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Abstract

Background

Schistosomiasis remains one of the most prevalent parasitic infections in the world and has
significant economic and public health consequences, particularly in poor communities.
Reliable and accurate diagnosis plays a key role in surveillance, prevention and control of
schistosomiasis. Currently, the microscopic Kato Katz (KK) stool thick smear technique is
the most commonly used method to diagnose Schistosoma mansoniinfections in epidemio-
logical surveys. It is well-known that the sensitivity of this parasitological method decreases
when infection intensities are moderate to low, however. The urine-based Point-of Care Cir-
culating Cathodic Antigen (POC-CCA) test has been extensively evaluated as a further
diagnostic tool. Several studies have shown that the POC-CCA test is more sensitive but
less specific than the KK method. However, to clarify the meaning of inconsistent results
between KK and POC-CCA tests in clinical routine, this study compares the accuracy of
microscopy and POC-CCA versus real-time polymerase chain reaction (real-time PCR)
results of urine and faecal samples from African school children participants.

Methodology

This was a school-based cross-sectional study conducted in 2015 among 305 school chil-
dren aged 7—16 years from two primary schools located in llemela and Magu Districts,
north-western Tanzania. Single stool and urine samples were collected from each partici-
pant and examined for the presence of Schistosoma mansoni eggs, parasite antigen, and
parasite DNA using KK thick smears, POC-CCA tests, and real-time PCR, respectively.

Principal findings
The prevalence of S. mansoniinfection, calculated by KK was 85.2%, by real-time PCR
92.9% and by POC-CCA 94.9%. In comparison to KK, the POC-CCA and real-time PCR
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tests had sensitivities of 89.7% and 99.5% and specificities of 22.73% and 29.55%, respec-
tively. However, due to the known limitations of the KK assay, we also used latent class
analysis (LCA) that included POC-CCA, KK, and schistosome-specific real-time PCR
results to determine their sensitivities and specificities. The POC-CCA test had the highest
sensitivity (99.5%) and a specificity of 63.4% by LCA and the real-time PCR test had a sen-
sitivity of 98.7% and the highest specificity (81.2%).

Conclusion

In moderate and high prevalence areas, the POC-CCA cassette test is more sensitive than
the KK method and can be used for screening and geographical mapping of S. mansoni
infections. Real-time PCR is highly sensitive and also shows the highest specificity among
the 3 investigated diagnostic procedures. It can offer added value in diagnosing
schistosomiasis.

Introduction

Schistosomiasis is one of the poverty-related neglected tropical diseases that affects more than
230 million people worldwide [1]. More than 90% of the estimated cases of schistosomiasis
occur in sub-Saharan Africa (SSA), with the largest numbers in Nigeria followed by the United
Republic of Tanzania [2,3]. In SSA, schistosomiasis is caused mainly by two species, Schisto-
soma mansoni and Schistosoma haematobium [4,5]. Data from several studies show that the
prevalence of schistosomiasis in Tanzania varies from one region to another, with a prevalence
up to 80% in some areas [4,6,7]. Especially populations living around Lake Victoria have a
high risk of infection [6-8], where snails of the Biomphalaria genus occur which are the obliga-
tory intermediate hosts for S. mansoni [9]. The prevalence, infection intensity and transmis-
sion intensity is determined by various causes such as human behaviour, ecology and
biological factors related to the parasite [4]. According to a research study by Colley et al.
(2014), in endemic areas the initial infection often occurs as early as in children aged 2 to 3
years [1]. The burden of infection increases during the next 10 years of life because the chil-
dren are repeatedly re-infected [1]. The highest prevalence and intensity of infection are com-
monly described in young adolescents [1,3].

For geographical mapping and field-based control of schistosomiasis, microscopic exami-
nation of schistosome eggs in faecal or urine samples is reccommended by the World Health
Organization (WHO) [1,10]. Due to their typical size and shape, the egg of S. mansoni and S.
haematobium can be easily detected and identified under the light microscope using the Kato
Katz (KK) technique or urine filtration, respectively. The KK technique is 100% specific [11],
but its sensitivity in detecting the infection in individuals with light infection intensity is very
low [5]. It is important to know that such cases can still infect snails (vector) and keep the
transmission ongoing. In addition, parasitological methods are not sufficient for diagnosing
current infections in which worms have not yet started laying eggs. To improve the sensitivity,
collection of at least three stool samples on three consecutive days is needed in some areas,
especially in regions with low infection intensity or post treatment [5,12-14]. Another com-
monly used method to diagnose schistosomiasis is the Point-of Care Circulating Cathodic
Antigen (POC-CCA) urine test [15]. The Circulating Cathodic Antigen (CCA) is released with
the vomitus of feeding adult schistosomes into the blood and secreted in urine [16]. The CCA
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provides a useful marker of the worm burden [15]. The major advantages of the POC-CCA
test cassette includes its easy handling under field conditions and minimal practical training
requirements for its application [11]. This lateral flow cassette assay has been tested in numer-
ous studies and seems to be more sensitive than the KK technique [17,18]. Moreover, the
intensity of the positive test band allows an estimation of infection intensity in infected indi-
viduals [11,19]. Nevertheless, the specificity of the POC-CCA is influenced by cross-reaction
with other helminth infections and most importantly may produce false-positives especially in
moderate and low prevalence areas [13]. This may lead to an over-estimation of prevalence
[11]. Neither KK nor the POC-CCA test can detect all cases and a more sensitive and specific
test is needed for diagnostic purposes and treatment control. A method with very high sensi-
tivity and specificity is represented by the detection of S. mansoni DNA in faeces, sera, plasma
or urine using the polymerase chain reaction (PCR) [13,20,21]. Various target genes have been
tested and established for molecular detection of S. mansoni [22-27]. A frequently used
sequence is SM1-7 [23,24,28,29]. SM1-7 is a highly repeated DNA sequence from S. mansoni
which contains 121 bp tandem repeats (600,000 copies per cell) and comprises at least 12% of
the S. mansoni genome of both sexes [22]. These DNA fragments can be detected by PCR and
show no cross-reactivity to other helminths [23]. However, the sensitivity of PCR is greatly
influenced by the quality of the extracted DNA templates [30].

Due to numerous mass drug campaigns and implemented elimination programs the condi-
tions of schistosomiasis in endemic communities has changed. In the current situation, it is
imperative to establish and evaluate highly sensitive detection methods, to diagnose also light
infections and to verify successful treatment. On the one hand, the KK- technique fails to
detect all cases of schistosome infection. On the other hand, the use of the POC-CCA test cas-
sette may lead to an overestimation of the true prevalence because of false positives. These
results emphasize the urgent need to further compare and understand the variability between
POC-CCA and KK results with highly sensitive and specific methods. Although many studies
have been carried out to evaluate the POC-CCA test and KK simultaneously, only few surveys
have attempted to include molecular methods [13,18,31].

Here, we present the results of a study that compares the diagnostic accuracy of microscopy
(KK method) and POC-CCA versus real-time PCR in urine and faecal samples of school chil-
dren from an area in Tanzania that is highly endemic for S. mansoni infection. In the absence
of a good reference method, sensitivity and specificity were determined empirically and by
means of latent class analysis (LCA).

Materials and methods
Study area and population

A prospective school-based cross-sectional study was conducted in March 2015 among 305
school children aged between 7 to 16 years attending Kayenze and Chabula primary schools
located in the Ilemela and Magu districts at the southern shore of Lake Victoria, north-western
Tanzania.

Stool collection and microscopic examination

A single stool sample was collected from all study participants and analysed by real-time PCR
and KK thick smear technique. For the KK method two thick smears were prepared from dif-
ferent parts of the same stool sample using a template of 41.7 mg (Vestergaard Frandsen, Lau-
sanne, Switzerland), following a standard protocol [10,32]. After 24 hours, the smears were

independently examined for S. mansoni eggs by two experienced laboratory technicians of the
National Institute for Medical Research (NIMR) laboratory. For quality assurance, 10% of the
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negative and positive KK thick smears were re-examined by a third laboratory technician. In
addition, faecal samples were preserved in 70% ethanol at ambient temperature for real-time
PCR analyses 2 weeks later.

Urine specimen collection and testing

Urine specimens were collected from each of the participating children, who had also provided
a stool sample. The urine POC-CCA cassette test was blindly performed according to the pro-
tocol and procedures described by the manufacturer (Rapid Diagnostics, Pretoria, South
Africa). POC-CCA test results were scored on four-point scale: negative, positive 1 (trace read-
ings included), positive 2, and positive 3. For rapid detection of S. haematobium infections, we
used the two-step approach recommended by Robinson et al. whereby haematuria-positive
urine samples are subsequently examined by urine filtration [33]. Therefore, each urine sample
was examined with reagent strips (Roche Combur 9) for microhaematuria. For this purpose,
reagent strips were immersed in urine and removed immediately. The strip-results were read
after 1-2 minutes by direct comparison with the colour scale provided with the test. Samples
with microhaematuria were subjected to a filtration method for detection of S. haematobium
eggs. A volume of 20 ml urine was filtered through a syringe filter with 20 um mesh size (Milli-
pore Art. No. NY2002500), and filters were examined by microscopy for the presence of S. hae-
matobium eggs [33-35].

DNA isolation

For isolating DNA, the ethanol-fixed faecal suspension was centrifuged at 9,500 g for 1 min.
The pellet was washed twice with PBS. DNA was isolated using the QIAamp DNA Stool Mini
Kit (Qiagen, Hilden, Germany). Extracted DNA was eluted in 200 pl buffer AE and a 2.5 pl ali-
quot was tested by real-time PCR.

Amplification by real-time PCR

Schistosoma mansoni DNA samples were amplified and detected using a set of primers and
probes complementary to a 121bp tandem repeat sequence of S. mansoni strain SM 1-7 (Gen-
Bank accession number M61098) described by Hamburger et al. [22]. Primer sequences were:
Sm FW 5'-CCG ACC AAC CGT TCT ATG A-3;SmRV 5'CAC GC TCT CGC AAA TAA
TCT AAA-3'(19); Sm probe 5'- [FAM] TCG TTG TAT CTC CGA AAC CAC TGG ACG

[ (BHQ1]) -3 all synthesized by Eurofins Genomics, Ebersberg, Germany.

The 25 pl reaction mix contained 2.5 ul DNA, 1x QuantiFast Pathogen Master Mix (Quanti-
Fast ® Pathogen PCR + IC Kit, Qiagen, Hilden, Germany), 400 nM of each Sm Primer and
200 nM of Sm probe. The PCR runs consisted of an initial step of 5 min at 95°C followed by 40
successive cycles of 15 s at 95°C and 30 s at 60°C. The reaction was run on the StepOne real-
time PCR system (Applied Biosystems). DNA detection was expressed by cycle threshold (Ct)
—uvalues. In every run, the non-template control was negative (Ct = 0), the positive control
was positive and the internal control to test successful amplification and to exclude the pres-
ence of PCR inhibitors was positive (Ct < 33). A test was considered positive when the thresh-
old was attained within 38 PCR cycles (Ct < 38).

Ethical consideration

Written informed consent was obtained from all parents or legal guardians of the school chil-
dren. This project was reviewed and specifically approved by the Catholic University of Health
and Allied Sciences (CUHAS), Ethics Review Board, Mwanza, Tanzania (Research Clearance
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Table 1. Prevalence of S. mansoni according to each diagnostic method.

Test Method n tested n positive % positive (CI*)
Kato Katz 297 253 | 85.2 (81.2, 89.2)
POC-CCA 297 282194.9(92.4,97.4)
Real-time PCR 297 276 | 92.9 (90.0, 95.8)

* Exact 95% confidence interval.

https://doi.org/10.1371/journal.pone.0202499.t001

Certificate No CREC/062/2014). Participants who were positive by microscopic examination
or POC-CCA test cassette for S. mansoni or S. haematobium were treated with praziquantel
using the WHO recommended clinical dosage (40 mg/kg body weight).

Statistical analyses

Collected data were entered in a Microsoft Excel spreadsheet, checked and validated. Only
samples with data from three diagnostic tests were considered for analysis. Results were
recorded for all tests and converted to numerical values (1 = positive and 0 = negative) for
analysis. Tables of prevalence and intensity of infection were generated (Tables 1 and 2). Dis-
ease prevalence was considered based on the number of positive cases by each diagnostic test.
The arithmetic mean egg count was calculated as the average egg count of the two KK smears,
and classes of intensity of S. mansoni were determined as light (1-99 mean EPG per gram
(EPG), moderate (100-399 EPG) and heavy (> 400 EPG). The thresholds are set according to
the values published by the WHO [36]. In addition, intensity of infection was determined by
the Ct value of the real-time PCR (reflecting faecal parasite-specific DNA loads; low intensity
infection Ct > 30, high intensity infection Ct < 30) and the intensity of the POC-CCA cassette
test band (light = 1+, moderate = 2+ and heavy = 3+). The relationship between the intensity
of infection determined by KK, POC-CCA and Ct values of real-time PCR results were exam-
ined by the Spearman correlation test. A p-value lower than 0.05 was considered statistically
significant. Fisher’s exact test was used to look for significant differences in the sensitivity of
POC-CCA urine rapid test for the diagnosis of S. mansoni infections with low, moderate or
high intensities. Bonferroni corrected p values were used.

Table 2. Intensity of infection categories for S. mansoni by each examined diagnostic test.

Diagnostic test and intensity category 297 tested n (%)
Kato Katz

Negative 44 (14.8)
Light (1-99 EPG) 91 (30.6)
Medium (100-399 EPG) 116 (39.1)
Heavy (> 400 EPG) 46 (15.5)
POC-CCA

Negative 15 (5.1)
Light (+) 59 (19.9)
Medium (++) 115 (38.7)
Heavy (+++) 108 (36.4)
Real-time PCR

Negative (Ct > 38) 21(7.1)
Light (30 > Ct < 38) 56 (18.9)
Heavy (Ct < 30) 220 (74.1)

https://doi.org/10.1371/journal.pone.0202499.t1002
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Sensitivities and specificities were first estimated using Kato Katz method as the reference
test. The calculation was done using MedCalc 17.9.6 (MedCalc Software, Belgium). For per-
centage values, 95% confidence intervals (95% CI) were estimated using the exact method.
Because we know that the KK method is not a perfect reference test, LCA was also performed
to calculate the sensitivity and specificity [37,38]. To calculate these parameters, the poLCA
package for R was used [36,39]. The results of POC-CCA, microscopy and real-time PCR tests
were combined as indicators of an underlying latent class. In the current study, we consider
the true S. mansoni infection status to be a latent variable with two categories: ‘infected’ and
‘non-infected’. Sensitivity and specificity were estimated for each test by relating the true dis-
ease class and the observed test results.

These analyses were carried out using IBM SPSS Statistics version 24 (SPSS Inc., Chicago, USA)
and software R version 3.5.0 (The R Foundation for statistical Computing, Vienna, Austria).

Results
Demographic information of study participants

A total of 305 school children were enrolled in the two primary schools. Complete parasitolog-
ical data (duplicate KK, POC-CCA cassette tests and real-time PCR) were available for 297
children (97.4%), 98 (33%) from Chabula and 199 (67%) from Kayenze primary schools.
There were 146 girls (49.2%) and 151 boys with a mean age of 10.45 years (range: 7 to 16
years).

Prevalence and intensity of Schistosoma mansoni infection

Prevalence of S. mansoni infection was 85.2% (95% CI 81.2-89.2) by KK, 92.9% (95% CI 90.0-
95.8) by real-time PCR and 94.9% (95% CI 92.4-97.4) by POC-CCA (Table 1). Overall, there
were 12 haematuria-positive urine specimens, which were subsequently examined by urine fil-
tration. In samples of only 2 children eggs of S. haematobium were detected, one of the two
children had a co-infection with S. haematobium and S. mansoni.

Of 253 children found positive for S. mansoni using two KK thick smears, 91 (36%) had
light, 116 (45.8%) moderate and 46 (18.2%) heavy S. mansoni infection intensities
(EPG = 266.47 + 312.96).

Of 282 children found positive for S. mansoni using the POC-CCA cassette test, 108 showed
a strong intensity of the POC-CCA cassette test band colour, while 115 showed a moderate
and 59 a weak intensity. By using real-time PCR, 276 children were found positive for S. man-
soni. Of those, 56 children had a weak intensity of infection (Ct > 30) and 220 showed a heavy
intensity of infection (Ct < 30) (Table 2).

Of the 297 tested samples, 243 (81.8%) were S. mansoni positive and 8 (2.7%) were S. man-
soni negative by all three test methods. Among 44 (14.8%) microscopically negative samples,
29 were S. mansoni positive in both POC-CCA and real-time PCR. In 7 S. mansoni egg positive
samples, only one of the other two tests was also positive. In 3.4% (10) of the samples S. man-
soni infection was detectable only by one test (3 samples by KK, 2 samples by real-time PCR, 5
samples by POC-CCA).

Sensitivities and specificities of the diagnostic assays

In order to determine the diagnostic parameters of the used tests, on the one hand the KK test
was used as reference method (despite its known limitations) and on the other hand LCA was
performed (Table 3).
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Table 3. Sensitivities and specificities of tests in comparison to Kato Katz and LCA.

Kato Katz as Gold Standard

Test Method Sensitivity, % (CI*) Specificity, % (CI")
Kato Katz N/A N/A

POC-CCA 98.27 (96.8, 99.8) 22.73 (18.0, 27.5)
Real-time PCR 96.84 (94.9, 98.8) 29.55 (24.4, 34.7)
Latent Class Analysis

Test Method Sensitivity, % (CI*) Specificity, % (CI*)
Kato Katz 89.7 (85.9, 93.5) 72.8 (46.3, 99.4)
POC-CCA 99.5 (98.1, 100) 63.4 (34.6,92.1)
Real-time PCR 98.7 (96.5, 100) 81.2 (54.7, 100)

* Exact 95% confidence interval.

https://doi.org/10.1371/journal.pone.0202499.t1003

The sensitivity of the POC-CCA test (98.3%, 95% CI: 96.8-99.8%) and the real-time PCR
method (96.8%, 95% CI: 94.9-98.8%) was high when KK was used as a reference method.
However, the specificity of both tests was very low, 22.7% for POC-CCA test and 29.6% for
real-time PCR assay.

In addition, we performed LCA to determine the infection status of the participants and to
calculate the diagnostic parameters of the three test methods used. The sensitivity of real-time
PCR (98.7%) and POC-CCA (99.5%) was also very high, the sensitivity of the KK method was
the lowest (89.7%). The specificities calculated with LCA were considerably higher than the
values calculated with KK as reference. The highest specificity was demonstrated by the real-
time PCR assay (81.2%), followed by the KK method (72.8%). The lowest specificity was seen
in the POC-CCA test (63.4%).

Correlation of Ct values, EPG and POC-CCA test band intensities

We compared Ct values of real-time PCR and EPG of KK test with the POC-CCA test band
strength to show that both are related to the intensity of the POC-CCA (Figs 1 and 2). A posi-
tive association between increasing intensity of the POC-CCA test band and faecal egg count
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Fig 1. shows a negative correlation (Spearman’s correlation coefficient = -0.28; p < 0.001) between the intensity of
S. mansoni infection determined by POC-CCA test (colour scores) and threshold cycle (Ct) values of S. mansoni
specific real-time PCR.

https://doi.org/10.1371/journal.pone.0202499.9001
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Fig 2. shows that the number of eggs per gram (EPG) of the KK test correlates positively with the intensity of
POC-CCA test band (Spearman’s correlation coefficient = 0.57; p < 0.001).

https://doi.org/10.1371/journal.pone.0202499.g002

was observed (r = 0.57). A negative association between increasing intensity of the POC-CCA
test band and Ct values of the real-time PCR method was seen (r = -0.28). In addition, we were
able to show that there was a negative correlation between the Ct value of real-time PCR and
the number of EPG of stool (r = -0.32) (Fig 3).

To determine if POC-CCA results were affected by the intensities of S. mansoni infections,
the data were analysed considering the different intensity classes estimated from two KK read-
ings and Ct-values of real-time PCR. The results are shown in Fig 4. Calculations done with
Fisher‘s exact test showed that the sensitivity of low-intensity infections deviates significantly
from moderate or severe infection intensities (corrected p-value = 0.042). In moderate and
heavily infected children the sensitivity of POC-CCA test was 99.1% and 98.6%, respectively.
The sensitivity of POC-CCA test decreases in low infection settings (86.2%). Of the 13 children
negative for KK and real-time PCR, 5 were positive in POC-CCA test (38.5%).

40,00

8
o
| %

30,00 ;

20,00 8

10,00

00 * * *
0

1-99 100-399 >=400
eggs per gram (EPG)

threshold cycle (Ct)

Fig 3. Threshold cycle (Ct) values of S. mansoni specific real-time PCR correlate negatively with the level of
schistosome infection (determined by the Kato Katz method, expressed in eggs per gram (EPG)) (Spearman’s
correlation coefficient = -0.32; p < 0.001). S. mansoni real-time PCR-positive samples show a decreasing Ct value
with increasing egg count category.

https://doi.org/10.1371/journal.pone.0202499.g003
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Fig 4. Sensitivity of Schistosoma POC-CCA urine rapid test and 95% intervals for the diagnosis of S. mansoni infections with
low, moderate or high intensities determined by egg counts in stool or threshold cycle (Ct) values of real-time PCR results. Low
intensity infection: KK 1-99 eggs per gram faeces (EPG) or Ct-value of real-time PCR > 30. Moderate intensity infections: KK 100-

399 EPG or Ct-value < 30. High intensity infection: KK > 400 EPG and Ct-value of real-time PCR < 30. The specificity of
POC-CCA test amounts to 61.5%.
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Discussion

An accurate and convenient method is essential to ensure a reliable diagnosis of schistosomia-
sis in the field-even for low-intensity infections-in order to monitor the success of treatment
and to evaluate control programs. This study was conducted to assess two tests frequently used
regarding performance in comparison with real-time PCR. The routinely used KK thick smear
assay is facile and highly specific. Nevertheless, it shows limited sensitivity in low intensity
infections and it is unsuitable for assessment of the effect of mass drug administration on prev-
alence and infection intensity [21]. Our study was designed to provide better insight into the
performance of POC-CCA test and schistosome-specific real-time PCR when on the one hand
KK is used as the reference standard and on the other hand LCA is done. When using the KK
method as reference to calculate the sensitivities and specificities of POC-CCA test and real-
time PCR the sensitivities are high but the specificities are extremely low. These low specifici-
ties could be due to the low sensitivity of the Kato-Katz method. Using LCA, we were able to
show that KK test has the lowest sensitivity compared to the other two methods. This analysis
also showed very high sensitivities for POC-CCA and real-time PCR. A superior sensitivity of
POC-CCA test in detecting S. mansoni infections in endemic areas has already been described
in several other studies [19,38,40,41]. In their review Kittur et al. described that results
obtained by POC-CCA and KK are similar, if KK prevalence is higher than 50%. If KK test
prevalence is lower, the determined prevalence by POC-CCA assay can be much higher [42].It
is known that some factors such as urinary tract infections, haematuria, use of diuretics etc.
may alter the positivity of POC-CCA, particularly in weak positives [43]. This indicates that
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there might be a risk of overestimating the prevalence when using POC-CCA test, especially in
low prevalence settings. In this study positive samples were overrepresented. The prevalence of
S. mansoni has been between 85.2% and 94.9% depending on the method. Mugono et al.
reported also that children in schools located near the lake shores have a higher infection rate
than children located at a higher distance from the lake [8]. The determinant parameters to
evaluate POC-CCA test depend on the prevalence of infection and test performance. There-
fore, these aspects should be verified in low endemic settings.

In this study, S. haematobium infections were detected using a two-step test: only haema-
turia-positive urine samples were examined microscopically. Possible weak infections of S.
haematobium could be overlooked, which could, however, have led to a positive result of
POC-CCA test. When comparing the performance of POC-CCA assay to KK or PCR assays, S.
haematobium infections should be known. On the other hand, several studies indicated that
POC-CCA test is not reliable in detecting S. haematobium infections [16,42,44].

Another important finding of our study is the demonstrable decrease of sensitivity of
POC-CCA test in individuals with low infection intensities (Fig 4). These results are compara-
ble to other studies reported elsewhere [13,45,46]. The intensity of a positive POC-CCA test
band reaction was strongly correlated with the egg count categories quantified by the KK
method. The same results were also shown in previous studies [38,47]. Our present results also
demonstrated that real-time PCR may be a good indicator for infection intensities as measured
by a correlation between Ct-values and egg counts (Fig 3). The reason for this correlation
might be that the DNA detected in faecal samples is most likely derived from eggs [48]. This
outcome is contrary to that of Espirito-Santo et al. (2014), who did not find any correlation
between Ct value and the number of eggs [49].

The sensitivity of real-time PCR was not higher than the sensitivity of POC-CCA test. In 3
samples, real-time PCR failed to detect S. mansoni infections, despite the microscopic finding
of eggs. It could be possible that samples were swapped or mislabelled and urine and stool sam-
ples were not taken from the same participant. However, false negative results of PCR methods
have been reported by different research groups [50,51]. Possible causes can be an inhibition
of the amplification reaction by faecal compounds, degradation of DNA during transportation
from the field or during storage of samples, variation in egg output and uneven distribution in
faeces [51]. Interference of the amplification reaction due to inhibition could be excluded in
our study because an internal control was used. Moreover, we used a real-time PCR set-up
instead of a conventional PCR in order to avoid post-PCR handling and contamination.

The results of LCA demonstrated that real-time PCR and KK have the highest specificity.
These findings are due to the fact that presents of eggs or S. mansoni specific DNA is highly
specific. These findings are in contrast to a similar study performed by Al-Shehri et al. in 2018,
where highest specificities have been obtained by KK and POC-CCA [37].

In conclusion, our results show that POC-CCA test is a valuable, easy-to-use and accurate test
to detect S. mansoni infections in moderate or high endemic areas. In comparison to real-time
PCR, there were only minor differences. Even in areas with low prevalence and intensity, the prev-
alence determined by POC-CCA is higher than that of KK [42]. Examinations of pre-school und
school-aged children in a low prevalence area done by Okoyo et al. demonstrated a higher sensi-
tivity of POC-CCA test in comparison with KK method. Referring to their results POC-CCA test
is a sensitive and accurate screening tool for S. mansoni even in low prevalence areas [52]. Never-
theless, the KK test is often preferred in field surveys. It needs to be pointed out that the micro-
scopic detection has major advantages: it is much more specific than POC-CCA test, a
quantitative analysis is possible and at the same time other geohelminths can be detected [53].

From a scientific point of view, the method with the highest sensitivity and specificity
should be used as diagnostic test. Although real-time PCR has a very good sensitivity and the
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highest specificity among the 3 tests used, this method is only partially suitable for application
in the field. The biggest drawback is the required equipment. In addition, special trained per-
sonnel is necessary to carry out the test. Nevertheless, real-time PCR might be a useful addi-
tional tool to verify the standard methods or to detect light infections of S. mansoni.

Supporting information

S1 Checklist. STARD checklist.
(PDF)

S1 Flowchart. STARD diagram.
(PDF)

S1 File. CREC ethical clearance form.
(PDF)

S2 File. Informed consent.
(PDF)

S3 File. Dataset.
(SAV)

Acknowledgments

We gratefully acknowledge the technicians of the National Institute for Medical Research,
Mwanza, who were involved in sample collection and microscopic analysis. They also assisted
in drug administration and helped with the collection of information and data necessary for
this study. We would also like to thank the school headmasters, teachers, parents/guardians
and school children for their cooperation.

Author Contributions

Conceptualization: Antje Fuss, Andreas Mueller.

Data curation: Antje Fuss.

Formal analysis: Antje Fuss, Christa Kasang.

Funding acquisition: Andreas Mueller.

Investigation: Antje Fuss, Humphrey Deogratias Mazigo, Dennis Tappe, Andreas Mueller.
Methodology: Antje Fuss, Dennis Tappe, Andreas Mueller.

Project administration: Antje Fuss, Humphrey Deogratias Mazigo, Andreas Mueller.
Supervision: Humphrey Deogratias Mazigo, Andreas Mueller.

Validation: Antje Fuss, Andreas Mueller.

Writing - original draft: Antje Fuss.

Writing - review & editing: Humphrey Deogratias Mazigo, Dennis Tappe, Andreas Mueller.

References

1. Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis. Lancet Lond Engl. 2014; 383:
2253-2264. https://doi.org/10.1016/S0140-6736(13)61949-2 PMID: 24698483

PLOS ONE | https://doi.org/10.1371/journal.pone.0202499  August 22, 2018 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202499.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202499.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202499.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202499.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202499.s005
https://doi.org/10.1016/S0140-6736(13)61949-2
http://www.ncbi.nlm.nih.gov/pubmed/24698483
https://doi.org/10.1371/journal.pone.0202499

@° PLOS | ONE

Comparison of diagnostic methods to detect Schistosoma mansoniinfections

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

Olsen A, Kinung’hi S, Magnussen P. Schistosoma mansoni Infection along the Coast of Lake Victoria in
Mwanza Region, Tanzania. Am J Trop Med Hyg. 2015; 92: 1240—1244. https://doi.org/10.4269/ajtmh.
14-0676 PMID: 25825388

Hotez PJ, Kamath A. Neglected Tropical Diseases in Sub-Saharan Africa: Review of Their Prevalence,
Distribution, and Disease Burden. PLoS Negl Trop Dis. 2009; 3: e412. https://doi.org/10.1371/journal.
pntd.0000412 PMID: 19707588

Mazigo HD, Nuwaha F, Kinung’hi SM, Morona D, de Moira AP, Wilson S, et al. Epidemiology and con-
trol of human schistosomiasis in Tanzania. Parasit Vectors. 2012; 5: 274. https://doi.org/10.1186/1756-
3305-5-274 PMID: 23192005

Beltrame A, Guerriero M, Angheben A, Gobbi F, Requena-Mendez A, Zammarchi L, et al. Accuracy of
parasitological and immunological tests for the screening of human schistosomiasis in immigrants and
refugees from African countries: An approach with Latent Class Analysis. PLoS Negl Trop Dis. 2017;
11: e0005593. https://doi.org/10.1371/journal.pntd.0005593 PMID: 28582412

Siza JE, Kaatano GM, Chai J-Y, Eom KS, Rim H-J, Yong T-S, et al. Prevalence of Schistosomes and
Soil-Transmitted Helminths and Morbidity Associated with Schistosomiasis among Adult Population in
Lake Victoria Basin, Tanzania. Korean J Parasitol. 2015; 53: 525-533. https://doi.org/10.3347/kjp.
2015.53.5.525 PMID: 26537031

Siza JE, Kaatano GM, Chai J-Y, Eom KS, Rim H-J, Yong T-S, et al. Prevalence of Schistosomes and
Soil-Transmitted Helminths among Schoolchildren in Lake Victoria Basin, Tanzania. Korean J Parasitol.
2015; 53: 515-524. https://doi.org/10.3347/kjp.2015.53.5.515 PMID: 26537030

Mugono M, Konje E, Kuhn S, Mpogoro FJ, Morona D, Mazigo HD. Intestinal schistosomiasis and geo-
helminths of Ukara Island, North-Western Tanzania: prevalence, intensity of infection and associated
risk factors among school children. Parasit Vectors. 2014; 7: 612. https://doi.org/10.1186/s13071-014-
0612-5 PMID: 25533267

Morgan JA, Dejong RJ, Snyder SD, Mkoji GM, Loker ES. Schistosoma mansoni and Biomphalaria: past
history and future trends. Parasitology. 2001; 123 Suppl: S211-228.

WHO | Basic laboratory methods in medical parasitology (archived). In: WHO [Internet]. [cited 28 Aug
2017]. Available: http://www.who.int/malaria/publications/atoz/9241544104 _part1/en/

Colley DG, Andros TS, Campbell CH. Schistosomiasis is more prevalent than previously thought: what
does it mean for public health goals, policies, strategies, guidelines and intervention programs? Infect
Dis Poverty. 2017; 6: 63. https://doi.org/10.1186/s40249-017-0275-5 PMID: 28327187

Shiff C. Accurate diagnostics for schistosomiasis: a new role for PCR? In: Reports in Parasitology [Inter-
net]. 17 Aug 2015 [cited 9 Dec 2016]. Available: https://www.dovepress.com/accurate-diagnostics-for-
schistosomiasis-a-new-role-for-pcr-peer-reviewed-fulltext-article-RIP

Lodh N, Mwansa JCL, Mutengo MM, Shiff CJ. Diagnosis of Schistosoma mansoni without the stool:
comparison of three diagnostic tests to detect Schistosoma [corrected] mansoni infection from filtered
urine in Zambia. Am J Trop Med Hyg. 2013; 89: 46-50. https://doi.org/10.4269/ajtmh.13-0104 PMID:
23716406

Lodh N, Naples JM, Bosompem KM, Quartey J, Shiff CJ. Detection of Parasite-Specific DNA in Urine
Sediment Obtained by Filtration Differentiates between Single and Mixed Infections of Schistosoma
mansoni and S. haematobium from Endemic Areas in Ghana. PLoS ONE. 2014; 9: €91144. hitps://doi.
org/10.1371/journal.pone.0091144 PMID: 24632992

Stothard JR, Stanton MC, Bustinduy AL, Sousa-Figueiredo JC, VAN Dam GJ, Betson M, et al. Diagnos-
tics for schistosomiasis in Africa and Arabia: a review of present options in control and future needs for
elimination. Parasitology. 2014; 1-15. https://doi.org/10.1017/S0031182014001152 PMID: 25158604

Standley C, Lwambo N, Lange C, Kariuki H, Adriko M, Stothard J. Performance of circulating cathodic
antigen (CCA) urine-dipsticks for rapid detection of intestinal schistosomiasis in schoolchildren from
shoreline communities of Lake Victoria. Parasit Vectors. 2010; 3: 7. https://doi.org/10.1186/1756-3305-
3-7 PMID: 20181101

Sousa-Figueiredo JC, Pleasant J, Day M, Betson M, Rollinson D, Montresor A, et al. Treatment of intes-
tinal schistosomiasis in Ugandan preschool children: best diagnosis, treatment efficacy and side-
effects, and an extended praziquantel dosing pole. Int Health. 2010; 2: 103—113. https://doi.org/10.
1016/j.inhe.2010.02.003 PMID: 20640034

Ochodo EA, Gopalakrishna G, Spek B, Reitsma JB, van Lieshout L, Polman K, et al. Circulating antigen
tests and urine reagent strips for diagnosis of active schistosomiasis in endemic areas. Cochrane Data-
base Syst Rev. 2015; 1-292. https://doi.org/10.1002/14651858.CD009579.pub2 PMID: 25758180

Coulibaly JT, N'Gbesso YK, Knopp S, N'Guessan NA, Silué KD, van Dam GJ, et al. Accuracy of urine
circulating cathodic antigen test for the diagnosis of Schistosoma mansoni in preschool-aged children
before and after treatment. PLoS Negl Trop Dis. 2013; 7: €2109. https://doi.org/10.1371/journal.pntd.
0002109 PMID: 23556011

PLOS ONE | https://doi.org/10.1371/journal.pone.0202499  August 22, 2018 12/14


https://doi.org/10.4269/ajtmh.14-0676
https://doi.org/10.4269/ajtmh.14-0676
http://www.ncbi.nlm.nih.gov/pubmed/25825388
https://doi.org/10.1371/journal.pntd.0000412
https://doi.org/10.1371/journal.pntd.0000412
http://www.ncbi.nlm.nih.gov/pubmed/19707588
https://doi.org/10.1186/1756-3305-5-274
https://doi.org/10.1186/1756-3305-5-274
http://www.ncbi.nlm.nih.gov/pubmed/23192005
https://doi.org/10.1371/journal.pntd.0005593
http://www.ncbi.nlm.nih.gov/pubmed/28582412
https://doi.org/10.3347/kjp.2015.53.5.525
https://doi.org/10.3347/kjp.2015.53.5.525
http://www.ncbi.nlm.nih.gov/pubmed/26537031
https://doi.org/10.3347/kjp.2015.53.5.515
http://www.ncbi.nlm.nih.gov/pubmed/26537030
https://doi.org/10.1186/s13071-014-0612-5
https://doi.org/10.1186/s13071-014-0612-5
http://www.ncbi.nlm.nih.gov/pubmed/25533267
http://www.who.int/malaria/publications/atoz/9241544104_part1/en/
https://doi.org/10.1186/s40249-017-0275-5
http://www.ncbi.nlm.nih.gov/pubmed/28327187
https://www.dovepress.com/accurate-diagnostics-for-schistosomiasis-a-new-role-for-pcr-peer-reviewed-fulltext-article-RIP
https://www.dovepress.com/accurate-diagnostics-for-schistosomiasis-a-new-role-for-pcr-peer-reviewed-fulltext-article-RIP
https://doi.org/10.4269/ajtmh.13-0104
http://www.ncbi.nlm.nih.gov/pubmed/23716406
https://doi.org/10.1371/journal.pone.0091144
https://doi.org/10.1371/journal.pone.0091144
http://www.ncbi.nlm.nih.gov/pubmed/24632992
https://doi.org/10.1017/S0031182014001152
http://www.ncbi.nlm.nih.gov/pubmed/25158604
https://doi.org/10.1186/1756-3305-3-7
https://doi.org/10.1186/1756-3305-3-7
http://www.ncbi.nlm.nih.gov/pubmed/20181101
https://doi.org/10.1016/j.inhe.2010.02.003
https://doi.org/10.1016/j.inhe.2010.02.003
http://www.ncbi.nlm.nih.gov/pubmed/20640034
https://doi.org/10.1002/14651858.CD009579.pub2
http://www.ncbi.nlm.nih.gov/pubmed/25758180
https://doi.org/10.1371/journal.pntd.0002109
https://doi.org/10.1371/journal.pntd.0002109
http://www.ncbi.nlm.nih.gov/pubmed/23556011
https://doi.org/10.1371/journal.pone.0202499

@° PLOS | ONE

Comparison of diagnostic methods to detect Schistosoma mansoniinfections

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Enk MJ, Silva GO e, Rodrigues NB. Diagnostic Accuracy and Applicability of a PCR System for the
Detection of Schistosoma mansoni DNA in Human Urine Samples from an Endemic Area. PLOS ONE.
2012; 7: €38947. https://doi.org/10.1371/journal.pone.0038947 PMID: 22701733

He P, Song L, Xie H, Liang J, Yuan D, Wu Z, et al. Nucleic acid detection in the diagnosis and prevention
of schistosomiasis. Infect Dis Poverty. 2016; 5: 25. https://doi.org/10.1186/s40249-016-0116-y PMID:
27025210

Hamburger J, Turetski T, Kapeller I, Deresiewicz R. Highly repeated short DNA sequences in the
genome of Schistosoma mansoni recognized by a species-specific probe. Mol Biochem Parasitol.
1991; 44: 73-80. https://doi.org/10.1016/0166-6851(91)90222-R PMID: 2011155

Pontes LA, Dias-Neto E, Rabello A. Detection by polymerase chain reaction of Schistosoma mansoni
DNA in human serum and feces. Am J Trop Med Hyg. 2002; 66: 157—-162. PMID: 12135287

Abbasi |, King CH, Muchiri EM, Hamburger J. Detection of Schistosoma mansoni and Schistosoma
haematobium DNA by Loop-Mediated Isothermal Amplification: Identification of Infected Snails from
Early Prepatency. Am J Trop Med Hyg. 2010; 83: 427-432. https://doi.org/10.4269/ajtmh.2010.09-
0764 PMID: 20682894

Kato-Hayashi N, Kirinoki M, Iwamura Y, Kanazawa T, Kitikoon V, Matsuda H, et al. Identification and dif-
ferentiation of human schistosomes by polymerase chain reaction. Exp Parasitol. 2010; 124: 325-329.
https://doi.org/10.1016/j.exppara.2009.11.008 PMID: 19948171

Hanelt B, Adema CM, Mansour MH, Loker ES. Detection of Schistosoma mansoni in Biomphalaria
using nested PCR. J Parasitol. 1997; 83: 387-394. PMID: 9194817

Jannotti-Passos LK, Vidigal TH, Dias-Neto E, Pena SD, Simpson AJ, Dutra WO, et al. PCR amplifica-
tion of the mitochondrial DNA minisatellite region to detect Schistosoma mansoni infection in Biompha-
laria glabrata snails. J Parasitol. 1997; 83: 395-399. PMID: 9194818

Espirito-Santo MCC, Alvarado-Mora MV, Dias-Neto E, Botelho-Lima LS, Moreira JP, Amorim M, et al.
Evaluation of real-time PCR assay to detect Schistosoma mansoni infections in a low endemic setting.
BMC Infect Dis. 2014; 14: 558. https://doi.org/10.1186/s12879-014-0558-4 PMID: 25338651

Hamburger J, He-Na, Abbasi |, Ramzy RM, Jourdane J, Ruppel A. Polymerase chain reaction assay
based on a highly repeated sequence of Schistosoma haematobium: a potential tool for monitoring
schistosome-infested water. Am J Trop Med Hyg. 2001; 65: 907-911. PMID: 11791997

Oliveira LMA, Santos HLC, Gongalves MML, Barreto MGM, Peralta JM. Evaluation of polymerase
chain reaction as an additional tool for the diagnosis of low-intensity Schistosoma mansoni infection.
Diagn Microbiol Infect Dis. 2010; 68: 416—421. https://doi.org/10.1016/j.diagmicrobio.2010.07.016
PMID: 20884153

Obeng B b., Aryeetey Y a., de Dood CJ, Amoah A s., Larbil a., Deelder A m., et al. Application of a cir-
culating-cathodic-antigen (CCA) strip test and real-time PCR, in comparison with microscopy, for the
detection of Schistosoma haematobium in urine samples from Ghana. Ann Trop Med Parasitol. 2008;
102: 625-633. https://doi.org/10.1179/136485908X337490 PMID: 18817603

Katz N, Chaves A, Pellegrino J. A simple device for quantitative stool thick-smear technique in Schisto-
somiasis mansoni. Rev Inst Med Trop Sao Paulo. 1972; 14: 397-400. PMID: 4675644

Robinson E, Picon D, Sturrock HJ, Sabasio A, Lado M, Kolaczinski J, et al. The performance of haema-
turia reagent strips for the rapid mapping of urinary schistosomiasis: field experience from Southern
Sudan. Trop Med Int Health. 2009; 14: 1484—1487. https://doi.org/10.1111/j.1365-3156.2009.02407 .x
PMID: 19818057

French MD, Rollinson D, Basafiez M-G, Mgeni AF, Khamis IS, Stothard JR. School-based control of uri-
nary schistosomiasis on Zanzibar, Tanzania: Monitoring micro-haematuria with reagent strips as a
rapid urological assessment. J Pediatr Urol. 2007; 3: 364—368. https://doi.org/10.1016/j.jpurol.2007.01.
198 PMID: 18947774

Mafe M. A., Stamm T., Utzinger J., N'goran E. K. Control of urinary schistosomiasis: an investigation
into the effective use of questionnaires to identify high-risk communities and individuals in Niger State,
Nigeria. Trop Med Int Health. 2001; 5: 53—63. https://doi.org/10.1046/j.1365-3156.2000.00508.x

Drew A. Linzer, Lewis Jeffrey. Polytomous Variable Latent Class Analysis." R package version 1.4.
[Internet]. 2013. Available: http://dlinzer.github.com/poLCA

Al-Shehri H, Koukounari A, Stanton MC, Adriko M, Arinaitwe M, Atuhaire A, et al. Surveillance of intesti-
nal schistosomiasis during control: a comparison of four diagnostic tests across five Ugandan primary
schools in the Lake Albert region. Parasitology. 2018; 1-8. https://doi.org/10.1017/
S003118201800029X PMID: 29560841

Shane HL, Verani JR, Abudho B, Montgomery SP, Blackstock AJ, Mwinzi PNM, et al. Evaluation of
Urine CCA Assays for Detection of Schistosoma mansoni Infection in Western Kenya. PLoS Negl Trop
Dis. 2011; 5: €951. https://doi.org/10.1371/journal.pntd.0000951 PMID: 21283613

PLOS ONE | https://doi.org/10.1371/journal.pone.0202499  August 22, 2018 13/14


https://doi.org/10.1371/journal.pone.0038947
http://www.ncbi.nlm.nih.gov/pubmed/22701733
https://doi.org/10.1186/s40249-016-0116-y
http://www.ncbi.nlm.nih.gov/pubmed/27025210
https://doi.org/10.1016/0166-6851(91)90222-R
http://www.ncbi.nlm.nih.gov/pubmed/2011155
http://www.ncbi.nlm.nih.gov/pubmed/12135287
https://doi.org/10.4269/ajtmh.2010.09-0764
https://doi.org/10.4269/ajtmh.2010.09-0764
http://www.ncbi.nlm.nih.gov/pubmed/20682894
https://doi.org/10.1016/j.exppara.2009.11.008
http://www.ncbi.nlm.nih.gov/pubmed/19948171
http://www.ncbi.nlm.nih.gov/pubmed/9194817
http://www.ncbi.nlm.nih.gov/pubmed/9194818
https://doi.org/10.1186/s12879-014-0558-4
http://www.ncbi.nlm.nih.gov/pubmed/25338651
http://www.ncbi.nlm.nih.gov/pubmed/11791997
https://doi.org/10.1016/j.diagmicrobio.2010.07.016
http://www.ncbi.nlm.nih.gov/pubmed/20884153
https://doi.org/10.1179/136485908X337490
http://www.ncbi.nlm.nih.gov/pubmed/18817603
http://www.ncbi.nlm.nih.gov/pubmed/4675644
https://doi.org/10.1111/j.1365-3156.2009.02407.x
http://www.ncbi.nlm.nih.gov/pubmed/19818057
https://doi.org/10.1016/j.jpurol.2007.01.198
https://doi.org/10.1016/j.jpurol.2007.01.198
http://www.ncbi.nlm.nih.gov/pubmed/18947774
https://doi.org/10.1046/j.1365-3156.2000.00508.x
http://dlinzer.github.com/poLCA
https://doi.org/10.1017/S003118201800029X
https://doi.org/10.1017/S003118201800029X
http://www.ncbi.nlm.nih.gov/pubmed/29560841
https://doi.org/10.1371/journal.pntd.0000951
http://www.ncbi.nlm.nih.gov/pubmed/21283613
https://doi.org/10.1371/journal.pone.0202499

@° PLOS | ONE

Comparison of diagnostic methods to detect Schistosoma mansoniinfections

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Linzer Drew A, Lewis Jeffrey. poLCA: an R Package for Polytomous Variable Latent Class Analysis."
Journal of Statistical Software. 2011; Available: http://www.jstatsoft.org/v42/i10

Colley DG, Binder S, Campbell C, King CH, Tchuem Tchuenté L-A, N'Goran EK, et al. A Five-Country

Evaluation of a Point-of-Care Circulating Cathodic Antigen Urine Assay for the Prevalence of Schisto-

soma mansoni. Am J Trop Med Hyg. 2013; 88: 426—432. https://doi.org/10.4269/ajtmh.12-0639 PMID:
23339198

Casacuberta M, Kinunghi S, Vennervald BJ, Olsen A. Evaluation and optimization of the Circulating
Cathodic Antigen (POC-CCA) cassette test for detecting Schistosoma mansoni infection by using
image analysis in school children in Mwanza Region, Tanzania. Parasite Epidemiol Control. 2016; 1:
105-115. https://doi.org/10.1016/j.parepi.2016.04.002 PMID: 27430027

Kittur N, Castleman JD, Campbell CH, King CH, Colley DG. Comparison of Schistosoma mansoni Prev-
alence and Intensity of Infection, as Determined by the Circulating Cathodic Antigen Urine Assay or by
the Kato-Katz Fecal Assay: A Systematic Review. Am J Trop Med Hyg. 2016; 94: 605-610. https://doi.
org/10.4269/ajtmh.15-0725 PMID: 26755565

Ferreira FT, Fidelis TA, Pereira TA, Otoni A, Queiroz LC, Amancio FF, et al. Sensitivity and specificity
of the circulating cathodic antigen rapid urine test in the diagnosis of Schistosomiasis mansoni infection
and evaluation of morbidity in a low- endemic area in Brazil. Rev Soc Bras Med Trop. 2017; 50: 358—
364. https://doi.org/10.1590/0037-8682-0423-2016 PMID: 28700054

Sanneh B, Joof E, Sanyang AM, Renneker K, Camara Y, Sey AP, et al. Field evaluation of a schisto-
some circulating cathodic antigen rapid test kit at point-of-care for mapping of schistosomiasis endemic
districts in The Gambia. PLoS ONE. 2017; 12. https://doi.org/10.1371/journal.pone.0182003 PMID:
28797128

Standley CJ, Adriko M, Arinaitwe M, Atuhaire A, Kazibwe F, Fenwick A, et al. Epidemiology and control
of intestinal schistosomiasis on the Sesse Islands, Uganda: integrating malacology and parasitology to
tailor local treatment recommendations. Parasit Vectors. 2010; 3: 64. https://doi.org/10.1186/1756-
3305-3-64 PMID: 20663223

Adriko M, Standley CJ, Tinkitina B, Tukahebwa EM, Fenwick A, Fleming FM, et al. Evaluation of circu-
lating cathodic antigen (CCA) urine-cassette assay as a survey tool for Schistosoma mansoni in differ-
ent transmission settings within Bugiri District, Uganda. Acta Trop. 2014; 136: 50-57. https://doi.org/10.
1016/j.actatropica.2014.04.001 PMID: 24727052

Erko B, Medhin G, Teklehaymanot T, Degarege A, Legesse M. Evaluation of urine-circulating cathodic
antigen (Urine-CCA\) cassette test for the detection of Schistosoma mansoni infection in areas of moder-
ate prevalence in Ethiopia. Trop Med Int Health. 18: 1029—1035. https://doi.org/10.1111/tmi.12117
PMID: 23590255

Cnops L, Tannich E, Polman K, Clerinx J, Van Esbroeck M. Schistosoma real-time PCR as diagnostic
tool for international travellers and migrants. Trop Med Int Health. 2012; 17: 1208—1216. https://doi.org/
10.1111/1.1365-3156.2012.03060.x PMID: 22882536

Espirito-Santo MCC, Alvarado-Mora MV, Dias-Neto E, Botelho-Lima LS, Moreira JP, Amorim M, et al.
Evaluation of real-time PCR assay to detect Schistosoma mansoni infections in a low endemic setting.
BMC Infect Dis. 2014; 14: 558. https://doi.org/10.1186/s12879-014-0558-4 PMID: 25338651

Allam AF, Kader O, Zaki A, Youssef Shehab A, Farag HF. Assessing the marginal error in diagnosis
and cure of Schistosoma mansoni in areas of low endemicity using Percoll and PCR techniques. Trop
Med Int Health. 2009; 14: 316-321. https://doi.org/10.1111/j.1365-3156.2009.02225.x PMID:
19278527

Pontes LA, Oliveira MC, Katz N, Dias-Neto E, Rabello A. Comparison of a Polymerase Chain Reaction
and the Kato-Katz Technique for Diagnosing Infection with Schistosoma Mansoni. Am J Trop Med Hyg.
2003; 68: 652—-656. PMID: 12887022

Okoyo C, Simiyu E, Njenga SM, Mwandawiro C. Comparing the performance of circulating cathodic
antigen and Kato-Katz techniques in evaluating Schistosoma mansoni infection in areas with low preva-
lence in selected counties of Kenya: a cross-sectional study. BMC Public Health. 2018; 18. https://doi.
org/10.1186/s12889-018-5414-9 PMID: 29642875

Utzinger J, N'Goran EK, Caffrey CR, Keiser J. From innovation to application: Social-ecological con-
text, diagnostics, drugs and integrated control of schistosomiasis. Acta Trop. 2011; 120: S121-S137.
https://doi.org/10.1016/j.actatropica.2010.08.020 PMID: 20831855

PLOS ONE | https://doi.org/10.1371/journal.pone.0202499  August 22, 2018 14/14


http://www.jstatsoft.org/v42/i10
https://doi.org/10.4269/ajtmh.12-0639
http://www.ncbi.nlm.nih.gov/pubmed/23339198
https://doi.org/10.1016/j.parepi.2016.04.002
http://www.ncbi.nlm.nih.gov/pubmed/27430027
https://doi.org/10.4269/ajtmh.15-0725
https://doi.org/10.4269/ajtmh.15-0725
http://www.ncbi.nlm.nih.gov/pubmed/26755565
https://doi.org/10.1590/0037-8682-0423-2016
http://www.ncbi.nlm.nih.gov/pubmed/28700054
https://doi.org/10.1371/journal.pone.0182003
http://www.ncbi.nlm.nih.gov/pubmed/28797128
https://doi.org/10.1186/1756-3305-3-64
https://doi.org/10.1186/1756-3305-3-64
http://www.ncbi.nlm.nih.gov/pubmed/20663223
https://doi.org/10.1016/j.actatropica.2014.04.001
https://doi.org/10.1016/j.actatropica.2014.04.001
http://www.ncbi.nlm.nih.gov/pubmed/24727052
https://doi.org/10.1111/tmi.12117
http://www.ncbi.nlm.nih.gov/pubmed/23590255
https://doi.org/10.1111/j.1365-3156.2012.03060.x
https://doi.org/10.1111/j.1365-3156.2012.03060.x
http://www.ncbi.nlm.nih.gov/pubmed/22882536
https://doi.org/10.1186/s12879-014-0558-4
http://www.ncbi.nlm.nih.gov/pubmed/25338651
https://doi.org/10.1111/j.1365-3156.2009.02225.x
http://www.ncbi.nlm.nih.gov/pubmed/19278527
http://www.ncbi.nlm.nih.gov/pubmed/12887022
https://doi.org/10.1186/s12889-018-5414-9
https://doi.org/10.1186/s12889-018-5414-9
http://www.ncbi.nlm.nih.gov/pubmed/29642875
https://doi.org/10.1016/j.actatropica.2010.08.020
http://www.ncbi.nlm.nih.gov/pubmed/20831855
https://doi.org/10.1371/journal.pone.0202499

