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Abstract. Schistosomiasis japonica remains a major public health concern
in China. Diagnosis is central to control and elimination of schistosomiasis
in China. As parasitological techniques are laboratory-intensive, time-
consuming and insensitive in low-endemicity regions, compounded with
poor compliance, immunodiagnostics with high sensitivity and specificity
provide an alternative tool. Here we examined the efficacy of a dipstick
dye immunoassay (DDIA) in a large-scale screening of human Schistosoma
japonicum infection among adult residents (n = 404) of a village located a
schistosomiasis endemic region near Poyang Lake, Jiujiang, Jiangxi Province
in comparison with an enzyme-linked immunosorbent assay (ELISA), an
indirect hemagglutination assay (IHA) and a miracidium hatching test, the
gold standard. A 13.4% prevalence of S. japonicum infection was detected
using the gold standard test, with a diagnostic sensitivity, specificity, positive
predictive value and negative predictive value of 94.4, 67.7, 31.1, and 98.8%,
respectively for DDIA; 87.0, 65.1, 27.8, and 97.0%, respectively for ELISA and
75.9,72.9, 30.1, and 95.1%, respectively for IHA. Assays of serum samples of
healthy subjects (n = 418) who resided in non-endemic regions and had never
traveled in schistosomiasis-endemic areas revealed a diagnostic specificity of
DDIA, ELISA and IHA of 98.1, 97.4 and 98.8%, respectively. In conclusion,
DDIA proved to be a simple and rapid immunodiagnostic method with high
sensitivity and specificity as evaluated in a large-scale screening of human
S. japonicum infection in an endemic region of China.
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INTRODUCTION

Diagnosis is central to
schistosomiasis control (Lv et al, 2022).
Currently, diagnosis of schistosomiasis
japonica mainly employs parasitological
and immunodiagnostic techniques
(Zhang et al, 2016b). Parasitological
examinations using Kato-Katz
technique and/or miracidium hatching
test remain the gold standard for
definitive diagnosis of human
Schistosoma japonicum infection (Zhou
et al, 2007). However, parasitological
techniques are time-consuming,
with low compliance (Zhou et al,
2007) and, importantly, have a high
percent missed diagnosis in regions
with low schistosomiasis japonica
endemicity (Zhou et al, 2011b). Thus,
immunodiagnostic assays have been
accepted as a simple and sensitive tool
for screening target populations in
schistosomiasis-endemic areas (Zhu,
2005).

Zhu et al (2002) developed a rapid,
simple and inexpensive dipstick dye
immunoassay (DDIA) targeting anti-S.
japonicum specific antibodies, which
has proven to be highly sensitive and
specific for detection of schistosomiasis
japonica (Xu et al, 2011a; Xu et al, 2011b;

388

E-mail: yhxcn2007@aliyun.com

Zhou et al, 2011a). However, there has
been no large-scale field evaluation
of DDIA efficacy in the diagnosis of
schistosomiasis japonica. Hence, this
study evaluated DDIA method in
comparison with an enzyme-linked
immunosorbent assay (ELISA), an
indirect hemagglutination assay (IHA)
and a miracidium hatching test, the
gold standard, in alarge-scale screening
of human S. japonicum infection in an
endemic focus of China. Our findings
may provide field evidence for the use
of DDIA for large-scale serological
screening of S. japonicum-infected
individuals, which provides insights
into the option of a diagnostic tool
for schistosmiasis japonica screening
during the stage moving towards
elimination of schistosomiasis.

MATERIALS AND METHODS

Recruitment of subjects

From March to June, 2011,
residents (n = 404), 15-70 years of
age, were randomly sampled in a
village located near Poyang Lake,
Jivjiang, Jiangxi Province (Fig 1) where
S. japonicum is highly endemic
(Tseng et al, 2014). Blood and stool
samples were collected from subjects
for subsequent detection S. japonicum
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Fig 1- Map of PR China showing location of the study area for large-screening of schistosomiasis
japonica using a dipstick dye immunoassay (March - June, 2011)

infection using DDIA, ELISA, IHA,
and miracidium hatching test (MHT).
Negative controls (1 =418) were serum
samples from healthy individuals,
18-70 years of age, who resided in
non-endemic regions and had never
travelled in schistosomiasis-endemic
regions (kindly provided by the
Hangzhou Municipal Blood Center,
Hangzhou, PR China).

Vol 53 No.4 July 2022

The study protocols were approved
by the Ethics Review Committee of First
People’s Hospital of Linping District
(permission no. YHYY-2010102). Prior
written informed consent was obtained
from all participants. Prior written
consent was waived for blood samples
from Hangzhou Municipal Blood
Center as names, gender and addresses
of blood donors were redacted.
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MHT procedure

MHT was performed as described
previously (Zhu et al, 2014). Briefly,
approximately 30 g of stool samples
were sieved through a nylon tissue bag
to collect parasite eggs, which were
suspended in dechlorinated water,
incubated at 25-28 °C and miracidium
hatching observed at 4, 8 and 12 hours.
Miracidia hatching from ova were
visualized microscopically and the
presence of swimming miracidia was
defined as an infection.

DDIA, ELISA and IHA procedures

DDIA was conducted using
a commercial kit (Wuxi Saide
Biotechnology Development Corp,
Wuxi, PR China). In brief, a 50-ul
aliquot of a blue dye-labeled soluble
egg antigen (SEA) solution was added
into a well of a polyvinyl chloride
plate, followed by a 10-ul aliquot of
serum sample and the solution was
gently mixed prior to insertion of the

Sensitivity =

dipstick for 5-10 minutes until the
solution was completely absorbed.
Presence of both test and control bands
on the dipstick is defined as a positive
result, and the presence of only control
band as negative.

ELISA and IHA tests were
conducted using a commercial kit
(Shenzhen Combined Biotech Co Ltd,
Shenzhen, PR China and Anji Medical
Technology Co Ltd, Hefei, PR China,
respectively). A 2.1-fold higher A450
nm of test serum than that of negative
control serum is considered a positive
ELISA test and a serum antibody titer
of 21:10 a positive IHA test (Xu et al,
2011b).

Data analysis

Sensitivity, specificity, positive
predictive value (PPV) and negative
predictive value (NPV) were calculated
by the equations below using MHT
as the gold standard for diagnosis of
S. japonicum human infection.

(Number of true positives)

(Number of true positivestnumber of false negatives)

Specificity =

(Number of true negatives)

(Number of true negativestnumber of false positives)

PPV =

(Number of true positives)

(Numer of true positives+tnumber of false positives)

NPV =

(Number of true negatives)

(Number of true negativestnumber of false negatives)
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RESULTS

Among subjects (n =404) randomly
sampled from a village located in a
highly endemic schistosomiasis region
near Poyang Lake, Jiujiang, Jiangxi
Province, frequencies of S. japonicum
positive subjects using DDIA, ELISA
and IHA were ~2.8 folds higher than
that of the MHT gold standard (Table
1). Sensitivity, specificity, PPV, and
NPV was 94.4, 67.7, 31.1, and 98.8%,
respectively for DDIA; 87.0, 65.1, 27.8
and 97.0%, respectively for ELISA and
75.9,72.9,30.1 and 95.1%, respectively
for IHA.

Among stool-negative samples,
there 34 samples that were positive
for all three immunodiagnostic kits
(data not shown). If these subjects
together with those with positive
stools (1 = 54) were considered as being
schistosomiasis cases, then percent
immunodiagnostic positives ranged
85-97%. Of stool negative subjects,
180 (57%) had a history of contact with
S. japonicum-infested water and 43%
without such history (Table 2). Among
the former group, DDIA and ELISA
positives were nearly equal (~40%) and
slightly higher than that of IHA (31%),
and among the latter group, ELISA
positives were higher (10%) than those
of DDIA and IHA (4% each assay type).

From assays of 418 serum samples
collected from healthy subjects who
resided in non-S. japonicum endemic
regions and had never traveled in
schistosomiasis-endemic regions,
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Table 1

Detection of Schistosoma japonicum human infection using dipstick dye immunoassay (DDIA), enzyme linked

immunosorbent assay (ELISA), indirect hemagglutination assay (IHA), and miracidium hatching test (MHT)

404), 15-70 years of age, randomly sampled in a village located in

a schistosomiasis-endemic region near Poyang Lake, Jiujiang, Jiangxi province (March - June, 2011)

among residents (n

IHA

ELISA

DDIA

MHT

Number of
negatives

Number of Number of Number of Number of

Number of

negatives positives negatives positives

positives

13
255

47 41

122

51

Number of positives

95

228

237

113

Number of negatives

391



SOUTHEAST AsIaN | TRop MED PusLic HEALTH

Vol 53 No.4 July 2022

I9)eM pajsayur-unatuodol g

¥ 9 01 o ¥ o) oCT 3TM JOBJUOD JO AI0)STY OU UM 9AT3EZDU [00)G
I9)em Pajsayul-unauodyl vuiosoysiyog
1€ el i s/ 8% i 081 3M 30.3U0D JO AI03STY B UIIM 2ATES0U [001G
(ea1e30u 10038 Inq 2a11sod (VHI + VSITH + VIAQ)
G8 </ 76 18 /6 G8 38 se [[om se 9A1}Isod [003S) 9SED SISLIWOSOISIYIS
(%) soamsod (%) seamsod (%)  seanmisod
ajer jo arer jo ajer jo

SANISOJ ISQUINN  SARISOJ IQUINN  dAHISOJ 1IN (1)

VHI VSI'Td viad ToquunN Palqng

(VHI) Aesse uoneunn3deway
J021IpurI pue (YSITH) AeSSe JUaqIosounwiwil payul] awAzus “(Y[q) Aesseounwwir a4p yousdip Sursn uondayur
wnoruodvl vuososiyog pue (110g ‘@un( - yorey) aouraoid x3uer( “Suerni[ ‘oxe] SuedoJ reau uordar dTwapus
-SISETWOSO)STYDS © Ul pajedo] ade[[ra e ur pajdues AJwopuer ‘98e Jo s1eak 0/-G1 “(FOF = 4) SIUIPISaI JO AI03ISTH]

¢ dIqeL,

392



Erricacy oF Dpia FOR DETECTING S. JaPoNicum INFECTION

diagnostic specificity was 98.1, 97.4
and 98.8% for DDIA, ELISA and THA,
respectively.

DISCUSSION

Although parasitological tools
are the currently gold standards for
diagnosis of schistosomiasis japonica,
these techniques suffer from a problem
of missing diagnosis (Zhou et al,
2007), 60.6 and 11.5% for Kato-Katz
technique and MHT respectively in
endemic regions of PR China where
there is <10 % prevalence of human
S. japonicum infection (Zhu et al,
2014). Following implementation of
an integrated schistosomiasis control
strategy in the country (Wang et al,
2017), former endemic regions are
currently characterized as having low
endemicity (Liu et al, 2016; Shi et al,
2016; Zhang et al, 2016a).

In our study we employed MHT
as the gold standard for detection
of human S. japonicum infection
because it has a significantly lower
missing diagnosis rate compared to
Kato-Katz technique (Zhu et al, 2014).
To compensate for missing (false
negative) MHT results, in our study
samples that were stool-negative but
positive for all three immunodiagnostic
assays (DDIA, ELISA and IHA) are
defined as S. japonicum-infected cases.

Our study shows DDIA had the
highest sensitivity for detecting S.
japonicum human infection, followed
by ELISA then IHA. According to
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China national criterion, a seropositive
individual with a history of contact
with S. japonicum-infested water is
defined a case of schistosomiasis
(MOH, 2006). The study site is
historically hyper-endemic for S.
japonicum, where 1-2 rounds of mass
drug administration with praziquantel
are carried out annually, resulting in
a marked decline in prevalence and
intensity of S. japonicum infection (Yu
etal, 2013). As aresult, we detected low
S. japonicum infection (13.4 %) using
MHT. Therefore, among subjects who
were stool-negative but seropositive,
some may be infected and some may
have been cured of schistosomiasis
but still retained circulating serum
anti-schistosome antibodies (Zhu et
al, 2008). In a large-scale screening
program, seropositives are regarded
as schistosomiasis-suspected cases,
and whether praziquantel is to be
administered depends on clinical signs,
symptoms and duration since the last
treatment.

The advantages of DDIA over
ELIZA and IHA are that it does not
require any specialized instrument,
such as microplate reader or microscope
for determination of results, which can
be observed by eye within 10 minutes
(Zhu et al, 2002), while ELISA requires
at least 4 hours and IHA at least
30 min to obtain a readout (Zhou
et al, 2007). In addition, DDIA was
reported to be effective for
detecting human S. mansoni and
S. haematobium infections (Zhu et al,
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2006; Hua et al, 2013). Currently,
China is transferring its successful
experience on schistosomiasis control
to assist in Africa schistosomiasis
elimination program (Xu et al, 2016a;
Xu et al, 2016b). DDIA should provide
a new tool for surveillance of African
schistosomiasis and help facilitate
the progress towards a successful
elimination (Savioli et al, 2017).
However, further studies to evaluate
DDIA efficacy in the diagnosis of
African schistosomiasis in a large-scale
setting are warranted.

In conclusion, the study confirms
the dipstick dye immunoassay is a
simple, rapid, and highly sensitive
and specific immunodiagnostic tool
feasible for large-scale screening
of human S. japonicum infections
in endemic regions of China and
elsewhere.
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