MOLECULAR ANALYSIS OF A SIMPLEX

differed for frozen and ethanol-preserved
worms and were the same as those described
by Umehara er al (2006, 2007). Amplification
products were separated on agarose gels and
excised bands were sequenced using BigDye
Terminator Cycle Sequencing Kit (Applied
Biosystems, USA) in an automated sequencer
(ABI3100, Applied Biosystems). Sequence
alignment and comparison were analyzed using
GENETYX-WIN program (ver.7.0, Software
Development, Japan).

RFLP analysis of PCR products

Amplicons of the entire ITS region were
digested with Hinfl (D Amelio er al, 2000) and
of mitochondrial cox/ with Sfcl. The digested
samples were then separated by electrophoresis
in 3.0% (w/v) agarose gels.

RESULTS

Sequence and RFLP analysis of rDNA ITS
region

Amplification of the rDNA ITS region
produced a single band of about 950 bp for
all samples. Digestion of PCR products by
Hinfl produced three different RFLP patterns,
corresponding to that of A. simplex s. str. (ca.
610 and 230 bp, Fig | lane 1), A. pegreffii
(ca. 330, 280 and 230 bp, Fig | lane 2) or the
hybrid genotype (ca. 610, 330, 280 and 230
bp, Fig 1 lane 3). The RFLP pattern produced
by the hybrid genotype was identical to the
combination of the RFLP patterns of A. simplex
s. str. and A. pegreffii.

Sequences of the ITS amplicons were
almost identical among samples; only two

Table 1
Identification of A. simplex at the sibling species-level.

Sources of Collection  Life cycle No. of parasite identified”as
parasites site* stage As Ap H
Fish
Arabesque greenling North L3 20 0 0
Alaska pollack North L3 19 0 0
Chub mackerel North L3 16 0 0
Surf smelt North L3 10 0 0
Chub mackerel South L3 0 37 1
(Ap-type)
Marine mammal
Minke whale North Adult 45 0 3
(2: As-type)
(1: Ap-type)
Human
5 patients Nlpn L3 5 0 0
80 patients Sipn L3 94 1 0

* North = North Pacific Ocean; South = Southern Sea of Japan; NJpn = Northern Japan; SIpn =

Southern Japan

* Identification for sibling species was based on rDNA RFLP patterns. For the hybrid genotype,

mtDNA RFLP patterns were used,

As =A. simplex s. str.; Ap = A. pegreffii: H = Hybrid genotype
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thymine to cytosine transitions in the ITSI
region were observed between A. simplex s. str.
and A. pegreffii (data not shown). Similarity
searches of the GenBank/EMBL/DDBIJ
nucleotide database revealed that the sequences
with two thymine bases and those with two
cytosine bases were identical to sequence of
A. simplex s. str. (GenBank/EMBL/DDBE]
accession number: AB277822) and A. pegreffii
(AB2778
of the hybrid genotype showed two double

23), respectively, Electropherograms

peaks at these transition sites (data not

shown)

Sequence and RFLP analysis of mitochondrial
coxl

PCR amplification of mitochondrial cox/
produced a single band of about 440 bp for

all samples. Sequence analysis revealed a

high level of conservation among samples
with base differences occurring at only seven
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500 bp

sites between A. simplex s. str. and A. pegreffi
(data not shown). At the amino acid level, no
differences were observed between A. simplex
5. str. and A. pegreffii.

Restriction enzyme Sfcl was selected
for RFLP analysis based on the sequence
differences between A. simplex s. str. and A
pegreffii. A single undigested 440 bp band was
obtained for A. simplex s. str. (Fig. 2, lane 1),
while digested 220 bp for A. pegreffii (Fig 2,
lane 2). Ar
either not digested (Fig

icons from hybrid genotype were

2, lane 3, A. simplex
5. str.-type) or digested to produce two 220 bp

bands (Fig 2, lane 4, A. pegreffii-type).

Infection rates of sibling species of A. simplex
in Japan

The identification of the A. simy

(X WOITnS
at the sibling species-level is summarized in
Table 1. L3 larvae from fish collected in North
Pacific Ocean were all identified as A. simplex

1} 2008
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Pacific Ocean

Fig 3- Distribution in Japan of A, simplex s. str. (As), A. pegreffii (Ap) and hybrid genotype (H) isolated from fish, marine
mammals and patients with anisakiasis. Large pie charts show the results of identification of A simplex based
on analysis of the rDNA ITS region. Small pie charts show the results of typing of the hybrid genotype based on
analysis of mitochondrial cox1. Numbers in square brackets and after the abbreviations of the species (As, Ap and
H) represent the numbers of worms examined and identified, respectively,

s. str. However, almost all L3 larvae from fish
captured in the southern Sea of Japan were
identified as A. pegreffii, while only one L3
larva was identified as the hybrid genotype.
However, the latter's genotype was determined
to be A. pegreffii-type by RFLP analysis of
mitochondrial coxl.

Adult worms from marine mammals in North
Pacific Ocean were identified as A. simplex s.
str. or the hybrid genotype. Of the three hybrid
genotype worms, two were determined to be A.
simplexs. str.-type and one A. pegreffii-type by
RFLP analysis of mitochondrial cox/.

Five larvae from 5 patients in northern
Japan were all identified as A. simplex s. str.
In contrast, 94 of 95 larvae from 80 patients
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in southern Japan were identified as A. simplex
s. str., while the remaining single larva was
identified as A. pegreffii.

Mixed infections with the hybrid genotype
and either A. simplex s. str. or A. pegreffii were
found in marine mammals collected from
North Pacific Ocean and in fish from southern
Sea of Japan. However, no example of mixed
infection with both A. simplex s. str. and A.
pegreffii in a single host was detected.

Distribution of A. simplex sibling species
in Japan

The distribution in Japan of A. simplex
identified at the sibling species-level is shown
in Fig 3. Almost all worms from fish were
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classified into one of the two sibling species
corresponding to the geographical location
from which the samples were obtained, worms
from north Pacific Ocean were all identified as
A. simplex s. str., while almost all worms from
the southern Sea of Japan were A. pegreffii.
In contrast, worms from patients were mainly
identified as A. simplex s. str. even though they
were obtained from southern Japan where A.
pegreffii predominates in samples isolated from
fish.

DISCUSSION

A. simplex worms occurring worldwide
show no obvious variation in morphology.
However, Nascettii et al (1983, 1986) divided
A. simplex worms isolated from Mediterranean
Sea and North Atlantic Ocean into two sibling
species, A. pegreffii and A. simplex s. str.,
respectively, based on difference observed in
1sozyme electrophoretic patterns. In addition to
these two sibling species, Mattiucci et al (1997)
differentiated some A. simplex worms showing
another electrophoretic pattern as A. simplex C.
Consequently, A. simplex worms have come to
be regarded as a complex composed of three
sibling species, namely, A. pegreffit, A. simplex
s. str. and A. simplex C,

This classification has been generally
accepted becduse the three sibling species
were also unequivocally discriminated based
on nuclear rDNA sequence differences (D
Amelio er al, 2000). In this study, we applied
molecular methods for sibling species-level
identification of Japanese A. simplex worms
and confirmed the usefulness of RFLF analysis
of rDNA for this purpose. Thus Japanese A.
simplex worms were classified into A. simplex
s. str., A. pegreffii or the hybrid genotype.

It is well known that mitochondrial DNA
(mtDNA) evolves at a faster rate than nuclear
DNA and is useful for differentiating cryptic
species (Blouin, 2002). Therefore, we used
mitochondrial cox/ in developing an RFLP
method that is capable of classifying A. simplex
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into sibling species. Initially, the enzyme Hinfl
was used for this discrimination (Umehara
et al, 2006), but based on the detection of
intraspecific variations at the recognition sites
of Hinfl in mitochondrial cox! sequence in one
of 12 A. pegreffii worms examined, we selected
another enzyme, Sfel, that discriminates
between A. simplex s. str. and A. pegreffii. By
sequence analysis, we confirmed that there
were no intraspecific variations at the Sfcl
recognition site in the sequences of 39 worms
examined so far (20 A. simplex s. str. and 19
A. pegreffii worms).

The hybrid genotype worms were clearly
classified into either A. simplexs. str.-type or A.
pegreffii-type by the RFLP method employing
Sfcl. Since the vast majority of mitochondrial
genomes are inherited uniparentally from the
female parent, the results obtained with the
hybrid genotype worms were as predicted. The
mitochondrial genome is effectively haploid
(Moore, 1995) and, thus, may be advantageous
for study of the evolutionary history of A.
simplex.

The results of this study showed that A.
simplex s. str. is primarily distributed in fish and
marine mammals in North Pacific Ocean and
A, pegreffii is predominantly distributed in fish
in the southern Sea of Japan. However, worms
from patients were identified as A. simplexs. str.
even though they were obtained from southern
Japan where A. pegreffii is the predominant
species in fish. The reason for this discrepancy
between the predominant sibling species in fish
and in patients remains unresolved. Studies
are now in progress to identify the fish species
that is responsible for human infection. This
information is crucial for initiating prevention
measures against human anisakiasis, especially
in southern Japan.
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Abstract

A multiplex PCR method was established for the rapid identification of Anisakis simplex sensu stricto, A pegreffii, A. physeteris, Pseudo-
terranova decipiens, Contracaecum osculatum and Hysterathylacium aduncum. The sequence alignment of the internal transcribed spacer |
region (ITS-1) between A. simplex s, str. and A, pegreffii showed a high degree of similarity, but only two C—T transitions were observed. To
differentiate A. simplex s. str. from A. pegreffii, an intentional mismatch primer with an artificial mismatched base at the second base from the
primer 3’ end was constructed. This intentional mismatch primer, which produced a PCR band only from A. pegreffii DNA, was able to
differentiate the two morphologically indistinguishable sibling species of A, simplex. Specific forward primers for other anisakid species were also

designed based on the nucleotide sequences of the ITS region. The multi

plex PCR using these primers yielded distinct PCR products for each of

the anisakid nematodes. The multiplex PCR established in this study would be a useful tool for identifying anisakid nematodes rapidly and

accurately.
© 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: Anisakis; Pseudoterranova; Contra s Hy hyle

fum, Multiplex; Polymerase chain reaction

1. Introduction

Anisakiasis is caused by the ingestion of larval nematodes
belonging to the genera Anisakis, Pseudoterranova, Contrac-
aecum and Hysterothylacium in raw or undercooked seafood.
Regional eating habits are recognized as a factor in the high
prevalence of anisakiasis [1]. With the increased popularity of
cating undercooked or raw fish dishes, the number of
anisakiasis cases may be expected to increase. The species of
Anisakidae most often associated with anisakiasis is Anisakis
simplex. Recently, it has been recognized that the morphos-

Abbreviations: rRNA, nbosomal RNA; ITS, intemal transcribed spacer;
SNF, single nucleotide polymorphism; RFLP,  restriction fragment length
polymorphism.
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pecies A. simplex does not consist of only a single species but a
complex of three sibling species, namely, A. simplex sensu
stricto, A. pegreffii and A. simplex C. Especially, A. simplex s.
str. and A. pegreffii widely extend across geographic ranges and
the numbers of hosts [2,3].

To date, anisakid larvae recovered from patients have been
identified based on their morphology. However, it is very
difficult to identify worms that have been partly destroyed or
lack key morphological features. Thus, DNA differential
diagnosis is considered very useful for the definitive identifi-
cation of clinically obtained worms. Several methods for
identification of anisakid species such as PCR-RFLP [4-10]
and sequencing of rRNA gene [4,7-9,11] or mitochondrial
DNA [12] have been developed. Furthermore, RFLP of the ITS
and the 5.8 subunit rRNA gene have been successfully
employed for identification of sibling species of A. simplex
[5,13-20]. We report the establishment of a multiplex PCR for
the differential diagnosis of anisakid nematodes as an
alternative to conventional methods.
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2, Materials and methods
2.1. Parasite materials

A total of thirty-four anisakid nematodes were collected from
fish caught in waters off the Japanese coast. The parasites were
identified to the genus level based on the morphological
characteristics described by Koyama et al. [21] and Kagei [22].
Species identification was carried out by sequencing 185-28S
rRNA genes (see Section 2.4). The anisakids used in this study
and the locality of their hosts are summarized in Table 1.

2.2. DNA extraction

DNA from individual worms was extracted using QlAamp
DNA Mini Kit (Qiagen, Tokyo, Japan) according to the
manufacturer’s instruction. DNA was eluted in elution buffer
and kept at — 20 °C until use.

2.3. PCR-RFLP analysis

Larvae were distinguished based on the genetic markers
described by Zhu et al. [4], Amelio etal. [S] and Abe and Yagi [9].
The ITS region including 5.8S rRNA gene was amplified using
two universal primers NC5 (forward; 5-TAGGTGAACCTGCG-
GAAGGATCATT-3') and NC2 (reverse; 5'-TTAGTTTCT
TTTCCTCCGCT-3"). All PCR reactions were carried out in a
final volume of 30 pl containing | pl of genomic DNA, 0.75 units
TaKaRa Ex Tag (Takara Bio Inc., Japan), 1x PCR buffer (10 mM
Tris—HCI pH 8.3, 50 mM KCI, 1.5 mM MgCl,), 0.2 mM dNTP
mixture and 0.3 pM forward and reverse primers. An initial
denaturation step at 94 °C for 5 min was followed by 26 cycles of
denaturation at 94 °C for 30 s, annealing at 60 °C for 30 s and
extension at 72 °C for 30 s with a final extension step at 72 °C for
7 min. The amplification was performed in a RoboCycler Gradient
96 with Hot Top (Stratagene Japan K.K., Japan). The PCR
products were digested with restriction enzymes, Hinf I, Hhal,
Rsal and Haelll (Toyobo, Japan). The digested products were
analyzed by electrophoresis on a 3.0% Seakem GTG agarose gel
(Cambrex Bio Science, USA) and visualized by illumination with
shortwave ultraviolet light after ethidium bromide staining.

Table |

Anisakid nematodes used in this study and locality of their hosts

Anisakid species® Host species No. of worms Locality
Anisakis simpl Pleurogr 10 Hokkaido
sensu siricto azonus

A pegreffii Scomber japonicus 10 Kyushu
A. physeteris Scomber japonicus 1 Kyushu
Contracaecum Plewragrammus 3 Hokkaido
Hysterothylacium Hypomesus pretiosus 5 Hokkaido
aduncum Japonicus

Pseudoterranova  Pleurog 5 Hokkaido
decipiens azonus

"Parasites were first identified to the genus level, then species were identified
by sequencing of 185-28S rRNA genes.

2.4. DNA sequencing

We analyzed 185288 rRNA gene sequences of each parasite.
The following pair of primers for PCR reactions was used:
nemspec |18SF (forward; 5'-TCTAGCCTACTAAATAGTCATC-
3’), complementary to the region coding for the 188 rRNA, and
NC2 (reverse; 5'-TTAGTTTCTTTTCCTCCGCT-3'), comple-
mentary to the region coding for the 28S rRNA. All PCR reactions
were carried out in a final volume of 30 ul containing 3 pl of
genomic DNA, 0.75 units TaKaRa Ex Tag (Takara), 1x PCR
buffer, 0.2 mM dNTP mixture, and 0.3 uM forward and reverse
primers. An initial denaturation step at 93 °C for 1 min was
followed by 30 cycles of denaturation at 93 °C for 30 s, annealing
at 52 °C for 1 min and extension at 72 °C for 75 s with a final
extension step at 72 °C for 7 min. The PCR products were
purified, ligated into the pGEM-T easy vector (Promega, USA),
and transformed into competent Escherichia coli DH5a cells.
Plasmids were extracted using a Wizard Plus SV Minipreps DNA
Purification System (Promega). The DNA sequences were
defined using Big Dye Terminator v3.1 Cycle Sequencing Kit
and ABI PRISM 3100 Genetic Analyzer (Applied Biosystems,
USA). Nucleotide sequences obtained from each species were
aligned using the multiple sequence alignment program Clustal W
(http://clustalw.ddbj.nig.ac.jp/top-j.html).

2.5. Primer design

Based on the aligned 18S-28S rRNA gene sequences, the
following forward primers were designed to amplify different size
products; APY (5'-GGCTGGTTGATGAACTGTTG-3') specific
for Anisakis physeteris; PD (5'-CGAGTACTTTTTATGGTCGT-
GAAGT-3') specific for Pseudoterranova decipiens; AC (5'-
GACATTGTTATTTCATTGTATGTGTTGAAAATG-3") specif-
ic for A. simplex but, common to A. simplex sensu stricto and A.
pegreffii, COS (5'-TGATATGCTTGAAAGGCAGG-3) specific
for Contracaecum osculatum and HAD (5'-GCCTTCCA-
TATGCGCGTATA-3") specific for Hysterothylacium aduncum.,
Moreover, we also designed two intentional mismatch primers to
obtain PCR product only from A. pegreffii DNA, The sequences
of these primers were APE: 5'-GAGCAGCAGCTTAAGGCA-

_GAGGC-3' and APE2: 5'-GAGCAGCAGCTTAAGGCA-

GATGC-3'. The underlined nucleic acid bases indicate artificial
mismatched sites (Fig. 1). Artificial mismatched bases were
introduced into the terminal region using the methods previously
described [23,24], Universal primer B (5'-GCCGGATCC-
GAATCCTGGTTAGTTTCTTTTCCT-3’) [5] was used as reverse
primer.

2.6. PCR and multiplex PCR

To select the optimal position for the artificially mismatched
bases in the intentional mismatch primers, PCR reactions were
carried out with forward primers having artificial mismatched
bases in different positions in the terminal region, APE| or
APE2, and universal reverse primer.

In multiplex PCR, six specific forward primers and one
universal reverse primer were used. Six separate tubes containing
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GAGCAGTAGCTITAAGGCAGAGTT
GAGCAGCAGCTTAAGGCAGAGTC
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A. simplex s. str.

A. pegrellii
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template DNA of each anisakid species were prepared Following

optimization of't aling

analysis and primer ratios by titration, a multiplex PCR protocol

temperatures of primers by gradient

was established. All reactions were carried out in a final volume of
20 pl containing 0.5 units TaKaRa Ex Tag (Takara), 0.2 mM each
dNTP, 0.07 uM HAD primer, 0.3 pM other five forward primers,
0.6 uM reverse primer, and various amounts of template DNA (|

PCR buffer. PCR reactions were performed as

40 ng) in 1%
follows: initial denaturation at 95 °C for 3 min, followed by 30

1 2 3 L 1 2 3

Haelll

(1) RFLP anal

es. Lane |, A

Lane 2, 4

Us, extension at 72 °C for 45 s, and a final ex

All products were troph

ved by staining with ethidium bron

3. Results

3.1. PCR-RFLP analysis

PCR products were digested with restriction en

tify the characteristic of RFLPs

[he larvae w

itied

A. pegreffii and A. physeteris were
based on Hinfl and Hhal restriction profiles (Table 1). On the
other hand, C. osculatum, H. aduncum and P dec ipiens were
distinguished based on Rsal and Haelll restriction profiles

(Fig. 2)

simplex S, Str.,

3.2. Sequence analysis

Ihe nucleotide sequences determined in this study have been
deposited in DDBJ/EMBL/GenBank databases under accession
numbers AB277821 10 AB277826

A total of 1300 bp sequence of A. physeteris (AB277821).
1353 bp sequences of both 4. simplex s. str. (AB277822) and A
pegreffii (AB277823), 1305 bp sequence of P de cipiens
(AB277824), 1364 bp sequence of C. osculatum (AB277825)
and 1433 bp sequence of H, aduncum (AB277826) were

obtained. The aligned sequences of six anisakids includi
sibling species showed high sequence differences in the I
region. Sequence differences were 58.4% and 91.3% in the ITS-

I and ITS-2 regions, respectively. However, 4 simplex s. str

APEI1
primer

APE2
primer

1l mismatch primer,

using the intentional misem

former, and universal p:

prime sir.; Lane:

166



Fig. 4. Molecular identification of anisakid nematodes by multiplex PCR. Lane
I, A. physeteris; Lane 2, P. decipiens; Lane 3, A. simplex s. str.; Lane 4, A
pegreffii; Lane 5, C. osculatum; Lane 6, H. aduncum; L: 100 bp ladder

exhibited a high level of similarity to 4. pegreffii, these two
sibling species differing only by two base pairs. We detected
two C—T transitions in the ITS-1 region between two sibling
species.

3.3. The specificity of intentional mismatch primers and
multiplex PCR

Intentional mismatch primers APEl and APE2 (Fig. 1) in
PCR were tested experimentally using A. simplex s. str, and A.
pegreffii genomic DNA as a template. Each primer was tested
separately. The expected size of the PCR product (672 bp) was
obtained only when the template DNA of A, pegreffii was
present. However, comparison of the sensitivity of each
intentional mismatch primer resulted in PCR reactions with
the APE2 primer producing only a faint band (Fig. 3).
Therefore, six specific forward primers, including APY, PD,
APEl, AC, COS and HAD and one reverse primer (primer B)
were used in the multiplex PCR reaction. The multiplex PCR
products with molecular sizes of 143, 370, 799, and 991 bp
were amplified in 4. physeteris (Lane 1), P. decipiens (Lane 2),
C. osculatum (Lane 5) and /. aduncum (Lane 6), respectively
(Fig. 4). PCR products with a molecular size of 588 bp were
amplified in both A. simplex s. str. (Lane 3) and A. pegreffii
(Lane 4). PCR products of 672 bp were amplified only for 4
pegreffii (Lane 4) (Fig. 4). The PCR product amplified by APEI
primer can distinguish between 4. simplex s. str. and A.
pegreffii. The most reliable SNP genotyping could be obtained
using | ng samples of genomic DNA.

4. Discussion

Genetic markers provide specific identification of anisakid
larvae that lack morphologically distinct characteristics.
Molecular techniques using PCR amplification [7,9] and
restriction enzyme digestion [4-10] to differentiate anisakid
species have been described. In this study, we established a
multiplex PCR assay for easy identification of six anisakid
species, including two sibling species of A. simplex.

32 A. Umehara et al / Parasitology International 57 (2008) 49-33

We confimmed the presence of specific nucleotide sequences of
A. simplex s. str., A. pegreffii, A. physeteris, C. osculatum, P
decipiens and H. aduncum in the ITS region. Therefore, we
designed forward primers according to the specific sequences in
the ITS region. However, between A. simplex s. str. and A
pegreffii, 185-28S rRNA gene sequences are highly conserved;
sequence companison by alignment showed only two C-T
transitions in the ITS-1 region. This finding corresponds to those
in previous reports [15,17]. For SNP genotyping, we designed
intentional mismatch primers containing one or two artificial
mismatched bases within the third position from the primer 3’ end.
The specificity of these primers to discriminate between two
sibling species was increased due to the introduction of artificial
mismatched bases. Based on this study, it was shown that a
mismatch incorporated at the second base from the 3’ end in the
primer could optimize PCR specificity and reactivity, Greater
duplex thermal stability was observed for a duplex containing one
mismatch than that containing two mismatches. In addition, we
found that the amount of template DNA strongly influenced the
result of the multiplex PCR reaction. When the amount of template
DNA was greater than | ng, nonspecific amplicons were observed.

The PCR product of predicted size (672 bp) was observed
only in 4. pegreffii as a result of introducing an artificial
mismatched base. It is possible to differentiate between A,
simplex s. str. and 4. pegreffii in multiplex PCR. However, it is
not determined yet whether some recombinant genotypes of A.
simplex s. str. and 4. pegreffii could be detectable by the present
method. Nevertheless, the six multiplex PCR amplicons of
different sizes could be visualized by agarose gel electropho-
resis. The identity of individual multiplex PCR products was
confirmed by specific PCR with each of the single primer pair.
Our results indicated that this novel assay is rapid, accurate and
cost-effective for the identification of anisakid species.
Therefore, multiplex PCR is useful for diagnostic purposes
and molecular epidemiological studies of anisakid species.
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Introduction

Paragonimiasis is a food borne parasitic zoonosis caused by trematode species of the genus Paragonimus.
The disease, primarily affects the lungs, but can involve other organs and tissues of the body. Humans
acquire the infection by ingestion of raw or undercooked fresh water crabs and/ or crayfish containing
metacercariae, the infective form of the parasite. Sometimes, infection can occur by gestion of raw or
undercooked meat of pig or wild boar which serve as paratenic hosts". The disease is widely distributed,
mainly in Asia, but also in Africa and Americas. Although India is the first known region in Asia of the oldest
lung flukes such as P compactus (Cobbold, 1859) and P westermani (Kerbert, 1878), very little attention has
been paid to this important trematode because paragonimiasis was never considered a public health problem
in India until 1982 when the first case of pulmonary paragonimiasis had been reported from Manipur®.
Subsequent studies revealed paragonimiasis was indeed an important emerging food borne parasitic zoonosis
endemic in the northeast states of India.

Distribution

The disease is endemic in Manipur”, and Arunachal Pradesh”. A case of pulmonary paragonimiasis was
also reported from Maharastra State in 19837, The prevalence rates in Manipur and Changlang District of
Arunachal Pradesh were 6.7% (2% to 35.6%) and 52% (in children of < 15yrs), respectively” ¥ In March
27—29, 2008, an investigation conducted on paragonimiasis resulted in the discovery of 7 new cases
and 38 old cases of paragonimiasis in Pfutsero town of Phek district and Kohima, Nagaland, respectively
(unpublished data).

The parasite and the hosts

The Paragonimus species described in India numbered five : P compactus and P westermani from wild
mammals during 19th century and P heterotremus, P skrjabini and P hueit'ungensis during 20th cen-
tury”#¥W P heterotremus is the common causative species of human paragonimiasis in Manipur'?,
Arunachal Pradesh® and Nagaland, whereas P skrjabini was also found as a causative agent of human
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paragonimiasis in Manipur. The role of P westermani in human paragonimiasis in India is yet to be
established. The natural mammalian hosts of Paragonimus species in India were leopards, tigers, civet cats,
toddy cats, dogs and mongoose. Whereas the second intermediate hosts were the mountainous fresh water
crabs, Potamiscus manipurensis and Barytelphusa lugubris, the first intermediate molluscan hosts are yet to be
determined.

Transmission of infection

Children between 5 to 15 years of age have higher incidences of infection, which is more common among
boys. The major mode of infection was consumption of undercooked/smoked freshwater crabs. Although
less common, ingestion of raw crab extract for cure of fever, jaundice and allergic conditions, as practiced
traditionally by certain communities in the hills, could cause severe infections. Consumption of improperly
cooked or smoked meat of pig and wild bore could be another mode of infection. The traditional practice of
topical application of crushed crabs to cure skin lesions could possibly cause cutaneous paragonimiasis.

Clinical manifestations

In Manipur, paragonimiasis patients have presented in 3 distinguishable clinical groups.
1, Pulmonary paragonimiasis
2, Extra pulmonary paragonimiasis
3. Pleuropulmonary paragonimiasis

The various clinical forms of 84 patients were analyzed, and the most clinical form was pulmonary
paragonimiasis followed by pleural effusion.
1. Pulmonary paragonimiasis (59.2%)

The major clinical features comprised chronic cough, chest pain, difficult breathing and expectoration
of rusty brown or blood stained sputum and /or recurrent haemoptysis. Normal chest X-rays were
seen in 15% even in symptomatic patients with or without detectable Paragonimus eggs in the
sputum. The most common abnormal findings seen in the chest X rays were usually ill defined patchy
consolidations (63%), 5 to 60 mm in size, pleural thickening or blunting of costophrenic angle,
pleural effusion during the early stage of infections and later nodular densities 1 to 4 cm in diameter,
cavities, pleural effusion usually bilateral and unilateral or encysted small ring shadows in 7% "
2. Extra pulmonary paragonimiasis

a) Pleural effusion (17%) : Usually bilateral, commonly seen in children, presented with chest pain,
breathlessness and cough as the main clinical manifestations.

b) Cutaneous paragonimiasis (16%) : Migratory subcutaneous nodules initially appeared on the chest
wall or abdominal wall then migrated downwards through the abdominal wall to the genitalia and thigh. The
nodules, usually, firm, nontender contained immature worm, rarely mature adult worms and eggs may be
recovered.

¢) Cardiovascular paragonimiasis (4.4%) : Clinically pericarditis associated with pulmonary para-
gonimiasis may be observed, especially in children. Congestive heart failure with pleuropulmonary
paragonimiasis was seen in a 8-year-old boy.

d) Abdominal paragonimiasis (2.2%) : Abdominal paragonimiasis was seen in, with pain and distension
in abdomen, diarrhoea and hepatosplenomegally as presenting symptoms.

Clinica! Parasitology Vol 19 No. 1 2008
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e) Cerebral paragonimiasis ! Pargonimiasis involving central nervous system although rare may present a
serious form of the disease with high mortality rate. One patient presented with epileptic fits, headache and
focal muscular paresis.

3. Pleuropulmonary paragonimiasis (2.2%)

Patients of pleuropulmonary paragonimiasis presented with mixed symptoms of pulmonary paragonimiasis
and pleural effusion, the predominant clinical symptoms were mainly dyspnoea, pain and tightness in the
chest and cough with or without blood stained sputa or haemoptysis.

Differential diagnosis

Almost all the cases of pulmonary paragonimiais were initially diagnosed as smear negative pulmonary
tuberculosis and patients were put under antitubercular drugs therapy for a period from 6 months to one and
half years. The patients who did not respond to antitubercular therapy were investigated first for fungal
disease or carcinoma and in few cases for paragonimiais. In Manipur, pulmonary paragonimiasis were often
misdiagnosed as pulmonary TB or bronchitis or bacterial pneumonia or bronchiectasis or lung cancer.

Laboratory Diagnosis

A definitive diagnosis of paragonimiasis was made by microscopy demonstration of Paragonimus eggs
(85%) in the wet smear of clinical specimens. The presence of charcot leydon crystals (92%) and high
eosinophils count (61%) in the peripheral blood were considered as strong indications of paragonimiasis in
the absence of other causes of eosinophilia. The serological tests which were used for diagnosis in the absence
of Paragonimus eggs were intradermal test, and recently dot ELISA.

Treatment

Two major antihelminthic drugs, praziquantel and bithionol, were available for the treatment of
paragonimiasis. Praziquantel (Biltricide, Bayer), the drug of choice of paragonimiasis, is given in doses of
25 mg per kg body weight 3 times a day for three days. However, relapse occurred in about 2% of the cases.
A 100% cure rate was obtained if the praziquantel therapy was extended up to 5 days. Bithionol (M/S Marcel
Quarre), another drug, was available as an investigational drug for the treatment of paragonimiasis, This
drug when given in doses of 40 mg per kg body weight in two equally divided doses on alternate days for a
course of 10 to 15 doses was found as effective as praziquantel but about 50% of patients developed urticaria
after 2 or 3 doses.

Discussion

Paragonimiasis has emerged as an important food borne parasitic disease in India, mainly in the northeast
states, Most common mode of transmission has been the ingestion of inadequately cooked or smoked fresh
water crabs and infrequently raw crab extract. The problem of paragonimiasis is likely to continue in India
unless it is included in the curriculum of medical colleges and medical practitioners change their attitude in
dismissing the disease as rare parasitic infection and temptation to diagnose such condition as smear negative
pulmonary tuberculosis. Failure to recognize pulmonary paragonimiasis had resulted in the overdiagnosis of
pulmonary tuberculosis and unwarranted antitubercular drug therapy. Since pulmonary paragonimiasis is
clinically and radiologically indistinguishable from pulmonary TB, all patients presenting with pulmonary
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symptoms should be investigated for paragonimaisis before concluding a case as smear negative pulmonary
tuberculosis or multidrug-resistant TB. History of consumption of fresh water crabs, finding of Charcot
leyden crystals even in the ab e of Paragonimus eggs in the clinical specimens and peripheral blood
eosinophilia are sufficient justifications for a provisional diagnosis of pulmonary paragonimiasis. Once
diagnosed, paragonimiasis can be effectively treated with praziquantel. Recently, triclabendazole,
administered at 10 mg/kg body weight as single dose therapy has been found to have efficacy, safety, and
tolerability, comparable to praziquantel at recommended dose'’.
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