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Abstract. The WHO guidelines for monitoring and evaluating Schistosoma mansoni control programs are based on the
Kato-Katz (KK) fecal examination method; however, there are limitations to its use, particularly in low prevalence areas. The
point-of-care urine circulating cathodic antigen (POC-CCA) assay has emerged as a useful tool for mapping schistosomiasis
prevalence, but its use in monitoring and evaluating control programs has not been evaluated. Before POC-CCA can be
used for these programs, it must be determined how previous guidance based on the KK method can be translated to
the POC-CCA assay; furthermore, its performance in different endemicity settings must be evaluated. Urine and stool speci-
mens were collected from students attending public primary schools in western Kenya before mass treatment with prazi-
quantel at baseline (51 schools), year 1 (45 schools), year 2 (34 schools), and year 3 (20 schools). Prevalence and infection
intensity were determined by the KK method and POC-CCA assay. Changes in prevalence and intensity were compared
within the strata of schools grouped according to the baseline prevalence determined by the KK method (0-10%,
>10-20%, > 20%). The prevalence determined by the POC-CCA assay was higher than that determined by the KK method
at all time points for all strata. The prevalence determined by the KK method decreased from baseline to 2 and 3 years,
as did infection intensity (with one exception). A corresponding decrease was not always replicated by the POC-CCA assay
results. The POC-CCA assay did not perform as expected, and the concordance of results of the two tests was poor.
Furthermore, there are emerging concerns regarding the specificity of the POC-CCA assay. Therefore, it is impossible to

translate historical data and programmatic guidelines based on the KK method results to the POC-CCA assay.

INTRODUCTION

Intestinal schistosomiasis, a disease caused by the trema-
tode parasite Schistosoma mansoni, is endemic in many
sub-Sahara African countries, including Kenya, and affects
almost 240 million people globally.! The current WHO-
recommended control strategy for schistosomiasis focuses
on large-scale treatment of at-risk population groups (mass
drug administration [MDA] of praziquantel targeting school-
aged children), access to safe water, improved sanitation,
hygiene education, and snail control.2® The WHO guidelines
based the treatment recommendations on the prevalence
and intensity of infection among school-aged children
because these measures have been determined to be good
indicators of the prevalence and infection intensity in the
greater community.*® Historically, control programs have
used the Kato-Katz (KK) testing method® to detect schisto-
some eggs in stool, make treatment decisions, and monitor
program effectiveness, as recommended by the WHO.™
However, there are limitations to using the KK method for
monitoring and evaluation,'" such as its low sensitivity to
low-intensity infection levels,'?>™'* daily variability in egg
excretion,’®"” nonhomogenous distribution of eggs in
stool,'®8 and requirements of trained laboratory technicians,
functioning microscopes, and electricity to perform testing.
Although performing repeated KK testing on multiple consec-
utive stool specimens can increase sensitivity and reduce
diagnostic error,? it is logistically impractical for control pro-
grams and incurs additional costs."®:2°

The point-of-care urine circulating cathodic antigen (POC-
CCA) assay is a semi-quantitative test that detects an antigen
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secreted by the worm and excreted in the urine of the
host.?"?? Initial studies indicated that it may be more sensitive
than the KK test, especially at lower prevalence levels.'32%:24
The POC-CCA assay offers additional advantages over the KK
method for monitoring control programs. For example, it uses
urine specimens, which are less invasive and easier to obtain
than stool, there is less variation in the daily excretion levels
and between test batches and test readers,?® it can be per-
formed in the field, thus foregoing the need to transport speci-
mens back to the laboratory for preparation and analysis,
results can be read in 20 minutes, and it is more cost-
effective than triplicate KK testing.'®

In 2013, the WHO published a strategic plan for schistoso-
miasis control for the years 2012 to 2020, with the goals of
controlling schistosomiasis morbidity by 2020 and eliminating
schistosomiasis as a public health problem by 2025.2¢ With
this strategic plan, the WHO recognized that diagnostic tools
used for monitoring and evaluating control programs, such as
the KK method, have limitations, and they stated that “there is
aneedtoimprove and validate the circulating cathodic antigen
assay ... for S. mansoni.”?® Based on the WHO Meeting on
Diagnostic Tools for Schistosomiasis Control in February
2015, the Strategic and Technical Advisory Group for Neg-
lected Tropical Diseases encouraged additional validation of
the POC-CCA assay to better define cutoffs that should be
used for decision-making by S. mansoni control programs.

Before the POC-CCA assay can be deployed for the pur-
poses of monitoring and evaluating control programs, itis nec-
essary to determine how to translate previous guidance based
on the KK test to the POC-CCA assay and the performance of
the test in endemic and post-MDA settings. The overall objec-
tive of this study was to determine whether the POC-CCA
assay can be substituted for the KK test to monitor the impact
and progress of MDA programs. The secondary objectives
were to determine the agreement between POC-CCA assay
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and KK test and the cut-offs for the POC-CCA assay to be
used for program decision-making in areas with S. mansoni
transmission, determine the appropriate frequency of POC-
CCA testing for control programs, and determine whether
the initial prevalence level among school-aged children based
on egg counts affected the usefulness of the POC-CCA assay
to monitor the effects of MDA.

METHODS

Study design. In 2017, 30 primary schools were selected
from Siaya County (24 schools) and Kisumu County (6
schools). The Kisumu County schools were dropped from
the study in 2018, and an additional 21 schools in Siaya
County were added, bringing the total number of participating
schools to 45; this number remained consistent through 2019.
In 2020, sampling was only possible at 30 of the 45 schools
before operations were suspended because of the COVID-
19 pandemic. Siaya County, which borders Lake Victoria in
western Kenya, was selected as the study site because it is
an endemic area for intestinal schistosomiasis and has under-
gone multiple rounds of MDA with praziquantel conducted
through the National School Based Deworming Program
(NSBDP). In addition, previous studies in the area demon-
strated an inverse relationship between schistosomiasis
prevalence and distance from the lake,?”-?® thus allowing the
selection of schools based on the anticipated baseline preva-
lence. Five of the additional schools in Siaya County were pur-
posively selected because they are a greater distance from the
lake (> 10 km) than the other 40 schooals; therefore, they were
presumed to be approaching an S. mansoni prevalence level
of 0%. A repeated, cross-sectional design was used through-
out the study, and a new random sample of students in
selected schools was selected each year. Children aged 9 to
12 years (an approximately equal numbers of males and
females) from schools with ongoing MDA provided by the
NSBDP were invited to participate. Schools were selected to
represent a range of schistosomiasis prevalence levels (0 to
< 10%, = 10 to < 20%, and = 20%). The target sample
size for each school was 50 to 100 students; students were
selected randomly from the school enroliment lists obtained
from the headteacher of each school. The sample size of stu-
dents per school and the number of schools in each strata
were calculated using an alpha of 0.05 and 80% power to
determine at least a 15% difference in positive POC-CCA
assay rates. Permission to conduct the study was obtained
from each school and parental/guardian consent was
obtained for each child. Children were excluded from partici-
pating if they did not provide assent, if they were visibly ill
(for example, vomiting or lethargic, as judged by the study
nurse and school health teachers), or if they received anthel-
mintic treatment outside of the NSBDP during the past year
(based on information from the school headteacher).

Test methodology. In 2017, a single urine specimen and
three consecutive daily stool specimens were collected from
each participating child at least 1 week before the annual
deworming provided by NSBDP. In 2018, 2019, and 2020, a
single stool specimen and one urine specimen were collected
before MDA. Stool specimens were analyzed using the Kato-
Katz method (41.7-mg template)® to detect S. mansoni ova;
two slides per stool specimen were prepared in 2017, and
four slides were prepared for the single stool samples

collected during subsequent years. Urine specimens were
tested using the commercially available POC-CCA test (Rapid
Medical Diagnostics, Pretoria, South Africa; batch numbers:
170316032 for 2017, 180314027 for 2018 and 2019, and
190301016 for 2020; all test kits were used before their expira-
tion dates and transported and stored as recommended by
the manufacturer) according to the manufacturer’s instruc-
tions. Briefly, two drops of urine were added to the test cas-
sette and allowed to absorb and develop for 20 minutes;
then, the results were read. Results were scored based on
the intensity of the test band compared with the control
band. Tests with no developed test band were scored as neg-
ative. Visible bands were scored as positive, with the results
ranging from “trace” if the band was barely visible, +1 if the
test band was readily visible but less intense than the control
band, +2 if the test band had intensity equal to the control
band, and +3 if the test band was more intense than the con-
trol band. Tests were considered invalid if the internal control
band did not develop. All urine samples were also tested for
hematuria using a dipstick (Cybow urine reagent strips; DFI
Co. Ltd., Gyeongsangnam-do, Korea) and recorded as posi-
tive or negative. Laboratory personnel were blinded to the
results of the other tests to reduce bias when interpreting
agreement between the two tests. Results of the KK and
POC-CCA tests were recorded on paper forms and then
entered into an electronic database via smartphone using
the Open Data Kit application in 2017 and 2018 and the
CommCare App (Dimagi Inc., Cambridge, MA) in 2019
and 2020.

Analyses. Data were downloaded as an Excel spreadsheet
(Microsoft, Redmond, WA). All statistical analyses were per-
formed using SAS (version 9.4; SAS Institute, Cary, NC). The
intensity of infection was determined using the KK test based
on eggs per gram (epg) of feces and categorized according to
the WHO thresholds as light (1-99 epg), moderate (100-399
epg), and heavy (= 400 epg).'® School-level prevalence was
determined as the number of individuals with positive POC-
CCA or KK test results divided by the total number of individ-
uals with positive or negative test results multiplied by 100.
Individuals were reported as the proportion in the school-
level prevalence strata, defined based on KK test results
from the first year the school joined the study, and categorized
as low (< 10%), medium (10-< 20%) or high (= 20%). Base-
line measurements were considered as the year when the
school joined the study. Comparisons were performed based
on the number of years in the study. Mean POC-CCA test
scores were determined by assigning a value of 0 to negative
results, 0.5 to trace results, 1to +1,2 to +2, and 3to +3. The
change in prevalence determined by the POC-CCA and KK
test results, mean epg, and mean POC-CCA test scores
between years based on the prevalence strata were exa-
mined using a Poisson model and negative binomial model,
respectively.?® Clustering by school was accounted for with
generalized estimating equations using a compound symmet-
ric correlation structure.®® The 5% level of significance and
two-sided tests were used for all analyses. To determine the
agreement between the paired KK and POC-CCA test results,
contingency tables were created, and the percentages of con-
cordant and discordant paired results were reported. Previous
comparison studies indicated that the intensity of the test
band onthe POC-CCA test corresponds to egg burden. %1331
The intensity of infection determined by the POC-CCA test
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was categorized by comparing the visual band intensity with
the control line and reported as light (trace and +1 combined),
moderate (+2), or heavy (+3). We determined the level of
agreement between KK and POC-CCA assay results by
identifying the number of concordant results as follows: nega-
tive POC-CCA and negative KK; trace and +1 POC-CCA
(combined) test band and low-intensity infection (1-99 epg)
determined by the KK test; +2 POC-CCA band and
moderate-intensity infection (100-399 epg) according to the
KK test; and +3 POC-CCA band and high-intensity infection
(= 400 epg) according to the KK test and reported as
a percentage.

Ethical approval. The study protocol was reviewed and
approved initially by the by the KEMRI Scientific and Ethics
Review Unit, Nairobi, Kenya (protocol number KEMRI/
SERU/CGHR/043/3279), and later by the Institutional Review
Board at Maseno University, Kisumu, Kenya (protocol number
MSU/DRPI/MUERC/00538/18). Additional approval was
obtained from the Kenyan National Commission for Science,
Technology, and Innovation. The protocol was also reviewed
by the Office of the Associate Director for Science in the Cen-
ter for Global Health of the CDC; CDC investigators were not
considered to be engaged with human subjects.

RESULTS

There were 51 schools with baseline data; 45, 34, and 20
schools had 1, 2, and 3 years of follow-up data, respectively.
The median numbers of participants providing data per school
were 100 (range, 60-108) at baseline, 88 (range, 43-100) at
1-year follow-up, 80 (range, 61-100) for schools with 2 years
of follow-up, and 84 (range, 54—-101) for schools with 3 years
of follow-up. Based on the baseline KK data, there were 19
schools in the low prevalence strata (< 10%), 10 schools in
the medium prevalence strata (10-20%), and 22 schools in
the high prevalence strata (> 20%).

Change in prevalence determined by the KK and POC-
CCA tests. School-level prevalence determined by the KK
and POC-CCA tests at each time point are summarized in
Supplemental Table 1; the mean prevalence determined by
the KK and POC-CCA tests for participants in the low,
medium, and high prevalence strata schools at each time
point are summarized in Table 1. Both school-level (Supple-
mental Table 1) and strata-level mean prevalence rates (Table
1) determined by the KK test were lower than school-level and
strata-level mean prevalence rates determined by the POC-
CCA test at all time points. The mean strata-level prevalence
determined by the KK tests declined for all prevalence strata
over the course of all years during the study, except for
the low prevalence strata schools between years 2 and 3
(Table 1). All mean strata-level prevalence rates determined
by the KK test decreased significantly from baseline to year
2 and from baseline to year 3 (Table 2). The mean strata-
level prevalence determined by the POC-CCA test did not uni-
formly decrease across years in the study; instead, it followed
a mostly undulating pattern with a decrease during one year
followed by an increase during the next year (Table 1). For
low prevalence strata schools, the mean strata-level preva-
lence determined by the POC-CCA test was essentially
unchanged from baseline to year 2 (prevalence ratio [PR],
0.9; 95% ClI, 0.67-1.22; P = 0.51). Although a decrease was
noted from baseline to year 3, it was not significant (PR,

TABLE 1
Numbers, prevalence, and infection intensity determined by the Kato-Katz (KK) and point-of-care urine circulating cathodic antigen (POC-CCA) tests according to the school prevalence

strata at baseline and years 1, 2, and 3

3 Years

2 Years

1 Year

Baseline

% (Cl), mean (Cl)

No. of n/N or N of
schools participants

% (Cl).
mean (Cl)

n/N or N of

No. of
schools participants

% (Cl)
mean (Cl)

n/N or N of

schools participants

No. of

% (Cl)
mean (Cl)

n/N or N

schools of participants

prevalence No. of
strata

School

Variable

= ~
PRSP &8
ORNOFBBN~z0ITN
OYP L [~ NWYWooo
[ TAND =0 T T 1
Or=NMNO® | | | I~
VWO N - ONNN
SR ANUNRCO222
DANNOODT DN DO —
QOANLVLGgAANNNN
NANO OO coco

N <<

0 oo
0 00 N~
me%'SELooor\oocno
IFOLSSTOoONNONTY
~~o QNN

6
6
8
6
6
8
6
6
8
6
6
8

= ©
R AGRD
) 00 O )
ThYONO g0 SN
Fom | [ TRV Hco+—
Il T TN~ [ 111
VOVrOWN T | MOO©D
QCANNNGNOQGN QX
CTTOR0LOO0022
ANODONO-NO O
DOV gI IR
A rNO® Sooo
as N
Al — o
© ©
Saocogm
SQNTBNENS50d
SO ) C (o I U B
NNONSDF -
O A0 Ce
DT TO LT O
P A
~SF 00
HFITZBE TITHD
el =
SoTONNgRonn®
Oo-1 lwlI®Roedooo
[ IS INO— 1 T 11
DONTFTTr®™ [ | ONDOD
N "o ®R ™~ T
DANITO L0220
V- OAUNO©M— MO
O <EMO®O g+~ )
AR RN
INTONT— N oo
MmO < ©
N O
~ N~
ﬂ'%%%m%r\ ~NY . o
Q S AN ARSI N ®
"NrrSsrodNOoON
TS~ 00~ 1 LML o)
SJIdaRIFA~T ™~
oS~ — 7
~NToONT o
DG ND GO g O g I~
O O O O
G ES
NN & T
CTON G e O~
OUNSouoogl=219~
©o—-1 I TTNvoYoco
I I NOANNT~ [ O T 1
OONNNO 1< 1O
DQomadtno NI IO
VDCAIIL OV
NO-NOMDOWOMOr—
NogohVgadog I
VrIr©® -0©ooo
0o
N~
Loc:%goo@
Fv—c)coOQLO O 0 N~
VDO A=-20OR g
r AT SN0 TOoO®0m9O S
SaSsYNe ro oo
mvggv—c\]‘— SUR SR
mw—wmu’)q‘_)
DONDONDIOANDON
e R V= N R R
:5c:58c:8c:5¢
oo oo PoocPoc 2
40T JOIT 10T J0T
= = = =
=
=
(2]
E 2%
w%ﬂ@‘oﬂ
o) ESSST S
e g TPgoEeca
c O >,.2c§58
(0] <5 088,028
© (0] [ le% <
© 02 20tES5cE
> © 0B8R 5d
] o> 9 o O Q
< s o250
o O s _07=OE=
a P RET
N4 o N4 o
X o X o

305



306 STRAILY AND OTHERS

TABLE 2
Changes over time during the study from baseline to 1, 2, and 3 years within each school prevalence strata

Prevalence

Intensity

Point-of-care urine circulating
cathodic antigen

Kato-Katz

Point-of-care urine circulating

Kato-Katz cathodic antigen

School

prevalence Prevalence Prevalence

Arithmetic mean Arithmetic mean

strata Comparison ratio (95% Cl) p ratio (95% CI) p ratio (95% CI) p ratio (95% ClI) p

Low Baseline to 0.91 (0.64-1.30) 0.62 0.97 (0.82-1.15) 0.74 151 (0.67-3.4) 0.32 1.18 (0.92-1.52) 0.20
Yggfr11to 0.64 (0.42-0.96) 0.03 0.93 (0.74-1.16) 0.52 051 (0.25-1.04 0.06 0.80 (0.62-1.02) 0.08
Ygz?r;to 1.01 (0.58-1.75) 0.98 0.81 (0.49-1.33) 0.41 3.08 (1.60-5.95)  0.0008 0.59 (0.39-0.90) 0.01
Ba);iﬁag to 0.58 (0.39-0.87) < 0.01  0.90 (0.67-1.22) 051 0.76 (0.35-1.69) 0.51 0.94 (0.65-1.36) 0.74
BaysiﬁL§ to 0.59 (0.36-0.97) 0.036 0.73 (0.45-1.18) 0.20 2.36(0.93-5.95) 0.07 0.56 (0.36-0.87) 0.01

Medium Baieeﬁ:lg to 0.47 (0.32, 0.70) < 0.01  0.86 (0.71-1.04) 0.13 0.97 (0.57-1.67) 0.92 1.05 (0.81-1.37) 0.71
Y;a);efrto 0.68 (0.40-1.15)  0.15 1.39 (1.15,1.67) <0.01 0.19 (0.11, 0.31) < 0.0001 1.48 (1.06, 2.07) 0.02
YZ:?rZZto 0.61 (0.30-1.23) 0.17 0.69 (0.55-0.88) <0.01  1.9(0.88-4.06) 0.10 0.51 (0.37-0.69) < 0.0001
Ba}g;?igg to 0.32 (0.18-0.58) < 0.01 1.19 (1.09-1.31) < 0.01 0.18 (0.1-0.34) < 0.0001 1.56 (1.16-2.10) 0.0036
Bai?j:lg to 0.2 (0.12-0.33) < 0.0001 0.83 (0.63-1.09) 0.17 0.34 (0.15-0.79) 0.01 0.79 (0.54-1.15) 0.22

High Baiiﬁ:lg to 0.80 (0.67-0.97) 0.02 0.91 (0.78-1.06) 0.22 0.95(0.76-1.18) 0.63 1.03 (0.79-1.35) 0.83
Yggfr11to 0.65 (0.51-0.84) < 0.01  1.20 (1.02-1.41) 0.02 0.59 (0.41-0.86)  0.0052 1.15 (0.80-1.66) 0.44
Yngrzzto 0.63 (0.54-0.74) < 0.0001 0.65 (0.55-0.78) < 0.0001 0.2 (0.13-0.29) < 0.0001 0.50 (0.38-0.65) < 0.0001
Baﬁﬁ;g to 0.53 (0.37-0.75 < 0.01  1.09 (0.97-1.23) 0.16  0.56 (0.41-0.77)  0.0004 1.19 (0.86-1.64) 0.29
Baiiﬁ% to 0.33 (0.25-0.44) < 0.0001 0.71 (0.58-0.87) < 0.01  0.11 (0.08-0.15) < 0.0001 0.59 (0.46-0.75) < 0.0001

year

0.73; 95% CI, 0.45-1.18; P = 0.2) (Table 2). Among the
medium prevalence strata schools, the mean strata-level
prevalence determined by the POC-CCA tests increased sig-
nificantly from baseline to year 2 (PR, 1.19; 95% CI, 1.09-1.31;
P < 0.01). When baseline data were compared with year 3
data, the decrease was not significant (PR, 0.83; 95% ClI,
0.63-1.09; P = 0.17) (Table 2). Among the high prevalence
strata schools, the mean strata-level prevalence determined
by the POC-CCA test increased from baseline to year 2, but
it was nonsignificant (PR, 1.09; 95% CI, 0.97-1.23; P =
0.16). When baseline data were compared with year 3 data,
a significant decrease was observed (PR, 0.71; 95% Cl,
0.58-0.87; P < 0.01).

Change in the mean infection intensity determined by
the KK and POC-CCA tests. The strata-level mean epg and
mean POC-CCA intensity scores of the prevalence strata at
each time point are summarized in Table 1. The strata-level
arithmetic mean ratios (AMR) for the measures are summa-
rized in Table 2. The mean epg decreased significantly for
medium and high prevalence strata schools from baseline to
year 2 (medium prevalence strata schools: AMR, 0.18; 95%
Cl, 0.1-0.34; P < 0.0001; high prevalence strata schools:
AMR, 0.56; 95% CI, 0.41-0.77; P = 0.0004), and year 3
(medium prevalence strata schools: AMR, 0.34; 95% ClI,
0.15-0.79; P = 0.01; high prevalence strata schools: AMR,
0.11; 95% Cl, 0.08-0.15; P < 0.0001). Low prevalence strata
schools registered a nonsignificant increase in the mean epg
from baseline to year 3 (AMR, 2.36; 95% ClI, 0.93-5.95; P =

0.07). The change in the mean POC-CCA intensity scores
were variable over time (Table 2). From baseline to year 2,
the mean POC-CCA intensity scores increased significantly
for medium prevalence strata schools (AMR, 1.56; 95% ClI,
1.16-2.10; P = 0.0036), but they were essentially unchanged
for low prevalence (AMR, 0.94; 95% Cl, 0.65-1.36; P = 0.74)
and high prevalence strata schools (AMR, 1.19; 95% ClI,
0.86-1.64; P = 0.29). The mean POC-CCA intensity scores
decreased significantly from baseline to year 3 for low preva-
lence (AMR, 0.56; 95% Cl, 0.36-0.87; P = 0.01) and high prev-
alence strata schools (AMR, 0.59; 95% CI, 0.46-0.75; P <
0.0001), but not for medium prevalence strata schools
(AMR, 0.79; 95% ClI, 0.54-1.15; P = 0.22).

Change in infection intensity levels determined by the
KK and POC-CCA tests. Among all prevalence strata, most
egg-positive individuals had light-intensity infections (1-99
epg) across all years in the study (Figure 1). Among low prev-
alence and medium prevalence strata schools, less than 1% of
heavy intensity infections (= 400 epg) were observed across
all years during the study. The percentage of heavy intensity
infections determined by the KK test decreased overall for
the high prevalence strata schools from 4% at baseline to
3.1% at year 2 and to 0.2% at year 3. Among all prevalence
strata, most positive POC-CCA test results were light-
intensity infections (trace and +1 combined) (Figure 1). Among
low prevalence strata schools at baseline, the percentage of
heavy-intensity infections according to the POC-CCA test
band (+3) was 0.7% and was virtually unchanged at year 2
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Kato Katz POC-CCA
High prevalence schools
Baseline  JNDBNZIGOGN] 28.4% I 59.9% I 35.7% I 49.0% [92% [ea%]
1vear  FIOANSHGAN 21.3% I 65.5% I 38.1% I 38.5% [ 1a8% [i86%]
3.1%
2vears B 134% | 78.4% I 26.6% I 46.8% I 18.7% [7.9% ]
0.5% 5.6% 3.1%
3 Years 1 93.8% | 56.4% | 40.3% [} 0.2%
0.2%
05% / 2.1%
Baseline [ 13.0% | 84.4% I 43.6% I 50.3% [5i5%]- 0.6%
0.8% 1.9%  4.7%
1vear ] 92.6% [ 52.1% [ 37.8% [7.6% 2.5%
0.0% 0.4% — 4.3%
2 Years [T 95.3% | 33.2% | 48.9% a7 il 3.2%
0.2%0.7% — 1.7% 2.1%
3vears ] 97.4% I 53.4% I 43.6% B 0.8%

Low prevalence schools
0.1% —0.8% — 4.4%

Baseline [ 94.8% I 482% I 45.6% [55%l0 0.7%
0.1% 0.7%_— 3.8%
1vear ] 95.3% I 49.7% I 40.5% [75%l 23%
0.2% —0.2% — 2.6%
2Years ] 97.1% I 52.1% I 41.1% [58%0 0.9%
0.6% 1.0% — 1.4% 1.6%
3vears [T 96.9% I 60.2% I 37.4% Il 0.8%
@ Heavy (2400 epg) @KK Medium (100-399 epg) OKK Light (1-99 epg) O Negative - ONegative O Light (trace & +1) @ Medium (+2) @Heavy (+3)

Ficure 1. Change in intensity of infections determined by the Kato-Katz (left bars) and point-of-care urine circulating cathodic antigen (POC-CCA)
(right bars) tests over time during the study according to the prevalence strata.

(0.9%) and year 3 (0.8%). Among medium prevalence strata by the KK test, only 83 (38.4%) were also categorized as +3

schools, the percentage of heavy infections based on the by the POC-CCA test (Table 4); 10 were classified as trace
POC-CCAtest band intensity increased from 0.6% at baseline and 40 were classified as +1.

t0 3.2% at year 2 before decreasing to 0.8% at year 3. Among

high prevalence strata schools, the percentage of POC-CCA DISCUSSION

test heavy intensity bands at baseline was 6.1%; this

increased to 7.9% at year 2 and decreased dramatically to Previous studies have demonstrated that when prevalence

0.2% at year 3. When comparing the percentage of negative levels determined by the POC-CCA and KK tests are com-
POC-CCA test results from baseline to year 3, the percentage pared, those determined by the POC-CCA test are almost uni-
increased dramatically for all prevalence strata. However, for formly higher.> This was true also during our study and was
schools in the medium prevalence and high prevalence strata, expected; however, the differences in prevalence levels did
the percentage of negative POC-CCA results decreased from not vary uniformly among prevalence strata or over time. We
baseline to year 2. Figure 1 depicts these changes over time anticipated that the positivity rates for both tests would
for each of the prevalence strata. decrease after repeated rounds of MDA. When the KK test
Concordance of results of the KK and POC-CCA tests. was used to assess infection, the prevalence and intensity
Overall, the concordance of positive and negative KK and consistently decreased over time across all strata. However,
POC-CCA test results was poor for all prevalence strata at this was not the case for the POC-CCA test; statistically signif-
all time points (Tables 3 and 4). Of 12,966 paired specimens icant decreases were sporadic, rare, and, during some com-
collected during the entire study, 5,321 (41%) were negative parisons, statistically significant increases were observed.
according to both tests and 1,739 (13.4%) were positive CCA levels in urine should decrease rapidly over days to
according to both tests. The largest nonconcordance was weeks after MDA.#?>%3 While there is obvious opportunity
between egg-negative KK test results and positive POC- for reinfection over the course of the yearly intervals used dur-
CCA test results (5,550; 42.8%). Of the 7,289 positive POC- ing our study, repeated school-based MDA is still expected to
CCA test results, 1,739 (23.9%) were also positive according decrease the force of transmission over time, with a resultant
to the KK test. When analyzed by year and prevalence strata, decrease in prevalence over time, as was reflected by the KK
the proportions of egg-negative KK test results and positive test results.>*3¢ Although the sensitivity of the KK test for a
POC-CCA test results varied considerably (Table 3). There single stool can be low,'? and we cannot discount the possibil-
were 356 negative POC-CCA results when eggs were ity that some infections may have been missed by the KK test,
observed using the KK test, representing approximately the POC-CCA test results suggested no consistent impact of
2.8% of the total number of paired specimens collected during MDA over time, thus making it an ineffective method of evalu-
the study. Most of these false-negative POC-CCA results ating schistosomiasis control programs. We also did not
occurred with infections with light epg intensity determined expect the POC-CCA prevalence to be as high in the known
by the KK test (326; 91.6%). The most false-negative POC- low prevalence schools farther from the lake.
CCA results occurred among high prevalence strata schools Based on the KK test results in relation to the current WHO

(270; 75.8%). Of the 216 high-intensity infections identified guidelines, the schools that participated in this study
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Summarized discordant positive and negative results of the Kato-Katz (KK) and point-of-care urine circulating cathodic antigen (POC-CCA) tests
according to the school baseline prevalence level (determined by KK) strata over time

Discordant test results: negative KK and positive POC-CCA

Baseline 1 Year 2 Years 3 Years
School Total no. of paired Discordant Total no. of Total no. of Total no. of
prevalence strata specimens pairs, N (%) paired specimens N (%) paired specimens N (%) paired specimens N (%)
Low 1,802 862 (50.4) 1,542 721 (49) 1,093 498 (47) 485 186 (39.6)
Medium 907 396 (51.8) 726 304 (45.2) 528 330 (65.6) 457 204 (45.8)
High 2,062 649 (52.6) 1,536 515 (51) 1,201 641 (68.1) 627 244 (41.5)
Discordant test results: positive KK and negative POC-CCA
Baseline 1 Year 2 Years 3 Years
School prevalence Total no. of Discordant Total no. of Total no. of Total no. of
strata paired specimens pairs, N (%) paired specimens N (%) paired specimens N (%) paired specimens N (%)

Low 1,802 20 (2.3) 1,542 16 (2.1) 1,093 5 (0.9) 485 4(1.4)
Medium 907 26 (6.6) 726 10 (2.7) 528 3(1.7) 457 2(0.8)
High 2,062 149 (20.3) 1,536 91 (15.5) 1,201 22 (6.8) 627 8 (2.3)

responded relatively well to MDA, and almost all of the low
prevalence and all medium prevalence schools achieved elim-
ination of schistosomiasis as a public health problem (EPHP)
(< 1% of heavy-intensity infections) after 2 years.?® After
examining the infection intensity with the KK test in each indi-
vidual school, of the 34 schools with at least 2 years of follow-
up data, 25 (74%) achieved EPHP during this study (data not
shown). Three schools in the high prevalence strata that had
notreached the EPHP mark at 2 years did so after an additional
year of MDA (data not shown). If similar rules were applied to
the POC-CCA test results, and with +3 defined as a heavy-
intensity infection, 21 schools (62%) would have achieved
EPHP. However, of the nine schools that did not achieve
EPHP based on KK test results, four would have achieved
EPHP based on the POC-CCA test results. Barenbold et al.
estimated that the prevalence determined by counting only
POC-CCA test results = +2 corresponded to the prevalence
determined by a single slide evaluated by the KK test®”; how-
ever, when we applied this method to our data, we determined
that these measures did not equate well (Figure 1). The lack of
concordance between KK test and POC-CCA test results
makes translating the previous guidelines based on the KK
test difficult because it appears that the relationship between
the two tests is not linear.

The frequency of false-negative POC-CCA test results
noted during this study is concerning. Previous studies have

TABLE 4
Concordance of paired Kato-Katz (KK) and point-of-care urine cir-
culating cathodic antigen (POC-CCA) test results for infection
intensity

POC-CCA infection intensity

Negative Low Moderate High
KK infection Negative
intensity Low
Moderate
High

Concordance was determined as the number of POC-CCA testresults inaninfection intensity
category according to the number of KK test results in the infection intensity category
determined by the KK test from samples collected from the same participant and divided by the
total number of KK test results in that infection intensity category. For example, the top left cell is
the number of negative POC-CCA test results that were also negative according to the KK test
and divided by all the negative KK test samples. The intensity of shading in each cell is based on
the percent of concordance. Those cells with higher concordance are shaded darker than those
with lower concordance. The POC-CCA test infection intensity categories were defined as low-
intensity infections (trace and +1 results combined), moderate-intensity infections (+2 results),
and high-intensity infections (+3 results).

also reported false-negative POC-CCA results, primarily
among light-intensity infections, although most occurred at
lower frequencies than identified here. For example, Okoyo
et al. (2018) noted false-negative POC-CCA test result rate
of 1.3%,'* and Lindholz et al. in Brazil noted a similar false-
negative rate of 1.7%.38 The rate of negative POC-CCA test
results that were egg-positive in our study was 2.8%, and
the largest rate of false-negative POC-CCA test results
occurred among the high prevalence schools. There are sev-
eral biological explanations to account for the CCA-positive
egg-negative results that have been described previously.>®
To explain the reverse, the manufacturer of the POC-CCA
test suggested that very low worm burdens (< 50 worms)
may lead to false-negative results.*® Sousa et al. reported a
3.2% rate of false-negative POC-CCA test results when com-
paring the trace positive POC-CCA test results with 16 KK test
slides containing three stool specimensin alow- endemic area
of Brazil.*! Although this frequency was similar to what we
observed, most of our false-negative results were observed
in a high prevalence area, although they were observed among
individuals with light-intensity infections by using the KK test.

The POC-CCA test did not perform as expected. Possible
explanations for the unexpected behavior of the POC-CCA
test noted during our study could include challenges distin-
guishing between negative, trace and +1 results determined
by the POC-CCA test because most positive POC-CCA test
results were in one of the light infection categories. Determin-
ing the intensity of the positive test band is subjective, and pre-
vious studies have noted the need for better guidelines in this
regard.®%42 Another possible explanation that has been pro-
posed is that trace infections may be difficult to clear; poten-
tially representing a few viable adult worms secreting low
levels of antigens.**** Finally, it must be considered that the
current format of the POC-CCA tests may not be sufficiently
specific or that some intrinsic error in the test may explain
these findings. It has been previously determined that some
trace results likely represent false-positive results in low-
endemic settings because of inadequate specificity.394345:46
Among the five purposively selected schools in a known low-
prevalence area, the prevalence determined by the POC-CCA
test was much higher than expected, even when accounting
for the expected rate of false-positive results. Other recent
studies have also begun to identify potential problems with
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the performance of the test or its specificity in various geo-
graphic areas or practice settings. Bezerra et al. compared
KK and POC-CCA tests using repeated cross-sectional sur-
veys over the course of 3 years in a low-endemic area of Brazil
using a study design similar to ours except that participants
were treated with praziquantel only once at baseline.*” During
that study, all participants had negative CCA results by 6
weeks after treatment; at 1 year, there was only one individual
with CCA-positive results; however, at 2 years, the prevalence
by POC-CCA had increased to 5.9% when all participants had
negative KK test results at all time points, and there was little
opportunity for reinfection within the community studied.*”
In Switzerland, where there is no transmission of schistosomi-
asis, a group of Eritrean refugees were evaluated at baseline
and again 12 to 18 months after treatment. Several individuals
had stool microscopy, serology, and POC-CCA test results
that were negative at baseline but positive only according to
the POC-CCA test during follow-up; the reason for this is dif-
ficult to explain.*®4° Furthermore, it was recently documented
that there is significant variability between POC-CCA test
batches.®® A recent study by Graeff-Teixeira et al. demon-
strated unacceptably high rates of positive POC-CCA results
in a nonendemic area.®" In addition, a comparison of commu-
nities with long histories of MDA and declining prevalence
measured by the KK test demonstrated major discrepancies
between two batches of POC-CCA tests, thus leading to con-
cerns about quality control and standardization by the manu-
facturer.52 The POC-CCA tests used during our study were
from lots 170316032 (2017), 180314027 (2018 and 2019),
and 190301016 (2020); as far as we know, none has been
associated with unexpected results in other studies. The
higher rate of false-negative POC-CCA test results identified
during our study and other recent studies*'®®* may indicate
that the sensitivity of the test may also be suffering.

This study had some limitations. The study design was a
repeat cross-sectional survey; it was not a longitudinal survey.
New participants were included each time; therefore, it is
unknown if a student tested during a given year actually
received MDA during the preceding year, was present during
the study during the preceding year, or was a new arrival
from an area with differing schistosomiasis endemicity. The
variations in sample sizes among students per school and
numbers of schools per prevalence strata across time points
were also limitations but are likely representative of the situ-
ation encountered in schistosomiasis control programs.
MDA coverage was not assessed as an effect during this
study, but of schools with data regarding MDA coverage,
at least 75% achieved target coverage (defined by the
WHO as = 75% of school-aged children treated) across all
years during the study. Daily fluctuations in both egg output
and CCA excretion'®"7 can also affect test results; however,
with the three consecutive stools (baseline) and subsequent
single stools on four slides, we believe daily fluctuations are
unlikely to fully explain the outcomes noted. Only a limited
number of schools were sampled in 2020 prior to the
COVID-19 pandemic; therefore, it is unknown if these
schools would have had different responses according to
the KK and POC-CCA tests than schools that were not
able to be sampled. A strength of this study was that its rep-
resentativeness is likely robust for children in the area
because primary school is compulsory in Kenya. Another

strength of this study was that we applied the POC-CCA
test in a control program setting, tested its operational appli-
cability as likely would be done in the field, and allowed a
direct comparison with the KK test.

In conclusion, we were unable to determine whether the cur-
rent WHO guidelines for monitoring and evaluating schistoso-
miasis control programs could be translated from the KK testto
the POC-CCAtest, orthe appropriate testinginterval forapply-
ing the POC-CCA test. Ignoring that a certain percentage of
positive results were false would lead to overtreatment of indi-
viduals and communities who may not actually need MDA,
thereby incurring increased drug distribution and monitoring
costs. Furthermore, if very low worm burdens (a scenario that
would also beforeseeableinareas of very low prevalence near-
ing elimination) or othertest errors resulting in aloss of sensitiv-
ity in the POC-CCA test would lead to a higher proportion of
false-negative results, then the POC-CCA test may not be
any better than the traditional KK method. There are many
questions surrounding the sensitivity, specificity, and
manufacturing practices of the POC-CCA test that need to
be answered before it can be used to monitor and evaluate
schistosomiasis control programs.

Received May 27, 2021. Accepted for publication August 6, 2021.
Published online November 8, 2021.
Note: Supplemental table appears at www.ajtmh.org.

Acknowledgments: We thank the laboratory technicians and field
assistants for their hard work collecting data and analyzing the sam-
ples. We thank the headteachers and health teachers for supporting
study activities in schools. We thank all the children and parents for
their participation in this study. Without them, this work would not
have been possible.

Disclaimer: The findings and conclusions presented in this report are
those of the authors and do not necessarily represent the official posi-
tion of the Centers for Disease Control and Prevention.

Authors’ addresses: Anne Straily, Division of Parasitic Diseases and
Malaria, Parasitic Diseases Branch, Centers for Disease Control and
Prevention, Atlanta, GA, E-mail: yzv2@cdc.gov. Emmy A. Kavere
Awino, Dollycate Wanja, Alex Mwaki, and Alie Eleveld, Safe Water
and AIDS Project, Kisumu, Kenya, E-mails: awinoemmy01@gmail.
com, wanjadollycate@gmail.com, alex@swapkenya.org, and alie@
swapkenya.org. Ryan E. Wiegand, Division of Parasitic Diseases and
Malaria, Parasitic Diseases Branch, Centers for Disease Control and
Prevention, Atlanta, GA, Swiss Tropical and Public Health Institute,
Basel, Switzerland, and University of Basel, Basel, Switzerland,
E-mail: fwk2@cdc.gov. Susan P. Montgomery and W. Evan Secor,
Division of Parasitic Diseases and Malaria, Parasitic Diseases
Branch, Centers for Disease Control and Prevention, Atlanta, GA,
E-mails: zqué@cdc.gov and was4@cdc.gov. Maurice R. Odiere, Safe
Water and AIDS Project, Kisumu, Kenya, and Centre for Global
Health Research, Kenya Medical Research Institute, Kisumu, Kenya,
E-mail: mauriceodiere@gmail.com.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Colley DG, Bustinduy AL, Secor WE, King CH, 2014. Human
schistosomiasis. Lancet 383: 2253-2264.

2. World Health Organization, 2013. Report of an Informal Consulta-
tion on Schistosomiasis Control. Geneva, Switzerland: WHO.

3. World Health Organization, 2006. Preventive Chemotherapy in
Human Helminthiasis. Coordinated use of Anthelminthic Drugs


http://www.ajtmh.org
mailto:yzv2@cdc.gov
mailto:awinoemmy01@gmail.com
mailto:awinoemmy01@gmail.com
mailto:wanjadollycate@gmail.com
mailto:alex@swapkenya.org
mailto:alie@swapkenya.org
mailto:alie@swapkenya.org
mailto:fwk2@cdc.gov
mailto:zqu6@cdc.gov
mailto:was4@cdc.gov
mailto:mauriceodiere@gmail.com
https://creativecommons.org/licenses/by/4.0/

310

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

in Control Interventions: A Manual for Health Professionals and
Programme Managers. Geneva, Switzerland: WHO.

. Mwinzi PN, Muchiri G, Wiegand RE, Omedo M, Abudho B, Kar-

anja DM, Montgomery SP, Secor WE, 2015. Predictive value
of school-aged children’s schistosomiasis prevalence and
egg intensity for other age groups in western Kenya. Am J
Trop Med Hyg 93: 1311-1317.

. Pereira AP, Favre TC, Galvao AF, Beck L, Barbosa CS, Pieri OS,

2010. The prevalence of schistosomiasis in school-aged chil-
dren as an appropriate indicator of its prevalence in the commu-
nity. Mem Inst Oswaldo Cruz 105: 563-569.

. Traoré M, Maude GH, Bradley DJ, 1998. Schistosomiasis haema-

tobia in Mali: prevalence rate in school-age children as
index of endemicity in the community. Trop Med Int Health 3:
214-221.

. Guyatt HL, Brooker S, Donnelly CA, 1999. Can prevalence of

infection in school-aged children be used as an index for
assessing community prevalence? Parasitology 118: 257-268.

. Rodrigues LC, Wheeler JG, Shier R, Guerra HL, Pimenta F, Jr,

Lima eCosta MF, 2000. Predicting the community prevalence
of schistosomiasis mansoni from the prevalence among 7- to
14-year-olds. Parasitology 121: 507-512.

. Katz N, Chaves A, Pellegrino J, 1972. A simple device for quanti-

tative stool thick-smear technique in Schistosomiasis mansoni.
Rev Inst Med Trop Sao Paulo 14: 397-400.

World Health Organization, 2002. Prevention and Control of Schis-
tosomiasis and Soil-transmitted Helminthiasis. Report of a
WHO Expert Committee. Geneva, Switzerland: World Health
Organization.

Kongs A, Marks G, Verlé P, Van der Stuyft P, 2001. The unreliabil-
ity of the Kato-Katz technique limits its usefulness for evaluating
S. mansoni infections. Trop Med Int Health 6: 163—-169.

Lamberton PH, Kabatereine NB, Oguttu DW, Fenwick A, Webster
JP, 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 treat-
ment. PLoS Negl Trop Dis 8: €3139.

Kittur N, Castleman JD, Campbell CH, King CH, Colley DG, 2016.
Comparison of Schistosoma mansoni prevalence and intensity
of infection, as determined by the circulating cathodic antigen
urine assay or by the Kato-Katz fecal assay: a systematic
review. Am J Trop Med Hyg 94: 605-610.

Okoyo C, Simiyu E, Njenga SM, Mwandawiro C, 2018. Comparing
the performance of circulating cathodic antigen and Kato-Katz
techniques in evaluating Schistosoma mansoni infection in
areas with low prevalence in selected counties of Kenya: a
cross-sectional study. BMC Public Health 18: 478.

Engels D, Sinzinkayo E, De Vlas SJ, Gryseels B, 1997. Intraspeci-
men fecal egg count variation in Schistosoma mansoni infec-
tion. Am J Trop Med Hyg 57: 571-577.

Krauth SJ, Coulibaly JT, Knopp S, Traoré M, N'Goran EK, Utzinger
J, 2012. An in-depth analysis of a piece of shit: distribution of
Schistosoma mansoni and hookworm eggs in human stool.
PLoS Negl Trop Dis 6: €1969.

Degarege A, Legesse M, Medhin G, Teklehaymanot T, Erko B,
2014. Day-to-day fluctuation of point-of-care circulating cathodic
antigen test scores and faecal egg counts in children infected
with Schistosoma mansoni in Ethiopia. BMC Infect Dis 14: 210.

Utzinger J, Booth M, N’Goran EK, Muller I, Tanner M, Lengeler C,
2001. Relative contribution of day-to-day and intra-specimen
variation in faecal egg counts of Schistosoma mansoni
before and after treatment with praziquantel. Parasitology
122: 537-544.

Worrell CM, Bartoces M, Karanja DM, Ochola EA, Matete DO,
Mwinzi PN, Montgomery SP, Secor WE, 2015. Cost analysis
of tests for the detection of Schistosoma mansoni infection in
children in western Kenya. Am J Trop Med Hyg 92: 1233-1239.

Siqueira LM, Couto FF, Taboada D, Oliveira AA, Carneiro NF, Oli-
veira E, Coelho PM, Katz N, 2016. Performance of POC-CCA(R)
in diagnosis of schistosomiasis mansoni in individuals with low
parasite burden. Rev Soc Bras Med Trop 49: 341-347.

Deelder AM, Kornelis D, Van Marck EA, Eveleigh PC, Van Egmond
JG, 1980. Schistosoma mansoni: characterization of two circu-
lating polysaccharide antigens and the immunological response

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

STRAILY AND OTHERS

to these antigens in mouse, hamster, and human infections.
Exp Parasitol 50: 16-32.

van Dam GJ, Bogitsh BJ, van Zeyl RJ, Rotmans JP, Deelder AM,
1996. Schistosoma mansoni: in vitro and in vivo excretion of
CAA and CCA by developing schistosomula and adult worms.
J Parasitol 82: 557-564.

van Lieshout L, Polderman AM, Deelder AM, 2000. Immunodiag-
nosis of schistosomiasis by determination of the circulating
antigens CAA and CCA, in particular in individuals with recent
or light infections. Acta Trop 77: 69-80.

Foo KT, Blackstock AJ, Ochola EA, Matete DO, Mwinzi PN, Mont-
gomery SP, Karanja DM, Secor WE, 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:
1227-1232.

Mwinzi PN, Kittur N, Ochola E, Cooper PJ, Campbell CH Jr, King
CH, Colley DG, 2015. Additional evaluation of the point-of-con-
tact circulating cathodic antigen assay for Schistosoma man-
soni infection. Front Public Health 3: 48.

World Health Organization, 2013. Schistosomiasis Progress
Report 2001-2011, Strategic Plan 2012-2020. Geneva, Swit-
zerland: WHO.

Handzel T, Karanja DM, Addiss DG, Hightower AW, Rosen DH,
Colley DG, Andove J, Slutsker L, Secor WE, 2003. Geographic
distribution of schistosomiasis and soil-transmitted helminths in
western Kenya: implications for anthelminthic mass treatment.
Am J Trop Med Hyg 69: 318-323.

Woodhall DM, Wiegand RE, Wellman M, Matey E, Abudho B, Kar-
anja DM, Mwinzi PM, Montgomery SP, Secor WE, 2013. Use of
geospatial modeling to predict Schistosoma mansoni preva-
lence in Nyanza Province, Kenya. PLoS One 8: e71635.

Hilbe JM, 2011. Negative Binomial Regression. Cambridge, UK:
Cambridge University Press.

Hardin JW, Hilbe JM, 2012. Generalized Estimating Equations.
Boca Raton, FL: CRC Press.

Coulibaly JT, N’Gbesso YK, Knopp S, N’Guessan NA, Silué KD,
van Dam GJ, N’Goran EK, Utzinger J, 2013. Accuracy of urine
circulating cathodic antigen test for the diagnosis of Schisto-
soma mansoni in preschool-aged children before and after
treatment. PLoS Negl Trop Dis 7: €2109.

Colley DG 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.

Kildemoes AQO, Vennervald BJ, Tukahebwa EM, Kabatereine NB,
Magnussen P, de Dood CJ, Deelder AM, Wilson S, van Dam
GJ, 2017. Rapid clearance of Schistosoma mansoni circulating
cathodic antigen after treatment shown by urine strip tests in a
Ugandan fishing community - relevance for monitoring treatment
efficacy and re-infection. PLoS Negl Trop Dis 11: e0006054.

Secor WE, Wiegand RE, Montgomery SP, Karanja DMS, Odiere
MR, 2020. Comparison of school-based and community-wide
mass drug administration for schistosomiasis control in an
area of western Kenya with high initial Schistosoma mansoni
infection prevalence: a cluster randomized trial. Am J Trop
Med Hyg 102: 318-327.

King CH et al., 2020. Impact of different mass drug administration
strategies for gaining and sustaining control of Schistosoma
mansoni and Schistosoma haematobium infection in Africa.
Am J Trop Med Hyg 103: 14-23.

Abudho BO, Ndombi EM, Guya B, Carter JM, Riner DK, Kittur N,
Karanja DMS, Secor WE, Colley DG, 2018. Impact of four years
of annual mass drug administration on prevalence and intensity
of schistosomiasis among primary and high school children in
western Kenya: a repeated cross-sectional study. Am J Trop
Med Hyg 98: 1397-1402.

Barenbold O et al., 2018. Translating preventive chemotherapy
prevalence thresholds for Schistosoma mansoni from the
Kato-Katz technique into the point-of-care circulating cathodic
antigen diagnostic test. PLoS Negl Trop Dis 12: e0006941.

Lindholz CG et al., 2018. Study of diagnostic accuracy of Helmin-
tex, Kato-Katz, and POC-CCA methods for diagnosing intesti-
nal schistosomiasis in Candeal, a low intensity transmission
area in northeastern Brazil. PLoS Negl Trop Dis 12: e0006274.



39.

40.

41.

42.

43.

44,

45.

46.

CIRCULATING CATHODIC ANTIGEN ASSAY FOR SCHISTOSOMIASIS

Colley DG, Andros TS, Campbell CH Jr, 2017. Schistosomiasis is
more prevalent than previously thought: what does it mean for
public health goals, policies, strategies, guidelines and interven-
tion programs? Infect Dis Poverty 6: 63.

Rapid Medical Diagnostics, 2018. Rapid test for qualitative detec-
tion of Bilharzia (Schistosomiasis) - package insert.

de Sousa SRM, Dias IHL, Fonseca ALS, Contente BR, Nogueira
JFC, da Costa Oliveira TN, Geiger SM, Enk MJ, 2019. Concor-
dance of the point-of-care circulating cathodic antigen test for
the diagnosis of intestinal schistosomiasis in a low endemicity
area. Infect Dis Poverty 8: 37.

Stothard JR, Kabatereine NB, Tukahebwa EM, Kazibwe F,
Rollinson D, Mathieson W, Webster JP, Fenwick A, 2006.
Use of circulating cathodic antigen (CCA) dipsticks for
detection of intestinal and urinary schistosomiasis. Acta
Trop 97: 219-228.

Haggag AA, Rabiee A, Abd Elaziz KM, Campbell CH, Colley DG,
Ramzy RMR, 2019. Thirty-day daily comparisons of Kato-
Katz and CCA assays of 45 Egyptian children in areas with
very low prevalence of Schistosoma mansoni. Am J Trop Med
Hyg 100: 578-583.

Hoekstra PT et al., 2020. Efficacy of single versus four repeated
doses of praziquantel against Schistosoma mansoni infection
in school-aged children from Cote d’lvoire based on Kato-
Katz and POC-CCA: an open-label, randomised controlled trial
(RePST). PLoS Negl Trop Dis 14: e0008189.

Haggag AA, Casacuberta Partal M, Rabiee A, Abd Elaziz KM,
Campbell CH, Colley DG, Ramzy RMR, 2019. Multiple prazi-
quantel treatments of Schistosoma mansoni egg-negative,
CCA-positive schoolchildren in a very low endemic setting in
Egypt do not consistently alter CCA results. Am J Trop Med
Hyg 100: 1507-1511.

Gaspard J, Usey MM, Fredericks-James M, Sanchez-Martin MJ,
Atkins L, Campbell CH, Corstjens P, van Dam GJ, Colley DG,

47.

48.

49.

50.

51.

52.

53.

311

Secor WE, 2020. Survey of schistosomiasis in Saint Lucia: evi-
dence for interruption of transmission. Am J Trop Med Hyg 102:
827-831.

Bezerra FSM, Leal JKF, Sousa MS, Pinheiro MCC, Ramos AN Jr,
Silva-Moraes V, Katz N, 2018. Evaluating a point-of-care circu-
lating cathodic antigen test (POC-CCA) to detect Schistosoma
mansoni infections in a low endemic area in north-eastern Bra-
zil. Acta Trop 182: 264-270.

Neumayr A, Chernet A, Sydow V, Kling K, Kuenzli E, Marti H, Paris
DH, Nickel B, Labhardt ND, 2019. Performance of the point-of-
care circulating cathodic antigen (POC-CCA) urine cassette test
for follow-up after treatment of S. mansoni infection in Eritrean
refugees. Travel Med Infect Dis 28: 59-63.

Marti H, Halbeisen S, Bausch K, Nickel B, Neumayr A, 2020. Spe-
cificity of the POC-CCA urine test for diagnosing S. mansoni
schistosomiasis. Travel Med Infect Dis 33: 101473.

Viana AG et al., 2019. Discrepancy between batches and impact on
the sensitivity of point-of-care circulating cathodic antigen tests
for Schistosoma mansoni infection. Acta Trop 197: 105049.

Graeff-Teixeira C et al., 2021. Low specificity of point-of-care cir-
culating cathodic antigen (POCCCA) diagnostic test in a non-
endemic area for schistosomiasis mansoni in Brazil. Acta
Trop 217: 105863.

Colley DG, Ramzy RMR, Maganga J, Kinung’hi S, Odiere MR,
Musuva RM, Campbell CH, 2021. The POC-CCA assay for
detection of Schistosoma mansoni infection needs standardiza-
tion in production and proper quality control to be reliable. Acta
Trop (In press).

Ferreira FT, Fidelis TA, Pereira TA, Otoni A, Queiroz LC, Amancio
FF, Antunes CM, Lambertucci JR, 2017. Sensitivity and specif-
icity of the circulating cathodic antigen rapid urine test in the
diagnosis of schistosomiasis mansoni infection and evaluation
of morbidity in a low- endemic area in Brazil. Rev Soc Bras
Med Trop 50: 358-364.



	TF1

