
In re cent years, paragonimiasis has emerged as an
im por tant pub lic health prob lem in Manipur, In dia

and Paragonimus westermani was con sid ered to be
the only caus ative agent.1,2 No pub lished sci en tific
data on sys tem atic and phylo gen etic clas si fi ca tion of
lung flukes in In dia is avail able, con se quently,
Paragonimus spe cies and their crus ta cean and fi nal
an i mal hosts in Manipur have re mained un de ter -
mined. Dur ing 1990-1997, con sid er ing the pub lic
health im por tance of paragonimiasis in Manipur and
un cer tainty re gard ing prev a lent Paragonimus spe cies, 
re search stud ies in lung flukes were con ducted jointly

with Jap a nese med i cal sci en tists headed by Dr.
Kenjiro Kawashima of the Kyushu Uni ver sity School
of Health Sci ences, Fukuoka, Ja pan and also in de -
pend ently in the De part ment of Mi cro bi ol ogy, Re -
gional In sti tute of Med i cal Sci ences, Manipur, In dia.
At tempts were made to ex am ine as many crabs as pos -
si ble for Paragonimus metacercariae in fec tion and
iso late them for mor pho log i cal and ex per i men tal
study. The metacercariae so iso lated from crabs col -
lected from moun tain streams in Churachandpur,
Manipur were in oc u lated orally to 1 puppy to re cover
adult worms for mor pho log i cal char ac ter iza tion. In

Chi nese Med i cal Jour nal (Tai pei) 2002;65:426-429

Orig i nal

Oc cur rence of the Lung Fluke Paragonimus
hueit’ungensis in Manipur, In dia

T. Shantikumar Singh
 
Department of Microbiology, Sikkim
Manipal Institute of Medical Sciences,
Gangtok, Sikkim, India.

Key Words

ex per i men tal dog;
In dia;
Paragonimus hueit’ungensis

Back ground. Paragonimus has emerged as an im por tant par a sitic
zoonosis in re cent years in Manipur, In dia. How ever, no sci en tific data on
the sys tem atic and phylo gen etic clas si fi ca tion of lung fluke in In dia is
avail able. There fore, a study was con ducted to de ter mine the spe cies of
lung fluke prev a lent in Manipur by in fect ing an ex per i men tal an i mal with
Paragonimus metacercariae ob tained from fresh wa ter crabs.
Methods. Thir teen Paragonimus metacercariae iso lated from the fresh
wa ter crabs, Potamiscus manipurensis, at Churachandpur, Manipur, In dia
were used to in fect a puppy orally us ing a Pas teur pi pette. Af ter the in fec -
tion, fe cal spec i mens were checked for Paragonimus eggs by mi cro scopic 
ex am i na tion. Au topsy was per formed on day 121 post-infection. The
worms re cov ered from the worm cysts were al co hol fixed, flat tened and
stained with car mine for mor pho log i cal study.
Re sults. Four adult worms were re cov ered. The worms pre sented with sin -
gly spaced cu tic u lar spines, and the ven tral suck ers were slightly larger
than the oral suck ers. The ova ries con sisted of 4 to 5 lobed masses
branched like a gin ger stem, and the tes tes were ir reg u larly lobed and
elon gated. One of the worms showed a dif fer ent shape and size of the right 
tes tis. The mor pho log i cal fea tures of the worms are sim i lar to the Chi nese
spe cies, Paragonimus hueit’ungensis.
Con clu sions. The re sults of this study in di cate the pos si bil ity of oc cur -
rence of P. hueit’ungensis as 1 of the im por tant Paragonimus spe cies
prevalent in Manipur, In dia af ter its ini tial dis cov ery in China.
[Chin Med J (Tai pei) 2002;65:426-429]
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In dia, oc cur rence of P. westermani in nat u rally in -
fected cats and dogs was re ported by Srivastava and
Rao.3,4 Al though the metacercariae used in our study
mor pho log i cally re sem bled P. westermani, the adult
worms re cov ered from the ex per i men tally in fected
puppy were mor pho log i cally dif fer ent. In ter est ingly,
the worms have fea tures char ac ter is tic of a newly rec -
og nized Chi nese spe cies, P. hueit’ungensis.5 The de -
tailed mor pho log i cal fea tures of the adult worms and
the eggs re cov ered from the ex per i men tal an i mal are
de scribed.

Methods

Source of metacercariae

From June 1996 to No vem ber 1996, Paragonimus
metacercariae were col lected by di ges tion with ar ti fi -
cial gas tric juice for 6 to 12 hours at 37 °C from the
fresh wa ter crabs, Potamiscus manipurensis, col lected 
from the moun tain streams of Churachandpur,
Manipur. The metacercariae mea sur ing 400 to 410 µm 
were spher i cal or oval in shape and mor pho log i cally
re sem bled metacercariae of P. westermani (Fig. 1).

Ex per i men tal in fec tion

Thir teen metacercariae in nor mal sa line were fed to 
a 3-month-old puppy by oral route us ing a Pas teur pi -
pette. No eth i cal clear ance was re quired be cause pup -

pies are in cluded among lab o ra tory an i mals for ex per i -
men tal in fec tion for teach ing and re search stud ies in
med i cine. Be fore the ex per i men tal in fec tion, the an i -
mal was checked for pre vi ous Paragonimus in fec tion
by mi cro scopic ex am i na tion of 3 con sec u tive fe cal
sam ples. No Paragonimus egg was de tected in the fe ces.

Re cov ery of worms

Sixty days af ter the ex per i men tal in fec tion, fe cal
spec i mens were checked at least twice a week for
Paragonimus egg by mi cro scopic ex am i na tion. Each
time, formol-ether tech nique was used to con cen trate
eggs in the fe ces. Au topsy was per formed on day 121
post-infection fol low ing the de tec tion of Paragonimus
eggs in the fe cal spec i mens. Methods of Kawashima6

for ex per i men tal in fec tion were fol lowed through out
the ex per i ment. First the ab dom i nal cav ity was cut
open and ex am ined for any le sion and worm cysts in
the cav ity and vis cera. Sim i larly, the tho racic cav ity
and lungs were ex am ined for worms and worm cysts.
Any sus pected le sions, worms and cysts were care -
fully col lected in phys i o log i cal sa line so lu tion in petri
dishes or beak ers. In the ab sence of any vis i ble worms 
or worm cysts the lungs were cut into small slices 3 to
4 mm thick and in cu bated in Ringer’s so lu tion at 37 ° C
for 6 to 12 hours in or der to re cover any pen e trat ing
worms. On re cov ery, worms were placed in nor mal
sa line for 12 to 24 hours to empty the ex cre tory blad -
der and the uterus. The in fected ma te rial, worm cysts
and free worms were ex am ined un der a dis sect ing mi -
cro scope. The worms were pressed be tween glass
slides and fixed in 70% al co hol for 5 to 7 days, each
day in creas ing the pres sure by putt ing on ad di tional
weights so that the worms be come flat tened as thin as
0.5 mm or less. The worms were stained with car mine, 
de hy drated, cleared with xylene and mounted in Can -
ada bal sam. Mor pho log i cal fea tures of the stained
worms were stud ied un der ste reo dis sect ing mi cro -
scope.

Results

Four cyst-like le sions, 1 in the right lung and 3 in
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Fig. 1. Metacercariae iso lated from the crab host Potamiscus
manipurensis col lected at Churachandpur.



the left lung were de tected. Two le sions in the left
lung were found to be worm cysts con tain ing a pair of
worms and cys tic fluid. Oth ers were in flamed and
granulomatous le sions. A com mu ni cat ing fi brous tun -
nel was pres ent be tween a cyst and granulomatous le -
sion in the left lung. The worm cysts were 14 to 15
mm in di am e ter, spher i cal and firm with fi brous cyst
wall. Both cysts were filled with dark brown mucoid
fluid con tain ing nu mer ous eggs, a pair of worms, in -
flam ma tory cells, eryth ro cytes, etc. A to tal of 4
worms were re cov ered from the 2 worm cysts (re cov -
ery rate 31%). The fresh worms were fleshy pale pink
and ac tively con trac tile and at rest ap peared el lip soi -
dal with 2 sur faces, a flat ven tral and a con vex dor sal.
Nu mer ous golden brown eggs were seen ex pelled
through the gen i tal pore and oc ca sion ally through oral 
suck ers dur ing their vig or ous con trac tions. The al co -
hol-fixed, flat tened worms mea sured 9 to 13 mm in
length and 3 to 5 mm in breadth. Sev eral mem bra nous
rusty brown haem or rhagic spots con tain ing many
eggs were pres ent in the pleurae and tho racic wall.
Fig. 2 shows the mor pho log i cal fea tures of 3 car -
mine-stained worms. The bod ies were elon gated and
slen der. The ven tral suck ers sit u ated at the an te rior
third of the body were larger than the oral suck ers.
The vitelline glands and ducts were well de vel oped
and filled with cells. The ovary sit u ated on the right
and postero- lateral to the ven tral sucker was com -
posed of large 4 to 5 lobed masses, which branched
like a gin ger stem. The tes tes were elon gated and ir -

reg u larly lobed masses. The uterus sit u ated op po site
to the ovary was a coiled tu bu lar struc ture con tain ing
nu mer ous eggs. The in tes tine was bi fur cated just be -
hind the phar ynx. The uter ine eggs, mea sur ing on an
av er age 79.5 × 48.5 µm, were mostly sym met ri cal
with al most uni formly thin egg shells ex cept a few
eggs, which ap peared, slightly thick ened or knobbed
at the abopercular re gions. One of the worms was
smaller (9 × 3 mm, Fig. 2b) and nar rower than the oth -
ers. The right tes tis in an other worm Fig. 2c pre sented
ab nor mally as a lumpy mass with out ap pre cia ble
lobes whereas the left tes tis con sisted of elon gated
lobes, with short rounded lob ules.

Discussion

A puppy was cho sen for the ex per i men tal in fec -
tion as dog served as 1 of the nat u ral an i mal fi nal hosts 
of Paragonimus sps. in In dia.4 Kawashima7 use dogs
in ex per i men tal in fec tion with Chi nese P. westermani
and re cov ered ma ture par a sites from the lung cysts. In
Ja pan, Rac coon dogs were re ported as nat u rally in -
fected with P. westermani and P. ohirai.8 Paragonimus
metacercariae iso lated from the P. manipurensis col -
lected from Churachandpur, Manipur were found in -
fec tive to puppy. The lar val worms could grow to
adults pro duc ing eggs, make pairs and en cyst in the
lungs in di cat ing that puppy may serve as an ideal ex -
per i men tal an i mal model for lung flukes in 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 a suit able site for encystation as ev i dent from
the find ing of com mu ni cat ing tun nel be tween the two
le sions in the lungs.

The mor pho log i cal fea tures of the worms were
sim i lar to P. hueit’ungensis re cently dis cov ered in
Hueitung county of Hunnan prov ince of China and de -
scribed by Chung et.al.5 The worms like P.
Hueit’ungensis were en cysted in pairs, the cu tic u lar
spines were slen der, pointed and sin gly spaced, and
the ven tral suck ers were slightly larger than the oral
suck ers. The ovary sit u ated be low and lat eral to the
ven tral sucker con sisted of 4 to 5 stout lobed masses
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Fig. 2. Three car mine-stained mounted adult worms re -
moved from the lung cyst; a, b: dor sal sides; c: ven -
tral side.



re sem bling gin ger stems. The tes tes pre sented as elon -
gated and ir reg u larly lobed masses. But in 1 of the
worms, the ovary was found comp lexly branched and
the right tes tis pre sented as a lumpy mass with out ap -
pre cia ble lobes, whereas the left tes tis con sisted of an
elon gated mass. The mor pho log i cal dif fer ences of
ovary and the tes tes found in 1 worm may be con sid -
ered as a strain vari a tion within the spe cies as found in 
some of the spec i mens of P. hueit’ungensis. This is
the sec ond re port on the oc cur rence of P.
hueit’ungensis in the world af ter its first re port in
China. As in China, this spe cies may be 1 of the im -
por tant causes of hu man and an i mal paragonimiasis in 
Manipur.

Acknowledgements

The au thor is thank ful to Dr. Kenjiro Kawashima,
pro fes sor emer i tus, De part ment of Par a si tol ogy,
Kyushu Uni ver sity School of Health Sci ences,
Fukuoka, Ja pan for pro vid ing valu able in for ma tion,
as sis tance and opin ion in iden ti fy ing the par a site spe -

cies. Also, the fi nan cial as sis tance of the In dian Coun -
cil of Med i cal Re search, New Delhi is greatly ac -
knowl edged.

Ref er ences

 1. Singh TS, Mutum S, Razaque MA. Pul mo nary paragonimiasis:
clin i cal fea tures, di ag no sis and treat ment of 39 cases in
Manipur. Trans Roy Soc Trop Med Hyg 1986;80:967-71.

 2. Singh TS, Mutum S, Razaque MA, Singh YI, Singh EY.
Paragonimiasis in Manipur. Ind J Med Res 1993;97:247-52.

 3. Srivastava HD. The oc cur rence of Paragonimus westermani
in the lung of cats in In dia. Ind J Vet Sc 1938;8:255-7.

 4. Rao MAN. Lung flukes in two dogs in the Ma dras Pres i -
dency. Ind J Vet Sc An Husb 1935;5:30-2.

 5. Chung HL. Studies on a new patho genic lung fluke: Paragonimus
hueit’ungensis sp. nov. Chin Med J 1977; 3:379-94.

 6. Kawashima K. Paragonimus in Asia: bi ol ogy, ge netic vari a -
tion and speciation in Paragonimus.  Res Rep 1987;1:30-5.

 7. Kawashima K. Paragonimus in Asia: bi ol ogy, ge netic vari a -
tion and speciation in Paragonimus.  Res Rep 1989;2:9-21.

 8. Shibahara T, Nishida H. An ep i de mi o log i cal sur vey of the
lung fluke, Paragonimus spp. in wild mam mals of the north -
ern part of Hyogo Pre fec ture, Ja pan. Jpn J Vet Sc 1985;
47:911-9.

Sep tem ber 2002 Lung Fluke in In dia     429


