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Abstract

Introduction: The Kato-Katz technique is the standard diagnostic test for Schistosoma mansoni infection in rural areas. However,
the utility ofthis method is severely limited by the day-to-day variability in host egg excretion in the stool. In high-transmission areas,
the point-of-care circulating cathodic antigen (POC-CCA) urine assay has proven to be a reliable test. However, investigations of
the reliability of the POC-CCA assay in low-transmission regions are under way. This study aimed to evaluate the sensitivity and
specificity of the POC-CCA assay and the morbidity of schistosomiasis in a low-endemic area in Brazil. Methods: Pains City is
a low-transmission zone for schistosomiasis. A total of 300 subjects aged 7-76 years were randomly selected for the POC-CCA
cassette test. For S. mansoni diagnosis, three stool samples on six slides were compared with one urine sample for each subject.
The sensitivity and specificity in the absence of a gold standard were calculated using latent class analysis. Clinical examinations
and abdominal ultrasounds were performed in 181 volunteers to evaluate morbidity associated with schistosomiasis. Results:
The sensitivity and specificity of the Kato-Katz technique were 25.6% and 94.6%, respectively. By contrast, the sensitivity and
specificity of the POC-CCA assay were 68.1% and 72.8%, respectively. Hepatosplenic schistosomiasis was diagnosed in two
patients (1.1%). Conclusions: Overall, the POC-CCA urine assay proved to be a useful test for diagnosing S. mansoni in a low-
endemic area in Brazil. Severe clinical forms of schistosomiasis can be present even in such low-endemic areas.
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INTRODUCTION Most infected individuals are asymptomatic; however, in 5%-
10% of infected individuals, liver periportal fibrosis results in severe
disease, including portal hypertension, splenomegaly, esophageal
varices, and recurrent hematemesis. Pathologically, dense bands
of fibrosis around the portal tracts are typical of schistosomiasis*’.

Despite mass chemotherapy with praziquantel,
schistosomiasis is a major public health problem. It has been
estimated that 240 million people worldwide are infected
with schistosomes, with an additional 700 million at risk of o o
infection'. Currently, in Brazil, 2 to 6 million individuals are Ultrasound examinations are an efficient means for
believed to be infected in the states of Minas Gerais, Alagoas, diagnosing liver fibrosis and for the differential diagnosis among
Bahia, Espirito Santo, and Pernambuco, with small focal areas other chronic liver diseases. Schistosomal periportal fibrosis
of schistosomiasis in other states?. Minas Gerais is currently the ~ aPpears as an echogenic band surrounding the portal vessels
largest endemic area. Schistosoma mansoni is present in 533  from the hilum to the periphery of the liver>*.
of 853 municipalities (61%, comprising 589,906 individuals)®. The frequency of severe schistosomiasis, i.e., the

hepatosplenic form, decreases after mass chemotherapy with
schistosomicides. A lower prevalence of the disease in endemic
areas leads to a greater difficulty of diagnosis of the disease
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in endemic areas’. Immunological methods of diagnosing
schistosomiasis have also been used with acceptable success!’.

A single application of the Kato-Katz method underestimates
the prevalence of schistosomiasis, particularly when patients
have a low parasite burden’'". Therefore, a more sensitive tool
such as the circulating cathodic antigen (CCA) test (Rapid
Diagnostics, Pretoria, South Africa), which is based on the direct
detection of the parasite’s CCA in the host’s urine, is currently
under evaluation.

This rapid diagnostic test [point-of-care circulating cathodic
antigen (POC-CCA)] for schistosomiasis is a CCA immune-
chromatographic (ICT) test-based diagnostic method. The
sensitivity and specificity vary with the prevalence and intensity
of infection. The majority of studies have been conducted in
Africa in highly endemic areas with high-intensity infections
and in school-age children'>",

In this study, we evaluated the sensitivity and specificity of
the POC-CCA assay in 300 individuals, aged 7-76 years, in a
low-endemic area in Brazil. The prevalence of hepatosplenic
schistosomiasis was also investigated.

METHODS

Ethical consideration

This study was approved by the Human Research
Ethical Board of the Federal University of Minas Gerais
(No. 48094015.8.0000.5149). Written assent and consent
were obtained from the study participants and their parents or
guardians.

Study area

Pains City has 8,351 inhabitants and is 217km from Belo
Horizonte, the capital of Minas Gerais, Brazil. The area is
418km? and the population density is 19 people/km?; the human
development index is 0.783. Surveys on schistosomiasis were
administered to 32,806 individuals in this area between 2000
and 2015. The prevalence of S. mansoni infection, as assessed
using one stool sample with two smears per person, varied
from 2% to 10% (mean, 4.5%). Of the population examined,
68% had light infections (1-99 eggs per gram of feces).
According to a 2009 report by the World Health Organization
(WHO), an area with a prevalence below 10% and an intensity
of infection <100 eggs per gram should be considered a low-
endemic zone'.

Sample selection

In 2015, four localities in Pains were selected: Matinha,
Posto Agropecuario, Vila Crispim, and Alvorada. The
inhabitants included 1,637 volunteers aged 7-95 years (mean,
35 years; median, 37 years). The sample size was calculated
based on the following parameters: a) an estimated S. mansoni
positivity of 10%, based on a 2014 survey, and b) an a error
of 0.05 and a power of 1 - § = 0.90. Overall, 300 individuals
participated in the study. All households were randomly selected
in blocks, and inhabitants of the selected houses were eligible
and enrolled in the study.

Stool and urine samples

Sample collection was performed between September and
December 2015 by trained field assistants. Three stool samples
obtained on 3 consecutive days and one single midstream urine
sample were collected from each person. The investigators visited
all households and informed the participants of the details of the
research study. Information on age, weight, and height was stored
using EpiData Software (EpiData Association, Odense, Denmark).

Stool examination

Duplicate slides of each stool sample were examined using
the Kato-Katz technique. Two trained microscopists read
each slide. The analysis consisted of the following procedure:
1 sample/1 slide; 1 sample/2 slides; the first and second samples/4
slides; and the first, second, and third samples/6 slides.

Point-of-care circulating cathodic antigen urine assay

The urine samples were subjected to a commercially available
POC-CCA urine assay kit (batch no. 34159, Rapid Diagnostics,
Pretoria, South Africa). The urine samples were stored at -20°C
until the assay was performed. The POC-CCA assay was
performed as follows: 1 drop of urine was deposited in the testing
cassette well. After the urine was fully absorbed, 1 drop of buffer
(provided with the POC-CCA test kit) was added, and the test
results were read 20 min later. In cases where the control bands
did not develop, the test was considered invalid, and the urine
sample was retested with a new POC-CCA urine assay kit. Valid
tests were scored as negative, trace (weak band), or positive.

Evaluation of morbidity

In December 2015, our research team revisited Pains to
evaluate the morbidity of a sample of volunteers living in
the same area in a cross-sectional study. A total of 181 (11%)
participants of 1,637 subjects, aged 7-95 years (mean, 38.9 +
21.6 years; 62.1% male), with a mean weight of 64.6 + 17.0kg
and a mean height of 162.5 + 12.5cm, were subjected to clinical
and ultrasound examinations.

Clinical examination

The 181 participants were subjected to anamnesis and
physical examination by one of the authors (Lambertucci JR).
Particular attention was given to the abdominal examination;
specifically, the right hepatic lobe was examined along the
anterior axillary line, and the left hepatic lobe was examined
along a line passing through the xiphoid process. The spleen
was palpated and measured under the left costal margin during
deep inspiration with the patient in the dorsal decubitus position.

Diagnosis of hepatosplenic schistosomiasis

Hepatosplenic schistosomiasis was diagnosed based on
the following criteria: clinical evidence of hepatomegaly and
splenomegaly and an ultrasound scan showing characteristic
periportal fibrosis of the liver®.

Ultrasound examinations

All 181 volunteers were submitted to an abdominal
ultrasound scan using a portable Medison SonoAce 1500
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system with a 3.5-MHz probe (Samsung, Korea) and examined
according to the proposed protocol of the WHO for ultrasound
assessment of schistosomiasis-related morbidity®'>.

Treatment

All patients with S. mansoni infection received a single oral
dose of praziquantel given by a physician (50mg/kg of body
weight)'®.

Statistical analysis

Double-entered data were stored in EpiData 3.1 and
analyzed using the Statistical Package for the Social Sciences
(SPSS) version 19.0 (IBM, Chicago, IL, USA). Descriptive
analyses included the distribution of the frequencies, means,
medians, standard deviation, tables, and graphics. The
prevalence was determined using the Kato-Katz technique
and the POC-CCA assay. The intensity of infection was
calculated using the arithmetic mean of eggs in each duplicate
according to the Kato-Katz technique. One positive slide
was considered a positive test. The positive predictive
value (PPV) and negative predictive value (NPV) were also
calculated. Likelihood ratios were used to assess the value of
performing the diagnostic test. The sensitivity and specificity
in the absence of a gold standard were calculated using
latent class analysis (LCA). The sensitivity and specificity
were estimated for each test using the relationship between
the true disease class and the observed test patterns. These
analyses were performed using the BayesLatentClassModels
(version 1.13 December 2015)!7. The strength of agreement
between the POC-CCA assay and Kato-Katz thick smears was
assessed using the kappa statistic (x). McNemar’s test was
used to compare proportions of paired data and to determine
whether discordant pairs were present. Statistical significance
was determined at the 5% level.

RESULTS

Demographics and study population

Demographic data from the 300 individuals examined in
Pains from August to December 2015 are shown in Table 1. The
characteristics of the study population are shown in Figure 1.

Schistosomiasis prevalence

The prevalence of schistosomiasis using the Kato-Katz
technique and the POC-CCA assay is summarized in Table 2.

Infection intensity

Using the Kato-Katz technique, infection intensity was
characterized (in eggs per gram of feces) as light (1-99),
moderate (100-399), or heavy (=400). Results of the POC-CCA
urine assay were blindly scored by two investigators as either
negative or positive and read as either strong or weak (trace
band) responses. Negative results for S. mansoni eggs were
found in 274 of 300 (91.3%) stool examinations. In 26 positive
stool examinations, the number of eggs per gram of feces using
the Kato-Katz method varied from 4 to 1,044 (mean, 75.1 £
209.7; median, 16.0).

Sensitivity, specificity, likelihood ratio,
and predictive value

We analyzed the sensitivity and specificity using the two
methods (Table 3). In the first analysis, we compared the results
of the detection of S. mansoni eggs in the stool using the Kato-
Katz method. The sensitivity and specificity of the POC-CCA
assay using latent class analysis (LCA) were 68.1% and 72.8%,
respectively, whereas the sensitivity and specificity of the Kato-
Katz method using LCA were 25.6% and 94.6%, respectively.
The PPV, NPV, and likelihood ratio are summarized in Table 3.

False positives and false negatives

A total of 67 examinations were positive using the POC-CCA
assay and negative using the Kato-Katz technique (22.3%),
whereas 11 examinations were negative using the POC-CCA
assay and positive using the Kato-Katz method (3.6%); these
results were significantly different according to McNemar’s
test (P-value = 0.001).

Analysis of discordant pairs

To further analyze the discordant pairs, a new investigation
was conducted. One of our investigators (FTF) revisited the
area to collect additional stool and urine specimens. The sample
size was determined according to the number of discordant

TABLE 1
Demographic data of the 300 individuals selected for the study in Pains, Minas Gerais, Brazil, from August to December 2015.

Characteristics Study population +SD
n =300

Women, n (%) 189 (63%)

Mean age (years) 439 15.0

Mean weight (kg) 70.5 17.2

Mean height (m) 1.6 0.1

Mean BMI 26.4 5.9

SD: standard deviation; BMI: body mass index.
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TABLE 2

Prevalence of schistosomiasis according to the diagnostic method and the number of stool slides examined in Pains, Minas Gerais, Brazil (n = 300 volunteers).

Test Samples Positives Positivity (%)
Kato-Katz 1 sample (1 slide) 14 4.7
Kato-Katz 1 sample (2 slides) 18 6.0
Kato-Katz Ist & 2nd samples (4 slides) 21 8.0
Kato-Katz Ist, 2nd, & 3rd samples (6 slides) 26 8.7
POC-CCA assay 1 sample 82 27.3
POC-CCA: point-of-care circulating cathodic antigen.
TABLE 3

Sensitivity, specificity, likelihood ratio, and predictive value of the POC-CCA urine assay.
Gold standard Sensitivity (CI) Specificity (CI) LR (CI) PPV NPV
1 sample / 1 slide 64.3 (38.8-83.6) 74.5 (69.1-79.1) 2.5(1.62-3.4) 10.9 7.7
1 sample / 2 slides 61.1(38.6-79.7) 74.8 (69.4-79.5) 2.4 (1.59-3.6) 13.4 6.7
Ist & 2nd samples / 4 slides 52.4(32.4-71.6) 75.3 (69.5-80.3) 2.1(1.33-3.3) 13.7 6.3
Ist, 2nd, & 3rd samples / 6 slides) 55.5(33.7-75.4) 75.7 (69.6-80.9) 2.2 (1.42-3.6) 15.8 5.3
Kato-Katz (AS) 57.7 (38.9-74.5) 75.5(70.1-80.3) 2.3(1.59-3.4) 18.4 49

POC-CCA: point-of-care circulating cathodic antigen; CI: confidence interval; LR: likelihood ratio; PPV: positive predictive value; NPV: negative predictive

value; AS: any sample.

Study population
n =300

l

Stool and urine samples
1 urine sample
3 stool samples (2 slides)

n (%) positive in the
POC-CCA assay:
82 (27.3)

n (%) positive by the
Kato-Katz method:
26 (8.7)

N J

FIGURE 1 - Flowchart of the study. POC-CCA: point-of-care circulating
cathodic antigen.

pairs (stool positive and POC-CCA negative). A total of 55
participants were needed to reach a reliable result with a 5%
error and 95% confidence interval. Five stool samples (two
smears of each sample) on 5 consecutive days and three urine
samples (one smear each) on 3 consecutive days were collected.
Three (5.9%) of 51 stool samples (480 slides) were positive
for S. mansoni eggs. Five (45.5%) out of the 11 Kato-Katz
positives and POC-CCA negatives turned POC-CCA positive
using three urine tests.

Agreement between the tests

The agreement between the results of the Kato-Katz smears
and the POC-CCA assay was low for all comparisons in the 300
subjects examined (x = 0.146).

Morbidity of schistosomiasis

Clinical and ultrasound examinations identified hepatosplenic
schistosomiasis (characteristic periportal fibrosis, portal
hypertension, and splenomegaly) in 2 (1.1%) out of 181
patients. One patient, a 56-year-old man, had a positive stool
examination for S. mansoni (46 eggs per gram of feces) and
had a POC-CCA negative. The other patient, a 15-year-old boy,
had three negative Kato-Katz examinations and one POC-CCA
negative. The first patient received praziquantel (S0mg/kg of
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body weight, oral single dose), and both are being followed
up at the outpatient clinic at the University Hospital in Belo
Horizonte, Minas Gerais, Brazil.

DISCUSSION

Based on the results, the POC-CCA test revealed more
positive results for schistosomiasis than the Kato-Katz
technique. Given the low prevalence of schistosomiasis in the
area, morbidity was considered significant.

Most studies comparing the CCA assay to the Kato-
Katz technique were conducted in African countries, in
individuals living in moderately to highly endemic areas for
schistosomiasis'>'*!*27. In a few reports conducted in areas of
low prevalence in Africa, the comparisons were performed after
repeated treatment with praziquantel®. Reinfection may have
occurred in these areas®. To our knowledge, this study is the first
to evaluate the use of a rapid urine assay and schistosomiasis
morbidity in an area of low prevalence in Brazil.

In schistosomiasis, immature worms during the acute phase
or in recently reinfected cases may produce worm antigens
(e.g., CCA) before eggs are excreted in the stool. This process
may result in a positive result using the POC-CCA assay and a
negative result using the Kato-Katz technique®®3.

Adriko et al.® evaluated the POC-CCA assay in an area of
low (8%) prevalence and found that the sensitivity values using
two, four, and six Kato-Katz smears were 75%, 73%, and 75%,
respectively, and the specificity values were 54%, 55%, and 55%,
respectively. We found a lower sensitivity and higher specificity
using one, two, four, and six smears; the sensitivity values were
64.3%, 61.1%, 58.3%, and 55.5%, respectively, and the specificity
values were 74.5%, 74.8%, 75%, and 75.6%, respectively.

The sensitivity and specificity vary in areas of high
prevalence. Studies have typically found high sensitivity and
low to moderate specificity. For example, Shane et al?! reported
that the sensitivity of the POC-CCA assay was 94.2% and the
specificity was 59.4% in Kenya. In other studies using LCA,
the sensitivity and specificity were increased'?!.

Colley et al.”® and Kittur et al.** reported that the CCA
assay could produce false negatives and false positives for S.
mansoni. Indeed, our results showed that 11 (3.6%) participants
were positive using the Kato-Katz method but negative using
the POC-CCA assay. It is interesting to note that 67 (22.3%)
participants had a positive POC-CCA urine assay and a negative
Kato-Katz test. To further examine our findings, one of the
study authors revisited the area and obtained 240 stool samples
(for a total of 480 slides) from the 67 participants and
found that 3 individuals (5.8%) exhibited S. mansoni shedding
of 12, 36, and 42 eggs per gram of feces. The argument is
that, even in this context, the POC-CCA assay had a higher
sensitivity for diagnosing S. mansoni infection than the Kato-
Katz method.

Some factors, such as diabetes mellitus, urinary tract
infections, hematuria, alcohol abuse, use of diuretics,
dehydration, and use of some prescription drugs (e.g., rifampin,
which may change the color of the strip test), may alter the
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positivity of the rapid urine test, particularly in trace/weak
positives. More studies are required to confirm these factors.

The POC-CCA assay showed poor agreement (x = 0.146)
when the Kato-Katz technique was used as the gold standard.
Similar findings have been described by other studies conducted
in regions of very low prevalence and intensity of infection®.
Day-to-day variability in host egg excretion and test limitations
may explain these results.

In this study, the clinical and ultrasound examinations
showed that only two patients had typical hepatosplenic
schistosomiasis with the characteristic periportal fibrosis.
The Brazilian Program for Schistosomiasis Control, which
started in 1975%, was based on mass chemotherapy and its
main objective was to reduce the prevalence of hepatosplenic
schistosomiasis**. Most investigators, indeed, feel that the
morbidity (hepatosplenic form) of schistosomiasis decreased.
Of note is that even in low-endemic areas, such as the one
reported above (prevalence of 8%), severe cases were still found
and they may be overlooked in similar areas. For example, one
patient with hepatosplenic schistosomiasis, diagnosed during
the abovementioned study, developed portal vein thrombosis,
ascites, and large esophageal varices®.

Overall, the POC-CCA assay proved to be a useful test
for diagnosing schistosomiasis in a low-endemic area. We are
convinced that POC-CCA should be included in the Brazilian
Program for Schistosomiasis Control and be liberated for clinical
use. Nevertheless, improvements in diagnostic techniques, in
areas of very low prevalence and intensity of infection, should
be encouraged?®.

More recently, after the WHO’s appeal to define the value
of the rapid urine test (POC-CCA) for schistosomiasis in low-
endemic areas, Brazilian investigators have published papers
on the subject’”*. Preliminary information is being evaluated,
and other studies in Brazil are under way.
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