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Summary

Schistosomiasis is being successfully controlled in many countries but remains a major public 

health problem, with an estimated 200 million people infected, mostly in Africa. Few countries in 

this region have undertaken successful and sustainable control programmes. The construction of 

water schemes to meet the power and agricultural requirements for development have lead to 

increasing transmission, especially of Schistosoma mansoni. Increasing population and movement 

have contributed to increased transmission and introduction of schistosomiasis to new areas. Most 

endemic countries are among the least developed whose health systems face difficulties to provide 

basic care at the primary health level. Constraints to control include, the lack of political 

commitment and infrastructure for public health interventions. Another constraint is that available 

anti-schistosomal drugs are expensive and the cost of individual treatment is a high proportion of 

the per capita drug budgets. There is need for increased support for schistosomiasis control in the 

most severely affected countries.

Schistosomiasis remains one of the most prevalent parasitic infections and has significant 

economic and public health consequences. While the distribution of schistosomiasis has 

changed over the last fifty years, and there have been successful control projects, the number 

of people infected or at risk of infection has not reduced (Savioli et al., 1997). It is estimated 

that 200 million people are infected, of whom 120 million are symptomatic and 20 million 

have severe disease. 600 million people are at risk of infection. In their comprehensive 

review, Iarotski and Davis (1981) presented the results of a questionnaire survey and 

information available to the WHO on the status of schistosomiasis and its control. 

Subsequent reviews by the WHO Expert Committee were published in 1985 and 1993. In 

this communication, information collected from national health authorities, research 

institutions and that available to the WHO is presented to show the current distribution of 

schistosomiasis and status of its control.

Iarotski and Davis (1981) estimated that 2.4 billion people lived in endemic countries, this 

had risen to 3.7 billion by 1995 (World Bank, 1997). This may not be appropriate to show 

the magnitude of the problem as in the endemic countries with the largest populations, such 

as Brazil, China and Indonesia, the population at risk of schistosomiasis is comparatively 

small, and as will be seen, control has been successful. On the other hand in the African 

Region of the WHO where there have been few attempts at control, the population had 

increased to 577.13 million in 1995 from 344.45 million in 1976.

Utroska et al., 1989, gave estimates of the number of people infected and those at risk of 

infection and discussed the limitations of their assumptions. The validity of such estimates is 
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open to debate (Chandiwana, 1988; Ratard et al., 1992). The most accurate data may be 

those provided by national control programmes or from national surveys. National surveys 

have been conducted in Cameroon, Guinea, Malawi, Senegal and Zimbabwe (Taylor and 

Makura, 1985; Teesdale and Chitsulo, 1985; Ratard et al., 1990; Ndhlovu et al, 1992; Ndir et 

al, 1996; Adou-Bryn et al, 1997). Only for Cameroon, Cote d’Ivoire, Malawi, Mali and 

South Africa have estimates of national prevalence or number of people infected been given 

(Teesdale and Chitsulo, 1985; Ratard et al., 1992; Schutte et al., 1995a; Adou-Bryn et al, 

1997; Traore et al., 1998).

In the absence of accurate epidemiological data, estimates must still be used to determine the 

possible burden of infection due to schistosomiasis. For this purpose, the estimates of 

Utroska et al., on the average prevalence of infection and the proportion of the population at 

risk of infection for each country have been applied to the 1995 population (World Bank, 

1997) to calculate the number of people at risk of infection and those infected. These are 

given in table 1 as 652 million people at risk of infection and 193 million infected by all 

species of schistosomiasis. Based on these calculations, 85% of the estimated number of 

infected people are on the African continent.

Geographic distribution

Schistosomiasis is endemic in 74 countries and territories (Table 1). There is an addition of 

Eritrea, which became independent in 1993 and is endemic for Schistosoma mansoni 
(Doumenge et al, 1987; WHO, 1993 ) and removal of Japan and Montserrat, where 

transmission is thought not to occur. With the introduction of S. mansoni to Mauritania, 

Senegal and Somalia, intestinal schistosomiasis is found in 54 countries, including the 

Arabian peninsular, Egypt, Libya, Sudan, sub-Saharan Africa, Brazil, some Caribbean 

islands, Suriname and Venezuela (WHO, 1993; Southgate, 1997; Urbani et al, 1997). S. 
intercalatum has been reported from 10 countries in Africa (WHO, 1993). Its presence in 

Mali (Corachan et al, 1992), an atypical sahelian environment, requires confirmation as 

other surveys have failed to detect it (De Clerq et al., 1994). Transmission of this species in 

the Central African Republic, Chad, Congo and Nigeria should also be confirmed (WHO, 

1993). S. japonicum is endemic in China, Indonesia and the Philippines and has been 

reported from Thailand. Another oriental schistosome is S. mekongi found in Cambodia and 

Laos (Sturrock, 1993). S. malayensis infects aboriginal people in a small jungle focus of 

Malaysia (WHO, 1993).

S. haematobium is endemic in 53 countries in the Middle East and most of the African 

continent including the islands of Madagascar and Mauritius. It may have been erroneously 

reported to be endemic in Sao Tome and Principe (Almeda et al, 1994). There is also an ill 

defined focus S. haematobium in India (Agrawal, 1997).

Along with reconfirming the distribution of S. intercalatum and a proper study of the S. 
haematobium focus in India, it is time to determine in which countries transmission has 

ceased. S. japonicum has been eradicated from Japan as the last case of infection in man was 

in 1977 and infected snails were last detected in 1982 (Tanaka and Tsuji, 1997). 

Transmission of S. mansoni appears to have been interrupted in the Caribbean islands of 
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Antigua, Guadeloupe, Martinique and St. Lucia (WHO, 1997). Recent studies in Puerto Rico 

suggest that transmission of this infection is at a low level (Giboda et al., 1997; Tsang et al., 

1997). It is unlikely that S. haematobium is of public health significance in Lebanon, 

Mauritius, Oman, Syria, Tunisia, and Turkey as transmission is low or non-existent.

Iarotski and Davis (1981) determined that the most severely affected countries in Africa 

were, Angola, Central African Republic, Chad, Egypt, Ghana, Madagascar, Malawi, 

Mozambique, Nigeria, Senegal, Sudan, the United Republic of Tanzania and Zambia. To 

these should be added Mali, Uganda and Zimbabwe (Taylor and Makura, 1985; Ndhlovu et 

al, 1992; Kabatereine et al, 1992; Kabatereine et al, 1996; Bukenya and Nsungwa, 1994; 

Traore et al., 1998). Brazil, with 25 million people living in the endemic areas and 3 million 

infected, is the most affected country in the Americas (FNS, 1997). China is the most 

affected country in Asia with an estimated 900,000 people infected, in 1997, even though 

Iarotski and Davis had listed Philippines because they had no data on China. Yemen has the 

most infected people in the Middle East.

Population Increases and Water Development

The increase in population in endemic areas means that more people may be at risk of 

infection. Requirements of an increasing population and development lead to large scale 

water impoundment for electricity and irrigation which can result in increased transmission 

of parasitic diseases (Hunter et al., 1993; Kay, 1990). Dams have led to the increase or 

introduction to new areas of urinary schistosomiasis in Cameroon, Cote d’Ivoire, Ghana, 

Mali, Namibia, Senegal and Sudan (Hunter et al., 1993; Elias et al, 1994; Southgate, 1997; 

N’Goran et al., 1997). S. mansoni has been introduced to new areas in Ghana, Mali, Uganda, 

Senegal (WHO, 1985; Southgate, 1997; Brinkmann et al, 1985).

Ecological changes wrought by the Aswan High Dam resulted in an change in the relative 

importance of S. mansoni vis-à-vis S. haematobium, as S. mansoni is now more prevalent in 

the Nile delta. El-Katsha and Watts (1995) have discussed the difficulties associated with S. 
mansoni diagnosis and control in this setting. While S. haematobium is still the predominant 

infection in Middle and Upper Egypt, the ecological changes and irrigation practices have 

introduced S. mansoni and its vector, Biomphalaria alexandrina, to these areas (Wilmott, 

1987). Land reclamation has extended transmission of schistosomiasis to new areas in Egypt 

(El-Sayed et al, 1995) such that the number of infected people in Egypt has not reduced 

significantly (Savioli et al, 1997). Implementation of major water resource schemes in 

southern China may increase transmission of S. japonicum and extend the endemic area. 

Population movement from north-east Brazil has extended transmission of S. mansoni to 

new areas (FNS, 1997).

Public Health Impact and Control Programmes

The increasing transmission and public health importance of schistosomiasis did not result 

in active intervention or implementation of control programmes in many countries. 

According to Iarotski and Davis, only Brazil, Dominican Republic, Egypt, Iran, Iraq, 

Morocco, Puerto Rico, St. Lucia, Tunisia and Venezuela had national control programmes. 
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To these should have been added China and the Philippines which had on-going control 

programmes but may not have responded to the questionnaire (Mao and Shao, 1982; Santos, 

1984).

Control was initiated in countries where the public health importance of schistosomiasis was 

appreciated. In China and Japan, the high morbidity and mortality due to S. japonicum 
leading to the disintegration of communities and consequent reduction in agricultural 

production justified control ( Mao and Shao, 1982; Chen, 1989; Tanaka and Tsuji, 1998). In 

Brazil schistosomiasis was among the three top public health problems (Machado, 1982). 

Control was initiated in Egypt because irrigation is the mainstay of agriculture and it was 

felt that morbidity due to schistosomiasis would reduce production (Mobarak, 1982). 

Gryseels (1989) and Gryseels and Polderman (1991) argued that compared to Brazil, Egypt 

and Sudan, sub-Saharan Africa had less morbidity and therefore special schistosomiasis 

control programmes were not justified. They recommended that morbidity be controlled by 

ensuring the availability of schistosomicides in health facilities. Recent research may modify 

this perspective (Vennervald et al., 1998).

Political Will and National Resources

Factors in initiating control programmes are the need for political support and willingness to 

use local resources (WHO, 1993). Thus in China and Brazil, control programmes followed 

political directives (Mao and Shao, 1982; Machado, 1982). It can be seen from table 1, that 

those countries without control programmes are the least developed. The only countries with 

a low GNP per capita income with control programmes are China and Egypt, with per capita 

incomes of $620 and $790, respectively in 1995. Only two endemic countries, Gabon and 

Namibia, with a per capita income above $1000 have no control programmes. Along with 

political support and resources, there is need for a public health infrastructure to undertake 

the control interventions (Liese et al., 1991).

Morbidity Control and Programme Costs

It was expected that the new strategy for morbidity control, with chemotherapy as the main 

operational component, would lead to more countries undertaking control (WHO, 1985, 

1993). The point to note is that countries undertaking control started with available methods 

and success was achieved with different methods, ranging from environmental modification 

to eliminate vector snails, chemical molluscicides, and chemotherapy (Yokogawa, 1976; 

Jobin, 1979; Massoud, 1982; McCullough et al., 1980; Davis, 1993; Tanaka and Tsuji, 

1997).

With the new strategy for morbidity control, the availability of new single dose, oral drugs, 

and the use of rapid, field applicable diagnostic techniques, several control projects where 

initiated in sub-Saharan Africa with bilateral funding (Brinkmann et al, 1988b; Savioli, 

1990; Dhunputh, 1994; Schutte et al., 1995b). There was short term success in terms of 

reduction in prevalence and intensity of infection. Few of these projects are continuing as 

local authorities could not meet the costs of maintenance. A major part of these costs of 

maintenance are the prices of single dose, oral drugs.
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Studies on the costs of schistosomiasis control have invariably concluded that the cost of 

control is inordinately high compared to the per capita health expenditure in sub-Saharan 

Africa (Korte, et al., 1986; Brinkmann et al., 1988b; Rohde, 1989; Gryseels, 1989; Guyatt et 

al., 1994). These studies and that by Savioli et al., 1989, have also shown that the relative 

contribution of drug cost to the cost of control are variable, ranging from 8.5% to almost 

89% of the cost of control. While the price of these single dose, oral drugs have fallen 

sharply over the past twenty years (Reich, 1998), the price is still above the per capita health 

budgets of many endemic areas and would not be affordable through cost recovery 

mechanisms.

The advent of the HIV/AIDS epidemic, with its heavy economic burden, the need to address 

other health issues and low economic performance have made it difficult for many countries 

to invest in schistosomiasis control (World Bank, 1993; 1997).

Conclusion

Progress has been made in the control of schistosomiasis over the last twenty years. 

Elimination and/or eradication of the infection is within reach in the Caribbean islands, 

Japan, Mauritius and Tunisia. Morbidity and mortality control is being achieved in Brazil, 

Cambodia, China, Egypt, Laos and the Philippines. Control has also been successful in 

Botswana, Iran, Iraq and Morocco where prevalence of infection is low though transmission 

continues. In many areas of Brazil and Egypt, prevalence of infection has been reduced to 

lower levels but it appears difficult to reduce it even further because transmission continues 

at high level. There is thus need to apply efficient methods for transmission control in 

conjunction with chemotherapy. Along with chemical snail control, more permanent 

methods such as the provision of safe water and sanitary facilities are required to limit 

infective water contact and contamination of the environment.

The adoption of a strategy for morbidity control by the WHO Expert Committee was a 

synthesis of the experience gained from many countries on operational components effective 

in schistosomiasis control. Tools are available for all countries to apply within the 

limitations of resources. For most endemic situations, chemotherapy will be the major 

operational component focused on school age children and other high-risk groups. In some 

situations, treatment once a year or every two years will be sufficient to control morbidity. In 

areas of extremely high transmission, there may be need for more frequent treatment as in 

Senegal (Picquet et. al., 1998). The WHO Expert Committee (1993) also recommended use 

of the other operational components, such as water supply and sanitation, environmental 

management, snail control, and health education along with chemotherapy in an integrated 

and inter-sectoral manner.

Many of the control programmes or interventions undertaken over the last twenty years have 

been with bilateral or donor funding. The exceptions are Iran, Iraq, Morocco, Puerto Rico, 

Saudi Arabia, and Venezuela, where local resources were used. The major source has been 

the World Bank, which has provided health sector credits to many countries. These credits 

were probably affordable to middle income countries. The German government was the 

other major funding partner, through the German Agency for Technical Cooperation (GTZ), 
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with projects in Congo, Madagascar, Malawi, Mali, and Yemen. Other bilateral donors 

supported control projects in a number of countries.

The success of schistosomiasis control over the past twenty years has still left almost 200 

million people infected. Schistosomiasis remains a problem in Africa because very few 

countries have undertaken successful and sustainable control programmes. The construction 

of water resources schemes to meet the power and agricultural requirements for development 

have lead to increasing transmission of schistosomiasis, especially S. mansoni. The 

introduction of S. mansoni to new areas may lead to much greater morbidity than previously 

seen. Intestinal schistosomiasis is much harder for people to appreciate compared to urinary 

schistosomiasis which is universally known as red urine disease. It is also harder to diagnose 

intestinal schistosomiasis compared to the urinary form, for which there are many rapid 

detection tools.

As the control of schistosomiasis is a public health need, all governments in endemic areas 

should be encouraged to undertake control interventions. A beginning would be the 

provision of anti-schistosomal drugs at primary health care level so that those symptomatic 

can receive treatment. There are probably prerequisites or criteria to determine in which 

countries to initiate or support control interventions. There has to be recognition of 

schistosomiasis as a public health problem by policy makers and a willingness to invest in 

control. Investment in control may include revenue funds or health sector credits from 

lending organizations and the setting up of an infrastructure for implementation. Control 

may only be feasible where such an infrastructure exists or where there is experience in 

public health interventions (Liese, 1986). Application of the recommended strategy for 

schistosomiasis control alone may not succeed in eliminating infection. There is also need 

for other social sector investments to give alternatives to the population for avoiding use of 

infested water and contamination of the environment (Esrey et al., 1991; Kloetzel, 1992). 

These alternatives can be provided through intersectoral planning and implementation. It has 

to be recognized that schistosomiasis is a long-term undertaking. Most of the countries 

implementing control interventions have done so for more than 20 years.

While local authorities should create the conditions for schistosomiasis control, external 

organizations could foster an environment leading towards this. As discussed above, donor 

agencies, especially the World Bank, have supported all the major initiatives for 

schistosomiasis control over the past two decades. Conditions for countries to access these 

credits for disease control could be widely published and made flexible. For some countries, 

even sector credits may not be affordable. Most of the remaining countries endemic for 

schistosomiasis are among the least developed, whose health systems face severe strains to 

provide basic care at the primary level. They can only undertake schistosomiasis control 

through grants. Where this is the case, grant support should be based on the presence of a 

functional health system and a willingness to control schistosomiasis. For some countries 

that had initiated control programmes with donor support, the price of anti-schistosomal 

drugs made these interventions unsustainable (WHO, 1991). It is acknowledged that the 

price of some anti-schistosomal drugs have been reduced significantly but the price may still 

be beyond many developing country health budgets. Schistosomiasis control is feasible. 
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With the commitment of endemic country governments and their development partners it 

can be a reality in the next century.

References

Abisudjak B, Kotanegara R, Service MW. Transmigration and vector-borne diseases in Indonesia. 
Demography and Vector-borne Diseases. 1989:207–223.

Adou-Bryn KD, Allah-Kouadio E, Penali LK, Ouhon J, Kone M. Prevalence des porteurs d’ouefs de 
schistosoma haematobium chez des patients hematuriques en Cote d’Ivoire. Medecin d’Afrique 
Noire. 1997; 44:440–43.

Ageel ARM, Amin MA. Integration of schistosomiasis-control activities into the primary health care 
system in the Gizan region, Saudi Arabia. Ann Trop Med Parasit. 1997; 91 In press. 

Agrawal, MC. Schistosomiasis in India with the possibility of its diagnosis in man; 6th international 
Symposium on Schistosomiasis; Belo Horizonte, Brazil. 19-24 Octorber, 1997; 1997. Abstract

Almeda J, Corachan M, Sousa A, Ascaso C, Carvalho JM, Rollinson D, Southgate VR. 
Schistosomiasis in the Republic of Sao Tome and Principe: human studies. Trans R Soc Trop Med 
Hyg. 1994; 88:406–9. [PubMed: 7570818] 

Al-Madani AA, Mahfouz AAR. Schistosomiasis and other intestinal parasites among Yemenis in Abha 
District, Saudi Arabia: an epidemiological study. Saudi Med J. 1997; 18:158–60.

Arfaa, F. Assignment report. Schistosomiasis. Republic of Yemen; 1990. 12 September - 7 October, 
YES/PDP/001

Baccush MM, Nayak CS, Gibreel AO. Prevalence of schistosomiasis mansoni in Tauorga town, North -
West Libya. J Egypt Soc Parasitol. 1993; 23:527–33. [PubMed: 8376870] 

Barakat R, Farghaly A, Morshidy HN, El-Sayed MK, Masry AG, Husein MH, Miller FD. Impact of 
population-based selective chemotherapy on prevalence and intensity of Schistosoma mansoni in 
Nile Delta Governorate: Kafr El Sheikh. Trop Geo Med. 1995a; 47:266–70.

Barakat R, Farghaly A, Morshidy HN, El-Sayed MK, Masry AG, Husein MH, Miller FD. Patterns of 
infection, incidence and re-infection with Schistosoma mansoni in Nile Delta Governorate: Kafr El 
Sheikh. Trop Geo Med. 1995b; 47:271–77.

Brinkmann UK, Werler C, Traore M, Korte R. The National Schistosomiasis Control Programme in 
Mali, objectives, organization results. Trop Med Parasit. 1988a; 39:157–61.

Brinkmann UK, Werler C, Traore M, Korte R. The costs of schistosomiasis control in a Sahelian 
country. Trop Med Parasit. 1988; 39:175–81.

Bukenya GB, Nsungwa JL. Schistosomiasis mansoni and paddy-rice growing in Uganda: an emerging 
new problem. Ann Trop Med Parasitol. 1994; 88:379–84. [PubMed: 7979625] 

Chandiwana SK. Spatial heterogeneity in patterns of human schistosomiasis infection in the 
Zimbabwean highveld. Cent Afr J Med. 1988; 34:212–21. [PubMed: 3150821] 

Chen, MG. Schistosomiasis in the People’s Republic of China. Presentation at the SEARO/WPRO 
biregional meeting on diseases control; Manila: 1998 Apr 13-15. 

Chen MG. Schistosomiasis control program in the People’s Republic of China: a review. Southeast 
Asian J Trop Med Pub Hlth. 1989; 20:511–17.

Corachan M, Ruiz L, Valls ME, Gascon J. Schistosomiasis in the Dogon country (Mali). Am J Trop 
Med Hyg. 1992; 47:6–9. [PubMed: 1636885] 

Davis, A. Antischistosomal drugs and clinical practice. Human Schistosomiasis. Jordan, P.Webbe, G., 
Sturrock, RF., editors. Wallingford: CAB International; 1993. p. 367-404.

De Clerq D, Rollinson D, Diarra A, Sacko M, Coulibaly G, Landoure A, Traore M, Southgate VR, 
Kaukas A, Vercruysse J. Schistosomiasis in Dogon country, Mali: identification and prevalence of 
the species responsible for infection in the local community. Trans R Soc Trop Med Hyg. 1994; 
88:653–56. [PubMed: 7886759] 

Dhunputh J. Progress in the control of schistosomiasis in Mauritius. Trans R Soc Trop Med Hyg. 1994; 
88:507–09. [PubMed: 7992322] 

Chitsulo et al. Page 7

Acta Trop. Author manuscript; available in PMC 2017 October 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Doumenge, J., Mott, KE., Cheung, C., Villenave, D., Chapuis, O., Perrin, MF., Reaud-Thomas, G. 
Centre d’Etude de Geographie Tropicale/WHO atlas of the global distribution of schistosomiasis. 
Presses Universitaires de Bordeaux Bordeaux; 1987. p. 400

Doung, S., Urbani, C. Report of Activities No. 2, February, 1997 - June, 1997. Schistosomiasis Control 
Program, National Malaria Center; Cambodia: 1997. 

Elias E, Daffalla A, Lassen JM, Madsen H, Christensen NO. Schistosoma haematobium infection 
patterns in the Rahad Irrigation Scheme Sudan. Acta Tropica. 1994; 58:115–25. [PubMed: 
7887337] 

Engels D, Ndoricimpa J, Nahimana S, Gryseels B. Control of Schistosoma mansoni and intestinal 
helminths: 8-year follow-up of an urban school programme in Bujumbura, Burundi. Acta Tropica. 
1994; 58:127–40. [PubMed: 7887338] 

Engels D, Ndoricimpa J, Gryseels B. Schistosomiasis mansoni in Burundi: progress in its control since 
1985. bull WHO. 1993; 71:207–14. [PubMed: 8490984] 

El Katsha S, Watts S. the public health implications of the increasing predominance of Schistosoma 
mansoni in Egypt: a pilot study in the Nile delta. J Trop Med Hyg. 1995; 98:136–40. [PubMed: 
7714938] 

El-Matawy A, el-Habashy A, Lechine N, Dixon H, Davis A, Mott KE. Selective population 
chemotherapy among school children in Beheira governorate: the UNICEF/Arab Republic of 
Egypt/WHO Schistosomiasis Control Project. Bull WHO. 1992; 70:47–56. [PubMed: 1568280] 

El-Sayed HF, Rizkalla NH, Mehanna S, Abaza SM, Winch PJ. Prevalence and epidemiology of 
Schistosoma mansoni and S. haematobium infection in two areas of Egypt recently reclaimed from 
the desert. Am J Trop Med Hyg. 1995; 52:194–98. [PubMed: 7872453] 

Esrey SA, Potash JB, Roberts L, Shiff C. Effects of improved water supply and sanitation on 
ascariasis, diarrhoea, dracunculiasis, hookworm infection, schistosomiasis, and trachoma. Bull 
WHO. 1991; 69:609–621. [PubMed: 1835675] 

Farag MK, el-Shazly AM, Khahsaba MT, Attia RA. Impact of current National Bilharzia Control 
Programme on the epidemiology of schistosomiasis mansoni in an Egyptian village. Trans R Soc 
Trop Med Hyg. 1993; 87:250–3. [PubMed: 8236381] 

Fundacao Nacional do Saude. Schistosomiasis in Brazil. 1997 Unpublished report. 

Giboda M, Malek E, Correra R. Human schistosomiasis in Puerto Rico: reduced prevalence rate and 
absence of Biomphalaria glabrata. Am J Trop Med Hyg. 57:564–68. [PubMed: 9392596] 

Gryseels B. The relevance of schistosomiasis for public health. Trop Med Parasit. 1989; 40:134–42.

Gryseels B, Polderman A. Morbidity due to schistosomiasis mansoni, and its control in sub-Saharan 
Africa. Parasitology Today. 1991; 7:244–48. [PubMed: 15463508] 

Guyatt H, Evans D, Lengeler C, Tanner M. Controlling schistosomiasis: the cost-effectiveness of 
alternative delivery strategies. Health Policy and Planning. 1994; 9:385–95. [PubMed: 10139471] 

Hunter JM. Bore holes and the vanishing of Guinea Worm diseases in Ghana’s Upper Region. Soc Sci 
Med. 1993; 45:71–89.

Hunter, JM., Rey, L., Chu, KY., Adekolu-John, EO., Mott, KE. Parasitic Diseases in water resources 
development: the need for intersectoral negotiation. Geneva: World Health Organization; 1993. 

Iarotski LS, Davis A. The schistosomiasis problem in the world: results of a WHO questionnaire 
survey. Bull WHO. 1981; 59:115–27. [PubMed: 6973414] 

Jobin WR. Cost of snail control. Am J Trop Med Hyg. 1979; 28:142–54. [PubMed: 107817] 

Kabatereine NB, Odongo-Aginya EI, Lwako TL. Schistosoma mansoni along Lake Albert, Kibale 
District, Uganda. E Afr Med J. 1996; 73:502–04.

Kabatereine NB, Ariho C, Christensen NO. Schistosoma mansoni in Pachwach, Nebbi District, 
Uganda, 40 years after Nelson. Trop Med Parasit. 1992; 43:162–66.

Kay B. Vector-borne disease implications and their control. Waterlines. 1990; 9:3–6.

Kejbafzadeh AM, Hoghooghi-rad N, Shenyari I, Nemat R. Progress in urinary schistosomiasis control 
measures in Iran. J Trop Med Hyg. 1995; 98:131–5. [PubMed: 7714937] 

Kloetzel K. Some personal views on the control of schistosomiasis mansoni. Mem Inst Oswaldo Cruz 
Rio de Janeiro. 1992; 87(Suppl. IV):221–6.

Chitsulo et al. Page 8

Acta Trop. Author manuscript; available in PMC 2017 October 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Korte R, Schmidt-Ehry B, Kielmann AA, Brinkmann UK. Cost and effectiveness of different 
approaches to schistosomiasis control in Africa. Trop Med Parasitol. 1986; 37:149–52. [PubMed: 
3092332] 

Liese, BH., Sachdeva, PS., Cochrane, DG. Organizing and managing tropical disease control 
Programs: Lessons of success. The World Bank; Washington, DC: 1991. World Bank Technical 
Paper Number 159

Liese B. The organization of schistosomiasis control programmes. Parasitology Today. 1986; 2:339–
45. [PubMed: 15462757] 

Machado PA. The Brazilian Program for schistosomiasis control, 1975-1979. Am J Trop Med Hyg. 
1982; 31:76–86. [PubMed: 7199262] 

Mao S, Shao B. Schistosomiasis control in the People’s Republic of China. Am J Trop Med Hyg. 
1982; 31:92–99. [PubMed: 7058983] 

Massoud J, Arfaa F, Farahmandian I, Ardalan A, Mansoorian A. Progress in the national 
schistosomiasis control programme of Iran. Bull WHO. 1982; 60:577–82. [PubMed: 6982780] 

McCullough FS, Gayral Ph, Duncan J, Christie JD. Molluscicides in schistosomiasis control. Bull 
WHO. 1980; 18:681–89.

Michelson MK, Azziz FA, Gamil FM, Wahid AA, Richards FO, Juranek DD, Habib MA, Spencer HC. 
Recent trends in the prevalence and distribution of schistosomiasis in the Nile delta region. Am J 
Trop Med Hyg. 1993; 49:76–87. [PubMed: 8352395] 

Ministry of Health. A brief introduction of a nation-wide sampling survey on schistosomiasis in 1995 
in China. Office of Endemic Disaeses, People’s Republic of China. 1995

Ministry of Health, Morocco. Programme de lutte contre la bilharziose. 1995. 

Mobarak AB. The schistosomiasis problem in Egypt. Am J Trop Med Hyg. 1982; 31:87–91. [PubMed: 
7058982] 

Montresor A. Visit to Schistosomiasis and opisthorchiasis control Programme, 21-31 January, 1997. 
1997 Travel Report. 

Montresor A, Urbani C, Camara B, Bha AB, Albonico M, Savioli L. Enquete preliminaire a la mise en 
place d’un programme de sante scolaire en Guinee. Med Trop. 1997; 57:294–98.

Ndhlovu, P., Chimbari, M., Ndamba, J., Chandiwana, SK. National Schistosomiasis Survey. Blair 
Research Laboratory; Harare, Zimbabwe: 1992. 

Ndir, O., Faye, O., Dieng, Y., Dieng, T., Diallo, S. Enquete nationale sur la bilharziose au Senegal. 
Service de parasitologie, Faculte de Medecine; Universite Cheikh Anta Diop de Dakar: 1996. 

N’Goran EK, Diabate S, Utzinger J, Sellin B. Changes in human schistosomiasis levels after the 
construction of large hydroelectric dams in central Cote d’Ivoire. Bull WHO. 1997; 75:541–45. 
[PubMed: 9509626] 

Pan American Health Organization. Schistosomiasis. Health Conditions in the Americas. 1994; 1:145–
46.

Picquet M, Vercruysse J, Shaw D, Diop M, Ly A. Efficacy of praziquantel against Schistosoma 
mansoni in northern Senegal. Trans R Soc Trop Med Hyg. 1998; 92:90–93. [PubMed: 9692165] 

Ratard RC, Kouemeni LE, Ekani Bessala MM, Ndamkou CN. Estimation of the number of cases of 
schistosomiasis in a country: the example of Cameroon. Trans R Soc Trop Med Hyg. 1992; 
86:274–76. [PubMed: 1412651] 

Ratard RC, Kouemeni LE, Ekani Bessala MM, Ndamkou CN, Greer GJ, Spilbury J, Cline BL. Human 
schistosomiasis in Cameroon, I. Distribution of schistosomiasis. Am J Trop Med Hyg. 1990; 
42:561–72. [PubMed: 2115306] 

Ravaolimalala VE. Programme national de lutte contre la bilharziose a Madagascar. 1998 Unpublished 
manuscript. 

Reich, MR. International strategies for tropical disease treatments: Experiences with praziquantel. 
Harvard University; Boston: 1998. p. 94

Rey L. Evaluation du programme contre schistosomiase en Tunisie. 1994 Juin; EM/PDP/35/F/
09.94/24. 

Rey L. Control de esquistosomiasis en Venezuela. 1988 18 julio - 1 agosto, Final. 

Chitsulo et al. Page 9

Acta Trop. Author manuscript; available in PMC 2017 October 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Rey L. Rapport de fin de mission: lutte contre la schistomiase en Tunisie (31 mai 1970 au 31 aout 
1974) OMS/EM/SCHIS/58, Tunisie. 1974 Novembre; 2101. 

Rohde R. Schistosomiasis control: an estimation of costs. Trop Med Parasitol. 1989; 40:240–4. 
[PubMed: 2772522] 

Ross AG, Li YS, Sleigh AC, McManus DP. Schistosomiasis control in the People’s Republic of China. 
Parasitology Today. 1997; 13:152–155. [PubMed: 15275103] 

Rugemalila JB. Schistosomiasis in Tanzania Mainland and proposals for its control. 1992

Ruiz-Tiben E. Recommendations on the integration of schistosomiasis control program, Bureau of 
Public Health, within the primary health care system of the regional health services, Ministry of 
Health, Republic of Suriname. PAHO Consultation. 1986 Jun 1-13.

Santos AT. The present status of schistosomiasis in the Philippines. Southeast Asian J Trop Med Pub 
Hlth. 1984; 15:439–45.

Savioli L, Renganathan E, Montresor A, Davis A, Behbehani K. Control of Schistosomiasis-A global 
picture. Parasitology Today. 1997; 13:444–48. [PubMed: 15275147] 

Savioli L. Travel Report, Saudi Arabia. 1997 25 October- 7 November. 

Savioli L, Dixon H, Kimusku UM, Mott KE. Control of morbidity due to Schistosoma haematobium 
on Pemba Island; selective population chemotherapy of school children with haematuria to 
identify high-risk localities. Trans R Soc Trop Med Hyg. 1989; 83:803–10.

Schutte CHJ, Fripp PJ, Evans AC. An assessment of the schistosomiasis situation in the Republic of 
South Africa. South Afr J Epidemiol Infect. 1995a; 10:37–43.

Schutte CHJ, Evans AC, Pammenter MD, Cooppan RM, Pretorius SJ, Joubert PH, Gouws E, Jooste 
PL, Badenhorst CJ, Joubert JJ. Epidemiology and control of schistosomiasis mansoni on the 
Cuando River floodplain of East Caprivi, Namibia. Ann Trop Med Parasitol. 1995b; 89:631–44. 
[PubMed: 8745938] 

Self L. Schistosomiasis on Khong Island. Mission Report. 1993

Sornmani S, Kitikoon V, Harinasuta C, Pathammavong O. Epidemiological study of Schistosoma 
japonica on Khong Island, southern Laos. Southeast Asian J Trop Med Pub Hlth. 1971; 2:365–74.

Southgate VR. Schistosomiasis in the Senegal River Basin: before and after the construction of the 
dams at Diama, Senegal and Manantali, Mali and future prospects. J Helminthol. 1997; 71:125–32. 
[PubMed: 9192711] 

Sturrock, R. The parasites and their life cycle. Human Schistosomiasis. Jordan, P.Webbe, G., Sturrock, 
RF., editors. Wallingford: CAB International; 1993. p. 1-32.

Swillen L. Some historical facts of Schistosoma mekongi in the Lao People’s Democratic Republic 
(1957 - 1993). 1993

Tanaka H, Tsuji M. From discovery to eradication of schistosomiasis in Japan: 1847-1996. Int J 
Parasitol. 1997; 27:1465–80. [PubMed: 9467732] 

Taylor P, Makura O. Prevalence and distribution of schistosomiasis in Zimbabwe. Ann Trop Med 
Parasitol. 1985; 79:287–99. [PubMed: 4026440] 

Teesdale CH, Chitsulo L. Schistosomiasis in Malawi - a review. Trop Med Parasit. 1985; 36:1–6.

Traore M, Maude GH, Bradley DJ. Schistosomiasis haematobia in Mali: prevalence rate in school-age 
children as index of endemicity in the community. Trop Med Int Health. 1998; 3:214–21. 
[PubMed: 9593361] 

Tsang VCW, Hillyer GV, Noh J, Vivas-Gonzalez B, Ahn L, Pilcher JB, Hightower AW, Deseda C, 
Feliciano de Melecio C. Geographic clustering and seroprevalence of schistosomiasis in Puerto 
Rico(1995). Am J Trop Med Hyg. 1997; 56:107–112. [PubMed: 9063371] 

Urbani, C. Report of Activities. Schistosomiasis Control Program, Medecins Sans Frontieres; 
Cambodia: 1997. October, 1996 - January, 1997

Urbani C, Toure A, Hamed AO, Albanico M, Kane I, Cheikna D, Hamed NO, Montresor A, Savioli L. 
Parasitoses intestinales et schistomiases dans la vallee du fleuve Senegal en Republic. Med Trop. 
1997; 57:157–60.

Utroska, JA., Chen, MG., Dixon, H., Yoon, S., Helling-Borda, M., Hogerzeil, HV., Mott, KE. An 
estimate of global needs for praziquantel within schistosomiasis control programmes. WHO; 
Geneva: 1989. (WHO/SCHISTO/89.102

Chitsulo et al. Page 10

Acta Trop. Author manuscript; available in PMC 2017 October 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



Vargas M, Malek EA, Perez JG. Schistosomiasis mansoni in the Dominican Republic; prevalence and 
intensity in various urban and rural communities, 1982 -1987. 1990

Vennervald BJ, Ouma JH, Butterworth AE. Morbidity in schistosomiasis: assessment, mechanisms and 
control. Parasitology Today. 1998; 14:385–90. [PubMed: 17040825] 

Weekly Epidemiology Record. Schistosomiasis eradication. 1995; 70(39):278–9.

Weekly Epidemiology Record. Intestinal parasitic infections and schistosomiasis. 1995; 70(30):217–
18.

Weekly Epidemiology Record. Schistosomiasis control: review of national control programmes in the 
Western Pacific Region. 1988; 63(28):209–11.

Weekly Epidemiology Record. Schistosomiasis control: International training course. 1988; 63(6):36.

Wilmott S. Report of an independent evaluation mission on the National Bilharzia Control Programme 
in Egypt, 1985. Trans R Soc Trop Med Hyg. 1987; 81(Supplement):1–87.

World Bank. World Development Report 1997. Washington, D.C: 

World Bank. World Development Report 1993. Investing in Health. World Development Indicators. 
Washington, D.C: 

World Health Organization. Division of Control of Tropical Diseases. Progress report 1996. Geneva: 
1997. 

World Health Organization. The control of schistosomiasis. Second report of the WHO Expert 
Committee. Geneva: 1993. (WHO Technical Report Series, No. 830)

World Health Organization. Report on the Regional Workshop on comprehensive approaches for 
schistosomiasis control. EMRO; Alexandria, Egypt: 1993. 6-10 June 1993. WHO-EM/PDP/29-
E/L

World Health Organizations. Schistosomiasis can be controlled: Now who can afford it. WHO 
Features. Geneva: 1991 Oct. N0.161

World Health Organization. The control of schistosomiasis. Report of the WHO Expert Committee. 
Geneva: 1985. (WHO Technical Report Series, No. 728)

Wurapa F, Barakamfitiye D, Mott KE. Current status of the epidemiology and control of 
schistosomiasis in Africa. Trop Med Parasitol. 1989; 40:149–52. [PubMed: 2505374] 

Yokogawa M. Programme of schistosomiasis control in Japan. Southeast Asian J Trop Med Pub Hlth. 
1976; 7:322–29.

Zahed NZ, Ghandour AM, Banaja AA, Banerjee RK, Delhawi MS. Hamadryas baboons Papio 
hamadryas as maintenance hosts of Schistosoma mansoni in Saudi Arabia. Trop Med Int Health. 
1996; 1:449–55. [PubMed: 8765452] 

Chitsulo et al. Page 11

Acta Trop. Author manuscript; available in PMC 2017 October 09.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Chitsulo et al. Page 12

Table 1

Geographic distribution of schistosomiasis by species, with estimated population at risk, infected and per 

capita incomes of endemic countries.

Region/Country Population
(millions)

GNP
per capita

Population
at risk

(millions)

Population
infected

(millions)

S.h. S.m. S.i.

African 577.13 477.079 164.776

Algeria 28 1600 6.552 2.1 + - -

Angola 10.8 410 10.8 4.8 + + -

Benin 5.5 370 5.5 1.95 + + -

Botswana 1.5 3020 1.5 0.15 + + -

Burkina Faso 10.4 230 10.4 6.24 + + -

Burundi 6.3 160 2.8 0.84 - + -

Cameroon 13.3 650 11.38 3.02 + + +

Central African Republic 3.3 340 3.3 0.33 + + +

Chad 6.4 180 5.056 2.78 + + +

Congo 2.6 680 1.82 0.89 + + +

Congo, Dem. Rep. (Zaire) 49 120 38.22 13.84 + + +

Cote d'Ivore 14 660 14 5.6 + + -

Equatorial Guinea 0.4 380 0.08 0.008 - - +

Eriteria 3.6 1.91 0.26 - + -

Ethiopia 56.4 100 29.89 4 + + -

Gabon 1.1 3490 1.1 0.5 + + +

Gambia 1.1 320 0.88 0.33 + + -

Ghana 17.1 390 17.1 12.4 + + -

Guinea 6.6 550 6.6 1.7 + + -

Guinea-Bissau 1.1 250 1.1 0.33 + + -

Kenya 26.7 280 26.7 6.14 + + -

Liberia 2.7 2.16 0.648 + + -

Madagascar 13.7 230 13.7 7.54 + + -

Malawi 9.8 170 9.8 4.2 + + -

Mali 9.8 250 9.8 5.88 + + +

Mauritania 2.3 460 2.3 0.63 + + -

Mauritius 1.1 3380 0.37 0.016 + - -

Mozambique 16.2 80 16.2 11.3 + + -

Namibia 1.5 2000 0.187 0.009 + + -

Niger 9 220 9 2.4 + + -

Nigeria 111.3 260 101.28 25.83 + + +

Rwanda 6.4 180 3.84 0.38 - + -

Sao Tome and Principe 0.13 350 0.024 0.005 - - +

Senegal 8.5 600 8.5 1.3 + + -

Sierra Leone 4.2 180 3.7 2.5 + + -

South Africa 41.5 3160 25.73 4.5 + + -
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Region/Country Population
(millions)

GNP
per capita

Population
at risk

(millions)

Population
infected

(millions)

S.h. S.m. S.i.

Swaziland 0.9 1170 0.9 0.23 + + -

Togo 4.1 310 4.1 1.03 + + -

Uganda 19.2 240 19.2 6.14 + + -

United Rep. of Tanzania 29.6 120 29.6 15.24 + + -

Zambia 9 400 9 2.39 + + -

Zimbabwe 11 540 11 4.4 + + -

European S.h. S.m. S.i.

Turkey 61.1 2780 0.062 0.0006 +

Eastern Mediterranean 220.2 61.143 19.4144

Egypt 57.8 790 50.3 10.06 + +

Iran 64.1 4.17 0.042 + -

Iraq 20.1 5.29 0.024 + -

Jordan 4.2 1510 0.024 0.0001 + -

Lebanon 4 2660 0 0 + -

Libya 5.4 1.78 0.27 + +

Morocco 26.6 1110 0.798 0.06 + -

Oman 2.2 4820 0.018 0.0001 + +

Saudi Arabia 19 2150 3.23 0.165 + +

Somalia 9.5 4.75 1.71 + +

Sudan 26.7 24.03 4.85 + +

Syria 14.1 1120 1.35 0.003 + -

Tunisia 9 1820 0.403 0.0002 + -

Yemen 15.3 260 15.3 2.23 + +

Americas 193.778 46.348 7.3324

Antigua 0.065 0.00032 0.000084 +

Brazil 159.2 3640 35.02 7.01 +

Dominican Republic 7.8 1460 4.6 0.23 +

Guadeloupe 0.42 0.223 0.033 +

Martinique 0.38 0.067 0.005 +

Montserrat 0 0 +

Puerto Rico 3.71 0.742 0.015 +

St. Lucia 0.158 3370 0.019 0.0019 +

Suriname 0.41 880 0.037 0.0037 +

Venezuela 21.7 3020 5.64 0.0338 +

South-East Asia 1180.9 0.106 0.00042 S. j.

India 929.4 340 0.011 0.00022 + -

Indonesia 193.3 980 0.095 0.0002 +

Thailand 58.2 2470 0 0 +
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Region/Country Population
(millions)

GNP
per capita

Population
at risk

(millions)

Population
infected

(millions)

S.h. S.m. S.i.

Western Pacific 1429 67.37 1.68

Cambodia 10 270 0.7 0.07 - S. me.

China 1200.2 620 60.01 1.06 +

Japan 125.2 39640 0 0 +

Laos 4.9 350 0.49 0.12 - S. me.

Malaysia 20.1 3890 0 0 - S. ma.

Philippines 68.6 1050 6.17 0.43 +

Total estimates 3662.108 652.108 193.20382

Based on World Bank (1997) population estimates and per capita incomes for 1995.
Number at risk and infected based on Utroska et al., 1989.
S.h. = Schistosoma haematobium, S.m. = S. mansoni, S.ma. = S. malayansensis, S. i. = S. intercalatum, S. j. = S. japonicum, Sme. = S. mekongi.
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