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in other infectious diseases.”*> Our designed primer set
was suitable for detection of the 28S ribosomal region from
S. japonicum, and it performed better than had been previ-
ously reported, indicating that the sensitivity was 15 pg.'* Non-
LTR retrotransposon, SjR2, was also detected by PCR at a
sensitivity of 1 pg, nearly coinciding with the previous result
(0.8 pg)."® Our results indicated that the sensitivity of 285
rDNA is higher than that of SjR2, because R2 sequences were
specifically inserted into the 28S ribosomal region and the
copy numbers of SjR2 were restricted by that of the target 28S
ribosomal DNA.*

The LAMP assay is a rapid, specific, and convenient assay
employing four primers and isothermal DNA polymerase, and
this tool can be applied as a new molecular diagnosis in the
field in endemic areas. Our results showed that the sensitiv-
ity of LAMP was the same as that of conventional PCR. In
general, the LAMP method is more sensitive than the PCR
method, 223435 although similar sensitivities between the two
have also been reported.* This may reflect the fact that the
sensitivity is dependent on the designed primers. However,
the present study found that the sensitivity of PCR assay was
sufficient to amplify the 28S ribosomal DNA from a single
miracidium, and the results between the LAMP and PCR
assays were completely consistent. Therefore, the LAMP assay
seems capable of detecting a single miracidium rapidly and
inexpensively in the field. Recently, Xu and others® investi-
gated LAMP targeting SjR2 and found that its sensitivity was
0.08 fg. We repeated their experiment using the reported prim-
ers.® but we found that the DNA from . japonicum was not
adequately amplified, because each sequence of the reported
primers was not identical to the SjR2 regions.

By contrast, PCR, using 28S rDNA primer sets amplifying
the S. japonicum DNA from the snails infected with a single
miracidium at 1 day after infection, was able to detect a single
individual of S. japonicum throughout the snail stages, whereas
conventional microscopy can detect only mature cercaria of
S. japonicum. Furthermore, PCR is useful for beginners with-
out skill and knowledge, because this method can be specific
to S. japonicum and can distinguish it from the other species.
To evaluate whether our PCR method could be applied in
endemic areas, we collected wild snails from endemic areas in
Anhui province of China. After crushing the snails and check-
ing for infection by microscopy, total DNA extracted from
each snail underwent PCR using 28S rDNA primer sets. PCR
amplified the product band from not only snails including the
matured cercariae of S. japonicum but also snails where cer-
caria could not be seen by microscopy. This is further support
for our hypothesis that PCR could detect the potential infec-
tion in the snails with early sporocysts. However, PCR never
detected schistosomal DNA from cercaria-negative snails
collected from Tongling in the autumn (September). It may
be that the differences in the findings between the two areas
reflect differences in the timing of new infections in snails as
a function of the season and local factors. These areas were
part of the marshlands of the Yangtze River where water lev-
els fluctuate markedly because of rainfall and flooding. In
autumn, domestic animals exit the marshlands because of the
rising water level, which usually reaches the highest level of
the year. Thus, transmission of miracidia to snails may be the
most difficult in autumn, although domestic animals known
to contain hosts of S. japonicum were found to be repeatedly
infected throughout the year.* These data suggested that the

PCR method has the potential to monitor the timing of the
infection of snails in endemic areas.

Several previous reports have suggested that LAMP is use-
ful for the detection of the infections in pathogen-carrying
vectors.®¥ To evaluate the efficiency of the LAMP method
for detecting infected snails, a large number of snails contami-
nated with a single infected snail were crushed together, and
the total DNA was extracted in one tube. We then investigated
whether LAMP could amplify the schistosomal DNA alone and
found that LAMP could detect infection from a snail infected
with S. japonicum in a group of 100 non-infected snails, indi-
cating its use for detecting infection at a 1% infection rate. If
snails (1,000-10,000 individuals) collected from several loca-
tions (e.g., 10-100 locations) were assayed, we expect that this
method could precisely identify the infection rate in that area.
The LAMP assay using 285 rDNA primers may be an effective
tool, having the benefits of being rapid, easy, and inexpensive.
Although the microscopy method is inexpensive, it is difficult
to crush and observe a large number of snails. In particular, the
novel LAMP method will make it possible to easily monitor
very low infection rates of snails in endemic areas, where the
new integrated strategy will be implemented.”*

In the present study, we evaluated PCR and LAMP assay
targeting to 28S rDNA from S. japonicum. We found that
PCR amplifying 28S rDNA could detect 100 fg of DNA from
S. japonicum but none from S. mansoni. Furthermore, the PCR
(and LAMP) method could detect the infection of S. japoni-
cum in every stage inside the snail. In fact, PCR could detect
potential infection from snails deemed negative for infection
by microscopy that were sampled from wild snails collected
from endemic areas. LAMP, which is rapid, easy, and safe to use
in the field, was able to amplify the schistosomal DNA from a
single infected snail in a total of 100 snails without marked inhi-
bitions. PCR and LAMP targeting to 288 rDNA may be useful
for monitoring the infection rate of snails in endemic areas and
for confirming complete eradications against infected snails in
the areas where the new integrated strategy is implemented.
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Abstract. Schistosomiasis mekongi is an important public health issue in endemic
countries. In this study, we evaluated an indirect immunodiagnostic ELISA method
using Schistosoma mekongi soluble egg antigen. Sodium metaperiodate (SMP)-ELISA
was utilized in order to remove the glycosylated epitopes responsible for false
positive reactions and the results using this method were compared with those
using conventional ELISA (conv-ELISA). Forty-two serum samples from schisto-
somiasis mekongi egg-positive patients and 100 serum samples from schistoso-
miasis-negative Cambodian subjects were tested using both ELISA methods. The
ranges of ELISA values for positive and negative sera were distinct on SMP-ELISA,
but the ranges of the two groups of sera overlapped on conv-ELISA. Therefore,
diagnostic criteria may be established based on the highest ELISA value on nega-
tive sera and the lowest ELISA value on positive sera. In the present study, both
the sensitivity and specificity of SMP-ELISA reached 100% using the criteria in
which an ELISA value > 0.2 was positive.

Keywords: SMP-ELISA, Schistosoma mekongi, diagnosis

INTRODUCTION

Schistosomiasis mekongi is a signifi-
cant public health problem in Lao PDR and
Cambodia. A mass drug administration
campaign by the National Center for Para-
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sitology, Entomology and Malaria Control
(CNM), Ministry of Health, Cambodia,
with international cooperation was initi-
ated in 1994 using praziquantel in Kratie
Province. At the beginning of the control
program, the disease prevalence in pri-
mary schools in the Kratie Province, as
determined by stool examination using the
Kato-Katz method, was 72.9% (Stich et al,
1999). As a result of the control program,
the prevalence of schistosomiasis de-
creased dramatically. In 2004, when stool

25
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surveys were conducted at five sentinel
villages, no schistosome eggs were de-
tected and only three cases of schistoso-
miasis were reported (Sinuon et al, 2007).

Despite the success of the control pro-
gram, the limited sensitivity of the Kato-
Katz method is a matter of concern. The
detection of eggs from patient stool has
become difficult because the intensity and
prevalence of the disease have decreased.
Therefore, a more sensitive diagnostic tech-
nique is required to determine progress of
the schistosomiasis control program
(Urbani et al, 2002; Fenwick et al, 2006).
Bergquist et al (2009) stated that diagnostic
methods need to be continually adapted
based on the stage of control. Serological
diagnosis, such as using an enzyme-linked
immunosorbent assay (ELISA), is a poten-
tial alternative diagnostic method for the

schistosomiasis mekongi control program
(Ohmae et al, 2004).

We previously conducted a seroepi-
demiological survey of schistosomiasis
japonica using circum oval precipitin (COP)
tests (Tanaka et al, 1987) and ELISA
(Matsumoto et al, 1999; Chigusa et al, 2006)
and have studied Schistosoma mekongi con-
trol in Cambodia (Ohmae et al, 2004).

Immunodiagnosis of schistosomaisis
mekongi using antigens of Schistosoma
japonicum (Zhu et al, 2005) and keyhole lim-
pet hemocyanin (Ittiprasert et al, 2000) have
been carried out, but immunological diag-
nosis using S. mekongi antigen has not pre-
viously been reported.

In this study, we performed an ELISA
using the soluble egg antigen (SEA) of
S. mekongi and utilized sodium meta-
periodate (SMP)-ELISA. The method of
Alarcén de Noya et al (2000) was used in
order to remove the glycosylated epitopes
responsible for false positive reactions
occurring with immunodiagnosis of
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S. mansoni infection. In this study, a com-
parison between SMP-ELISA and conven-
tional ELISA was performed, and we dis-
cus suitable criteria for the methods.

MATERIALS AND METHODS

Serum samples

A mass drug administration campaign
was conducted in Cambodia: individuals
in the target population were diagnosed
by stool examination and serological test-
ing as part of the National Schistosomia-
sis Control Program for Cambodia. The 42
positive control sera (Group A) used in this
study were collected from schistosome
egg-positive residents in 2003 (n = 34) and
2009 (n = 8) in Kratie Province, Cambo-
dia. The 34 sera collected from S. mekongi
infected patients in 2003 were pooled and
used as the positive reference serum,
which was distributed into sample tubes
and stored at -40°C until use.

Negative control sera were collected
from volunteers without risk for schisto-
somiasis mekongi infection: 100 Cambo-
dians (Group B) in 2002 and 25 Japanese
(Group C) in 2003. Group B was comprised
of schoolchildren in Phnom Penh, located
more than 120 km away from the endemic
area. Furthermore, these subjects had no
history of visiting the endemic area. Serum
samples were collected by CNM as a part
of the parasitic diseases control program.

Individuals in Group C were healthy
Japanese volunteers without a history of
traveling abroad. The purpose of the study
was explained and written informed con-
sent was obtained from all volunteers.

Antigen
Schistosoma mekongi (Laotian strain)
was maintained in Neotricula aperta snails

and mice (ICR strain) at the Laboratory
of Tropical Medicine and Parasitology,

Vol 42 No. 1 January 2011
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Dokkyo Medical University, Japan. SEA
was prepared using the method described
by Matsuda et al (1984). Eggs of S. mekongi
were isolated from infected mice intestines
by digestion method using actinase E (No.
122, Kaken Pharmaceutical, Tokyo, Japan)
and collagenase (C6885, Sigma-Aldrich, St.
Louis, MO), and the collected eggs were
subsequently lyophilized. SEA was ex-
tracted from lyophilized eggs with carbon-
ate buffer (0.05 M, pH 9.6). After protein
content measurement using Bradford re-
agent (#500-0006, Bio-Rad Laboratories,
Hercules, CA), 1 ml aliquots of SEA solu-
tion were placed in small tubes and stored
at -80°C until use.

ELISA

The ELISA was performed as described
by Matsuda et al (1984) and Hirose et al
(2005) with some modifications. In this
study, the standard ELISA technique used
in our laboratory was designated as con-
ventional-ELISA (conv-ELISA). S. mekongi
SEA was dissolved in carbonate buffer at a
concentration of 2 pg protein/ml just before
sensitization of the ELISA plate (No0.762070,
Greiner Bio-One, Frickenhausen, Ger-
many). Each well of the ELISA plate was
sensitized overnight with 0.1 ml of S.
mekongi SEA diluent. After washing the
wells with T-PBS (0.15 M phosphate buff-
ered-saline containing 0.05% Tween 20), the
inner surfaces of the wells were blocked
with 0.12 ml of BSA/T-PBS solution (T-PBS
containing 1% bovine serum albumin) for
10 minutes.

We used horseradish peroxidase
(HRP)-conjugated anti-human IgG goat
serum (55252, MP Biochemicals, LLC-
Cappel Products, Soton, OH) for the en-
zyme-conjugated antibody and 2,2'-azino-
bis (3-ethylbenzthiazoline-6-sulfonic acid)
di-ammonium salt (ABTS)(A-1888, Sigma-
Aldrich, St. Louis, MO) as a substrate for

Vol 42 No. 1 January 2011

HRP. The optimal concentrations of anti-
gen, test sera, and enzyme conjugate were
determined using checkerboard titration.
The test serum was diluted to 1:200 with
BSA/T-PBS, and 0.1 ml of the dilution was
put in each well. After incubation of the
plate at 37°C for 45 minutes, the wells were
washed three times with T-PBS. Zero point
one milliliter of HRP conjugate diluted to
1:1,200 was then added, and the plate was
incubated at 37°C for 60 minutes. After
washing, 0.2 ml of ABTS solution (0.03%
ABTS, 0.25 M citric acid, 0.25 M sodium
dihydrogen phosphate, 0.003% H,O,) was
put in each well and the plate was kept at
room temperature for 1 hour to allow en-
zyme reactions. The optical density (OD)
of each well was read by a microplate
reader (MTP-120, CORONA ELECTRIC,
Ibaraki, Japan) at 415 nm.

For SMP-ELISA, SMP treatment of
antigen was performed as described by
Alarcén de Noya et al (2000) except for
the concentration of SMP solution. The
S. mekongi SEA-sensitized plate was pre-
pared using the same method as conv-
ELISA and was washed with 50 mM so-
dium acetate buffer (pH 4.5). Each well
was treated with 0.1 ml of 0.5 mM SMP
solution (0.5 mM SMP in sodium acetate
buffer) at room temperature for 1 hour in
the dark. After briefly washing the treated
plate with PBS, 0.12 ml of 50 mM sodium
borohydride in PBS was added to the wells
and the plate was incubated for 30 min-
utes at room temperature. After washing
three times with T-PBS, the plate was sub-
jected to ELISA in a similar manner as
conv-ELISA, except the dilution of HRP
conjugate was 1:6,000. Optimal concentra-
tions of SMP solution and enzyme conju-
gate were determined using checkerboard
titration to make the positive reference
serum produce an OD value comparable
with that of the conv-ELISA.

27
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Evaluation of cross-reaction with other
parasites

A parasitological survey was con-
ducted in Kratie Province, Cambodia in
May 2005 as part of the National Schisto-
somiasis Control Program. In this survey,
eggs from other helminths were found at
positivity rates of 14.6-25.8% by stool ex-
amination in a village, Talous, located 5 km
south of the city of Kratie. According to a
previous survey, Talous was known as an
area with low transmission of S. mekongi.
Therefore, we compared the results of stool
examination with those of the two ELISA
methods in samples obtained from Talous
to evaluate cross-reaction with other para-
site infections by ELISA. Blood and stool
were collected from 151 residents in
Talous. Blood samples were collected on
blood sampling filter papers (Advantec
Toyo Kaisha, Tokyo, Japan) after finger
pricking. The blood samples on filter pa-
per were dried and transported to the labo-
ratory in Japan. Discs (3 mm in diameter)
were cut out from the blood sampling fil-
ter paper and placed individually into
wells of deep-well microplates. Each disc
with blood was immersed in 400 ul of BSA/
T-PBS containing 0.5% skimmed milk,
shaken vigorously, and incubated over-
night at 4°C after vigorous shaking. The
resulting extract was estimated to have a
1:200 dilution of the plasma specimen and
was tested by the ELISA methods as de-
scribed above. For reasons described in the
Discussion section, we used the criterion
that ELISA values > 0.2 were positive. Stool
examination was conducted using a for-
malin-detergent technique (Waikagul et al,
1997). In brief, 0.5 ml of each stool sample
was suspended in a formalin-detergent
solution (10% liquid dish-washing deter-
gent, 2% formalin in water) and incubated
for 30 minutes at room temperature. The
suspension was filtered through gauze
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into another tube and then shaken vigor-
ously. The suspension was allowed to
settle for 3 hours, after which the super-
natant was discarded. The remaining pel-
let was dissolved in 10% formalin to give
a volume of 1 ml. The resulting specimen
was mixed well, then 0.04 ml of the speci-
men was examined under the microscope.
Each sample was examined twice.

Statistical analysis

The software program Microsoft Ex-
cel (Microsoft Office Excel 2003, Microsoft,
Washington, WA) was used to calculate the
correlation coefficient ().

The two-sided probability (P) for the
Fisher’s exact probability test was calcu-
lated by standard statistical software (Dr.
SPSS 2 for Windows, Version 11.0.1], SPSS,
Chicago, IL). P-value < 0.05 was consid-
ered significant.

RESULTS

The results of the two ELISA methods
are shown in Fig 1 and Table 1. The range
of ELISA values in Group A was wider
with the SMP-ELISA on both the higher
and lower sides. The highest ELISA value
of Group B with the conv-ELISA (0.578)
was markedly lower with the SMP-ELISA
(0.198). The range of ELISA values from
Group C was very narrow in comparison
with the other groups, and there was little
difference between the two ELISA meth-
ods. With conv-ELISA, the lowest value in
Group A (0.330) was lower than the high-
est value in Group B. Therefore, 10 indi-
viduals (23.8%) from Group A and 6 indi-
viduals (6%) from Group B had ELISA
values ranging from 0.330 to 0.578. In con-
trast, the distribution of the ELISA values
from Group A was different than those
from Groups B and C with SMP-ELISA.

The correlation between conv-ELISA
and SMP-ELISA, from Groups A and B is
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Table 1
A comparison of the ELISA methods for Schistosomiasis mekongi.
conv-ELISA SMP-ELISA
Group A Group B Group C Group A Group B Group C
No. examined 42 100 25 42 100 25
Minimum 0.330 0.006 0.004 0.233 0.015 0.010
Maximum 1.232 0.578 0.054 1.526 0.198 0.058
Mean 0.755 0.089 0.018 0.694 0.058 0.029
SD 0.211 0.107 0.014 0.314 0.041 0.011
Mean + 3SD 0.410 0.059 0.180 0.061
Table 2

Relationship between the ELISA results and other parasitic infections detected by
stool examination (n = 151).

Stool examination 2

A. lumbricoides Hookworms Echinostoma sp
Positive Negative Positive Negative Positive Negative
22 129 35 116 39 112
conv-  Positive 25 3 22 7 18 9 16
ELISA® Negative 126 19 107 28 98 30 96
Fisher’s exact
probability test (P) 1.000 0.605 0.217
SMP-  Positive 8 2 6 3 5 3 5
ELISA® Negative 143 20 123 32 111 36 107
Fisher’s exact
probability test (P) 0.329 0.388 0.426

3Stool examination was conducted using the formalin-detergent method.

PELISA values > 0.2 were considered positive.

shown in Fig 2. There were significant cor-
relations between the two ELISA methods
in both groups. The correlation coefficient
of Group A was higher (r = 0.951, <0.001)
than the correlation coefficient of Group B
(r =0.744, <0.001).

Stool examination and ELISA were
conducted to determine cross-reactivity
with other parasites (Table 2). Of 151 sub-
jects, 25 (16.6%) and 8 (5.3%) had positive
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ELISA results with the conv-ELISA and the
SMP-ELISA, respectively. No S. mekongi
eggs were detected. Eggs from Ascaris
lumbricoides, hookworms, and Echinostoma
sp were detected in samples from 22, 35,
and 39 individuals, respectively. Most in-
dividuals who had eggs of other parasites
had negative ELISA results on both
ELISAs, but some individuals had positive
ELISA results. The ELISA positivity rates
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Table 3
False positive and false negative in each criteria.
conv-ELISA SMP-ELISA

Group A Group B Group C Group A Group B Group C
20.2 42 (100%) 9 (9%) 0 (0%) 42 (100%) 0 (0%) 0 (0%)
<0.2 0 (0%) 91 (91%)  25(100%) 0 (0%) 100 (100%) 25 (100%)
>X (B)? 41 (98%) 2 (2%) 0 (0%) 42 (100%) 2 (2%) 0 (0%)
<X (B)? 1 (2%) 98 (98%) 25(100%) 0 98 (98%) 25 (100%)
2X (C)P 42 (100%) 45 (45%) 0 (0%) 42 (100%) 33 (33%) 0 (0%)
<X (C)P 0 55 (55%) 25(100%) 0 (0%) 67 (67%) 25 (100%)

aX (B) Mean + 3SD of Group B in each the method. The values are shown in Table 1.
bX (C) Mean + 3SD of Group C in each the method. The values are shown in Tabele 1.

among egg-positive patients were 13.6-
23.1% with conv-ELISA and 7.7-9.1% with
SMP-ELISA. The Fisher’s exact probabil-
ity test did not show bias with the ELISA
for intestinal parasites.

DISCUSSION

SMP treatment of SEA was performed
in order to destroy the glycosylated
epitopes responsible for false-positive re-
sults (Alarcén de Noya et al, 2000). Because
glycosylated epitopes can be recognized
by antibodies in Schistosoma mekongi in-
fected patients, the OD values of the pa-
tients decreased with the SMP-ELISA
when we used enzyme conjugate at the
same dilution rate as that used for conv-
ELISA (data not shown). In this experi-
ment, we used a higher concentration of
enzyme conjugate with the SMP-ELISA.
SMP treatment can increase or decrease
ELISA values based on serum type and
result in expansion of the range of ELISA
values for Group A with SMP-ELISA. Dif-
ferences in the effect of SMP treatment on
ELISA values appear to depend on the
composition of target epitopes in each se-
rum sample. Most antibodies in sera with
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high ELISA values in Group B, which con-
sisted of subjects from a non-endemic area
in Cambodia, recognized the glycosylated
epitopes in SEA.

Diagnostic criteria are established
based on the protocol and/or purpose of
the study. Many researchers have used
mean + 3SD for the OD values of negative
control sera as a cut-off limit (Alarcén de
Noya et al, 2000). Some authors used cri-
teria that depended on the distribution of
ELISA values for positive and negative
controls (Hirose et al, 2005). In this study,
Cambodian (Group B) and Japanese
(Group C) individuals were examined as
negative controls. Using the mean + 35D
for the negative control for Group B as a
cut-off value (Table 3), the sensitivity and
specificity of conv-ELISA were both 98%,
and the sensitivity and specificity with
SMP-ELISA were 100% and 98%, respec-
tively. Using the same criteria for Group
C (Table 3) results in false positives with
conv-ELISA of 45% and with SMP-ELISA
of 33%.

The range of ELISA values for posi-
tive sera was distinct from that for nega-
tive sera with SMP-ELISA. Therefore,
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Fig 1-Distribution of ELISA values for sera from S. mekongi
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areas by the two ELISA methods. A: S. mekongi in-
fected patients (n = 42); B: subjects in a non-endemic
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diagnostic criteria can be es-
tablished based on the highest
ELISA value for negative sera
and the lowest ELISA value for
positive sera. Using the crite-
rion in which an ELISA value
>(.2 was positive, both the sen-
sitivity and specificity of SMP-
ELISA reached 100% (Table 3).

Concerning negative con-
trol sera, the range of ELISA
values for Group B (Cambo-
dian) was higher than for
Group C (Japanese). This is
possibly due to a difference in
antigens to which each group
were exposed, both qualita-
tively and quantitatively. Our
results suggest SMP-ELISA
can reduce the influence of
cross reactive antigens.

A positive ELISA reaction
without schistosome eggs in-
dicates one of three scenarios:
1) active infection with S.
mekongi but no eggs were de-
tected, 2) S. mekongi has al-
ready been treated but residual
antibodies still existed, and (3)
non-specific cross-reaction was
detected. The lower sensitivity
of the stool examination com-
pared to the ELISA may ex-
plain why scenario 1) might
occur. In low transmission
areas, such as in Talous, it is
difficult to detect eggs in stool
samples because of lower dis-
ease intensity (Urbani et al,
2002; Fenwick et al, 2006). Sce-
nario 2) is a characteristic fea-
ture of diagnostic methods de-
tecting specific antibodies.
This reaction indicates the sub-
ject had a risk for infection. In
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general, residual antibodies tend to dimin-
ish progressively, and withdrawal periods
vary between individuals (Hayashi et al,
2000). In scenario 3), a non-specific cross-
reaction, might be one of the causalities,
at least with the conv-ELISA (Fig 1). Most
patients with intestinal parasite eggs had
negative ELISA values, although some had
positive values. The present data suggest
infection with one of these three intestinal
parasites should not result in a significant
cross-reaction. Given the results of Table
3, it can be seen that the positive reactions
on SMP-ELISA are most likely caused by
scenarios 1) or 2). Assuming that all posi-
tive ELISA tests were due to cross-reaction
with other parasites, the maximum rate of
false positives with SMP-ELISA would be
9.1% (2/22). In another survey in a Schisto-
soma mekongi endemic area in Champasack
Province, Lao PDR in 2006, we detected
Opisthorchis viverrini eggs without S.
mekongi eggs in 13 of 41 individuals who
took the survey (Nakamura et al, 2006;
unpublished data). Three of 13 opisthor-
chiasis patients had positive ELISA values,
and 14 out of 41 had positive ELISA val-
ues on SMP-ELISA. The ELISA positivity
rate for O. viverrini egg-positive persons
(23%) was lower than the positivity rate
of the targeted 41 persons (34%). These
data suggest cross-reaction should not be
significant with these helminths, although
further studies are required for validation.

We conclude the use of SMP-ELISA
improves diagnostic specificity and sensi-
tivity for schistosomiasis mekongi. This
method should become a powerful tool for
diagnosing infection.

ACKNOWLEDGEMENTS

The authors wish to express their
thanks for financial support to the
Sasakawa Memorial Health Foundation.

32

A part of this work was also supported by
a grant from the Ministry of Health, La-
bor and Welfare, Health Labor Sciences Re-
search Grant H20-Shinkosaiko-Ippan-016.
We are grateful to the CNM and the local
health office staff members for their valu-
able technical assistance.

REFERENCES

Alarcén de Noya B, Colmenares C, Lanz H,
Caracciolo MA, Losada S, Noya O. Schis-
tosoma mansoni: immunodiagnosis is im-
proved by sodium metaperiodate which
reduces cross-reactivity due to glycosy-
lated epitopes of soluble egg antigen. Exp
Parasitol 2000; 95: 106-12.

Bergquist R, Johansen MV, Utzinger ]. Diag-
nostic dilemmas in helminthology: what
tools to use and when? Trends Parasitol
2009; 25: 151-6.

Chigusa Y, Otake H, Ohmae H, et al. Determi-
nation of the period for establishment of
aliver network echogenic pattern in Schis-
tosoma japonicum infection. Parasitol Int
2006; 55: 33-7.

Fenwick A, Rollinson D, Southgate V. Imple-
mentation of human schistosomiasis con-
trol: challenges and prospects. Adv
Parasitol 2006; 61: 567-622.

Hayashi M, Matsuda H, Chigusa Y, Otake H,
Kubota T, Matsunaga K. Post-treatment
follow-up studies on the clinical features
of schistosomiasis japonica over a 33-year
period in Kofu District, Japan. ] Yamanashi
Med Asoc 2000; 28: 12-9 (In Japanese with
English abstract).

Hirose Y, Kirinoki M, Lipayon IL, Blas BL,
Chigusa Y, Matsuda H. Development of
the rapid and simplified ELISA (WHOLE
BLOOD-ELISA) using samples of Schis-
tosoma japonicum-infected human whole
blood. Southeast Asian | Trop Med Public
Health 2005; 36: 72-8.

Ittiprasert W, Butraporn P, Kitikoon V, et al.
Differential diagnosis of schistosomiasis
mekongi and trichinellosis in human.

Vol 42 No. 1 January 2011



SMP-ELISA For ScHisTosoMIASIS MEKONGI DIAGNOSIS

Parasitol Int 2000; 49: 209-18.

Matsuda H, Tanaka H, Blas BL, Nosenas S,
Tokawa T, Ohsawa S. Evaluation of ELISA
with ABTS, 2-2'-azino-di-(3-ethylbenz-
thiazoline sulfonic acid), as the substrate
of peroxidase and its application to the
diagnosis of schistosomiasis. Jpn ] Exp Med
1984; 54: 131-8.

Matsumoto J, Kirinoki M, Kawai S, et al. Preva-
lence of schistosomiasis japonica among
schoolchildren and animal reservoirs in
oriental Mindoro, Philippines. Jpn | Trop
Med Hyg 1999; 27: 175-80.

Nakamura S, Matsuda H, Kirinoki M, et al.
Evaluation of schistosomiasis mekongi
prevalence after drug treatment in south-
ern part of Khong District, Champasack
Province, Lao PDR. Proceedings of Inter-
national Conference on Mekong Research
for the People of the Mekong, Chiang Rai,
Thailand, 2006.

Ohmae H, Sinuon M, Kirinoki M, et al. Schis-
tosomiasis mekongi: from discovery to
control. Parasitol Int 2004; 53: 135-42.

Sinuon M, Tsuyuoka R, Socheat D, et al. Con-
trol of Schistosoma mekongi in Cambodia:
results of eight years of control activities

Vol 42 No. 1 January 2011

in the two endemic provinces. Trans R Soc
Trop Med Hyg 2007; 101: 34-9.

Stich AHR, Biays S, Odermatt P, et al. Foci of
schistosomiasis mekongi, northern Cam-
bodia: II. Distribution of infection and
morbidity. Trop Med Int Health 1999; 4: 674-
85.

Tanaka H, Santos AT Jr, Matsuda H, et al. Epi-
demiological importance of COP reactions
in areas lightly infested with Schistosoma
japonicum in the Philippines. Jpn | Trop Med
Hyg 1987; 15: 87-96.

Urbani C, Sinuon M, Socheat D, et al. Epide-
miology and control of mekongi schisto-
somiasis. Acta Trop 2002; 82: 157-68.

Waikagul ], Anantaphruti MT, Nuamtanong S,
Sanguankait S. Evaluation of the modified
formalin detergent technique for detec-
tion of intestinal parasites. In: Hayashi
et al, eds. Collected Papers on the control
of Soil-transmitted Helminthiases. Vol v1.
Tokyo: The Asian Parasite Control Orga-
nization, 1997: 5-11.

Zhu YC, Socheat D, Bounlu K, et al. Applica-
tion of dipstick dye immunoassay (DDIA)
kit for the diagnosis of schistosomiasis
mekongi. Acta Trop 2005; 96: 137-41.

33



[Oﬂmb‘:éﬁnéﬁiﬂaﬁ R/ BERECAVSN B EEOEH

Pk 2K

REutb==E

V]SS RSERR W, BB E R - VAL

TIGOHYTN, ARXYE) =), TNV E) =),
PO IRV LT =

7’5 H > F I praziquantel
(£)-2-(cyclohexylcarbonyl)-1,2,3,6,7,11b

-hexahydro-4H-pyrazino-(2,1-aJisoquinolin-4-
one, Mm% ENVMY Y RO ZVvEmR)

e
TIIHTFNRET T 2L VF ) ViEEE
T, b MERBITLEWERTH, £ DR%-
THEORRRLFERAFZDOEDICR L RIST 57,
o LTI EAERRENZWITY. HR
THEREREMRROBRBIEEZ HiF L7231 TV 3
G & D, 1970 ERFEHEICHEE S N, HRRE
¥ (WHO) (&, fF Mo W W JE 15 # D essential
medicine & L CTWA 78, il AB % B & [HE A
BE bl bhinltolzHATIE HBRET
(E, FFORER, BRWEHR, R W e S o g I BR
Hbha2?,

FgEmEREIZ, ol sfmBR e ShT
XTHBY, KBETIE, IVITLALF Y OEET
B SRINEN, EIZ2200BEERT. K
FAKVAERNRE TIX, SioEELHEL, I6EE
BB ZEITOT, EREZZ R
BEA O %08 L, B R BERIR R 2 © BB~ & i (2
FoTRBITT . RRERETIE, 79VH T
VEBEM OB 5255 £, 7
IYH TR ORI ER L, Mk
NCTHFEL R T 2RI 2 ML LEEHE S & 518
EHH50.

T35 Th T VIEOREG%, ELTRINS
h, MAFREE1~2RHTRE L %245, MY
DEFMLEL, EELHE - HEELZ B OBAT
(3.0.8~2 Kl 7245, EELEEDSH HHITIL,
3~ EMULLY. ST YVh T ERE
W, 70~80% 7%, 24 BRf LA R A 2RI

0910-1551/10/ ¥100/ ¥1 /JCOPY

b TITVHTFNVERFROF P 70— A4
P450 3A4 (CYP3A4) TR# SN B DT, [MEEH
DR RFETL T2 M v R NUNTEY
Y, VT Y YT, 2T I ANERL,
RIS LI AF I/ TIIT IV ADET
5. V77 vETVEHAT AL, ARk
BEMEONZVOTHRIZRESE XN,

=R

TSTVhTFNE  MIERTATRTOHE
Mmoo fEize LAZHT, 1 H&E 40mg/kg D1
EINAR, & %\ i3 20 mg/kg TO 6 BRI & 12 2,
SEWNART, 90% U EDEEEIBEONS. 1H
B 25mg/kg #FA—HIZ3M#xST 5L, FFkH
REIBE, 25 WIZHREE, BEWs, #)
W2 EOHELEFERBEIZSBVIHEREL R
3. BUHETO 1 H3ERS % 2 HMEkT 54
B, Y ATV ViR BEDEBEICLAERT
Hb. 72721, WEOEHEE, HAEZELTY
BEDRIBETELNITY,

v M TOLERBHEOBMNEGIE, BRELDD
VEDTITIH T IVTRHENALBND. REHR
BB (HARBREASHR), A8 XU EMERIC
L CIEHE10~20mg/kg TD 1 M OWHRT
Fwl?2 —J YUFLEOBE, BRCETL
RUYFTT—=VDIEHI DLW, HHEEd (FH5
mshh) oM TIE, FIVHICOTFNICES
BHAR#RED, MEShE2T. LarL, $4
FHOYHHIZLHZURE(TF ) Ty 7 AE)TO
BRREIZZ, 79V TFVoRREAONE
Uy,

BEMER@
BEOERBATIX, 79 VH T VORIERED
MEE 2B Z L3, BA, TH, ¥ B

Medical Practice vol.27 no.9 2010 1549



TITVHTIVISMEmMEREAZEEE U THES,
WHODI vt Y xIb RIYyTURMIHEBD,
BARTORBKRESE, kS, kS, #IIERRICBSHS.
HIEBECHEL AFHOBRRICHL TE, BREUS
BREBDTZVH TV THRNADNS.

W, BB LVoRIERIIE, AL LTHE
ECT—@8Y%THo. 7272 T3V h T LOHE
XD ERNTRREL 2 FERONED R IR
MUT, MEORERGIELDDT, LHFES
DEEEE, EBRLEREZRTIENHSL. I
DORMERIX, BIBRERILE Y OFRG5IZL ) EM
SNBHH, PHEMRERICHIMMELZE-> T b
HFREAEOE X, HBICHLOFEEZH LI
7% 6w, MEHERRL BRI A S AT, HH
%IZ, FERHARIC & 0 ANl ik o KR HE R K
H, REEL CEREITRREND 205G, 7T
THTIVOERGIESTHS.

T Hh T IVIE ARICHEEIMEHTES
A, BRSBTS 20T, BB ORAILKS
Th5e, RHLTR2RIIRALEZ 0N
gilLw T, BHEOTZI VA VTSGR
59 FORERLEDLDT, HHIZHVDLDI
B3 DBE DS, A—F U ToORANEXRE
T, HIRT DTS5V H o F VIR OH#IZ0 D
bod, MESCEFHEOREIZIEZXRL, H
Vol RKERLALR o 12Y,

XN %)=L mebendazole

methyl (5-benzoyl-1H-benzimidazol-2-yl)
carbamate
Bk ARV = (Y oty 7 7—7)

FILN> 4/ — )L albendazole

methyl [6-(propylthio) -1 H-benzoimidazol-2-
yl] carbamate

Bt  TAAS =TT I-AIRT T4
v)

1550 Medical Practice vol.27 no.9 2010

KU SN 4 — )b triculabendazole

5-chloro-6-(2,3-dichlorophenoxy) -2-(meth-
ylthio)-1H-benzimidazole

4% Fasinex (/ 25V 7 1 A ) BRE& L ASBR K
A# e L TERNTHER

Egaten (/ 2NV 7 4 R) & b RIGERI7EAS, EN
TR EN TR WOT, "B G RN
" DO AFTELEAFEIRONS.

g B
R XL IFT=NiF, RUVEVREALA Y
V= VBRDS % A UCREE LB ERAES
e, Lilo3MEOELL NV XL 35—
W RAEETH benzimidazoles (BZAs) 2B T 5. fit
¥, AXRVES—), TR F)— ), FF7NX
YT ND 3 ODALEMHS, & b DFFANEH K
EOERIHACONTELN, FTRV TV =N
WMo BZAs Il L CHEMEN WS, EF, IR
MIZHERBIAW AT M2 H 5. HAREHNT
b, FTXRYT = IVIZERBRIE I U TRERE
WA E o 72A%, 2002 A A NV X 7 F Y H AN
WP AEHEE L TRl Sk, A - ot
DHIFICE 572, ARV =L ETARYY
V—vid, HALEFAEEBEDOHBEREL LT,
WHO Model List of Essential Medicines (Z 7t #k
ENTBY, M) I7IRVTI—NVIE, FFEDG
B L LTRHERBRIC AT o TR Y, -
F. OATIE, SEBBYI TN (aryNy MY
2)A%, AW, gl BRI E R H IR
LIRBGEIGEEE SNTBY, ARV VO
S HERE, TARY Y- LOBISITT ¥ /7
Ty r AELROSATRSY.
BZAs 235 A G OERN Tk 2 3 B b2t
X, I bV RYTHNO 7 IVEREICEEE R



ARNDET=IRTFINLET =G, XX I8 T RLEHICREL,
EIPRRY IS HEEFERR I T S REREBEELD,
AXEAN TORBRERE, XN H T — VBRI,

FIWNE—IbPFIx/ Ay 7 RE(SBEROYRFTE) LRGN TS,

xR1 TIVHTFUNBELUNL XL 34T -V REFOBEIC & FERE
RERBIEDH 5FERE EEHE REEESDEVWEERECEHE %
TI3YHLF BBk 20~40mg/kg/B $2 3H FEmER 40mg/kg/B £2 28
(EIWRY DR /& 75mg/kg #3 1H HIEEFEERR (RRFEDEE)
IR 50mg/kg RERAERFIC 1 BINAR 20mg/kg & 1 EIIRA®, THIZ6H
L, 2B5RI&(ICIBETHEI S0 mg/kg/ | HiaER 50mg/kg/H #» 3 30H
B #3 1~2H ESINB I}
ZDZETEIEIAA 75mg/kg/B #©3 38
B 40~75mg/ke/H H2~3 2~
3H
AN = R 200mg/B/42 3 HME BER 100mg * HAMRA L, 2 BEICH
(ANLHT =) ERRA
BlR 200mg/B/%2 3 BM
#R 200mg/B/# 2 3 HRME
¥iRR  200mg/kg/B/H2 4H
FRE1 - ELRMIEET
EER 5Smg/kg $3 5~7HME

TN ET =)

IXx /3y 7 RE(BRE)

4 X - zaEER(~FVHTIE)

(ZRAHJ =) | 600mg/H 93 28 HEIARZFEL L 10~15mg/kg/ B 5 2~3 T,
%, 14 BRAREOHY I 7L ERBRV)ERT 4~ 813
SEOR 10~15mg/kg/BH #»2 3~7H
RA3BEET
Hw/E 15mg/kg/B (X800 mg/A)
42 8~30HME
MEER 400mg #2 58
M) TINUET = figic 10mg/kg BER
(Egaten) | 20mg/kg D2 REHR(EEM)
(CHk2) X vsl)
By Lo E, %#nui.d)fﬁllfﬁﬂtcc‘:@’f%f.ﬁ‘ HIENL s, T RN T OB
RELEHSELT, f-Fa—7 LG CRBATT 2708, KBEDICLIUERERIALN
HI LI AWMNERESCOMREEHITHLIENT A, MR TIIEALHEAELRTVHONE L,
%6m,_ﬂb®%%Tﬁ.Wﬂﬁfﬂﬁﬁﬁt ARY =D 95% I MIEEM &G LAH
DEFICHLT, FEEROp-F2—-TY vk ENhLH TARIVYIS—LVORBEDDL, B

DEEE D,

EEDITEVIRETE X 5D T,

%<

70% ASIL%E

HEAL#EGTD. UEDX) kA

DR RIIR U TR R AR T

BZAs 12i&, KITHETFITS CHRIBICEBITLR T
WL DONBLNDT, TG HMEROREH TR
Bl b Lidnd, BRHETRNARES R

BRED A S, BZAs O M iz 4~15
B ERCELDELREVENAHLY. ¥ 2
FIUE RIS THE AR T = VO
BRI B A% Fihu, FRoF b ra—2L

Medical Practice vol.27 no.9 2010 1551



BHPERONEEEDSE, ABIIETIAL LT —LHERENSEC EHFSNS,
| AHERE (ERRROGRESL) TE, F5UH
%7, WThORHTH, WRFEDBAL, HAOBRLY S
ERETEPNORBELEETEDF—RITH .

TIVEFIAEh S,

RIZBTARHEVPYTFONLDEEZEZ LN
20 %7 WHNORLF b7 o—ARTRH
SNDBTIINrTVERRLEESEL, AXY
=V OMRREIENT 5 L Bbh s,
(EaEbecl

ARV T = NRTNRY ¥ — i, Rk
DE VAW, Fl, BRI, KBEOALS
FTHRICHEMZRL, BRAKRFIILHEHTH
B, INOOHEEICHFET HHHB T, &
IR IIRIRICRRZ DT, WL #b%ﬂLﬂ
WX ) FAERDEAEITBRISNDG DO ERERH
R L. BEAER, ENTH IARBRTL L
BV RIESED, ARV TS — L hMiHT 58
A, 100mg SRl 2 1% 5 L, 28 %220
HoORYS %2475 . IBIMIE - #E - 89 3E IS
ARYZ—=N500mg # 1 M5 35 4EL D
AH, 118 100 mg D A XY ¥ — L &84 2],
EWHE 3 HMEG T AL THELRIRENRELR
VY % 3o TL BEIER L A
Ba, Fl—0%EAr 2=V EEYRT. 5
i, ﬁmW@%@%_u,xA/y/~w3Lm
BHDIEHIN, AXRZFTY =L (500mg) R T IV
~N v 5’ V= (400 mg) D 1 M5 £ 0 LR E D
HbH. ML 1 EFEOKRGETE, Ty 57—
NVOEFMEDIE ) BE ey Hnr% <, +
%@%ﬁm%%wﬁﬁ&éﬁ&kLg.TWA/
= 400 mg @ 1 BANRRE,  EBEEIZEIE <
BIENTWE, 72, TRV — VI, 74
VY VBEMRE, ANV TY = AR D
UZHF L THRRZIRTA, BRI T L2505
WBERELZWV. &5, TR — I, 4
AR A aOMEY -l X B BBITEICH LT
LR T, BEICVWABHTHNILHEERIZDH
A H 57,

1552 Medical Practice vol.27 n0.9 2010

TRy TT—= g, FIZE > TEGEROL )
WCHMEERL, X0y 7 AERCHHBLGE
DEFHHEH S NED, ZoHEE, ok
ERER LS ENE WY, X ay
7 AETIE, WHITHEHINAZ LY HAHDS,
KX 2 BrEFMr e AL ANE AR O i)
T 5 EREIET. RATHIUL, 1 HE 300~
400mg % 1 H2 [ﬁJ“C‘ ﬁ@’?é Lo r» Aty
HTEIRB Y F7, AR LTI
130 1 |8 400 mg0) 1 H2%0k%, HOH -
R - RIS & D 8~30 HIMMkEES 5 &) ik
MhHHY, HHBROFEBLIZE TR, 7
NNy T — VNRRATNCRI B R E ARV E v 28
L, %ﬁ?éﬁﬂ@ﬂ&éhéﬂ@%%’ﬂ?%
H AR D RIE IS DB IR % 13 H % BB AL B TH
H. Fl, TR =R, RIEARAEHI
kg 2§ 5 H MO MA N W microsporic-
AlZBREZRL, BM)IEFART Y TVHET
B L) HRERERRICHLTY, HABRED/
AR RTA, OARERNTERICHEH S b5
IEEAERW, M) ZIRVF—IE, b
b &ZEREE F AR v B (R & L THRBE T
N7-BZAs 7245, & M HEBEGEH) bRES
N7z, BZAs ThH A2 b bd, BENFL
MU T AR E L ToOMPIIZLAL R
W, TIVHITFARTANY TS = nat
HF DR D 7% WIFEESE 12, AR % d
B ORI E THEHTH S

g4
BZAs (3# U TR ELHEHT, HRFTHILY
FABRBIEDHRICIH ST 22, @M e
B, SO EEEIRE OIS 1% BIETLA
vl KRB L TV 2 BE NS A R sl
SNBEE, —BEOHEERLTHIRI LI ENDH



NIZAIFT—IWRLBHMIBRT BRI I I ET -,
FERRIIHTIRRBEFEAELVD, ORI & OFFIEEC

MRERT.

FHEZRIEIL, #FOEEETIEIRS BB L EEE T,
WHO DIEFE 9 % Neglected Tropical Diseases (NTDs) D8 % H5H T3,

BEE, WRO—IRELT, BREHVEFBRE S IBSHPEATVS.

Lo XX 2y 7 AR H IR OHHIZ, T
WY S )=V R EMIIITC A4, MM
BB ZHTOND. bE L ALNLHIEH
f, M7 I/ T A7 29 —BiEMo
T, R T 5 L IEWIRICK S D5, FHZED
WMETEARSELLEIPFEIVY, 42 1
MERR MDY L ASNEZDT, TN
S—= N DL L, TR B & £ =
Y —FRETH 5.
FRRETIE, ARV T =L T AR Y
VAP AN AR Y Tl o A A A A
Twa, b MIEFIEEYS 5 L v et v
A5 ARG 2 LA P o /NI s Ic A2 T A
LY U Lans, MM AE:TIZ AR Y
TS =V ENIRL TL % - 22t difs T, Wi
DHRIFICH LT, HIISHWIRER L RFED
iAot bHL. 7, 2
WL N ORI A IO T, WHO 2 &
LIENN AR LET, TR ROBEHRICL - T
o dREPRESEHR S IUL, TR
DN D TH R Z 02 L) 2 TG
LTbLwEaxrybshe¥,

e e 10 & BRI 7

ielt, WHO &, 0% L& PO I R 3K
Gett, WAV L I DLT, HIET
TAEED LD 2, KR TG KRR
HNTWDHDT, ZFOMEHREEDIBRR R 5
i AY AT & 2o - T O K Y9 &, Neglected
Tropical Diseases (NTDs) & LT, [HFRRYZRHH
MAEWBILL TS, NTDs & LTlE, Nt r
MR TNV EELZELHITOENTVWEY, KO
R W St S X AAEEERAER, FO
BT RS TS, MR R L) IR
GEAHEE SN, MY, sl B EIZLS

134 5 4 3 i soil transmitted helminthes
(STH) &, 1807 NTDs T, 2T & B
BTk, b B RERETHL. ThHd
MU K AREECER, o/ N Tlhoft
&N LEODT, WHO % X0 BEFEM I, 4
FHLEL % 0 U 7@ M CHRIE oS E#R % D T
WA, BIFEAEEZ T A0 ULH SN BB HHAI
BZAs T, $EIZT AR IS —VRARY ¥ —
V1 kAR E A, BZAs @ 1 4
ko TERi NG &, fiHE L TR IEOBAH
RNETUY Y ORI, FRIFEE MR
WAL EEHEL, HEDEVEDD > TREDL D %L
bl VvolERBHfEEIND. MBFETIE, Y
PoMMET 45 ) THEE G 2 3k v A EO R
JEatm b A TV B8, ZXTHLE R D VT F
WHNINT Y VARV ATF v no1247 4
FN)THTHDL, TILRIYS—=VE, Thoo
HHRIEOPFHIZLBL TWBHEESRK, AT 5
STHDOHHBIZOAMNTHE2DARLLT, L7 4
7 TR REE SR I T w5, il
Wedtiiid, NTDsZHhIFoNbA, 759VH T
WAZTAT O & R 412 L 72 R IR bR 1c
WA ST &7z KRR H A S 3T 5
W & o TGS A{EMW T, R E
ANRUANZ, BAEESCEAMER IS T 5 F4M
IO RADOT, BHIGHEDO Y =7y b &L BER
REOHEPIZILL 7 5.

ZD LN, BZAsRT TV H 7 VO
FEASIE LAY IZHE§ 12D, It ld & A & Bk ek
WA B BRI O RESE O A DD L)
o7z, BUE, & FOBHRTIE BZASIIHT S
FHIEDIZ - 0 L2 3w, KEOMH
HTIRIHPEDIL KA > TWwWhb, XU X4
Y VIR T, EERE UK, B AL
BROWTRIZBWTYH, EYDL-Fa—71) v

Medical Practice vol.27 n0.9 2010 1553



TITHoTIRN XA I8 —IVREROFERBEEY, HAMNICHEMNT 3R T T,
513, FRMMEOHERICHIREIADRE LS.

DM DR CBAIEDWOR L, A & 8
TBHL-Fa—TYr - TAVEL TORIETR
BAZBHLTWE LW, 2oy ARG R H A
FMBEHRTIE, 77TV TF VIt ERDPERZE T
SHEEINTWVAD, ZOREFNERIIHLNLT
v, LaL, 7998 7 MIad A EER
B LTz~ vy AMEmMREEO B2, £
HEEPTOICEROSERF CTHRE ST
5. BZAs R 77V H v 7 VOERK 2Nk 5
OBENEHEIZELTWAEZ ENDL, &%, h
LOEFNIHT AL, BEBETELALE
ZFN T LT BERHLEEDNS.

X

1) Loukas, A. et al. (KATHEEER) @ 41 & fEd
JEDALFEFBICH O N D EWRY:. 7y K~
oo XN oEBE ORNEE KR, p.1345-
1374, 2007

2) BURBIEARAUI7eHE A BGTR - 34 HUE IS
FORCAPSY i T R R GE 8 o AAVAS 2RI (sE)- Sr
& B RIS DO A OF5E JBE (B RR, 2K
TWRGREMIEHE) ML « FASEEWRROTF
7] & 2010, ET4E 7.0 ML, p.31-76, 2010
http://www.med.miyazaki-u.ac.jp/parasitology/
orphan/index.html

3) WILFIIEIEZ|E : 79V h T V—F DM
EEBR—, 2 X - HIRES, p.7-46, 1993

4) 'World Health Organization : WHO Model List of
Essential Medicines 16th list (updated), March
2010, Status of this document This is a reprint
of the text on the WHO Medicines web site
http://www.who.int/medicines/publications/

1554 Medical Practice vol.27 n0.9 2010

6)

10)

11)

12)

13)

14)

essentialmedicines/en/index.html

Redman, C.A. et al. : Praziquantel : an urgent
and exciting challenge. Parasitol Today 12 : 14-
20, 1996

Matsuda, H. et al. : Mechanism of action of
praziquantel on the eggs of Schistosomu
Japonicum. Jpn ] Exp Med 53 : 271-274, 1983
Evans, C. et al. : Controversies in the managc-
ment of cysticercosis. Emerg Infect Dis 3 1 403~
405, 1997

Adam, I. et al. ! Is praziquantel therapy safe
during pregnancy ? Trans R Soc Trop Med
Hyg 98 : 540-543, 2004

Lacey, E. et al. : The role of the cytoskeletal
protein, tubulin, in the mode of action and
mechanism of drug resistance to benzimida-
zoles. Int J Parasitol 18 : 885-936, 1988

Dayan, A.D. et al. : Albendazole, mebendazolc
and praziquantel. Review of non-clinical toxcity
and pharmacokinetics. Acta Trop 86 : 141-159,
2003

Horton, R.J. : Albendazole in treatment of
human cystic echinococcosis ' 12 years of
experience. Acta Trop 64 : 79-93, 1997

Davis, A. et al. : Multicentre clinical trials of
benzimidazole-carbamates in human cystic
echinococcosis (phase 2). Bull World Health
Orgam 67 : 503-508, 1989

Montresor, A. et al. : Use of benzimidazoles in
children younger than 24 months for the
treatment of soil-treatment of soil-transmitted
helminthiasis. Acta Trop 86 @ 223-232, 2003
Kwa, M.S. et al. : Effect of selection for benzimi-
dazole resistance in Haemonchus contortus on
f-tubulin isotype 1 and isotype 2 genes.
Biochem Biophys Res Commun 191 : 413-419.
1993



Parasitology International 60 (2011) 75-83

Contents lists available at ScienceDirect

ASITOLOGY
INTERNATIONAL

Parasitology International

journal homepage: www.elsevier.com/locate/parint

Transcripts analysis of infective larvae of an intestinal nematode,
Strongyloides venezuelensis

Ayako Yoshida 2, Eiji Nagayasu ?, Anna Nishimaki ?, Akira Sawaguchi °,

Sayaka Yanagawa ® Haruhiko Maruyama **

¢ Department of Infectious Diseases, Division of Parasitology, Faculty of Medicine, University of Miyazaki, Miyazaki, Japan
Y Department of Anatomy, Division of Ultrastructural Cell Biology, Faculty of Medicine, University of Miyazaki, Miyazaki, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 14 April 2010

Received in revised form 4 October 2010
Accepted 27 October 2010

Available online 5 November 2010

Free-living infective larvae of Strongyloides nematodes fulfill a number of requirements for the successful
infection. They need to endure a long wait in harsh environmental conditions, like temperature, salinity, and pH,
which might change drastically from time to time. Infective larvae also have to deal with pathogens and
potentially hazardous free-living microbes in the environment. In addition, infective larvae must recognize the
adequate host properly, and start skin penetration as quickly as possible. All these tasks are essentially important
for the survival of Strongyloides nematodes, however, our knowledge is extremely limited in any one of these

Keywords: d . : : .

Strongyloides aspects. In order to understand how Strongyloides infective larvae meet these requirements, we examined
Nematode transcripts of infective larvae by randomly sequencing cDNA clones constructed from S. venezuelensis infective
Infective larva larvae. After assembling successfully sequenced clones, we obtained 162 unique singletons and contigs, of which

EST 84 had been significantly annotated. Annotated genes included those for respiratory enzymes, heat-shock
proteins, neuromuscular proteins, proteases, and immunodominant antigens. Genes for lipase, small heat-shock
protein, globin-like protein and cytochrome ¢ oxidase were most abundantly transcribed, though genes of
unknown functions were also abundantly transcribed. There were no hits found against NCBI or NEMABASE4 for
37 (22.3%) EST out of the total 162 EST. Although most of the transcripts were not infective larva-specific, the
expression of respiration related proteins was most actively transcribed in the infective larva stage. The
expression of astacin-like metalloprotease, small heat-shock protein, S. stercoralis L3Nie antigen homologue, and
one unannotated and 2 novel genes was highly specific for the infective larva stage.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Strongyloidiasis is endemic in tropical and subtropical regions, such
as Southeast Asia, Latin-America, and sub-Saharan Africa, and endemic
foci are present in temperate countries as well, e.g. Mediterranean coast
of Spain, southern United States, and Satsunann-Ryukyu Islands in Japan
[1-3]. Hundreds of millions of people have been possibly affected
globally, though no precise estimate is available.

The key for the control of strongyloidiasis is in the infective larva
because the infection starts with this stage of the worm. Free-living
infective larvae develop from eggs deposited by free-living females in
the soil or parasitic females in the infected host. Infective larvae then
wait a host to be infected for some time in the external environment.
Considering the life of infective larvae, they obviously face a number
of hard tasks before they finally find the host.

* Corresponding author. 5200 Kihara, Kiyotake, Miyazaki 889-1692, Japan. Tel.: +81
985 85 0990; fax: +81 985 84 3887.
E-mail address: hikomaru@med.miyazaki-u.ac,jp (H. Maruyama).

1383-5769/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
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First, they are required to endure physical and chemical conditions
among them. Temperature, salinity, and pH might change drastically
during the wait and chemical compounds could contaminate their
surroundings. Second, they have to get rid of or get along with pathogens
and potentially hazardous free-living microbes. Among them are various
kinds of viruses, bacteria, parasites, and fungi. Infective larvae should be
equipped with a kind of defense mechanisms as free-living nematodes
are [4,5]. Otherwise they would be heavily infected before they infect the
host. In addition to the protection against a number of environmental
factors, they must recognize appropriate host animals and start skin
penetration as quickly as possible. Failure in host-finding and infection
processes would result in the extinction of the species.

Strongyloides infective larvae definitely have solutions to all of the
problems and situations described above, however, little is known about
their survival and infection strategies [6]. It would be of great scientific
and practical significance to understand the biological processes taking
place in Strongyloides infective larvae. For example, because infection
control cannot be done solely with a mass treatment of humans and
animals due to the adverse side effects of drugs on biological diversity,
new strategies to control the infection have to be explored based on the
biology of the nematodes [7,8].
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In the present study, we examined the transcripts of infective
larvae by randomly sequencing cDNA clones to clarify the biological
processes activated in S. venezuelensis infective larvae. We found that
the transcripts for respiratory enzymes, heat-shock proteins, neuro-
muscular proteins, proteases for infection, and an autophagy-related
protein were observed. In addition, infective larvae of S. venezuelensis
abundantly expressed genes which cannot be found in nucleotide
databases with significant match. Further analysis of these molecules
of unknown functions would greatly facilitate our understanding of
the survival strategy of Strongyloides nematodes.

2. Materials and methods

2.1. Parasites and animals

Strongyloides venezuelensis has been maintained in male Wistar rats in
the Division of Parasitology, Department of Infectious Diseases, University
of Miyazaki [9]. ICR mice and Wistar rats were purchased from Kyudo
(Kumamoto, Japan). All animals were kept and handled under the
approval of the Animal Experiment Committee, University of Miyazaki.
The third-stage infective larvae (L3i) were obtained from faecal culture by
the filter paper method [10]. L3i were used right after they emerged from
the feces (2-3 days after starting faecal culture). Parasitic adult female
worms were collected from infected rats 8-10 days post infection (p.i.)
[11].

Preparation of larvae in different developmental stages was carried
outas previously described [12]. Lung-stage larvae (LL3) were collected
as follows; male ICR mice were subcutaneously inoculated with 30,000
L3i, and lungs were removed 72-75 h p.i., homogenized with a Polytron
PT-MR3000 (Kinematica AG, Littau, Switzerland) at 20,000 rpm for a
few seconds. Lung homogenates were wrapped with Kimwipe papers
and incubated in phosphate-buffered saline (PBS) at 37 °C for 1.5 h and
emerging worms were collected. Since S. venezuelensis has been
reported to molt twice in the intestinal mucosa, we designated lung
larvae as LL3 [13]. For the preparation of tissue-migrating larvae (L3tm),
L3i were injected into the peritoneal cavity of ICR mice, and recovered
20 h p.i. from the peritoneal cavity.

Collected worms were washed with sterile distilled water or PBS
extensively, pelleted at the bottom of 2 ml centrifuge tubes then
stored at —80 °C until used for RNA preparation (see below).

Table 1
Primer sequences for real-time PCR.

2.2. cDNA library construction

Infective larvae were homogenized in TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) with glass beads for 1.5-2.5min by a Mini-
BeadBeater (Bio Spec Products, Bartlesville, OK, USA), followed by
total RNA purification according to the manufacturer's instruction. After
treatment with DNasel (Promega, Madison, WI), poly (A)* RNA was
purified with GenElute mRNA Miniprep Kit (Sigma, Saint Louis, MO).

A cDNA library was constructed using a SMART cDNA library
construction kit (Clontech, Mountain View, CA). Reverse transcription
(RT) of purified poly (A)* RNA was performed using MMLV reverse
transcriptase with the SMART IV oligonucleotide primer and the CDS 111/
3’ PCR primer provided in the kit. Double-stranded ¢cDNA (ds-cDNA)
was synthesized by long distance PCR with the 5' PCR primer and the
CDS 111/3’ PCR primer using the Advantage 2 PCR kit (Clontech). The ds-
cDNA was treated with proteinase K and then digested with Sfil. After
size fractionation, cDNA was ligated to Sfil-digested pDNR-LIB. The
ligation product was then transformed into Escherichia coli ElectroMAX
DH10B electrocompetent cells (Invitrogen).

2.3. DNA sequencing

Clones were transferred to LB agar plates containing 50 pg/ml
chloramphenicol and grown for 20 h prior to colony direct PCR. Insert
DNA was amplified from 500 randomly selected clones with a M13
primer set, and PCR products were purified with Post-Reaction
Purification Columns (Sigma). Single-pass sequencing was performed
from the 5’-end only using M13 forward primer (5-GTAAAAC-
GACGGCCAGT-3') in ABI PRISM 3130x1 Genetic Analyzer (Applied
Biosystems, Carlsbad, CA), using ABI PRISM Big-Dye Terminator v3.1
Cycle sequencing kit (Applied Biosystems, Foster City, CA, USA).

2.4. EST processing, contig assembly and analysis

All ESTs were edited out flanking vector and adaptor sequences.
After removing rRNA sequences, high quality ESTs longer than 250 bp
(408 sequences) were assembled into clusters of contiguous
sequences by using Sequencher software (Gene Codes, Ann Arbor,
MI, USA). Reads with more than 99% identity were assembled into the
same contig. The consensus sequences of contigs and singletons

NCBI accession

Associated annotation

Forward primer (5'—3’)

Reverse primer (5'—3')

Expected product size

H0652180 FMRFamide-related peptide CATTCACCATCCGAGGTTACTT GCAAGGGCTTGTTGTAGGG 115
HO0652210 Cytochrome P450 GGGAAAAAGAATATGTGCAGGA TGATAACACCAGAATCGGATGA 132
HO0652258 NADH dehydrogenase subunit 6 TGTTGGTTGTTTTGCCAGTT CCATAACCACAAAAATTCCACTT 99
HO652261 Poly(A)-binding protein GGTGTCAATGCAGGACAAGTTA TTGGATAATTCTGTGGGTTTCC 94
H0652553 Hsp90 CCAAGAGGATGCTGGTGATT TCGAGACAATGCCGACTGTA 84
H0652574 L3Nie Ag (SvL3Nie-2) GAACCAGAAAAATAAATTGGGAGA ACTTCATCGTACCAACCTTTTACTCC 87
H0652576 Astacin-like metalloproteinase GGTGTTGTTACACCCCAAGC AACAACAATATATTAGTGCAATCGTT 145
HP429054 Globin-like protein TCCGGAAATGGCAGATTATT AGGCGGAAGAAACACTGAAA 111
HP429055 Novel® (SVC L3ist-1) TAACCTAAATACTATCTTTTACAATTCC CAATTCAGTTAATTTCCCTCCA 89
HP429056 Novel® (SVC L3ist-2) TGGAGAGAAATTAACTGAATTGTTGG TTTTCAATGTTTTTATGCAGGTTC 114
HP429057 S. stercoralis Hsp20 (SvHsp-Ss2) TGGGATTGGCCTTTAAGTCA GCAGTGAATGTCAATTTTGTCC 147
HP429058 None® (PTC 00570_1) CGTAGAGGATCCACTGGACA CATTGATACCAGTATCCATTACAGAGG 85
HP429059 A. suum Hsp20 (SvHsp20-As1) TTTCCTTCCGCCATTCCTAT TTGAAACGCCCTCATCTCTAA 108
HP429060 Lipase, class 2 TGCAAGTGTGGTAAAGATTGCACATGT CCTCACAACATTTTGATTCAGCACAGC 88
HP429062 Cytochrome c oxidase subunit | TGCTGGTGGTAATCCTTTGA ATCCCAAGGGTTCCAAAAAC 151
HP429068 L3Nie Ag (SvL3Nie-1) CTTGCAGCAAAAGCACAAAA CAATGGTGAACCAAATGCAA 117
HP429073 None* (FC810578.1) TGGCCATGGTATGTAGCAAT ACCCCTAAATGATAGAATGCAGTTGA 131
HP429091 S. stercoralis Hsp20 (SvHsp-Ss1) TTGTGATTGGCCACTTAATGTA CCTCAATATCCTGTGGGTCAA 113
AB453330.1 18S rebosomal RNA CCAGCTTTCCAAGTGCATAA CATCCAAGATGCTCATTACACA 86

2 Novel; No hits were found in major databases.
Y Hits were found in NEMABASE4 with no associated annotation.
€ No hit in NEMABASE4. Match was found in NCBI EST database.



