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Background. Paragonimus has emerged as an important parasitic
zoonosisinrecent yearsin Manipur, India. How ever, no sci entific dataon
the systematic and phylogenetic classification of lung fluke in India is
avail able. Therefore, astudy was con ducted to de ter minethe spe cies of
lungflukeprev alentinManipur by infectinganex peri mental ani mal with
Paragonimus metacercariae ob tained from freshwater crabs.

Methods. Thirteen Paragonimus metacercariae isolated from the fresh
water crabs, Potami scus manipurensis, at Churachandpur, Manipur, India
wereusedtoinfect apuppy orally usingaPasteur pi pette. Af ter theinfec-
tion, fecal speci menswerechecked forParagonimus eggsby mi croscopic
examination. Autopsy was performed on day 121 post-infection. The
wormsre cov ered from theworm cystswere al co hol fixed, flat tened and
stainedwith car minefor mor phologi cal study.

Results. Four adult wormswererecov ered. Theworms presented with sint
gly spaced cuticular spines, and the ventral suck erswereslightly larger
than the oral suckers. The ovaries consisted of 4 to 5 lobed masses
branched like a ginger stem, and the testes were irregularly lobed and
elon gated. Oneof thewormsshowed adif fer ent shapeand size of theright
testis. Themor phologi cal featuresof thewormsaresimi lar totheChi nese
species, Paragonimus hueit ungensis

Conclusions The results of this study indicate the possi bil ity of occur-
rence of P. hueit'ungensis as 1 of the important Paragonimus species
prevalentin Manipur, Indiaaf teritsini tial discov ery inChina.

[Chin Med J (Taipei) 2002;65:426-429

I N re cent years, paragonimiasis has emerged as an
impor tant publichealth probleminManipur, India
and Paragonimus westermani was consideredtobe
the only causativeagent.* Nopublishedsci entific
dataonsystematicand phylogeneticclassi fi cationof
lung flukes in India is available, consequently,
Paragonimusspeciesandtheir crustacean andfi nal
animal hosts in Manipur have remained undeter
mined. During 1990-1997, considering the public
health im por tance of paragonimiasisin Manipur and
uncertainty regardingpreval ent Paragonimusspecies,
research studiesinlung flukeswere con ductedjointly

with Japanese medical scientists headed by Dr.
Kenjiro Kawashimaof the Kyushu Uni ver sity School
of Health Sci ences, Fukuoka, Japan and alsoin de-
pend ently inthe Depart ment of Mi cro bi ol ogy, Re
gional Ingti tuteof Medi cal Sci ences, Manipur, India
At temptsweremadeto ex amineasmany crabsaspos
si blefor Paragonimus metacercariae infectionand
isolate them for morphological and experimental
study. The metacercariae so iso lated from crabs col-
lected from mountain streams in Churachandpur,
Manipur wereinoculated orally to 1 puppy torecover
adultwormsfor mor phologi cal char acterization.In
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India, occur renceof P. westermani in naturally in-
fected cats and dogs was re ported by Srivastavaand
Rao.** Al though the metacercariae used in our study
mor phologi callyresembled P. westermani, the adult
worms recovered from the experimentallyinfected
puppy weremor phologi cally dif ferent. Interestingly,
thewormshavefeatureschar acteristicof anewly rec
og nized Chi nesespecies, P. hueit' ungensis.® The de-
tailed mor phologi cd featuresof theadult wormsand
theeggsrecov eredfromtheex peri menta ani mal are
described.

M ethods
Sour ce of metacercariae

From June 1996 to No vem ber 1996, Paragonimus
metacercariaewerecol lected by di gestionwithar ti fi-
cial gastricjuicefor 6 to 12 hours at 37 °C from the
freshwater crabs, Potamiscus manipurensis, col lected
from the mountain streams of Churachandpur,
Manipur. Themetacercariaemeasur ing400t0410 mm
werespheri cal or oval inshapeand mor phologi cally
resembled metacercariaeof P. westermani (Fig. 1).

Experimental infection

Thir teen metacercariaeinnor ma salinewerefedto
a3-month-old puppy by ora route using a Pasteur pi-
pette. Noethi cal clear ancewasrequired be cause pup-

Fig. 1. Metacercariaeiso lated from the crab host Potamiscus
manipurensiscol lected at Churachandpur.

piesareincludedamonglaboratory ani malsfor ex per
mental infectionfor teachingandresearchstudiesin
medi cine. Beforetheex peri mental infection, theant
mal was checked for previ ous Paragonimusinfection
by microscopic examination of 3 consecutive fecal
samples. No Paragonimus eggwasdetectedinthefeces.

Recovery of worms

Sixty daysaf tertheex peri mental infection, fecal
specimens were checked at least twice a week for
Paragonimus egg by mi croscopicex ami nation. Each
time, formol-ether tech nique was used to con centrate
eggsinthefeces. Autopsy was per formed onday 121
post-infectionfol low ing thedetection of Paragonimus
eggsinthefecal speci mens. Methods of Kawashima®
forex peri mental infectionwerefol lowedthroughout
theex peri ment. Firsttheab domi nal cav ity wascut
open and ex amined for any le sion and worm cystsin
thecav ity andviscera. Simi larly, thethoracic cav ity
and lungswere ex am ined for worms and worm cysts.
Any sus pected le sions, worms and cysts were care-
fully col lectedinphysi ologi cal salinesolutioninpetri
dishesor beak ers. Intheab sence of any visi bleworms
or worm cyststhe lungswere cut into small slices3to
4mmthick andincubatedinRinger’ ssolutionat 37°C
for 6to 12 hoursin or der to recover any pen etrating
worms. Onrecov ery, wormswere placed in nor mal
salinefor 12 to 24 hoursto empty the ex cretory blad-
der and the uterus. Thein fected material, worm cysts
andfreewormswereex amined under adissect ingmi-
croscope. The worms were pressed between glass
dlidesand fixed in 70% al co hol for 5to 7 days, each
day increasingthepressureby putting onaddi tional
weights so that the worms be comeflat tened asthin as
0.5mm or less. Thewormswere stained with car mine,
de hy drated, cleared with xylene and mounted in Can-
ada balsam. Morphological features of the stained
worms were studied under stereodissecting mi cro-
scope.

Resaults

Four cyst-likelesions, 1intheright lungand 3in



428 T. Shantikumar Singh

Chi neseMedi cal Jour nal (Taipei) Vol. 65 No. 9

Fig. 2. Three car mine-stained mounted adult worms re-
moved from the lung cyst; a, b: dor sal sides; c: ven-
tral side.

the left lung were de tected. Two le sionsin the left
lung werefound to beworm cystscontaining apair of
worms and cystic fluid. Others were inflamed and
granulomatouslesions. A communi catingfi broustur
nel was pres ent be tween acyst and granulomatousle
sion in the left lung. The worm cysts were 14 to 15
mmindi ameter, spheri cal andfirmwithfi brouscyst
wall. Both cysts were filled with dark brown mucoid
fluid containing nu mer ous eggs, apair of worms, in-
flammatory cells, erythrocytes, etc. A total of 4
wormswerere cov ered from the 2 worm cysts (re cov-
ery rate 31%). The fresh worms were fleshy pale pink
and actively contractileand at rest ap peared €l lip soi-
dal with 2 sur faces, aflat ventral and acon vex dor sal.
Numerous golden brown eggs were seen expelled
throughthegeni tal poreand occasionally throughoral
suck ersduringtheir vig or ouscontractions. Theal co
hol-fixed, flat tened worms mea sured 9to 13mmin
lengthand 3to 5 mmin breadth. Sev eral mem branous
rusty brown haemorrhagic spots containing many
eggswere pres ent in the pleurae and tho racic wall.
Fig. 2 shows the morphological features of 3 car-
mine-stained worms. The bod ies were elon gated and
slender. Theventral suck erssit uated at theanterior
third of the body were larger than the oral suck ers.
The vitelline glands and ducts were well developed
andfilled with cells. The ovary sit u ated on theright
and postero-lateral to the ventral sucker was com-
posed of large 4 to 5 lobed masses, which branched
likeagin ger stem. Thetesteswere elon gated and ir-

regularly lobed masses. Theuterussit uated opposite
totheovary wasacoiledtubular structurecontaining
numer ouseggs. Theintestinewashi fur cated just be-
hind the phar ynx. The uter ine eggs, measur ing onan
average 79.5 " 48.5 mm, were mostly symmetrical
with a most uni formly thin egg shellsex cept afew
eggs, which ap peared, dightly thick ened or knobbed
at the abopercular regions. One of the worms was
smaller (9° 3mm, Fig. 2b) and nar rower than the oth-
ers. Theright testisin an other worm Fig. 2c pre sented
abnormally as a lumpy mass without appreciable
lobes whereas the left testiscon sisted of elon gated
lobes, with short rounded |ob ules.

Discussion

A puppy wascho senfor theex peri mental infec
tionasdog served as1 of thenat ura ani mal fi nal hosts
of Paragonimus sps. in India* Kawashima’ use dogs
inex peri mental infectionwith Chi nese P. westermani
andrecov ered maturepar asitesfromthelungcysts. In
Japan, Rac coondogswerereportedasnat urally in-
fected with P. westermani and P. ohirai.® Paragonimus
metacercariaeiso lated from the P. manipurensis col-
lected from Churachandpur, Manipur were found in-
fective to puppy. The larval worms could grow to
adults pro duc ing eggs, make pairsand en cyst in the
lungsindi cat ing that puppy may serveasanideal ex-
peri menta ani mal model for lung flukesin Manipur.
The rusty brown mem bra nous patches found on the
tho racic wall and pleura sug gested that the worms af-
ter pair ing might have wan dered from place to place
to find asuit able sitefor encystation asev i dent from
thefinding of communi catingtunnel betweenthetwo
lesionsinthelungs.

Themor phologi cal featuresof thewormswere
similar to P. hueit’ungensis recently discovered in
Hueitung county of Hunnan prov inceof Chinaand de-
scribed by Chung et.al.> The worms like P.
Hueit’ ungensiswereen cystedin pairs, thecuticular
spineswere slen der, pointed and sin gly spaced, and
theven tral suck erswere dlightly larger than the oral
suck ers. Theovary sit u ated below and lat eral tothe
ven tral sucker con sisted of 4to 5 stout |obed masses
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resemblingginger stems. Thetestespresented aselon
gated and ir reg u larly lobed masses. But in 1 of the
worms, the ovary was found comp lexly branched and
theright testispre sented asalumpy masswith out ap-
preciablelobes, whereastheleft testiscon sisted of an
elongated mass. The morphological differences of
ovary and thetestesfound in 1 worm may be con sid-
ered asastrainvari ationwithinthespeciesasfoundin
some of the speci mensof P. hueit'ungensis. Thisis
the second report on the occurrence of P.
hueit’ ungensis in the world after its first report in
China. Asin China, this spe cies may be 1 of theim-
por tant causesof humanandani mal paragonimiasisin
Manipur.
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