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Abstract

Following preventive chemotherapy covering the entire population in the two endemic regions in 

Cambodia, the prevalence of schistosomiasis dropped from 77% in 1995 to 0.5% in 2003. The 

study presented here reports on the running cost of the control programme, and evaluates its cost-

effectiveness and cost-benefit.

Financial costs were assessed using data taken from the annual reports of the National Center for 

Malaria Control, the Cambodian institution responsible for the control activities. Other data were 

collected from interviews with provincial and district staff. The analysis was conducted from the 

point of views of the Cambodian Ministry of Health and that of the society, and the comparison 

was undertaken using the "do-nothing" option.

The cost to treat an individual for the 9 years period of the implementation phase was 29.23 PPP 

Int $ (3.23 per year), the cost for each severe infection avoided was 195 PPP Int $ and 20,708 PPP 

Int $ for each death avoided. The drug cost corresponds on average to 17.34% of the programme’s 

implementation cost. The cost of bringing one severely infected individual of productive age to 

complete productivity, was estimated at 361.46 PPP Int $ and for 1 PPP Int $ invested in the 

programme the return in increased productivity, for the economic system, was estimated to be 3.85 

PPP Int $.

The control programme demonstrated significant economical advantages. However, its costs are 

too high to be entirely supported by the Cambodian Ministry of Health.
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Introduction

Schistosomiasis is one of the most prevalent parasitic infections in the world. It is endemic 

in 76 countries and continues to be a public health problem in the developing world (Engels, 
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2002, Steinmann et al, Lancet Infect Dis). In Cambodia, the parasite responsible for the 

disease is Schistosoma mekongi.

The parasite is transmitted by contact with contaminated water (WHO, 2002, Gryseels et al, 

Lancet). At an early stage of infection, lesions of the liver can be detected (Hatz, 2001). At a 

late stage symptoms and signs associated with S. mekongi infection include cachexia, 

hepatosplenomegaly, stunting and retardation of puberty, portal hypertension, ascites and 

rupture of oesophageal varices (Biays et al. 1999). Pathology associated with the infection 

consists of periportal thickening and portal vein enlargement (Hatz et al., 2001). Severely 

infected individuals experience a significant reduction of working capacity and productivity 

(King et al., 2005). In individuals continuously exposed to infection without treatment, the 

disease progresses into different degrees of severity (infection of light, moderate and high 

intensity) and can lead to death (Warren et al., 1993).

Large scale preventive chemotherapy is the public health strategy recommended by World 

Health Organization (WHO) for the control of helminthic diseases such as schistosomiasis 

(WHO, 2006). The control strategy consists of the annual administration of praziquantel to 

the population at risk in the endemic areas (WHO, 2002).

The treatment, administered at regular intervals, eliminates most of the infecting 

schistosomes and prevent the development of severe morbidity. Since no infective stages of 

the parasite are contaminating water, reinfection takes place, however most of the infected 

individuals present “light intensity” infection because the annual interval between two 

treatments allows only few schistosomes to complete the cycle in the host.

Praziquantel has rare side effects which include nausea and abdominal pain. These do not 

require treatment (Stelma et al., 1995). The frequency of side effects is related to the 

intensity of the infection in the population and therefore is higher during the first year of the 

control programme after which it progressively decreases over the following years (N’Goran 

et al., 2003).

The first case of schistosomiasis in Cambodia was diagnosed in 1968 (Biays, 1999; Ohmae 

et al., 2004). The activities used in the collection of data about this pathology were 

interrupted due to the presence of the Khmer Rouge regime. From the last months of 1994, 

with the fall of the political regime, the monitoring activities started again and several severe 

cases of schistosomiasis were diagnosed in 20 villages in Kratie Province (Stich et al., 
1999).

In the last weeks of 1994 the Cambodian Ministry of Health (MoH), started regular 

preventive chemotherapy in the North-East Provinces of Cambodia. The responsibility for 

the control activities was given to the National Center for Malaria Control (CNM), with the 

technical support from Medecins sans Frontières (MSF) and WHO. As of 1995, the area of 

intervention increased from the 20 villages where schistosomiasis was originally reported, to 

include all new areas that were progressively identified; this brought the total to 

approximately 110 villages.
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The programme was based on a Mass Drug Administration (MDA) carried out by CNM 

staff, who reached the villages using boats and local volunteers. The control programme 

presented a decreasing number of difficulties each successive year: the mass distribution of 

praziquantel were increasingly accepted by the local communities.

Materials and Methods

The primary objective of the study was to provide information about the effectiveness and 

the cost of the programme, through the evaluation of the incremental cost-effectiveness of 

the public health intervention for schistosomiasis control, taking the MoH viewpoint. The 

comparison was undertaken with the “do-nothing” option, in which the MoH does not 

implement any control activity, as before 1995.

To achieve this primary objective, a Health Technology Assessment (HTA) approach, based 

on the Guidelines of the Canadian Agency for Drugs and Technologies in Health (2006), 

was used in order to evaluate the most important aspects to calculate the cost and the 

effectiveness of the programme.

HTA is a systematic review of existing evidence that provides an evaluation of the 

effectiveness, cost-effectiveness and impact both on patient health and on health care 

systems (Fox-Rushby, 2005). We calculated the cost for each averted death, for each severe 

infection averted and for each infection averted. The organizational impact, the budget 

impact, the equity (Goodman, 1998) and the generalizability (Sculpher et al., 2004) of the 

programme implementation were also assessed.

Epidemiological data

Epidemiological data were collected with periodical parasitological surveys: every year, an 

average of 2000 stool samples from individuals in randomly selected villages were analyzed 

with the Kato-Katz method. Annual surveys were also conducted in primary schools of five 

sentinel villages (Sinuon et al., 2007)

There was active search and follow up of cases of severe morbidity due to schistosomiasis 

during the mass treatments and the parasitological surveys and the age and sex of the cases 

identified were recorded.

The data were analysed and internal reports and scientific papers were regularly published 

(Urbani, 1997; Stich, 1999; Urbani, 2002; Ohmae, 2004; Sinuon, 2007). A linear model 

(Davison, 2003) was used to estimate the effectiveness of the programme, based on the 

prevalence data collected by the operators (Sinuon et al., 2007).

Economic data

Most of the economic data were taken from the “Annual Progress Report of the National 

Center for Parasitology Entomology and Malaria Control ” (CNM, 2006). Additional data 

were collected from documents published by the National Institute of Statistics of the 

Cambodian Ministry of Planning (2005), and by the WHO. Further information was taken 

from interviews administered to experts involved in the programme.
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Cost data were recorded in Cambodian Riel and than converted into PPP Int $ with an 

exchange rate of 0.00077, Purchasing Power Parity rate of 2006 (International Monetary 

Fund, 2009) and referred to 2006. Purchasing Power Parity data were derived by the 

International Comparison Program of the World Bank, updated in December 2007.

Four different categories of cost were taken into consideration, both direct and indirect 

(Finkler, 1999): initial investment, coordination & overhead, distribution and survey costs, 

see Table 1.

The time spent by Village Health Workers (VHW) was valued at the same level as the 

government salary 175.02 PPP Int $/months, cost to the company) and the required number 

of VHW was 1 per 400 inhabitants.

We calculated the Incremental Cost-Effectiveness Ratio (ICER) (Tan-Torres et al. 2003) 

comparing the programme implementation scenario, as the new technology, with the “do-

nothing” option, as the already existing technology.

The secondary objective of the study was to estimate the cost-benefit of the intervention, 

from the perspective of the society, evaluating the increases in productivity that were not 

taken into consideration from the MoH perspective, to investigate the sustainability of the 

programme.

Impact on productivity

The impact of preventive chemotherapy on productivity was measured taking into account 

the decrease in the number of severe cases of schistosomiasis and deaths. The proportion of 

severely infected and the number of deaths was considered to decrease linearly, throughout 

the implementation phase, to be zero in 2003. The number of severely infected individuals 

of productive age (15-59 years), was extrapolated combining the total number of severely 

infected individuals and the age structure of the population in Cambodia. The number of 

severely infected individuals was considered to be distributed equally in all age groups, this 

was a conservative assumption since, from the available data on morbidity indicate that the 

majority of the cases of severe schistosomiasis was in the productive age. The decrease in 

productivity of each individual with severe schistosomiasis was estimated to be 50% (Guyatt 

2000). The productivity of one life year was considered to be 488.64 PPP Int $ in 2006, 

equal to the pro-capita Cambodian GDP in the agriculture and fishing sectors, as these are 

the main economic activities in the two provinces. We assumed a situation of full 

employment in the area.

Additional analyses were performed to evaluate the robustness of the results, using two 

different methodologies: sensitivity analysis, assuming a ±30% change in the per diem 

salary, a ±50% change in fuel cost and a ±10% change in the cost of utilities (Saltelli et al., 
2000), and “Monte Carlo” method, applied to salaries, with 100 iterations (Doubilet et al., 
1985). For both approaches, the temporal horizon was fixed at 5 years, the value of annual 

volatility was fixed at plus or minus 30%. The variation was considered to elapse at the end 

of each year. The cost categories used for the sensitivity analysis were chosen because they 
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are the ones most exposed to market variations, time and the most relevant for the total cost 

of the health programme.

Phases of the control programme

To facilitate the analysis and the processing of the economic data, the schistosomiasis 

control programme was divided into three phases: planning & start up, implementation and 

maintenance, as suggested in literature (Johns et al., 2003). The cost incurred in the planning 

& start-up phase (including studies and surveys conducted for the identification of the 

infected areas) were amortized to the 9 years of the implementation phase. The length of the 

implementation phase was 9 years: from 1995 (first drug distribution) up to and including 

2003 (when no schistosomiasis cases were identified by parasitological surveys). For the 

maintenance phase, expenditure for 3 years (2004 -2006) was analyzed and some 

suggestions on how to contain the cost of this phase were provided. This phase was 

conducted after reaching the “no more cases” situation.

Results

The activities during the 9 years of the implementation phase reduced the schistosomiasis 

prevalence from an estimated 77% (61,600 individuals infected) in 1995 to an estimated 

0.5% in 2003 (Figure 1). No cases were found with the parasitological survey carried out 

from 2003 to 2006 (Sinuon et al., 2007). However, due to the low sensitivity of the Kato-

Katz method at low intensity of infection (Yu et al. 2007) and the interval of confidence of 

the results of the survey, the presence of 400 cases of low intensity was estimated. The 

effectiveness of the 9 years programme in reducing the number of infected individuals was 

calculated to be 99.35%. This should be considered a conservative hypothesis.

Before intervention the total number of severe infections was estimated to be 12,000/year 

requiring approximately 250 hospital admissions each year. The residual classes of infection 

(moderate and light intensity infections) were estimated to be 49,600, requiring 

approximately 1,000 consultations each year. The yearly number of deaths due to 

schistosomiasis was estimated to be 25/year. Figure 1 graphically presents the morbidity due 

to schistosomiasis in Cambodia before and after the control intervention. We assumed that, 

without control intervention, the epidemiological situation would not have changed.

The cost of the "do-nothing" option was estimated to be 63,414.10 PPP Int $ per year (the 

evaluation is based on 2006 costs data), taking into account three consequences of the 

infection: outpatient consultations (1,000 consultations at 6.34 PPP Int $/each), hospital 

admissions (200 admissions at 158.54 PPP Int $/each) and surgical interventions (50 

interventions at 507.31 PPP Int $/each), death and reduced productivity were not valuated 

because, despite representing a significant loss for a family, they do not constitute a cost for 

the MoH. This economic information was taken from interviews administered to CNM 

experts and Provincial Hospital staff. The total costs of the “do-nothing” option, for the 9 

years of the implementation phase (1995-2003) are equal to 570,727 PPP Int $.

In the intervention option: the total cost of the implementation phase (1995-2003) is 

evaluated at 2,086,267 PPP Int $, details on the different cost categories are presented in 
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Table 2. The additional cost of implementation phase due to the treatments still to be 

provided to infected individuals was estimated at 253,656 PPP Int $ bringing the total cost of 

this option to 2,339,923 PPP Int $. During this phase the estimated annual cost per treated 

person is 3.23 PPP Int $. Using this approach, the drug cost corresponds to 17.34% of the 

programme’s implementation cost.

From 2004 to 2006 the annual cost of the maintenance phase was on average 243,596 PPP 

Int $. Drug distribution cost (drug procurement and administration) represent 73.95% of the 

total cost.

The yearly cost of the programme is gradually diminishing over the years from 316,290 PPP 

Int $ in 1997, to 229,911 PPP Int $ in 2006 (all the amount were calculated at 2006 constant 

price).

The results from the variability analysis show that the changes in salaries ( ± 30%), fuel 

(± 50%) and utilities (± 10%) would not have high impact on the total programme cost 

(± 11,32% increasing and decreasing all the variables). The “Monte Carlo” Analysis applied 

to the most relevant costs in percentage and with the major probability to increase salaries 

does not show any unexpected variation, reinforcing the robustness of the results.

The cost of treating an individual for the 9 years of the intervention phase was 29.23 PPP Int 

$. The yearly cost per infection avoided is 4.22 PPP Int $. The cost per each case of severe 

infection avoided is 195 PPP Int $ and the cost per each death avoided is 20,708 PPP Int $. 

During the 9 years of the implementation phase, the total number of avoided deaths was 

estimated to be 113, decreasing linearly from 25 in the first year to be zero in 2003.

The Cost-Effectiveness Value (ratio between the cost and the effectiveness of the programme 

implementation) per treated person for the 9 years implementation phase of the control 

programme is equal to 29.46 PPP Int $ per person.

The ICER (representing the cost to increase the effectiveness of one unit) resulted to be 

22.26 PPP Int $ per capita. ICER represents the cost to increase the effectiveness of one unit.

The incremental cost-effectiveness plan (Figure 2) compares the "do-nothing" option with 

the implementation phase results and shows the complete rationality of the choice to treat 

the whole population through an MDA. The cost increase is accompanied by a greater 

increase in effectiveness. This result suggests a dominance for the choice to implement the 

programme with respect to the "do-nothing" option (Tan-Torres et al. 2003).

From the point of view of society, it is important to underline that the schistosomiasis 

control programme increased the societal productivity, giving to 6,479 severely infected 

individuals between 15 and 59 years of age the possibility to return to full productivity. The 

cost of bringing one severely infected individual of productive age to complete productivity 

was estimated to be 361.17 PPP Int $ (2,339,923 PPP Int $ / 6,479 severely infected 

individuals).

809 individuals, of the 6,479 severely infected in 1995, are estimated to recover to complete 

productivity every year in which mass drug administration is conducted. This, considering 
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the productivity of severely infected individuals before the implementation of the control 

programme to be 50%, (Guyatt, 2000), correspond to a productivity gain of 14,562 year, to 

which the productivity gained from the averted deaths (3,546 years) should be added for a 

total of 18,108 full year of productivity gained. The total financial gain in productivity is 

estimated to be equal to 8,848,242 PPP Int $ (18,108 years X 488.64 PPP Int $).

The necessary investment within the programme to increase societal productivity by 1 PPP 

Int $, is 0.26 PPP Int $ (2,339,923 PPP Int $ / 8,848,242 PPP Int $). For 1 PPP Int $ invested 

in the programme, the return in increased productivity is 3.84 PPP Int $.

Taking the MoH viewpoint, the Cost-Benefit Value (CBV) is 0.24. The benefits were 

estimated to be 570,727 PPP Int $ (saved costs), while the cost of the programme was 

2,339,923 PPP Int $.

The yearly cost per capita of the maintenance phase (3.04 PPP Int $) is representing 15.74% 

of the total government per capita expenditures on health (WHO, 2007).

If we exclude the drug cost, on the hypothesis that this cost will be covered by an external 

agency, the per capita expenditure is 2.41 PPP Int $, representing 12.46% of the total 

government per capita expenditure on health.

In terms of organizational impact analysis of the control programme, the number of people 

involved was estimated as 14 health staff, with an average commitment of 3 months each 

year and 10 public servants with an average commitment of 1 months each year, this 

corresponds to less than 1% of the staff of the MoH that includes over 10,000 midwives and 

nurses (WHO, 2000).

No ethical or equity problems have emerged from the study. Rather, the more marginalized 

and poor population groups benefit to a larger extent from the intervention since drugs are 

administered free of charge, for those who present themselves at the distribution point, in 

each endemic village. This also allows access to treatment for the more disadvantaged 

groups of the population.

Discussion

This is the first study that applies an HTA approach to a successful schistosomiasis control 

programme that lasts over 12 years. In all the available economic evaluations, the sole direct 

costs of control programmes were taken into consideration, or a shorter programme 

implementation was considered (see Kirigia et al., 2000; Zhou et al., 2005 and Brooker et 
al., 2008).

The progressive reduction of the costs of the programme, was due to an increase in the 

efficiency of the personnel involved, to a reduction of the number of surveys, to an increase 

in participation of the target population, in addition to a reduction of the number of side 

effects from praziquantel requiring follow up.

The cost per death avoided calculated for this intervention (20,708 PPP Int $ in 9 years) is in 

the order of magnitude of the ones obtained by insecticide-impregnated bed nets used for 
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malaria control (Hanson Kikumbih et al., 2003) and vaccination campaign for measles 

(Uzicanin et al., 2004) that are considered extremely cost-effective intervention.. However, 

mortality is a relatively rare outcome of schistosomiasis and the most important effects are 

on morbidity that was eliminated by preventive chemotherapy at very low cost.

In the review of the relevant literature performed, the yearly costs per infection avoided are 

within a range of 9.83 PPP Int $ (Gryseels, 1989) and 39.41 PPP Int $ (Guyatt et al., 1995), 

but these studies consider only the direct costs of the programmes.

The study demonstrated a lower cost of the "do-nothing" option from a MoH perspective; 

however, the low cost of this option is a consequence of the unclear symptomatology of 

schistosomiasis, that results in a very limited number of individuals presenting themselves to 

health units in order to receive treatment. This is also the reason why the WHO recommends 

periodical chemotherapy as public health intervention for the control of schistosomiasis: in 

absence of mass drugs administration the majority of the schistosomiasis cases are untreated, 

and the morbidity due to the disease could reach high levels.

Taking into consideration the perspective of the society and including the increase in 

productivity, the programme has an extremely favourable cost-effectiveness: over 8.8 million 

PPP Int $ of increase in productivity at a cost of less than 2.4 million PPP Int $ with a return 

of investment that is greater than the one obtained by vaccination programmes (Andre et al., 
2008).

All these economical advantages do not take into consideration the additional benefits due to 

the increase in school attendance and performances that are well recognized following 

schistosomiasis control (Nokes et al., 1999 and Jukes et al., 2002). These last effects were 

difficult to be quantified in Cambodia, because of the poor maintenance of school records.

Despite the very good cost-effectiveness obtained and the relatively low annual cost of the 

programme, the cost of the programme per beneficiary (3.23 PPP Int $) represents a relevant 

part of the per capita expenditure on health of the Cambodian government (19.34 PPP Int $). 

The same situation can also be observed in the case where drugs are provided by an external 

donors. This cost is considered to be too high, to be sustained by the MoH, especially in the 

maintenance phase, when the number of schistosomiasis cases is very low.

Using the HTA approach, it is clear how the programme implementation scenario should be 

preferred to the “do-nothing” option.

Considering the organizational impact, the staff and the public servants needed to implement 

the programme are less than 1% of the total MoH staff, which includes over 10,000 

midwives and nurses (WHO, 2000). Therefore, the work load of the MoH personnel will not 

vary considerably due to the schistosomiasis control programme implementation and the 

MoH could easily identify the staff who will participate in the programme.

In terms of generalizability, the programme is simple and easy to be managed and 

implemented; it is performed during few months every year. The drugs used are available on 

the international market and their cost has constantly decreased in the last decade (in 2006 it 
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corresponds to 22% of the total cost of the programme). These factors demonstrated a good 

generalizability of the programme for other countries.

However, in accordance with the CNM staff responsible for the implementation of the 

programme, the small dimension of the endemic area, the high profile of the health staff 

involved and the very accurate planning are characteristics seldom present in other endemic 

countries. Furthermore, the particular morphology of the endemic area of the study should 

be considered as a distinguishing factor. The area shows a low population density, that 

implies high costs to reach the target population. This factor led to an increase of 

transportation costs and determined a decrease of the generalizability.

Finally, it shall be considered that schistosomiasis in Cambodia is present in only two 

intensively infected provinces and this fact facilitated the CNM to focus the control 

intervention and to contain costs.

There is a risk that the decision makers could interrupt the control programme to invest in 

other more prevalent diseases. The experience from Lao People's Democratic Republic 

demonstrated that if the intervention is interrupted, within 10 years the benefits of the 

control programme could be completely lost and therefore the epidemiological situation of 

schistosomiasis could return to the pre-intervention level. Hence the necessity to find a way 

to reduce the cost (for example, organizing drugs distribution every two years) and not to 

interrupt the intervention. The high impact of the control programme on the MoH 

expenditure could be an indication of the need for the donor community to support endemic 

countries in NTD control.

Future scenarios should consider the hypothesis to continue the maintainance phase, in order 

to reduce the cost related to schistosomiasis within the country. The possibility to measure 

the social impact of the implementation phase of similar programmes will probably show 

additional advantages and a higher cost saving in comparison to the one estimated for this 

study.
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Figure 1. 
Estimated population at different intensity of infection with S. mekongi in 1995, before the 

initiation of the control activities and in 2006 after 9 years of intervention
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Figure 2. 
Incremental cost-effectiveness plan, comparing the “do-nothing” option and intervention 

programme, based on costs per protected individual.
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Table 1

Cost categories of the schistosomiasis control programme in Cambodia

Cost category Cost element Source

Initial investment Staff salaries, transports, materials, questionnaire distribution and questionnaire 
analysis.

Interview,
CNM documents

Coordination & overhead Salaries and per diem: CNM officers, MoH provincial officers, volunteersa
Vehicle: purchase, maintenance, insurance, national taxes, amortization (7 years);

Utilitiesb: CNM cost for electricity, telephone, water, building maintenance, 
administration of the programme and guards.

Annual report of CNM,
interview

Distribution cost Activities planning, drugs procurement (delivery at Phnom Penh), staff per diem, 
transport (cars fuel and boats renting), welcome costs (province and villages 
lunches), social marketing (T-shirt, posters).

Interview,
International Drug Price

Indicator Guide,
annual report of CNM

Survey cost Staff per diem, transport (cars fuel and boats renting), equipment kits for Kato-Katz 
test and scale.

Interview,
annual report of CNM

a
The salary of staff involved in the procurement and in the administration of the programme and of the CNM drivers are valued as distribution costs

b
No analytical accounting scheme was available to calculate the utility costs in the CNM office (Phnom Penh). The costs were extrapolated for the 

schistosomiasis programme, assuming that the expenditures in each of the five institutional programmes of CNM, are proportional to the number of 
people and number of cars available for implementing each the programme.
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