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Abstract

Nigeria is highly endemic for infection with Schistosoma haematobium, which most commonly
manifests itself with blood in urine. To monitor the impact of annual mass drug administration
(MDA) with praziquantel for S. haematobium in Delta State, Nigeria, cross-sectional hematuria
surveys of school children were conducted in 8 sentinel villages (SVs) at baseline (n=240) and
after two annual doses (n=402). We assessed the comparability of three assessments of hematuria
(child’s reported history, nurse visual diagnosis (NVD) and dipstick) to determine the need for
mass treatment. Dipstick was considered to be the gold standard. Prior to treatment, history and
NVD each identified only the 3 most highly prevalent SVs, and overall this represented just 37.5%
of the 8 SVs in need of treatment. Following treatment, after dipstick prevalence decreased by
88.5% (p<0.001), and history and NVD identified only one of two villages still needing treatment.
The study suggests that dipsticks should be the recommended method for launching and
monitoring mass treatment for S. haematobium.
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1. Introduction

Schistosomiasis, also known as Bilharzia, is a significant public health problem, with an
estimated 192 million infected people in sub-Saharan Africa, approximately 25% of the total
population (Hotez and Kamath, 2009). Urinary schistosomiasis, caused by Schistosoma
haematobium (SH), most commonly presents with hematuria, but serious sequelae of
persistent infection include bladder fibrosis and calcification, leading to hydronephrosis,
hydroureter, and bladder cancer. In addition, schistosomiasis has been associated with
growth stunting, undernutrition, and impairment of cognitive development and work
capacity (Ezeamama et al., 2005; King, 2010; King and Dangerfield-Cha, 2008; Zhou,
2005). Recently revised estimates incorporating the lifetime burden of disease have yielded
disability adjusted life year (DALY estimates close to that of malaria; between 24-29
million DALYs if a 2% average disability is used, and up to 49-56 million DALY
assuming a 5% estimate of disability (King, 2010).

Nigeria is one of the most endemic countries in Africa (Anosike et al., 2001; Hotez and
Kamath, 2009). The distribution of SH in Nigeria was explored in a Federal Ministry of
Health survey conducted in 1990-91 that showed that the infection is most prevalent in the
north-central and southeastern areas of the country (Hopkins et al., 2002). Intestinal
schistosomiasis due to Schistosoma mansoni has also been shown to be a significant
problem in Nigeria, although its distribution is less well mapped, as it is more difficult to
screen for (Gutman et al., 2008). While detection of microhematuria by reagent dipsticks
provides a good proxy for detection of infection (Feldmeier, 1982; Lwambo, 1997; Mott,
1983; Savioli, 1989; Taylor, 1990), screening for intestinal schistosomiasis requires
microscopic detection of eggs in the stool (Gutman et al., 2008).

Praziquantel (PZQ) is the best drug available for treatment and control of urinary
schistosomiasis. It is effective against both very young and mature worms, but is less
effective against juvenile worms. According to current World Health Organization (WHO)
recommendations (2006)(World Health Organization, 2006), when mapping studies on a
sample of school aged children show the prevalence of hematuria (assessed by history,
visual diagnosis of urine, or parasitologic methods) to be >10% then all children in the area
should receive mass treatment with PZQ every two years (World Health Organization, 2002,
2006). When the prevalence of hematuria is >30% by history or visual diagnosis or >50%
by parasitologic then all children in the area should receive annual mass treatment with
PZQ.

Working in central Nigeria, Hopkins noted a >90% reduction in prevalence of hematuria (as
measured by reagent dipstick) after two rounds of annual PZQ (Hopkins et al., 2002). PZQ
administration has been shown to result in short term cure rates as high as 70-98% (Augusto
et al., 2009; Barakat and Morshedy, 2011; Tchuente et al., 2004), although if longer periods
of follow-up are used, cure rates decrease over time (Sacko et al., 2009). PZQ has been
shown to have a beneficial impact on the health status of treated children, resulting in
improved growth and cognitive function of treated children (McGarvey et al., 1996; Nokes
etal., 1999). In addition to schistosomiasis, PZQ has an impact on other trematodes
(intestinal, liver, and lung flukes) as well as cestode infections (van den Enden, 2009).
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As part of a larger PZQ mass drug administration (MDA) program in Delta state in
southNigeria, we studied eight sentinel villages in Ndokwa East Local Government Area
(LGA). Our purpose was to determine the impact of two rounds of PZQ treatment on the
prevalence of hematuria and on the health status of children. We also sought to compare the
results from heme reagent dipsticks to reported history of hematuria (‘red urine’) and visual
assessment of hematuria by trained health professionals (nurses) as alternative methods for
determining the need to either initiate or continue PZQ MDA in this part of Nigeria, as 2006
WHO recommendations allow for either parasitologic diagnosis or assessment of visible
hematuria in determining risk to a community.

2. Material and Methods
2.1 The MDA program in Delta State

An initial prevalence survey was conducted in 2003 that followed earlier (1993) WHO
guidelines that set a 20% threshold for launching MDA (World Health Organization, 1993).
A mobile team visited a total of 240 villages in Ndokwa East LGA. In the village school, a
random sample of 30 school aged children (aged 5-15 yrs) was tested for hematuria using
heme reagent strips (‘dipsticks’). Where testing of urine showed hematuria prevalence of
>20%, single dose PZQ of 40 mg/kg was provided to all school-aged children. Where
hematuria prevalence in children was >50%, treatment was offered to the entire community.
Based on the mapping results, in 2004 and 2005 PZQ MDA was offered to school aged
children in 57 communities (23.8% of those villages surveyed in the initial mapping
process), and entire community treatments offered those same years in 7 communities (2.9%
of communities tested). Overall, 9,766 treatments were provided in Delta state in 2004 and
10,579 in 2005. Children surveyed in villages that were dipstick positive but in which the
village did not qualify for MDA were immediately treated with PZQ.

PZQ is relatively expensive compared to other antihelminthics. The average dose costs
about US $0.20, meaning medicine costs for Delta state in 2004 and 2005 for 20,345
treatments totaled $4,069 (Savioli et al., 2004). Given these costs, the strategy adopted by
the Delta State Ministry of Health, assisted by the Carter Center, was to treat a community
for two to three years, and reassess to determine if dipstick hematuria prevalence had been
reduced to a level below the 20% MDA treatment threshold. If so, the plan was to rotate the
PZQ to other LGASs with endemic communities. As dipstick screening is also expensive, the
evaluation process involved additional evaluations using patient history or visual diagnosis
of hematuria to determine if cheaper approaches could be used to decide when to treat, when
to stop, and when to resume MDA.

2.2 Study sites

Eight sentinel villages (SVs) in Ndokwa East LGA, in Delta State, Nigeria, were identified
during the initial prevalence survey in 2003 based on their endemicity levels (>20%
prevalence of hematuria) for impact assessment. One primary school in each community
was studied. The same schools were visited in both 2003 and 2005, but different samples of
children were obtained each year (Fig. 1).

2.3 PZQ Coverage in sentinel villages

PZQ was provided using height as a surrogate for weight to determine the dose (Chuks and
Okeke, 1987; Hopkins et al., 2002; World Health Organization, 2002). Treatment was
delivered by trained volunteer community directed distributors (CDDs) who had village
registers containing the names of all household members collected from ivermectin MDA
(for onchocerciasis) provided for many years in these same communities. For mass
treatment villages, coverage was calculated based on the percent of the eligible population
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(based on these registers) treated, while for villages requiring only school aged treatment,
coverage was based on the percent of all school aged children (aged 5- 15 years) treated in
that village (Table 1). PZQ MDA was given at a different time of the year than ivermectin
MDA.

Cross-sectional surveys were conducted in the SVs in 2003 and 2005 to determine the point
prevalence of children who had blood in the urine. In 2003, sampling followed the overall
Delta state mapping protocol, with 30 pupils randomly selected from classes one to six (5
pupils per class, restricted to those aged 5- 15 years) for assessment using the school
register. The total number of children in each class was noted, and then this number divided
by a number “n” such that selecting every nth child on the list results in 5 children being
selected. For the follow-up survey in 2005, in anticipation of reduced hematuria prevalence,
up to 60 pupils per school were randomly selected from primary classes one to six (up to 10
pupils per class, restricted to those aged 5— 15 years) for examination, using the same
method to ensure a representative sample. In 4 of the eight schools it was not possible to
enroll 60 pupils, in which case all eligible children of the proper age range were enrolled.

The surveys also determined the percentage of children tested by dipstick who also reported
blood in the urine and the results of a visual examination of the urine by a nurse before
dipstick testing (nurse visual diagnosis - NVD). The procedure was as follows: pupils were
first asked if they had recently passed blood in their urine (‘red urine”). The child was then
given a clean transparent specimen bottle and told to immediately fill it with a mid-terminal
urine sample. Upon return, the nurse inspected the urine and recorded the presence of visible
hematuria. Once recorded (the entry could not be changed) the heme reagent dipstick test
(Medi-Test Combi — 9% Macherey-Nagel) was performed, and read against the key on the
dipstick jar as negative, 1+, 2+ or 3+). In the analysis, any positive dipstick result was
considered the gold standard for hematuria.

2.5 Data analysis

The results of the 2005 survey were compared with the baseline data obtained in the 2003
using Epilnfo6 (CDC, Atlanta, GA), SPSS (IBM, Somers, NY), and SAS (Version 9.2,
Cary, NC) software. We calculated means and standard deviations for numeric variables,
prevalence of dipstick positivity, and percent reduction of hematuria. Fisher s exact test was
used to determine significance of associations. Test results were considered statistically
significant with p- value < 0.05.

Unlike the baseline data, in the follow up evaluation we used current (2006) WHO
recommendations for a lower MDA cutoff of 10% as the threshold for deciding if continued
treatment to all school- aged children was needed, regardless of the method of assessment
(World Health Organization, 2006). The threshold for delivering treatment to the entire
community was 30% if a questionnaire or visual method is used, but 50% for parasitologic
methods. Heme dipsticks are not mentioned in the 2003 WHO guidelines. However, since
heme dipsticks are generally considered to be more sensitive than visual methods, with an
ability to detect microscopic hematuria with as few as 1-3 red blood cells per high power
field (Shaw et al., 1985), we judged the dipstick results to be equivalent to parasitologic
methods, and continued to use a cut-off of 50% prevalence to require community wide
therapy.

2.6 Ethical issues

Ministry of health officials gave approval for the study and conveyed this to all the schools
through the LGA education authority. Consent was also obtained from each school and

Acta Trop. Author manuscript; available in PMC 2013 April 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Emukah et al. Page 5

community leaders before any pupils were enlisted. Rapid assessment procedures for urinary
schistosomiasis were reviewed and deemed as non-research by the Emory University
Institutional Review Board.

3. Results

3.1 Treatment coverage in sentinel villages

In the baseline survey, 3 of the sentinel villages were classified by dipstick estimation of
hematuria prevalence as needing total population coverage, while the other 5 required
treatment of school aged children (Table 1). In the 3 villages requiring total population
coverage, > 90% coverage of the eligible population was attained both years; in the 5
villages requiring treatment of school aged children, coverage rates >90% were obtained
both years with the exception of Okpai Oluchi, where coverage was >85% for the two years
(Table 1).

Two hundred and forty children were enrolled in the 2003 survey (30 per community), and
403 were enrolled in the 2005 survey (34— 60 children per community). In 2003, 56.6%
(95% Confidence Interval 50.3-63.0%) of those enrolled were male, while in 2005, 50.5%
(36.9-64.1%) were male (p=0.36). The mean age of enrolled children was 10.2 years in
both 2003 and 2005; there was no significant difference in the age distribution of enrolled
children between the 2 surveys.

3.2 Hematuria measured by urinary dipstick

We saw a dramatic decrease in hematuria in all the villages surveyed following two rounds
of PZQ treatment, with an 88.5% overall reduction in dipstick positivity from 49.6% to
5.7% (p<0.001) (Table 2). Both the presence of any hematuria and the severity of hematuria
decreased; 26.7% of children had 3+ hematuria in 2003, while only 2.5% had grade 3+
hematuria in 2005. By definition, all our SVs exceeded the 20% dipstick threshold for
treatment in 2003; in 2005, following 2 rounds of PZQ, only two villages (Abuator and
Obodo-Oyibo), exceeded the new WHO threshold of 10%, indicating need for continued
school aged treatment (Table 3a).

3.3 Hematuria measured by child’s history and nurse visual diagnosis of hematuria

On the individual level, there was poor correlation between hematuria identified by history
and NVD. Only 52% of those children identified as having hematuria by NVD also gave a
history of red urine; 73% of those who gave a history of red urine were identified as having
hematuria by NVD. The percent of children reporting hematuria decreased significantly, by
72.9% (p<0.001), between baseline and follow-up. Similarly, NVD of hematuria dropped by
88.7% (p<0.001).

Neither history of hematuria nor NVD was a sensitive measure for detecting at risk
communities (Table 3b). Prior to treatment, history and NVD each identified only the 3 most
highly prevalent SVs, and overall this represented just 37.5% of the 8 SVs in need of
treatment. Following MDA, both history and NVD identified only one (Abuator) of two
villages (Abuator and Obodo-Oyibo) still in need of school-aged MDA treatment.

When child’s history and nurse s diagnosis were compared to dipstick reading (the gold
standard), overall, history had a sensitivity of 31% and NVD had a sensitivity of 44%,
however, the sensitivity of both history and NVD increased with increasing grade of
hematuria as assessed by dipstick (Table 4a and b).
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4. Discussion

Following 2 rounds of PZQ MDA, we observed an 88.5% decrease in prevalence of urinary
schistosomiasis, measured by urine dipstick for hematuria, and only 2 of 8 villages had a
high enough prevalence of hematuria to warrant further MDA based on 2006 WHO
guidelines. Nurse visual diagnosis and child’s history of hematuria did not appear to be
sufficiently sensitive methods of assessment for initial mapping when compared to results
obtained by urine dipstick analysis, as noted previously (Lwambo, 1997). If only these
methods had been used, 5 of the 8 villages where we demonstrated treatment benefit would
not have been identified or treated. In addition, in impact assessment both history and NVD
identified only 1 of the 2 villages that required continued MDA after two years. Therefore,
we believe that dipsticks would be most useful in quickly determining a community for
MDA, and later the impact of treatment. Another possibility would be to use a 2 stage
screening methodology, whereby visual diagnosis of hematuria precedes use of dipsticks. If
a community qualifies for treatment on the basis of prevalence of visible hematuria (=30%),
then there is no need for subsequent assessment with dipsticks. This might provide some
cost savings to screening programs. If a PZQ holiday MDA rotation schedule is elected, the
dipsticks would also be useful to determine if and when recrudescence was occurring and
reinstitution of MDA as needed. Although in this study, the sensitivity and specificity of
dipsticks as compared to urine microscopy was not measured, urine dipsticks have been
shown in other studies to have high sensitivity and specificity for detection of urinary
schistosomiasis (French et al., 2007; Lwambo, 1997). As a tool for large scale screening of
villages, urine dipsticks are likely to be more cost effective and logistically much simpler
than parasitologic screening. Although in the future, schistosoma specific dipsticks, such as
urine CCA dipsticks, may prove to be more useful, currently, the sensitivity and specificity
of these tests is inadequate to make them a useful tool for screening of urinary
schistosomiasis (Stothard et al., 2009).

WHO recommends different treatment strategies depending on the prevalence of infection in
the community; however, there are little data on the differing impact of MDA targeting
school- aged children only versus targeting the entire community (World Health
Organization, 1993, 2002, 2006). In our study, there was a similar percent decrease in
hematuria in those communities treated with MDA of the whole community versus school-
aged children. However, the force of transmission was likely to have been considerably
different between these communities. Baseline and follow-up parasitological examinations
of urine with calculations of egg densities might have allowed better distinction of the
different force of transmission acting in different communities, and perhaps a differential
impact of the two interventions.

School based treatment programs will be less effective in communities where a large
proportion of school-aged children do not attend school. This is a particular concern in
farming communities in Nigeria where many of the children may be required to help in the
fields. To ameliorate this problem, we used community directed distributors who, as a result
of their ivermectin MDA work, had community records that allowed them to seek out school
aged children both in and out of school for PZQ treatment. It has been suggested that CDDs,
as a result of their community level records are better able than teachers to reach school
aged children. However, we did not determine in this study if CDDs with their ivermectin
records addressed the issues of who misses-out in school-based PZQ treatments (Husein et
al., 1996), and ensured high coverage of targeted persons (90% coverage) (Table 1).

Although the prevalence of hematuria (by dipstick) fell below 10% in 6 of the 8 villages, it
is unlikely that drug distribution can be permanently withdrawn without recrudescence of
infection. Continued monitoring for recrudescence is required in all villages where PZQ
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holidays are contemplated. In any scenario, intensified health education is needed to get
residents (especially school aged boys) to stop urinating in water, but this may extend the
time before PZQ must be reinitiated.

5. Conclusion

In independent samples of school children taken from the same schools, we found that two
rounds of PZQ treatment reduced hematuria prevalence (as determined by dipstick) by over
88%. Compared to dipstick, both a child’s reported history of hematuria and nurse visual
diagnosis had a low sensitivity for detecting villages in need of MDA (31% and 44% of such
villages, respectively). History of hematuria and nurse visual diagnosis identified one of the
two sentinel village still in need of treatment after two MDA rounds, both of which were the
most endemic of all communities at baseline. Dipsticks should be the recommended method
for assessing hematuria for deciding on and continuing mass treatment for S. haematobium.
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Nigeria

Village Latitude Longitude
Abuator N05.46.636 E006.36.506
Obodo-Ovibo  N06.14.429 E006.42.136
Lagos-Iyede N05.28.677 E006.24.564
Asafo-Ase N05.22.069 E006.20.569
Umu Onyia N05.54516 E006.52694
Okpai Oluchi N05.72107  E006.59832
Beneku N05.72107 E006.59833
Okolori A for N05.72107  E006.59833

@ Assessment Villages
Ndokwa LGA

[ rageria States.

Figure 1.

Schistosomiasis Impact Assessment Villages, Ndokwa East, Delta LGA, Nigeria
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