Reduced costsÞ
� ðReturns forgoneþ Extra costsÞ:

A PB model was developed and calculated on a Microsoft

ExcelTM spreadsheet using the values either drawn from the

FISQ results or from external references, and based on the

following:

1 Additional returns: any additional income realized from

the change.

The additional returns (AR) are derived from improved

performance of cattle and buffalo with the alternative plan.

For example, healthy animals are assumed to have greater

live weight gain. Thus, the AR per household were

calculated using the formula:

AR ¼ðEstimated mean daily weight gain in kg

� estimated value of live weight per kg

�mean duration of illnessÞ
�mean number of cattle

=buffalo owned per household

� expected morbidity rate

� predicted annual incidence rate:

2 Reduced costs: any reduced expense as a result of the

change.

The reduced costs (RC), or the costs that would be

avoided with the alternative plan, are estimated as the over-

all costs resulting from an outbreak. This cost may be

highly variable due to the outcome (death or recovery) and

actions taken such as treatment and renting a draught ani-

mal replacement. This analysis assumes that the currently

recommended biannual vaccination program provides pre-

vention of weight loss and death of cattle and buffalo.

Long-term costs as a result of reduced reproduction and

production are not accounted for. The RC per household

were calculated using the formula:

RC ¼ Predicted asset value lost ðdeath and weight lossÞ
þ predicted treatment cost
þ predicted management cost
þ predicted draught replacement cost
þ predicted secondary income lost:

3 Returns forgone: any reduced income as a consequence

of the change.

The returns foregone (RF) result from lost income from

secondary employment on the day of vaccinations, as farm-

ers may bring their animals to a place where group vaccina-

tions take place. It is assumed that all the farmers who have

secondary employment will lose 1 day of employment per

vaccination. The RF per household were calculated using

the equation:

RF ¼ Mean income from secondary employment per day
� predicted loss of employment for 2 days per year:

4 Extra costs: any additional expenses incurred due to the

implementation of the change.

The extra costs (EC) with the alternative plan are the cost

of biannual HS vaccinations and the cost of renting draught

power on the day of vaccinations, assuming that all farmers

will rent alternative draught for 1 day per vaccination.

Although the cost of lost draught replacement could be

avoided by scheduling group vaccinations when draught

power is not needed, it was included in this analysis as a

conservative measure. The EC per household were calcu-

lated using the formula:
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EC ¼ ðMean cost of single HS vaccination per cattle

=buffalo� 2 doses of vaccines given annually

�mean number of cattle=buffalo owned

per householdÞ þ ðmean costs of renting

alternative draught power per day � predicted

renting for 2 days per yearÞ:

Sensitivity analysis

A sensitivity analysis was performed to assess the impact on

the net benefit/cost, when key input parameters change in

the PB model. The variables evaluated include treatment

costs, draught replacement costs, lost income from second-

ary employment, other expenses for disease management,

vaccination costs, market values of cattle and buffalo and

outbreak incidence rates. The PB model described above

was applied in the following scenarios:

1 The market value of large ruminants decrease by 25%,

50%, and 75% from the baseline.

2 The elements of outcome costs decrease by 25%, 50%,

and 75% from the baseline.

3 The vaccination costs increase by 25%, 50%, 75%, and

100% from the baseline.

4 The outbreak incidence rates decrease to 0.50, 0.20, 0.10,

and 0.05, that is HS outbreaks occur every 2, 5, 10, and

20 years.

5 Both 1 and one of 2, 3, or 4 occur simultaneously.

The overall mean values drawn from FISQ results were

used as baseline reference values in this analysis. In other

words, the PB calculated using the mean values was consid-

ered as the ‘baseline field model’. The baseline outbreak

incidence rate was assumed to be 1, that is HS outbreak

occurs once every year.

Results

Descriptive details of sample population

A total of 67 farmers from 5 villages owning large rumi-

nants affected by suspected HS participated in the FISQ

with 66 of the farmers having at least 1 large ruminant that

met the HS case definition. The single farmer whose animal

did not meet the CD was excluded from financial impact

analysis. Of the farmers, 46 were females and 21 were males,

with a mean age of 48.8 years (female 48.1 and male 50.2)

ranging from 23 to 88. Key descriptive details from the

Farmer FISQ and VC/VAHW survey including HS morbid-

ity and mortality are provided (Table 1) for each of the five

villages.

Prior to the outbreak, the farmers owned a mean of 5.0

large ruminants (1.2 cattle and 3.7 buffalo) per household,

with a range from 1 to 13 (0–8 cattle and 0–13 buffalo). All
cattle were local breed except one crossbreed reported by

a farmer in Cheou Pleung. The average age of large

Table 1. Key descriptive details from the farmer FISQ and VC/VAHW survey including reported HS morbidity and mortality

Variable

Village

TotalLvea Alek Tropangplong I Rel Krom Cheou Pleung

FISQ data (Farmer)

No. farmers intervieweda 14 25 7 8 13 67

Mean annual income (USD)a $1075.00 $650.00 $1050.00 $850.00 $1025.00 $875.00

Mean income from large ruminantsa (%) 37.0 26.4 32.4 16.3 18.8 26.6

Mean No. of HH membersa 5.5 5.2 4.3 4.4 4.8 5.0

Total large ruminants 85 139 33 25 46 328

Cattle (%) 34.1 7.9 0.0 76.0 47.8 24.7

Buffalo (%) 65.9 92.1 100.0 24.0 52.2 75.3

Mean large ruminants per HH 6.1 5.6 4.7 3.6 3.5 5.0

HS morbidity (%) 29.4 51.1 54.5 36.0 37.0 42.7

HS mortality (%) 52.0 95.8 38.9 11.1 0.0 63.6

VC/VAHW data (Village)

Total HH 315 483 362 170 139 1469

HH affected (%) 57.1 25.7 3.3 10.0 14.4 24.0

Total large ruminants 1588 1030 592 281 288 3779

Cattle (%) 44.8 40.2 22.0 45.2 69.4 41.9

Buffalo (%) 55.2 59.8 78.0 54.8 30.6 58.1

HS morbidity (%) 11.3 6.9 3.5 11.4 17.4 9.4

HS mortality (%) 19.4 46.5 52.4 21.9 4.0 24.9

FISQ, Financial Impact Survey Questionairre; USD, United States Dollars; VC, Village Chief; VAHW, Village Animal Health Worker; HH, household; HS,

haemorrhagic septicaemia.
aCalculated with N = 67 including one Rel Krom farmer who was excluded from financial impact analysis.
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ruminants owned was 3.5 years old (3.3 years old in cattle

and 3.6 years old in buffalo), ranging from 2 months to

13 years (note that the age of 4 buffalo was unknown and

these were excluded). The sex ratio of large ruminants was

1 : 2.2 (M/F), with approximately 25% of the males cas-

trated.

The mean annual household income in 2011 was USD

875.00, with a range of 100.00–3018.75. In Tropangplong I,

Rel Krom and Cheou Pleung farmers (n = 28) were asked

to identify major sources of income, with 89.3% reporting

that crop production was the most important source of

income, accounting for 62.1% of the annual household

income. Large ruminant rearing was reported to be the

most important income source for 7.1% of farmers, with

60.7% of farmers indicating that it was the second most

important income source (Fig. 2). Large ruminant contri-

butions to household income ranged from 0% to 85.0%,

with a mean of 26.6%. Income from secondary employ-

ment was recorded as the most or the second most impor-

tant source of income for 7.1% and 25.0%, respectively. It

was the third most important source of income for 28.6%

of farmers, on average contributing to 12.3% (range

0–45.5%) of household income, with 39.3% of the farmers

not generating any income from secondary employment.

The average income from rearing of animals other than

large ruminants was only 2.7% of the annual household

income (range 0–50.0%).

Almost all large ruminants were reared in a communal

free-range manner. Exceptions were those reared by two

farmers (3.0%; from Rel Krom) that kept their cattle and

buffalo tethered near the household. Only one farmer

(from Alek) reported a recent introduction of a new large

ruminant prior to the outbreak, although the exact time of

introduction was unknown. One farmer (from Rel Krom)

purchased two buffalo about 6 months prior to the

outbreak. Farmers used cattle and buffalo for multiple pur-

poses with some variations between the villages. In Lvea

and Alek, the majority of farmers owned cattle and buffalo

mainly for draught power (100%) and cash asset storage

(97.4%) followed by transport (64.1%). Few or no farmers

reported rearing of cattle and buffalo for breeding (10.3%)

or fattening (0%). In Tropangplong I, Rel Krom and Cheou

Pleung, 89.3% of the interviewed farmers used cattle and

buffalo for breeding, followed by draught power (53.6%)

and cash asset storage (53.6%). Cattle and buffalo were

used for transport or fattening by 32.1% of the farmers.

Overall, cattle and buffalo were recognized as an important

source of draught power (80.6%) and cash asset storage

(79.1%), followed by transport (50.7%), breeding (43.3%)

and fattening (13.4%).

Of the 66 affected farmers interviewed, 55 (83.3%) farm-

ers vaccinated their cattle and buffalo against HS in 2011,

totalling 239 (72.9%) animals, including 65 (80.2%) cattle

and 174 (70.4%) buffalo in the five villages. Only 13 farm-

ers (19.7%) vaccinated their cattle and buffalo against FMD

in 2011, totalling 42 (12.8%) out of the 328 animals,

including 10 cattle (12.3%) and 32 buffaloes (13.0%) from

all the study villages. The mean estimated vaccination rates

of the five villages were 60.2% for HS and 16.3% for FMD,

assuming that if a farmer practiced vaccination all their ani-

mals were vaccinated unless otherwise reported. The most

common clinical signs observed by farmers included

oedema of the neck (90.6%), respiratory distress (82.8%),

inappetence (70.3%) and hypersalivation (65.6%). No

farmers noted pyrexia in their animals during the outbreak

and two farmers (3%) did not observe clinical signs as their

livestock were found dead in the field. The mean duration

of illness was 4.6 days, ranging from <12 h to 35 days.

Affected animals died or recovered in <3 days in approxi-

mately 60% of the cases, and in <15 days in more than

95% of the cases.

Haemorrhagic septicaemia impacts on the household

The FISQ results indicated a total of 140 large ruminants

(morbidity 42.7%: 23 cattle and 117 buffaloes) were

affected during the outbreak, of which 89 animals (mor-

tality 63.6%: 6 cattle and 83 buffaloes) died (Table 1).

Affected farmers had an average loss of 1.3 animals per

household reducing the mean number of cattle and buf-

falo owned from 5.0 to 3.6 (1.1 cattle and 2.5 buffalo),

ranging from 0 to 13 (0–7 cattle and 0–13 buffalo). The

total number of cattle and buffalo owned by the inter-

viewed farmers decreased to 238, including 74 (31.1%)

cattle and 164 (68.9%) buffalo. One cow and four buf-

falo were sold during or after the outbreak and a total

of four buffalo were born or purchased after the out-

break.
Fig. 2. Importance of livestock as a source of household income

reported by the interviewed farmers.
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Farmers reported that affected large ruminants were

cared for by men (63.6%), women (57.6%) and children

(34.8%) or a combination of household members. Nine

farmers (13.6%) reported they could not administer treat-

ment before sudden death. Carers spent a mean of 13.2 h

(ranged 0–24 h) per day for 4.2 days (range 0.5–20 days)

for treatment and management, which involved examina-

tion by a VAHW (96.5%). Details of treatment adminis-

tered by the VAHW were unavailable. Four of the

interviewed farmers (7.0%) attempted to treat with tradi-

tional medicine. The mean treatment cost was USD 16.68

per animal, ranging from USD 0.83 to 93.75. No farmer

purchased food for sick animals. Seven farmers (10.6%)

reported other costs associated with management or caring

of affected animals including rental of labour to care for

animals. These additional costs ranged from USD 2.50 to

15.00, with the mean of USD 11.00 in total.

The farmers were asked to estimate changes in body

weight and values of affected animals prior to and after the

outbreak. The mean live weight loss % of animals during

the course of the disease was 14.8% with a range from 0%

to 60% according to the 52 farmers who provided a

response to this question, with the remaining 14 farmers

unable to provide this estimation. The mean estimated

value of healthy animals was USD 550.00 with a range of

USD 50.00–875.00. The mean value of sick animals was

USD 100.00 (range of USD 0–350.00) with 12 (18.2%)

farmers unable to answer the question as affected animals

died before they contacted traders to obtain an estimate or

they did not attempt to sell affected animals. The mean

value of dead animals was largely unknown in Lvea and

Alek, with only two farmers reported sale of the carcasses at

USD 25.00 and 75.00. Most of the farmers buried or left

dead animals in field rather than attempting to sell the car-

casses. The overall mean estimated value of a dead animal

was USD 25.00.

Of the 66 farmers, 33 (50.0%) reported lost draught

power at an average of 34.4 days (range 5–90 days). Of

those, 23 farmers (69.7%) rented alternative draught power

for a mean of 9.7 days (range 2–30 days). The mean cost of

renting alternative draught power was USD 5.33 per day.

The mean overall cost of draught replacement was USD

50.33 per household. All farmers replaced 100% of lost

draught if it was <10-day period. However, if the lost per-

iod exceeded 10 days, over 75% of farmers replaced <25%
of lost draught. Reproductive associated losses were

reported by 19 farmers (28.8%), although details on the

nature of these losses were poorly specified.

Loss of secondary employment was reported by 47 farm-

ers (71.2%), losing a mean daily income of USD 3.13 rang-

ing from USD 0.25–8.33 per day. Examples of secondary

employment included selling sugar cane, collecting and sell-

ing palm sugar and farm labour. The duration of lost

employment varied from 1 to 45 days, with the mean of

5.7 days. The mean total loss of income from secondary

employment during the outbreak was USD 17.00 (range

USD 0.25–112.50).

Risk factor analysis

Using The VC/VAHW results, the FISQ captured 5.1% and

11.2% of the total cattle and buffalo populations of the

combined study villages respectively. Odds ratios between

the average morbidity and mortality for each village and

variable are provided (Table 2).

Financial impacts

Overall mean outcome costs per affected animal were USD

375.00 (range USD 25.00–1017.50), equating to an average

of 66.1% reduction from pre-HS large ruminant values

reported by farmers. The mean total costs experienced by

farmers as a result of the outbreak were USD 952.50 per

household (range USD 25.00–3817.50). While the outcome

costs accounted for <10% of the annual income in 18.2%

of the interviewed farmers with the lowest being only 2%, it

accounted for >100% and as high as 2426.3% of the annual

income in approximately 40% of the interviewed farmers.

Overall, the outbreak cost the farmers an average of 212.5%

of their annual income of 2011. Possible outcome scenarios

and corresponding outcome costs per individual cattle or

buffalo are summarized (Table 3 and Fig. 3) with values

calculated using the means derived from the FISQ results.

It was estimated that an outbreak would cost smallholder

farmers approximately USD 105–620 per large ruminant

affected depending on animal factors, severity and timing

of the outbreak, equating to a loss of 19.2–31.9% if the ani-

mal survives or 95.5–112.5% if the animal dies relative to

the value of a healthy cow or buffalo.

The overall outcome costs estimated for each village is

shown (Table 4). Haemorrhagic septicaemia vaccination

cost farmers USD 0.15 per dose on average if government

supplied and USD 0.25 when sourced privately. For a

farmer owning five cattle, biannual HS vaccination would

cost either USD 1.50 or USD 2.50 per year depending on

source. Similarly, total annual vaccination costs at the

village level were estimated to be USD 84.30–476.40 per

village, depending on the village animal populations when

government sourced vaccines were used, ranging from

USD 140.50 to 794.00 per village when privately sourced

vaccines were used.

Partial budget analysis of biannual HS vaccination

The reference values used in the PB analysis was summa-

rized (Table 5). The results of the PB analysis with the
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alternative plan identified a net benefit of USD 951.58 per

household per year using government-sourced vaccines.

Similarly, a net benefit of USD 950.58 per household per

year was identified using vaccines sourced privately. The

results contrast to the predicted outcome of the base plan,

where a farmer will experience average financial losses of

USD 965.78 with no AR after an outbreak. It should be

noted that the analysis was conducted to evaluate ‘per

household’ benefit rather than ‘per animal’ benefit. The PB

model was developed with the assumption that a household

owns a total of five large ruminants, the mean number

owned by the interviewed farmers prior to the outbreak.

Table 2. Summary of morbidity and mortality parameters in cattle and buffalo populations owned by the interviewed farmers

Variables Category

Morbidity

rates (%) Odds ratios (95% CI) P-value

Mortality

rates (%) Odds ratios (95% CI) P-value

Overall – 42.7 1 – 63.6 1 –

By village Lvea 29.4 0.6 (0.33, 0.94) 0.026 52.0 0.6 (0.26, 1.46) 0.273

Alek 51.1 1.4 (0.94, 2.09) 0.096 95.8 13.0 (3.89, 43.40) 0.000

Tropangplong I 54.5 1.6 (0.78, 3.31) 0.190 38.9 0.4 (0.13, 1.00) 0.044

Rel Krom 36.0 0.8 (0.32, 1.76) 0.514 11.1 0.1 (0.01, 0.59) 0.003a

Cheou Pleung 37.0 0.8 (0.42, 1.49) 0.461 0.0 0.0 (–, –) 0.000

By species Cattle 28.4 1 – 26.1 1 –

Buffalo 47.4 2.3 (1.32, 3.91) 0.003 70.9 6.9 (2.51, 19.04) 0.000

By age groups >1-year old 42.8 1 – 62.0 1 –

≤1-year old 43.9 1.0 (0.54, 2.03) 0.890 72.2 1.6 (0.53, 4.77) 0.400

By sex Male (castrated) 26.9 1 – 42.9 1 –

Male (entire) 52.7 3.0 (1.14, 8.05) 0.023 59.0 1.9 (0.38, 9.76) 0.682a

Female 41.5 1.9 (0.78, 4.77) 0.151 66.7 2.7 (0.56, 12.66) 0.236a

By HS vac history Vaccinated 39.7 1 – 70.5 3.5 (1.52, 8.04) 0.002

Unvaccinated 65.3 2.9 (1.50, 5.43) 0.001 40.6 1 –

By timing of HS vac >12 months 27.3 1 – 41.7 1 –

≤12 months 42.9 2.0 (0.97, 4.13) 0.058 79.5 5.4 (1.52, 19.37) 0.010a

≤10 months 38.5 1.7 (0.45, 6.11) 0.499a 0.0 0.0 (–, –) 0.245a

HS, haemorrhagic septicaemia; CI, confidence interval.

P-values assessing Odds Ratio significance were calculated using Chi-squared test unless designated a, Fisher’s Exact test, vac = vaccination.

Table 3. Outcome costs of HS outbreak per animal based on possible scenarios

Outcome

scenario

Total Cost

(USD)

Proportion of

healthy animal

value (%)

Animal

Survival Treatment

Draught

replacement

Lost income from

secondary

employment

1 Yes Yes No No $105.68 19.2

2 Yes Yes No Yes $123.52 22.5

3 Yes Yes Yes No $157.38 28.6

4 Yes Yes Yes Yes $175.22 31.9

5 No No No No $525.00 95.5

6 No No No Yes $542.84 98.7

7 No Yes No No $549.28 99.9

8 No Yes No Yes $567.12 103.1

9 No No Yes No $576.70 104.9

10 No No Yes Yes $594.54 108.1

11 No Yes Yes No $600.98 109.3

12 No Yes Yes Yes $618.82 112.5

HS, haemorrhagic septicaemia.

Costs were calculated by using mean values summarized on Table 5. Animal survival: if yes, 550.00 USD 9 14.8% BW loss = 81.40 USD; if no, 550

USD � 25.00 USD = 525.00 USD. Treatment: if yes, 5.78 USD/animal/day 9 4.2 days = 24.28 USD; if no, 0.00 USD. Draught replacement: if yes,

5.33 USD/day 9 9.7 days = 51.70 USD; if no, 0.00 USD. Lost income from secondary employment: if yes, 3.13 USD/day 9 5.7 days = 17.84 USD; if

no, 0.00 USD.

© 2013 Blackwell Verlag GmbH • Transboundary and Emerging Diseases.8

Socioeconomic Impacts of Haemorrhagic Septicaemia Cambodia M. Kawasaki et al.



The results of sensitivity analysis were summarized

(Table 6) and showed that even when the market value of

cattle and buffalo (healthy, dead, and per kilograms live

weight) decreased by 75%, at which the value of a healthy

animal is much lower than the lower quartile value identi-

fied on FISQ results, farmers can expect to receive the net

benefit of USD 285.26 by using government-sourced bian-

nual vaccination, as opposed to the predicted outcome

costs of USD 300.78 without biannual vaccinations. The

trend was similar when the elements of outcome costs

decreased by up to 75% or when the vaccination costs

increased by up to twofold, with the net benefit of USD

236.77 being the lowest recorded using government-

sourced vaccines.

When the incidence rate of the disease outbreak changed,

reductions in the net benefit were much greater. Yet, using

the government supplied HS vaccines, the net benefit of

USD 32.42 can be realized even when an outbreak occurs

once in every 20 years, or the incidence rate of 0.05. The

PB model outcome became negative for the first time when

the market values of cattle and buffalo decreased by 75%

and the incidence rate of a disease outbreak became 0.05.

The net cost indicated that economically speaking, contin-

uing biannual HS vaccinations is not cost effective under

such conditions and the same trend was observed with

slightly less net benefit values when using HS vaccines

sourced privately.

Discussion

To our knowledge, this is the first published quantitative

description of the socioeconomic impacts of HS on small-

holder farmers in Cambodia. The integrated use of large

ruminants for storage of wealth, sale for beef, breeding,

draught, fertilizer and biogas fuel means that any change to

the value or cost of each animal is likely to have a range of

both direct and indirect effects. This case study of five vil-

lage outbreaks demonstrates that HS may cause a severe

financial shock to affected households, as well as requiring

significant household labour. While crop production

remains the predominant source of smallholder income,

over 7% of smallholders surveyed indicated large rumi-

nants are the primary source of their annual income and

over 60% as the second most important source. Surpris-

ingly, approximately, 40% of interviewed farmers indicated

the costs associated with disease exceeded their annual

income. Farmers from this study had a mean annual house-

hold income of USD 875.00, equating to USD 72.92 per

month, which closely aligns with the mean monthly house-

hold income of USD 79.00 previously reported in rural

households (National Institute of Statistics, 2009, p. 99,

table 9.3). With an average USD 375.00 in outcome costs

per affected animal, HS has the potential to devastate the

financial position of a household. The use of savings or the

acquisition of debt would likely be required to replace lost

livestock, cover treatment management and caring costs,

Fig. 3. Proportional distribution of outcome costs of the haemorrhagic

septicaemia outbreak reported by the interviewed farmers.

Table 4. Summary of overall outcome costs reported by the interviewed household and estimated outcome costs at the village level

Variable

Village

MeanLvea Alek Tropangplong I Rel Krom Cheou Pleung

Household level

Mean outcome costs per HH (USD) $665.00 $1892.50 $495.00 $210.00 $97.50 $952.50

Proportion of cost to annual income (%) 76.1 486.9 48.2 35.1 15.9 212.5

Mean outcome costs per affected animal (USD) $342.50 $662.50 $190.00 $150.00 $82.50 $375.00

Proportion cost to healthy animal value (%) 75.7 100.1 49.8 39.1 13.9 66.1

Village level

Estimated outcome costs (USD) $119700.00 $234670.00 $5940.00 $3570.00 $1950.00 $73166.00

Estimated biannual vaccination costs (USD)

Government $476.40 $309.00 $177.60 $84.30 $86.40 $226.74

Private $794.00 $515.00 $296.00 $140.50 $144.00 $377.90

HH, Household; USD, United States Dollars.
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replace lost draught or cover lost income from lost second-

ary employment.

This study focused on the immediate costs and impacts

during the clinical phase of disease. However, long-term or

chronic impacts may increase these losses and need further

investigation. The social impacts, including time spent car-

ing for sick animals, were significant, with an average of

13.2 h per day for over 4 days, with participation of

women and children tending to these animals of nearly

58% and 35%, respectively. This is likely to be at the cost

of other household activities including secondary employ-

ment and education. There is a strong case for greater

attention and resources to be given to improving village

level biosecurity to limit transboundary animal diseases

(TADs) including HS and FMD as the significant social

and financial impacts impose critical constraints to

improving rural livelihoods in this region (Young et al.,

2013b).

The purposive selection of affected villages and farmers,

farmer availability on the day of the survey, use of farmer

recall and estimation and lack of laboratory diagnostic con-

firmation limits both the internal and external validity of

the results through selection and information bias, indicat-

ing that wider extrapolation of these findings (at the dis-

trict, provincial level etc.) should be managed with caution.

However as this is the first documented socioeconomic

impact assessment of HS on smallholders in Cambodia, the

information is considered important in illuminating the

high impact of this TAD. Steps taken to limit bias in this

study included: expanding the initial number of villages

surveyed from 2 to 5; conducting surveys over two different

times of year; and selecting villages from three provinces to

cover a greater geographical area. Despite the limited

amount of information available prior to the village visit

and surveys, over 20% of affected households participated

in the FISQ in four of the five villages. Only 7.8% of

Table 5. Summary of reference values derived from FISQ results and list of assumptions made for the purpose of partial budget analysis

Variables Units

Baseline input

values (Overall

mean)

Sensitivity values

�25% �50% �75% �100%

Daily weight gain achieved by a healthy cattle/buffalo kg 0.1

Value of kg live weight USD $1.79 $1.34 $0.90 $0.45 $0.00

Costs associated with outbreak

Morbidity of large ruminants % 42.7

Mortality of large ruminants % 63.6

Duration of illness Days 4.6

Proportion of HH providing treatment % 86.4

Number of days treatment was given Days 4.2

Cost of treatment per animal per day USD $5.78

Cost of treatment per animal affected per HH USD $16.68 $12.51 $8.34 $4.70 $0.00

Proportion of HH with additional costs % 10.6

Other costs associated with outbreak per HH USD $11.00 $8.25 $5.50 $2.75 $0.00

Estimated change in body weight when affected % 14.8

Estimated value of healthy large ruminant USD $550.00 $412.50 $275.00 $137.50 $0.00

Estimated value of dead large ruminant USD $25.00 $18.75 $12.50 $6.25 $0.00

Proportion of HH rented alternative draught power % 69.7

Number of days alternative draught power was rented Days 9.7

Cost of renting alternative draught power per day USD $5.33 $4.00 $2.67 $1.33 $0.00

Cost of renting alternative draught power per HH USD $50.33 $40.00 $26.67 $13.33 $0.00

Proportion of HH that have secondary employment % 60.7

Proportion of HH that lost secondary employment income % 71.2

Number of days secondary employment was lost Days 5.7

Lost income from secondary employment per day USD $3.13 $2.35 $1.57 $0.78 $0.00

Lost income from secondary employment per HH USD $17.00 $12.75 $8.50 $4.25 $0.00

Costs of HS vaccination

Cost of single HS vaccine sourced by government USD $0.15 $0.19 $0.23 $0.26 $0.30

Cost of single HS vaccine sourced privately USD $0.25 $0.31 $0.38 $0.44 $0.50

Recommended number of vaccinations per year na 2

Vaccine efficacy % 100

Village epidemiology

Annual HS outbreak incidence rate na 1 0.5 0.2 0.1 0.05

FISQ, Financial Impact Survey Questionairre; HH, Household; HS, Haemorrhagic septicaemia.
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affected farmers from Lvea were surveyed as working too

far away from their household to participate. Recent out-

breaks were investigated in an attempt to minimize recall

bias, with an average of 3.4 months between the reported

outbreak and the surveys (range 2–5 months) allowing

farmers to be questioned with the impacts still relatively

fresh in their minds. Information to evaluate impacts,

including animal values and weight loss due to disease, was

obtained through farmer recall and estimation, and no clar-

ification was sought, suggesting information bias is likely

with expected variation between farmers and lack of objec-

tive measurement accuracy. As wide variation occurs in

smallholder systems, the mean impact values across all five

villages were used to formulate input parameters for the PB

model for biannual HS vaccine use. Sensitivity analyses

were unidirectional to facilitate a conservative approach

(i.e. prices of cattle were tested if they decreased as this

would account for farmers overestimating their value)

despite the recent trend in increasing values of large rumi-

nants to meet the growing regional demand for red meat in

the region (O’Connell et al., 2013). The survey of the VC/

VAHW was undertaken to gather information at the village

level and again as cases were not validated, these figures

should be interpreted with care.

In analysis of risk factors, the mean large ruminant mor-

bidity reported by farmers in Lvea (29.4%) was significantly

lower (P = 0.026) than the overall mean morbidity in the

study villages, with farmers from Alek reporting a signifi-

cantly higher mortality rate of 95.8% (P < 0.001) and those

from Rel Krom reporting a significantly lower mortality

rate of 11.1% (P = 0.003) compared with the overall mean

of 63.6%. While the overall mean morbidity and mortality

rates were 42.7% and 63.6%, respectively, these varied

between villages. Buffalo had significantly higher morbidity

and mortality than cattle in this study (P < 0.001).

Although large ruminants ≤1 year had slightly higher mor-

bidity and mortality than those >1 year, statistically signifi-

cant differences were not identified. Entire male large

ruminants had a higher morbidity than castrated males and

females (P = 0.023). Unvaccinated large ruminants had a

higher morbidity than vaccinated (P = 0.001) although

vaccinated large ruminants surprisingly had a higher mor-

tality (P = 0.002). Large ruminants that had received HS

vaccination <12 months ago had a higher mortality

(P = 0.010) than those having received vaccination

<10 months ago and surprisingly, those that had received

vaccination >12 months ago. While some of these findings

may be affected by the various sources of bias as discussed,

this study supports previous research findings (De Alwis,

1999; Shivachandra et al., 2011) that young buffalo have

the highest risk of HS infection and that this group should

be given the highest priority when vaccinating large rumi-

nants within villages. Variation in morbidity and mortality

between study sites may be due to a range of factors. Higher

Table 6. Results of partial budget and sensitivity analysis for use of biannual HS vaccinations by smallholder farmers using (i) government sourced

vaccines and (ii) privately sourced vaccines

Changes in outcome costs,

vaccination costs and

outbreak incidence rates

(i) Net benefit/cost (USD) using Government sourced

vaccines

(ii) Net benefit/cost (USD) using Privately sourced

vaccines

Field model

Changes in large ruminant market

values

Field model

Changes in large ruminant market

values

�25% �50% �75% �25% �50% �75%

Field model (annual incidence = 1) $951.58 $729.48 $507.37 $285.26 $950.58 $728.48 $506.37 $284.26

Costs associated with diseasea

Decrease by 25% $935.42 $713.31 $491.21 $269.10 $934.42 $712.31 $490.21 $268.10

Decrease by 50% $919.25 $697.15 $475.04 $252.94 $918.25 $696.15 $474.04 $251.94

Decrease by 75% $903.09 $680.98 $458.88 $236.77 $902.09 $679.98 $457.88 $235.77

Vaccination costs

Increase by 25% $951.21 $729.10 $507.00 $284.89 $949.96 $727.85 $505.75 $283.64

Increase by 50% $950.83 $728.73 $506.62 $284.51 $949.33 $727.23 $505.12 $283.01

Increase by 75% $950.46 $728.35 $506.25 $284.14 $948.71 $736.60 $504.50 $282.39

Increase by 100% $950.08 $727.98 $505.87 $283.76 $948.08 $725.98 $503.87 $281.76

Outbreak incidence

Occur every 2 years $467.81 $356.76 $245.71 $134.65 $466.81 $355.76 $244.71 $133.65

Occurs every 5 years $177.55 $133.13 $88.71 $44.29 $176.55 $132.13 $87.71 $43.29

Occurs every 10 years $80.79 $58.58 $36.37 $14.16 $79.79 $57.58 $35.37 $13.16

Occurs every 20 years $32.42 $21.31 $10.21 �$0.90 $31.42 $20.31 $9.21 �$1.90

HS, haemorrhagic septicaemia.
aCosts associated with disease include treatment, draft rental, lost secondary income and additional costs.
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proportions of buffalo populations in Tropangplong and

Alek are likely to be associated with higher morbidity and

mortality rates in those villages. Village herd age structure,

trading practices, biosecurity (including vaccination)

would be expected to affect disease outcomes.

Cattle and buffalo vaccinated in 2011 had a lower mor-

bidity rate than those unvaccinated, despite the most recent

vaccination administered more than 6 months prior to the

outbreak (range from 7 to 15 months). This suggests that

the immunity developed by cattle and buffalo following

vaccination using aluminium hydroxide gel adjuvant vac-

cine may remain effective to prevent clinical HS beyond

6 months, as recently described (Savoeurn et al., 2013). A

serological study to evaluate field efficacy of HS vaccination

in smallholder villages is recommended and would be par-

ticularly valuable in regions where vaccine resources, capac-

ity and uptake are limited, as in Cambodia.

The study identified a relatively high proportion of the

interviewed farmers having vaccinated at least one large

ruminant against HS (83.3%), contrasting to that against

FMD (19.7%). The attitude of the farmers towards vaccina-

tion practice of HS may reflect their awareness of the need

and importance of vaccination to reduce mortality risk

from HS infection. However, it was found that one or more

large ruminants in each household commonly failed to

receive vaccination when the rest were vaccinated. The rea-

sons for not vaccinating these animals included difficulties

in taking those animals for vaccination, when they were

used in field for draught and misunderstanding of vaccine

safety. Farmer resistance to vaccinate certain groups of ani-

mals such as pregnant cows for fear that vaccination leads

to abortion was noted, although there is little evidence for

this concern (De Alwis, 1999). Other possible reasons

include poor understanding of effective vaccination prac-

tice, financial limitations, lack of awareness of the full costs

resulting from an outbreak, and inadequate vaccine avail-

ability and delivery. The current high turnover of large

ruminant livestock also heightens risk of disease transmis-

sion and indicates that vaccination availability needs to be

sufficient to address the regular influx of potentially unpro-

tected large ruminants. These findings support the need to

improve farmer knowledge of disease control measures

such as biosecurity and vaccination.

Rapid and accurate disease reporting remains a major

problem in Cambodia and has been highlighted by other

researchers (Shivachandra et al., 2011; Nampanya et al.,

2012; Young et al., 2013b). Laboratory confirmation was

not performed in this study due to the time lag between the

outbreak and the village visits. Without laboratory confir-

mation, it is not possible to state HS as a definitive cause of

all cases despite the history and clinical diagnosis being

most indicative of HS. Lack of animal health records of dis-

ease events at the animal, household or village level limits

accuracy by relying on recall of information. No farmers

reported affected animals having pyrexia, suggesting that

clinical examinations by VAHWs are limited, although with

suitable restraint facilities for large ruminants generally

unavailable, this is not surprising.

The FISQ study revealed that many smallholder farmers

experienced considerable financial loss from HS, with a

mean loss of 212.5% relative to their annual household

income due to the outbreak. The seriousness of a financial

impact is categorized as ‘catastrophic’ when disease bur-

dens exceed 10% of household income (Ranson, 2002;

Shankar et al., 2012). Following this classification, the

financial impact of HS experienced by over 80% of the

interviewed farmers can be described as a highly cata-

strophic financial shock.

The average costs incurred by the smallholder farmers

per affected cattle or buffalo reached nearly 70% of the pre-

HS value. Evaluation of outcome costs with different sce-

narios revealed large variations depending on severity and

timing of outbreak. In particular, with HS being a disease

causing high mortality in affected animals and salvage val-

ues of dead cattle and buffalo estimated at only 4.5% of

pre-HS value, severe losses are mostly attributable to the

losses due to mortality of affected animals followed by high

costs resulting from renting alternative draught. Conse-

quently, the outcome cost of HS is only 19.2% of pre-HS

value when an affected animal recovers with treatment, in

contrast to the cost of 109.3%, when an animal dies after

treatment and draught replacement is rented. Interestingly,

a much higher loss of 54% was reported in a case of FMD

infection when animals recover (Young et al., 2013b),

reflecting the substantial impact resulting from severe

weight loss of affected cattle or buffalo as opposed to HS

cases. The FMD losses resulting when the affected animal

dies was 92% of pre-FMD value (Young et al., 2013b),

which is slightly lower than that of HS mainly due to rela-

tively high salvage values (20% of pre-FMD value) com-

pared to 4.5% of pre-HS value identified in this study.

High draught replacement and treatment costs as previ-

ously reported (Young et al., 2013b) were similarly identi-

fied in this study.

Partial budgeting is a simple yet powerful technique to

assess small changes in farming systems (Rushton, 2009)

and was recently applied in a similar study in Cambodia

investigating the financial impacts of FMD (Young et al.,

2013b). A PB provides an indication of whether a pro-

posed change is economically viable for adoption (Rush-

ton, 2009). It considers the income and expenses altered

by adopting the proposed change (Dijkhuzen et al., 1995),

such as no vaccine use versus biannual HS vaccine use. If

the benefits exceed the costs it would be advantageous to

adopt the proposed change. Conversely, if costs were equal

to or greater than the benefits the proposed change would
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not be desirable. The PB analysis clearly demonstrated that

smallholder farmers receive a strong financial net benefit

from biannual HS vaccinations of their large ruminants.

Although the majority of the values were derived from the

FISQ results, the analysis was conducted using some of the

reference values taken from external sources or from the

assumptions as discussed below. The average daily gain

(kilograms) as used in a similar study (Young et al.,

2013b) was included and represents the low growth rate

achieved in traditional smallholder systems. However, vari-

ations in live weight gain by different age groups, seasonal

impacts on feed availability and quality and environmental

stress such as heat were not accounted for in this study

(Young et al., 2013a,b). It was assumed that ‘all’ small-

holder farmers with secondary employment will lose 1 day

of employment (‘returns foregone’) and that all farmers

will rent 1 day of alternative draught per vaccination

(‘extra cost’). Although not all farmers lose secondary

employment or rent alternative draught, the inclusion of

these assumptions assists in developing a conservative

approach to assessing the impact of vaccine use. In the case

of farmers not losing these RF and EC, the net benefit from

biannual vaccine use would be expected to be greater. It

was assumed that biannual vaccinations consist of the

commonly used aluminium hydroxide gel adjuvant vac-

cines and provides almost total protection from clinical

infection. This assumption was made based on a report by

Savoeurn et al. (2013), who confirmed a very strong

immune response in vaccinated cattle lasting for at least

6 months after vaccination. In addition, Nampanya et al.

(2012) observed no incidence of HS cases in their study

villages where a strategic vaccination programme was

introduced between 2008 and 2010 despite the common

occurrence of the disease in the vicinity of those villages.

However, it has been observed that HS does occur in vac-

cinated cattle and buffalo (Biswas et al., 2004), and the

influence of a number of factors on the observed duration

of protective immunity has been suggested (De Alwis,

1999). These reports suggest further field studies evaluating

effectiveness of vaccines and vaccination strategies against

HS currently used in Cambodia is warranted.

Improving large ruminant production in Cambodia pro-

vides a unique opportunity to address regional food insecu-

rity and reduce rural poverty. Although crop production is

likely to be maintained as the primary income source for

many rural people, diversification into other enterprises

including cattle and buffalo within the smallholder system

will help mitigate risk. In times of flood or drought and are

both common in Cambodia, large ruminants can be moved

or sold as needed, offering a financial buffer to offset crop

losses in a poor production season. Addressing key con-

straints of large ruminant production and HS in particular

should be a high priority for agricultural community

stakeholders including policy makers, government officials,

donor agencies, extension workers, and lastly but most

importantly smallholder farmers.
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