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Abstract. Schistosomiasis caused by Schistosoma japonicum is endemic in the Phil-
ippines. The Kato-Katz Technique (KKT) is the most commonly used technique 
for schistosomiasis surveillance, but may have inadequate sensitivity for surveil-
lance. Our study aimed to determine the best schistosomiasis surveillance test(s) 
for near-elimination and endemic areas in the Philippines. The study population 
was randomly selected school children aged 9-15 years. The study locations were 
the provinces of Bohol and Zamboanga del Norte (ZDN) for the near-elimination 
areas and Agusan del Sur (ADS) for the endemic area. A total of 1,112 study 
participants were included in the study. Each participant provided a stool and a 
blood sample to test for schistosomiasis. Each stool sample was examined using 
the KKT and Formalin Ether Concentration Technique (FECT). Each blood sample 
was examined using the Circumoval Precipitin Test (COPT), and the Enzyme-
Linked Immunosorbent Assay (ELISA) antibody (Ab) and antigen (Ag) tests. We 
calculated the prevalence of schistosomiasis using each test. We also calculated the 
sensitivity and specificity of each test in the near-elimination and endemic areas 
using a combination of the KKT, FECT and ELISA Ag tests as a reference standard. 
The results showed a zero prevalence in the studied near-elimination areas and 
a 17.6% prevalence in the studied endemic areas using the KKT; a 0.1% preva-
lence in the studied near-elimination areas and a 2.5% prevalence in the studied 
endemic areas using FECT; an 11.0% prevalence in the studied near-elimination 
areas and a 27.2% prevalence in the endemic areas using the COPT, a 16.8% in 
the studied near-elimination areas and a 58.5% prevalence in the endemic areas 
using the ELISA Ab test, and an 8.6% prevalence in the studied near-elimination 
areas and a 30.5% prevalence in the endemic areas using the ELISA Ag test. The 
sensitivities were 0.0%, 1.6%, 24.6%, 36.9%, and 98.5% and the specificities were 
100.0%, 100.0%, 90.3%, 85.1%, and 100.0% for the KKT, FECT, COPT, ELISA Ab, 
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INTRODUCTION

Schistosomiasis caused by Schisto-
soma japonicum is endemic in 12 of the 16 
administrative regions of the Philippines 
(Department of Health, 2010). King et al 
(2005) conducted a systematic review and 
meta-analysis of disability due to schis-
tosomiasis and reported the disability 
weight of schistosomiasis (2-15%) was 
greater than previously estimated (0.5%). 
Schistosomiasis can cause anemia, stunt 
growth, undernutrition, predisposition to 
and exacerbation of co-infections, cogni-
tive underdevelopment, decreased work 
capacity and chronic pain (King et al, 2005).

Schistosomiasis can be diagnosed on 
stool examination, such as with the Kato-
Katz Technique (KKT) or the Formalin 
Ether Concentration Technique (FECT); it 
can also be diagnosed by examining the 
serum for schistosome-specific antibodies, 
such as with the Circumoval Precipitin 
Test (COPT) or Enzyme-Linked Immu-
nosorbent Assay (ELISA) (Doenhoff et al,  
2004). The Philippine Department of 
Health (DOH) currently conducts active 
and passive surveillance for schistoso-
miasis using government health facilities 
(DOH, 2010). The DOH monitors schis-
tosomiasis endemic areas by conducting 
stool examinations using the KKT. A 
single stool exam using the KKT has a 

sensitivity of 51.1-84.1% compared to six 
stool exams in the same person using the 
KKT (Lin et al, 2008).

In the Philippines, the DOH classifies 
areas with a schistosomiasis prevalence 
≥1% of the population as being a schis-
tosomiasis endemic area and areas with 
prevalence <1% as being near-elimination 
areas (DOH, 2009). In near-elimination 
areas, the most commonly used screening 
method (the KKT) may lack the sensitiv-
ity to determine the actual prevalence of 
schistosomiasis (Utzinger et al, 2005).

Our study aimed to determine the 
best diagnostic test(s) to conduct active 
surveillance for S. japonicum in near-
elimination and endemic areas in the 
Philippines. We aimed to determine the 
prevalences of schistosomiasis using the 
KKT, the FECT, the COPT, the ELISA an-
tibody (Ab) detection test, and the ELISA 
antigen (Ag) detection test at the selected 
study sites. We compared the sensitivity 
and specificity of the different studied 
diagnostic techniques for S. japonicum in 
near-elimination and endemic areas.

MATERIALS AND METHODS

Study site and population
We selected three provinces for our 

study. Two provinces were near-elimi-

and ELISA Ag tests, respectively in near-elimination areas. The sensitivities were 
43.2%, 6.1%, 40.5%, 84.5%, and 75.0% and the specificities were 100.0%, 100.0%, 
81.9%, 59.3%, and 100.0% for the KKT, FECT, COPT, ELISA Ab, and ELISA Ag 
tests, respectively, in the endemic areas. Our results showed higher prevalences 
of schistosomiasis using the serological than the fecal tests. They also showed 
generally higher sensitivities for the serological tests than the fecal tests. In areas 
with lower prevalences, serological testing may be more appropriate for popula-
tion screening for schistosomiasis in the Philippines.

Keywords: Schistosoma japonicum, schistosomiasis, Kato-Katz, FECT, COPT, ELISA, 
antigen detection test, antibody detection test
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nation areas (Bohol and Zamboanga del 
Norte) and one province was endemic 
for schistosomiasis (Agusan del Sur). 
Two municipalities were selected from 
each province in coordination with the 
concerned regional offices of the DOH. 
The municipalities were: Trinidad and 
Talibon in Bohol, Pinan and Polanco in 
Zamboanga del Norte and Bunawan and 
Prosperidad in Agusan del Sur. The lat-
est sentinel surveillance data from the 
Provincial Health Offices for the selected 
municipalities reported no cases of schis-
tosomiasis in Trinidad or Talibon in Bohol 
during 2013 and no cases of schistosomia-
sis in Polanco, and a prevalence of 0.45% 
was reported in Pinan, Zamboanga del 
Norte in 2013. The prevalences of schis-
tosomiasis were reported to be 12.9% in 
Bunawan and 9.1% in Prosperidad, in 
Agusan del Sur.

In this study, we selected children 
in grades 5-6 as suggested by Montresor  
et al (1998). Two hundred school children 
were targeted from each municipality; 
the number needed is based on a paper 
by Montresor et al (1998) who stated that 
a sample size of 200-250 is adequate in 
each ecologically homogeneous area to 
evaluate the prevalence of infection. All 
school children from grades 5-6 who 
gave written informed consent and their 
guardian did as well were included in the 
study. The schools were chosen based on 
the recommendation of the respective lo-
cal government units for the study sites. 
Study participants were residents of the 
study areas who had not received pra-
ziquantel during the previous six months. 
The study was conducted during Febru-
ary and March, 2014.

Fecal examination
Blood and stool samples were ob-

tained at the study schools with approval 

of the Department of Education (DepEd). 
The stool samples were then brought 
to the field laboratory where they were 
examined using the KKT and FECT. 
Parasites were diagnosed using the World 
Health Organization bench aids for the 
diagnosis of intestinal parasites (WHO, 
2012).
Serological examination

Approximately 4 ml venous blood 
was obtained from each participant and 
kept cold until examined for schistoso-
miasis using the COPT and ELISA Ab and 
Ag detection tests at the University of the 
Philippines, Manila – National Institutes 
of Health (UPM-NIH) Central laboratory.

For the COPT, 2 drops of serum was 
added to lyophilized S. japonicum eggs on 
a glass slide, covered with a cover slip and 
sealed with paraffin wax. The slide was 
then incubated at 37°C for 24-48 hours 
and then examined for the presence of 
segmented precipitates, indicating a posi-
tive result (Garcia et al, 1981).

The ELISA tests were performed 
using kits by Inno Vision International 
(Hong Kong). Schistosoma japonicum IgG 
ELISA kits and Schistosoma japonicum Ag 
ELISA kits were used following the manu-
facturer’s instructions. Absorbance was 
measured using an iMark™ Microplate 
Reader (Bio-Rad, Hercules, CA) at 450 
nm. Results were recorded as positive or 
negative for each assay.
Quality control

Ten percent of the Kato-Katz slides 
were re-examined by a reference micros-
copist blinded to the first examiner’s re-
sults (Montresor et al, 1998). FECT positive 
samples were confirmed by a reference 
microscopist in the field. Positive and 
negative control sera were used for qual-
ity control with the COPT, ELISA Ab test 
and ELISA Ag test.
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Data processing and analysis
Recorded results were entered into 

Microsoft Excel (2007; Microsoft, Red-
mond, WA). The data were entered in 
duplicate. The following were calcu-
lated: 1) prevalences and intensities of 
schistosomiasis in the near-elimination 
and endemic areas using the KKT, FECT, 
COPT, ELISA Ab and ELISA Ag tests; 2) 
the prevalences of moderate to heavy in-
tensity infections using the KKT; 3) sensi-
tivity, specificity, positive predictive value 
(PPV), and negative predictive value 
(NPV) for each test in the near-elimination 
and endemic areas.

Reference standard used was the 
combination of the KKT, FECT, and ELISA 
Ag test. The combination of these 3 tests 
was used to increase the sensitivity of the 
reference standard. The COPT and ELISA 
Ab test were not included in the reference 
standard due to their low specificities, 
giving high false positive rates (Garcia 
et al, 1981; Xu et al, 2011). True positive 
infection status was then defined as a 
sample from an individual positive for S. 
japonicum in any one of the three diagnos-
tic tests mentioned (Glinz et al, 2010; Van 
Dam et al, 2015). Following this approach, 
the specificities of the studied tests were 
combined and assumed to be the refer-
ence standard of 100% based on previous 
studies (Bogoch et al, 2006; Steinmann  
et al, 2008; Utzinger et al, 2008; Knopp  
et al, 2009; Midzi et al, 2009; Glinz et al, 
2010; Van Dam et al, 2015).

Logistic regression was used to 
determine whether the differences in 
prevalences of schistosomiasis using the 
ELISA Ag and Ab tests were significantly 
different between near- elimination and 
endemic areas, between those aged ≤12 
years and those aged >12 years and differ-
ent by gender. Associations were assessed 

between study sites and age groups, and 
between study sites and gender. We also 
calculated the odds ratios of associations 
between study sites and age groups and 
between study sites and gender.
Ethical considerations

The study protocol, consent forms, 
and patient information sheets were re-
viewed and approved by the University 
of the Philippines, Manila - Research Eth-
ics Board (UPMREB-2013-NIH-P2-047). 
Consent forms were distributed to the 
targeted study participants and their 
parents/guardians and only those who 
gave informed consent were included in 
the study. All study participants with a 
positive test for schistosomiasis or other 
parasitic infections were referred to local 
health units to obtain appropriate treat-
ment following DOH guidelines.

RESULTS

A total of 1,112 study subjects aged 
9-15 years were included in the study, of 
whom 748 participants (67.2%) were from 
a near-elimination area and 364 (32.8%) 
were from an endemic area. Table 1 shows 
the ages and genders of participants by 
study site.

Table 2 shows the prevalences of 
schistosomiasis by stool examination 
technique. The prevalence of schistoso-
miasis in endemic areas using KKT was 
17.6%, with 4.7% having a moderate to 
heavy intensity infection. No cases of 
schistosomiasis were seen using the KKT 
in near-elimination areas. The prevalence 
of schistosomiasis in the endemic areas 
using the FECT was 2.5%. One case of 
schistosomiasis was identified using the 
FECT in a near-elimination area.

Table 3 summarizes the results of the 
serological examinations. The near- elimi-
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Table 1
Ages and genders of study participants by study site.

Ages in years by study site  Gender  Total

  Female Male 

Age groups in near-elimination areas
 <10 11 4 15
 10-12 155 110 265
 >12 222 246 468
 Subtotal 388 360 748 (67.2%)
Age groups in endemic areas
 Age not recorded 0 1 1
 <10 13 7 20
 10-12 76 62 138
 >12 108 97 205
 Subtotal 197 167 364 (32.8%)
Total 585 527 1,112 

Table 2
Prevalences of schistosomiasis using the Kato-Katz Technique (KKT) and the Formalin 

Ether Concentration Technique (FECT) among study subjects at study sites.

Study sites No. of stool  Stool specimen positive for S. japonicum

 
specimens

 KKT  Those with FECT 
 

examined
  moderate to heavy

   infections by KKT
  No. (%) No. (%) No. (%)

Near-elimination Areas 748 0 (0.0) 0 (0.0) 1 (0.1)
Endemic Areas 364 64 (17.6) 17 (4.7) 9 (2.5)
Total 1,112 64 (5.8) 17 (1.5) 10 (0.9)

nation areas had seroprevalences of 11.0%, 
16.8%, and 8.6% using the COPT, ELISA 
Ab, and ELISA Ag tests, respectively. 
The endemic areas had seroprevalences 
of 27.2%, 58.5%, and 30.5% using the 
COPT, ELISA Ab, and ELISA Ag tests, 
respectively.

Tables 4 and 5 show the results of 
the logistic regression analysis for ELISA 
Ag and Ab tests. With the ELISA Ag test, 
study subjects living in endemic areas 

had a 4.69 times greater odds of having 
schistosomiasis than subjects living in 
near-elimination areas (Table 4). Age 
was retained as a variable in the logistic 
regression model to adjust for its effect 
on estimates. Males were not significantly 
more likely to have schistosomiasis than 
females with the ELISA Ag test. There was 
also no significant associations between 
study site and age and between study site 
and gender with the ELISA Ag test.
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Table 3
Seroprevalences of schistosomiasis using the Circumoval Precipitin Test, Enzyme-Linked 
Immunosorbent Assay (ELISA) Antigen (Ag), and ELISA Antibody (Ab) tests among 

study subjects.

Study sites No. of blood  Positive for S. japonicum by test type

 
samples

 COPT ELISA Ab ELISA Ag
 

examined
 No. (%) No. (%) No. (%)

Near-elimination areas 748   82 (11.0) 126 (16.8) 64 (8.6) 
Endemic areas  364            99 (27.2) 213 (58.5)  111 (30.5)
Total          1,112          181 (16.3) 339 (30.5) 175 (15.7) 
    

Table 4
Logistic regression analysis results for Enzyme-Linked Immunosorbent Assay Antigen test.

Variables Odds ratio 95% Confidence p-value
 (Standard error) interval

Age group (>12 yrs old) 0.99 (0.18) 0.71, 1.40 0.974
Sex (M) 1.34 (0.23) 0.95, 1.88 0.091
Endemic areas 4.69 (0.81) 3.34, 6.59 <0.001
Constant 0.09 (0.01) 0.07, 0.12 <0.001

Table 5
Logistic regression analysis results for Enzyme-Linked Immunosorbent Assay 

Antibody test.

Variables Odds ratio 95% Confidence p-value
  (Standard error) interval 

Age group 1.47 (0.23) 1.09, 1.99 0.012
Sex (M) 1.90 (0.28) 1.42, 2.54 <0.001
Endemic areas 6.96 (1.00) 5.25, 9.24 <0.001
Constant 0.20 (0.02) 0.17, 0.25 <0.001

With the ELISA Ab test, subjects liv-
ing in endemic areas had a 6.96 times 
greater odds of having schistosomiasis 
than subjects living in near-elimination 
areas (Table 5). There was no significant 
association between study site and age 
group and between study site and gender 

with the ELISA Ab test. Study subjects 
aged >12 years had a 1.5 times greater 
odds of having schistosomiasis than 
study subjects aged ≤12 years. Male study 
subjects had a 1.9 times greater odds of 
having schistosomiasis than female study 
subjects with the ELISA Ab test.
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Table 6
Sensitivities, specificities, positive predictive values (PPVs), and negative predictive 
values (NPVs) for the selected diagnostic techniques in near-elimination areas using 
the combination of the Kato-Katz Technique (KKT), Formalin Ether Concentration 

Technique (FECT), and Enzyme-Linked Immunosorbent Assay (ELISA)  
Antigen Test as the reference standard.

Diagnostic test Sensitivities Specificities Positive Negative
 (%) (%) predictive predictive
   values (%) values (%)

KKT 0.0 100.0 0.0 91.3
FECT 1.6 100.0 100.0 91.4
Circumoval precipitin test 24.6 90.3 19.5 92.6
ELISA antibody 36.9 85.1 19.1 93.4
ELISA antigen 98.5 100.0 100.0 99.9

Table 7
Sensitivities, specificities, positive predictive values (PPVs), and negative predictive 

values (NPVs) for the selected diagnostic techniques in endemic areas using the 
combination of the Kato- Katz Technique (KKT), Formalin Ether Concentration 

Technique (FECT), and Enzyme-Linked Immunosorbent Assay (ELISA)  
Antigen Test as the reference standard.

Diagnostic test Sensitivities Specificities Positive Negative
  (%) (%) predictive predictive
    values (%) values (%)

KKT 43.2 100.0 100.0 72.0
FECT 6.1 100.0 100.0 60.9
Circumoval precipitin test 40.5 81.9 60.6 66.8
ELISA antibody 84.5 59.3 58.7 84.8
ELISA antigen 75.0 100.0 100.0 85.4

Table 6 shows the sensitivities, speci-
ficities, PPVs, and NPVs for each speci-
fied test for near-elimination areas using 
the KKT, FECT and ELISA Ag tests as 
the reference standard. The sensitivities 
were 0.0%, 1.6%, 24.6%, 36.9%, and 98.5% 
for the KKT, FECT, COPT, ELISA Ab, 
and ELISA Ag tests, respectively, for the 
near-elimination areas. The specificities 

were 100.0%, 100.0%, 90.3%, 85.1%, and 
100.0% for the KKT, FECT, COPT, ELISA 
Ab, and ELISA Ag tests, respectively, for 
the near-elimination areas. The PPVs were 
0.0%, 100.0%, 19.5%, 19.1%, and 100.0% 
for the KKT, FECT, COPT, ELISA Ab, 
and ELISA Ag tests, respectively, for the 
near-elimination areas. The NPVs were 
91.3%, 91.4%, 92.6%, 93.4%, and 99.9% 
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for the KKT, FECT, COPT, ELISA Ab, and 
ELISA Ag tests, respectively, for the near-
elimination areas.

Table 7 shows the sensitivities, speci-
ficities, PPVs, and NPVs for each specified 
test for endemic areas using the KKT, 
FECT and ELISA Ag tests as the reference 
standard. The sensitivities were 43.2%, 
6.1%, 40.5%, 84.5%, and 75.0% for the KKT, 
FECT, COPT, ELISA Ab, and ELISA Ag 
tests, respectively, in endemic areas. The 
specificities were 100.0%, 100.0%, 81.9%, 
59.3%, and 100.0% for the KKT, FECT, 
COPT, ELISA Ab, and ELISA Ag tests, 
respectively, in endemic areas. The PPVs 
were 100.0%, 100.0%, 60.6%, 58.7%, and 
100.0% for the KKT, FECT, COPT, ELISA 
Ab, and ELISA Ag tests, respectively, in 
endemic areas. The NPVs were 72.0%, 
60.9%, 66.8%, 84.8%, and 85.4% for the 
KKT, FECT, COPT, ELISA Ab, and ELISA 
Ag tests, respectively, in endemic areas.

DISCUSSION

In our study, we found higher preva-
lence rates of schistosomiasis using sero-
logical tests than fecal tests in both near-
elimination and endemic areas, similar to 
a previous study from Brazil that reported 
a 16% prevalence rate with the KKT and 
at 47.2% prevalence rate with the ELISA 
Ab test for schistosomiasis (Carneiro  
et al, 2012). In a study from China, Cai  
et al (2014) reported a prevalence of 12.7% 
using the ELISA Ab test, 4.7% using the 
ELISA Ag test and 1.5% using the KKT 
among 1,864 samples from an endemic 
area.

Comparing serological tests, we 
found higher prevalence rates with an-
tibody tests (COPT and ELISA Ab) than 
the antigen test (ELISA Ag) in both near-
elimination and endemic areas. Compar-
ing antibody tests, the ELISA Ab test gave 

a higher prevalence rate than the COPT 
in both near-elimination and endemic 
areas, similar to a study from Brazil that 
reported higher rates of schistosomiasis 
using the ELISA IgG test (11.6%) than the 
COPT (5.4%) (Espirito-Santo et al, 2015). 
However, antibody tests have higher false 
positive rates than antigen tests since they 
cannot differentiate between current and 
previous infections.

In our study in near-elimination 
areas, the ELISA Ag test had the highest 
sensitivity at 98.5%, with a specificity of 
100%. In our study in endemic areas, the 
ELISA Ab test had the highest sensitiv-
ity at 84.5%, but the lowest specificity at 
59.3%. Ab detection tests generally have 
low specificities due to not differentiating 
between active and previos infection and 
cross-reactivity with other parasites. The 
especially low specificity of antibody tests 
in endemic areas (Doenhoff et al, 2004) 
make it unfit for screening; the ELISA 
Ag test would be more appropriate with 
a sensitivity of 75% and a specificity of 
100%.

The KKT is the current gold standard 
to diagnose schistosomiasis, having a 
specificity of 100% but had a sensitivity of 
0% in near-elimination areas in our study. 
This indicates the KKT is inappropriate as 
a screening tool for near-elimination areas 
in the studied areas. In endemic areas in 
our study, the KKT had a sensitivity of 
43.2% and a specificity of 100%. Despite 
the lower sensitivity of the KKT compared 
with the ELISA Ag and Ab tests, the preva-
lence rates seen in our study are the same 
as those of the DOGH, since they used the 
KKT for their screening. This also suggests 
that if the prevalence of schistosomiasis is 
>1%, the KKT is an appropriate screening 
test for the studied areas.

Better screening tests are needed to 
inform schistosomiasis elimination pro-
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grams in the Philippines. The ELISA Ag 
test suggests itself due to its reliability and 
sensitivity (Zhou et al, 2011), especially for 
near-elimination areas. In endemic areas, 
the KKT is still useful.

In summary, in our study, the KKT 
was still adequate for schistosomiasis 
screening in endemic areas but the ELISA 
Ag test should be added to this technique 
in near- elimination areas in the study 
location. This can better inform schisto-
somiasis control programs in the study 
areas.
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