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A B S T R A C T

Dipstick Dye Immunoassay (DDIA) and Indirect Haemagglutination Assay (IHA), are two commercially available
kits which have been widely used for screening Schistosoma japonicum in P.R. China. Whether they can be used
for screening of Schistosoma haematobium are not clear. In order to evaluate the diagnostic efficiency of DDIA and
IHA for screening Schistosoma haematobium, serum samples were collected from pupils in endemic areas in
Zambia, Southern Africa, and tested by DDIA and IHA by single-blind manner. Meanwhile, the pupils were
microscopically examined by infection with Schistosoma and soil-transmitted helminths, visually observed for
parasite eggs. Of the enrolled 148 pupils, 61% tested positive for S. haematobium infection, while 31% and 36%
of pupils were infected with hookworm and Ascaris respectively. Regarding the parasitological tests as reference
standard, for the diagnosis of S. haematobium infection, IHA performed higher sensitivity (74%, 95% CI:
65%–83%) than that of DDIA (60%, 95%CI: 49%–70%). The sensitivities of IHA and DDIA are significant higher
in 10–14 years old students than those of 7–9 years old group. The specificity of DDIA and IHA were 61%
(95%CI: 49%–74%) and 72% (95%CI: 60%–84%), respectively. The co-infection with STHs decreased the spe-
cificity of DDIA but had no impact on that of IHA. Our study indicated that IHA has more potential as an
alternative diagnostic tool for identifying schistosomiasis haematobium but need further improvement.

1. Introduction

Schistosomiasis is an infectious disease caused by the parasites of
the genus Schistosoma. It affects over 200 million people worldwide
(WHO, 2017) and account for an estimated 1.9 million disability-ad-
justed life years (DALYS) annually. S. haematobium, S. mansoni and S.
japonicum are the major species causing the majority of schistosomiasis
in humans (Colley et al., 2014). S. haematobium and S. mansoni both
occur in Africa and the Middle East, whereas only S mansoni is present
in the Americas. S japonicum is localized to Asia, primarily the Phi-
lippines and China. Recent reports showed that more than 90% of
documented cases of schistosomiasis in non-endemic countries were
infected in Africa with history of water exposure (Clerinx and Van

Gompel, 2011; Helleberg and Thybo, 2009; Salvana and King, 2008).
The main symptoms of S. haematobium infection are hematuria and
dysuria due to a chronic inflammation of the bladder and urethra. And
it can lead to complications such as anemia, chronic cystitis, cancer of
the bladder, and genital lesions. In addition, for women S. haematobium
infection can lead to genital diseases, infertility, abortion, etc.
(Santos et al., 2014; Van Der Werf et al., 2003; Zida et al., 2016).
Timely diagnosis and treatment can reduce the burden of schistoso-
miasis haematobium.

The diagnosis and quantification of the S. haematobium infection can
be determined through microscopic examination for the eggs and egg
counting by urine filtration. However, this is often unreliable due to the
day-to-day variations in egg excretion, and lack of sensitivity to detect
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light infections (Gray et al., 2011). Haematuria is one of the most
striking indicators of urinary schistosomiasis, but its sensitivity is quite
low in populations having lower intensity infection through continued
control programs conducted in African countries (King and
Bertsch, 2013). In populations with low worm burdens, antibody-based
assays such as enzyme-linked immunosorbent assay are proved to be
effective tools for screening, but have limited use in the field due to the
requirement of extra equipment and no available commercial kits
(Olveda et al., 2014).

P.R. China has a long history for discovering and implementing
immunoassays against S. japonicum. The current well-developed and
commercially available immunoassays such as indirect hemagglutina-
tion assay (IHA) and dipstick dye immunoassay (DDIA) have been in-
tegrated into national control programs and clinical use in hospitals in
P.R. China, performing higher sensitivities and specificities (Xu et al.,
2005). Whether these commercial kits in China could be used for
screening of imported schistosomiasis haematobium in China or in
African continent remains uncertain. In this study, we evaluated the
efficacy of DDIA and IHA against S. Japonicum for the screening of S.
haematobium, using serum samples collected from school-aged children
from endemic areas in Zambia.

2. Materials and methods

2.1. Ethical statement

The study was approved by the Tropical Diseases Research Centre
(TDRC) ethics committee in Ndola, Zambia. Parents/guardians of the
children were informed about the study procedures, the benefits and
risks as well as their voluntary participation. Written informed consents
were obtained from parents/guardians of the children before being
enrolled into the study. Parents/guardians of the study children were at
liberty to withdraw them from the study at any time. Confidentiality of
details of the study children were observed throughout the study
period. Participants who were found to be parasitological positives
were given free praziquantel and/or albendazole treatment using the
dose pole according to the instruction of WHO (Moser et al., 2017;
Palha De Sousa et al., 2014).

2.2. Sample size and study population

Before conducting the field survey, we estimated that DDIA and IHA
would perform both sensitivity and specificity of 80% for diagnosis of S.
haematobium infection (Zhu et al., 2005). Other parameters were set as
follows: 5% level of significance (α = 0.05), 95% confidence interval
and 5% margin of error (D = 0.05). Thus at least 62 positive and ne-
gative specimens respectively were needed to evaluate the efficacies of
the kits. Urine, stool and blood samples were collected from pupils in
Kenani primary school, in Nchelenge District, Luapula province of
Zambia, and Kawama Primary school in Luanshya District, Copperbelt
province of Zambia, which were estimated to have with a high pre-
valence and a relatively low prevalence of S.haematobium respectively
(Kalinda et al., 2018) (Fig. 1). Demographic information of each en-
rolled child was collected including name, gender, place of birth, how
long enrolled at the school and history of taking antischistosomal drugs
etc.

2.3. Urine specimen collection and urine filtration

Two Urine specimens were collected from each child for micro-
scopic examination on two different days in one week. At least 10 ml of
urine from each child was collected between 10:00 a.m. and 14:00 p.m.
Mixed 10 ml of urine was drawn by a syringe and filtered by a filter
holder with a millipore membrane. The filter was then placed onto a
microscope glass-slide and examined for S. haematobium eggs by mi-
croscopy (Mott, 1983). The infection intensity was recorded as the

number of eggs/10 ml of urine and classified as light infection (less than
50 eggs/10 ml of urine) or heavy infection (more than 50 eggs/10 ml of
urine).

2.4. Stool sample collection and examination

Each pupil was asked to provide two feces on two days in one week.
Stool specimen was processed using the Kato-Katz thick smear method
with three slides to determine the S. mansoni and soil transmitted hel-
minths (STHs) infection. Three slides from a single stool specimen were
prepared using a standard template (41.7 mg per smear). All slides were
read after their initial preparation by two qualified technicians. The
number of eggs in each slide were counted and recorded. Infection in-
tensity of patients was expressed as the arithmetic mean of eggs per
gram of feces (EPG) (Ross et al., 2007).

2.5. Blood handling and immunological tests

2 ml of venous blood were collected from each pupil and then
centrifuged to separate sera to clean Eppendorf tubes. Serum specimens
were tested by well-trained technicians, without knowing the results of
urine filtration, stool examination and another immunological test.
DDIA (Lot. 1,405,231) was supplied by Saide Bio LTD, Jiangsu, P.R.
China and the IHA kit (20,131,216) was provided by Anji Bio LTD,
Anhui, P. R. China.

For DDIA, a drop of 50 μl blue colloidal dye-labeled soluble egg
antigens (SEA) solution from the buffer bottle was added into a poly-
vinyl chloride (PVC) well and 20 μl of serum specimen was added. The
solution in the well was mixed lightly for about one minute. A dipstick
was then inserted into the well. The result was read after the solution
was absorbed completely. The appearance of two blue bands on the
dipstick indicated a positive reaction while the appearance of a single
blue band in the control position was regarded as a negative reaction
(Zhu et al., 2005).

For IHA, 100 μl of buffer was placed into the first well of the
transverse line, whereas 25 μl was added into wells 2 and 3. 25 μl of
serum was added to the first well and thoroughly mixed. 25 μl of
mixture was transferred to the second well and mixed, and then 25 μl of
the mixture in the second well moved into the third well. 75 μl and
25 μl of mixture in well 1 and 3 were discarded. Thus, the concentra-
tions of serum in the first, second and third wells were 1:5, 1:10 and
1:20, respectively. Positive and negative control sera samples provided
by the company were tested simultaneously on each plate. 25 μl sen-
sitized red blood cell was placed into each well. Observations were
made by the naked eye after 30 min at room temperature. The titer in
the test sera was recorded as one dilution before that which yielded a
clear, sharp dark spot similar to that in the negative control wells. Titers
of 10 indicated a positive result (Fei et al., 2016; Fenwick et al., 2009;
Jie et al., 2016).

2.6. Data management and statistical analysis

Data were double entered into Microsoft Excel 2007 and analyzed
using SPSS V 20.0. Only data from subjects who gave consent and from
whom both urine and blood samples were collected were used for
analyses. Using urine filtration and microscopic examination as a gold
standard, sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for DDIA and IHA were calculated.
95% confidence intervals (CI) were also calculated for all diagnostic
scores. The Chi square was used to compare the difference of para-
meters between strata. We judged a P value less than 0.05 to be sig-
nificant.
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3. Results

3.1. Demographic data

A total of 148 school children were enrolled in this field trial and
147 children were examined and analyzed. Among the147 students, 68
were from the Kenani Primary School in Nchelenge District, while 79
were from the Kawama Primary School in Luanshya District. The stu-
died population was composed of 47% (69/147) girls and 53% (78/
147) boys, with the median age of 9 years old (in the range of 7–14
years). Total 46 pupils had been treated with praziquantel one or two
years before the study, 39 of them being from the Kenani Primary

school.

3.2. Results of parasitological examination

A total of 147 pupils had their urine samples examined for presence
of S. haematobium ova by microscopy. Of these pupils, 130 provided two
urine samples while 17 only provided one urine sample. S. haematobium
eggs were found in 90 pupils, 66 from Kenani primary school and 24
from Kawama primary school, with a total positive rate of 61% (90/
147, 95%CI:53%−69%). Among the 90 infected children, 52 presented
with light infection intensity and 38 with heavy infection intensity. A
higher frequency of high infection intensity was found in the older
children (10–14 years old) group than the younger children (7–9 years
old) (χ2 = 4.014, P < 0.05). No significant difference in infection in-
tensity was found in gender strata and between the two primary schools
(Table 1).

Among 145 pupils received stool examination, 145 pupils had an-
cylostomiasis and 52 students got infection of Ascaris. In addition, eggs
of S. mansoni were found in feces of two children from Kenani primary
school, who were also infected with S. haematobium and hookworm.
Integrated with the results of urine and stool examinations, 37% (55/
147) of the children were infected with at least two species of parasites,
while 50% (74/147) of pupils were infected with one helminth.

Fig. 1. Location of pupils’ bio-samples collected.

Table 1
Demographic characteristics and results of urine filtration.

Variables Group No. examined Infection intensity Positive rates
Mild Heavy [95%CI]

Sex Girl 69 17 19 52%(40%−64%)
Boy 78 35 19 69%(59%−79%)

age 7–9 78 22 8 37%(26%−48%)
10–14 69 30 30 87%(79%−95%)

school Kenani
School

68 35 31 97%(93%−100%)

Kawama
School

79 17 7 30%(20%−41%)
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3.3. Performance of IHA and DDIA

A total of 146 children were included for assessing the performance
of IHA and DDIA, who both received immunological examinations and
urine filtration (Fig. 2). The positive rates determined by DDIA and IHA
were 51% (75/146, 95%CI: 43%−59%) and 56% (82/146,
95%CI:48%−64%)..

Compared with the results of urine filtration, DDIA and IHA per-
formed with a sensitivity of 60% (53/89, 95%CI: 49%−70%) and 74%
(66/89, 95%CI: 65%−83%) for the whole population, respectively
(Table 2). DDIA and IHA all presented higher sensitivity in the older
children than younger pupils by Chi-square analysis (χ2

for DDIA = 5.17,
P = 0.02, χ2

for IHA = 16.01, P = 0.00). The sensitivity of IHA in chil-
dren with heavy infection intensity was 86% (32/37, 95%CI:
75%−98%), significantly higher than 65% (34/52, 95%CI: 52%−78%)
in those with light infection intensity (χ2 = 5.02, p = 0.03) (Fig. 3).
The sensitivity of DDIA and IHA did not differ in STHs infection strata.

DDIA and IHA showed specificity of 61% (35/57, 95%CI:
49%−74%) and 72% (41/57, 95%CI: 60%−84%) respectively. In
stratified analysis, the specificity of DDIA and IHA did not differ in
strata of age, gender. Only DDIA gave a specificity of 77% (20/26) in
children without STHs infection, significantly higher than that of 47%
(14/30) in those with STHs infection (χ2 = 5.35, P = 0.02) (Fig. 3).

The PPV and NPV for DDIA was 71% (53/75, 95%CI: 60%−81%)
and 49% (35/71, 95%CI: 38%−61%), while the overall PPV and NPV
of IHA was 80% (66/82, 95%CI: 72%−89%) and 64% (41/64, 95%CI:
52%−76%), respectively. The results showed that IHA performed
better screening efficacy to find the patients still shedding parasites
among the sero-positives.

4. Discussion

Different from other Schistosoma species that causes intestinal

schistosomiasis, S. haematobium causes urogenital schistosomiasis. It is
endemic in 53 countries in Africa and Arabian Peninsula where people
are living in poverty. It is estimated that 112 million people are infected
with S. haematobium in sub-Saharan Africa (Steinmann et al., 2006;
WHO, 2013b). Meanwhile, the reports on travelers or immigrants ac-
quired infection of S. haematobium from African continents become
more and many of them were underwent misdiagnosis during the
process of seeking treatment (Hua et al., 2013; Wang et al., 2013).

The parasitological examination of urine remains the gold standard
for the diagnosis of active schistosomiasis haematobium. With the im-
plementation of interventions against schistosomiasis haematobium in
endemic areas, the worm load on population will get lower and eggs
often escape detection even in concentrated urine samples (Clerinx and
Van Gompel, 2011). Antibody-based immunoassay is the method of
choice for sensitive detection of schistosome exposure, because the eggs
are not yet produced in the early stage of infection (Bergquist et al.,
2009). Two commercially available diagnostic tests-the urine-circu-
lating cathodic antigen (CCA) strip and the soluble egg antigen enzyme-
linked immunosorbent assay (SEA-ELISA), had been evaluated for de-
tection of S. haematobium infection in 150 schoolchildren from Zan-
zibar, the sensitivity of the urine-CCA strip was 9% and the SEA-ELISA
showed a 89% sensitivity, a 70% specificity, a 57% positive predictive
value and a 90% negative predictive value (Stothard et al., 2009). The
result of the SEA-ELISA was better. However, the operation of the SEA-
ELISA is a little complex which limited its application in the field set-
tings.

Immunological tests for schistosomiasis diagnosis had been well
developed in The People's Republic of China. IHA and DDIA, are two
kits which have been integrated into national control programmes and
wildly used in field settings due to their advantages such as high sen-
sitivity, easy use and rapidity (Jie et al., 2016; Zhang et al., 2016).To
explore the feasibility of IHA and DDIA for screening of S. haemato-
bium, We evaluated the diagnostic efficacy of IHA and DDIA using
human sera collected from endemic areas in Zambia.

In comparison with urine filtration, the sensitivity of IHA and DDIA
was 74% and 60% respectively, both increased with age. The sensitivity
of IHA also increased with the infection intensity, although no differ-
ence existed in strata of gender. The tendency of DDIA performing
lower sensitivity than that of IHA for detecting S. haematobium is con-
sistent with our former studies when these kits were used to diagnose
schistosomiasis japonica (Xu et al., 2007, 2005, 2011b). Meanwhile,
40% and 26% cases with egg positives were misdiagnosed as antibody
negatives by DDIA and IHA. The phenomena could be attributed to the
following reasons: (1) Some kinds of antibody against S. haematobium in
serum are species-specific and couldn't be recognized by and/or

Fig. 2. Comparison of results with urinary filtration and immunological tests.

Table 2
Performance characteristics of DDIA and IHA compared with urine filtration.

Indictors assessed DDIA IHA

No. true positives 53 66
No. false positives 22 16
No. true negatives 35 41
No. false negatives 36 23
Sensitivity [95%CI] 60%(49%, 70%) 74%(65%, 83%)
Specificity [95%CI] 61%(49%, 74%) 72%(60%, 84%)
PPV [95%CI] 71%(60%, 81%) 80%(72%, 89%)
NPV [95%CI] 49%(38%, 61%) 64(52%, 76%)
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combined with the SEA of S. japonicum; (2) The antibodies excess in
serum in those cases with high infection intensity caused prozone
phenomenon (3) Kits are insensitive to some cases with low antibody
level and serology tests turn positive only about 6 to 12 weeks after
exposure.

The specificity of IHA and DDIA was moderate with a value of 72%
and 61%, respectively. This finding is also similar to our former studies
when diagnosing schistosomiasis japonica in field settings (Xu et al.,
2011a, 2011b). Analysis showed that the co-infection with STHs de-
creased the specificity of DDIA but had no impact on that of IHA, which
were inconsistent with our former studies (Xu et al., 2005, 2011b).
Possible reasons causing the false positives could be due to the accu-
mulation of antibodies against Schistosoma haematobium as a part of
children who had received treatment before this study might had the
exposure history. Further studies should be conducted in non-endemic
areas of schistosomiasis haematobium.

In summary, our study showed that IHA or DDIA performing the
moderate sensitivity and specificity f and cannot simply used or
screening schistosomiasis haematobium. However, IHA and DDIA re-
agents have been widely used to screen schistosomiasis japonicum in
China, and both reagents have been registered through China Food and
Drug Administration (CFDA). Improvement of diagnostic efficacy of
Chinese products could be made through adjusting the concentration or

ratio of kit components based on further laboratory or field survey. IHA
has more potential as an alternative diagnostic tool for identifying
schistosomiasis haematobium after improvement.
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