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Abstract

Background

Most of national schistosomiasis elimination programmes in Asia are relying on stool exami-

nation, particularly Kato Katz stool examination technique for regular transmission monitor-

ing. However, the Kato-Katz technique has shown low sensitivity for the detection of light-

intensity infections, and therefore highly sensitive diagnostic tools are urgently required to

monitor prevalence of infection in low transmission settings. The objective of this systematic

review was to evaluate and synthesize the performance of diagnostic tests for detecting

Schistosoma japonicum and S. mekongi infection in people living in endemic areas.

Methodology/Principal findings

We comprehensively searched these nine electronic databases and other resources until

July 2019, with no language or publication limits: PubMed, EMBASE, MEDLINE, Web of

Science, BIOSIS Citation Index, HTA, CINAHL PLUS, The Cochrane Library, and Psy-

cINFO. We included original studies that assessed diagnostic performance using antibody,

antigen, and molecular tests with stool examination test as a reference standard. Two

reviewers independently extracted a standard set of data and assessed study quality. We

estimated the pooled estimates of sensitivity and specificity for each index test. We used

diagnostic odds ratio to determine the overall accuracy and hierarchical summary receiver

operating characteristics (HSROC) curve to assess the index tests performance.

Fifteen studies (S. japonicum [n = 13] and S. mekongi [n = 2]) testing 15,303 participants

were included in the review. Five studies reported performance of enzyme-linked
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immunosorbent assay (ELISA), seven studies reported indirect hemagglutination assay

(IHA), and four studies reported polymerase chain reaction (PCR) for detecting S. japoni-

cum. The pooled sensitivity and specificity were 0.93 (95% CI: 0.84–0.98) and 0.40 (95%

CI: 0.29–0.53) for ELISA, 0.97 (95% CI: 0.90–0.99) and 0.66 (95% CI: 0.58–0.73) for IHA,

and 0.89 (95% CI: 0.71–0.96) and 0.49 (95% CI: 0.29–0.69) for PCR respectively. A global

summary indicated the best performance for IHA, closely followed by ELISA. We were

unable to perform meta-analysis for S. mekongi due to insufficient number of studies.

Conclusions/Significance

IHA showed the highest detection accuracy for S. japonicum. Further studies are needed to

determine the suitable diagnostic methods to verify the absence of transmission of S.

mekongi and also to compare detection accuracy against more sensitive reference stan-

dards such as PCR.

Author summary

Schistosomiasis remains a serious public health problem worldwide. Accurate diagnostic

tests play a key role in control of schistosomiasis, especially in Asia where the prevalence

and intensity of infection is low. As stool examination techniques, particularly the Kato-

Katz technique has shown low sensitivity for the detection of light-intensity infections,

highly sensitive diagnostics are urgently required to monitor prevalence of infection in

low transmission settings. The purpose of this review was to assess and synthesize the per-

formance of diagnostic tests for detecting schistosomiasis in people living in endemic

areas in Asia. A comprehensive search, without any limit of language, date or types of

publication, were performed for both- multiple electronic databases and other resources

to identify the eligible studies. Robust analytical approaches such as diagnostic meta-anal-

ysis, HSROC curve, and diagnostic odds ratio, were used to provide more diagnostic accu-

racy of index tests. We assessed performance of three diagnostic tests (ELISA, IHA, and

PCR) for detecting infection with S. japonicum using stool examination as a reference

standard. In these meta-analyses, IHA showed the highest detection accuracy, followed by

ELISA. We could not perform meta-analysis for S. mekongi due to insufficient number of

studies.

Introduction

Schistosomiasis is an acute and chronic parasitic disease caused by blood flukes of the genus

Schistosoma. More than 200 million people, including 111 million school-aged children (SAC)

and 95 million adults, are estimated to be at risk of infection globally [1]. People are infected

when cercaria, the larval form of the parasite, that are released by the intermediate host fresh-

water snail penetrate the skin during contact with infested water [2]. Transmission occurs

when infected people contaminate freshwater sources with their excreta containing parasite

eggs, which hatch in water.

There are two major forms of schistosomiasis–intestinal and urogenital–caused by four

main species of Schistosoma. Schistosoma mansoni (intestinal) and S. haematobium (urogeni-

tal) are endemic in Africa, South America, the Caribbean, and the Middle East. S. japonicum
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(intestinal) is currently endemic in China, Indonesia and the Philippines and was once

endemic in Japan. S. mekongi (intestinal) is endemic in Cambodia and Lao People’s demo-

cratic Republic [3]. In Asia, more than 2.8 million people are estimated to be at risk and

require preventive chemotherapy for schistosomiasis in 2017 [4].

Countries in Asia have a long history of efforts to control schistosomiasis. Japan eliminated

schistosomiasis, with the last reported human case in 1977, mainly through intensive snail

control and environmental modification [5]. China and the Philippines started national schis-

tosomiasis control programmes in 1950 and 1960s respectively, focusing on snail control and

health education then later on mass drug administration (MDA) once praziquantel was proven

effective against schistosomes and it became widely available in 1990s [6,7]. Cambodia and

Lao People’s Democratic Republic initiated annual MDA campaigns in the mid-1990s con-

tinuing to date [8]. As a result, prevalence and associated morbidity of the infection reduced

significantly in many parts of endemic areas in Asia. Elimination of schistosomiasis in Asia is

now considered within reach and all endemic countries are accelerating their efforts to inter-

rupt transmission of schistosomiasis [5,6,9,10].

In general, intestinal schistosomiasis can be diagnosed by three different approaches: 1)

parasitological methods to detect Schistosome eggs or miracidium in fecal samples; 2) immu-

nological test to detect immunological responses to Schistosome antigens in specimens includ-

ing serum, urine, feces, and saliva; and 3) pathological methods to measure schistosomiasis-

associated morbidities by clinical and biomedical markers. Among them, the Kato Katz stool

examination technique, which detects eggs in stool by staining a sieved fecal sample and exam-

ining it under a microscope remains the gold standard test for detection of intestinal schistoso-

miasis recommended by the World Health Organization [11]. However, it is widely

recognized that Kato-Katz technique shows low sensitivity for the detection of light-intensity

infections, and hence more sensitive diagnostic tools are urgently required to continue moni-

toring impacts of interventions in low prevalence settings and ultimately to verify the absence

of transmission of schistosomiasis [12,13].

A number of new diagnostic tools have been developed for detection and diagnosis of schis-

tosomiasis in recent years, some of which are commercially available. However, their perfor-

mance has been largely validated only for S. mansoni and S. haematobium [14,15]. Usability of

new serological tests in Asian settings requires careful validation as there are many co-endemic

parasites, particularly trematodes, in schistosomiasis-endemic areas that might cause cross

reaction. Systematic review and meta-analysis of diagnostic techniques for population-based

monitoring and verification of interruption of transmission is currently ongoing but it only

targets S. mansoni and S. haematobium. There are a few review studies on existing diagnostic

tools for S. japonicum but it only concerns China and focuses on immunological tests espe-

cially ELISA and IHA [16,17]. A comprehensive systematic review and meta-analysis of data

pertaining to all existing diagnostic tools for S. japonicum and S. mekongi was urgently needed

to help determine the most appropriate diagnostic tools for population-level monitoring of

intervention impacts in low-prevalence setting and ultimately to verify interruption of trans-

mission of S. japonicum and S. mekongi.

Review objective/questions

The key objective of this systematic review was to evaluate and synthesize the performance of

diagnostic tests for detecting infection with S. japonicum and S. mekongi in people living in

endemic areas of these diseases. More explicitly, we addressed the following review questions:

a. which diagnostic tools/techniques are adequate to verify the absence of transmission of S.

japonicum in humans? and
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b. which diagnostic tools/techniques are adequate to verify the absence of transmission of S.

mekongi in humans?

Methods

Study registration

The protocol was registered in the international prospective register of systematic review

(PROSPERO registration number- CRD42020162558). The guideline of Cochrane Handbook

for Systematic Reviews of Diagnostic Test Accuracy and preferred reporting items for system-

atic review and meta-analysis of diagnostic test accuracy (PRISMA-DTA) statement were fol-

lowed in this review [18,19].

Study identification

To identify the relevant studies, we attempted to search both electronic databases and other

resources. We executed a comprehensive search of the following nine electronic databases up to

July 2019: PubMed, EMBASE, MEDLINE, Web of Science, BIOSIS Citation Index, Health

Technology Assessment (HTA), CINAHL PLUS, The Cochrane Library, and PsycINFO. We

used controlled vocabulary and text words for each database. We did not limit our search by

language, date or types of publication in order not to miss any published studies. Moreover, we

checked reference lists of all included studies and relevant systematic reviews to identify further

studies. The details of the search strategies for each database are shown in S1 Appendix.

Study selection

Two reviewers independently screened the titles and abstracts of all retrieved studies. Thereafter,

they independently critically reviewed all potentially relevant studies at the full-text screening stage

to assess the eligibility in detail. During both stages, any discrepancies were resolved through dis-

cussion or by a third reviewer. A study was included if the study met all of the following criteria:

1. Study participants were individuals residing in endemic countries of S. japonicum and S.

mekongi, regardless of their age, gender or occupation

2. It assessed diagnostic performance of any of the index tests (antibody tests, antigen tests,

and molecular tests) with a parasitological detection test such as stool examination and

miracidium hatching test as a reference standard

3. It reported sensitivity and specificity or included data that enabled calculation of sensitivity

and specificity

4. Types of study included were cross-sectional studies, case-control studies and cohort stud-

ies but not case-control studies with healthy control or qualitative studies. Commentaries,

case studies, editorials, expert opinions, or symposium proceedings were also excluded.

The details of the eligibility criteria were reported in the study protocol elsewhere. We

recorded the reasons of all studies excluded in the full-text screening stage and reported in a

PRISMA flow diagram. We used EndNote software and Rayyan QRCI tool in the study selec-

tion process [20].

Data extraction

Two reviewers independently extracted a standard set of data including study characteristics,

participant characteristics, description and results of index tests and reference standards from

each of the selected studies and was cross-checked. Similarly to the study selection process,

PLOS NEGLECTED TROPICAL DISEASES Diagnostic test accuracy for detecting Schistosoma japonicum and S. mekongi in humans

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009244 March 17, 2021 4 / 18

https://doi.org/10.1371/journal.pntd.0009244


disagreements were resolved through discussion or by a third reviewer. We reported key char-

acteristics of the included studies in a separate table. The characteristic data included, but was

not limited to: author, year of publication, study location, study setting, study design, number

of participants, study year, age of participants, types of study population, prior treatment for

schistosomiasis, index tests (diagnostic method, condition, species and cut-off value), refer-

ence standards (with details), examined disease, and reported outcomes. True positive, false

positive, false negative, true negative, sensitivity and specificity of the index tests, and the prev-

alence of schistosome infection by the reference standards were considered as primary data

(see S1 and S2 Tables).

Quality assessment

The Quality Assessment of Diagnostic Accuracy Studies tool-2 (QUADAS-2) was used to

assess the risk of bias and applicability of the studies. The QUADAS-2 consisted of the follow-

ing four main domains (see S2 Appendix): patient selection, index test, reference standard,

and flow and timing. We did not make tailoring QUADAS-2 tool as all signaling questions of

the tool adequately cover the issues for the systematic review. Firstly, we piloted QUADAS-2

tool in a small number of studies and met the good agreement by two independent reviewers.

Applying the tool, two independent reviewers assessed the quality of each study included in

the review and any disagreements were resolved through discussion or by a third reviewer. A

study was classified as a high-quality report if an original study did not have high risk of bias

or high applicability concerns in any of the QUADAS-2 domains.

Statistical analysis

We performed meta-analysis for all index tests if there were three or more studies with no sub-

stantial clinical heterogeneity among the studies. In the meta-analysis, we considered parasito-

logical detection tests as reference standards because parasitological tests have been most

widely used and it is known to deliver reliable results if they performed well. In order to esti-

mate the sensitivity and specificity of each index tests, a reference standard was established by

combining all stool examinations including Kato-Katz test, formol-ethyl acetate sedimentation

concentration technique (FECT), and cellophane thick smear. We classified the data for each

type of index tests by the reference standard. We estimated pooled estimates (with 95% confi-

dence interval) of sensitivity, specificity, positive likelihood ratio, negative likelihood ratio,

positive predictive value (PPV) and negative predictive value (NPV) for each index test using a

bivariate model. We used diagnostic odds ratio (DOR) using the DerSimonian-Laird random

effect model to determine the overall accuracy, when making comparisons between index

tests. A hierarchical summary of receiver operating characteristic (HSROC) curve using

HSROC model was employed to make comparisons of the diagnostic accuracy among differ-

ent index tests. Moreover, forest plots and the 95% prediction regions in the HSROC curves

were checked visually to assess the heterogeneity of the diagnostic accuracy between the

included studies. To assess the reporting bias, we planned to use funnel plots if there were at

least ten studies remaining. We used Review Manager 5.4 and Stata version 15.0/MP software

to perform all statistical analyses.

Results

Study inclusion

We identified 2,232 potentially relevant articles from all targeted sources of databases. Of

these, 884 articles were found to be duplicates. A total of 1,348 unique articles after excluding
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duplicates underwent title and abstract screening. Thereafter, 170 studies were assessed for eli-

gibility in details. In full-text screening, 153 studies failed to meet our eligibility criteria and

were excluded. The reasons for exclusion were reported in the PRISMA flowchart of study

selection process (Fig 1). Finally, we found 15 eligible studies for narrative synthesis (Fig 1 and

Tables 1 and 2). Of the 15 eligible studies, 13 reported S. japonicum and we performed a meta-

analysis (Fig 1). The remaining 2 studies reported on S. mekongi. Due to limited data, we were

unable to perform a meta-analysis for S. mekongi studies.

Fig 1. PRISMA flowchart of study selection.

https://doi.org/10.1371/journal.pntd.0009244.g001
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Characteristics of the included studies

All included studies were cross-sectional studies (Tables 1 and 2). Most of the studies were

from China (8 studies), 5 studies from Philippines, and 2 studies from Laos. All studies except

for two studies (one focused on fishermen and another focused-on student) targeted all age

groups in endemic communities, ranging from 4 to 84 years of age for S. japonicum and 2 to

77 years of age for S. mekongi. A total of 14,692 participants were included in the studies for

detecting S. japonicum and 611 participants for S. mekongi. Five studies reported performance

Table 1. Characteristics of studies included in meta-analysis for S. japonicum.

SL Country

(reference)

Study design Study

year

Total

sample size

Participant’s

age

Prior treatment with

PZQ before

Index test Reference standard

1 Philippines[23] Cross-

sectional study

2015 412 5–69 years ELISA and ddPCR assay Kato-Katz test (3 slides from

single stool)

2 China[24] Cross-

sectional study

2010 142 6–68 years PCR assay Kato-Katz test (3 slides from

single stool)

3 Philippines[25] Cross-

sectional study

2011 560 > = 4 years qPCR assay Kato-Katz test

4 China[26] Cross-

sectional study

2,732 5–76 years Yes DIGFA, DDIA,

IHA-A, IHA-B

Stool examination

5 China[27] Cross-

sectional study

394 5–80 years No IHA, ELISA Stool examination

6 Philippines[22] Cross-

sectional study

2015 452 ddPCR assay with stool,

serum, urine, and saliva

Kato-Katz (6 slides from 2

stools) or Fecal ddPCR

7 China[28] Cross-

sectional study

2003 1,553 5–84 years IHA, CDIFA Kato-Katz (3 slides from

single stool) and/or IHA

8 China[29] Cross-

sectional study

2013–

2014

200 15–78 years RPA, ELISA, IHA Kato-Kato (3 slides from

single stool)

9 China[30] Cross-

sectional study

2005 1864 6–65 years No DDIA, IHA-A, IHA-B Stool examination

10 Philippine[31] Cross-

sectional study

338 COPT, ELISA MFCT

11 Philippines[32] Cross-

sectional study

1979 598 >6 years

student

ELISA MFCT

12 China[33] Cross-

sectional study

1,914 5–75 years IHA, ELISA Kato-Katz (6 slides from 2

stools)

13 China[34] Cross-

sectional study

2001–

2006

3,533 5–65 years IHA Kato-Katz (3 slides from

single stool)

Note: CDIFA-Colloidal dye immunofiltration assay; COPT-Circumoval precipitin test; DDIA-Dipstick dye immunoassay; ddPCR-Droplet digital polymerase chain

reaction; DIGFA-Dot immunogold filtration assay; ELISA-Enzyme-Linked immuno sorbent assay; IHA-Indirect haemagglutination assay; IHA-A-Indirect

haemagglutination assay test A; IHA-B-Indirect haemagglutination assay test B; MFCT-Modified methiolate-formaldehyde concentration technique; PCR-Polymerase

chain reaction; qPCR- Real-time polymerase chain reaction; RPA-Recombinase polymerase amplification.

https://doi.org/10.1371/journal.pntd.0009244.t001

Table 2. Characteristics of included studies for S. mekongi.

SL Country

(reference)

Study design Study year Total sample

size

Participant’s age Prior treatment with PZQ

before

Index test Reference

standard

1 Laos[35] Cross sectional study 2011–

2012

234 2–77 years ELISA Kato-Katz

2 Laos[36] Cross-sectional

survey

2006 485 > = 6 months FECT Kato-Katz

Note: ELISA-Enzyme-Linked immuno sorbent assay; FECT-Formol-ethyl acetate sedimentation concentration technique.

https://doi.org/10.1371/journal.pntd.0009244.t002
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of enzyme-linked immunosorbent assay (ELISA), 7 studies reported indirect hemagglutination

assay (IHA), and 4 studies reported polymerase chain reaction (PCR) for detecting S. japoni-
cum. The sensitivity of ELISA, IHA, and PCR ranged from 59% to 100%, 76% to 100%, and

40% to 98% respectively and the specificity varied from 11% to 69% for ELISA, 36% to 83% for

IHA, and 11% to 91% for PCR.

Overall diagnostic accuracy

In quantitative comparison, we merged weightedly the odds ratios of ELISA, IHA, and PCR.

The diagnostic odds ratio (DOR) was 9.0 (95% CI: 4.0–20) for ELISA, 60 (95% CI: 15–242) for

IHA, and 8.0 (95% CI: 4.0–16) for PCR (Table 3). The results indicated that IHA outperformed

both ELISA and PCR techniques.

Pooled results of sensitivity and specificity

We pooled the sensitivity and specificity of ELISA, IHA, and PCR for detecting S. japonicum con-

sidering stool examination as reference standard. The sensitivity and specificity were 0.93 (95%

CI: 0.84–0.98) and 0.40 (95% CI: 0.29–0.53) for ELISA, 0.97 (95% CI: 0.90–0.99) and 0.66 (95%

CI: 0.58–0.73) for IHA, and 0.89 (95% CI: 0.71–0.96) and 0.49 (95% CI: 0.29–0.69) for PCR

respectively (Figs 2–4 and Table 3). These results indicated that while all three diagnostic tools

have high sensitivity above 0.89, they also have moderate specificity with IHA as the highest.

Table 3. Summary estimates of diagnostic accuracy for S. japonicum (stool examination as a reference standard).

ELISA IHA PCR

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Sensitivity 0.93 0.84 0.98 0.97 0.90 0.99 0.89 0.71 0.96

Specificity 0.40 0.29 0.53 0.66 0.58 0.73 0.49 0.29 0.69

Positive Likelihood Ratio 1.6 1.3 1.8 2.8 2.2 3.6 1.7 1.3 2.4

Negative Likelihood Ratio 0.17 0.08 0.35 0.05 0.01 0.17 0.23 0.11 0.49

Diagnostic Odds Ratio 9.0 4.0 20 60 15 242 8.0 4.0 16

Positive Predictive Value 0.43 0.40 0.45 0.30 0.27 0.32 0.35 0.33 0.38

Negative Predictive Value 0.92 0.91 0.94 0.96 0.94 0.97 0.91 0.89 0.93

Note: CI-Confidence interval; ELISA-Enzyme-Linked immuno sorbent assay; IHA-Indirect haemagglutination assay; PCR-Polymerase chain reaction.

https://doi.org/10.1371/journal.pntd.0009244.t003

Fig 2. Forest plot of sensitivity/specificity of ELISA (S. japonicum with stool examination as a reference standard). Note: a-SjSAP5 + Sj23-LHD ELISA; b-SjSAP4

+ Sj23-LHD ELISA; c-SjSAP5 ELISA; d-SjSAP4 ELISA; e-Sj23-LHD ELISA; �-AWA ELISA; ��-rsj29 ELISA.

https://doi.org/10.1371/journal.pntd.0009244.g002
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We used the HSROC curve that presented a global summary of the performance of diag-

nostic tools (Figs 5–7). IHA showed the best performance for diagnosis of S. japonicum, based

on the highest summary sensitivity and specificity with the smallest 95% confidence region.

This was followed by ELISA with similarly high sensitivity and small 95% confidence region,

though slightly lower specificity. PCR too showed high sensitivity but low specificity and large

95% confidence region.

Positive and negative likelihood ratios

We summarized positive likelihood ratio (PLR) and negative likelihood ratio (NLR) for

ELISA, IHA, and PCR. IHA showed higher PLR (2.8 with 95% CI: 2.2–3.6) and lower NLR

(0.05 with 95% CI: 0.01–0.17) compared to other techniques (Table 3).

Positive and negative predictive values

We pooled PPV and NPV for ELISA, IHA, and PCR. The PPV and NPV were 0.43 (95% CI:

0.40–0.45) and 0.92 (95% CI: 0.91–0.94) for ELISA, 0.30 (95% CI: 0.27–0.32) and 0.96 (95% CI:

Fig 3. Forest plot of sensitivity/specificity of IHA (S. japonicum with stool examination as a reference standard). Note: �-IHA_A; ��-IHA_B.

https://doi.org/10.1371/journal.pntd.0009244.g003

Fig 4. Forest plot of sensitivity/specificity of PCR (S. japonicum with stool examination as a reference standard). Note: a-Fecal ddPCR; b-Serum ddPCR; c-Urine

ddPCR; d-Saliva ddPCR.

https://doi.org/10.1371/journal.pntd.0009244.g004
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0.94–0.97) for IHA, and 0.35 (95% CI: 0.33–0.38) and 0.91 (95% CI: 0.89–0.93) for PCR respec-

tively. These results indicated that IHA showed lower PPV and higher NPV compared to other

techniques (Table 3).

Quality assessment of bias and applicability

Based on QUADAS-2 assessment, no studies showed a high risk of bias or high applicability

concern (Figs 8 and 9). Most of the studies had low risk of bias and all studies showed low

applicability concern. There were very few studies with unclear risk of bias. However, most of

the studies were classified as high-quality reports (Figs 8 and 9).

Investigation of heterogeneity and publication bias

To assess the heterogeneity of the diagnostic accuracy between the included studies, we graphi-

cally assessed forest plots and the 95% prediction regions in the HSROC curves (Figs 2–7).

These figures showed that higher heterogeneity remained among these studies. Though we

planned to use funnel plots to assess reporting bias, we were unable to perform analysis due to

insufficient number of studies for each index test.

Fig 5. HSROC curve for ELISA (S. japonicum with stool examination as a reference standard).

https://doi.org/10.1371/journal.pntd.0009244.g005
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Discussion

Summary of main results

This study is the first DTA study that comprehensively reviewed all available and relevant pub-

lications and assessed performance of diagnostic tests for detecting Asian schistosomiasis,

namely infection with S. japonicum and S. mekongi, covering all endemic areas of these dis-

eases. Stool examination techniques were used as the reference standard for meta-analysis. The

total of 15 studies was found to meet our inclusion criteria, and data from these studies were

used in this review.

Our results showed that the diagnostic performance of ELISA, IHA and PCR for detecting

S. japonicum varied greatly by publications. The diagnostic accuracy based on the pooled esti-

mates for S. japonicum with stool examinations as a reference standard showed that all three

tools present high sensitivity above 0.89 with IHA the highest (sensitivity: 97%, 95% CI [90–

99]) but moderate specificity with IHA the highest (specificity: 66%, 95% CI [58–73]).

The ELISA test for S. japonicum detected a large proportion of infections detected by stool

examination (sensitivity 93%, 95% CI [84–98]). However, it also diagnosed a large proportion

of those identified uninfected by stool examinations as positive (specificity 40%, 95% CI [29–

53]). This might be due to a number of possibilities: first of all, stool examination, particularly

Fig 6. HSROC curve for IHA (S. japonicum with stool examination as a reference standard).

https://doi.org/10.1371/journal.pntd.0009244.g006
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Kato Katz technique, is known to show low sensitivity for the detection of light-intensity infec-

tions; secondly, ELISA included in this review detects antibody response to Schistosome anti-

gens in specimens and therefore is unable to differentiate current and past infections, unlike

stool examination; it only detects current infections. Thirdly, the studies included in the analy-

sis applied seven different antigens for detecting antibodies response and the sensitivity of

each antigen differs [21]. Among studies using ELISA, the one using soluble egg antigen (SEA)

demonstrated the highest sensitivity (90–100%) though specificity varied (23–61%) (Fig 5).

Similarly, low performance of PCR in both pooled sensitivity (89%, 95% CI [71–96]) and

pooled specificity (49%, 95% CI [29–69]) against the stool examination might be explained by

the variations of test accuracy caused by the type of samples such as stool, serum and saliva.

Our meta-analysis found that the two immunological assays, namely IHA and ELISA, have

similarly high accuracy for the detection of S. japonicum compared to stool examination. This

is consistence with two other meta-analyses that assessed the accuracy of ELISA and IHA in

reference to parasitological examination for S. japonicum in China [16,17]. However, all the

studies using IHA that were included in our study were performed in China, and therefore

there is a possibility that the results may not be generalizable to other settings.

As the number of studies was limited, we were unable to generate summary estimates for

the circumoval precipitin test (COPT), colloidal dye immunofiltration assay (CDIFA), dipstick

Fig 7. HSROC curve for PCR (S. japonicum with stool examination as a reference standard).

https://doi.org/10.1371/journal.pntd.0009244.g007
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dye immunoassay (DDIA), dot immunogold filtration assay (DIGFA), dipstick with latex

immunochromatographic assay (DLIA), and recombinase polymerase amplification (RPA). In

addition, we were unable to conduct a meta-analysis for S. mekongi due to insufficient number

of studies. However, among those studies available for S. mekongi, the circulating anodic anti-

gen (CAA) test for urine sample showed high performance with its sensitivity (84%) and speci-

ficity (100%) when compared to the reference standard of combined results of Kato-Katz,

urine CAA and serum CAA.

Strengths and limitations of the review

We have reviewed and evaluated the performance of existing diagnostic tests for schistosomia-

sis in Asia, namely S. japonicum and S. mekongi, for which systematic review and meta-analysis

Fig 8. Risk of bias and applicability concerns graph: each domain presented as percentages across included studies.

https://doi.org/10.1371/journal.pntd.0009244.g008
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is limited or non-existent. We did not limit our search by publication year or language. We fol-

lowed PRISMA-DTA review methodology. Two reviewers independently performed data

extraction to eliminate bias.

The absence of highly sensitive diagnostic tools for detection of schistosomiasis in low

transmission settings has been a major challenge in Asia where different ways of stool exami-

nation techniques are used as reference standards to validate diagnostic accuracy of various

tools. Our study encountered a challenge due to a variety of slides and/or stools used in the ref-

erence standard test among the studies. The number of studies to be included in the review

was dramatically reduced when we selected studies that used stool examination as a reference

standard. Besides, even within stool examination, a variety of methods were used as a reference

standard, such as Kato-Katz, FECT, MFCT, stool examination, stool direct smear, and cello-

phane thick smear. Sensitivity of stool examinations is also known to differ by the number of

slides and stool samples examined per individual sample. All these factors undoubtedly con-

tributed to a large variety of diagnostic efficacies with a wide range of estimated performance

found in this review.

Another potential cause of a wide range of diagnostic performance in this review was the

pooling of immunological studies using ELISA with different antigens to detect S. japonicum
infection due to a limited number of studies available for each type of antigen. We also pooled

studies using different types of PCR (ddPCR, qPCR and conventional PCR) with several types

of specimens (stool, serum, urine and saliva). The diagnostic performance of PCR for detecting

Schistosoma infection is known to differ by the sample type [21,22], which may also have had

an effect on our results.

Fig 9. Risk of bias and applicability concerns summary for each domain of the included studies. Note: Blank cell represents the study not reported respective index

test.

https://doi.org/10.1371/journal.pntd.0009244.g009
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Application of the meta-analysis to a review question

All schistosomiasis-endemic countries in Asia are accelerating efforts to interrupt transmission

of the disease with 2030 as a regional target for disease elimination, through annual mass drug

administration campaigns, eliminating open defecation and improving hygiene, snail control

and veterinary interventions. In the absence of a gold standard to monitor prevalence of infec-

tions in low transmission settings, most of the national schistosomiasis elimination pro-

grammes in Asia are regularly monitoring impacts of interventions using Kato Katz technique.

However, in order to document success and eventually verify achievement of interruption of

transmission of Asian schistosomiasis, namely S. japonicum and S. mekongi, more sensitive

and specific diagnostic methods are urgently needed.

All the studies included in our review showed low applicability concern based on the assess-

ment using QUADAS-2. Studies conducted in low prevalence settings (i.e., 53.3% of studies

were conducted in areas with below 20% prevalence of infection) were included in the review,

therefore our results can be applied in the low transmission settings as well. After screening of

the studies using selection criteria, only studies using IHA, ELISA or PCR with stool examina-

tion as a reference standard for detection of S. japonicum infection were included in our

review. Therefore, our results cannot be applied to other diagnostic techniques or detection of

Schistosome species other than S. japonicum. Moreover, poor and/or lack of reporting of par-

ticipant characteristics, particularly their intensity of infection and status of praziquantel treat-

ment, limited our risk of bias assessment.

Most of endemic countries in Asia have limited parasitic laboratory capacity. When deter-

mining the appropriate diagnostic tools for surveillance of S. japonicum and S. mekongi for

verification of interruption of transmission, therefore, it is important to consider not only sen-

sitivity and specificity of each tool but also existing laboratory capacity and financial needs to

upgrade laboratory capacity to adopt new tools.

Conclusion

Our DTA study to review all available and relevant publications and assess performance of

diagnostic tests for detecting infection with S. japonicum and S. mekongi was challenged by a

limited number of published studies that meet selection criteria. Among the three tests evalu-

ated for S. japonicum infection using stool examination as a reference standard, IHA showed

the highest detection accuracy, closely followed by ELISA, in moderate and low transmission

settings in Asia. We were unable to conduct a meta-analysis for S. mekongi due to insufficient

number of studies.

Researchers of epidemiological studies on Asian schistosomiasis, particularly S. mekongi, in

the future should be encouraged to use the STARD guidelines for planning, performing and

reporting their studies. This will help systematic reviewers to better synthesis the data and

enable more comprehensive conclusions on risk of bias in studies. Further studies to enable

comparison of accuracy of index tests against more sensitive reference standards such as PCR

are also needed to determine the suitable diagnostic methods to more accurately verify the

absence of transmission of schistosomiasis.
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