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Abstract.

We evaluated a commercial point-of-care circulating cathodic antigen (POC-CCA) test for assessing

Schistosoma mansoni infection prevalence in areas at risk. Overall, 4,405 school-age children in Cameroon, Cote d’Ivoire,
Ethiopia, Kenya, and Uganda provided urine for POC-CCA testing and stool for Kato-Katz assays. By latent class analysis,
one POC-CCA test was more sensitive (86% versus 62%) but less specific (72% versus ~100%) than multiple Kato-Katz
smears from one stool. However, only 1% of POC-CCA tests in a non-endemic area were false positives, suggesting the
latent class analysis underestimated the POC-CCA specificity. Multivariable modeling estimated POC-CCA as signifi-
cantly more sensitive than Kato-Katz at low infection intensities (< 100 eggs/gram stool). By linear regression, 72%
prevalence among 9-12 year olds by POC-CCA corresponded to 50% prevalence by Kato-Katz, whereas 46% POC-CCA
prevalence corresponded to 10% Kato-Katz prevalence. We conclude that one urine POC-CCA test can replace Kato-Katz
testing for community-level S. mansoni prevalence mapping.

INTRODUCTION

As part of its strategy for assigning treatment coverage in
mass drug administration plans, such as Preventive Chemo-
therapy (PCT) programs, for control of morbidity caused by
Schistosoma mansoni infection the World Health Organi-
zation (WHO) recommends using duplicate Kato-Katz thick
smear examination (two slides of a single stool specimen)
from school-age children to estimate local infection preva-
lence and to map areas for intervention.' Community-wide
PCT is recommended for areas classified as having high prev-
alence (> 50%) by Kato-Katz in school-age children, whereas
school-based PCT is recommended for communities having
moderate prevalence according to the Kato-Katz technique
(10-49%). 1t is recognized that the single stool Kato-Katz
method is incompletely sensitive for detection of active
S. mansoni infection in individual patients.“‘6 However, bar-
ring laboratory error; it is considered essentially 100% specific.
In areas of low prevalence (which have mostly low intensity
infections), use of a less sensitive screening test can present a
major barrier to efficient implementation of parasite control;
the cost to obtain and process multiple daily stool specimens
for testing and the need for painstaking microscopy can limit
the scope and potential effectiveness of mass treatment pro-
grams.”® Furthermore, the logistical limitations of the test can
restrict the ability of schistosomiasis mass drug administration
(MDA) programs to be integrated with control and elimina-
tion programs for other neglected tropical diseases (NTDs).”'°
As a possible alternative, a point-of-care (POC) lateral flow
cassette assay that diagnoses S. mansoni infection by detection
of parasite circulating cathodic antigen (CCA)"'~'* in patient
urine is now commercially available.”~'7 It has been evaluated
for diagnostic accuracy in a number of single site studies
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performed in endemic locations, primarily in areas of high
parasite prevalence and infection intensity.'>'” If shown to be
generally reliable and effective, this assay could potentially
replace traditional Kato-Katz stool examination for the map-
ping of areas at risk for intestinal schistosomiasis. Its potential
benefits could include a substantial savings in time for speci-
men collection and specimen processing, with the results avail-
able within 20 minutes, and possibly direct savings in terms of
the costs of testing and treatment delivery.”” An additional
advantage is that urine specimens are less invasive to collect
than feces and are already collected for detection of hematuria
or Schistosoma haematobium eggs in areas of co-endemicity.

In 2010 the Schistosomiasis Consortium for Operational
Research and Evaluation (SCORE; http://score.uga.edu/) funded
investigators in five African countries (Cameroon, Cote d’Ivoire,
Ethiopia, Kenya, Uganda) for a harmonized multi-center eval-
uation of this POC-CCA assay’s performance among school-age
children in areas anticipated to have high, medium, or low prev-
alence and intensity of S. mansoni infection. Targeted study
areas also included some areas with mixed S. mansoni and
S. haematobium infection. For further comparison, school-
age children were also tested from an area in Ethiopia that was
endemic for soil-transmitted helminths (STHs), but believed to
be non-endemic for S. mansoni. Thus far, three reports have been
published on SCORE-supported results for individual country
locations'>™7; the current work summarizes the overall results
of the multi-center POC-CCA diagnostic assay testing trial.

POPULATIONS, MATERIALS, AND METHODS

Ethics statement on subject recruitment. Ethical clearance
for this study was obtained from the Human Subject’s Office
of the University of Georgia, the National Ethics Committee of
Cameroon (no. 084/CNE/DNM/09), the institutional research
commission of the Swiss Tropical and Public Health Institute
(Basel, Switzerland), the ethics committees of Basel (EKBB;
reference no. 377/09), and of Cote d’Ivoire (reference no. 1993
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MSHP/CNER), the National Council for Science and Technol-
ogy of Uganda, the Institutional Review Board of Aklilu
Lemma Institute of Pathobiology, Addis Ababa University of
Ethiopia, and the National Ethics Review Committee of the
Kenya Medical Research Institute (KEMRI-SSC no. 1768).

The objectives of the studies were explained to participating
children and to their parents or guardians from whom written
informed consent was obtained. Children willing to participate
were then registered and tested. Each child was assigned an
identification number and results were entered into a confiden-
tial database. All children who participated in the study were
treated with praziquantel (40 mg/kg) free of charge.

Study design. Each country survey was targeted to commu-
nities thought to have primarily low to moderate prevalence
of S. mansoni infection prevalence based on past surveys.
In the selected villages, investigators tested as many 9- to
12-year-old children as possible in local school classes. During
the course of repeated daily visits, investigators collected one
to three separate urine and stool specimens from each child
on three consecutive days. The exception was in Uganda,
where only one urine specimen was collected per child.

Stool and urine testing. All stools were tested using a stan-
dard quantitative Kato-Katz microscopic technique'; each
stool specimen was examined in at least duplicate by prepara-
tion of two individual Kato-Katz slides per stool (standard
41.7 mg/slide). In Cote d’Ivoire and Cameroon triplicate
Kato-Katz thick smears per stool sample were assayed.

A subset of stool samples from Kenya was selected for
multiplex real-time polymerase chain reaction (PCR) testing
for detection of Schistosoma DNA."™ For POC-CCA urine
assays (Rapid Medical Diagnostics; Pretoria, South Africa),
the manufacturer’s instructions were followed, including
defining “trace” POC-CCA readings as positive results.

Statistical analysis. For evaluation of test performance,
given the imperfect sensitivity of Kato-Katz stool micros-
copy,*!? latent class analysis (LCA)?*2* was used to estimate
the relative sensitivities and specificities of Kato-Katz, POC-
CCA, and Schistosoma-specific PCR. In LCA, the “true” dis-
ease status of each subject is treated as an unobserved binary
latent variable, taking the value one if the subject is indeed
infected with S. mansoni and zero if otherwise. In our
adjusted estimates, the likelihood of S. mansoni infection was
hypothesized to be a function of age, gender, and community
to which each subject belonged. Maximum likelihood esti-
mates of model parameters were obtained using the EM algo-
rithm. > (Note: The data from the area in Ethiopia thought to
be non-endemic for S. mansoni were analyzed separately and
were not included in any models and are not reported in the
tables summarizing the five-country study.)

Logistic regression was used to assess the sensitivity of
POC-CCA as a function of mean infection intensity. Standard
linear regression was used to compare the prevalence esti-
mated using a single POC-CCA urine test with that based on
Kato-Katz testing of a single stool.

RESULTS

A total of 4,305 children from 63 schools in areas endemic
for schistosomiasis in the five countries were tested (Table 1).
The greatest proportion of participants (43%) was from Kenya.
Cameroon contributed 17%, Cote d’Ivoire 14%, Ethiopia
14%, and Uganda 12% of the test subjects included in the final
analysis of the study. As expected, except in Uganda, estimated
S. mansoni infection prevalence based on positive egg detec-
tion in any of three daily Kato-Katz examinations was higher
than that based on a Kato-Katz examination of only the first
day’s stool (Table 1). In similar fashion, POC-CCA assays
repeated on three consecutive daily urine specimens resulted
in higher prevalence estimates of S. mansoni infection.

To show the range of infection prevalence measured in par-
ticipating schools, Figure 1 presents the standard prevalence
for each school tested, as determined by either a single Kato-
Katz or a single POC-CCA test, in rank order of the 1-day
Kato-Katz results. Participating study schools had a broad
range of both prevalence and intensity of infection (Figure 1;
Table 1). Most of the data for very low prevalence (< 10%)
schools came from Kenya, but schools from other countries
were also represented across a range of prevalence levels. In
all but four of the 63 schools, prevalence based on a single
POC-CCA was higher than that found by a single Kato-Katz
examination, often considerably higher. The difference between
estimates by POC-CCA and Kato-Katz was not consistent
across all schools (Figure 1).

A comparison of the results of the first day’s POC-CCA with
the first day’s Kato-Katz test result for each child, organized by
country, indicates that there were differences in test perfor-
mance among countries (Table 2). For example, in Uganda,
53% of POC-CCA-positive individuals were Kato-Katz nega-
tive, whereas this discordant outcome was seen in only 14% of
children in Coéte d’Ivoire. In an analysis combining all the
results, 10.6% of children whose first stool was positive using
Kato-Katz had their first POC-CCA test reported as negative,
and 43% of children whose first stool was negative had a posi-
tive POC-CCA result on their first urine.

Seven villages in Cameroon and Cote d’Ivoire included
children who had mixed infection with both S. mansoni and
S. haematobium. The rate of positivity of POC-CCA was
86.5% among the 525 children who had S. mansoni only (by

TaBLE 1

School numbers and participant children surveyed in each study country*

No. schools No. children Overall prevalence

Overall prevalence

Overall prevalence Overall prevalence Median intensity of infections

Country tested tested by 1 Kato-Katz by 1 POC-CCA by 3 Kato-Katz by 3 POC-CCA detected (EPG) [range]
Cameroon 3 733 0.384 0.622 0.549 0.756 37 [46-590]
Cote d’Ivoire 4 607 0.479 0.455 0.577 0.565 103 [161-235]
Ethiopia 2 620 0.430 0.660 0.526 0.708 43 [69-153]
Kenya 49 1845 0.151 0.499 0.221 0.657 14 [2-366]
Uganda 5 500 0.250 0.626 0.250 - 32 [37-247]
Total or Overall 63 4305 0.289 0.552 0.388 0.664 35 [2-590]

*Children surveyed in each study country (left columns). Center columns show observed prevalence of Schistosoma mansoni infection, as detected either in 1 or 3 daily stool specimens using
standard Kato-Katz microscopy, or in 1 or 3 daily urine specimens using point-of-care assays for parasite circulating cathodic antigen (POC-CCA). The country-level median intensity of Kato-

Katz-detected infections (in eggs per gram of feces, EPG) is indicated in the right-most column.
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Ficure 1. Range and variation of Schistosoma mansoni prevalence of infection in 63 participant schools. Dark bars indicate prevalence
as determined by standard Kato-Katz microscopy of the first daily stool specimen; superimposed light bars indicate prevalence measured using
concurrent point-of-care circulating cathodic antigen (POC-CCA) detection in the first urine specimen. Bars are arranged in order of ascending

prevalence based on the Kato-Katz results.

Kato-Katz), compared with 90.3% among the 248 children
who had mixed infections (as determined by Kato-Katz posi-
tivity plus urine filtration positivity** or hematuria detected
by reagent strip testing [i.e., Hemastix]). Thus, mixed infec-
tion with both S. mansoni and S. haematobium did not alter
the ability to detect S. mansoni infection using the POC-CCA
assay. Furthermore, in a control village in Ethiopia endemic
for STHs but predicted and subsequently shown to be non-
endemic for schistosomiasis, among 100 children tested, prev-
alence of at least one STH (by Kato-Katz stool examination)
was 50%, whereas the prevalence of S. mansoni by Kato-Katz
was 0%, and by POC-CCA 1%, with only a single positive
POC-CCA reading, which was recorded as “trace.” The chil-
dren in this study were born and brought up in that area and
had never traveled to areas endemic for schistosomiasis.

TABLE 2

Results of concurrent POC-CCA and Kato-Katz testing on the first
daily specimens (urine and stool, respectively) obtained from
enrolled 9- to 12-year-old study subjects living in Schistosoma
mansoni-endemic areas of five African countries*

Kato-Katz negative Kato-Katz positive

Cameroon POC-CCA- 231 (52.6%) 27 (9.8%)
POC-CCA+ 208 (47.4%) 247 (90.2%)

Cote d’Ivoire POC-CCA- 249 (85.6%) 38 (14.2%)
POC-CCA+ 42 (14.4%)

Ethiopia POC-CCA- 195 (55.2%) 16 (6.0%)
POC-CAA+ 158 (44.8%) 251 (94.0%)

Kenya POC-CCA- 833 (55.6%) 35 (13.2%)
POC-CCA+ 664 (44.4%) 231 (86.8%)

Uganda POC-CCA- 176 (46.9%) 11 (8.8%)
POC-CCA+ 199 (53.1%) 114 (91.2%)

All5 Countries ~ POC-CCA— 1684 (57.0%) 127 (10.6%)
POC-CCA+ 1271 (43.0%) 1073 (89.4%)

*Numbers in parentheses indicate column percentages for each 2 x 2 sub-table.
POC-CCA = point-of-care assays for parasite circulating cathodic antigen.

Specimens concordant or discordant for first day Kato-Katz
and the first day POC-CCA outcomes were tested by PCR of
the first day stool to assist with interpretation of discordant
results. These results also contributed to estimates derived
from LCA models. Of the 905 specimens tested by PCR,
18% were positive by both Kato-Katz and POC-CCA, 38%
were negative by both methods, 2% were Kato-Katz positive
but POC-CCA negative, and 42% were Kato-Katz negative
but POC-CCA positive. Summarizing the detailed results
shown in Table 3, 89% of the 176 stools positive for S. mansoni
eggs by Kato-Katz were also positive for Schistosoma DNA by
PCR. However, only 47% of the 539 children with positive
POC-CCA urine assays were seen as stool-positive by PCR.
By contrast, 86% of the 366 who were POC-CCA-negative
were also negative by PCR (Table 3).

Assuming 100% specificity for a Kato-Katz test (i.e., any
S. mansoni egg visualization represents an infection), our
LCA using data from all available POC-CCA, Kato-Katz
and PCR first day assays (except those from the non-endemic
area of Ethiopia) indicated that a single POC-CCA test was
more sensitive for diagnosis of S. mansoni infection than a
single stool tested by Kato-Katz examination—86% versus

TaBLE 3

Results of PCR testing for Schistosoma DNA in stool specimens
performed on a subset of 905 Kenyan subjects*®

Test results group Total PCR positive PCR negative

Kato-Katz and POC/CCA 158 146 (92%) 12 (8%)
both positive

Kato-Katz and POC/CCA 348 42 (12%) 306 (88%)
both negative

Kato-Katz positive, 18 11 (61%) 7 (39%)
POC/CCA negative

Kato-Katz negative, 381 105 (28%) 276 (72%)
POC/CCA positive

Total 905 318 (33%) 633 (67%)

*All data are from the first day stool and urine specimens. Columns show positive and
negative polymerase chain reaction (PCR) results for four subgroups defined by the subject’s
Kato-Katz and point-of-care assays for parasite circulating cathodic antigen (POC/CCA) test
results. Numbers in parentheses indicate row percentages.
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TABLE 4

As estimated by latent class analysis of all available subject data, test sensitivity, and specificity of Kato-Katz microscopy of a single stool,
POC-CCA testing of a single urine, and of PCR testing of a single stool in the Schistosoma mansoni-endemic areas included in this study*

Countries
Assay Criterion Cameroon Ethiopia Céte d’Ivoire Kenya Uganda Overall
Kato-Katz Sensitivity 64% 59% 77% 44% 61% 62%
POC-CCA Sensitivity 87% 92% 78% 86% 89% 86%
Specificity 74% 94% 92% 70% 56% 2%
PCR Sensitivity 69%
Specificity 91%

*Results are listed for each participating study country and for all countries combined.

POC-CCA = point-of-care assays for parasite circulating cathodic antigen; PCR = polymerase chain reaction.

62%, respectively (Table 4). The overall specificity of the
POC-CCA test, as estimated by LCA, was 72%, compared
with the assumed specificity of 100% for the Kato-Katz.
There was, however, considerable variation among countries
in the LCA-estimated sensitivity of the Kato-Katz and in the
specificity and sensitivity of the POC-CCA, with Cote d’Ivoire
experiencing the lowest POC-CCA test sensitivity (78% ) with
high specificity (92%), and Uganda having the lowest specificity
for the POC-CCA (56%). Ethiopia had the highest estimated
test specificity (92%) and sensitivity (94%) for POC-CCA.
By LCA, the estimated sensitivity and specificity for the PCR
stool assays were 69% and 91%, respectively. Slight differ-
ences in the model outcomes for Kenya are seen if the LCA
model is run with the specificities of both the Kato-Katz and
the PCR set at 100%. In this case the Kenyan Kato-Katz
sensitivity decreases from 44% to 38%, whereas the POC-
CCA sensitivity decreases from 86% to 82% and the POC-
CCA specificity increases from 70% to 72%. The sensitivity
of the PCR remains the same at 69% under these conditions.
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FIGURE 2. Modeled estimation of the sensitivity of a single point-
of-care circulating cathodic antigen (POC-CCA) in the five study
countries (as shown in the variously thin or dotted lines as indicated
in the Figure) or the five taken together (thick gray line), according to
the “true” local Schistosoma mansoni prevalence of infection among
9- to 12-year-old children. Comparison is shown to results for a single
Kato-Katz stool examination (thick black line). The model is based
on logistic regression in which “true” disease status (yes or no) of
each subject is treated as a binary latent variable, and the likelihood
of schistosomiasis was hypothesized to be a function of age, gender,
and community to which each subject belonged.

Figure 2 presents the results of our location-adjusted logis-
tic modeling estimates of the sensitivity of a single POC-
CCA or a single Kato-Katz, as a function of the intensity of
S. mansoni infection, for each of the five country partners in
the study and for all countries combined. The results imply
that a Kato-Katz test of a single stool is consistently less
sensitive for S. mansoni diagnosis at lower intensities of
infection, whereas its sensitivity is 80% or greater at infec-
tion intensities above 100 eggs per gram of feces (EPG).
When data from all countries were combined, the estimated
POC-CCA sensitivity approached 80% as the infection
intensity rose above 20 EPG. When analyzed individually,
three of the five country test groups approached or exceeded
80% sensitivity at intensities of 10 EPG.

Figure 3 presents a comparison of individual school preva-
lence levels measured by single specimen Kato-Katz testing
versus single-specimen POC-CCA testing. Based on a linear
regression model, prevalence of 46% using POC-CCA cor-
responded to a prevalence of 10% using Kato-Katz, and a
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Ficure 3. Correlation of prevalence in individual schools (based
on a single Kato-Katz examination) with that from a single point-of-
care circulating cathodic antigen (POC-CCA) urine testing. Linear
regression parameters are shown in the legend. Small black circles,
Kenya; large triangles, Cote d’Ivoire; squares, Uganda; large circles
with an X, Cameroon; large inverted triangles, Ethiopia. Vertical
dotted lines represent school-age prevalence Kato-Katz thresholds
used in the World Health Organization (WHO) guidelines for timing
and coverage of mass drug administration (MDA)-based schisto-
somiasis control programs and horizontal dotted lines show the corre-
sponding cutoffs for prevalence determined by the POC-CCA assay.
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prevalence of 72% by POC-CCA corresponded to a preva-
lence of 50% by Kato-Katz testing.

DISCUSSION

Our analysis of a coordinated set of diagnostic test compar-
isons carried out in endemic settings in five African countries
indicated that for diagnosis of S. mansoni on an individual and
community basis, the POC-CCA urine test appears to be a
more sensitive test than the Kato-Katz stool examination tech-
nique. The results for the combined country-level data are
consistent with those reported earlier for POC-CCA testing in
several individual study locations across different S. mansoni
endemicity levels, some of which had mixed infections with
S. haematobium.">"" Our results therefore corroborate with
previous diagnostic studies using the now discontinued CCA
dipstick test'>'*1® and address some of the issues by Stothard®
on how rapid diagnostic tests could improve control of schisto-
somiasis. The increased diagnostic sensitivity of the POC-CCA
seen in our study was evident across a wide range of commu-
nity prevalence levels (1-60% S. mansoni infection prevalence
as determined by a single stool Kato-Katz screening). The
increased sensitivity was particularly notable among schools
having between 10% and 25% prevalence (Figure 3), where
more of the infections were of light intensity. Testing one urine
specimen by POC-CCA yielded a higher prevalence estimate
than testing one stool by Kato-Katz in nearly all schools. Three
of four schools in which Kato-Katz prevalence was higher than
POC-CCA prevalence had very high S. mansoni prevalence
of infection and high intensity of infection (arithmetic mean
fecal egg counts: 116, 460, and 590 EPG), where sensitivity
performance of Kato-Katz testing would be expected to be
much better.?®

In general, the stool PCR testing results were in better
agreement with Kato-Katz results than with the POC-CCA
results. This may not be surprising, as Kato-Katz and PCR are
likely to be similarly limited by the small amounts of stool
actually tested, with the resulting potential for sampling
errors. It is not yet clear how to interpret discordant results
between POC-CCA and Kato-Katz. The majority of discor-
dant results were POC-CCA positive and Kato-Katz negative,
in large measure likely reflecting the incomplete sensitivity of
the Kato-Katz technique. However, false positive POC-CCA
results could occur because of urinary tract inflammation
(hematuria or pyuria) or as a result of mislabeling of speci-
mens or unobserved “specimen sharing” among study sub-
jects, who were not observed during sample collection. In the
absence of a diagnostic “gold” standard for S. mansoni, LCA
modeling provides a sound statistical estimate of the per-
formance characteristics of the diagnostic tests included in
this study. The LCA suggests that the POC-CCA test can
provide false positive results. However, the finding of only
1% POC-CCA positivity in an Ethiopian area non-endemic
for S. mansoni, and prior evaluations of Kato-Katz perfor-
mance characteristics,*>?=° suggest that the POC-CCA is
likely to be more specific than estimated by the LCA model.
Assuming no reader error or quality control problems, the
finding of several Kato-Katz positive/POC-CCA negative
results indicates that POC-CCA testing can also yield false
negative results. As several studies have found the POC-
CCA to be erratic in detection of S. haematobium infec-
tions,">*! we sought to determine if mixed infections of

S. haematobium and S. mansoni in some way led to erratic
detection of S. mansoni infections. Based on results from
seven schools where children had mixed infections, the ability
of the POC-CCA assay to detect S. mansoni in mixed infec-
tions was unimpeded.

In general, based on LCA modeling of the combined five
country data, the POC-CCA test appeared to be more sensi-
tive and less specific than Kato-Katz. Using a single urine
specimen, POC-CCA specificity in the various countries
ranged from 56% to 94%, with an estimated overall specific-
ity of 72%. Although the Kato-Katz assay was considered
in this study to be 100% specific, that could be an over-
estimate, if, for example, laboratory errors occur caused by
contamination with residual eggs or reader/data entry errors.
Such “small” errors could have disproportionately affected
the specificity estimates (for all tests) as estimated by the
LCA. SCORE is supporting other work to develop more sen-
sitive and specific laboratory-based diagnostics, which will
allow a more refined estimated of the diagnostic performance
characteristics of the POC-CCA detection approach.

Our regression analysis suggests that separate estimates of
school prevalence by Kato-Katz and by POC-CCA are signif-
icantly correlated (r = 0.63, P < 0.0001). This suggests that
measured POC-CCA prevalence could be correlated with the
prevalence cutoffs established by WHO for treatment alloca-
tion according to high, medium, or low prevalence in individual
communitiesz; however, we note that the test—test regression
line does not pass through the origin. This is a combined result
of the lower sensitivity of the Kato-Katz and the limited num-
ber of communities having “truly” minimal prevalence in our
study. If our studies included a higher proportion of schools
similar to the STH-endemic/S. mansoni-negative area we stud-
ied in Ethiopia, the regression intercept would have been lower
and the curve less linear.

Test performance varied across the five countries. Some of
this may be related to different average infection intensities in
the different countries, however there may also be other
sources of variation, such as the working threshold for calling
a cassette reading as trace positive. Other research has shown
an association between intensity of an individual’s S. mansoni
infection (as expressed in EPG) and intensity of his or her
CCA reaction in screening tests.'® Differences in intensity
readings could be rectified by training or by changes in the
cassette format, perhaps by use of a CCA standard or addition
of a standardized “trace positive” comparison line.

It is important to emphasize that our test evaluation is
based only on 63 schools in five countries where the surveys
were conducted. Additional data from additional locations
having very low prevalence and from more control areas not
endemic for schistosomiasis would be helpful to further deter-
mine the usefulness of the POC-CCA in areas where the
prevalence is expected to be from 1% to 15%, and the inten-
sities of infection < 20 EPG. However, our data indicate that
the POC-CCA could be a useful tool in medium-to-high prev-
alence areas that are presently working to control morbidity
from S. mansoni infection, the first step of which is to do
prevalence mapping to determine where and to what degree
PCT should be implemented.

The use of the POC-CCA test for PCT decision-making
will require the addition of POC-CCA-specific criteria to the
WHO guidelines, which currently are based on cutoffs taken
from Kato-Katz-based screening values (or urine filtration or
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school-based questionnaires for S. haematobium).** These
WHO guidelines for MDA have set thresholds of < 10% (low
prevalence), 10-50% (moderate prevalence), and > 50%
(high prevalence) by single-stool Kato-Katz screening in 9- to
12-year-old children. Based on our findings, 10% prevalence
by Kato-Katz would be equivalent to 46% prevalence by
POC-CCA, whereas 50% prevalence by Kato-Katz would be
equivalent to 72% by POC-CCA. In our study communities,
based on current Kato-Katz-based WHO cutoff values, there
are 26 schools categorized as low-prevalence, 33 as moderate,
and 4 as high. Using our derived POC-CCA cutoffs based on
Figure 3, the numbers of schools in the low, moderate, and
high categories would be 25, 28, and 10, respectively. Thus,
with Kato-Katz screening, prevalence in four schools would
indicate the need for community-wide PCT, whereas with
POC-CCA, 10 villages would require community-wide treat-
ment. Although the increased number of communities requir-
ing PCT based on POC-CCA mapping would increase the
cost to a national program, over time, policy decision-making
based on more accurate diagnosis should lead to more effec-
tive schistosomiasis control.

Several issues affect the potential for widespread adoption
of POC-CCA testing for mapping of S. mansoni burden.
Among the most important is cost. The POC-CCA cassettes
used in these studies cost ~US$1.75 per cassette. Based on
published®® and unpublished cost data from implementation of
recent Schistosomiasis Control Initiative (SCI) and SCORE
control programs, the running costs of doing Kato-Katz assays
in screening surveys are now similar to this cost of buying and
performing POC-CCA (Worrell, personal communication;
Kabatereine, personal communication). In considering the use
of POC-CCA for mapping S. mansoni in integrated NTD pro-
grams, the use of urine instead of stool for parasite mapping
eliminates the ability to simultaneously test for the STHs. This
needs to be considered, however may not be an actual impedi-
ment to use of the POC-CCA because STH mapping is often
done on younger children, and PCT for the STHs is often done
without prior mapping. Nevertheless, all programmatic impacts,
such as the ease of performing the assays by teachers or village
volunteers and transport costs, should be assessed before any
recommendation for widespread adoption of POC-CCA.

An important next step will be to collect additional data
on POC-CCA performance at other sites and compare the data
from our sites with those from other regions. This should allow
greater refinement of the cutoff values for decision-making
related to PCT allocation. Efforts should also be made to
improve POC-CCA read-outs and establish better consistency
in performance among countries. Remaining questions include
whether the intensity/density of a positive line on the cassette
can be used as a correlate of S. mansoni infection intensity,
whether the test can determine if a person has been cured
after treatment, and whether the test works equally well for
preschool-age children (Coulibaly, personal communication).'®

Based on the merged data from this five-country study,
SCORE has recommended to WHO/NTD that the commer-
cially produced, urine-based POC-CCA test for S. mansoni is
sufficiently sensitive and specific that it can be used as a
mapping tool for determining prevalence among school-age
children and deciding PCT strategies. On 25 May 2012, World
Health Assembly 65 endorsed a resolution that morbidity
control of schistosomiasis should be continued and enhanced,
and in addition, that elimination—that is, the interruption of

transmission®* —should be pursued wherever possible. This is
a major leap forward in the thinking in regard to public health
as related to schistosomiasis. The data in this study would
indicate that the POC-CCA assay will not be sufficiently spe-
cific and sensitive at very low levels of egg output to support
the “end-game” of elimination, but that it can contribute
greatly to the identification of endemic locations, thereby
providing the disease mapping needed to properly plan strat-
egies for gaining and sustaining control, with the ultimate
objective of moving toward total elimination.
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