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Abstract
Background
Accurate diagnostic techniques for schistosomiasis are essential for prevalence determination and identification of positive patients. A point-of-care test for detecting schistosome circulating cathodic antigen (POC-CCA) has been evaluated for its accuracy in different
endemic regions. This reagent strip/dipstick based assay has showed high sensitivity for
individuals with high or moderate worm burden, but the interpretation of light infections is
less clear, especially for trace readings.

Methodology/Principal Findings
We introduced a urine lyophilization step to the POC-CCA assay to improve its sensitivity
and clarify the interpretation of traces. We evaluated POC-CCA sensitivity and specificity
within individuals with low parasite burdens in a Brazilian endemic area where a high number of traces were detected. Patients that were positive for other helminths were also evaluated for cross reactions. In all cases, a combined parasitological diagnosis using Kato-Katz
(24 slides) and Saline Gradient (1 g of feces) were used as reference. At baseline, diagnosis
by POC-CCA (1–2 cassettes) showed 6% sensitivity, inaccurately predicting a low prevalence of Schistosoma mansoni infections (2 POC-CCA positives/32 egg positives). After
urine lyophilization, the sensitivity was increased significantly (p < 0.05). Prevalence rates
changed from 2% to 32% (27 POC-CCA positives/32 egg positives), equivalent to parasitological techniques. Most of the trace readings changed to positive after lyophilization while
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some negatives turned into traces. Cross reaction analysis confirmed the specificity of
POC-CCA.

Conclusions/Significance
Trace readings cannot be primarily defined as positive or negative cases. It is critical to verify case-by-case by concentrating urine 10 fold by lyophilization for the diagnosis. Following
lyophilization, persistent trace readings should be read as negatives. No trained technician
is needed and cost is restricted to the cost of a lyophilizer and the electricity to run it.

Author Summary
Schistosomiasis mansoni is a relevant disease affecting millions of individuals in different
countries, in particular countries in Africa, and Brazil. Diagnosis performed by Kato-Katz
technique for the detection of eggs in stool and a point-of-care test for circulating cathodic
antigen detection in urine (POC-CCA) has been evaluated. Both methods have decreased
sensitivity when diagnosing patients with low parasite burdens, which can lead to infected
individuals not receiving treatment. Here, we focused on interpretation of POC-CCA
results in persons with low parasite burdens. We noted a high number (49%) of indeterminate results, including false negatives and trace readings. A urine concentration step was
included to improve the test’s sensitivity. Important differences on sensitivity and prevalence rates were noted when comparing diagnosis by POC-CCA before and after urine
concentration. Notably, indeterminate results were easily defined after introduction of this
step. Cross reaction analysis confirmed the specificity of POC-CCA, with exceptions
noted for individuals with hookworm infection. In conclusion, trace readings cannot be
primarily defined as positive or negative cases. It is imperative to analyze each case individually by concentrating urine prior to the introduction of treatment, instead of relying
on a point-of-care test with indeterminate results.

Introduction
World Health Organization (WHO) guidelines for control and elimination of schistosomiasis
require pre-treatment evaluations of the prevalence of Schistosoma infections to inform decisions on how often to treat within endemic areas [1]. The WHO has articulated goals to control
the disease by 2020 [2]. Accurate diagnostic techniques are essential for accurate determination
of prevalence [3], evaluation of mass drug administration programs [4–8], elimination of the
parasite [9–11], and/or drug-resistance and pharmacovigilance [12,13]. To address some of the
concerns with the Kato-Katz reference technique, such as the need for evaluation of multiple
slides to improve sensitivity, extensive research has been devoted to alternative methods with
enhanced sensitivity and specificity for detection of S. mansoni infections [14].
Sensitivity and specificity of a urine-based point-of-care test (POC-CCA) has been evaluated in different endemic settings to detect schistosome circulating cathodic antigen (CCA)
[15–20]. The test’s rapid turnaround and ease of use eliminate the need for multiple sample
collections and specialized technicians. In addition, bulk production and purchasing of cassettes, particularly in the context of drug administration programs, have real potential for cost
savings [21]. Different studies concluded that reagent strip/dipstick based tests have a good
performance in detecting CCA in urine from individuals actively infected with S. mansoni

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004778

June 21, 2016

2 / 13

Improvement of Schistosoma mansoni POC-CCA and Definition of Trace

[22–24]. Results from these studies consistently show higher S. mansoni prevalence scores by
POC-CCA test in comparison to when single, double, quadruple or sextuple Kato-Katz thick
smears were used [15, 16, 20, 24]. It was well established that the detection of S. mansoni
increases with the increasing number of Kato-Katz smears examined and this pattern was consistently maintained in epidemiological studies [24–29]. However, controversies are found
when discussing POC-CCA sensitivity in low endemicity sites, showing a consistent performance only in patients with moderate or high parasite burden [15, 16, 20–23]. It is unclear
whether persons with positive POC-CCA readings who are Kato-Katz negative are truly
infected or if they have false positive POC-CCA results.
Although several analyses have been performed to explore POC-CCA performance [30], no
data have been published concerning cross reaction of the test with helminths or other parasites. In addition, as a qualitative method based on an individual interpretation, doubts have
been raised on how to differentiate the “trace” readings between low infection, cross reaction
or even no active infection. Instead of being consistent about the meaning of the trace result,
authors have chosen to perform a two-way analysis and consider traces as sometimes positive
and sometimes negative. This produces vast discrepancies in prevalence intensities [15–18, 20–
24, 30]. Thus in this paper we try to clarify the implications of a trace result. A better understanding of the interpretation of trace results is imperative for POC-CCA application in schistosomiasis control programs worldwide, especially in low endemicity areas that need
particularly accurate diagnoses. Otherwise, praziquantel may be given to healthy individuals in
error if a person has been incorrectly diagnosed.
Adjustments to the assay’s implementation or interpretation of its ability to diagnose individuals with light infections are still needed. We introduced a single step in an attempt to
improve the sensitivity and interpretation of POC-CCA trace result. Moreover, we show data
from a Brazilian endemic region using the POC-CCA as a diagnostic tool. This improvement
was then evaluated within individuals from a low endemicity area where a number of trace
results were noted. The work includes initial diagnosis of patients with low parasite leads, that
are commonly noted in endemic settings, and a comparison with a combined reference of 24
Kato-Katz slides plus 2 analyses (1 g of feces) by the Saline Gradient technique. The potential
implications are discussed.

Methods
Ethics statement
This study was approved by the Ethical Research Committee of the Rene Rachou Research
Center (CEPSH/CPqRR 03/2008) for human studies. All participants received an explanation
of the study objectives. In addition, written informed consent was obtained before admission
to the project. Parents/guardians provided written consent on behalf of all child participants.
After parents/guardians had signed the informed consent, children received an explanation
about the procedure, in a clearly explained language, and had the right to express their opinion.
Procedures were performed in the presence of parents/guardians. Samples were coded and
results were treated confidentially. Participants that were positive for parasitological tests were
clinically examined by a physician and treated with praziquantel (60 mg/Kg for children and
40 mg/kg for adults) and albendazole (400 mg), in single oral dose, as recommended by the
Brazilian Health Ministry.

Community survey and sample collection
This study was conducted in Estreito de Miralta, a schistosomiasis-endemic region, next to the
city of Montes Claros, Minas Gerais, southeastern Brazil, approximately 500 km from the state
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capital (Belo Horizonte). This endemic setting has a population of 163 individuals that had not
received treatment for schistosomiasis within the last 2 years and had a low migration index. A
schistosomiasis prevalence of 10.34% had been previously reported by the Montes Claros Zoonosis Control Centre in 2008. Positive patients were treated with praziquantel. The present
study was conducted in 2013. Positive individuals were identified and treated, as recommended
by the Brazilian Ministry of Health. Those patients submitted new fecal samples 30 days posttreatment for parasitological diagnosis and were retreated if needed. All the 84 individuals that
provided urine samples (46 females and 38 males, 1–86 years old) were included in this study
[31].

Stool samples
One sample of stool per individual of all the 163 residents was provided for Kato-Katz thick
smear examination [31], performed with a total of 24 slides, a total of 1 g of feces examined per
individual (24 x 41.7 mg of feces). Results were expressed as eggs per gram (epg) of feces, calculated by the number of S. mansoni eggs on the 24 slides.
Fecal samples were also analyzed by Saline Gradient test (with two portions of 500 mg, total
of 1 g of feces), as previously described [32]. Briefly, the separating column holding a filter was
pre-wet with 3% saline solution. The separating column was filled with a fecal suspension prepared by diluting 500 mg stool sample in 3 ml of 0.9% saline solution. The saline flow was
adjusted to 10 drops/min. After the slow and continuous flow of the 3% saline solution, lowdensity fractions were discharged and sediment was retained on the bottom of the latter column. Eggs, which had high density remained on the surface. The fractions containing eggs was
moved to glass slides and examined under a bright field microscope. In order to detect other
helminths, both parasitological methods were used as diagnostic tools. Results are expressed as
epg.

Urine samples
Each participant was asked to provide one midstream urine sample. Urine samples of the 84
individuals who provided urine were lyophilized to concentrate antigens. Briefly, the urine
samples were aliquoted into vials (5 ml/vial), frozen at -20°C for 2 h and then overnight at
-70°C and subjected to freeze-drying in a lyophilizer (Alpha 2–4 LD plus, Martin Christ
Gefriertrocknungsanlagen GmbH, Osterode am Harz, GE) at 0.023 mbar and -55°C for 24
hours. Lyophilized samples were resuspended with water in a final volume of 0.5 ml, resulting
in 10 times concentrated urine samples.

POC-CCA testing
POC-CCA tests were performed in accordance to the manufacturer’s instructions (Rapid Medical Diagnostics), before and after lyophilization. When a trace reading was obtained, a second
cassette was used for confirmation. Briefly, one drop of urine was placed in the cassette’s well.
Once it was absorbed, a drop of the kit buffer was placed in to the same well. Results were read
after 20 min of test development. The tests were read as invalid when the control band did not
appear or when the tests were left to develop for more than 25 min. Results were scored as “0”
if the result was negative (i.e., the control line developed, but no test line appeared); trace if a
very light test line appeared, “1+” if a test line appeared, but its color was less intense than that
of the control line; “2+” if the test and control lines were equally intense in color; and “3+” if
the test line’s color had a higher intensity than the control line’s color.
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Data analyses
Data collected from the evaluations were entered into an Excel data base and analyzed by Minitab statistical software (Minitab Inc, United States of America). The reference was defined as
any positive slide performed for each individual stool sample by Kato-Katz or Saline Gradient
technique. The sensitivity and specificity were determined with OpenEpi software (OpenEpi,
Brazil) [33]. The agreement between the parasitological methods and POC-CCA were assessed
by Kappa (k) statistics 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’ [34].

Results
Prevalence estimates
A total of 84 individuals participated in this study providing stool and urine samples. Using the
combined results of Kato-Katz and Saline Gradient (both 1 g of feces/individual), no egg was
detected in 52 individuals. Within those negative cases, POC-CCA was also negative for 42
individuals and 10 egg negative individuals had trace results. Together, 18 individuals presented eggs in stool for either parasitological test (7 by Kato-Katz, 7 by Saline Gradient, and 4
by both methods). Within those 18 individuals, based on POC-CCA test, 3 were negative (2 to
38 epg), 13 presented trace (1 to 55 epg) and only 2 were positive (8 and 16 epg). When two
cassettes were used, results were reproduced for 75% of the urines. When cassette performances varied, one result was negative and the other was a trace for the same urine sample, but
never a positive result. Table 1 shows the individual descriptive data for the three diagnostic
Table 1. Schistosomiasis diagnosis data of the individuals from Estreito de Miralta, Brazil, based on
the POC-CCA results and epg obtained by parasitological methods.
POC-CCA
(1–2 cassettes)

Kato-Katz

Saline Gradient

(2 slides)

(24 slides, 1 g of feces)

(1 g of feces)

0 epg

46

42

43

10 epg

3

5

4

11–30 epg

0

0

1

31–60 epg

0

2

1

61–80 epg

0

0

0

0 epg

24

17

16

10 epg

9

12

15

11–30 epg

0

1

1

31–60 epg

0

2

1

61–80 epg

0

1

0

0 epg

0

0

0

10 epg

2

1

1

11–30 epg

0

0

1

31–60 epg

0

1

0

61–80 epg

0

0

0

84

84

84

49 negative

33 trace

2 positive

Total
84
doi:10.1371/journal.pntd.0004778.t001
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Table 2. Schistosomiasis positivity based on POC-CCA, Kato-Katz and Saline Gradient among 84
individuals, Brazil.
Prevalence (%)
POC-CCA
Before lyophilization

2

After lyophilization

32

Kato-Katz

30

Saline Gradient

30

doi:10.1371/journal.pntd.0004778.t002

tests. It is important to note that from the 49 individuals that were negative for POC-CCA, 3
presented eggs in only 2 Kato-Katz slides. The estimated prevalence in Estreito de Miralta by
each of the three tests is shown in Table 2. For POC-CCA, analysis was first done by the direct
application of the urine sample on the cassette and a second analysis was performed after 10
fold concentration by lyophilization. Kato-Katz and Saline Gradient had the same prevalence
prediction of 30%. This prevalence rate was much higher than the one predicted by POC-CCA
(1–2 cassettes) using unconcentrated urine of 2%. This 2% rate turned into a prevalence of 32%
after the urine samples were concentrated, achieving a similar estimated prevalence as either
parasitological technique. Fig 1 shows how readings obtained for the same individuals before
and after urine lyophilization from negative to positive and from trace to positive, respectively.

Sensitivity, specificity and POC-CCA performance
The sensitivity and specificity of the POC-CCA before and after lyophilization of urine samples were estimated with 95% exact CIs and are shown in Table 3. Respectively before and
after lyophilization, POC-CCA presented 6% and 56% sensitivity and, 100% and 83% specificity. The concentration step improved POC-CCA performance, especially when trace
results represented negative cases (Tables 4 and 5). Before lyophilization, 49 individuals were
detected as negative, 33 presented trace and only 2 were positive for S. mansoni infection.
Then, 13 initially negative individuals turned into traces and 11 into positives, after lyophilization. Of the 13 new traces, 10 individuals had no S. mansoni eggs in their stool, but 3 individuals were egg positive with 3, 8 and 52 epg of feces. By contrast, 4 individuals of the 11
concentrated urine positives presented 1, 2, 3 and 55 epg and the POC-CCA reading intensities were 1+, 1+, 3+ and 3+, respectively. However, 7 of the post-concentration positives were
from egg negative patients; 5 of them had 1+ results, and one each had 2+ and 3+ results.
Supporting initial data that considered trace as negative for infection, 15 traces turned into
positives after lyophilization. Among those, 13 cases presented eggs in stool (3 patients with
1 epg, 1 with 2 epg, 1 with 7 epg, 1 with 8 epg, 2 with 9 epg, 2 with 10 epg, 1 with 15 epg, 1
with 38 epg and 1 with 55 epg). The two exceptions that had no S. mansoni eggs were positive
for hookworms eggs.
The Kappa index was used to compare parasitological data and POC-CCA urine assay and
to better understand the implications of trace results. ‘Poor’ agreement was obtained when
comparing parasitological and POC-CCA assays on unconcentrated urine (0.002 and 0.076,
respectively for trace as positive and negative). The agreement changed to ‘moderate’, with a
Kappa Index of 0.401, after urine samples were concentrated, but only when considering
trace as negative for schistosomiasis. No change in the agreement between parasitological
and POC-CCA data was noted when considering trace as positive for concentrated urine
(0.125).
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Fig 1. POC-CCA result before and after lyophilization step for 10 times concentration of urine. (A) Diagnosis of the same individual with negative
result before urine lyophilization and positive result after urine lyophilization. (B) Diagnosis of the same individual with trace result before urine
lyophilization and positive result after urine lyophilization.
doi:10.1371/journal.pntd.0004778.g001

Cross reactivity evaluation
Some individuals presented no S. mansoni eggs in stool, even after an extensive search, but had
eggs of other helminths including hookworms, Hymenolepis nana, Enterobius vermicularis and
Table 3. Sensitivity and specificity obtained by POC-CCA evaluated against a combined reference
techniques of 24 Kato-Katz slides and Saline Gradient (1 g of feces) before and after lyophilization.
Sensitivity (%), 95% CI

Speciﬁcity (%), 95% CI

Before lyophilization

6

100

After lyophilization

56

83

doi:10.1371/journal.pntd.0004778.t003
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Table 4. POC-CCA performance on schistosomiasis diagnosis before and after lyophilization against parasitological methods.
POC-CCA (1–2 cassettes)

POC-CCA after lyophilisation (1–2 cassettes)

Kato-Katz/Saline Gradient

Negative

49

32

52

Positive

2

27

32

Trace

33

25

-

Total

84

84

84

doi:10.1371/journal.pntd.0004778.t004
Table 5. Descriptive changes on the POC-CCA results before and after lyophilization process and
comparison against parasitological results.
N

Description

Negatives to
traces

13

10 patients had no eggs in stool, although 1 presented hookworms eggs. The
other 3 patients had 3, 8 and 52 epg of feces

Negatives to
positives

11

4 patients with 1, 2, 3 and 55 epg and 7 individuals with no eggs in stool

Traces to positives

15

13 patients showed 1–55 epg while 2 individuals had no eggs in stool, but both
presented hookworms eggs

doi:10.1371/journal.pntd.0004778.t005

Ascaris lumbricoides. No study participants were co-infected. Because it is common to find
individuals with helminth infections other than schistosomiasis in endemic areas, we evaluated
the POC-CCA on those individuals to determine whether infection with these other worms is
associated with a false positive result. As shown in Table 6, among 7 individuals who were negative for schistosomiasis but positive for hookworms, 3 had a negative POC-CCA result and 4
Table 6. Cross reactivity analysis of duplicate POC-CCA before and after lyophilization of urine samples detected by the combined reference parasitological diagnosis for individuals negative for schistosome eggs.
Results POC-CCA
Before lyophilization

After lyophilization

Individual 1

Negative

Negative

Individual 2

Negative

Negative

Individual 3

Trace

Trace

Individual 4

Trace

Trace

Individual 5

Trace

Trace

Individual 6

Negative

Trace

Individual 7

Trace

Positive (1+)

Individual 1

Negative

Negative

Individual 2

Trace

Trace

Individual 3

Trace

Trace

Individual 1

Trace

Trace

Individual 2

Trace

Trace

Individual 3

Trace

Trace

Individual 4

Trace

Negative

Trace

Trace

Hookworms

Hymenolepis nana

Enterobius vermicularis

Ascaris lumbricoides
Individual 1
doi:10.1371/journal.pntd.0004778.t006
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had a trace result. Three S. mansoni-negative individuals were positive for H. nana. One was
negative by POC-CCA, and 2 had trace reactions. All 4 individuals who were negative for schistosomiasis but positive for E. vermicularis and the one who was positive for A. lumbricoides
had trace results. In order to see if traces would turn into positives after urine concentration,
we evaluated the lyophilized urine samples for POC-CCA. In 12 of 15 patients, the POC-CCA
results were the same before and after lyophilization. Three exceptions were found, one
POC-CCA negative changed to trace for a person with hookworms infection, one pre-concentration trace result changed to 1+ for a patient with hookworms and pre-concentration trace
result changed to a negative result for a person with E. vermicularis infection.

Discussion
The POC-CCA test is a promising technique that uses a nitrocellulose strip coated with monoclonal antibody to detect schistosome CCA antigen in urine samples. The antigen binds to the
labelled monoclonal antibody immobilized on the nitrocellulose strip when urine from infected
individuals flows through the strip. A band becomes visible with the binding of labelled monoclonal antibody [35]. Thus far, stool microscopy is the recommended diagnostic ‘gold’ standard, but individuals with low parasite burdens (i.e. < 100 epg of stool) are often missed [3, 6,
14–18, 21, 22, 25–29] and is indispensable to have technical expertise in microscopic recognition of intestinal parasite eggs. In the last few years, the POC-CCA has been extensively tested
in areas endemic for schistosomiasis on the African continent [15–24, 30, 35]. These studies
have shown the efficiency of a single or a double POC-CCA analyses in comparison to one or
two Kato-Katz thick smears as the diagnostic standard. In all the cases, same relation was seen
—for high parasite burden, higher positivity of POC-CCA is obtained.
Although an increasing number of studies evaluating POC-CCA has been reported in
endemic areas of Africa, there is so far no study evaluating its performance in Brazilian affected
areas. Jointly, only 52 countries of the 78 countries considered endemic for schistosomiasis
have populations requiring preventive chemotherapy, according to WHO [36]. It is a consensus that endemic areas in Africa and Brazil have different profiles regarding prevalence and
morbidity. In this regard, we have assessed the accuracy of POC-CCA in a Brazilian endemic
area where the parasite burden is low (1–80 epg). Our data showed that a number of trace readings was obtained (33/84 individuals) among whom 17 were negative and 16 were positive
using parasitological techniques. Correspondingly, the sensitivity of the POC-CCA test used to
evaluate prevalence was poor, as the prevalence rate was estimated as 2% when 1–2 cassette
tests were performed. Kato-Katz is often criticized for its declining sensitivity when egg count
intensities decrease, but the same situation was noted with POC-CCA under these conditions.
POC-CCA seems to be appropriate for the diagnosis of S. mansoni when the prevalence is
above 25% and no recent control efforts have been implemented [16]. Our findings show that
patients from areas of low endemicity are difficult to detect. So, we propose to add a urine concentration step to the POC-CCA methodology to improve its sensitivity in low endemicity
areas of Brazil. With this new step, the prevalence rate changed from 2% to 32%, achieving a
comparable rate of Kato-Katz and Saline Gradient, performed on 1 g of feces (30% on both
cases).
The efficient identification of infected populations warrants effective chemotherapy, allows
the development of new efforts toward elimination, including control interventions, assessment of drug efficacy, and patient management [4, 16, 37–38]. We must emphasize the importance of an accurate diagnosis at the individual and population level. By considering traces as
positive, treatment may be performed inappropriately. On the other hand, infected patients
could be deprived of receiving praziquantel treatment when traces are considered negative.
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Treatment-based control programs worldwide have been successful in reducing infection
intensity and the number of persons with severe schistosomiasis. Conversely, transmission
remains active in several endemic areas, and subtle but persistent morbidities are often found
in persons with low-level reinfections, this is routinely seen, in Brazil. Accurate case-finding is
indispensable for the effective execution of control programs [39]. Each trace reading must be
individually analyzed since it may report a positive (low epg) or a negative situation, or even a
cross reaction case. For urine tests that are scored as trace, we propose a lyophilization step of
the urine to concentrate the sample. The introduction of this step in the POC methodology
showed a clear diagnostic result. We show here that after lyophilization of urine, all remaining
traces were negative. In addition, 15 traces turned into positive cases, 13 of which had a very
low number of eggs in stool (1 to 55 epg) and the two others, although negative for S. mansoni
eggs, were positive for hookworms. The Kappa index changed from ‘poor’ to ‘moderate’ agreement when considering concentrated trace results as negative when compared to parasitological data.
When analyzing sensitivity, was 6% when we followed the manufacturer’s instructions.
After the lyophilization, sensitivity increased to 56%. Considering the different profile of Brazilian endemic areas, it is relevant to compare the sensitivity rates achieved by Kato-Katz parasitological assay with the one achieved by POC-CCA. It is noticeable that increasing positive
rates are obtained as slides are augmented in number, moving from 38.9, 43.5, 49.1, 50.0, 52.8
and 53.7, respectively for 1, 2, 3, 4, 5 and 6 slides [25]. Definitely, 6% is an unacceptable sensitivity rate for a reference diagnostic method, but a rate of 56% is comparable to the performance of several Kato-Katz slides after the concentration of urine.
Differential diagnosis is also important since co-infection between helminths is commonly
seen. In those cases, treatment may require different drugs. Only parasitological assays are
capable of revealing differential egg identification, but the search for eggs in stool needs a
trained and experienced technician. We tested POC-CCA cross reaction by analyzing urine
samples of positive patients for other helminths (hookworms, H. nana, E. vermicularis, A. lumbricoides). Trace readings were seen for the POC-CCA assay (in individuals positive for hookworms, H. nana, E. vermicularis and A. lumbricoides eggs). If these traces were considered
positives, as most of the authors do in Africa, we would had 73% of individuals incorrectly
receiving praziquantel, instead of the correct drug (Albendazol), which would result in
untreated patients with persistent infection and morbidity.
The POC-CCA test is particularly well-suited to accurately demonstrate moderate to heavy
S. mansoni infections and can be considered as a useful method for diagnosis in peripheral
health centers and schistosomiasis control programs [16], but it does not present accurate
results for low infections, as presented here unless the lyophilization step is included. A new
potential diagnostic method called UCP-LF CAA has been tested for its accuracy as a urinebased up-converting phosphor-lateral flow circulating anodic antigen assay. The UCP-LF CAA
assay showed high sensitivity for the diagnosis of S. haematobium in low-endemicity settings.
According to the authors, the availability of scanners to analyze the UCP-LF CAA strip is a
major step toward POC applications in poor resourced sites to accurately identify low (30 pg
CAA/ml serum; equivalent to about 10 worm pairs) to heavy Schistosoma infections [40, 41].
The improvement of diagnostic methods with high sensitivity and specificity, and of simple
execution and low cost will be vital for the accomplishment of the goals recently established by
WHO [2]. These goals address the transmission control of schistosomiasis worldwide. Except
for Africa, the transmission interruption should be accomplished by the end of 2020. For countries in the African continent, this goal should be achieved by 2025. The improvement of the
POC-CCA test described in this study reinforces the possibility of introducing this methodology within the WHO schistosomiasis control proposal [2], not for all populations due to the
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obvious logistical difficulties, but as a tool to obtain additional data would that allow accurate
interpretation of POC-CCA results in areas of low prevalence.

Author Contributions
Conceived and designed the experiments: PMZC LMVS RFQG NBFA NK AA NFdFC EO.
Performed the experiments: LMVS RFQG NBFA AA EO. Analyzed the data: PMZC LMVS
RFQG NK NFdFC EO. Contributed reagents/materials/analysis tools: PMZC LMVS RFQG
NBFA NK AA NFdFC EO. Wrote the paper: PMZC RFQG NK EO.

References
1.

World Health Organization. Helminth Control in School Age Children: A Guide for Managers of Control
Programmes. 2011. Available: http://whqlibdoc.who.int/publications/2011/9789241548267_eng.pdf

2.

World Health Organization. Defining a road map toward verification of elimination of schistosomiasis
transmission in Latin America and the Caribbean by 2020. 2014. Available: http://www.paho.org/hq/
index.php?option=com_topics&view=article&id=50&Itemid=40770

3.

Gomes LI, Enk MJ, Rabello A. Diagnosing schistosomiasis: where are we? Rev Soc Bras Med Trop.
2014; 47: 3–11. doi: 10.1590/0037-8682-0231-2013 PMID: 24553804

4.

Bergquist R, Johansen MV, Utzinger J. Diagnostic dilemmas in helminthology: what tools to use and
when? Trends Parasitol. 2009; 25: 151–156. doi: 10.1016/j.pt.2009.01.004 PMID: 19269899

5.

Brooker S, Kabatereine NB, Gyapong JO, Stothard JR, Utzinger J. Rapid mapping of schistosomiasis
and other neglected tropical diseases in the context of integrated control programmes in Africa. Parasitology. 2009; 136: 1707–1718. doi: 10.1017/S0031182009005940 PMID: 19450373

6.

Stothard JR, Chitsulo L, Kristensen TK, Utzinger J. Control of schistosomiasis in sub-Saharan Africa:
progress made, new opportunities and remaining challenges. Parasitology. 2009; 136: 1665–1675. doi:
10.1017/S0031182009991272 PMID: 19814845

7.

Utzinger J, Raso G, Brooker S, de Savigny D, Tanner M, Ornbjerg N, et al. Schistosomiasis and
neglected tropical diseases: towards integrated and sustainable control and a word of caution. Parasitology. 2009; 136: 1859–1874. doi: 10.1017/S0031182009991600 PMID: 19906318

8.

Utzinger J, N’Goran EK, Caffrey CR, Keiser J. From innovation to application: social-ecological context,
diagnostics, drugs and integrated control of schistosomiasis. Acta Trop. 2011; 120 Suppl 1: S121–137.
doi: 10.1016/j.actatropica.2010.08.020 PMID: 20831855

9.

World Health Organization. Accelerating work to overcome the global impact of neglected tropical diseases—A roadmap for implementation. 2012. Available: http://whqlibdoc.who.int/hq/2012/WHO_
HTM_NTD_2012.1_eng.pdf?ua=1

10.

Knopp S, Stothard JR, Rollinson D, Mohammed KA, Khamis IS, Marti H, et al. From morbidity control to
transmission control: time to change tactics against helminths on Unguja Island, Zanzibar. Acta Trop.
2013; 128: 412–422. doi: 10.1016/j.actatropica.2011.04.010 PMID: 21586268

11.

Rollinson D, Knopp S, Levitz S, Stothard JR, Tchuem Tchuente LA, Garba A, et al. Time to set the
agenda for schistosomiasis elimination. Acta Trop. 2013; 128: 423–440. doi: 10.1016/j.actatropica.
2012.04.013 PMID: 22580511

12.

Albonico M, Engels D, Savioli L. Monitoring drug efficacy and early detection of drug resistance in
human soil-transmitted nematodes: a pressing public health agenda for helminth control. Int J Parasitol.
2004; 34: 1205–1210. PMID: 15491582

13.

Hotez PJ, Molyneux DH, Fenwick A, Kumaresan J, Sachs SE, Sachs JD, et al. Control of neglected
tropical diseases. N Engl J Med. 2007; 357: 1018–1027. PMID: 17804846

14.

Grenfell RF, Silva-Moraes V, Taboada D, de Mattos AC, de Castro AK, Coelho PM. Immunodiagnostic
methods: what is their role in areas of low endemicity? Scientific World Journal. 2012.

15.

Colley DG, Binder S, Campbell C, King CH, Tchuem Tchuente LA, N’Goran EK, et al. 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. 2013; 88: 426–432. doi: 10.4269/ajtmh.12-0639 PMID: 23339198

16.

Coulibaly JT, Knopp S, N’Guessan NA, Silue KD, Furst T, Lohourignon LK, et al. Accuracy of urine circulating cathodic antigen (CCA) test for Schistosoma mansoni diagnosis in different settings of Cote
d’Ivoire. PLoS Negl Trop Dis. 2011; 5: e1384. doi: 10.1371/journal.pntd.0001384 PMID: 22132246

17.

Coulibaly JT, N’Gbesso YK, Knopp S, N’Guessan NA, Silue KD, van Dam GJ, et al. Accuracy of urine
circulating cathodic antigen test for the diagnosis of Schistosoma mansoni in preschool-aged children

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004778

June 21, 2016

11 / 13

Improvement of Schistosoma mansoni POC-CCA and Definition of Trace

before and after treatment. PLoS Negl Trop Dis. 2013; 7: e2109. doi: 10.1371/journal.pntd.0002109
PMID: 23556011
18.

Stothard JR, Kabatereine NB, Tukahebwa EM, Kazibwe F, Rollinson D, Mathieson W, et al. Use of circulating cathodic antigen (CCA) dipsticks for detection of intestinal and urinary schistosomiasis. Acta
Trop. 2006; 97: 219–228. PMID: 16386231

19.

Legesse M, Erko B. Field-based evaluation of a reagent strip test for diagnosis of Schistosoma mansoni
by detecting circulating cathodic antigen in urine before and after chemotherapy. Trans R Soc Trop
Med Hyg. 2007; 101: 668–673. PMID: 17368699

20.

Tchuem Tchuente LA, Kuete Fouodo CJ, Kamwa Ngassam RI, Sumo L, Dongmo Noumedem C, Kenfack CM, et al. Evaluation of circulating cathodic antigen (CCA) urine-tests for diagnosis of Schistosoma mansoni infection in Cameroon. PLoS Negl Trop Dis. 2012; 6: e1758. doi: 10.1371/journal.pntd.
0001758 PMID: 22860148

21.

Foo K, Blackstock AJ, Ochola EA, Matete DO, Mwinzi PNM, Montgomery SP, et al. Evaluation of pointof-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. 2015; 92(6),
1227–1232. doi: 10.4269/ajtmh.14-0643 PMID: 25870418

22.

Lamberton PHL, Kabatereine NB, Oguttu DW, Fenwick A, Webster JP. 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. 2014; 8(9): e3139. doi: 10.
1371/journal.pntd.0003139 PMID: 25211217

23.

Shane HL, Verani JR, Abudho B, Montgomery SP, Blackstock AJ, Mwinzi PN, et al. Evaluation of urine
CCA assays for detection of Schistosoma mansoni infection in western Kenya. PLoS Negl Trop Dis.
2011; 5: e591.

24.

Adriko M, Standley CJ, Tinkitina B, Tukahebwa EM, Fenwick A, Fleming FM, et al. Evaluation of circulating cathodic antigen (CCA) urine-cassette assay as a survey tool for Schistosoma mansoni in different transmission settings within Bugiri District, Uganda. Acta Trop. 2014; 136, 50–57. doi: 10.1016/j.
actatropica.2014.04.001 PMID: 24727052

25.

Enk MJ, Lima AC, Drummond SC, Schall VT, Coelho PM. 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. 2008; 108(2–3): 222–228. doi: 10.1016/j.actatropica.2008.09.
016 PMID: 18973744

26.

Grenfell RF, Coelho PM, Taboada D, de Mattos AC, Davis R, Harn DA. Newly established monoclonal
antibody diagnostic assays for Schistosoma mansoni direct detection in areas of low endemicity. PLoS
One. 2014; 9(1): e87777. doi: 10.1371/journal.pone.0087777 PMID: 24498191

27.

Grenfell RF, Martins W, Enk M, Almeida A, Siqueira L, Silva-Moraes V, et al. Schistosoma mansoni in a
low-prevalence area in Brazil: the importance of additional methods for the diagnosis of hard-to-detect
individual carriers by low-cost immunological assays. Mem Inst Oswaldo Cruz. 2013; 108(3).

28.

Siqueira LM, Gomes LI, Oliveira E, de Oliveira ER, de Oliveira AA, Enk MJ, et al. Evaluation of parasitological and molecular techniques for the diagnosis and assessment of cure of schistosomiasis mansoni
in a low transmission area. Mem Inst Oswaldo Cruz. 2015; 110(2): 209–214. doi: 10.1590/007402760140375 PMID: 25946244

29.

Siqueira LM, Coelho PM, Oliveira AA, Massara CL, Carneiro NF, Lima AC, et al. Evaluation of two
coproscopic techniques for the diagnosis of schistosomiasis in a low-transmission area in the state of
Minas Gerais, Brazil. Mem Inst Oswaldo Cruz. 2011; 106(7): 844–850. PMID: 22124557

30.

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 Database Syst Rev. 2015; 3: CD009579. doi: 10.1002/14651858.CD009579.pub2 PMID: 25758180

31.

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

32.

Coelho PM, Jurberg AD, Oliveira AA, Katz N. Use of a saline gradient for the diagnosis of schistosomiasis. Mem Inst Oswaldo Cruz. 2009; 104(5): 720–723. PMID: 19820832

33.

Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source Epidemiologic Statistics for Public Health;
2015. Accessed: http://www.openepi.com

34.

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics. 1977;
33: 159–174. PMID: 843571

35.

van Dam GJ, Wichers JH, Ferreira TM, Ghati D, van Amerongen A, Deelder AM. Diagnosis of schistosomiasis by reagent strip test for detection of circulating cathodic antigen. J Clin Microbiol. 2004; 42
(12): 5458–5461. PMID: 15583265

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004778

June 21, 2016

12 / 13

Improvement of Schistosoma mansoni POC-CCA and Definition of Trace

36.

World Health Organization. Schistosomiasis. Key Facts. 2015 Available: http://www.who.int/
mediacentre/factsheets/fs115/en/

37.

Johansen MV, Sithithaworn P, Bergquist R, Utzinger J. Towards improved diagnosis of zoonotic trematode infections in Southeast Asia. Adv Parasitol. 2010; 73: 171–195. doi: 10.1016/S0065-308X(10)
73007-4 PMID: 20627143

38.

Becker SL, Lohourignon LK, Speich B, Rinaldi L, Knopp S, N'goran EK, et al. Comparison of the Flotal400 dual technique and the formalin-ether concentration technique for diagnosis of human intestinal
protozoon infection. J Clin Microbiol. 2011; 49: 2183–2190. doi: 10.1128/JCM.01035-10 PMID:
21525226

39.

Grenfell R, Harn DA, Tundup S, Da’dara A, Siqueira L, Coelho PM. New Approaches with Different
Types of Circulating Cathodic Antigen for the Diagnosis of Patients with Low Schistosoma mansoni
Load. PLoS Negl Trop Dis. 2013; 7(2): e2054. doi: 10.1371/journal.pntd.0002054 PMID: 23469295

40.

Van Dam GJ, de Dood CJ, Lewis M, Deelder AM, van Lieshout L, Tanke HJ, van Rooyen LH, Corstjens
PL. A robust dry reagent lateral flow assay for diagnosis of active schistosomiasis by detection of Schistosoma circulating anodic antigen. Exp Parasitol. 2013; 135(2):274–282. doi: 10.1016/j.exppara.2013.
06.017 PMID: 23850995

41.

Knopp S, Corstjens PL, Koukounari A, Cercamondi CI, Ame SM, Ali SM, de Dood CJ, Mohammed KA,
Utzinger J, Rollinson D, Van Dam GJ. Sensitivity and specificity of a urine Circulating Anodic Antigen
test for the diagnosis of Schistosoma haematobium in low endemic settings. PLoS Negl Trop Dis.
2015; 9(5):e0003752. doi: 10.1371/journal.pntd.0003752 PMID: 25973845

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0004778

June 21, 2016

13 / 13

