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Scope: questions/ challenges the tool addresses  
This tool uses standard biomedical methodologies to determine infection rates for key water-
related (or “reservoir-related”) diseases including schistosomiasis and other intestinal parasites, 
and malaria. These diseases were selected for discussion because they are widespread and 
important in developing countries, especially Africa. In any particular country, of course, there 
may be a completely different set of priorities with regard to reservoir-related health issues. In 
these cases it is wise to check with local health personnel about priorities, and to use local 
communities’ perceptions with respect to reservoir-related problems. For diseases and 
infections not described in this tool, local health professionals, literature, and the internet 
provide good starting points. 

For schistosomiasis and other intestinal parasites, urine and stool samples are collected and 
analyzed.  Normally this is done for children under 14 years of age (often between 5 and 10 
years) because they can easily be sampled at school.  For malaria, blood smears are taken from 
finger pricks.  If anemia is also studied, a few drops of blood can be collected in micro tubes 
for determination of hemoglobin levels. 

Target group of the tool 
Planners, designers, builders, managers, and users of small, multi-purpose reservoirs who wish 
to increase health benefits and reduce health risks from these reservoirs. It may also be of use to 
health professionals and researchers.   

Requirements for tool application 
This tool requires participation by health care professionals, typically from government 
research institutes or universities. 

Materials include sampling pots, microscopes, microscope slides, chemicals, filters, and drugs 
(depending on the diseases selected for detailed study). Since most of the methods are 
expensive, they are usually applied at the level of selected schools and communities. Under 
these circumstances, site selection becomes very important.  
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When blood samples are collected from children, ethical clearance is required.  Usually this has 
to be given by the Ministry of Health, but many health research institutes and universities have 
umbrella arrangements from which a project may benefit.   

In all parasitological surveys it is important to provide treatment for infected people, usually 
free of charge and according to national or WHO guidelines. For example, in case of urinary or 
intestinal schistosomiasis, praziquantel should be given at 40 mg/kg body weight. Albendazole 
is the proper treatment of soil-transmitted helminth infections, with doses dependent on species 
according to the World Health Organization (WHO Expert Committee 2002). For malaria the 
most recent local protocols need to be followed because of fast-developing resistance. 

Tool: description and application 
A number of specific research methods are described below. Methods should be selected in 
accord with the importance of disease, the expertise of the team, and other preference and 
practical considerations. In some cases alternative methods are presented for similar purposes. 
An appropriate selection from the following methods can be compiled into a site-specific 
protocol for requesting ethical clearance. 

Set up 

Decisions on sample size should be based on previous, preferably recent, studies of the same 
infection in the same country.  Simple shareware such as Win Episcope (download from 
http://www.clive.ed.ac.uk/winepiscope/) can be used to facilitate sample size estimation. 
Classical approaches such as those proposed by Snedecor and Cochran (1980) can also be used.  
Normally, confidence levels for statistical tests are set at 95%. 

Appropriate sampling frames for epidemiological studies vary over diseases. Often, school 
children of a certain age range (e.g. between five and ten years) are sampled because of their 
relatively high morbidity and because surveys are relatively easy to organize and implement. 
However, there is always a risk that a very important fraction of the population is missed 
(Cecchi 2007) and often national control programs target the same group so close collaboration 
is needed to prevent overlap or even interference.  Targeted questionnaires can be used to select 
specific classes.  Children can be asked to bring from the village their friends of the same age 
who normally do not go to school.  For ethical reasons, all children who test positive for a 
disease should be treated according to national protocols.  

Example from Burkina Faso: For the sampling campaign in Koubri (Burkina Faso), schools with six 
classes were selected.  All children of the first two classes were tested, approximately 60-120 
children per school, mostly between six and eight years old.  In addition, 20 children from each of 
the other classes were tested, as well as all pupils and teachers who volunteered.  In principle only 
those children were selected who lived close (less than 3-4 km) to the school. 

Blood sampling 

For malaria, pre-school children under five years of age are the best indicator group.  However, 
in a region of low endemicity, the age group of 6-8 year olds shows a similar prevalence. Under 
these conditions, school children can be tested instead of pre-school children. A thick blood 



Small Reservoirs Toolkit 

3 

smear is made from a finger prick.  The slides are stained with Giemsa (Hira and Behbehani 
1984) and are examined the same day at the school.  All positive slides and 10% of the negative 
slides are taken to a laboratory (usually in a neighboring city) for confirmation.  In order to 
detect cases that did not test positive the first time, and to eliminate infections, all tested 
children are re-tested after four weeks. All positive children are treated, following either the 
first or the second round of testing.  Ideally sampling is done several times a year depending on 
major transmission seasons (normally malaria control programs know when this is).  For 
instance in West Africa this would be three times: at the end of the main rainy season, at the 
end of the dry season and again at the start of the rainy season.  

At the same time of sampling for the thick blood smear, some drops are put in a small cup 
(Eppendorf) to determine the level of hemoglobin and assess anemia. 

Serological tests are available as well, to determine the level of antigens against a variety of 
parasitic diseases (e.g. for schistosomiasis as analyzed by Polman et al. 2000 and Van Lieshout 
et al. 2000).  However, most of these are for financial and practical reasons beyond the capacity 
of national health research institutes in developing countries and are not discussed here. 

Stool sampling 

A - For intestinal schistosomiasis and geo-helminthes, children are provided with containers for 
stool collection one day in advance.  The next day, small portions of stool (1-2 g) are placed in 
small plastic tubes containing a sodium-acetic acid-formalin solution (SAF), and shaken 
rigorously for 20-30 seconds.  Then, single standard 42mg Kato-Katz thick smears are prepared 
(Katz et al. 1972).  The slides are examined on the spot for hookworm eggs (only visible in the 
first half hour), Schistosoma mansoni ova and for eggs of Ascaris lumbricoides, Ancylostoma 
duodenale and Trichuris trichuria.  All parasites are counted and recorded separately for each 
sample.  

B - Samples are preserved in 10% formalin and taken to the laboratory where two thin slides 
from each sample are prepared.  For the identification of Schistosoma eggs, the slides can be 
examined as they are.  For the estimation of schistosomiasis prevalence in a population, this is 
just as reliable and much simpler than the traditional Kato-Katz method (De Vlas et al. 1997; 
Kongs et al. 2001).    

C - For the detection of Cryptosporidium oocysts, the slides are stained according to 
international protocol 1  or as follows, based on Ayalew et al. (2008).  After noting the 
consistency of each stool sample, a portion of stool is preserved with SAF (15g sodium acetate, 
20ml glacial acetic acid, 40ml formalin and 925ml distilled water) in a proportion of 1 g of 
stool in 3 ml of SAF.  The remaining part is processed using the direct wet mount method with 
saline to observe motile intestinal parasites and trophozoites under a light microscope at 10x 
and 40x magnification. The preserved stool samples are transported to the laboratory and a 
portion of the samples processed by the formalin-ether concentration method as described by 

                                                 
1 E.g. by using the modified acid-fast staining procedure according to CDC, as described on their website 
www.dpd.cdc.gov/dpdx/ under diagnostic procedures, stool specimens, staining. 
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Ritchie (1948), if necessary with modification. The samples are observed under a light 
microscope at 100x and 400x magnifications for the presence of cysts and ova of the parasites.  

D - For the detection of C. parvum oocysts, a thin smear is prepared directly from fresh as well 
as from sediments of concentrated stool and processed by the Ziehl-Neelsen method (Ayalew et 
al. 2008). These slides are observed under a light microscope with 1000x magnification (Garcia 
et al. 1993; Endeshaw et al. 2004). Each slide is observed for 10 minutes to decide whether it is 
negative or positive.  

Urine sampling 

For urinary schistosomiasis, school children are tested twice during the main transmission 
season.  If time and resources allow, a combination of different diagnostic methods is used to 
increase precision, to allow for an evaluation of prevalence, and to estimate parasite load 
(intensity of infection).  If resources are limited, the various methods and their results can be 
compared in space and time to select the most efficient. 

First children are provided with a drink and then asked to produce a urine sample between 
10:00 and 14:00 hours.  Three techniques are practical: 

• Macroscopic evaluation of the urine sample for transparency, bloodiness (hematuria); 

• Testing the samples immediately after that for micro-hematuria using reagent strips; 

• Mixing and filtering of 10 ml of urine through a paper filter according to Plouvier et al. 
(1975), left to dry, stained with ninhydrin and examined for S. haematobium ova after 
drying.  As far as possible this is be done the same day at the school.  This method allows 
even the detection of low infections (Tiemersma et al. 1997). 

It is also possible to assess Schistosoma infections by measuring the level of soluble circulating 
antigen in urine (see e.g. Van Etten et al. 1996, 1997; Kahama et al.1999).  However, this 
technique is not available to most national health researchers in developing countries and is not 
further discussed here. 

All school children, whether sampled or not, positive or not, receive the standard treatment (in 
the case of Burkina Faso this is a single dose of praziquantel at 40 mg/kg body weight).  The 
treatment is done as soon as possible after testing, but in any case no more than two weeks later.  
To verify that all treated children really became negative (indicator of praziquantel 
effectiveness, level of infection, as well as rapid re-infection: Gryseels et al. 2001), children 
who had tested positive are re-tested four weeks after treatment.  Those who are still positive 
are treated again to eliminate all schistosomes and other helminths from their bodies. 

Eye examination  

This technique can only be applied by trained personnel, so collaboration with staff working in 
National Control Programs is necessary. A simple diagnosis is carried out based on clearly 
visible signs with binocular loupes (2.5x) of all children with acute eye infections.  Symptoms 
are classified according to the WHO grading system for trachoma, as described on their website 
www.who.int/pbd/trachoma/gradcard/grading.htm. All children positive for trachoma are 
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treated with tetracycline.  Depending on baseline health data, a selection of adults (especially 
women since they tend to be up to three times more affected than men) may also be examined 
for signs of advanced or past eye infections.  In case of serious symptoms, the nurses can refer 
for surgery.   

Other indicators 

As all school children are measured or weighed at the time of sampling to determine the correct 
dosage of medication against schistosomiasis, this presents an opportunity to calculate 
additional indicators.  The data are noted with the name of the child and date of birth to 
determine weight for length or “stunting” and weight for age or “wasting”. 

Lessons learned  
The value of these epidemiological methods has long been established and is recognized by the 
health sector. They provide detailed information and primary data that may not be available for 
the areas being studied. At the same time they contribute to the broader participatory health 
assessment (described in a separate tool).  

Recommendations 
If national control programs exist for water-related disease in the country, it is important to 
collaborate with them.  This also helps embed environmental disease mitigating measures for 
small reservoirs into regular control efforts.  

Limitations of the tool 
Because these studies are expensive and cumbersome, questionnaires and rapid appraisals 
should be used to target them at the most suitable sites.  Users of this tool should be aware that 
in its current form it only covers a few of the techniques for only a few water-related diseases.  
While the methods described above are “state of the art” and are recognized as such by health 
professionals, the tool is by no means complete for all reservoir-related health issues in all 
countries.  Hence it has to be used critically and with an open mind for other locally important 
health issues. 
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UNICEF - UNDP - World Bank - WHO Special Programme for Research and Training in 
Tropical Diseases http://www.who.int/tdr/ 

Further reading on methodologies for water‐related diseases and hygiene 
Ali MI, Byskov J (1986) Simplified data collection and analysis in a Schistosoma mansoni endemic area. 

Tropical Medical Parasitology 37: 215-219. 

Blewett DA (1989) Quantitative techniques in Cryptosporidium research. Pages 85-95 in Angus KW & 
Blewett DA (eds) Proceedings of the 1st International Workshop on Cryptosporidiosis. Moredun 
Research Institute, Edinburgh. 

Breman JG (2001) The ears of the hippopotamus: manifestations, determinants, and estimates of the 
malaria burden. American Journal of Tropical Medicine and Hygiene 64(1,2)S: 1-11. 

Brooker S, Hay SI, Issae W, Hall A, Kihamia CM, Lwambo NJS, Wint W, Rogers DJ, Bundy DAP 
(2001) Predicting the distribution of urinary schistosomiasis in Tanzania using satellite sensor data. 
Tropical Medicine and International Health 6(12): 998-1007. 

Brooker S, Miguel EA, Waswa P, Namunyu R, Moulin S, Guyatt H, Bundy DAP (2001) The potential 
of rapid screening methods for Schistosoma mansoni in western Kenya. Annals of Tropical 
Medicine and Parasitology 95: 343-51. 

Cadot E, Fournet F, Traoré S, N’Guessan N, Hervouet JP (1998) Approche géographique de la 
schistosomiase urinaire dans une ville moyenne africaine, Daloa (Côte d’Ivoire). Cahiers d’Etudes 
et de Recherches Francophones/Santé 6(8): 447-453. 

De Vlas SJ, Nagelkerke NJD, Habbema JDF, Van Oortmarssen GJ (1993) Statistical models for 
estimating prevalence and incidence of parasitic diseases. Statistical Methods in Medical Research 
2: 3-21.  

Doumenge JP, Mott KE, Cheung C, Villenave D, Chapuis O, Perrin MF, Reaud-Thomas G (1987) Atlas 
de la répartition mondiale des schistosomiases. CEGET-CNRS, Genève. 

Garba A (2000)  Les techniques de diagnostique rapide dans la schistosomose urinaire. Pages 47-51 in 
Chippaux J-P (ed) La lutte contre les schistosomoses en Afrique de l’Ouest. Communications 
présentées à l’atelier sur les difficultés rencontrées dans la mise en œuvre des programmes de lutte 
contre les schistosomoses en Afrique de l’Ouest, Niamey-Cermes, 15-18 février 2000. Éditions 
IRD, Institut de Recherche pour le Développement, Collection Colloques et séminaires, Paris. 



Small Reservoirs Toolkit 

8 

Goodgame RW (1996) Understanding intestinal spore-forming protozoa: Cryptosporidia, Microsporidia, 
Isospora, and Cyclospora. Annuals of Internal Medicine 124: 429-441. 

Goodman B (1994) Models aid understanding, help control parasites. Science 264: 1862-1863. 

Gryseels B (1996) Uncertainties in the epidemiology and control of schistosomiasis. American Journal 
of Tropical Medicine and Hygiene 55: 103-108.  

Jyding Vennervald B, Kahama AI, Reimert CM (2000) Assessment of morbidity in Schistosoma 
haematobium infection: current methods and future tools. Acta Tropica 77: 81-89. 

Klinkenberg E, van der Hoek W, Amerasinghe FP (2004) A malaria risk analysis in an irrigated area in 
Sri Lanka. Acta Tropica 89(2): 215-225. 

Konradsen F, Van der Hoek W, Amerasinghe PH, Amerasinghe FP (1997) Measuring the economic 
cost of malaria to households in Sri Lanka. American Journal of Tropical Medicine and Hygiene 56 
(6): 656-660.  

Lebel J (2003) Health: an ecosystem approach. Ottawa, Canada: International Development Research 
Centre 

Mott KE, Dixon H, Osei-Tutu E, England EC, Ekue K, Tekle A (1985) Indirect screening for 
Schistosoma haematobium infection: a comparative study in Ghana and Zambia. Bulletin of the 
World Health Organization 63: 135-42. 

Olumese P (2005) Anti-Malarial Drug Policies: AFRO. Antimalarial treatment policies for P.falciparum 
and P.vivax by country in WHO Africa region. Global AMDP Database June 2005 Update, World 
Health Organization, Geneva.  http://www.who.int/malaria/amdp/amdp_afro.htm  

Prüss A, Kay D, Fewtrell L, Bartram J (2002) Estimating the burden of disease from water, sanitation 
and hygiene at a global level. Environmental Health Perspectives 110: 537–542. 

Schémann JF, Banou AA, Sacko D (2000) Rapid trachoma assessment method (TRA): comparison with 
an exhaustive prevalence survey in a region of endemic trachoma in Mali. Santé 10(1): 59-64. 

Senzanje A, Hackenitz E, Chitima M (2002) Malaria and irrigated agriculture in Zimbabwe: impact 
assessment, costing and quantification under field conditions.  Pages 15-23 in Boelee E, Konradsen 
F, van der Hoek W (2002) Malaria in irrigated agriculture: papers and abstracts for the SIMA 
Special Seminar at the ICID 18th International Congress on Irrigation and Drainage, Montreal, 23 
July 2002. IWMI Working Paper 47 SIMA Document 2, International Water Management Institute, 
Colombo. 54p. 

Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J (2006) Schistosomiasis and water resources 
development: systematic review, meta-analysis, and estimates of people at risk. The Lancet 
Infectious Diseases 6(7): 411-425. 

Sterling CR (1990) Waterborne cryptosporidiosis. Pages 51-58 in: Dubey JP, Speer CA, Fayer R (eds) 
Cryptosporidiosis of man and animals. Boca Raton, Florida: CRC Press. 

Traore M, Maude GH, Bradley DJ (1998) Schistosomiasis haematobia in Mali: prevalence rate in 
school-age children as index of endemicity in the community. Tropical Medicine & International 
Health 3(3): 214-221. 

Van der Hoek W, Konradsen F, Dijkstra DS, Amerasinghe PH, Amerasinghe FP  (1998)  Risk factors 
for malaria: a microepidemiological study in a village in Sri Lanka. Transactions of the Royal 
Society of Tropical Medicine and Hygiene 92: 265-269. 



Small Reservoirs Toolkit 

9 

WHO World Health Organization (1991) Basic laboratory methods in medical parasitology. World 
Health Organization, Geneva. 

 


