
456 Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 104(3): 456-461, May 2009

online | memorias.ioc.fiocruz.br

A simple approach improving the performance of  
urine reagent strips for rapid diagnosis of urinary schistosomiasis  
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In Nigeria, schistosomiasis, caused predominantly by the species Schistosoma haematobium, is highly endemic 
in resource-poor communities. We performed a school-based survey in two rural communities in Osun State (South-
western Nigeria) and assessed macrohaematuria, microhaematuria and proteinuria as indirect indicators for the 
presence of disease. Urine samples were inspected macroscopically for haematuria and screened for microhaema-
turia and proteinuria using urine reagent strips. The microscopic examination of schistosome eggs was used as the 
gold standard for diagnosis. In total, 447 schoolchildren were included in this study and had a 51% prevalence of 
urinary schistosomiasis. The sensitivity of microhaematuria (68%) and proteinuria (53%) for infection with S. hae-
matobium was relatively low. In patients with a heavy infection (≥ 500 eggs/10 mL), the sensitivity of microhaematu-
ria was high (95%). When the presence of macrohaematuria and the concomitant presence of microhaematuria and 
proteinuria were combined, it revealed a sensitivity of 63%, a specificity of 93% and a positive predictive value of 
91%. Macrohaematuria also showed high specificity (96%) and a positive predictive value of 92%, while sensitivity 
was < 50%. These data show that combining urine reagent strip tests (presence of proteinuria and microhaematu-
ria) and information on macrohaematuria increased the accuracy of the rapid diagnosis of urinary schistosomiasis 
in an endemic rural West African setting. This simple approach can be used to increase the quality of monitoring of 
schistosomiasis in schoolchildren.
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There are an estimated 200 million people infected 
with schistosomiasis throughout the world, and this 
disease is responsible for the loss of approximately 1.5 
million DALYs/year (Chitsulo et al. 2000, Gryseels et 
al. 2006, Mathers et al. 2007). In sub-Saharan Africa, 
up to 280,000 annual deaths have been attributed to 
schistosomiasis (Gryseels et al. 2006). Urinary schis-
tosomiasis remains an intractable parasitic disease, 
associated with populations living in poverty in sub-
Saharan Africa and it has placed an enormous toll on 
the health sectors of affected countries (Chitsulo et al. 
2000, Gryseels et al. 2006).

In all the geographical zones of Nigeria, there has 
been an unprecedented increase in disease prevalence 
in recent years, which is associated with the poor man-
agement of water resource schemes (Ofoezie & Asaolu 

1997, Ofoezie 2002, Mafiana et al. 2003). The predomi-
nant species in this country is Schistosoma haemato-
bium, which most commonly presents with haematu-
ria, suprapubic pain and pain while urinating (Okoli & 
Iwuala 2004). 

The Nigerian Schistosomiasis Control Programme 
has advocated mass administration of praziquantel, 
particularly in high risk areas, in order to reduce mor-
bidity (WHO 2002). School-aged children are particu-
larly vulnerable to infection and severe disease and 
are thus the focus of the Control Programme. However, 
to be effective, control strategies in resource-poor 
settings require rapid and accurate identification of 
disease, monitoring of populations at risk, adequate 
treatment and quantification of infection rates using 
limited economic and human resources (Mafe et al. 
2000, French et al. 2007).

Since urinary schistosomiasis is a common cause 
of blood in the urine of people living in endemic areas, 
the presence of haematuria is commonly used as a rapid 
assessment method for identifying infected individuals 
and communities at risk.

In the present school-based study, we report the prev-
alence and intensity of urinary schistosomiasis in two 
Nigerian rural communities. To improve the rapid as-
sessment of schistosomiasis in this setting, we assessed 
macrohaematuria, microhaematuria and proteinuria as 
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indirect disease markers and described diagnostic per-
formances based on these individual markers and their 
combinations.

MATERIALS AND METHODS

A survey was conducted in the four schools of the 
Ilobu and Erin-Osun communities, which consist of two 
contiguous villages with similar socio-economic and cul-
tural characteristics in the Osun State of Southwestern 
Nigeria. The detailed characteristics of these communi-
ties have previously been described (Ugbomoiko et al. 
2009, unpublished observations). Briefly, both commu-
nities border the Erinle Dam, which was constructed in 
the 1990s and is used principally for flood control, fish-
ing and as a water supply. The communities are provided 
with primary and secondary schools, health centres and 
functional boreholes. The approximately 5,000 inhabit-
ants of both communities are predominantly subsistence 
farmers and petty traders of the Yoruba ethnic group.

All schoolchildren, from both primary and secondary 
schools, were eligible for this study. After giving consent, 
the participants received pre-labelled screw-capped plas-
tic containers for urine collection. To avoid false positive 
results, girls of child-bearing age who had menstruated 
within five days before sample collection were excluded 
from analysis. The freshly passed mid-day urine samples 
(collected between 10-14 h) were inspected macroscopi-
cally for gross haematuria and then screened for micro-
haematuria and proteinuria using commercially available 
urine reagent strips (medi-Test Combi 9, Analyticon Bio-
technologies, Germany). The strip testing was performed 
in accordance with the manufacturer’s instructions. The 
specimens were then transported to the laboratory within 
4 h of collection and processed for microscopic examina-
tion of schistosome eggs.

Processing and egg counting followed the syringe 
filtration technique, which we considered the gold stan-
dard for diagnosis of schistosomiasis (Guyatt et al. 1999, 
WHO 1983, Lengeler et al. 1993). Two subsamples of 10 
mL were drawn into plastic syringes from each well-
mixed sample and strained through a nylon filter. The 
filter was then examined under the microscope, and S. 
haematobium eggs were counted.

Data were entered into an Excel spreadsheet, checked 
for entry errors and transferred into SPSS for Windows 
(version 11.0, SPSS Inc, Chicago, USA) for analysis. The 
sensitivity (number of individuals with a positive rapid 
test/individuals with a positive reference test), specificity 
(number of individuals with a negative rapid test/individ-
uals with a negative reference test), the negative predictive 
value (probability that an individual with a negative rapid 
test is, in fact, free from disease) and the positive predic-
tive value (probability that an individual with a positive 
rapid test is, in fact, diseased) were calculated for differ-
ent combinations of rapid tests, as compared to the gold 
standard. Chi-square and ANOVA tests were applied to 
compare relative frequencies and the arithmetic means of 
egg counts between groups, respectively.

Ethics - At the time of this study, a formal ethical 
committee in state of Osun did not exist. Permission to 

perform this study was obtained from the local govern-
ments, community leaders and school heads. Informed 
consent was obtained from the study participants and 
their parents after a detailed explanation of the objec-
tives of the study. All infected schoolchildren were re-
ferred to medical personal in the Area Office for prazi-
quantel treatment.

RESULTS

In total, 447 schoolchildren and pre-schoolchildren 
were included in this study. Among the participants, 
248 (56%) were male and the median age was 11 years 
(interquartile range: 9-13 years; range: 3-17 years). 
Prevalence and intensity of urinary schistosomiasis are 
depicted in Table I. The prevalence was significantly 
higher in Ilobu village. In boys, prevalence of infec-
tion was significantly higher than in girls and the mean 
egg count was approximately twice as high; however, 
the difference was not statistically significant (Table 
I). The prevalence increased significantly with age and 
showed a peak in participants who were ≥ 15 year-olds, 
with 78% of individuals infected.

Table II depicts the sensitivity, stratified by intensity 
of infection, of macrohaematuria, microhaematuria, pro-
teinuria and their combinations in the diagnosis of urinary 
schistosomiasis. In general, sensitivities were low, but in-
creased with severity of infection. In almost all patients 
presenting with heavy infection (95%), microhaematuria 
was observed. In contrast, macrohaematuria was detected 
in only 45% of the total of patients with schistosomiasis 
(Table II). Considering the rapid assessment as positive in 
the presence of macrohaematuria or, alternatively, in the 
presence of concomitant microhaematuria and proteinu-
ria, an overall sensitivity of 63% and of 90% in heavy in-
fections was revealed.

In Table III, the diagnostic performance values of the 
indicators macrohaematuria, microhaematuria, proteinu-
ria and their different combinations are given using the 
presence of eggs in urine as the gold standard for diag-
nosis. The highest overall sensitivity was found for mi-
crohaematuria (68%), with a specificity of 83%. However, 
the specificity was highest (96%) when the concomitant 
presence of microhaematuria and proteinuria was used 
as an infection marker. Macrohaematuria also showed a 
very high specificity and positive predictive value (96% 
and 92%, respectively), but sensitivity was less than 50% 
(Table III). To combine the benefits of all diagnostic ap-
proaches, we assessed the accuracy of the concomitant 
presence of macrohaematuria or the presence of micro-
haematuria and proteinuria. This improved sensitivity to 
63% while maintaining a high specificity of 93% (Table 
III) and it indicates that there were 37% false negative and 
7% false positive results. In contrast, using a rapid test 
based merely on the presence of microhaematuria and 
proteinuria, or on the presence of macrohaematuria, re-
sulted in a proportion of false negative results as high as 
62% and 55%, respectively. 

DISCUSSION

Our data show that combining indirect disease mark-
er information obtained from both urine reagent strip 
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tests and presence of macrohaematuria increased the ac-
curacy of rapid diagnosis of urinary schistosomiasis in 
schoolchildren of two highly endemic rural communi-
ties in Nigeria.

When the macrohaematuria information was combined 
with data from urine reagent strips, a high positive predic-
tive value was maintained with the benefit of an increased 
negative predictive value (the probability of children with 
a negative test being disease-free). Thus, this approach 
can be considered a cost-effective measure for increas-
ing the quality of data on schistosomiasis infection in  
schoolchildren located in highly endemic communities.

With this approach, the positive predictive value of 
91% (the probability of schistosomiasis among children 
with a positive test) was high and similar to the positive 
predictive value of macrohaematuria (92%). This indi-
cates that almost all schoolchildren with positive rapid 
tests were, in fact, infected. However, since the predictive 
values depend on the prevalence of disease and intensity 
of infection, in low endemic settings the positive predic-
tive value may be different. The negative predictive value 
of 63% indicates that the probability of schoolchildren 
having the disease, in the absence of macrohaematuria, 
is 37%. This probability was reduced to 29% when using 
our combined approach, but it is still high and should be 
taken into account when planning mass drug administra-
tion and monitoring intervention measures.

Previously, other authors have combined data on 
haematuria and proteinuria, improving the diagnostic 
performance of disease markers (Feldmeier et al. 1982, 
Mott et al. 1983). However, these authors did not inte-
grate information gathered from reagent strips and on 
macrohaematuria. Our data further confirm previous 
studies on the diagnostic performance of microhaema-

TABLE I
Prevalence and intensity of infection of urinary schistosomiasis in schoolchildren of two endemic communities in Nigeria (n = 447)

Positive/total Prevalence Mean (± SD)
n (95% confidence interval) % egg count/10mL urine

Villages
   Erin-Osun 114/246 46.3 (39.9-52.8) 107.05 ± 476.09
   Ilobu 113/201 56.2 (49.1-63.2) 138.78 ± 336.35
   p-value 0.038 0.426

Sex
   Male 141/248 56.9 (50.4-63.1) 155.06 ± 503.38
   Female 86/199 43.2 (36.2-50.4) 76.26 ± 275.69
   p-value 0.004 0.057

Age group (years)
   1-4 4/11 36.4 (10.9-69.2) 2.27 ± 4.78
   5-9 45/137 32.8 (25.1-41.4) 53.74 ± 206.69
   10-14 147/259 56.8 (50.5-62.9) 142.25 ± 487.16
   15-17 31/40 77.5 (61.5-89.2) 249.98 ± 498.05
   p-value < 0.001 0.030

Total 227/447 50.8 (46.0-55.5) 121.32 ± 418.92

turia and macrohaematuria, when compared to urine 
egg count as the gold standard (Mott et al. 1983, Eltoum 
et al. 1992, Lengeler et al. 1993, Mafe 1997, Guyatt et 
al. 1999). Haematuria and proteinuria have been widely 
used as indicators for urinary schistosomiasis since the 
1980s and usually microhaematuria is considered more 
sensitive and specific than proteinuria (Mott et al. 1983, 
1985, Murare & Taylor 1987, Taylor et al. 1990, Eltoum 
et al. 1992). Similar to our data, Mafe (1997) described 
sensitivity (69%) and specificity (80%) of microhaema-
turia for the diagnosis of schistosomiasis in Nigeria, al-
beit in the general population. In that study, the diagnos-
tic performance of macrohaematuria was comparable to 
our results (Mafe 1997). French et al. (2007) observed, 
in a longitudinal study of schoolchildren from Zanzibar, 
consistently higher sensitivity (≥ 77%) and specificity (≥ 
97%) of microhaematuria. Besides regional differences, 
the increased accuracy in this study may also be explained 
by the varying quality of reagent strips from different pro-
ducers. Interestingly, the diagnostic values from the Zan-
zibar study remained relatively stable during various as-
sessments, even when the prevalence was reduced during 
a control programme (French et al. 2007).

The presence of visible blood in urine (macrohaema-
turia) in settings without the availability of urine rea-
gent strips is used as a specific rapid diagnostic marker 
for S. haematobium infection (Red Urine Study Group 
1995, Mafe 1997, Ofoezie et al. 1997, Mafe et al. 2000, 
Anosike et al. 2001, Lengeler et al. 2002). Therefore, the 
almost 100% specificity found in our study was not a 
surprise. However, most of those studies were performed 
on a limited number of schoolchildren, and the accuracy 
of the results was influenced by prevalence, age and sex 
(Mott et al. 1983, Ansell et al. 1997, Guyatt et al. 1999). 
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In addition, the sensitivity of macrohaematuria is usu-
ally low, but may increase in the presence of heavy in-
fection (Taylor et al. 1990, Mafe 1997), as also shown 
in our study. Haematuria can be seen as a sign of tissue 
damage occurring principally in severe infections. Thus, 
in extremely resource-poor settings, where no urine rea-
gent strips are available, the mere presence of macrohae-
maturia may be used as an indicator for infection and to 
detect the most severely infected individuals. 

Macrohaematuria may also be assessed using ques-
tionnaires, which generally have an acceptable diagnos-
tic performance (Lengeler et al. 2002). However, the 
specificity and/or sensitivity of questionnaire-based ap-
proaches vary among studies and socio-cultural settings 
and the accuracy of this approach was low in several cas-
es (Guyatt et al. 1999, Poggensee et al. 2000, Lengeler et 
al. 2002, Stothard et al. 2002).

The present study further revealed a high rate of 
S. haematobium transmission in the rural population 
around the Erinle Dam in Southwestern Nigeria. The 
overall prevalence of schistosomiasis in schoolchildren 
(51%) was about four times higher than the previously es-
timated prevalence in Nigeria’s general population (13%) 
(Oladejo & Ofoezie 2006). A recently conducted study in 
two rural communities in the same area reported a similar 
prevalence of 47% (Oladejo & Ofoezie 2006), indicating 
that infection has remained unabated in this and, most 
likely, other dam regions of Nigeria. Age and sex-related 
prevalence and the intensity of infection in the present 
study were similar to those reported from other West 
African endemic foci (Okoli & Odaibo 1999, Mafe et al. 
2000, Okoli & Iwuala 2004, Oladejo & Ofoezie 2006).

Our study is subject to several limitations. First, the 
survey only included schoolchildren and as such, data 
cannot be inferred to the general population. It is known 
that the diagnostic performance of haematuria and pro-
teinuria decreases with increasing age, but it is usually 
stable in children and teenagers (Mott et al. 1983, Mafe 
1997). However, combining reagent strips with the mac-
rohaematuria observations will probably increase the 
diagnostic accuracy when applied to the general popu-
lation. Secondly, the results may only be valid in set-
tings with a high prevalence of schistosomiasis. In areas 
with a lower prevalence and where infection intensity is 
consequently lower, diagnostic performance may be less 
reliable (Hammad et al. 1997). However, another study 
has shown that rapid assessment using reagent strips 
may not vary considerably, even when prevalence is de-
creased (French et al. 2007). An additional shortcoming 
of our study is its cross-sectional nature: we did not as-
sess day-to-day variation of egg excretion or haematuria, 
which may have influenced diagnostic performance. In 
fact, the accuracy of macrohaematuria, as an indicator 
for infection, may be better when considering day-to-
day variations (Savioli et al. 1990). When the assessment 
of macrohaematuria is repeated several times during a 
period of a few days, the accuracy of this indicator is 
expected to increase.

It can be concluded that new strategies are needed 
to improve the control and monitoring of urinary schis-
tosomiasis in Nigerian dam areas and in other countries 

with highly endemic areas. These approaches should be 
validated by performing studies in other African schools 
in the endemic areas. If urine reagent strips are available, 
a combined approach of directly observing macrohae-
maturia and the concomitant presence of proteinuria and 
microhaematuria may improve the performance of rapid 
diagnosis. In resource-poor populations, the proposed ap-
proach is feasible since no additional costs and minimal 
logistic efforts are needed when macrohaematuria data 
are simply added to the analysis of microhaematuria and 
proteinuria, as determined by urine reagent strips.
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