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Abstract
Urinary schistosomiasis remains a significant burden for Africa and the Middle East. Success of
regional control strategies will depend, in part, on what influence local environmental and
behavioral factors have on individual risk for primary infection and/or reinfection. Based on
experience in a multi-year (1984–1992), school-based Schistosoma haematobium control program
in Coast Province, Kenya, we examined risk for infection outcomes as a function of age, sex,
pretreatment morbidity, treatment regimen, water contact, and residence location, with the use of
life tables and Cox proportional-hazards analysis. After adjustment, location of residence, age less
than 12 years, pretreatment hematuria, and incomplete treatment were the significant independent
predictors of infection, whereas sex and frequency of water contact were not. We conclude that
local physical features and age-related factors play a predominant role in S. haematobium
transmission in this setting. In large population-based control programs, treatment allocation
strategies may need to be tailored to local conditions on a village-by-village basis.

INTRODUCTION
Urinary schistosomiasis remains a major health burden in disease-endemic areas of Africa
and the Middle East, affecting more than 110 million people in rural, agricultural, and peri-
urban areas.1-4 Individuals infected by Schistosoma haematobium frequently experience
dysuria, pelvic pain, and hematuria, and are at risk of developing bladder cancer or renal
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failure later in life.4,5 In addition, schistosome infection is significantly associated with
anemia, impaired growth, and impaired development and cognition.1 Consequently,
schistosomiasis affects not only the health of individuals, but also the economic strength of
an affected area.

In Kenya, more than six million people, or approximately 23% of the total population, are
infected with urinary or intestinal schistosomiasis.6 Control programs based on oral drug
delivery have been developed and partially implemented as a means to control morbidity
within these affected populations. 3 However, questions remain about the long-term impact
of the programs on parasite transmission. Treatment of the most heavily infected segment of
the population, i.e., school age children, has been suggested as the best practical means of
reducing contamination of local water by Schistosoma eggs.7 Although treatment has been
shown to significantly reduce S. haematobium egg output (by more than 90%) among
treated subjects over the short term,8 the actual impact of long-term, population-based
treatment programs on year-to-year transmission of schistosomiasis has not been fully
explored.

As the basis of this study, an extended, multi-year longitudinal prospective cohort study was
carried out within the Msambweni area of Kenya to determine the effect of therapy on
transmission of S. haematobium at the community level. Prior surveys in this area
established the prevalence of S. haematobium in school age children to be 60–85% with an
overall area prevalence of 40–50%.8,9 To determine which factors contributed significantly
to the increased risk of infection and reinfection in this area during the eight-year treatment
phase of the study, age, sex, water contact, location, snail population, and health status10-12

were individually and jointly assessed for their effect on infection risk with the use of
stratified life table analysis and Cox proportional hazard modeling.

The objectives of the survival analysis of the risk of infection or reinfection were 1) to
determine whether location of residence (e.g., coastal, inland, or between) was a significant
predictor of time to infection; 2) to determine if the type and/or number of observed water
contacts were a significant factor determining individual time to infection; 3) to determine if
the extent of pre-treatment morbidity was significantly predictive of time to infection, as
possibly related to short-term immunity effects; 4) to decide if age and sex significantly
impact the rate of infection or reinfection; and 5) to determine if different treatment
regimens resulted in differences in time to reinfection.

MATERIALS AND METHODS
Study area and population

The Msambweni study described in this report was a prospective cohort study of school age
children conducted from 1984 to 1993.8,13,14 The study was conducted in a nine-village area
of Kwale District, Coast Province, Kenya, located 50 km southwest of Mombasa, in a
predominantly agricultural region. The nine villages included in the study were Mwaembe,
Sawa Sawa, Kisimachande, Vingujini, Vindungeni, Marigiza, Bomani, Milalani, and Nganja
(Figure 1). The Indian Ocean forms the eastern boundary of this 25-km2 area, and two small
rivers form the northern and southern boundaries, respectively (Figure 1). In this area,
limited piped water was available in some of the villages in 1984, but most people depended
heavily on natural water sources.15 At the start of the study in 1984, the total area
population, which was determined by household census conducted by a team from Division
of Vector Borne Diseases, Ministry of Health, Kenya, was 8,957.8 There were 1,624
households in the 9 villages, with an average of 7.3 persons per house. Based on follow-up
census surveys performed in 1985, 1987, and 1990, the average population growth rate was
4% per year. Of the 1984 enumerated population, 2,906 of 8,957, or 32% of individuals
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were of school age (5–20 years) and eligible for participation in the study. It is known that
some children were missed because of travel away from the area (to attend outside schools)
or because they were temporarily living with relatives residing outside the study villages.
Over the nineyear study period, 4,840 study subjects of school age were enrolled in the
treatment program. An additional 2,801 provisional study entrants were dropped on the basis
of duplicate enrollment (based on yearly updated class lists and periodic census information)
or for reasons of 1) identified residence outside the targeted study area; 2) entry age outside
the study range (5–20 years); 3) incomplete participation in demography or parasitology
segments of the study; or 4) failure to follow-up on the second and subsequent year(s).
When compared with those subjects included in the study analysis (n = 4,840), the excluded
entrants were significantly more likely to be older (≥ 12 years of age), male, and enrolled in
the westernmost school (Milalani) (Table 1).

Students from eight Msambweni area schools (as well as some not attending school) were
involved in the study. Four of the schools were primary schools, one was a secondary
school, and three were nursery schools. Of the targeted school age children in the
community (both in school and not attending school), 79% were ultimately enrolled in the
study, screened for infection by standard urine filtration, and treated as indicated. To keep
track of the children over time, school lists were updated yearly and the census records were
updated in 1987 and in 1990. In any year, repeated school and home visits were made to find
the children who were absent. This yielded up to 10% of that year’s missing children. After
three unsuccessful follow-up attempts, the child was scored as absent for that year. During
the course of the study, a significant number of missing children did return and rejoin the
study. However, because the interval infection and treatment status of these re-entrants was
unknown, for purposes of the survival analysis presented here, the outcomes of such subjects
were considered censored after their first departure from the study.

Ethical considerations
This study was performed under a protocol reviewed and approved by the human
investigations review boards of University Hospitals of Cleveland and the Kenya Medical
Research Institute, Nairobi. Consent for participation in the study was obtained from the
children’s parents or guardians, with subsequent assent obtained from the participating
children before examination.

Outcomes measured
The primary outcomes of the Msambweni study were infection and reinfection with S.
haematobium among school age children. Testing for infection was performed on a yearly
basis in June–July of each year by technicians from the Division of Vector Borne Diseases
of the Kenyan Ministry of Health. Infection was identified and quantified using membrane
filtration of 10-mL midday urine sample, which was collected from 10:00 AM to 1:00 PM.16

The 10-mL urine sample was divided into two stirred 5-mL aliquots and were passed
through 12-μm pore Nuclepore filters (Nuclepore, Pleasanton, CA). Hematuria was
evaluated in semi-quantitative fashion using reagent strips (Hemastix®; Ames, Bie and
Bernsten, Copenhagen, Denmark), and results were ranked as negative, trace, 1+, 2+, or 3+
according to the manufacturer’s instructions. Egg count quality and accuracy were checked
and standardized by supervisors who reread approximately 10% of the slides each day. A
light S. haematobium infection was categorized as detection of 1–99 eggs/10 mL of urine, a
moderate infection as 100–399 eggs/10 mL, and a heavy infection as ≥ 400 eggs/10 mL.17

(For consistent comparison between our publications, this system of intensity classification
has been used in all reports of our Coast Province S. haematobium studies, although it is
different from the current World Health Organization WHO) definition of light infection as
< 50 eggs/10 mL of urine and heavy infection as ≥ 50 eggs/10 ml).3 All subjects identified
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as infected were offered U.S. Food and Drug Administration–approved standard therapy.
For years 1–3 of the project, the yearly treatment of each participant was assigned (on a
random basis) as either praziquantel (40 mg/kg once) or metrifonate (10 mg/kg in three
divided doses).8,18 After year 4 of the project, only praziquantel was used for treatment, and
all metrifonatetreated subjects changed to this agent for their drug therapy.

During the course of the project, individuals were considered at risk for reinfection if they
were positive for S. haematobium infection during their first examination and then
underwent a fully curative regimen of anti-schistosomal drugs (either praziquantel or
metrifonate)8 resulting in a follow-up egg count of zero on re-examination. A reinfected
subject was defined as a one who was positive for S. haematobium on his or her initial
examination, then was negative on the next examination, and then was positive for infection
on any subsequent examination. In contrast, a new infection was recorded for a subject who
was negative on an initial examination, then was positive in a later year. In this study, due to
work force limitations, no interval assessment of effective cure rates (short-term clearance of
initial egg counts after treatment) was possible between the one-year follow-up surveys. As
such, results of annual treatments were scored as cure for treated individuals who changed
from egg positive to egg negative between subsequent years. Those who were classified as
non-cure were those who remained egg positive. In subsequent analysis, those who changed
from egg negative to egg positive between yearly examinations were aggregated into a
combined infected/reinfected category to reflect all infections newly acquired during a given
12-month interval.

Water contact and exposure
Observation of human water contact was carried out at 42 defined contact sites at seasonal
surface ponds and on the two watersheds of the Mkurumji and Lukungwi Rivers. Three local
villagers, who had at least a primary education background and who were familiar with the
study area, were recruited to monitor the water sites. The observations were performed at the
different sites in rotation for half-day intervals (from 9:00 AM to 1:00 PM or 1:00 PM to 6:00 PM)
on all seven days of the week. Factorial latin square design19 was used to determine the
randomized rotation schedule for the sites, which provided representative coverage for each
site for each portion of the day during each month. During the assigned observation period,
observers recorded each member of the community who came into contact with water at that
particular site. The information recorded on the entry form included the name, sex, date,
village of residence, household number, site number, the extent of contact, the times of
entering and exiting the water, the activity carried out during the water contact, and the
observer’s identification. To control for performance quality, spot visits were performed
during the observation periods by a supervisor from the Division of Vector Borne Diseases,
with crosschecking of the data entry forms for accuracy and completeness.

Data handling and analysis
All record forms were kept at the project headquarters and checked for accuracy and
reliability before data entry onto a microcomputer spreadsheet. From 1987 on, information
was directly entered from worksheets into laptop computers. Data analysis was performed
by transfer of clinical and demographic information into a Reliant Unix 5.4 database
program (Siemens, Milpitas, CA) in the Department of Epidemiology and Biostatistics at
Case Western Reserve University. Statistical analysis was performed using SPSS version 9
(SPSS Inc., Chicago, IL) on the mainframe computer or using CRUNCH statistical package
(Crunch Software, Oakland, CA) on an IBM (White Plains, NY) PC microcomputer. Chi-
square tests and t-tests were performed for group difference comparisons. Cox proportional
hazards models coded in SPSS were used to model risk of infection and/or reinfection. The
following covariates were evaluated in the Cox models: age, sex, village of residence,
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school, number of water contacts, treatment type, and hematuria status at baseline, as well as
their interaction terms.

RESULTS
Prevalence and incidence of schistosomiasis

The overall prevalence of infection and reinfection for the 1984–1992 period is shown in
Figure 2a. Pre-treatment prevalence of infection started at 67% and decreased to 21% after
treatment was initiated. Despite repeated annual treatment visits, school age prevalence of
infection did not decrease below 14% between 1984 and 1992. Age-stratified analysis
showed that overall children in the older (12–20 years) age groups had less infection than
those in the younger (5–11 years) age groups, although at the outset of the program in 1984,
the older children had a higher prevalence (71%) compared with the young (63%), as shown
in Figure 2b. After the first year of treatment, prevalence of infection for the 12–20-year-old
group was 15% compared with 27% for the 5–11-year-old group, and this trend continued in
each of the subsequent years of the study. Sex-specific prevalence of infection by year is
shown in Figure 2c. At the start of the program, females had a higher prevalence of infection
(71%) compared with males (63%) (χ2 = 25.6, P < 0.001). In 1985, after the first year of
therapy, prevalence decreased to 23% for females and 19% for males. This male:female
pattern was inconstant, however, and over the course of the nine years of the study, there
were some years during which males had a higher prevalence than females (e.g., 1988, 1989,
and 1990).

Infection prevalence by village location before treatment in 1984 was quite variable. As
shown in Figure 1, at the outset of the study, Marigiza had the highest prevalence of
infection (85%) among school age children, whereas Vingujini had the lowest (48%).
Additional characteristics of the study population are shown in Table 1, and further defined
according to the subjects’ infection status at baseline. As shown in Table 1, those who were
uninfected at baseline were significantly different with respect to their distribution of age
groups, sex, village of residence, school attended, and hematuria status compared with
entrants who were infected.

Overall incidence of infection, defined as any one-year interval conversion from negative to
positive egg count status, is shown by year in Figure 3a for the at-risk study population. In
1985, the incidence of infection was 22%, but was lower in each subsequent calendar year.
However, an apparent increase in overall incidence of infection was observed in 1988 and
again in 1990, 1991, and 1992 (Figure 3a), suggesting an increase in transmission during
each of the preceding 12- month periods. Figure 3b and c show, respectively, the rate of
newly detected infection and the rate of reinfection (after cure), by calendar year. As with
the overall trend for infection incidence, both new infection rates and reinfection rates varied
substantially across the years.

Time to infection or reinfection
To better capture the extended multi-year risk of infection and reinfection during the
treatment phase of the study, we next performed stratified survival analysis of these two
outcomes. For the variable sex, males had longer time to failure than females. The
unadjusted survival curves for the two sex groups were significantly different for infection/
reinfection among the total population (P = 0.031) and borderline for reinfection among the
baseline infected population (P = 0.061), but not significant for the new infection among the
baseline uninfected population (P = 0.464).

For the age variable, the older subjects (12–20 years of age) had a longer time to failure than
the younger subjects (5–11 years of age). The differences were statistically significant for
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total infection/reinfection (P < 0.001) and for reinfection (P < 0.001), but borderline for new
infection among the baseline uninfected population (P = 0.071). Among groups stratified
according to numbers of observed water contacts (high > 10 contacts versus low ≤ 10
contacts), a higher number of water contacts was not significantly associated with a reduced
time to failure; observed frequency of water contact was not significantly associated with
cumulative risk for either infection or reinfection by univariate survival analysis (relative
hazard = 1.02, 95% confidence interval = 0.76, 1.28).

Among those with hematuria on entry into the program, those without hematuria had the
longest time to failure, and those with a 3+ hematuria had the shortest time to failure. The
differences between the hematuria groups were significant for all infection/reinfection
outcomes (P < 0.001).

Among the baseline-infected subjects, reinfection hazard could be further stratified
according to their documented treatment (i.e., analysis of treatment as given). Praziquantel
therapy had the longest time to reinfection, whereas incomplete (one or two) metrifonate
dosing had the shortest time to failure. The differences were significant for both the total (P
< 0.001) and baseline-infected (P = 0.002) sub-population.

In examining the impact of location of home residence, among the villages studied,
Vingujini, an initially lowprevalence coastal village, had the longest time to reinfection,
whereas Milalani, an inland high-prevalence village with limited access to piped water, had
the shortest time to failure. Village-related differences in infection risk were highly
significant overall, whether for total infection/reinfection (P < 0.001), reinfection (P <
0.001), or for new infection (P < 0.001). Kaplan-Meier survival curves for infection/
reinfection by village are shown in Figure 4. As shown, the time until infection differed by
village, with Bomani, Sawa Sawa, Vingujini, and Mwaembe having longer infection-free
survival times compared with the other five villages. Median unadjusted survival time for
Bomani, Sawa Sawa, Vingujini, and Mwaembe were 8.53, 8.16, 8.00, 7.34 years,
respectively, and the median unadjusted survival time for Kisimachande, Marigiza, Nganja,
Vindungeni, Milalani were 5.91, 4.59, 4.08, 4.06, and 2.90 years, respectively.

Multivariable analysis
To adjust for possible confounding or interaction among the subject attributes believed to be
contributing to infection risk, multivariable Cox proportional hazards modeling was next
used to re-evaluate their adjusted significance in predicting the time to infection for the
whole population, the time to new infection for those without prior infection, and the time to
reinfection for those with successfully treated infection. The subject’s number of observed
water contacts and school did not significantly contribute to the models, and therefore are
not presented in the final adjusted models. The final model for time to reinfection indicated
that age, village location, treatment, hematuria status, and interaction between sex and
village were significant predictors for infection (Table 2). Those who were young, female,
residing in Nganja, missed treatment, and had a severe (3+) level of hematuria had higher
risks of infection compared with the rest of their cohort. Significant interaction was noted
between sex and village attributes in Bowmani, with a borderline significant effect in the
village of Nganja. Within the total population, the covariates significantly associated with
risk of either infection or reinfection were the same as the significant covariates for risk of
reinfection among previously treated subjects.

Results of the adjusted Cox proportional hazards model for time until new infection are
shown in Table 3. Since this cohort was not considered to be infected at baseline, they were
not given treatment for schistosomiasis, and therefore treatment was not a factor in the
model. Overall, age, village location, and hematuria status were significant predictors for
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new infections. Those who were young, residing in Milalani, and had a 1+ hematuria had the
highest risk of infection among the cohort of baseline uninfected. No significant interaction
was detected between the predictors modeled.

DISCUSSION
Relevant to the debate over the implementation of largescale, population-based treatment
programs for schistosomiasis in sub-Saharan Africa,20,21 the present retrospective analysis
provides information on the factors that are significantly associated with infection and
reinfection risk during the course of a long-term (nine-year) control program. Our study took
place in Kwale District, in an area of coastal Kenya that is highly endemic for S.
haematobium infection. Our multivariable proportional hazards model indicated that village
of residence, age, hematuria status, and a village-sex interaction were independent predictors
of infection risk in the face of a continuing, school-based, age-targeted mass treatment
campaign. Of these, village of residence was estimated to have the greatest effect on risk for
infection, suggesting that very local environmental factors may need to be considered for the
optimum design of schistosomiasis control programs.

Schistosomiasis is essentially tied to local water-use behaviors. 22 Previous studies have
indicated that younger children engage in more high-risk behaviors when in contact with
water, e.g., submerging a larger portion of their body in water or remaining in water for a
longer duration.23 In contrast to these previous studies, our analysis indicated that the
number of water contacts (and the interaction of age by number of water contacts) were not
significant predictors of infection risk over an extended period of observation. This suggests
that there is a non-linear feature of water contact, in which quality (categorized by location)
outweighs the influence of quantity of exposure in terms of schistosomiasis risk on a multi-
village scale. Nevertheless, in examining the occurrence of both new infection and
reinfection, schistosomiasis risk remained lower for older children (12–20 years of age)
throughout the nine years of the study. Beyond behavioral factors, older children may have a
lower risk for infection because of an acquired immunity that is not found in younger
children, as has been suggested by earlier studies on immune response and reinfection.24-26

Among the three models developed, village of residence was consistently a significant
predictor of infection and reinfection. The study villages most at risk for infection were the
ones with no piped water and persistently high snail (and human) infection rates, such as
Milalani and Nganja.27,28 In a overview of the Msambweni project by Muchiri and others in
1996,13 analysis of village characteristics indicated that individuals from Mwaembe,
Kisimachande, Vingujini, Sawa Sawa, and Bomani villages who had access to piped water
had overall shorter and fewer contacts than the residents in other villages that had only
borehole wells and surface water as their main sources of water. These findings complement
the results of the survival analysis, for the villages with piped water were the same ones that
had the lowest risk of infection/reinfection. Studies have also shown that distance from
home to a water source plays an important role in risk of infection.12,29 Such results suggest
that when initiating a treatment program, characteristics of the village of residence should be
considered a factor when deciding where and when to treat. Furthermore, beyond broad-
based drug treatment, adequate provision of safe water supply may be necessary for long-
term control of S. haematobium transmission in high-risk areas.20,30,31

Hematuria status upon study entry was also a significant predictor of infection/reinfection
risk. Hematuria was evaluated as a possible proxy for acquired immunity in which higher
levels of hematuria associated with higher levels of S. haematobium exposure could be an
indicator of short-lived immunity. Results of our analysis indicated that hematuria was not
an effective substitute for acquired immunity because it was shown that the risk of infection
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increased as the severity of pre-treatment hematuria increased. We concluded that dipstick
detection of individuals with high levels of hematuria (or the visual identification or self-
report of gross hematuria) 32,33 could identify a subset of individuals at significantly greater
risk of infection/reinfection in this setting.

A characteristic that was not significantly associated with multiply adjusted risk of
reinfection was sex. In a study conducted by Fulford and others11 in Kenya, researchers
found that in some communities, females had far more water contact than males across most
age groups, while in other villages the sexes had almost identical patterns of contact. It is
likely that due to sex role differences, exposure to S. haematobium differed somewhat
between males and females in our study. Results of interaction analysis suggest that
although males tend to have less infection overall than females, within certain villages,
females may have had less exposure to the parasite than males.

Within the infected population, the completion of assigned treatment was a significant
predictor of reduced reinfection risk. This study and our previous analyses8 have suggested
that praziquantel and full metrifonate regimens were not significantly different in their
treatment effects. However, those subjects who had questionable adherence to their assigned
protocol were at greater risk of subsequent infection. This suggests a certain advantage in
choosing the single-dose regimen of praziquantel for mass therapy, although, in the future
drug resistance issues may change the balance of factors in choosing which drug to use.
Currently, metrifonate is not commercially available because of limited demand, but it
remains an essential drug that may need to be recalled if praziquantel resistance becomes a
factor.34,35 The long-term effects of multiple treatments or treatment crossover could not be
evaluated in our study because the analysis only dealt with treatment in the year of entry and
not the effect of multiple treatments.

There are both strengths and limitations to the present study. The large sample size of the
study cohort and the use of survival analysis to capture long-term outcomes10 provide
greater power to detect those identifiable features within the population that are significantly
associated with infection risk. The rural, mixed-agriculture/fishing setting is typical for
locations to be targeted in new national schistosomiasis control programs. Because the study
was done over a nine-year period, individual yearly variation in transmission is less of a
factor in determining overall infection outcomes. The Msambweni area includes a number of
diverse village settings, which may mean that the findings are more generalizable. However,
there are several limitations that may have affected the analysis of the data. First, there is
possible selection bias due to subjects’ incomplete participation and incomplete follow- up.
Some individuals entered the study for one or two years, then had no data for several years,
but later re-entered the study. Since we did not know the infection status or treatment history
of these individuals during the years they were absent, these individuals were coded as
censored, and, consequently, some potentially useful information was lost. Not all school
age children were in the study, and it is known that in school-based programs, children are
not missing-atrandom. 36 Rather, absentees during one visit are significantly more likely to
be missing in a follow-up visit. Children who are not in the study were the ones who were
frequently not in school, which gave them an opportunity to be in greater contact with water.
In addition, those who do not go to school are of unknown status, i.e., they may be the ones
who are too ill to go to school or the ones who are healthy and working in the fields. Within
the study group, a cohort effect is also likely. Since children were followed over a period of
nine years, it is likely they would have had the same general history of environmental
exposure. Because of the cohort effect, results of the study may not be fully applicable to
other treatment programs, or even future populations within the same geographical region.
Another limitation of the study is the incomplete sensitivity of urine filtration for light
infection; it is not known if a portion of those who were scored as uninfected at start of the
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study did not in fact have light infections.37,38 Therefore, we cannot be certain that these
individuals were actually newly infected in later follow-ups. Likewise, we may have missed
some new infections due to false-negative testing of those lightly infected in follow-up
years. These effects would, respectively, overestimate and underestimate the true rate of
infection and contribute to the variance in our risk estimates. Finally, because of our once-a-
year follow-up strategy, rapid reinfection will have been missed, and the exact date of
infection/reinfection would not be known in second and later years, and, as such, the interval
nature of the data poses statistical limitations for distinguishing potentially important group-
wise differences.

Our findings in this long-term, school-based schistosomiasis control project indicate several
important factors that should be addressed in implementing new national schistosomiasis
control programs in sub-Saharan Africa. Our school-based, age-targeted intervention,
similar to that currently recommended in WHO guidelines,3 did not effectively interrupt
transmission within high-risk communities. This suggests that without further intervention to
modify schistosome exposure or transmission, there will be an indefinite need for continuing
drug delivery in these areas.20,21,39 Age and hematuria can be used to identify individuals at
high risk for infection or reinfection, and possibly sex, although sex results are not
consistent across all areas, most likely due to differences in sexspecific water use behavior.
Good adherence to a treatment protocol is an effective marker of reduced risk for reinfection
in later years. However, this also indicates that extra efforts should be made to enroll at-risk
children who are not in school36 (and possibly high-risk adults), to achieve optimal levels of
community control. We recently reported that multiple treatments given during childhood
are associated with lower levels of S. haematobium-associated morbidity among adults
examined 10 or more years after their last treatment, even if intervening reinfection had
occurred.40 It will be important to identify those factors that encourage multi-year
participation in targeted population-based schistosomiasis control, so that control of
infection-associated morbidity can be fully optimized. In locations where the risk for
reinfection is substantially higher, additional strategies aimed at more aggressive re-
treatment or reduction of transmission would be appropriate. In future operational research,
there is a need to define the readily identifiable, distinguishing features of such high risk
locations, (whether by water quality and snail habitat, 28 by type of water use,15 by access to
alternative sources, or by distance from high or low risk sources,29) so as to provide simple
criteria to adapt intervention strategies within the context of large-scale schistosomiasis
control programs.
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Figure 1.
Map of the Msambweni study area on the southern coast of Kenya. Shown are the nine
participating villages with their respective numbers of included subjects. To the right of each
village label is a pie chart that indicates by internal shading the village prevalence of
infection at the outset of the control project, and by relative size the local rate of infection/
reinfection over the eight-year follow-up period.
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Figure 2.
Prevalence of schistosomiasis infection in the Msambweni study area, by study year. After
baseline testing in 1984, a program of annual drug treatment was implemented and
continued until 1992. a, yearly prevalence for the total population. b, yearly prevalence
among age-stratified subgroups. c, yearly prevalence among sex-stratified subgroups.
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Figure 3.
Incidence of schistosomiasis infection and reinfection in the Msambweni study area, by
year. Annual rate of infections per 100 population at risk is shown as a percentage for each
year, as indicated by the numbers above each bar. a, combined incidence of new infection
and reinfection between years 2 and 9 of the study (1985–1992). b, incidence of new
infection among previously uninfected subjects, c, incidence of reinfection among treated
subjects in the years after a documented parasitologic cure.
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Figure 4.
Kaplan-Meier plot of time to infection or reinfection in the nine Msambweni study villages
over an eight-year follow-up period. The hazard of infection was consistently different
between villages. Low risk was observed in Mwambe, Vingujini, Bowmani and Sawa Sawa,
intermediate risk in Kisimachande, and high risk in the inland villages of Milalani, Marigiza,
Vindungeni, and Nganja.
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Table 2

Multivariable Cox proportional hazards analysis of risk of reinfection during the 1984–1992 Msambweni
school-based schistosomiasis control program: multiply-adjusted risk-ratios according to subject
characteristic*

Characteristic RR 95% CI P

Age category, years

 12–20 1.00 Reference

 5–11 1.82 1.51–2.19 < 0.0001

Sex

 Male 1.00 Reference

 Female 1.32 0.77–2.24 0.30

Village of residence

 Vingujini 1.00 Reference

 Bomani 1.64 1.02–2.64 0.04

 Mwaembe 1.31 0.69–2.47 0.40

 Sawa Sawa 1.43 0.81–2.52 0.21

 Maigiza 2.92 1.18–7.20 0.02

 Vindungeni 3.45 1.72–6.92 0.0005

 Kisimachande 1.81 1.07–3.07 0.03

 Nganja 3.78 2.24–6.36 < 0.0001

 Milalani 3.23 1.97–5.29 < 0.0001

Treatment in first year

 Praziquantel 1.00 Reference

 None NA NA NA

 Three doses of metrifonate 1.16 0.97–1.39 0.09

 One or two doses of metrifonate 1.48 1.08–2.01 0.01

 Missed, placebo, unknown 2.14 1.35–3.40 0.001

Hematuria at entry

 None 1.00 Reference

 Trace 1.21 0.75–1.94 0.43

 1+ 1.30 1.00–1.71 0.05

 2+ 1.39 1.05–1.84 0.02

 3+ 1.63 1.26–2.11 0.0002

Sex/village interaction

 Male × Vingujini 1.00 Reference

 Female × Bomani 0.42 0.22–0.82 0.01

 Female × Mwaembe 1.30 0.58–2.88 0.52

 Female × Sawa Sawa 1.03 0.49–2.17 0.93

 Female × Marigiza 0.79 0.24–2.61 0.71

 Female × Vindungeni 0.53 0.17–1.62 0.27

 Female × Kisimachande 1.42 0.72–2.79 0.30

 Female × Nganja 0.49 0.23–1.05 0.07
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Characteristic RR 95% CI P

 Female × Milalani 1.08 0.56–2.08 0.80

*
RR = relative risk; CI = confidence interval; NA = not applicable.
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Table 3

Multivariable Cox proportional hazards analysis of risk of new infection during the 1984–1992 Msambweni
school-based schistosomiasis control program: multiply-adjusted risk-ratios according to subject
characteristic*

Characteristic RR 95% CI P

Age category, years

 12–20 1.00 Reference

 5–11 1.80 1.38–2.33 < 0.0001

Village of residence

 Vingujini 1.00 Reference

 Bomani 1.45 1.05–1.99 0.02

 Mwaembe 1.49 1.04–2.13 0.02

 Sawa Sawa 1.65 1.11–2.44 0.01

 Vindungeni 4.66 2.49–8.84 < 0.0001

 Kisimachande 2.92 2.05–4.16 < 0.0001

 Nganja 4.51 2.69–7.53 < 0.0001

 Milalani 5.28 3.55–7.74 < 0.0001

Hematuria at entry

 None 1.00 Reference

 Trace 1.80 0.74–4.39 0.21

 1+ 2.82 1.97–4.04 < 0.0001

 2+ 1.97 0.92–4.20 0.09

 3+ 2.61 1.07–6.35 0.03

*
RR = relative risk; CI = confidence interval.
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