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A B S T R A C T

Background: Point of care tests would be valuable for field diagnosis. However, high sensitivity will likely be
required in low endemicity sets where individuals with low schistosome burden are hard to diagnose.
Methods: Commercially available POC tests (POC-CCA® and Urine CCA (Schisto) ECO Teste®) were evaluated to
evidence their potential in low endemicity areas. Individuals with 0–76 eggs per gram of feces were selected, and
comparison was performed between Kato-Katz, Saline Gradient and POC-CCA® after urine concentration (POC
FLT) methods.
Results: Both POC-CCA had poor performances, showing low identification of less than half of positive in-
dividuals and several undiagnosed cases, revealing an accuracy of 0.44 and 0.46, and a Kappa Index of 0.308 and
0, respectively. Positivity rates of POC-CCA tests were below the one found for a single Kato-Katz slide. POC FLT
had a Kappa Index of 0.617, an accuracy of 0.81, 67% of reproducibility, and was shown to have the same
sensitivity of 21 Kato-Katz slides when two tests were performed.
Conclusions: POC-CCA® and POC Eco presented exactly the same inadequacy in low endemicity areas. POC FLT
significantly improved the performance of POC-CCA®. More accurate methods must be evaluated in low en-
demicity areas.

1. Introduction

The World Health Organization identified schistosomiasis as the
second most important human parasitic disease in the world, after
malaria. Although the current prevalence is difficult to measure, 74
countries are endemic with approximately 207 million people affected
in tropical countries, 120 million individuals being symptomatically
infected and approximately 20 million being severely affected (Engels
et al., 2002; Chitsulo et al., 2004; Steinmann et al., 2006). In some
countries, elimination is already the declared goal (World Health
Organization, 2017). Even in places where morbidity control is the
main strategy, it is essential to ensure that adequate tools for trans-
mission control and accurate identification of infected individuals are
associated (Grenfell et al., 2012). Prevalence is expected to be low in
several areas either under advanced control of transmission or with

recent introduction. A high number of individuals that are particularly
hard to diagnose by conventional methods are located in those areas,
currently represented by the majority of the endemic fields in Brazil,
Egypt and the People's Republic of China. Without proper diagnosis,
they remain untreated completing the parasite life cycle.

Kato-Katz is the field method for detecting Schistosoma mansoni
since 1980. It is a method of simple execution that identifies parasite
eggs in stool samples (Katz et al., 1972). Although it is simple and low
cost, it requires trained technicians in microscopy, and it may miss light
infections. Consequently, Kato-Katz method based surveys and official
programs that use one or two slides can underestimate local prevalence
and leave individuals with low parasite burden undiagnosed (Grenfell
et al., 2012; Siqueira et al., 2015; Enk et al., 2008).

POC-CCA® is a new method that has been tested in African
endemic areas and most recently in Brazil. It is an easy-to-do
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immunochromatography-based test that identifies the Circulating
Cathodic Antigen, or CCA, in urine samples. Despite the satisfactory
performance in moderate and high endemicity areas (Colley et al.,
2013; Coulibaly et al., 2011, 2013; Casacuberta et al., 2016; Kittur
et al., 2016; Lamberton et al., 2014; Foo et al., 2015; Shane et al., 2011;
Adriko et al., 2014; Ochodo et al., 2015), it presents several problems in
the low endemicity ones (Foo et al., 2015; Bezerra et al., 2018; Lindholz
et al., 2018; Grenfell et al., 2018; Coelho et al., 2016). CCA testing has
been shown to detect a significantly lower proportion of S. mansoni
infections than Kato-Katz (1 or 2 slides) for low intensity infections. It
also has no reproducibility for two or more cassettes and frequently
shows different diagnosis when performed by different technicians
(Grenfell et al., 2018; Coelho et al., 2016). Plus, a high number of faint
trace results appear randomly on the analysis of negative and positive
samples (Colley et al., 2013; Coulibaly et al., 2011, 2013; Casacuberta
et al., 2016; Kittur et al., 2016; Lamberton et al., 2014; Foo et al., 2015;
Shane et al., 2011; Adriko et al., 2014; Ochodo et al., 2015; Bezerra
et al., 2018; Lindholz et al., 2018; Grenfell et al., 2018; Coelho et al.,
2016), providing no guarantee on the decision of sending the individual
to drug treatment.

The increasing number of individuals showing low parasite load,
most of the time with less than ten eggs per gram of feces (identified
after an extensive parasitological examination), turns the diagnosis
even harder to be performed. Although it is considered the reference
method for schistosomiasis, the Kato-Katz method requires a high
number of slides to reach significant accuracy in areas of low en-
demicity (Siqueira et al., 2015; Enk et al., 2008; Lindholz et al., 2018;
Grenfell et al., 2018; Siqueira et al., 2016). POC-CCA®, on the other
hand, presents a persistent low accuracy even after two or more cas-
settes are used (Grenfell et al., 2018; Coelho et al., 2016). Therefore, we
hereby report the results of the application of POC-CCA®, the Urine CCA
(Schisto) ECO Teste®, a new commercially point of care option for CCA
detection produced in Brazil and licensed in 2017, and the POC FLT
that uses the same POC-CCA® cassette with a 10×-concentrated by
filtration urine for individuals with low parasite load (Grenfell et al.,
2018). Both methods were compared to the Kato-Katz and Saline Gra-
dient parasitological methods.

2. Materials and methods

2.1. Study locations and sample collection

Two areas located in the rural area of Minas Gerais, in a distance of
approximately 500 km from the state capital Belo Horizonte in the
southeast of Brazil were selected to participate in this prospective
survey. The population presented a low migration index, and the survey
was conducted in 2015–2016. As previously described (Grenfell et al.,
2018), both the selected areas had different profiles.

Estreito de Miralta, a village with 163 residents, showed a schisto-
somiasis prevalence rate of 10.34% in 2008 and of 30% in 2016 after an
intensive search for eggs. Residents had not received treatment for
schistosomiasis in the previous two years. Infected patients were
treated with praziquantel (single oral dose – 60 mg/kg for children and
50 mg/kg for adults). The total amount of residents participating was
84 individuals (46 females and 38 males, 1–86 years old).

Samambaia is a village close to Estreito de Miralta with 179 in-
habitants (79 females and 100 males, 2–84 years old). It is a peculiar
area with no helminths, despite the location and appropriate environ-
ment.

Urine and feces samples from 48 residents of this two areas were
selected for this study, including 27 schistosome positive and 21
schistosome negative individuals (21 female, 27 male, 4–81 years old).
Urine samples were collected on the same day of the feces collection in
2016, conserved in a freezer (−20 °C) in separate aliquots and im-
mediately used after defrosting at room temperature.

2.2. Parasitological methods

Positivity was defined as any positive parasitological slide per-
formed for each stool sample by Kato-Katz (Katz et al., 1972) and Saline
Gradient (Coelho et al., 2009) techniques. Each resident provided feces
from which 24 slides of Kato-Katz thick smear were prepared for ex-
amination (totalizing 1 g of feces, 24 × 42 mg) (Helm-Test®, Bio-
manguinhos, FIOCRUZ, Brazil). For both methods, results were ex-
pressed as eggs per gram (epg) of feces.

Kato-Katz was performed according to the manufacturer's instruc-
tions (Katz et al., 1972). Briefly, each sample was placed on a paper,
then a metal mesh was pressed over it. Feces were then scraped into a
plastic circular template mounted on a glass slide so that the template
was filled. After removing the template, cellophane coverslips pre-
soaked in a glycerin-malachite green solution were placed over the
sieved feces. Each slide was completely screened by optical microscopy
at a final magnification of 100× for the identification and quantitation
of eggs.

Each sample was also used in parallel for two analysis of 500 mg
each by Saline Gradient technique (Coelho et al., 2009). Briefly, device
was set up with a 3% saline solution separating column. The excess
saline was discarded in the separation area using a pipette. Then, the
separating column was filled with the fecal suspension previously
prepared by a dilution of a 500 mg stool sample in 3 mL of 0.9% saline
solution. Finally, the roller clamp was opened for adjustment of the
saline flow to 10 drops/min. The slow and continuous flow of the 3%
saline solution from the reservoir column to the separating column
cleaned the sediment in the bottom of the latter column. Schistosome
eggs that have a higher density remained over the surface of the porous
plate and the final sediment was further transferred to a glass slide and
examined under a bright field microscope for the presence of eggs.

2.3. POC-CCA®

Urine samples were used to compare all three POC tests in duplicate
analysis by three different readers in blind conditions. One reader was a
pharmacist, one was a laboratory technician and the last one was a
technician from ECO Diagnostica. POC-CCA® tests were performed ac-
cording to the manufacturer's instructions (Rapid Medical Diagnostics,
lot #50173, Pretoria, South Africa). Briefly, one drop of urine was
added to the testing well on the cassette. After absorption, a drop of the
kit buffer was added into the well. Results were read after exactly
20 min. Results were scored as negative if the result revealed no test
line, as trace if a very light test line appeared and as positive if a clear
test line appeared.

2.4. Urine CCA (Schisto) ECO Teste®

Urine CCA (Schisto) ECO Teste® is manufactured in Brazil by li-
censed of Rapid Medical Diagnostics, titled here as POC Eco, was also
performed according to the manufacturer's instructions (ECO
Diagnostica, lot#170522062, Corinto, Brazil). Three drops of urine was
added to the well on the cassette. No buffer was used. Results were read
in 20 min. Results were scored as negative for a color test line, as trace
if a very light test line appeared and as positive if a clear test line ap-
peared.

2.5. POC FLT

POC FLT was done as described previously (Grenfell et al., 2018).
Briefly, urine was ten times concentrated in a 30 kDa filter
(MRCF0R030, Merck Millipore, Germany) from 500 μl by centrifuga-
tion in a bench microcentrifuge (Gilson PMC880) for 30 min. The pellet
was resuspended in 50 μl of distilled water, and a drop of the con-
centrated sample was applied on the POC-CCA® cassette. After ab-
sorption, a drop of the kit buffer was added into the well. Results were
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read after exactly 20 min. Particularly for POC FLT, traces are defined
as negatives. So results were scored as negatives for no colored test line
or a faint test line and, as positive for a clearly colored test line.

2.6. Data analyses

POC tests were analyzed in comparison to the parasitological ones.
The reference was defined as any positive slide performed for each feces
sample by Kato-Katz and/or Saline Gradient techniques. Software Prism
5.0 was used to determine accuracy and to perform other statistical
analysis. Comparison between methods was done by One-Way ANOVA
using Tukey's multiple comparison correction. The agreement between
the parasitological methods and POC tests were assessed by Kappa
Index calculated by GraphPad (GraphPad Software, Inc., USA):
k < 0.01 no agreement; k = 0.01–0.20 ‘poor’; k = 0.20–0.40 ‘fair’;
k = 0.40–0.60 ‘moderate’; k = 0.60–0.80 ‘substantial’; k = 0.80–1.00
‘almost perfect’(Landis and Koch, 1977).

3. Results

A total of 48 urine samples from Estreito de Miralta and Samambaia
residents previously diagnosed were selected for this analysis. Kato-
Katz and Saline Gradient methods were used together as a reference to
determine positivity rates in 1 g of feces samples for each method.
Parasitological methods detected 21 positive individuals ranging from 1
to 76 S. mansoni epg and 27 negative individuals. Hookworms were
detected in three stool samples (2 S. mansoni positives and 1 negative)
and Enterobius vermicularis in 2 S. mansoni positive samples. Table 1
presents the raw data from the diagnosis of the 48 individuals by
parasitological analysis and each of the three POC tests performed in
2016. As shown, diagnoses obtained from the three POC tests were
diverse. POC-CCA® presented a high number of doubly traces 18/48
representing 37.5% of samples and only 10/21 positive individuals.
POC Eco presented an elevated number of negatives (33/27), un-
doubtedly presenting false-negative results. POC FLT, on the other
hand, presented similar diagnosis to the reference with 28/27 negative
and 20/21 positive individuals.

Accuracy and Kappa Index predictors were used to compare diag-
nosis results. POC-CCA®, POC Eco and POC FLT had accuracy of 0.44,
0.46 and 0.81, respectively (Table 2). Together, the Kappa Index ana-
lysis showed ‘fair’ agreement for POC-CCA® (k = 0.31, 95% confidence
interval), ‘moderate’ agreement for POC FLT (k = 0.62) and ‘poor’
agreement for POC Eco (k = 0).

Reproducibility was measured by comparing the diagnosis per-
formed by the three different readers/technicians (Table 3). POC-CCA®,
POC Eco and POC FLT presented 18/48, 34/48 and 32/48 unanimous
agreements, against 30/48, 14/48 and 16/48 disagreements between
two readers. For POC-CCA®, 27% were trace/negative and 73% trace/
positive divergent readings. POC Eco presented 79% of trace/positive
and 7.5% of both trace/negative and negative/positive, while POC FLT
showed only trace/positive divergences. No disagreement was notified
among the three readings for the same POC test. Otherwise, a high

number of 13 readings was in complete disagreement when comparing
the mode of the readings between the three POC tests, showing positive,
negative and trace results for the same samples. Among those, POC FLT
gave the right diagnosis for 12 individuals (four negatives and eight
positives, with 1–76 epg). POC-CCA® correctly diagnosed 2 negative
individuals and, POC Eco 3 individuals (2 negatives and 1 positive with
9 epg).

When we divided the 21 positive individuals by the epg, we found
important differences in each POC test sensitivity (Table 4). POC FLT
presented a significantly higher capability of diagnosing a very low
schistosome burden with the detection of 75% of positive individuals
(epg < 10) than other two POC tests (25% and 12.5%, for POC-CCA®
and POC Eco). Same significant differences were seen for epg > 10
with the identification of 80% of the individuals in comparison to the
20% detected by POC-CCA® and POC Eco. POC-CCA® presented the
highest number of traces (56 and 60%, for epg < 10 and > 10, re-
spectively) in comparison to POC Eco (12.5 and 40%). POC Eco, in-
stead, presented the highest number of false negatives, with 75% of the
individuals with epg < 10.

The estimates of egg positive individuals with low parasite burden
were determined by the number of cassettes performed for each sam-
pleand can be seen in Table 5.

The use of two POC-CCA® cassettes increased not significally the
identification to 29%. Interestingly, POC FLT presented an important
capability for diagnosing low schistosome burden ranging from 88% for
one single test, being equivalent to 18 Kato-Katz slides, to 94% when a
second test was done having the same positivity rate of 21 Kato-Katz
slides. ECO Diagnostica did not provide extra cassettes for POC Eco
examination and had a poor performance with only 14% of positivity
for a single cassette. Kato-Katz, as the reference method, needed the
examination of 24 slides to identify all the positive patients (Table 6).

4. Discussion

Rapid accurate POC tests for schistosomiasis would be valuable for
field diagnosis. However, to achieve the whole number of positive in-
dividuals in many countries, particularly for low endemicity sets,
higher sensitivity and no doubly trace readings will likely be required.
This strategy will enable diagnosis and individualized treatment, po-
tentially interrupting the parasite life cycle, reducing morbidity and
consequently improving the quality of life of endemic residents.

Here, we characterized important properties of two rapid tests
commercially available and one innovative optimized option. The study
design had three overall aims: 1) to evidence the efficiency of each POC
test based on a strong reference criteria that included two

Table 1
Diagnosis for Schistosoma mansoni using Kato-Katz and Saline Gradient for feces
samples, POC-CCA®, POC Eco and POC FLT for urine samples of Estreito de
Miralta and Samambaia individuals, Minas Gerais, Brazil.

Kato-Katz (24 slides, 1 g of
feces) + Saline Gradient (1 g of feces)

POC-
CCA®

POC Eco POC FLT

Negative 27 20 33 28
Positive 21 10 9 20
Trace – 18 6 0a

Total 48

a Traces after urine concentration by POC FLT are negative.

Table 2
Accuracy of POC-CCA®, POC Eco and POC FLT evaluated against a combined
gold standard of 24 Kato-Katz slides and 2 Saline Gradient analysis.

Accuracy Kappa index

POC-CCA® 0.44 0.31 Fair
POC Eco 0.46 0.00 No Aggreement
POC FLT 0.81 0.62 Moderate

Table 3
Reproducibility of POC-CCA® and POC FLT for 32 individuals from Estreito de
Miralta and Samambaia/MG evaluated at two timepoints (March/2017 and
March/2018).

POC-CCA® POC FLT

Reproduction 12 25
Disagreement 20 7

Negative/positive 2 1
Trace/Negative 10 –
Trace/Positive 8 6
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parasitological methods extensively repeated for each individual (to-
talizing 2 g of examined feces), 2) to identify reproducibility, and 3) to
identify which POC test present a trustable performance for low burden
individuals and are suitable for field application in countries of low
endemicity. The data demonstrated that the choice of the method is
critical for the achievement of a sensitive and reliable schistosomiasis
diagnosis, since commercially available POC tests present inconsistent
results.

POC-CCA® is a rapid antigen-based detection test, produced in
South Africa, that uses urine samples to promote the detection of a
schistosome antigen. It has received increasing attention as a promising
point of care field diagnostic tool (Lindholz et al., 2018). Though it has
been presenting good sensitivity in areas ranging from moderate to high
endemicity (Colley et al., 2013; Coulibaly et al., 2011, 2013;
Casacuberta et al., 2016; Kittur et al., 2016; Lamberton et al., 2014; Foo
et al., 2015; Shane et al., 2011; Adriko et al., 2014; Ochodo et al.,
2015), evaluations of this test in areas of low endemicity have begun to
demonstrate its lack of efficiency (Bezerra et al., 2018; Lindholz et al.,
2018; Grenfell et al., 2018; Coelho et al., 2016; Siqueira et al., 2016).
Brazil is endemic for schistosomiasis, with 14 endemic states that cover
rural and urban areas of low endemicity. As shown by the National
Prevalence Survey of Schistosomiasis and soil transmitted helminths
(Katz, n.d.), the national positivity rate for schistosomiasis is currently
0.99%. This positivity rate decreased from 10.09% (1949–53) to 9.24%
(1975–78) and finally to 1.79% (2010–15) in the 11 main schistoso-
miasis endemic Brazilian states. Therefore, it is vital to evaluate all
available POC options in populations that hold profiles different from
the already studied African sets and to consider data obtained from
different emerging new surveys (Bezerra et al., 2018; Lindholz et al.,
2018; Grenfell et al., 2018; Coelho et al., 2016; Siqueira et al., 2016).

In this current study, raw data analysis indicated that POC-CCA®
presented almost 40% of undefined diagnosis and was able to iden-
tify < 50% of true positive individuals for patients with 1–76 epg. Due
to the low amount of circulating antigens on urine of individuals with

low parasite burden, both POC tests failed on having a high sensitivity.
Individual analysis indicated accuracy lower than 0.50 with a ‘fair’
agreement with the associated parasitological methods used here as a
reference. This lack of correlation was seen before (Bezerra et al., 2018;
Lindholz et al., 2018; Grenfell et al., 2018; Coelho et al., 2016; Siqueira
et al., 2016). Some of these studies have shown the identification of 4%
and 10% of positive individuals (Bezerra et al., 2018; Lindholz et al.,
2018), respectively, and a poor consistency between Kato-Katz and
POC-CCA® (Bezerra et al., 2018; Lindholz et al., 2018; Grenfell et al.,
2018; Coelho et al., 2016). Lindholz et al. (2018) showed that the
performance of the POC-CCA® method was worse in the subset of
samples that contained < 1 epg, with a lower detection rate of true
positives and a higher number of false positives (Lindholz et al., 2018).
We found a similar inadequacy when the epg is lower than 10, with
25% of true positives correctly identified, 19% non-identified and 56%
with undefined diagnosis. The same was noticed for individuals with
11–76 epg with 20% positives, 20% non-identified and 60% undefined
diagnosis. Finally, increasing the number of cassettes does not make a
significant difference on POC-CCA® effectiveness as the percentage of
positive detected individuals changes from 24% to 29% for a two cas-
settes diagnosis, being below the detection rate of the 50% detected by
a single slide of Kato-Katz. The same evaluations were done for POC
Eco, which is also a rapid test produced in Brazil that has the same
purpose of detecting the CCA in urine. The difference here is that this
test uses three drops of urine and no buffer. As an emerging new test, it
has not been evaluated before in any other study. According to the
manufacturer, it has a higher sensitivity than POC-CCA® and Kato-Katz
(1–2 slides). Our results are in disagreement with this statement as we
found 22% of false negative and 12.5% of false positive individuals.
Plus, accuracy was 0.46, similar to the 0.44 of the POC-CCA®, and the
Kappa Index was zero (k = 0) showing no agreement with the Kato-
Katz reference test. Kappa Index analysis showed that POC-CCA® had
better agreement with Kato-Katz than POC Eco. Although recently a
version of the POC Eco provided by the manufacturer was supposedly
developed to be cleared of the “trace” readings, of all positive in-
dividuals, only 12.5% and 20% were correctly diagnosed by the POC
Eco, respectively, for individuals with epg < 10 and epg > 10. Sev-
eral positive individuals with < 10 epg were not diagnosed presenting
75% of them as negatives and 12.5% as undiagnosed. Similarly, 40% of
individuals with 11–76 epg stayed as negatives and other 40% as un-
diagnosed. Finally, when only one cassette of POC Eco was used, a poor
14% of positivity was found, being significantly below the 50% of a
single Kato-Katz slide.

POC-CCA® failed on the reproducibility test on 63% of the cases,
including egg negative and positive individuals, when disagreements
among readers were trace/negative and trace/positive. POC Eco pre-
sented the lowest number of disagreements (14/48), but with its poor
performance related here, agreements on erroneous diagnosis stand as
irrelevant.

POC FLT is an optimized methodology adopted by our group to
improve POC-CCA® sensitivity that uses a urine concentration step. In a
previous work, POC FLT was evaluated with 183 samples from two

Table 4
Distribution of POC-CCA®, POC Eco and POC FLT results according to egg burden (epg ≤10 and > 10) in 21 Kato-Katz and/or Saline Gradient positive samples
collected from Estreito de Miralta, Minas Gerais.

POC-CCA® POC Eco POC FLT

Detection result epg ≤ 10 % epg > 10 % epg ≤ 10 % epg > 10 % epg ≤ 10 % epg > 10 %

Positive 4a 25 1 20 2 12.5 1 20 12b,c 75 4b,c 80
Negative 3 19 1 20 12a,c 75 2 40 4 25 1 20
Trace 9a 56 3 60 2 12.5 2 40 – – – –
Total 16 100 5 100 16 100 5 100 16 100 5 100

epg, egg per gram of feces. a, b and c indicate significant differences respectively for POC-CCA x POC Eco, POC-CCA x POC FLT and POC Eco x POC FLT (p < 0.03),
One-Way ANOVA.

Table 5
Percentage of positive individuals detected by 1 or 2 cassettes of POC-CCA®,
POC Eco and POC FLT.

1 cassette 2 cassettes

POC-CCA® 24% 29%
POC Eco 14% ND
POC FLT 88% 94%

ND, Not done.

Table 6
Percentage of the 21 positive individuals detected by increasing number of
Kato-Katz slides.

1 slide 2 slides 10 slides 18 slides 21 slides 24 slides

50% 63% 75% 88% 94% 100%
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Brazilian endemic areas with different profiles, and it was demonstrated
to have high accuracy and trustable positivity rates (Grenfell et al.,
2018). Here, we had the opportunity to compare its performance to the
two available POC tests. POC FLT provided similar diagnosis than the
rigorous reference methods adopted here (24 Kato-Katz slides + two
Saline Gradient analysis), identifying 28/27 negative individuals and
20/21 positive individuals with an accuracy of 0.81. Also, 67% of
unanimous reproduction among readers were obtained. Grenfell et al.
(2018) showed an accuracy of 0.86 and 0.96 of POC FLT on two distinct
Brazilian endemic areas against 0.51 and 0.36 of POC-CCA®. Similarly,
Lindholz et al. (2018) showed that accuracy ought to be increased when
they found 0.56–0.64 for POC-CCA® in another Brazilian endemic set in
Sergipe state that ought to be increased (Lindholz et al., 2018). When
exclusively comparing positivity rates obtained by one cassette of POC
FLT to Kato-Katz, 88% was significantly higher than the 50% from only
one Kato-Katz slide. This positivity rate of 88% from one POC FLT was
the same obtained by 18 Kato-Katz slides. When two POC FLT analysis
were done, this rate was increased to 94% being equivalent to 21 Kato-
Katz slides. As no significant difference was noticed for these rates of
88% and 94%, one can assume that only one cassette of POC FLT is
enough for a survey with no requirement of doubling the kits used, so
controlling the costs. Although POC FLT increases the time of conven-
tional immunochromatography by 30 min, it increases sensitivity for
diagnosing hard-to-detect patients (with parasite burdens extremely
low as −1–10 epg) and is two times more sensitive than the WHO
preconized method (Kato-Katz, one slide) (World Health Organization,
2017, 2018). These conclusions are evidenced by the identification of
75% of individuals with epg < 10 (against 25% of POC-CCA® and
12.5% of POC Eco) and 80% of individuals with 11 > epg < 76
(against 20% of both POC tests). Bezerra et al. (2018) found 10/258
positive individuals with an arithmetic mean of 8 epg by using POC-
CCA® and, although the identification of positives was superior to Kato-
Katz (4/258), only three slides of feces were analyzed, leading to in-
conclusive results, as for six individuals it is not possible to know if they
were truly positive (low burden) or negative (Bezerra et al., 2018).
Studies performed in different African settings (Colley et al., 2013;
Coulibaly et al., 2011) where S. mansoni is endemic have repeatedly
demonstrated that the POC-CCA® is capable of detecting additional
positive cases when compared to two or three Kato-Katz thick smears.
As shown (Enk et al., 2008; Grenfell et al., 2018; Coelho et al., 2016;
Siqueira et al., 2016), there is an important advantage of an increased
Kato-Katz sampling effort, as means of control programmes or as a re-
ference to evaluate additional new methods. This is especially applied
for low endemic areas, where the cost-effectiveness of the strategy of
using no more than one or two parasitological slides becomes ques-
tionable.

5. Conclusions

Priority needs to be given to affordable POC solutions that can be
used in a variety of settings, in high, low and middle income countries
as part of the schistosomiasis control programmes. Elimination is al-
ready the declared goal in Brazil, as recommended worldwide by WHO.
In order to achieve this, an urgent improvement of the diagnosis
methodologies has to be accomplished (Silva-Moraes et al., 2014). The
Kato-Katz technique remains the gold standard for the detection of
schistosome eggs in stool samples. However, due to the small amount of
feces per slide and the low egg production by individuals in low en-
demic areas, the risk of having a large number of individuals who re-
main undiagnosed is considerable. Equally, two available POC tests
demonstrated significant low sensitivity and accuracy, no trustful re-
producibility, and a relevant number of double results, leading to un-
diagnosed and untreated individuals. One cannot agree on having new
methods with similar deficient performance introduced as substitution
of the conventionals in control programmes of countries where endemic
sets are distinctly different from the so far tested without proving the

benefits. Recommendation is to firstly have innovative POC alternatives
not only providing rapid diagnoses, which is critical for improving
general public health in resource-limited settings, but also providing
efficiency on the diagnosis of any positive individual and for the control
of cure. New alternatives must be evaluated as the new Schistosoma up-
converting phosphor lateral flow circulating anodic antigen (UCP-LF
CAA) assay (van Grootveld et al., 2018; Corstjens et al., 2017) and
improved POC methodologies. Costs should be evaluated as well. By
showing POC FLT results, it was demonstrated that POC-CCA® has the
potential to be used, but not as it is now. It needs to be improved for a
higher sensitivity. In the meantime, it is required that low endemicity
countries improve schistosomiasis diagnoses when individuals with low
parasite burdens are in evidence, by using an increased number of Kato-
Katz thick smears or associating different tools as Helmintex (Lindholz
et al., 2018), Saline Gradient (Coelho et al., 2009) methods and others,
although we recognize that this implies on a great effort by developing
countries.

Authors' contributions

Conceptualization: RG, NK, PMC
Data curation: RG, FC, MLP, AA, NK, PMC
Formal analysis: RG, NK, PMC
Funding acquisition: RG, NK, PMC
Investigation: RG, FC, MLP, AA, NK, PMC
Methodology: RG, FC, MLP, AA
Project administration: RG, PMC
Resources: RG, NK, PMC
Supervision: RG, FC, NK, PMC
Validation: RG, FC, MLP, AA, NK, PMC
Visualization: RG, FC, MLP, AA, NK, PMC
Writing - original draft: RG
Writing - review & editing: RG, NK, PMC

Funding

The Brazilian National Council for Scientific and Technological
Development (CNPq), Minas Gerais Research Foundation (Fapemig),
Oswaldo Cruz Foundation (FIOCRUZ).

Declaration of Competing Interests

The authors have declared that no competing interests exist.

Ethical approval

This work has the approval of the Research Ethics Committee of the
Rene Rachou Research Center (CEPSH/CPqRR 03/2008). Study objec-
tives were explained to the participants in the endemic field who signed
the written informed consent form before being admitted to the study.
Parents/guardians provided written consent on behalf of all partici-
pants under 18 years of age. Children received an explanation about the
procedure in a clearly explained language and had the right to express
their opinion after parents/guardians had signed the informed consent.
All the procedures were performed in the presence of parents/guar-
dians. Fecal and urine samples were coded by numbers and the results
treated confidentially. All infected participants (by S. mansoni and other
helminths defined by the parasitological methods) were treated as re-
commended by the Brazilian Health Ministry, as previously described
(Grenfell et al., 2018).

References

Adriko, M., Standley, C., Tinkitina, B., et al., 2014. Evaluation of circulating cathodic
antigen (CCA) urine-cassette assayas a survey tool for Schistosoma mansoni in dif-
ferent transmission settings within Bugiri District, Uganda. Acta Trop. 136, 50–57.

R.F.Q. Grenfell, et al. Journal of Immunological Methods 472 (2019) 1–6

5



Bezerra, F., Leal, J., Sousa, M., et al., 2018. Evaluating a point-of-care circulating cathodic
antigen test (POC-CCA) to detect Schistosoma mansoni infections in a low endemic
area in North-Eastern Brazil. Acta Trop. 182, 264–270.

Casacuberta, B., Kinunghi, S., Vennervald, B., et al., 2016. 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 1 (2), 105–115.

Chitsulo, L., Loverde, P., Engels, D., 2004. Schistosomiasis. Nat. Rev. Microbiol. 2 (1), 12.
Coelho, P.M.Z., Jurberg, A., Oliveira, A., et al., 2009. Use of a saline gradient for the

diagnosis of schistosomiasis. Mem. Inst. Oswaldo Cruz 104 (5), 720–723.
Coelho, P.M.Z., Siqueira, L., Grenfell, R., et al., 2016. Improvement of POC-CCA inter-

pretation by using lyophilization of urine from patients with Schistosoma mansoni low
worm burden: towards an elimination of doubts about the concept of trace. PLoS
Negl. Trop. Dis. 10 (6), e0004778.

Colley, D., Binder, S., Campbell, C., et al., 2013. A five-country evaluation of a point-of-
care circulating cathodic antigen urine assay for the prevalence of Schistosoma
mansoni. Am. J. Trop. Med. Hyg. 88, 426–432.

Corstjens, P.L.A.M., Hoekstra, P.T., de Dood, C.J., et al., 2017. Utilizing the ultrasensitive
Schistosoma up-converting phosphor lateral flow circulating anodic antigen (UCP-LF
CAA) assay for sample pooling-strategies. Infect Dis. Poverty 6 (1), 155.

Coulibaly, J., Knopp, S., N'Guessan, N., et al., 2011. Accuracy of urine circulating
cathodic antigen (CCA) test for Schistosoma mansoni diagnosis in different settings of
Cote d'Ivoire. PLoS Negl. Trop. Dis. 5, e1384.

Coulibaly, J., N'Gbesso, Y., Knopp, S., et al., 2013. Accuracy of urine circulating cathodic
antigen test for the diagnosis of Schistosoma mansoni in preschool-aged children be-
fore and after treatment. PLoS Negl. Trop. Dis. 7, e2109.

Engels, D., Chitsulo, L., Montresor, A., et al., 2002. The global epidemiological situation
of schistosomiasis and new approaches to control and research. Acta Trop. 82 (2),
139–146.

Enk, M., Lima, A., Drummond, S., et al., 2008. The effect of the number of stool samples
on the observed prevalence and the infection intensity with Schistosoma mansoni
among a population in an area of low transmission. Acta Trop. 108 (2–3), 222–228.

Foo, K., Blackstock, A., Ochola, E., et al., 2015. Evaluation of point-of-contact circulating
cathodic antigen assays for the detection of Schistosoma mansoni infection in low,
moderate-, and high-prevalence schools in Western Kenya. Am. J. Trop. Med. Hyg. 92
(6), 1227–1232.

Grenfell, R.F.Q., Silva-Moraes, V., Taboada, D., et al., 2012. Immunodiagnostic methods:
what is their role in areas of low endemicity? Sci. World J. 2012, 593947.

Grenfell, R.F.Q., Taboada, D., Coutinho, L., et al., 2018. Innovative methodology for
point-of-care circulating cathodic antigen with rapid urine concentration for use in
the field for detecting low Schistosoma mansoni infection and for control of cure with
high accuracy. Trans. R. Soc. Trop. Med. Hyg. 112 (1), 1–7.

Katz, N., 2018. Inquérito Nacional de Prevalência da Esquistossomose mansoni e Geo-
Helmintoses. CPqRR, Belo Horizonte, pp. 76.

Katz, N., Chaves, A., Pellegrino, J., 1972. A simple device for quantitative stool thick-

smear technique in schistosomiasis mansoni. Rev. Inst. Med. Trop. Sao Paulo 14,
397–400.

Kittur, N., Castleman, J., Campbell Jr., C., et al., 2016. Comparison of Schistosoma mansoni
prevalence and intensity of infection, as determined by the circulating cathodic an-
tigen urine assay or by the Kato-Katz Fecal assay: a systematic review. Am. J. Trop.
Med. Hyg. 94 (3), 605–610.

Lamberton, P., Kabatereine, N., Oguttu, D., et al., 2014. Sensitivity and specificity of
multiple Kato-Katz thick smears and a circulating cathodic antigen test for
Schistosoma mansoni diagnosis pre- and post-repeated-praziquantel treatment. PLoS
Negl. Trop. Dis. 8 (9), e3139.

Landis, J., Koch, G., 1977. The measurement of observer agreement for categorical data.
Biometrics 33, 159–174.

Lindholz, C., Favero, V., Verissimo, C., et al., 2018. Study of diagnostic accuracy of
Helmintex, Kato-Katz, and POC-CCA methods for diagnosing intestinal schistoso-
miasis in Candeal, a low intensity transmission area in northeastern Brazil. PLoS
Negl. Trop. Dis. 12 (3), e0006274.

Ochodo, E., Gopalakrishna, G., Spek, B., et al., 2015. Circulating antigen tests and urine
reagent strips for diagnosis of active schistosomiasis in endemic areas. Cochrane
Database Syst. Rev.(3), CD009579.

Shane, H., Verani, J., Abudho, B., et al., 2011. Evaluation of urine CCA assays for de-
tection of Schistosoma mansoni infection in western Kenya. PLoS Negl. Trop. Dis. 5,
e591.

Silva-Moraes, V., Ferreira, J., Coelho, P.M., et al., 2014. Biomarkers for schistosomiasis:
towards an integrative view of the search for an effective diagnosis. Acta Trop. 132,
75–79.

Siqueira, L., Gomes, L., Oliveira, E., et al., 2015. Evaluation of parasitological and mo-
lecular techniques for the diagnosis and assessment of cure of schistosomiasis man-
soni in a low transmission area. Mem. Inst. Oswaldo Cruz 110 (2), 209–214.

Siqueira, L., Couto, F., Taboada, D., et al., 2016. Performance of POC-CCA® in diagnosis of
schistosomiasis mansoni in individuals with low parasite burden. Rev. Soc. Bras. Med.
Trop. 49 (3), 341–347.

Steinmann, P., Keiser, J., Bos, R., et al., 2006. Schistosomiasis and water resources de-
velopment: systematic review, meta-analysis, and estimates of people at risk. Lancet
Infect. Dis. 6 (7), 411–425.

van Grootveld, R., van Dam, G.J., de Dood, C., et al., 2018. Improved diagnosis of active
Schistosoma infection in travellers and migrants using the ultra-sensitive in-house
lateral flow test for detection of circulating anodic antigen (CAA) in serum. Eur. J.
Clin. Microbiol. Infect. Dis. 37 (9), 1709–1716.

World Health Organization. Schistosomiasis: Strategy in 2011: Switzerland. http://www.
who.int/schistosomiasis/strategy/ accessed 15 May 2017.

World Health Organization. Defining a Road Map toward Verification of Elimination of
Schistosomiasis Transmission in Latin America and the Caribbean by 2020:
Switzerland. http://www.paho.org/hq/index.php?option=com_topics&view=
article&id=50&Itemid=40770 accessed 06 Apr 2018.

R.F.Q. Grenfell, et al. Journal of Immunological Methods 472 (2019) 1–6

6


