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Japan controlled its major parasitic diseases by the
1970s. Based on this experience, the Government of
Japan proposed the Global Parasite Control Initiative
in 1998 and established three research and training
centres around the world. The Asian Centre of Interna-
tional Parasite Control (ACIPAC) is the first such centre,
and completed five years of activities focused on school-
health-based parasite control in the Greater Mekong
Subregion in 2005. The lessons learned and experiences
gained by ACIPAC should be applied to all health
promotion programmes worldwide.

“Wormy world’

Malaria and other parasitic diseases still cause a huge
amount of disease and disproportionately affect the
poor: in particular, impoverished communities in low-
income countries. Highly debilitating, rather than deadly,
worm-induced diseases such as schistosomiasis and soil-
transmitted helminthiases (STH) remain a major health
problem in tropical developing countries. Today, the
picture is little better than when Stoll succinctly stated
the situation in the title of his article “This wormy world’ in
1947 {1]. At the turn of the millennium, infectious diseases
accounted for 32% of mortality and 41% of disease world-
wide [2]. Today, ~200-450 million cases of malaria occurin
the world annually, causing the death of 1-3 million people,
predominantly African children (3]. More than 190 million
people are estimated to be infected with schistosomiasis in
76 countries and territories. Although related mortality is
lower than it was five decades ago [4], there are locations
where 50-70% of the population is affected by geohelminths
such as Ascaris lumbricoides, Necator americanus, Ancylos-
toma duodenale and Trichuris trichiura, as recently
reported in the Great Mekong Subregion [5].

After the end of World War II, >70% of the Japanese
population was infected with intestinal parasites, with
conditions in many rural parts of the country resembling
those in some developing countries today. However, in the
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space of two to three decades, Japan eliminated most
major parasitic diseases, including malaria, filariasis,
schistosomiasis and STH. This achievement was facili-
tated by using a school-health-based approach to gain
access to the community; this approach was implemented
through triangular cooperation among government agen-
cies, community-based non-governmental organizations
(NGOs) and scientific experts. The enactment of the School
Health Law (1958), which included mass examination and
selective mass treatment targeted at schoolchildren, and
the foundation in 1955 of a specialized non-profit organiza-
tion, the Japan Association of Parasite Control (JAPC),
greatly contributed to successful control measures [6]. The
causative parasite of schistosomiasis japonica was discov-
ered as a result of people’s awareness of the disease and
their request to the local government to clarify its aetiology
[7]. Interventions to help control the disease included
active case detection and mass chemotherapy, periodic
distribution of molluscicides to kill the snail host, storage
of night soil (which causes parasite egg degradation),
environmental management such as cement lining of
irrigation ditches, land reclamation and control of animal
reservoirs (e.g. cows, stray dogs and wild rodents) [8-10].
The achievement in Japan shows that, to achieve the goal
of parasite conirol, a comprehensive and coordinated pro-
gramme of activities is required. The organization of volun-
tary associations in cooperation with national and local
governments is essential to educate, motivate and engage
communities in nationwide self-help efforts. The scientific
community also has to be fully involved to ensure the
production of and the best and most cost-effective use of
diagnostics, therapeutics and preventive technologies and
products. In addition, the private sector has an important
role [11].

At the Group of Eight (G8) summits in Denver (USA;
1997) and Birmingham (UK; 1998), the late R. Hashimoto,
Prime Minister of Japan at the time, emphasized the
importance of parasitic-disease control as a means of
improving public health, and stated the necessity for
strengthening international cooperation towards global
parasite control. Based on a report [12], the Government
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Box 1. Relevant websites

ACIPAC: http:/iwww.tmd.ac.jp/med/mzoo/acipac/index.html
European Commission: http//www.europa.eu

Japanese Society of Parasitology: hitp//jsp.tm.nagasaki-u.ac.jp/
~parasite/

JICA: hitp/iwww jica.go.jp

Kenan Institute: http:/Amwww.kiasia.org

Kenya Medical Research Institute: http://www.kemri.org

Mahidol University: http://www.mahidol.ac.th
"Ministry of Foreign Affairs, Japan, Health and Development
Initiative (2005): http://www.mofa.go.jp/policy/health_c/Horum0506/
hdi/pdf

Noguchi Memorial Institute for Medical Research: http/iwvww.
noguchimedres.org

Partnership for Child Development: http//www.child-development.
org .

UNESCO: http://www.unesco.org

UNICEF: http://www.unicef.org

WHO: http://www.who.int

of Japan proposed to establish three centres for research
and training, one in Asia and two in Africa. This was
known as the Hashimoto Initiative (HI).

The Asian Centre of International Parasite Control
(ACIPAC) (Box 1) was established in 2000 as a bilateral
technical cooperation project in connection with the region-
wide work of the Japan International Cooperation Agency
(JICA) and in collaboration with Mahidol University and
the Ministry of Public Health, Thailand. A further two
centres were established in Africa, one in the Kenya Med-
ical Research Institute, Kenya, and the second in the
Noguchi Memorial Institute for Medical Research, Univer-
sity of Ghana, Ghana.

The ACIPAC approach

Mortality due to malaria is concentrated in sub-Saharan
Africa, and the majority of deaths occur in children under
five years of age. At the moment, treatment of children
above this age is considered to be of secondary importance.
However, in malaria-endemic areas, most children are
infected with malaria parasites and, because they might
not develop disease or because they exhibit only mild
symptoms, continue to attend school; therefore, these
children contribute to disease transmission. Thus, control
measures aimed at school-age children should be effective
at helping to prevent malaria transmission across the
community.

In the south of Thailand, ~20-30% of schoolchildren are
infected with STH (primarily aneylostomiasis) [13],
whereas ~60% of schoolchildren in the mountainous region
of the northern provinces are infected [14]. In neighbouring
countries, morbidity is also high: for example, 70% for
ascariasis and 86% for ancylostomiasis in Cambodia. A
similar situation is observed worldwide. This demon-
strates the impact of STH, not only on the health of school-
children but also on their education. In addition, these
children might be a source of infection in the community. A
cross-sectional study conducted in an area of southern
Thailand revealed that schoolchildren with less knowledge
of STH are likely to be infected more quickly and that boys,
who dislike wearing shoes, have a higher intensity of
hookworm infection than do girls [15].
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Various health education programmes (including the
prevention of malaria and other infectious diseases) that
combine visible and easy-to-understand control measures
are required as part of a successful strategy for parasite
control. Although health education is not a tool with an
immediate impact, it can have long-term benefits. Besides
strengthening manpower in the health sector by mobilizing
schoolteachers (e.g. to improve health education and to
help administer anthelmintics), it is also useful to develop
cooperative relationships between different ministries and
sectors.

The ACIPAC mission and activities
ACIPAC started operations in 2000 with the overall goal of
creating parasite control programmes, strengthened by
human health resource development, in Southeast Asia.
The outline of ACIPAC activities carried out during the
past five years is summarized next.

The school-based approach advocated by ACIPAC is
effective for parasite control in the region

ACIPAC advocated and promoted the school-based
approach through international training courses, sympo-
sia and workshops. ACIPAC put an emphasis on the
concept that schoolchildren should be considered as
active health partners rather than simple recipients of
health services (e.g. deworming, food and nutrient supply
and health checks). Health messages conveyed through
teachers would be relayed to the children and then to
their siblings and friends. Schoolchildren would also
make information and education communication (IEC)
tools, with the idea that such hand-made tools would
have a greater impact on parents than would those
printed and distributed in large volumes by the autho-
rities. To motivate the children to think and learn by
themselves, health education per se must be changed
from a top-down system.

Within the framework of the ACIPAC advocacy, the
Office of Basic Education Commission (OBEC) of the Min-
istry of Education in Thailand developed model schools for
malaria and STH prevention. OBEC, in collaboration with
local teachers, also prepared user-friendly textbooks for
children and manuals for teachers for the prevention and
control of parasitic diseases. The English versions
(Figure 1) were distributed to partner countries, interna-
tional organizations and, upon request, NGOs,

In these model areas, schoolchildren developed IEC
materials (e.g. posters and advocacy books) by them-
selves and brought them to the community for a demon-
stration. The children worked with teachers to identify
mosquito breeding sites and to develop activities that
have a positive impact on sanitation in communities. In
addition, children were taught the proper use of bednets
(to prevent malaria) [16], which was expected to lead to
better care of siblings under five years of age who would
otherwise be at greatest risk of death. The benefits of
health education in the prevention of malaria has been
shown in Thailand [17] and was achieved through beha-
vioural changes in schoolchildren, using improved
teacher training, interactive education and good teaching
materials,
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Figure 1. Teachers’ manuals and a textboaok for schoolchildren developed by ACIPAC in collaboration with OBEC, the Thai Ministry of Education, the Thai Department of

Diseases Control, the Thai Ministry of Public Heaith, and Mahidol University, Thailand.

In response to the ACIPAC advocacy, the Ministry of
Health in Laos stated its National Intestinal Helminth
Prevention and Control Policies in 2003. In addition,
ACIPAC ex-trainees started school-based control activities
for malaria and dengue fever in Laos, thus showing the
possibility of expanding the school-based approach to
control other infectious diseases. The ex-trainees also
increased coordination between the Ministries of Health
and Education towards preparation of a national school
health policy with support from the World Health
Organization (WHO) and United Nations Educational,
Scientific and Cultural Organization (UNESCO) [18]. In
2004, the Cambodian Government announced the estab-
lishment of the National Task Force for the Control of STH
and Schistosomiasis, the Elimination Programme of
Lymphatic Filariasis and a Helminthiasis Prevention
and Control Policy.

These actions in partner countries indicate that the
school-based approach advocated by ACIPAC has been
accepted as an effective component of parasite control in
the region.

Human resources for parasite control

ACIPAC has held international training courses for man-
agers of school-based control programmes for malaria and
STH four times during the past five years. In addition to
trainees from Thailand and neighbouring countries, trai-
nees from Kenya, Ghana and East Timor were enrolled.
After finishing the course, {rainees were requested to start
small-scale pilot projects (SSPPs) in their respective coun-
tries, and the SSPPs were expected to be used for further
development of human resources through in-country train-
ing for health personnel.

These training courses are considered unique in terms
of the ‘follow-up’ of trainees because, by implementing
SSPPs in each partner country, ACIPAC trainees also
had important roles as trainers.

www.sciencedirect.com

Small scale pilot projects

SSPPs were carried out in each of the partner countries.
Other activities such as the provision of clean water
and latrines were combined for some pilot schools, and
teachers’ manuals and comic books for schoolchildren were
developed to facilitate health education.

Typical examples of activities performed were a ‘model
children’ activity in Cambodia, cost sharing by the com-
munity for the construction of a water supply system in
Laos and broadecasting (using loudspeakers) radio pro-
grammes about health education to the community in
Vietnam. Model children were selected from upper forms
(10-12 years old), and received two days of training on
hygiene, the life cycles of the malaria parasite and of the
soil-transmitted helminths and communication methods.
These children then taught personal hygiene and preven-
tion-of-infection methods to other children and kept
detailed records of their activities. Children also devel-
oped IEC materials such as pictures and stories related to
STH and malaria, which were used for delivering health
messages to the community. In Laos, the communities of
pilot project areas contributed 43.6% ofthe total budget for
construction of water supply systems in schools. In these
countries, KAP (knowledge, attitude and practice) surveys
among schoolchildren showed changes in the children’s
behaviour after SSPP implementation compared with
results in baseline surveys carried out before starting
SSPPs.

Human and information networking

By implementing several activities and having meetings
with those people enrolled in school health and parasite
control, ACIPAC has made efforts to establish and
strengthen the human and information network. For
example, the homepage of the ACIPAC project was linked
to the website of the Japanese Society of Parasitology.
ACIPAC issued newsletters (Mekong Parasite News)
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and printed magazines, which were distributed by related
authorities in the partner countries.

Besides communication with both health and education
sectors, one of the most important factors for the three
centres established under the HI is the coordination of
partnerships with other international agencies at the global
and regional levels. ACIPAC also worked closely with other
organizations and agencies such as the WHO Regional
Offices (Western Pacific and Southeast Asia), the European
Commission, United Nations Children’s Fund (UNICEF),
UNESCO, Southeast Asian Ministers of Education Organi-
zation (SEAMEOQ) and NGOs such as the Kenan Institute
and the Partnership for Child Development to share experi-
ence of parasite control and school health activities.

Concluding remarks

ACIPAC has made an effort to establish the
school-health-based approach to malaria and STH control
mainly through human resource development, which can
be applied to all health promotion programmes. Imple-
mentation of SSPPs resulted in the establishment of
national policies on parasite control and/or school health
in some partner countries, in addition to providing a good
opportunity for the formulation of partnerships among
health and education sectors and international partners.
The lessons learned and experiences gained have helped
shape the comprehensive approach encapsulated in the
Japanese Health and Development Initiative, which,
although global in scope, will focus strongly on Africa
{19]. To achieve the Millennium Development Goals
related to health issues, the Government of Japan has
declared that Japan will provide assistance for education
focusing on sanitation and prevention of infectious dis-
eases such as HIV/AIDS and a range of parasitic diseases.
This will be achieved by addressing local health issues at
primary and secondary schools, at non-formal schools for
out-of-school children, to those who have left school early
and street children, and by providing literacy classes for
adults. The two Africa-based centres will continue and will
increase their efforts towards human resources develop-
ment, orchestration of effective parasite control and
improving living standards on the continent. Further
details of the achievements by ACIPAC can be found in
other publications [20-23]. Although the five-year achieve-
ments by ACIPAC were rather limited, the school-health-
approach should be considered as an effective entry point
to solve various issues related to providing comprehensive
health care for children and their community.
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APPLICATION OF MULTIPLEX PCR FOR SPECIES DISCRIMINATION

USING INDIVIDUAL METACERCARIAE OF PARAGONIMUS
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Abstract. A total of 6 lung fluke species have been documented in Thailand, of which P. heterotremus is the most
important, since it affects humans. Although P. westermani is found as metacercariae in the same crab species
as P. heterotremus in Thailand, human infections with P. westermani have not been confirmed. To accurately
discriminate between the individual metacercariae of these two species, we established a multiplex PCR method.
Using this method, two products each were amplified from the metacercarial DNA samples of P. heterotremus
(ca. 310 and 520 bp) and P. westermani (ca. 140 and 520 bp). In contrast, 520-bp products alone were found to
be generated from the DNA samples of P. siamensis, P. bangkokensis and P. harinasutai, 3 other species of lung
flukes known to occur in Thailand. Digestion of these 520-bp products with the restriction enzyme ScrFI could
unequivocally discriminate species by the number and size of the produced band(s): 3 bands (ca. 60, 210 and
250 bp) for P. harinasutai, 2 bands (ca. 250 and 270 bp) for P. bangkokensis, and an uncut band (520 bp) for P.
siamensis. The established multiplex PCR used in combination with restriction enzyme digestion (PCR-RFLP
with ScrFI) is effective for discriminating the 5 different species of lung flukes occurring in Thailand, even at

the metacercarial stage.

INTRODUCTION

Six lung fluke species have been documented
in Thailand (Srisont et al, 1997; Blair et al, 1999):
Paragonimus westermani, P. siamensis, P. heterotremus,
P. bangkokensis, P. macrorchis and P. harinasutai. Of
them, P. heterotremus is the most important, since
it affects humans. Although P. westermani occurs
as metacercariae in the same crab species as P.
heterotremus in Thailand, human infections with P.
westermani have not been confirmed (Blair et al, 1998).
In order to accurately discriminate between individual
metacercariae of these two species, we established a
multiplex PCR method (Sugiyama et al, 2005). In
this study, we further evaluated the usefulness of the
previously established multiplex PCR for species-level
discrimination among P. siamensis, P. bangkokensis
and P. harinasutai, 3 other species of lung flukes known
to occur in Thailand.

MATERIALS AND METHODS

Parasite samples and DNA isolation
The metacercariae of P. siamensis (Fig 1) were

Correspondence: Hiromu Sugiyama, Department of
Parasitology, National Institute of Infectious Diseases,
Toyana 1-23-1, Shinjuku-ku, Tokyo 162-8640, Japan.
Tel: +81-3-5285-1111; Fax: +81-3-5285-1173
E-mail: hsugi @nih.go.jp
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harvested from the freshwater crab, Sayamia germaini,
captured in paddy fields in Prachin Buri Province,
Thailand (Srisont et al, 1997). The metacercariae
of P. bangkokensis (Fig 2) were harvested from the
freshwater crab, Ranguna smalleyi, captured in a
mountain stream in Surat Thani Province, Thailand
(Rangsiruji et al, personal communication). The
metacercariae of P. heterotremus, P. westermani
(Thailand strain) and P. harinasutai (Fig 3) were
harvested from the freshwater crab, Larnaudia
larnaudii, captured in a mountain stream in Saraburi
Province, Thailand (Kawashima et al, 1989). DNA
samples were prepared from the metacercariae as
previously described (Sugiyama et al, 2002).

DNA amplification and sequencing

For multiplex PCR amplification (Sugiyama et
al, 2005), the P. heterotremus-specific forward primer
(PhTF1; 5'-TTCCCCAACGTGGCCTTGTGT-3',
alignment positions 184 to 204 for the P. heterotremus
second internal transcribed spacer (ITS2) region of
the nuclear ribosomal DNA (rDNA)) and a newly
designed P. westermani-specific forward primer
(PwTF3; 5'-GTCTGCGTTCGATGCTGACCTACG-
3', alignment positions 367 to 390 for the P. westermani
ITS2 region) were used in combination with an
interspecies-conserved primer pair, 3S (forward, 5'-G
GTACCGGTGGATCACTCGGCTCGTG-3") and A28
(reverse, 5'-GGGATCCTGGTTAGTTICTTTTCCTC
CGC-3") (Bowles et al, 1995). These primers were all

Vol 37 (suppl 3) 2006
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MOLECULAR DISCRIMINATION OF THAI PARAGONIMUS SPECIES

Fig 1- Photomicrograph of fresh P. siamensis metacercariae.

The metacercariae were encysted by a thick wall and
had a spherical shape. The wall thickness averaged 94
wm. The diameter of the cyst ranged from 668 to 736
um with an average of 701 um. Bar is 150 pm.

Fig 2- Photomicrograph of fresh P. bangkokensis meta-

cercariae. The metacercariae were encysted by a
wall and had a spherical-to-suboval shape. The wall
thickness averaged 13 um. The longitudinal and
transverse diameters of the cyst ranged from 379 to
521 um and 365 to 469 um, respectively, with average
dimensions of 437 x 422 pm. Bar is 150 pm.

Vol 37 (suppl 3) 2006
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Fig 3- Photomicrograph of fresh P. harinasutai metacercariae.

The metacercariae were encysted by a wall and
exhibited a spherical-to-suboval shape. The wall
thickness averaged 14 um. The longitudinal and
transverse diameters of the cyst ranged from 570 to
748 pm and 534 to 724 um, respectively, with average
dimensions of 655 x 634 pm. Bar is 150 ym.

Fig 4- Results of multiplex PCR amplification of the

metacercarial DNA samples from P. heterotremus
(lane 1), P. westermani (lane 2), P. siamensis (lane
3), P. bangkokensis (lane 4) and P. harinasutai (lane
5). Two PCR fragments were amplified from the
metacercarial DNA samples of P. heterotremus (ca.
310 and 520 bp) and P. westermani (ca. 140 and 520
bp). A single 520-bp fragment was produced for P.
siamensis, P. bangkokensis and P. harinasutai. A 100-
bp DNA ladder was used to estimate the sizes of the
bands (lane M).
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Ps 001: TGTCGATGAAGAGCGCAGCCAACTGTGTGAATTAATGCGAACTGCATACTGCTTTGAACA 060
P 00d: ittt e e Tt e e e 060
PR 00d: ettt e e e e Tttt e e e e 060
Ps 061: TCGACATCTTGAACGCATATTGCGGCCACGGGTTAGCCTGTGGCCACGCCTGTCCGAGGE 120
= oS Y3 O OO 120
=3 s 013 OO 120
Ps 121: TCGGCTTATAAACTATCGCGACGCCCAARAAGTCGCGECTTGEGTCTTGCCAGCTGGCET 180
BB 2Lt vttt e e Tt 180
PR 120 ittt e Tt e 180
Ps 181: GATCTCCCCAATCAGGTCTCGTGCCTGTGEGGTGTCAGATCTATGGCETTTCCCTAACAT 240
Pb 181: ...T..... G...T.AC..T...T.G........ G e C. 240
Ph 181: .7....G4..T.AC..T...T.G.c..... G e e C. 240
ScrFI
Ps 241: ACTCGGGCGCACCCACGTTGCGGCTGAAAGCCTTGACGGGGATGTGGCAACGGAATCGTG 300
Pb 241: GTC, .. ... T..... T Teun.n. G BT e e 300
Ph 241: GTC....J..T..... T Teenn.. DT PO U 300
ScrFi Stul
Ps 301: GCTCAGTAGATGAATTATGTGCGCGTTCCETTGTCCTGTCTTCATCTGTGETTTATGTTG 360
Pb 301: ....... 7 B Counnn A..A...... A..... G...C.. 360
Ph 301: ....... le7: W ) O Cou... A..A...... A..... G...C.. 360
HincII

Ps 361: CGCGTGGTCTGTGTTCGACGTTGACICTATCTATGTGCCATATGGTTCATTCTCCTGACCT 420
Pb 361: ..T..... G..C..CT..T.C...... GAG.......... G Cn e 420
Ph 361 T..... G..C..CT..T.C...... GAG.......... e T o D 420
Ps 421: CGGATCAGACGTGAGTACCCGCTGAACTTAAGCATATCACTAA 463

DD 20t ittt e 463

PR 420t it e e 463

Fig 5- Aligned sequences of the ITS2 region from P. siamensis (Ps), P. bangkokensis (Pb) and P. harinasutai (Ph) metacercariae. A
dot in the P. bangkokensis and P. harinasutai sequences indicates identity with the P. siamensis sequence. The recognition
sites of the Hincll (GTT/GAC), Srul (AGG/CCT) and ScrFI (CC/CGG and CC/GGG) restriction enzymes are enclosed in
boxes. The numbers refer to the lengths of the nucleotide sequences.

with five units of the restriction enzyme Hincll, Stul
or ScrFI (New England Biolabs, USA) at 37°C for 12
hours. The treated samples were then separated by
electrophoresis on 3% (w/v) agarose gels.

incorporated into a single-tube reaction. The multiplex
PCR amplification was performed as previously
described (Sugiyama et al, 2004) using 0.1 uM of
PhTF1 and PwTF3 primers, 0.5 uM of 3S and A28
primers, 2.5 units of the Taq polymerase (Invitrogen,
USA) and 10 ng of the DNA template. The resultant
PCR products were separated by electrophoresis on
2% (wlv) agarose gels.

RESULTS

Based on the established multiplex PCR method

The amplified products were extracted from
agarose gels and sequenced using the corresponding
primers and the BigDye Terminator Cycle Sequencing
Kit (Applied Biosystems, USA) on an automated
sequencer (ABI310, Applied Biosystems). Sequence
alignment and comparison were completed using the
GENETYX-WIN (ver. 7.0, Software Development Co,
Japan) program.

Restriction enzyme digestion of the multiplex PCR
products [PCR-linked restriction fragment length
polymorphism (PCR-RFLP)]

The amplified products (4 pl) were also treated
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(Sugiyama et al, 2005), we confirmed that two products
each were amplified from the metacercarial DNA
samples of P. heterotremus (ca. 310 and 520 bp) and
P. westermani (ca. 140 and 520 bp) (Fig 4). On the
other hand, 520-bp products alone were generated
from the metacercarial DNA samples of P. siamensis,
P. bangkokensis and P. harinasutai (Fig 4). Sequence
analysis of the amplified products revealed that the
aligned ITS2 region was 463 bp in length in each of
the latter 3 species (Fig 5).

Similarity searches of the GenBank/EMBL/DDBJ
nucleotide databases revealed that the P. siamensis
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Fig 6- Results of RFLP analysis of the ITS2 products amplified from P. siamensis (lanes 1, 4 and 7), P. bangkokensis (lanes 2, 5,
and 8) and P. harinasutai (lanes 3, 6, and 9) metacercarial DNA samples. The PCR product of P. siamensis (ca. 520 bp)
was cleaved with Hincll, producing two bands (ca. 110 and 410 bp, lane 1). The PCR products of the two other species
remained uncut (lanes 2 and 3). In contrast, the PCR product of P. siamensis remained uncut with Stul (lane 4), while those
of the two other species were cleaved to produce two bands (ca. 220 and 300 bp, lanes 5 and 6). Digestion with ScrFI
discriminated P. harinasutai based on the restriction pattern of three distinctive bands (ca. 60, 210 and 250 bp, lane 9). The
PCR products of P. bangkokensis were cleaved with ScrFI to produce two distinctive bands (ca. 250 and 270 bp, lane 8),
while those of P. siamensis remained uncut (lane 7). Both 25-bp and 100-bp DNA ladders were used to estimate the sizes

of the bands (lanes M’ and M, respectively).

and P. harinasutai ITS2 sequences were identical to
the sequences deposited under accession numbers
AF159605 and AF159609, respectively. However,
there was no sequence data in the GenBank/EMBL/
DDBIJ for P. bangkokensis; therefore, we deposited
the ITS2 region sequence under accession number
AB248091.

Pairwise comparisons between P. siamensis and
each of P. bangkokensis and P. harinasutai revealed
33 (7.1%) or 34 (7.3%) nucleotide differences,
respectively. In contrast, only one (0.2%) nucleotide
difference was found between P. bangkokensis and P.
harinasutai.

For species discrimination by PCR-RFLP, the
restriction enzymes, Hincll, Stul and ScrFI, were
selected on the basis of the theoretical restriction maps
generated from the ITS2 sequences of P. siamensis, P.
bangkokensis and P. harinasutai (Fig 5). Digestion with
Hincll discriminated P. siamensis by the restriction
pattern of two distinctive bands of about 110 and 410
bp in size, while the 520-bp amplification products
of the two other species remained uncut (Fig 6). In
contrast, the PCR product of P. siamensis remained
uncut by Stul, while those of the other two species were
cleaved to produce two bands of about 220 and 300 bp.

Vol 37 (suppl 3) 2006

Digestion with ScrFI could unequivocally discriminate
P. siamensis, P. bangkokensis and P. harinasutai by
the number and size of the produced band(s): 3 bands
(ca. 60, 210 and 250 bp) for P. harinasutai, 2 bands
(ca. 250 and 270 bp) for P. bangkokensis, and an uncut
band (520 bp) for P. siamensis (Fig 6).

DISCUSSION

The phylogenetic relationships of the Paragonimus
species occurring in Thailand have been demonstrated
using genetic markers in the ITS2 region of the IDNA
(Blair et al, 1998; Iwagami et al, 2000). In these
studies, the ITS2 sequences were amplified by PCR
with the primer pair 3S and A28, from DNA samples
prepared from adult worms. Using this primer pair with
two other species-specific primers in the previously
established multiplex PCR method (Sugiyama et al,
2005), we demonstrated that 520-bp ITS2 sequences
alone were generated from the individual metacercariae
of P. siamensis, P. bangkokensis and P. harinasutai.
Through pairwise comparisons of the sequences of the
amplified products, these species were unequivocally
discriminated from one another. We then utilized
nucleotide differences to select the restriction enzymes
Hincll, Stul and ScrFI for PCR-RFLP analysis, which
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allowed development of a more rapid and labor-saving
discrimination method. Of the restriction enzymes
examined, we confirmed that ScrFI allowed the most
efficient discrimination among these species, based
on the number and size of the produced band(s). It
is noteworthy that analysis with this enzyme could
unequivocally discriminate between P. bangkokensis
and P. harinasutai, which have only a single base
difference in the ITS2 region.

In this study, we demonstrated that the previously
established multiplex PCR method (Sugiyama ez a/,
2005), when used in combination with restriction
enzyme digestion, is effective for discriminating
the 5 different species of lung flukes occurring
in Thailand, even at the metacercarial stage. This
method may be applicable to Paragonimus occurring
in other Asian countries, eg, China and India, where
sets of Paragonimus species that have not yet been
studied occur. Further collaborative studies, including
evaluation of the usefulness of this method, are now in
progress in these areas using locally obtained parasite
samples.
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POSSIBLE DISCOVERY OF CHINESE LUNG FLUKE, PARAGONIMUS

SKRJABINI IN MANIPUR, INDIA
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Abstract. To obtain more information about Paragonimus species prevalent in Manipur, India, hundreds of
freshwater crabs, Potamiscus manipurensis, were captured from mountain streams in the Motbung Mountains in
Senapati District, from December 1997 to January 1998. Crab extracts were prepared by digestion, differential
filtration, and sedimentation. The filtered sediments were critically examined under a stereomicroscope. Isolated
Paragonimus metacercariae were used for morphological study and animal experimentation. Forty-seven
metacercariae were fed orally to a 3-month-old male puppy of local breed; at autopsy 155 days after inoculation,
12 adult worms were recovered; 2 were free in the thoracic cavity and 5 pairs were in lung cysts. Two adult
worms were flattened and fixed in 70% ethanol and the remaining worms were put directly into 70% ethanol
and preserved until July 2005. The former 2 worms were stained with borax carmine for morphological study at
Sikkim Manipal Institute of Medical Sciences, Sikkim, India. Two adult worms in the latter group were sent to
the National Institute of Infectious Diseases, Tokyo, Japan, for morphological identification and DNA sequencing.
The morphological features of the borax carmine-stained worms were characteristic of P. skrjabini, although no

genetic material for PCR amplification and sequencing could be extracted from the worm.

INTRODUCTION

Paragonimiasis, or lung fluke infection, caused
by one of several Paragonimus species, primarily
affecting the lungs but also other organs and tissues
of the body, is one of the most important parasitic
zoonoses. It is widely distributed in the world, and
is endemic in Asia, Africa, and Latin America. The
infection is acquired by ingestion of raw or improperly
cooked freshwater crabs or crayfish containing
encysted metacercariae. Rarely, it can be transmitted
by eating undercooked meat of paratenic hosts, such
as pigs and wild boar infected with larval worms. In
India, human paragonimiasis was unknown until 1982,
when the first human case was reported from Manipur
(Singh et al, 1982). Subsequently, several cases of
human paragonimiasis were described by Singh ez
al (1986), indicating that the disease was endemic in
many parts of Manipur. Recently, an endemic focus
of human paragonimiasis was detected in Arunachal
Pradesh, another northeast state of India (Narain e? al,
2003). Now, paragonimiasis is increasingly recognized
as a public health problem, especially in the northeast
region of India (Fig 1). Although there are many
unsettled questions about the taxonomic identification,
life cycle, and pathobiology of Paragonimus species

Correspondence: ST Singh, Department of
Microbiology, Sikkin Manipal Institute of Medical
Sciences, 5% Mile Tadong, Gangtok 737102, India.
Tel: 91-3592-270535; Fax: 91-3592-231496
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prevalent in India, P. westermani has been presumed to
be the only species infecting animals and humans. The
present study describes the discovery of a lung fluke
species in India that was morphologically identified as
P. skrjabini. This lung fluke species was reported to
occur in China and has been regarded as an important
species causing human infections (Chen, 1959; Chung
and Tsao, 1962).

MATERIALS AND METHODS

Several hundred freshwater crabs, Potamiscus
manipurensis (Fig 2) were collected from mountain
streams in Motbung, Senapati District, Manipur,
from December 1997 to January 1998 (Fig 1). After
morphological examination, crab extracts were
prepared by mincing, digestion with artificial gastric
juice consisting of 1 g of pepsin (Sigma Aldrich)
in 1 liter of 0.7% hydrochloric acid, and overnight
incubation at 37°C. Filtered sediments were obtained
by passing the digested extract through differential
filters of wire sieves (mesh size 1 mm-700 pwm) and
rinsing with clean tap water 4-5 times. The final filtered
sediments were prepared in physiological saline. The
sediments were critically examined for Paragonimus
metacercariae using a stereoscopic microscope. The
metacercariae isolated from the sediments were
transferred in glass vials containing physiological
saline and stored at 4°C until further study.

A 3-month-old male puppy of local breed was
experimentally infected orally with 47 metacercariae.
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Fig 1- Map of India (upper left) indicating the location of
Manipur State in the Northeast Region. Manipur
State (center) comprises the capital city, Imphal,
and 6 districts, including Senapati District, where
Paragonimus-positive freshwater crabs were
captured.

Fig 2- Freshwater crabs, Potamiscus manipurensis, playing
a role as the second intermediate host of P. skrjabini
in Manipur State, India.

Fig 3- Microphotograph of a metacercaria.
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Autopsy was performed on dayl55 post-infection.
The abdomen and thorax were cut open and examined
thoroughly for pathological lesions and worms.
The recovered worms and eggs were cleared in
physiological saline and preserved in 70% ethanol
for morphological identification and molecular
characterization. Two worms were flattened between
two glass slides, fixed in 70% ethanol, and the
remaining worms were preserved in 70% ethanol until
July 2005. The former 2 worms were stained with borax
carmine and examined at Sikkim Manipal Institute
of Medical Sciences, Gangtok, India; the 2 worms
in the later group were sent the National Institute of
Infectious Diseases, Tokyo, Japan, for parasitological
confirmation and molecular characterization by PCR
and DNA sequencing.

RESULTS

The metacercariae harvested from crabs were
spherical in shape and possessed an ‘I’-shaped
excretory bladder (Fig 3). The average diameter of
the inner cysts of the metacercariae measured 416 um.
Some metacercariae were excysted during examination
(Fig 4).

Autopsy on the test puppy showed hemorrhagic
spots and brownish inflammatory patches on the
surfaces of the lungs and pericardium. Two freely
migrating worms were found in the thoracic cavity.
In the lungs, 7 worm cysts were observed, of which 5
contained pairs of worms with reddish brown viscous
fluid. Microscopy examination of the fluid, as well as
brownish patches on the surface of the lungs, revealed
numerous golden brown operculated eggs. The other
2 cysts, which localized deep in the lung parenchyma
and consisted of thick fibrous walls, had no worm.
Therefore, a total of 12 worms were recovered from
the test puppy.

 The unstained worms were spindle-shaped and
measured 8-9 mm in length and 3-4 mm in width (Fig
5). The borax carmine-stained worms showed that
the ovary ramified intricately like ginger stem, and
the testes elongated like stumpy masses with fewer
branches (Fig 6). The ovary and testes were almost
the same in size. The ventral sucker, situated about
the anterior third of the body, was slightly larger than
the oral sucker. The vitellariae were thickly distributed
from the lateral sides through the body to the midline.
The uterus, faintly stained, was seen to contain eggs.
The seminal vesicle and seminal receptacle were filled
with spermatozoa. The cuticular spines were singly
spaced and some showed splitting (Fig 7).

On the basis of the morphological characters of
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Fig 4- Microphotograph of a larva excysted from a metacer-
carial cyst.

the metacercariae and adult worms, the specimens
were identified as Paragonimus skrjabini. No genetic
material for PCR amplification and sequencing could,
however, be extracted from an adult worm preserved
in 70% ethanol.

DISCUSSION

In 1990, the first Indo-Japan joint research work
on Paragonimus and paragonimiasis was launched in
Manipur. The study aimed primarily to determine the
crab host and Paragonimus species prevalent in various
localities in Manipur. Freshwater crabs, Potamiscus
manipurensis, collected at different localities, were
found naturally infected with more than one type of
Paragonimus metacercariae. All of the adult worms
recovered from the experimentally infected animals
were morphologically different from P. westermani.
Unexpectedly the morphological features of the
metacercariae and adult worms in the present study
resembled those of P. skrjabini, which was first
described from a viverrid, Paguma larvata (Smith) in
Guangzhou City, Guangdong Province, China (Chen,
1959). Immature specimens have been reported from
human cases of cutaneous paragonimiasis in the
same province (Chung and Tsao, 1962), suggesting P.
skrjabini is a zoonotic pathogen. Similar clinical forms
have also been observed in Manipur.

The occurrence of another Chinese species P.
hueitu’ngensis in Churachndpur District of Manipur
was described by Singh (2002). Li and Chen (1992)
proposed that P. hueitu’ngensis is synonymous with
P. skrjabini, and one of the polymorphic forms of the
P. skrjabini complex. The geographical distribution of
the 2 species was thought restricted to China until our
previous and present reports from Manipur, India.

Vol 37 (suppl 3) 2006

Fig 5- Photograph of an adult worm preserved in 70%
ethanol.

Fig 6- Microphotograph of a borax carmine-stained adult
worm showing the ovary and testes.

Fig 7- Microphotograph of the cuticular spines.
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Considering the widespread distribution of the
infected crab host and its popularity among crab-
eaters in endemic areas, this species may be one of
the important causes of paragonimiasis in animals
and humans in Manipur. To confirm this speculation,
more detailed life-cycle studies, morphological
characterization, and molecular phylogenetics of this
lung fluke is needed. The study will provide valuable
epidemiological data on the distribution of the
species, pathogenesis and phylogenetic relationships
with species of the same genus occurring in Asian
countries.
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