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Title - Studies on helminth and protozoan
%arasitas of Domestie gigs
Sus domestica

scrofg
This thesis deals with the helminth and

protozoan parasites collected from 150 Deshi Domestie
Pigs in the Gangetic plains at Patna and 4 Yorkshire
pigs at Gauriakarma (Hazaribagh)., The pigs were examined
postmortem and helminths were collected. Faeeal samples
from rectum were examined for protozoa. These parasites
were morphologieally studied. Their taxonomie status 1§
discussed.

Eighteen species of helminths,B.goll and
Coccidia were encountered. 41l of them except Gastro-

discoides hominis var.suts and fasciolopsis:buski are re-

ported from Bihar for the first time. The incidence
of infeection with these parasites has been worked out
theluding the percentage of multiple infeetion,

with
Pathology of natural infeetions/?,buski,

Opisthorehis novereca, Ascaris lumbricoiies var. suum
(in liver) , Simondsia paradoxa, Metastronsylus apri,
and stephanurus dentatus has been studied. The gross
and histopathology are described. The pathology of
O.poverea in the panereas of pigs is deseribed for the
first time.

Faecel samples of 436 pigs from two distinet
physiographie and elimatic zones of Bihar were examined.



The incidence of infection with different
helminths and protozoa in these two regions has been
worked out. Marked higher incidence of Trichuris sp.
and Mptastrongylus sp. has been found at Cauriskarms
situated on southern platesu of Bihar. _

Development and pathogenicity of A.lumbriecoidgs
var. suum have been studied after exposure to experimental
infection in white rats,guineapigs,rabbits,shsep,gogts
and pigs. Observations have been made on larvsk migfation
and their further development in the intestine.The
pathogenic effeets have been assessed by observing -
c¢linical symptoms and by studying the gross and histopa-
tholegic changes in the liver and lungs of animals
sacrificed on the 5th and 10th day. Haemstology was
studied only in lambs and kids,

Biolosy of S.dentatus,the most commonly
encountered parasite in this State,was studied., Hatching
time,larval developrent and their relstive survival
have been observed at room tempersture and at a constant

temperature of 2?90.
Two local annelids Eutypheus wgltoni and

Pheretima spe. wer:?piot:z:tiva third stage larvae. E.yaltoni
examined from 1 to 40 days after infection harboured a
large number of larvae in their gut, but Bheretima took
lighter infection.

Guineapigs and rabbits were also exposed to
infective third stage larvae to observe the further

developrent.
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IIIRODUCTIIOXN

The antiquity of pig domestication in India
dates back to the pre-historie ecivilization of
Mohenjo-daro with evidences of Indus people consuming
pork as food ( Tripathi, 1960 ). Even during later
Vediec and Pauranic period swine has figured in
mythology and religion and has continued %o be the
only cheapest source of animal protein to the
millions of people in India, particularly those

hailing from lower social and economie strata.

In other advanced countries with better
breeding and husbandry practices poreine is regarded
as one of the most useful and valuable domestie
animals by virtue of its high prolificacy,
scavenging habits, efficiency with which it converts
feeds into edible meat and special eapaeity to
utilise food that might otherwise be wasted. Pork
is hicher in energy content than other meat
( Morrison, 1958 )} and the pig is said to inecrease
one pound in live-weight for every 3.5 lbs, of

food consumed,

On economic evaluation pig excels all

other domestic animasls. There is no waste matter



in the pig industry, The flesh is adnsnnud‘as human
foody so is the part of the offals. The non-edible
offals ean be utilised for the production of fat,
animal food and fertilisers, Bven skin snd rind are
eaten, Bristles alone feed a separate industry for
making brushes of all sorts, Several medieinal apents
and enzymes are prepared from endoerine snd other
glands,

Such an importsnt, useful and peying industry

has received only scant attention in India., Pigs are
maintained mostly in villeges and suburbs of towns

on most unscientifie lines with resultsnt poor out-put,

Acecording to 1951 census pigz populstion of India was
4,420,000 with estimated pork production of 23,633.2
tons a year ( Whyte, 1956 ) yielding 0,535 ton per

100 pigs a yesr. Although the latest figures are not
available, the overall picture and economies of this

industry may not de very much encouraging.

Efforts are being mede to popularise the pig
industry in India with the application of modern
seientifie and technological methods, But the losses,
the industry is ineurring and would ineur due to
several baeterisl, viral, nutritional and parasitie
diseases, need hardly be overemphasized. Of these,
paras itic diseases e¢all for special attention, as
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they hit the swine population very hard. Pigs by
virtue of their close feeding to the ground and

seavenging habits, are more vulnersble to picking
up such infections,

Besides the losses due to gross parasitism,
greater losses come from the characteristie insiduous
nature of the parasitie infections, as they do not
necessarily kill the animals but debilitate of maim
them, thereby inereasing the eost or produetion on
the one hand and depreelating their marketable value
on the other, putting aside the condemnation of

several edible parts due to parasitic dameges.

The economic losses can well be imagined
from an example in U.S.d., where losses due to
Stephanurus dentatus and Asgeris infections only
have been estimated to the tuneegf 72 million
( Andrews snd Tromba, 1956 ) and 52 million
( Spindler, 1956 ) dollafé respectively.

Parasitism in pigs presents another important
~ aspect. The occurrence of several parasites of
goonotie importence has ﬁbt'greﬁi aﬁidemialogiéal
significancn which 1s 1nherept in close assceiation
between humen and swine population, It acts as
reservoir host, polluting the humen surroundings f

e
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and disseminating the infeetive matdria;s. Some
of the parasitic larvel phases are known to
migrate in the body of certain domestie animals
telling upon their health and productivity.

For s complex problem of such mdgnitude,
even the basie informations on seasonal and
regionsl incidences, ecology, biology , pathology
and other implications of various parssites
affeeting swine population in this eouhtry are very
reapgre whieﬂlmaks their effective control difficult
and these parasites continue to play their serious
role on the economies of pig industry in this country
and to foster a potential danger to the human population *

In Bihar State, which has an inereasing pig
population of 8,67,961 according to 1961 eensus
against 6,684,638 of 1956, practieally no work has
been done on parasites of domestie pigs, exeept that
reported by Varma (1954) on Gastrodiscoides homimis
var. suis and Faseiolopsis Imski.

The State of Bihar lying between latitudes
21958 ¥ = 29°31% ¥ and longitudes 82%20" B 86%32¢ &
has an area of 67164 square miles with two distinet
topographic divisions and typically monsoon elimate,
The Southern high lend of Chhotanagpur, with an

average altitude of 1000 to 2000 ft. above sea level



has an undulated topography, thin surfoce soil

on rocky stratum, thick natursl vegitation ond
practiecelly no water logging area. Rainfall

( 50'-60" ond above) and lumidity are comparatively
higher. The Cangetic plain with an aversge altitude
of 100 to 200 ft.,has mostly cultivable land
irrigated by network of perennisl rivers, The
vegitation is thin and seversl water logzing areas
are present, The rainfall is comperatively low

( 40-45" ),

The present study was undertsken to
determine the incidence of different helminth
and protozosn parasites oceurring in swine in
these two distinet physiographic and climatic
zones of this State and also to find out whether
there exists any difference in their geographical
distribution,

In viev of heavy losses oecasioned
by the pig due to Stephapurug dentatus and

Ascoris lumbricoides var. guum, studies were
slso made on some aspects of their bilology ond

pathology. The migratory behaviour of Jagands
lumbricoides var. SR, their development %o

the adult stage and associsted pethology in
loepl bhreeds of sheep, goats, certsin laboratory



animels and pigs were studied. Also, observations

on the bionomics of the larval stages of Stephsnurus

fdentatus, its infection end persistence in two loeal
species of earthworms snd infection to certain
laboratory animals were made. These are reported

in Chapters II & III respectively.

o




CEARZIER 1.

INCIDERCE OF HEIMINTH AND PROTOZOAN
PARASITES IN DOMESTIC PIGS
IN BIHAR.



buski ,

Baylis and Deubney (1922 & 1923) reporting on
the parssitic collection of Zoological Survey of India
records Ageprig lumbricoides, Trichuris trichura from
wild bour (Sus gristatus), Stephapurus dentatus and

Metastrongyius gprpi. In the latter two cases it was

uncertaln whether they were of Indian origin (Baylis,
1936) o

nglestana (1930) described a number of nematodes
from 49 pigs examined at Caleuttas The trematodes,Fasciolopsis
Paryphost cwum sufrartyfex (33%), Opisthorchis novercs
var. lobata (55), Qgisthorchis novercs ver. orbiculsty
(5%) and Gastrodiscoideg hominig (55%) collected by him
were deseribed by Bhalerso (1931), Later Kpo and ayyar
(1933) recovered 5 pairs of schistosomes from 5 pirs
out of 81 examined at Hadras. They described the
morphology in detail and propoged new species Schistosoma
Sulg taking Sehistoseome incogpitum Chandler, 1926 as
its synonyme Buty, later in gecordance with the law of

priority in zoological nomenclature Srivastave & Sinha
(1956), while redeseribing the morphology of this
parasite have maintained Se dncognitpm Chandler, 1926
as the valid name of the species with 8, guig Rao &
Ayyary 1933 as its synonym.

Bhplerao (1935) and Baylis (1936 & 1939) in
their works have compiled all the uptoedate records of
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parasites from indian pigs with brief description of
all the species.

Horrison (1936) raported eysticercosis in both
native end imported pigs to be camon in South Indias

Haplestone and Bhaduri (1937) reviewed all the
literature on Cygticercus gellulose infection in pige
and mwane In 1942 they :oxamined 100 pigs at Calecutta
with certained other animels for the prosence of
Irichinelly spirelis with negative results in the former,
although they recovered it from & cats

Kudalier acd CGopalkristnen (1938) recording
f_mw grawiordl Saylisy 1927 fram Madres
for the first time in domestic pigs in Indig gave én
illustrated account of tho species.
7 Buekley (1938) recorded Fe buski in 59.7% and
Se hominig in 41,28 of human population of Asseme

Chattérjee (1939) racorded Sataria bernardi
Haglliet and Benry, 1911 from pigs in Indiae

Wolfgang (1953) has deseribed a new genus of
nemstode Pgoudocrnzia (Oxyuridea) from domestic swine

Ramanujechari and islwar (1953) pecorded

Simondsip parsdoxs fros dowestic pigs for the first tice
in Indip and redeseribed the Speciess Tho suthors (1954)
subsequently recorded fe gulrariviex for the first time
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in Hedras with incidence of 4% and made some
preliminary observations on life eycle, though they
failed to infect the snail host.

' Varma (1954) studied @astro

humen and poreine sources from Dihsrs In his
morphologleal and histological studies on whole sounts
and soctioned specimeng he found some differences in

relative gize of tle parad:.ten, the charscter of their
genitel papilla/cone and relative disposition of the
testes and felt it necessary to meintain separate
varieties for the specivens from the two sources
(Go hominig for man & G. hominis vare auls for pigs)
until their life ecyele wae worked out and it was
conelugively proved that they either belonged to the
Same specles or represent twyo different oness

Srivestava & Feter (1954) studied the life
history of 4. gufrertyfex Lane, 1915 and recorded a
high incidence of the parasite in Barsilly.

Sinha (1957) recorded a nev oxyurid from pigs
in Indie and named it Syphacis W; Ne Gpe

Thapar (1956) during his systematic survey of
helminth parasites exsmined meterisl from Caloutts dnd
Darjseling and recorded F. buski, Sastrodiscus
asgyptiacus, G. heminis, Asearons strongylina, Ancards
dumbrigoides, Cruzip orientalls, Metastrongylus
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slengatugy Segorhagostomum dentptup from pigse

Alwer (1988) examined 50 pigs for the incidence
of helminth parasites and found every adult pig
infected, msjority of them harbmring 3 to & gpecles
vith the maximum recovery of nine species from a single
animale He eucountered seventeen species with high
incldence of 4 gipongylina (96%), L. gexalatus (96%),
2+ paradoxp (68%), Oegophagostamum spe (30%),R.grawfordi
(45%) and Hydatid (30%). He found low incidence for
& sulraptyfex (4%), 2. suls (88), C. gellulose (10%),
E» tenuicollig (2%), S. dentatus (4%), K. apri (&%),
L. trichurg (108), Stroptorheragug spe (2%), Onchocerca
sps (10%) and Bnterobius vermiculsris (45),

Rai & ahluwelia (1958) reported from sligarh
en the incidence 0f 4 gtroneyling, Fe gaxalstus,
Se dentatum, S dentaius, Se incognitup end Aegalrertyfex
with & brief deseription of the 1e;t.ter.

Sabsequently Ahkluwelis vhile conducting a survey
of helminth parasites of domestlc pigs in Western U.l.

recorded nineteen species and in his subsequent papers
(1959, b, 1960 ay by ¢ & 1968} has discussed the ‘
worphology, pathology and other asrects of same of thems
In Bihgr there scems to be no infermatien
available on the parasites of pigs except that of Varma

(loge gite) on G« homindg vereguis and Fe buski.
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0411 (1960) reported six srecies of coceidis
viz. Bigerda gscsbra, He gpinosay fe nolitp Ee perminute
Bodedlicgkd and lgsospore gulg from Izatnagar. There
does not seem to be any published record,to the best
of the knowledge of the suthoryon the balentidiosis of
svine in India except the mention of its falr occurrance

in Celeutta by Enowles (1928) in his book.
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Materisls from pigs were colieclted from a local
slevghter«house et Jajura and from Livestock Research
Station, Dihar, Fatoa, vhere pigs vere kept and
sacrificed for axﬂerméms on the production of gyine
Pever Vaccine, Pour Yorkshire pigs were examined
postmortem et CGovernment Cattle Farm, Oauriskarume
situsted on the Chhotanagpur Platesu. Pigs for slaughter
at Jajura were brought from the distriets of Patng,
Gaysy Honghyr, Senthal Paragensy Arrshy Darbhangs and
Hugaifarpur, gll lying in the Cangetie plains of Bihar.

Fart of the exarination was done at the place of
slaughter itselfs While eviscerating, the peritoneal
cavity and musculaturs were em:lﬁad for larval or
adult parasites and some gross pathologic lesions. Then
tongue, oesophagus, stomach, integtine, lungs with
trachea, heart, liver, apleé::, rancroas, diaphragm,
kEldney with ureter and cysts in kidney«fat were removed
and examined., Some of them were tgken to the laboratory
for thoprough searchs

Hesenteric veins, by spreading the mesentery
and cesorhugeal wall were examined for parssiteg.
Stangch vorms vere mostly embedded in thick mucus
adhering to the stomach muceosus Sipondsip males wvere

|
|
|



13

embedded in mucosgl pigs of fundus region, both the
ends projecting outsidee They were drawn out with the
help of forgceps. The femples were embedded in hard
submucosal cysts of fundus region, which wers removed
intaet with great dirficulty by cutting open the cystse

Intestinal mueosa was also exsmised for
adhering parasites or parssitic nodules in the wsll,
the latter wore pregsed betwsen the slides snd examined
for the presence of larveae,

& small quantity of facces was removed from
caecunn and rectum for the examinstion of protozesn
parasites.

Fancreatio ducts were cut open and perasites
recovered. The blleducts and gallbladder were alse
exgnined similarly. The liver was examined for
schistosome by trimming the edge half ineh all around
and putting g Jet of water in portal veins. ¥Water in
Jet came oul gt the trimmed edges and the ejected
vater vas exzm&nsd for parasites.

lungsy like other organs, were exsmined grossly
for any cyst or nodule present. The traches brocchi end
bronet:ioles were cut open end exemined for parasitess
lungworms were found embedded in frothy mucusg. Hydatid
eysts vere removed and put in 10f formeline. & small

thin sliee of dlaphragm muscle was rressed between two
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glass pleces, screwed up snd exevined under binocular
for Ipichinells spirplis larvae,

Kidneyeworm cysts embedded in perierenal and
peri-urcteral fut were opened and paresites recovered.

The colleetionsg were kept in normal sline _
solution in geparate Fetri dishes and vere washed three
or four times to clean the parasites of attached pucus
OF debrise The nematodes were then fixed in 70§ stesring
aleohol and preserved in 5% glycerinsted slechol in
properly labelled and well stoppered phialse

The trematodes were fixed by pressing them
gently between two gloes slides or putting & cover
slip over it and preserved in 5% formalessline op hot
AeFeia golutions With the lattery efter 24 hours, the
Specimens were removed and preserved 70% alechol,

The tapeworms were fixed by constantly dipping
them in 5% lukewarm formelesaline solution by holding
the teil end of the §apam with forceps and drawing
it along the edge of .tho beakers By repeating the
process 10 to 15 times, the worms beeame conpletely
flattenede Hend of the larvel eysts wers pregsed
between slides and preserved in 55 formalesaline.

Trematodes were steined with Borax carminey
Semichons cerminey Gower's stsin and Acetic slum careine
and tapeworms with Borgx snd scetic alum carcing,
Permanent mounts were made for ddentificstion and
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morphological studies. Serial sections were prepared
for some trematode gnd cestode by usual paraffin
embedding technique ahd stained with HaematoxylineBogin,

Yematodes, for detailed morphologlesl study end
ddentiflicoption were clegrsd in glycerine in case of thin
worme and laetophenol in case of thicker onsss Bnd=on
Prepargtions were mpde of the gpecivens of Agcsris
clearsd in glyecerine and creomote.

- Tissues with worms embedded or showing any
ural# pathology suepected te be due to parasitic
Mﬁatiaﬁ wvere fized in 10% formolesaline op Bouin's
fluid. Standard procsdures were followed for dehydration,
elearing snd embedding in paraffin. Serial sections of
§ & 7 microns thickness were made snd gtained with
HaematoxylineEogin,

Desides the colleetion of feccal semples intended
to detect the protozosn infection in 164 pigs examined
pestmortem, 100 faecsl samples from deshi pigs at Pdtm
and 356 semples from pigs at Gguriskearms were examined
to determiné the helminth and protozosn infectionss
Pascsl samples were collected frop rectum and exemined
fresh,

Qualitative exsuination of fgeces wae done an
follows for all the sampless
1+ Dirset smeopr methods= Two thin filmg, about 2 mm,
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aparty wore made on a clean microscopic slide with je2
mgne of faeces, one in physiological seline solution and
‘the Other in iodine scluticn (filtered saturated selution
of iodine in 1% potassium iodide)s The unstained film

was found particularly suitsble for the study and
detection of living protozoan trophozoites like Splatidivm
80l], and parasitic larves end the stained file for
protozoan cocysts.

2+ Centrifugal Jedimentation Methodie This method wes
found fairly useful for the concentrstion of coccidien
oocysts and helminth eggs particulaerly cestode and
tremadoes which generslly come in sediment when fleanting
meclum 18 Used.

3+ Contrifugal Fleatation Methodse After sedimentation,
sediment was resuspended in floating medium,

recentrigugalised, giving the centrifuge tube rest for '

five minutes, upper scum was removed and transferred on
L0 & microscopic slide with the help ¢f a herisontally
bent loop of wire. Saturgted solution of godium chloride
end sugar sclution (spe gre 1.200) were the flesting
media emmonly empleyed, which gave high concentystion
of protozoan eysts snd helminth epgse

Saemples pogitive Cor Splgntidium goli were
preserved in 58 formolesaline for further morphologicsl
study. 4t the seme time faecal smears vere msde on elesn

1
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slides, fixed in Schauddinn's solution while still
partly wet and were stained with Heidnhain's ivon
haematoxylin,

Out of positive samples for coceidia, m samples
(eight from Gauriskarma and twelve from Patna) were
randonly seleeted and washed in water with the help of
centrifugalesedimentation method and kept in 2.5¢
Potessium dichromste solution at laborstory temomﬁm
for sporulation and specific fdentifiestion, & part of
the sample wes preserved in 6% fomol;saum for the
study of unsporulated ceeysts, Sporulation time was
also observed,

Randenmly selected pleces of emcoun and
intestine from positive cases of B, goll and gsoeeidis:
were preserved in 10% formolesaline for histologlesl
studies to show any tissue phase of the parssite,

Measurements recorded for all the parssites
deseribed were taken with the help of stage snd
occulsr micrometers the bigger omes were measured with
help of standard scala.
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TABLE NO. 1I(a).

Table showing the percentage of infection with
different Trematodes in Domestic Pigs examined

postmortem.

-31.; Hame of the }No, of ‘No. fomdl?ercentage
NosY parasite ipigs }inrected P of
i fexamined Jinfection
1« 9O. novercs. 154 107 69 .48
2« F. bugki. 154 24 15.58
S« 4. sufrartyfex. 154 49 32,47
4. 2. hminis 154 6 3090

TABLE NO, 4

Tgble showing the percentage of infeetio: with
different Cestodes in Domestic Pigs examined

postmortem,
]
«] Name of the Os O 10, foun ercentage

Sl ] N lN f RN 3 d} P
No.f parasite Ipigs finfected ) of

X Yexamined | i infection
1e E. I ordi. 154 e 5020
2e g.o Q_e_llulogg. 154 11 7414
3. C. tenuicollig. 154 4 2460

4, Hydstid cysts. 154 9 9,84




TABLE No, 1l(c).

Tablé showing the percentage of infection with
different Hematodes in Domestic Figs examined

postmortemn,

i Do o] e

_ Jexamined § infection
Te A gtrongyling, 154 87 56 449
2« L. sexalatug. 154 68 44,15
S« S. paradoxa. 154 47 30,52
4 Ao lumbricoides. 154 36 23,38

var. guum,

5+ M. gpri. . 154 3 1495
6. 5. dentatus, 154 123 79 o867
7. Qe dentatum. 154 53 34449
8« 0. gupdrispinulatum, 154 24 15.88
9. 0. brevicaudum, 154 48 31417
10« I, trichiura, 154 7 4,55




TABLE NO. Ii].

Table showing the multiple infection rate with

different Helminth and Protozoa in 154 Pigs
examined postmortem.

Bo. of  QNo, of pigsiFercentsgellio. of YPercentage
species linfected § of dpigs I or
harboured fwith finfection {infected finfection
JHelminth § fwith i
i i iProtozos |
1. 6 3.9 80 92
2, 16 10.4 ' 311
30 26 15-.9
4, 20 13
57 31 213
6. 29 18.8
T 12 728
Be 11 7ol
L+ 2 1.3
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TABLE NOo IV(a).

Table showing the percentage of infection with
different helminths in Deshi Domestic Pigs at
Patna as revealed by faecal examinationes

I § . e -
A TR T b
% | !oxamined* 1 avy finfection
11 2 i 3 ] 4 § 5 j 6
T ODES , ”
1« Opigthorghig sp. 100 386 17 55
2. Fageiolopglg spe 100 3 6 9
3. IEchinostome 100 15 8 23
4. GOpstrodigcoides spe. 100 1 1 2
CESTODES o
1. [FPseudgnoplogephala 100 2 6 8
SDe
1« Spirurid vorms 100 7 48 55
8s Agcaris spe 100 2 40 42
3. Uggophagogtomum sp. 100 3 54 57
4. Trichuris spe 100 - 3 3

5 lMetagtrongylug sp. 100 2 » 2

LR |
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IABLE NO. IV(h).

Table showing the percentage of infection with

different Belminths in Yorkshire Pigs at

Gaurigkarma Farm (Hazaribagh) as revealed by
faecal examination.

Si:g_ﬂame of the gNo. of _}No. found } Pbrcéna
Nos!l paragite Ipigs_ infected tage of
Yexamined \Light {He
id 2 : §P 3 R T W e
TREMATODES,
1. Opisthorchis sp, 336 59 7 19.64
2, Faseiolopsis sp, 336 11 6 5,06
3., [Bchinogstome 336 19 10 8.63
4, Gastrodiscoides sp. 336 3 - 0.89
CESTODES,
1. Pseudanoplocephala sp, 336 1 3 1.29
o
NEMAT ODES +
1+ Spirurid worms 336 65 92 46,32
2., Ahscaris sp. 7 336 42 141 54,46
5, Ossophagostomum sp, 336 31 125  53.00
4, Trichuris sp. 336 75 138 . 65.30
5. Mgtastrongylusg spe. 536 42 36 23,21
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TABLE NOs V(g),

Table showing the pereentage of infection with
different Frotogog in Deghi Demestic Pigs
8xamined postmortem at Patna.

81.1 Name of the ‘iNo.' of Nb. found i Percentage
No,§ protozog {pigs infected { of
examined {TightIHeavyl infection
1s Coceidiae. 1654 19 54 47 4
ngLg NO o ggnz.

fable showing the percentage of infection with
different Frotozoa in Deshi Deomestic Pigs at

Patnas
Sl.i Name of the ;No. of JE No. i‘oundT Percentage
No,I protozoa Ipigs } infe%tad { of
' Yexamined Xiight YHeavyd infection
1« Cocecidia 100 16 41 57

2. Bglantidiuwm coli 100 o 72 72
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TABLE NOs Vig).

Table stiowlng the percentage of infection with
different Protozea in Yorkshire Pigs at
Gauriakarma Farm (Hazaribagh).

. Pow o | g
8le] Name of the jo. of Hos found { Percentage
No.} protozoa Ipigs ] t X of
i lexamined Xlight fHeavy ] infection
1« Cocecidia 336 & 0 42
2 Balantidium ecoli 336 33 96 38 o4
TABLE NO. VI.

Table showing the common multiple infections of
Coeccidian species in Domestic Figs.

31-.! Nature of lﬁo. of INFJ. foundi Percentage
No.§ multiple Isamples finfected J of
§ infection fexamined} § infection
1. B. depliecki &
B. perminutag. S0 7 2343
2 '1’ b'-o &
. ﬁ. Wﬁab&m 30 S5 16.6
3. E. perminuts &
" E. gcabra. 30 14 4646
‘. ° b
100

EEEE
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The extend of helminth and protozoan infections
in domestic pigs is quite apparent fram the fore-going
tabular statements, Bighteen speeies of helminths and four
apac:l.as of protozoa have been found to parasitise domestic
pigs in this survey, In addition, the work hag made
cei'tain intersting revelationsg about relative nreponderanqe
of different species, multiple infections, intensity!of
infection, variatim in geographieal distributﬂ:m and
distribution of parasites within the host's body with
their associated pathology.

| Spisthorehls noverca and Stephanurus dentatus
have been found to be the commonest helminth parasites
in deshl domestic pigs with incidence as high ag 69.48%
& 79,87% respectively (TablesII (a) & II (c).). Spirurid
stomach worms are also fairly common with ineidence of
63% and 55% as revealed by postmortem snd facces
exgminetions respectively among deshi pigs at Putna and
46.72% among Yorkshife ﬁigs at Gauriskarma Farm. Similarly
Jesophagostomum spp. <° dentatum, Oo guadrlspinulatup,&
O. breviggudum) have incidence as high as 46419, 57.0% snd
53,0% in the game sequence ag spirurid worms,

Cases of multiple infections were very common
(Table No. III). No pig was found to be free fram
parasites. Maximum number of species recovered fra a
gingle plg was as high as eleven (nine helminths, coceidia
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B eoli)s 4s apparent from Table No. III most of the
animals harboured between three to five species of
helminths with frequent combinations of 8. povereca,
8. dentatus, A, strongyling, P. sexelatug, Simondsia
paradoxa, O. dentatum, O. guadrispinulet s and
8. brevicaudum. Similar multiple infectieons were revealed
by feecal examinations,

intensity of infection has pot been indicated
in the tabular statements, but maximum number of parasites
recovered from a single host was O, poverca - 303
Fe bugki = 211 (& large portion of the small intestine
was found blocked )§ 4. gufrertyfex = 1743 A.lumbricoides
Var, guum - 11§ I. trichiurs - 1065 M. g_mi- 120‘and
Oesophagostomum spp. (0. dentatum, O, gquadrigpinulatum &
O, breviegudum) werc found besetting the whole of caecum
and colon in numbers more then 2000. Among the spirur}d
stomach wormsy Agceropg gtrongyline with maximum of 73
vas always in overwhelming number over the other two
-8peciesy L. gexalatus and S. parsdoxae L. sexalatus «
wvas never found more than ten in number. Simondsia femeles
embedded in eysts were recorded with maximum number of 12,

Among protozoa, B. geli was found in
overyhelming number, but coceidian oocysts were generally
fews Sporulation & identification of coceidia from 30 pigs
revealed the occurrence of three species Bimeria debliecki,
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Be seabra and E, perminuta end indicated the presence of
mixed infeetion with two or three species. Infection with
8. gold vas never found to be associated vith any gross
pathological lesions. Even histopathological oxaminntiaﬁ
of the affected ecaecum failed to reveal any marked change
or parasite in the tisgsues.

Faeces examinstion revealed striking differences
in infections among deshi pigs examined in rural areas
of Gangetic plains and those white Yorkshire pigs
mainteined at Geuriskarme Farm situated on Chhiotanagpur
plateau. This difference is particularly marked in
respect of infections with Metastronsylus and Irichiuris
SpPe which in contrast to other species, showed higher
ineidence omong pigs at Government Farm, Gauriakaerma.
This difference was highly significent.

The following interesting observations were made
in relation to predilection site of the parasitegi«

(1) Opisthorehis novercs in all the cases examined vas
found in the panereatic duct, sometimes even blocking it
with evidences of host tissue reaction as revealed by
epithelial prolifration of the duet and subepithelial
infiltration.

(2) Asecaris adults were recorded from bile ducts and
surprigingly enough one adult and two juvenile forms

were found to be embedded in the liver parenchyma itself,
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On histopathological examination, they were found to be
embedded outgide the bile duct in the portal area
surrounded by extensive proliferation of fibrous

connective tissue,
(3) Adults gnd juvenile forms of Stephanurug dentelus
were found in the pelvig of kidney, liver, lungs,
pancreas and thorueic and gbdominal cavities.
Studies on individual parasites and associated
gross and histological patholegy are recorded and discussed

separately for each species of parusites encountered.
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CESZODA. %

e Family  «= Anoplocephalidae Cholodkovsky,1902s
Genus == Pseudanoplocerhale Baylis,1927.
Species e _I:.craitrordi Bayiis,wa?.

Host  * == Domestic pigs.
Habitat =« Small intestine.

Locality =- Patna and Hazaribagh.

The genus Pscudanoplocephala was ereated by
Baylis, 1927 for an anoplocephalid worm recovered from a
wild boar in Ceylon. He named the species P, eravwfordiy 1927
Mudaliar end Gopslkrishnen (1938), recording the parasite
for the first time in this country, gave an illustrated
account of the species. The genus Pgeudanoplogephals was
treated by Bhalerao (1935) under the subefamily
Anoplocephalimze Furhrmann, 1907 of Anorlocephalidae
Cholodkovsky, 1902+ According to Ahluwalia (1959) this
genus has been ineluded under the sub=family Anoplocephalinge
Blanchard, 1891 by Spasski (1951) which has recently been
revised by Lopez=Neyra (1954) who has reduced the genus
Psoudonoplocerhaln to a subegenerie rank under Apoplocephala
Blgnchard, 1848, the species thus becoming gecording to

him inoplocephals (Pseudanoplocephala) erawfordi (Baylis,1927)
Lopez~leyra. Ahluwalia (log. git.) while recording the



Parasite from U.P, redescribed the species. Noting for the

first time the presence of & distinet but weak rogtellum

in the scolex, he does not accept the reduction made by

Lepez=Neyra (loc. git.) to a subwgeneric rank, iAlwar (1958)

also recorded this parasite from 468 of demestic pigs
examined at Madras and Thapar (1956) recorded

=i SPe from wild boar in U.P. In this survey

it has been recordea from eight pigs out of 154 examined
pPostmortem. Bggs have been encountered in faecal examinations
at Patng and Gauriakarma (Hazaribagh) .

The present specimens agree in morphological
details with the deseription given by Baylis (1927),
Kudeliar & Gopalkrishnang (logs gite) and Ahluwalia
(loce gits). Thére is nothing to sdd on this point. But
the geolex messuring 0.4 mm,. in diameter with 4 suckers,
showed a weak rostellum measuring 0,8 mm. in diameter,
thus egreeing with the first observation of Ahluwalia
(log. git.).

WL R TRy
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Ile Family e Tgeniidee Ludwig, 16886,
Te Genug -~ Zgenia Linngeus, 1756,
(1) Species = fpends solium Dinnaeus, 1758.

‘arval stage-Cysticercus gellulose.

Host ~= Demestic pigs.

Habitat e Tognue, cesophagus, st omach, intestine,
diaphragm, heart and other
skeletal museles.

Locality e~ Patna and Hasaribaghe

This larval stage of human tapeworm L. solium was
encountered in 7314% of pigs examineds In one Yorkshive pig
vhich died after & prolonged illness at Gauriakerma Farm,
practically all the organs including heart and musculature
were infested with the cystse The death might have been due
to this heavy infestation. The milky white spots indicating
the position of hesd were visible in infected muscles or
orgen justifying the nave "measly pork'.

The bladder worm removed from the musele or organ
Beasures V11 X 5«7 mme and is filled with closr fluid, with
a minute milky white head invaginated into it. The pressed
and stainedispecimens of seolex show 4 suckers snd o
¢onsgpicucus rounded rostellum, armed with a double row of
large end small hooklets numbering 26-32 and measuring 0.16
0 0417 mn. and 0412 to 0,14 mm. in length respectively,
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(11) Species «e Zaenia hvdatigena Pallas, 1766.

Larvel stage-Gysticercug tenuicollis,
Hogt == Domestic plgs.

Habitat e Attached to livefy mesentry and
free in abéomingl cavity,
Locality <= Patna,

This is the larval intermediate form of dog
tapeworm Tgenis hvdatizena. This is not very common in pigs
but have ¢osmopolitan distribution in sheep, goats and
other domestic animalse In the preserit st!uiy it has been
found only in 2.6% of the rigs examined. In India it has been
recorded from Madras (4lwar,1958) and U.Pe(ahluwalia,1960),

Thig has the appesrance of a bladder filled with
eiear fluid and is enclosed in a delicate covering. It has
& thin invaginated neck bearing scolex which is marked as
wiite spot. The eyst measures 0.3 to 2.:’5 inches in length,
The scoiex has four suckers with 2502 nooks arranged in

two rows. The larger ones messure 166=178/4 and smaller

110‘1 39/‘1.
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2+ Genus == Eghinococeus Rudolphi, 1801,
Species -- &, grgnulosus (Batsch,1786)
: ~ Rudolphi, 1805,
larval stage-Hydatid oyst.
Hogt == Domestic pigs.
Hobitat == Iungs, liver and spleon,
Locality «- Patna and Hazaribagh.

Hydatid cysts, besides pigs, have been reported
from numerous domestie end wild mammals ineluding mane
Cysts émounterad are of two gtructural types, unilocular
and multilocular, esech of them supposed to be the larval
stage of two different specles of cenine tapeworm
dchineocogeus granulosus (Batsclz, 1766) Rudolphi, 1805 and
Behinogoccus multiloculsris (leuckart, 1863) Vogel, 1955
respactively.

in the present investigation the cyats
encounterad were only of uniloeular type and were found
only in 5.84% of the pigs examined. The size varies from
1=4" in dismeter, approximately spheric:l in shape.
¢'antrgry to the previous reports of liver as a relatively
favoured site for the echinoeoccosis in pigs, in the
present survey the lungs were found to be moére Pfavoured
site, where the eysts attained = large size end were
fertiles In liver and rarely in spleen the cysts were
smaller {1 to 2 inches in diameter and often sterile



40

eontaining clear eystic fluid and glistening interngl wall.

The cysts after removel frem the orgens were
Put in 10% formalin, ifter cutting open, the sediment of
the eystic fluid after centrifugal sedimentation and
serapings from cystic wall were examined under mieroseope
for the presence of scolices and brood capsules, Even
with necked eye the wall of fertile cysts givem grained
@ppesrance. The scolices and brood Capsules were stained
With acetiec acid carmine and rermanent dmounts were made.

. Scolices were found bhoth on the germingl

layer of the wall and mosgtly inside the broed capsulas.
The latter were attached ek to the wall and also free
ingide the oysts.
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IREMAZODRA

1. Pamily -~  PFagciolidse Railliet, 1895,
Genug ~=~ Fagelolopsig Looss, 1899.
Species =~ T, bugki (Lankester,1857)

Stiles, 1901,

Hogt «= Domgstic pigs.
Hebitat e~ Small integtine. |
Locality == Patna and Hazaribaghe ' ‘

This glant intestinal fluke or Busk's fluke of

Ban and pig is common in South-Rast Asian countries,

Bhalerao (1931) recorded it from damestic pigs in Bengal
and Buckley (1938) from humen population in Assam. It has
later been reported in swine from Bengal (Thapar, 1956)
and UsP. (Ahluwslis, 1959),

The body of this fluke measures 20 mm. to 76 mm.
xlong and 10 to 16 mm, wide. Cuticle have spines. Shoulder
is absent, Ventrel sucker is much larger than orsl. Pharynx
and a short oesorhagus are present, Integtinsl cacca with
$wo curves reach the posterior extremity of the worm.
Tostes are much branchéd and tsndem. The long and tubulgr
eirrus sac arising from vas deferens halfway between
ootype and ventral sucker opens anterior to the latter,

It contsins convoluted seminal vesiecle and prostate gland,
Ootype 1s surrounded by Mehlis glands, The ovary is
branched and right to the mid-line. Vitellaria occupies
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lateral fields. Uterus meanders between ootype and
genitsl pore. Eggs are operculate measuring 130 to 140 X
72 to 85 microng,

Fathogenicitys~ The parasites when few in numbers are not
assocliated with any apprecisble pathological lesion in
swine. Heavy infection in small intestine of one pig was
found obstrueting the passsge of food resulting in grave
congeguence. Numerous worms were found attached to the
intestinal mucosa with local centre of inflammation at
the point of attachment. The death of swiney which died
after a short illness, might have been due to the

obstructive and traumatie damage caused bz the parasite.
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11, Family == UOpisthorchidae Braun, 1903,
Genusg w= Opisthorchis Blanchard, 1895.

Species == Opigthorchis novercs Braun, 1903.
Hogt == Deomestic pigse.

Habitat == Pancreas.
Locality =« Patng and Hazaribagh.

Levwis snd Cunningham (1872) first identified an
opisthorchid fram a dog in India as Distopum goniunctum
Cobbold, 1858, McConnell (1876 & 1878) recorded similar
parasites from two Mohammadons at Caleutta and deseribed

them as Digtomum gonjunctum. Braun (1903) pointed out the

difference between Cobbold's species and that recorded by
thesd authors and renamed the latter as Opigthorehig
noverca. Since then the oceurrsnce of this paresite has
been reported seversl times in dogs by various authors in
India (Bhalerso, 1931),but there is no further record from
mane The only record of its oeccurrence from domestie pigs
in India appeafs to have been mzde by Bhalerao (loge cits)
from 10 out of 49 pigs examined at Caleutta. He regarded
the lobular and reounded appearance of testes as a
character to create two distinect varletiesy; O, poverea var.
Aobatg and Q. noveres ver. grbiculatn. Yameguti (1958) has
treated this species under the genus Amphimerus Barker, 1911,
which was created on the character of vitellaria in vhiéh
the latter extended backward in the testicular zZoneyusually
with a breek at the level of ovary, He dropped 4. ganinum




44,

Barker, 19115 Q. poverca Braun, 1903; O. poverca var.lobata
Bhalerao,1931 and 0. povercs var. orbiculata Bhaleracs1931.
in the present study the lobation of tesths
appears to be variable; even in the same specimen one testis
may show labulation and the other may be rounded.similarly
vitellaria, apperent from the description given below, have
failed to show the characteristic backward extension in
testicular zone with bresk st the level of ovary. bhalerao
(loce git.) also failed to see this typical eondition in his
specimens. Thus, the author finds full justification in
identifying his specimens as Opisthorchis noverca Braun,1903.

During this 1nveat;gatiqn the incidence of this
perasite among domestie pigs has been found to be very highj
107 p igs out of 154 examined postmortem were found to

harbour the parasite in pancreatic ducts along and on no
| oecasion in liver or intestine., This peculisr habitat of
this parasite in swine host appears to have been observed
for the first time.

The parasite when fresh is faint pink and
transparents Body is ovold 3.5 to 6 mm, X 1 to 2 mm.,
flattened, tapering anteriorly. Cuticle have fine splnes.
The suckers are close together oral being much developed
and ventrsl #mall snd nearly spherical. There is a short
prepharynx and Qell developed pharynxs Oesophegus is shorte
Intestinal ceeca run on either side reaching the posterior

end of the bodys The genitsl pore is infront of the
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Ventrgl sucker, which in many specimens stand out
Prominently forming stalk op redicel, The excretary
vesicle is Y shaped, the stem passing between the testes,
Cirrus sac is absent. Testes are rounded or lobate placed
more or less obliquely one behind the other, The size,
shape and lobulstien of the testes are variable.
Recepticulum seminis 1s well developed, The ovary is
usially trilobed and lies infront of the anterior testds.
The uterine ¢oils fill the intercsecal space to open

into the geqital vore infrent of the acetabulum. The
vitsllarie, grouped in follicles, eight in number on
either side extend frem behindg the acetabulum to the
level of the OVary, in some of the specimens to the
level of the anterior testis without o distinet gap at
the level of the oOvVary .
Pat aigitys= The parasitdyy was found embedded in
pancreagtic duet. In heavy infection, most part of the
ductal system was occluded with the parasites. At times
the parasite were found to be ocutside the pancreatic duct.
Higtologically different degrees of changes were
observed in duetal and periductal tissue. Proliferation
of the ductal epithelium was well marked., At places the
epithelial proliferation was so mueh advanced that
complex folds projected into the lumen of the ducts The
seetion of these folded epithelium looked gt Places like
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tubular glends. Benesth the epithelium in the tunies
Propria, there was inflltration of eosinophile and some
lymphoeytes Varying degrees of peri~ductal fibrosis was .
évident, Jugt outside the epithelium and tunica rropria
fibroblasts and fibrous tissue in different degrees of
maturation were laid down.e _

Thus the picture presented were that of chronie
proliferstion of the ductal epithelium and chronie
baneregtitis avidenced by the infiltrative cells. Ag far
as could be gscertpined from the avalluble literature
this is the first record of pathological changes evoked
by Qgiathﬁrgbiglggggggg in the penecreas of pigs.

in some sections, the parasites were found
outside the duct, in the substance of the pancreas. But
the inflammatory changes were not merked. This might

have been due to postmortem migretion,
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1iI, Family == Eehinostomatidae Poche,1926,

Genus == 4rtyfechinostopum lane,1915.
‘Species == & gufrartyfex Lane,19185,
Hogt == Domestic pigss

Habitat == Small intestine.
Locality == Patna. {

The eontroversy in regard to the nomenclature
and texonomie position of this parasite is not yet
finally settled. Bhalerao (1931) recording this
echinostome for the fir.st time from the domestic pigs
in Bengel under the name Faryphostomum sufrartvfex
(Lane,1915), gave & detailed account, diseussed texonomy
and placed it in the genus Faryphogtonum (Dietz,1909)
of Echinostomatidacs This species had originally been
deseribed by Lane (1915) as Artyfechinostopum gufrartvfex
from a girl in Asseme In 1911, leiper desecribed an
echinostome from Tamil coolies at Singapore under the
neme Echinogtomg malavanum. Faust (1930) in his book
dealt with lane's species as Eghinostoma sufrartyfex

(Lane,1916) and separately treated Zchinostona malavenum
(Leipery1911) + Bhalerao (1935) followed his esrlier

accouant recording this speciesl a8 a parasite of men & pige.
Mendheim (1940), however, as quoted by Ahluwslis (1861)
retained Lane's genus Artyfechinostemum with two species
Ao gufrartyfex and A, maleyanum distinguishing them by
the number of collar spines. From Madras Vermeh and Reddy

(1961) reported Earyphostomum sufrartyfex from a Hindu

boy and subsequently Ramenujachari and Alwar (1954) from
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domestic pigs. Paust & Russell (1957) in the recent
eddition of theip bock have deseribed this spacies under
the nawe Parvphostomum sufrartyfex (Lane,1915) Bhaleram
1931 teking A. sufrartvfex Lane,1918; EBuparvrhium
malayanum (Leirer,1911) ana Echinogtoms sufrartyfex
(Lane,1915) Faust,1929 as its syncaym. Hai & Ahiuwelis
(1958) and 1ater Ahluwalia (1961) describing the
specimens from pigs in U.F. added some informationg
morphology, part 15:1;1ar1y spinose eharacter of the eirrus
(it has also been mentioned by Faust & Russell,1957)
and felt that the férms 80 far degeribed from pig and
man under different specifie nomes really belonged to
the sgpecics irtyfechinostopum gufrertvfex with no clear
cut difference, ineluding even tha\ Holayan fluke,
Zchinogtomum malsyenum (Leiper,1911) es synonym! The
present specimens, however, agree in morphological
details with Artyfechinostomum gufrartyfex Lan,1915, the
important salient features of which are given below."
The fluke measures 9 to 17 mm. inte 3 to 6 mm,
in the mounted stained preparstion. Ventrsl surface of
the body is ppinose & dorszl aspincse in charactep. The
anterior most regiomn, marked by smail noteh in the plane
of ventral sucker, is emeircled by collar of 43 spines
interrupted wentrslly., Five spines on each gide constitute
the corner spines with one larger in each sets At the
centre of spined portion lies the oral sucker. Museulapy
pharynx is present. Ventral sueker is prominent with
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width of 1.5 mm. Genital pore opens infront of ventral
suckers Testes are tandem and deeply lobed, Vas
efferentis from both testes join eirrus sae separately.
Cirrus pouch is enormously enlarged extending from
Genital pore much beyond the ventrsl sucker. 1t contains
Seminal vesicle, a prostate region end a much coiled
eirrus with spinose outer ende The overy is ovel op
srhericsl in shapey measuring 0.5 to 0.8 mm. in diameter
lying tothe right of the midline anterior to tegtes.
Cotype 1s near middle of tae bodyy uterus packed between
ootype and ventral sucker, Vitellaris occupy the latral
fields frqn the region of ventrel sucker to the
posterior extemity where tiey meet in the mid=plane.
Mehlis gland is prominent » The operculate eggs measure
80 to 120X60 to 70/,
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IV, Family == Paramphistomidae Fischoeder, 1901 .

Ganug - -~ Spstrodiscoides Leiper,1913.
Species -~ G, hminis (Lewis & MeConnell,1876)

 Leiper, 1913, ' |
Host -~ Domestic pigse

Habitat == Caecum & Colon.
Locality = Patna,

Lewis and MeConnell (1876) described the parasite
ag smphistoms hominils from an assemese. Stephens (1906)
redegeribed the anatomy snd assigned it to the genug
Gastrodigous Leuckart,1877, Subsequently, Leiper (1913)
transferred it to his newly created genus Gpstrodiscoides

distinguighing 1t from SGastrodisous on account of lack
of repillae on the ventral surface.

Begides Bengal & Agssm it has been recorded in
man from Bihar and Oprisa by Boge,1934. In swine it has
been reported from Assam (Buckley,1939), Bengal
(Bhalerac,1931) and U.P. (Ahluwalie,1959). In the present
study the inecidence has been found to be &% 3.9%. The

forms occurring in swine and humsn were considered {
identicel until Varmp (1954) examining the specimens from 1
humsn and porecine sources found some difference in size,
character of genital rapillae/ eone and relative position
of testes gnd felt it hecessary to crezte separate
Varieties for specimens from two gources (&. hominis

from man and G. hominig var. guis from pigs), Later
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Ahluwalia (1960) while examining the material from pigs
oenly, concludes that morphologically, the specimens from
human and porcine infections are indistinguishable and
should be considered to fall within the seme species
until it is established on experimental basls, that the
two are different physiologicsl strains,

The amphigtome has fleshy pink coloured body with
an anterior eonicszl postion nearly 2 mm. long and
posterior discoidal region. Size varies from 8 to 12 mm.
long and 5 to 8 mm. wide, Body is aspinose and discoidal
portion has got nonspapillated ventral concarity. Oral
sucker is subeterminal, Mouth is connected with two
latersl pouches. Uesophagus has posterior bulb.
Intestinal caseca reach the anterior border of acetabulum,
fcetabulum. occupies the ventral rim of the posterior
part of the worm. Genitzl cone, where genital pore opens,
is situated slightly behind the middle of the conical
portion in the median line. Testes are large, lobulated
end tandem in position, the anteriocr ocne smaller and
posterior one is lerger and distinctly lobulsteds Cirrug
pouch is gbsent and seminal vesiele is much coiled.

The small ovary lies behind the testes and the
ootype to right of the ovary. The uterus coils upto the
genital pores The vitallaria are limited to the latersl
arcas of discoidal portion. The opercuiated eges
measure 150 to 165 X 70/u,
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HENAZODA

Species -

Synonynm -

Hogt =T
Habitat -
Logality ==

hscaridae Cobbld,1864.

Agcarig Linngeus, 1758,

dscaris Jumbricoideg Linnaeus,1758.
&e guum Goeze, 1782,

Ao guls Gmeling1790.

& sullls Dujardin,1845,

Danestic pigs.

Small intestine & liver (%),

Patna and Hazaribagh.

it has also been found in man, ceriain large apes,

sheep, squirrel and dog. This is cne of the wvell known

bParasites of man knowa from very early times and

voluminous litersturs eun be ecited on its morphology and

biology.

The forms occurring in swine snd human were

thought to be morphologieally and serologically

indistinguishable till Sprent (1952), examining the

material from buman and pigs, pointed out that 1lip

denticles of the pig ascarids form = conspleuous roy of

more Or less equilasteral triangle znd that the edpes of

the denticles are straight, while in those of humen

ascarids the denticles are less conspicuous, smaller,

having concave edges. Later Abdulrachman and Joe (1954)
examining the material from both the sources demonstrated
the differences in the lip denticlesy, although there were
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3
intermediste forms in & few casess FPhyeiologilcally both |
were found not to be interchangesble by means of
experimental infection (Rangom & Foster, 19203 Koino, 1922 |
and Fayne gt al1,1825), But thig wes later refuted by De
Boer (1935) who eoncluded thet eross infection from human
ascarids to pig ean take placey Thusy, as Lindquist (1989)
feelsy, the whole problem of ecross infeetion needs mnore |
examination, before teking swine ascarid to be | |
physlologically different. He, as also chandler (1061)
and some othof authorsy has referred this species as
4secris lunbricoides var. mum, |

The incidence of infeetion was found to be 23,388
in demestic pigs. To study the ecomparative morphology 10
Specimens were eollected from an 8 year boy at Government
Farm Gauriskarma pessed in hig stool after piperzine

treatment, end 10 specimens were obtained from the
Pathology Department of Patng Medical College. This parasite
has been recorded from domestic pigs in India by Maplestene
(1930), Thapar (1956) & ihluvelia (1958 & 1959).

End-on preperstions of 20 human ascarids gnd 20
swine ascarids were exsmined of glycerine eleasred specimens
to show the difference, if any, in the character of

denticles on the dentigeroﬁn ridges In 14 specimens from
the pigs the denticles are prominent, in the size of an
equilateral triangle snd form a conspicucus rov on the
dentigerous ridge. In four specimens these were not very
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prominent and in rest two, the denticles wvere like those
of humen ascarids. The denticles of human ascerids are
much smaller and ineconspicuous with more rounded pointge.
Eathologys= any outstanding gross pathology was not
Observed in the intestine containing mature worms. This
may aprerently be due to the faet that heavy intestinal

infection was not observed. On three oceasions ‘the

juvenile and gdult parasites were found embedded in the
bile duct and in the liver parenchyma itselfs The bile
duct was seen oecluded. The liver was pale and slightly
enlargeds Cirrhosis was marked by induration, distinct
lobulation and well marked white spots on the surface,
indieating the areas of extengive fibrosis,
Histopathologyt= In gddition to bile ducts, the parasite
was found lodged in portal tract cutside the duct.Portal
area showed increased fibrosgis partieularly encireling
the parasite, Infiltration with lymphoeytes and
eosinophiles was evident, Fibrous strands extended to the
adjacent lobules presenting a typical picture of multie
lobular eirrhosise In the encircled lobule the hepatie
laminee were disorgenised with individualisation of
hepatic cells. Different degrees of degenerative changes
from cloudy swelling to fatty degenerption were seen.
Wall of the centr:l wein showed thickening .Foeal
infiltretion of eosinophiles and lymphoeytes were
distributed at different places inside the lobule.
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Il. Family == Trichuridae Railliet,1915.,
Genusg == ZIrichurig Roederer,1761,
Species == Irichurig trichiurs

(Linnaeus, 1771) Stiles, 1901,
Hogt == Domestic pigse.
Habitat == Caecum and colon,
Loeglity == Patng,

This parasite has been recorded from mgn gnd
other primates.Baylis and Doubney (1922) recorded it from
wild boar in Bihar, Maphlestone (1930), Alwar (1958) gnd
Ahluwalia (1959) weported from damestiec pigs in Bengeal,
Madras and U,P, respectively. In this survey it has been
found fairly common (63.39%) in Chhotanagpur platesu as
revealed by faecal exeminationybut was not commen at Patna,

Male measures 30 to 40 mm. in length and 0.40
t0 0.55 mme in meximum thicknéss, Slender oesophageal
portion occupies two third and mesé more of the whole
length. Splculed measures 2 to 3 mme long with pointed or
rounded tips. Spicule sheath is quite variable in shape,
somet imes eylindrical and sometimes expanded distally.
This variability has slsc been mentioned by Baylis (1939).
It is vholly or particially covered with spines,

The length of female varies from 35 to 44 mm. and
maximum thickness from 0.6 to 0,7 mn. The vulva is near
the junction of anterior and posterior portion, Eggs

Measure 45 to 55X 20 to 24/M yitn polar caps on both gidesg,



iil s ?amily wes Strmgylidae B&il‘d; 1853 .

Genus == Stephanurug Diesing,1839.
Species ~~ Stephgnurus dentatus Diesing,1839.
Hogt == Domestic pigs.

Habitat -~ Peri-uretral fat, pelvis of kidney,
liver, lungs, abdominel and
thoracic cavities.

Locglity = Patna and Eazaribagh.

This 'kidney worm' of swine has slso been Teported
from cattle and donkey. From demestic pigs in India it has
been reported from Madras (Alwar,1958) and U.P. (Rai &
Ahluwalia,1958; Ahluwalia,1959), The incidence in this
study was as high as 79.87%. The usucl seat of predilection
of this parasite ig peri-uretral fat, vhere adult worms,
usuaily in pairs, lie in fibrous cygts. On one oceasion
it was found in the pelvis of kidney. Stray adult and
Juvenile parasgites were alsgo found in lungs, abdominal
and thoracie cavities. Juvenile forms were found in
liver lying just below the liver capsule.

The adult worms sre stout, the internal orgens
are partly visible through the cuticulz. The male
measures from 24 to 30 mm. long and 1.4 to 16 mm, thick,
The buceal eapsule is cup shaped with 6 teeth at itg base o
The rim of the capsule hzs six external cuticular
thicknings of which dorsal and ventral are most prominent,
Y¥ale bursa is poorly developed with rays ag described by

e
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'pra_vioun authors, Spicules are equaly in soey subequal

measuring from 0.7 to 0.9 mne Vulva is close to the
anus, :

The juvenile forms recovered from liver
Pesemble in mosphology to the adult, They measure 16 mm,
to 23 mme long.
Tathogenicityse Adult worms usually lie in pairs in
firous cysts which is embedded in kidney fat or attached
to uratral wall, The cysts communicate with the lumen
of the ureter, Worms inside the eysts ineite a purulent
Teasction and vhen the eysts are cut open a foul -
smelling sanguinous fluid surrounds the para_sitas.

Higtologiearlly inner wall of the cysts consisted
of immature fibro blasts with infiltration of lymphoeyts
and eosinophiles. Gradually from inside ‘outward more
mature fibrous tissues are lpid down Bocapsulating the
whole mass,

In liver the worms were embedded beneath the
eapsule in a erumbly mass of neecrotic tiss_sua. Grogsg
and histopathological changes were in confirmity with
those deseribed by Ahluwalia (1962) and other,



3. G!Imls —aa

num Molin, 1861,
11) Species == 9. dentatun (Rudolphi,1803)
Molin, 1861,
Hogt == Dombstic pigse

Habitat == Cascum and colone
Locality e« Patna and Hazaribagh.

Thig species was first recorded from domestiec
pigs in Indie by Maplestome (1930). Subsequently it has
been reportad from Bengal (Thapary1986), Madras (Alwar,1958)
and U.P, (Rai & Ahluvalia,1958; Ahluwalia,1959). The
incidence in this survey has been found to be 34.49%,
generally in mixed infection with the other two species.

The males measure from 7.5 to 9 mm. and females
from ¢ tt‘:t 12 mm, in length. The cephalic inflation is well
developed, eervical grove extends some distance on to |
lateral surface. Dasteral alae are absent. Buceal capsule j
has almost parallel sides. External leaf-erown has nine
elements and internal eighteen olement.;:. Oesophagus ig
club~-shaped with no anterior swelling. Cerviecal papillae
are towards posterior part of Ogsophagus. Spicules 1.0 to
1415 mn. long. Tall of the female is short, strsight and
tappers to a point, 0.23 %o 0+29 mme in length. Digtance
between vulva to anus is 0,23 to 25 mm. Vagina is

directed in-wards and leads to pars ejactrix,



(11) 3pec ies -

(Marcone,1901) Alicata,1935.
Synonym-<0,longicaudum Goody,1925.
Host «= Domestic pigs. |

Habitat w~ Cagecum and colon.
.. - boeality == Patna and Hazaribagh.

Goodey (1925) deseribed this parasite and gave
the specific name O.lengicaudum owing to its long female
tail. Al:l.eata (1935), however, brought to light the earlier
desoriptim of the parusite by Marcone (1901) as O.
quadrispinulatum. Hey in accordsnce with the law of
priority in zcological nomenclature, treated O.longicaudum
as synonym. Maplestone (1931) recorded this parasite from
pigs in Caleutta and gave a description. Ahluwalis (1959)
reported the parasite from UsP. though Alwar (1958) while
recording O.dentetum and O.brevicgudum failed to find this
species in domestic pigs of Madras. During this survey
incidence is 15.58% in 154 pigs examined. This was found in
mixed infection with other two srecies.

This parasite resembles O.dentatum from wnieh it
is distinguished on the character of head, the chargcter
of buccal capsule, cesorhageal swelling and long female tail,

Heles measure from 7.6 to 8,5 & female 8.4 to 9.6
mme The buceal capsule is broader pogteriorly than anter-
Rorly.Spicules measure 0.8 to 0,9 mm. long. Female tail is
markedly long tapering g to a point,The distance between
anus and the tip of the tail is 0.35 to 0.41 mm,




(1i1) Species w=

Hogt -
Habitat e

oV

Qo gopharostopum brevicaudum
Sehwartz and Alicata, 1930,
Demestic pigs.

Caccum and eolon.

Patng and Hazaribagh,

Maplestone (1930) recorded this parasite

(Segophazostonum suis) as the commonest among pigs
examined at Caleutta, though Alvar (1958) in Madras

recorded this species to be less common than O.dentatume
Ahluwalia (1959) reported it from the domestic pig in
UsFs In the present study the inecidence is 31.17%

which is higher then that of Q. uadrispinuistum and
slightly lower than Q. dentatum.

The worm is similar in general appesrance to

0. dentatum, Males measure 6.8 to 8.4 mm. and females

7.6 to 9 mm. Buccal capsule is short. Brternsl legf

crown contains 14 to 16 elements, the internsl 28 to

52 number. Bursal rays sre wmx similar to P, dentgtum.

Spleules are equal ranging from § to 2 mm. The female

tail is shdrt, bent dorsully and measures 0.25 to

0‘35 N .
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Species .

Hogt -

H Oﬂt -
Habi tat =
Locglity e
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Hetastrongylidae Leiper, 1908,

Motastrongylug Molin,1961,

—Eﬁ m (%011!1,‘790)

Vostokov, 1905,
Synonym « M, elongatus

(Dujardin,1845)Ra 11140t & Henry,
Domestic pigs. 1911,

Bronchus and Bronchiole,

Patna and Hazaribagh.

Baylie and Danbney (1923) recorded frangmentary
mgterial of thig species from the bronchi of a pig in the

eollection of Zoologicel Survey of India; but it was

unesrtain whether the specimens were of lndian origin

(Baylis,1936) . Bhalarao (1935) refers to its occurrence

in pigs at Madras, while Thapar (1956) and Alwar (1958)

regorded it fram Cgleoutta and Madras regsrectively.in this

survey it was encountered in only 3 of the 154 pigs

eXamined from plain area of Bihar,but faecal examination

at Hazaribagh revealed its cccurrence in 23,21% of pigse.

There exists difference of opinion among

different authors on the namenclature of this species.Some

of the authors refer to this species as Hetugtrongylus

aprl teking He.glongatug as its synonymy while others refer

it the other way round.Daugherty (1944) has eritically
revieved the genus Metastrongylus tracing the history of

different species described under this genus and their

homenelature .According to him,Gmelin (1790) employed the
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specific name Agcaris apri exclusively for this swine
lung worms Vostokov (1905) first proposed the genug
Metastrongylus and designated this species as typee-species
of the genus and also deseribed a new species M.

Railliet &
pudendotectug./Henry (1907) accepted M« gpri, but in his
later publicaticn in 1911 adopted the name M.glongatug in
place of K.aprl without assigning any reason for doing
80.Finglly Daugherty (loc.gite) pointed out that the use
of M.elonggtus as the type=-species of Metagtroneviug is
not justifiaeble on the basis of priority. The 'aatHor alseo
agree with him in retaining M.aprie The third species of
this genus %;qg}g&_was described by Gedoelsty 1923,
Daugherity (igg.m.) has tebulate the main differeﬁtial
character of the three species.

Hales measure 18 to 22 mm. and females upto'ss mm,
in length. Club shaped oesophagis is 0.5 to 0.6 mm. in
length. The male bursa is small, rays radﬁced or fused
except large antero-lateral. The spicules are slender
measuring 2.5 to 3.5 mm, and terminate in a single hook,
Genital cone is Btrongly devaloped & gubenﬁaeulum absent .

The female tail is bent ventrally, measuring 0.09
mm, in length. Vagina is 2 mm. long and vulva of cloaca.
FPre-vulvular swelling is present .The eges measure 50 to
55/0 X 38/ and are embryonated.

Pathologyt~ The pathology of -experimental and naturgl

infection of Metsstronsvius spp. in pigs have been studied
in Britaip (Dusny 1953 « Mackenze,1958).
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Grossly the lunge showed yellowish white prominent
euphysematous areas distributed mostly in dlaphragmatic
lobes In = heavy infection recorded at Gauriskarna,
these arcas extended to the lung surface. The zones of
enphyseina and eonsolidation showed lobular distribution
indicating blockage of the corresponding bronehi or
branchioles with the worms and the exudate. After

eutting open the bronchi, worms were found embedded in
the white fronthy mucous exudagte .-
Higt Spathologys=

~ Histological appesrance corresronred te +ha
gross changes. Vorrs were found embedded with exudate
in the bronehi and bronchioles and areas of emphysema
and consolidation were sharply demarcated. In‘the
bronchi the pars sites are surrounded by exudate of
fibrinous character contsining eosinophiles neutrophiles
and mononuclesr cells. The bronchial epithelium showed
denudstion at certain places and marked increase in the
secreting cells gt the other, The lamina propria
displayed dense cellular infiltration. Lymphoid
hyperplasia was evident in peri bronchial and bronchiolar
eonnective tissue together with other eellular
infiltrations at different sites.

The vesicular emphysema showed lobular distribution
with congolidation of adjacent lobule. Alvioli showed
extreme dilatation with breskage of itg wall, the latter
showing at places different degrees of collular
infiltration with eoginophiles and round cells,
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Ve Family == Spiruridae Oerley, 1885,
1. Genus == &scarops ve Beneden,1873,
Species == A, strongyling (Rudelphi,1819)
4licata and Melntosh,1933,
Hogt == Domestic pigs.

Hebitat == Stomach.,

Loeality «= Patna. and Hazgribaghe

In India this species has been reported from Bonsal
(Maplostme,wao; Thapar, 1956),Madras (4lwar,1958) and U.P.
(Rai & Ahluwalia, 1958; Ahluwalia,1959). In the present study
the incidence is 56,49%,

Baylis (1939) has briefly deseribed Ascorps dentata
(v. Lingtow,1904) Alicata and Melntosh, 1937 and separated
it from h.gtrongyling mainly on the basis of size (male
upto 35 mm. and female upto 56 mm.), The present specimens
fall within the range given for &+ strongviine.

The males measure from 9 to 13 mm. and females 16
to 20 mm. long. The pharynx in 0408 to 0.09 mm. long and
its wall has triple spiral thickening. Cervical alae is
asymetrical on the left side only. The tail end of the
male has asymetrical caudel alae, right one is wider than
lefts There are 4 pairs of precloscal and one pair
posteloacal pedunculated pepillae, placed asymetrically.
Pive pairs of sessile subventral rapillae are present,
Splcules are unequal, left measuring 12 to 2.6 m. and
right 42 to .5 mm. long. Tail end of female is eonical .2

t0 245 nme long.Bggs are eval, embryonated & megsure
35 to 38 X g0/M*
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2+ Genus == Fhygocephalus Diesing, 1861,
Species - P, m (uoun,ww}
. m“!.ngnas‘l.
Host e Demestic pigse

Habitat == Stomach.
Locality == Patna snd Hazaribaghs

This parasit:'e has been i'ec-arded from Indian pigs
by Maplestone (1930) in Bengal,Alver (1958) in Madras,
Rel end fhluwelic (1958) and Ahluwelia (1959) in U.P.

Its incidence in this study was 44.15%, but the intensity
infeetion was 1owar£tgmparisim to 4. girongyling.

The males measure from 7 to 11 mm. and females 14
to 19 mm.The cuticlé in the‘ regicn of pharynx is slightly
inflated, vith two posterior pocket like folds latorally.
The three lateral alae on each side begin just behind
these :eldu Fharynx messures 0;34 %o 0.28 X 0,055 mm, Its
wall has single spiral thickening with 23 to 24 turns
which forms eomplete rings in the middle.

Gﬂale éauda.l end is spirélly coiled. Caudal alae
are slightly ssymetrical, right being a little longer.
Spicules are unequal longer measuring 1.9 to 2.2mm. and
sneller Oe3 to 044 mm. There are 4 pairs of pre-anal
pedﬁnculated papillae and 4 peirs of sessila subeventral
papillaees The té;il end of the female is from 0.11 to 0.13
mme long and is suddenly constricted about 0.35 mme from
the anus, the tip being bent ventrally.Sggs are |
mbxjyﬁated measuring 3¢ ‘to 44 X 24/, |
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3. Genus ~- Simondsia Cobbold,1864. .
Species e Simondsia paradoxa Gebbold,1864u
Host - Domestic pigs.

Habitet -~ Stamach.
Locality == Patng aﬁd Hazaribagh.

In Indias Ramanujachgri and Alwar (1953) for the
first time recorded this species from Hadras and gave a
redescription of this parasite. Ahluwalia (1960) studied
the material from U.P. and gave a brief account of the
anatomy and deseribed the important pathological changess:
He also deseribed the morphology of 4th stage 1ar§a. In
this survey ineidence of this parasite is 30.52%.

Males are found free on mucosa but mostly are
embeded in fundic mucosal pits with both the ends
projecting in the luman of the stomach. It measures 11 to
15 X 03 mms in gize, with colled tail end. Buccal
capsules has characteristic single spiral annular
thickening, Fram its middle start, on each gide,
symetrical cervical alaee. Tall end has symetrical eaﬁdal
alaes« There are 4 pairs of pre-gnal and two pa;rs post-
anal symetrical pedunculated papilae. |

Fémale of this parasite is a classical example of
sexual dimorphism in nematodes. It has a large globuler
body with small sacculations of the cuticle on tﬁe surface
which give it a mulberry like appearance and s slender
Cephalic region which proves its nematodel origin,
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Cephalic portion measures 6 to & mme in length and the
diemeter of spheroial portion ig 3 to 4 mm, The ‘vulva opens
in slender region 1.6 to 2 rm. from anterior extpemity.,
The uteri, oviducts and overies are complicatedly coiled
in the enlarged spheroidal portion with intestine glso
intervined between them. Eggs are embryonated,elliplical
0402 X 0,01 mm. in size., |

Fathologys-Fundus region of the stomach was covered with

& layer of thick tenacious mucous.The mucogal pits
econtaining projecting portion of the worm had thickened
wall which gave this portion and indurated feeling,
Congestion at different places was marked.Pea sized sube-
mucosal hard cysts eontaining the globular portion of the
female stood out on the surface prominently .When pressed
or cut open a thick creamy pus oozes oute
Higtopathology 3-The embedded portion of the male and the
protruding portion of female were surrounded by
infiltration of lymphocytes and eosinophiles.ln the
vielnity, laying down of fibrous tissues were seen. The
globular portion of the female was seen surrounded by
purulent exudetive materipl comprising of neutrophiles,
éosinOphilas, 1ymphoc$rtes & maperopheges.This wag surrounded
by fibrous tissue.The %Jﬁﬁndularrcells showed at certzin
Places atrophy and at/other gells were engorged with muein
secretion.Cellular infiltrationswere also present in lamina
proprieyCongestion was evident in capillaries.Thug the
pleture presented is that of subacute to chromie catarrhal
& at places purulent & at the other hypertrophic gastritis,
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BROIOZOA
1. COCCIDIA AND COCCIDIOSIS,

Rivolta (1877) was first to report swine coccidiosis.
He attributed severe enteritis to E. zurnii which was
found epizootic smong pigs.tNevicky,1945) , Biester and
Murray (1929) pointed out that the literature dealing with
coccidiosis in swine prier to 1929 is of interest notwithe
standing the inadequate discription and confusion prevailing
with respect to elassifications The first aceurate
description of the pig coccldium was given by Douwes in
his Ineugural Dissertation (1921), He named it Eimeris de
Blieckly which was later corrected to E, debliecki. He
believed that a large and small variety occurred. He
assigned no name to the larger variety. iccording to Biester
and Murray (loge.gite)y B, guis described by Neller (198%)
and B, brumpti described by Cauchmez (1921) are taken as
synonyms on the basis of priority. '

Henry (1931) found that pigs at Kansas harboured,in
addition to L, deblieckis other coccidia hitherte une
deseribed and named them £, scabra, B. perminutp and E,
spinosa. The occurrence of these species have been confirmed
by workers in other countrics.

The fifth aend sixth species of Bimeris genus, E,
scrofae and B, politg were described respectively by
Gallivalerio, 1935 from Sgitzerland and Pellerdy (1949)
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from Hu_ngry. The coceidia of the genus Asogporg,Isospora
Suls was described by Biester and Hurray (1934),

In India Gill (1960) reperted 6 species of coccidia
vize E. scabra, B, nuta, He polita, By apinosa,
£ debliecki and I, suis, from 20 pigs examined at Izatnagars
He finds justifieastion for splitting B, sesbra into two

varieties vize B, goabra var scabra and E. seabra var
ellipsoldalis,

In the present work the incidence of coeccidia was
found to be 57% in deshi pigs, 47.4% in deshi pigs examined
postmortém and 42436% in Yorkshire pigs at Gauriakarma,
anecticnwas not found to be irery heavy, Out of positive
samples for coceldiay 30 samples were randomly selected
and sporulated for specific identification. The specifie
ddentification was based en the following morphological
chax;acters.

(1) Shape and size of the ocooysts.
(2) Character of the ooeyst wall,

(3) Mieropyle=presence of absences

(4) Oocyst polar granule~=-presence or agbsence,
(5) Cocystic residuum-presence or sbsenece,
(6) | Sporocystic residuum=-presence or absence,

(7) Stieda body=-presence or absence.

Three species of Ejmerias viz. Eimeria gcabra,
Zs deblicckl end B, porminutg were identified in 30

samples. Most of the pigs were found to carry multiple
infeetion with two or three species. E. scabra was found
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to be the commonest. The presence of coccidia was not
found to be associsted with any elinical symptom nor was
any gross pathology observed in pigs examined postmortem,
whose faeces showed the presence of coccidias This might
have been due to the fuet that oily adult pigs were
examined, which are known to attain partidel immunity
after experience of infection in ynung ages Plester and
Schwarte (1932) have produced complete irmunity in pigs
by feeding ococysts for several dayse By debliecki is
'reported to be pathogenie in young pigs causing
diarrhoeay dysentry and also mortality. The other two
species encountered have not been found to be gssociated
with pathogenicity. The lack of pathological findings in
this survey may also be due to the non-pathogenieity
these parasites.

The description of the species studied are
given as followsst=
(1) Eimerig debliecici Douwes,1921.

The ooccysts were oveid or spherical in shape. The
size was variable measuring from 16 to 28/ by 14-19/4,
The smooth and colourless oocyst wall was composed of
two leyers usually 1 to 145/8 thick. The micropyle was
absente. The oocyst polar gramule was also not observed,
The ooeystic residusl body was absenty; but sporoeystic
residucl body present. The sporoeysts were ellipsoidal
or ovoid measuring 14 to 16/ by 6 to 8/4, Stieda body
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was present, In unsporulated ooeyst the zygote was
found prectically filling the ooeyst, sporulation at
room temperature lab, atmospheric condition wes
ecomplete gfter 9 to 10 dayse

(11) Bimeris perminuty Henry,1931,

This species was found to be the second in order
of prevalence after B, goabrae. The size was distinetly
smallere The ooeysts are sphericsl or ellipsoidal in
shape. The gize varied from 12 to 15 by 10 to 13/, The
ooeyst wall was roughy taking an yellowish tinge.
Micropyle was ahs;ent- Opcyst polar granule was present.
Zygote practically fills the unsporulsted oocyst.
Sporulation was complete by 9 to 10 dayse
(111) Bimeris sesbra Henry,1931.

The cocysts were oval or ellipsoidal in shape
measuring 24 to 32 by 18 to 25/M. Thus it was comparatively
larger than previously described two species. Thé oogyst
wall was brown, rough and 1,5 to 2/% thick, being
thinner gt the narrower end. The roughness of the wall
in some of the ooeyst was not evident. Micropyle is
distinctly present, but it was not mentioned by Henry
(1931).though gecording to Pellerdy (1949) it was
present, 4n oocystic polar granule is geen but there ig
no oocystic residual body. The sporocysts are
ellipsoidal, 15 to 18 by 6/% and have sporocyst residuum.
The sporulation in lab. conditions is complete by 10-11 days. |
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2. Balgntidium coli (Malmatem,wt‘)?) 31:51!1,1865.

This parasite was first diacoverad by Malmstem
(1857) from two dysentry patients in Stoekholm, who
¢alled it Parameecium goli (?)s It was pleced in the
genus Balantidium by Stein (1863). In Indis the first
human case was recoverded by Sinton (1923), According to
Wenyon (1926) Balentidium was first observed in pigs by
Leuckart (1861 a, 1863) which was confirmed by many
other observers. According to Levine (1961) B, goll is
extremely common in swine having been reported in 21 to
100% of them in variocus surveys but the low figures may
reflect the exemination technique rauther than the true
ineidence. Thers seems to be no published record on the
extent of balantidial infection in swine in India except
the comment of Knowles (1928) that the pig end monkeys
in Indis are very commonly perasitised with Balgntidium,
In India it has also been reported in csttle by Biswas
end Kannungo (1989) and Patnaik (1950)_ from Orissa, who
found it associated with chronic dysentry .

Aecording to Wemyon (log. git.) the experimental
evidence of Brumpt (1909) and Walker (1943) and other
epidemiological evidences have proved the identity of
swine and humen Balantidia. MeDonald (1922) showed that
two species of Balantidium occurred in swine, B, goli and
By suige The latter has more slender body and
straight macronucleus. 3, goli of pig is transmissible
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tu‘.lan and vice versg but B. suis is ppeeific to the
Pig. Hegner (1934) studied Balentidium species from
different hosts and has listed certiin characteristics
for specific ldentification based mainly on size and
shape of body and maeronucleus. He concluded that
Bplantidium from the dmmestie pigs may belong to two
speciesy B, coli and B, suis; but conclusive evidences
ere still lacking. Clone culture studies by Levine(1940),
Lemy Roux (1950) ‘and eysologiecal znd eultural studies

of Auerbach (1983) go to show (quoted by Levine,1961)
that Bs gold end Bs guls are not different species, but

- the variation in morphology iz due to different physio=
logicel stute of the parusite. Levine (1961) has regarded
Bs guis as synonym of B, gold.

Balantidium in pigs, unlike thoge of humen and
other primates, are regarded to be nonepathogenic, but
its association with pathogeniec effects have been
occasionelly recorded (Beck ab ale, 19433 Rayy1937),

In the present study the parasite was found to
be very ecumon, 72% in 100 deshi pigs, 68.88% in Geshi
pigs examined postmortem and 38.4% in 336 Yorkshire pigs
examined at Gsuriakarma. Its presence in faeces was not
found to be associated with any clinical symptom, nor
any gross pathology was observed in pigs examined
postmortem. Histopathology also failed to show.any tissue

Phase of the parasite in the portions of ggecum and colone
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The morpholeogy of unstained and stained specimens
was studied. As pointed out by Hegner (log. gite) 40
trophozoites not undergoing binary fision,from 4 pigs
were measured with the help of occular aznd stage
micrometers. The length varicd from 64 to 88/4 and
breadth from 48 to 66/M. The length breadth ratio varied
from 1325 to 1848, The body retio given by Hegner was
for coliwstype 1320 and for suisetype 1342. But in this
study specimens with intermediate ratic were also
encountered. Thus the present specimens are identified
a8 Ba goll only,

The trophozoites were ovold and covered with many
longitudinal rows of ¢ilia. There was small peristome
near the anterior end lined with coarser e¢ilia.Cytostome
and eytopharynx were located at the end of peristome.
The eytopyge is near postericr endy one contractile
vacuole was terminal and the other near the centre of
the body. There were many food vacuoles eontaining eell
fragments, Macronucleus was sausage or kidney sheped,

22 to 3¢ X 9 to 12/8, The micronucleus was smell and
vesicular. The cysts were spherical to ovold and measule

34 to 46/% in diamater.
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It 1s apparent frem the review of informations
available on the paressitic infections of swine in India
that the work in this eountry has mostly been confined
to the taxonomic aspeets mly. The informations on
regional prevalence of the perasites with eorrect
assessment of its epidemiology and pathogenegis, which
are the preerequisites for designing control measures in
Veterinary and Medical fieldsy are rother meagre. This
éurvey, which covers unexplored areas of Bihar St".ate in
respect of swine parasites, has revealed, in additiom to
recording on the oceurrence of parasites belonging to 2%
8pecies, stme other interesting facts regarding
geogrephical distrihutim, predilection site, .pathOgenic
effects & some other implications of these parasites,
which ean fruitfully be discussed in the light of
present day knowledge.

. In this study striking differences in ineidence
have been met with in respect of certain parassites from
the records of previous authors in this country, |

| - Stephanurus dentatug Diesing, 1839 was not
recorded in his survey by Maplestone (1930) in Bengal
and was met with by Alwar (1958) in Madras in only &%
of 50 pigs examined, though shluwalia (ls2. eit.) found
it cammon in U.P. without indicating percentage of
infectiongs In the present study it was found to be very
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common with ineidence as high as 790.87%. Similarly,
Opisthorchig poverea Brau, 1903 has not been reported
from any other part of the country emcept Bengal, where
Bhalerao (locs cit.) recorded the ingidence only in 10%
of the 49 pigs examined and mentioned liver and intestine
ag its habitat. Vhereas in the pregent study th§ incidance
of this parasite has been found %o be very high (69.48%)
Anhabiting pencreas only. The pancreas were examined
within 10-30 minutes after #laughter 'and host tissue
reaction was noticed in each case. So, the postmortem
migration is ruled out, .
' Finally, whether the absence or Zewer incidence
: of this parasite in certain areas is attributable to any
~ geographical, climatie or other biological factors or to
the limited natuve of the survey remains to be determined
by undertaking works on larger scalee.

Higher ineidence of Metastroneviug aprd
(Gmelin, 1790) and Ipichuris trichiura recorded from the
pigs maintained at Gesuriakarma as compared %o deﬁhi pigs
of the plain area may also be attributed to the climatic
'and other biological factorss M. apri requires an
earthvorm as intermediate host, whose relative
prevalence in the climate of Chhotgnagpur platea\i may be
a determining factor. Similarly, epidemiological evidence
has shown that a high ineidence of Irjchurig infection
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is assoclated with abundance of moisture in the soil,
due either to heavy and well distributed rainfall or
dense shade. This is in consonance with the comparatively
high rainfall and thick vegetation of Chhotanagpur
plgteau in comparisin to that of the Gangetic plains.

High incidence of multiple infections also pose
a serious problem. Spindler (1951) rightly concluded
that each species of helminth in swine damages its
hosty, and that the natural mixed infection can mean the
difference between profit and loss in swine production.,
More than one helminth and protozos have been found
to infect the same orgen Of a single host. This is
a point to be considered in adopting eontrol measures.
A drug effective on one group of parasites may not be
effective on the other causing a selective preponderance
of the other groups In addition multiple infections of
the seme organ of an individual host may enhance the
pathogenicity caused by any single type of helminth
or protozoas. Liver is an ocutstanding example which is
att;;ched by the migrating larvee of both Stephapurug
dentatug end Agcarig lumbricoides var gulile

Several parasites of zoonotie importance have
been recorded and these have gi-eat epidemiological
significance from the public health point of view.

hAmong these are (1) Artyfechinostomum sufrartyfex
(2) Opigthorchis noveres (3) Gastrodiscoideg hominis
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(4)_Eascdlopsis buski, (5) Cysticercus gelluloege,

(6) Echinococous evsts (7) Zrichuris trichiura,

(8) Ascaris lumbricoides (?) and (9) Balantidium gold.
411 have been recorded to occur in human population
in India. Some of themy, for example B. goliy is .
regarded to be non-pathogenie to swine host, but
causes diarrhoea and dysentry in men. Thus swine ascts
as a reservoir hosgt, donating the infective material
to personsg coming in its close contact. This is true
vwith other parasites also, enumerated above, In
country-sidey pigs are mainteined by pbor people in
most unhygieniec condition and they also share the same
enviranement exposing themselves to the danger of
infection. Bven in case of human population the
prevalence of these parasites have not been assessed
fully excepting the work of Buckley (1939) in Assam
and eccasional case records by other authors,

The pathology studied for certein worms point to
the damege sustained by the pigs in this State. Pathology
of 0, noverca in pancreas, described for the first time
and its higher ineidence in this State deserved |
consideration in the control of helminthigsis. S8imilaer
is the case with the paethogenicity of lungewornms
descrived here and its higher ineidence in the Farm
condition of Chhotanagpur plateau. 8, dentatug,A.lunbricoides
var guum & S.paradoxa have been found to be associsted |
with pathologseconditions in natural infections.




CHAPTER 11

DEVELOPMENT 4ND PATHOGENICITY OF

ASCARIS LUMBRICOIDES VAR, SUUM
IN DIFFERENT ANINALS,



Stewart (1916, 1917, 1918, 1919, 1921) worked out the

llife history of bdgearis lumbrigoidesg and showed that a
liver<lung migration occurred in rats and mice. Ransom

and Foster (1919, 1920) Ransom and Cram (1921), Payne
(1925), Robert (1935) and Sprent (1952) carrying
experiments on pigs, sheep, goats, rabbit, guinea=pigsy
rats and mice demonstrated that liver<lung-tracheal
migration ocecurred in all the animels. Ransom and Foster
(logs git) recovered from the intestine of a young goat
and a lgmb immature worms that had developed beyond the
stages previously obtuined from rats, micey, gulnea=pig
or rabbitss Ransom (1922) ceoncluded that the
developmenty at least in the case of lamby was very
slow and apparently the worms never reached fertile
maturity and commented thut the so called adgceris ovisg
in sheep was nothing else than Agearis dumbricoides.
Korgan (1931) established the infection of swine
Ascorig lumbricoideg in pigs at the age of 10 months.
But the difficulty in infecting swine with its own
ascarids was experienced by many workers. De Boer (1935)
found that repeated doses brought more consistent results.
Clapham (1936) while infecting swine experimentally
concluded that the known resistance of swine to
experimental infection was slight and of temporary
natures Lindquist (1959) also expressed the difficulty
in establishing infection in swine with its own ascgrids,
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Nichols (1956) studied the morphology of dscaris
dumbricoides larvae recovered from organs and in tissue
aectiops of white mice and has given an illustrated
account, Kelley gt gl (1957) studied the larval growth
of swine ascarids in pigs and found that the larvee
from pigs were generally larger than those from rabbitsy
guinege=pigs and mice,

Mottoff and Wassilef? (1956) found A, lumbricoides
in Bulgerian sheepd and regarded the previously
descrived 4, ovis as A, Jumbricoides. Bhalerao (1935)

also lists sheep as host of &a lumbricoides, Vassilev
(1960) infected 8 kids with ova frem swine ascarids

and'fcund that worms reached sexmal maturity, thdugh
later than in pigsy, but fulled to infeet adult goatse
Berger gt gl (1961) showed for the first timé the
develorment of A.-lumbrigoides var. Ssuum in rabbits
upto sexvel maturity after experimental infection.
Fallis (1948) and Voorhorst (1957) found
eoginophilia respectively in guineg=pig and mice
exrerimentally infected with Agearig while Zedulka (1960)
showed that interstitiecsl ehronic eosinophilic hepatitis
was assoclated with migratory ascorid larvae in pigs |
and in lungs it exacerbated chronie broncho=-pneumenia » !
Fitzerald (1960) infected lambs experimentally with
4scarls lumbriccides var. guum and recorded similar
migration and larval development as in other experimental
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animals. He did not find development to the asdult stage .
Eosinophilia was the only change in blood picture. '

From the above review it transpires that the host
vange of Ascaris lumbricoides vars Suum, in which its
develoment to the gdult stage can teke place, has got
conflieting reports. The pathogenesis and other
implications other farm animals of economie importence
heed more ellueidation,

The present study wes undertgken to find out the
development of swine ascarids in loeal breeds of sheep,
goaetsy pigs and some laboratory animals and to study
the haemotological and pathological changes produced.,



MAIERIAL END MEIHODS

| Eggs were obteined from uteri of mature swine
ascarids collected from a local slaughter house and
were kept in pﬁ&sio&ogieal saline solution to remove
the debris and sticky material which causes clumping
in aquecus media. After 3 days, eggs were concentrgted
by sedimentation and eultured in two sets of Fetrdi
dishes, one containing 1% formalin and the other 1%
Potassium dichromate solution in tap water, This was
kept at room temperature varying fram 23% to 35% and
frequently (onee or twice a day) agitated for oxygenation.
Embryonic movement started after 9 to 10 days and fully
formed larvae appeared by 17 to 19 days. Infeetions to
experimental animgls were given after 40 days of
culture (St011,1933),

For giving infection, the materisls from different
Petri dishes were mixed together, concentrated and washed
several times by repeated (4 to 5 times) centrifugal-
sedimentations These egzs were stored in tap water for
feeding to the experimental animals, Before giving
infection eggs were counted by dilution method. From an
even suspension of egis in tap water, 0402 cc. was removed
with the help of a mieropipette (0.1 ce.) on to a slide
and counted under the microscope. The average of ten
such samplings was multiplied by 50y which gave the

humber of eggs in 1 ec. of the suspensions The eggs in
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suspension were administered to the animals with the
help of pipette,

Rats and guinea=pigs nearly 15 to 20 days old,
lambs end kids nearly 10 to 15 days old, month old
rabbits and month old piglets purchased from a local
supplier were thus exposed, Lambs and kids were kept on
their mother's milk thy.:nd These animals were kept
on conerete floored house., Piglets were fed concentrate
diet of grainse Faecal samples from all these animals
were examined with negative results for 6 dayse.

Doses and period of cbgervation were adjusted as
detailed in the Table VII, Animals intended to be
gsacrificed on the 5th and 10th days received relatively
higher infective doses. Those,‘which were to be left
for longer periocd to see the development of the parasite
to adult stage, received relatively smaller doses,
3ingle dese infection was given to all the animals,
FPaecal samples removed from the rectum of animals of the
latter group were examined at 5 days' interval after
one month of exposure to infection toodetect the
presence of eggs.

Clinieal symptams shown were also noted. Animals
sgcrificed on the 5th and 9th days were searched for
larvee in liver, lungs, kidney, spleen. and mesenteric
glandse In heavy infection larvae were detectable in
Préss preparation,
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Larvae from tissues were recovered by putting the

minced or finely cut pieces of the ‘orggns in warm (4000)
physiological saline solution and incubating it for an

hour, After this period the emulgion was poured into a
eylinder for sedimentation. Two hourg later the whole
liquid was sypnoned off except nearly 2C 2¢., which was
centrifused lightly for further concentratdon of the
larvaes Larvae were fixed in 70% alcohol. Measurements
were taken of heat-killed larvae with the help of ocular
and stage micrometers and morphological studies were made
by immobilising them in egg albumen (Nichols log. git.),
which was found to be more satisfactory in displying
intern_al structures than by studying the aleochol«fixed _
larvae in glycerine jelly or by staining in acid fuchsion.
For Histological studies smell pieces from lungs,
liver ‘and spleen were fixed in formel-saline or Bouin's
fluid and standard procedure was followed for dehydration,
cleari:rig and embedding in pmraffin. 5/ thiek sections were
made and stained with Haematoxylin and Eosin.
Haematological studies were made only in sheep
and goats. Total R.Bq;,W;B,C.,Haemoglobin estimation
and differential count'were, made at e;pproximately 5 days
interval upto 15th dayd of infection. One kid and a lamb

were kept as control for shoying the normal vamiation.




guinea=pigs, rabbits, sheep, gouts and pigs) sacrificed

Liver end lungs of all the animgls (rats,
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CBSERYATIONS,

o

on the 5th day of infection yielded feir number of - ‘;

larvae except white rat from which only few larvae

were recovered. On the 10th day larvee were constantly

recovered from lungs. The liver was found to be freey

from each animasl are given in table VIII,

o)

Measurements of randemly selected ten larval

specimensycollected on the 5th and 10th day of infection

TABLE NO, !HI ®

Measurements of 10 larvae of 4, lumbricojdes var.
suum recovered from liver and lungs of different
animals on the 5th and 10th day of infection.

i
51l.§ 3pecias of

10th 4

YLarvee recovered{larvae recovered on
jon the 5th d

Noel animd Wﬂ@ﬁ

1. Pigs 498 439-563 1610 1430-1820 *
2. Sheep 472  426-540 1508  1380-1730
3, Goat 497 432-558 1585 13001740
4. Rabbit 471  418-520 1508  1320=1720
5., Guinea=pig 492 426-540 1522 12901720
6. BRat 484  419-523 1440  1220-1620

* Recovered on the $th day.

Studies of the larvese showed no morphological

difference assignable to the influence of particular
host in which the development took place. The
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morphologicel details of lervae were in agruunnt
vith those given by Nichols (log.git. ) for bscaris
dlumpricoideg except same dimensional varietions.
Difference in size of the larvae recovered from
different host animgls uged did not show any marked
significant difference.
Development to the agdult sterese

Faecal examingtion of all snimels for asearid
ova were negetive except one pig which vbided eggs on
the 61st day of infection, When sacrificed on the 65th
day, 6 females and 2 males wmex of swine ascarid were |
recovered. The other pig which died on the 48th day
was not harbouring any mature or jmmature worm. Frem |
the rabbit which dled on the 39th day, 2 males i
measuring 110 to 115 mms and 4 females measuring 130 |
150 mm., were recovered from small intestine. Other
animels sacrificed after 64 and 82 days of infection

did not harbour any mature or immsture worm in thésr
intestines.

¢ S tongs -

in general animals receiving higher infective
doses showed marked gsymptoms, ln-difference to food
and ‘respiratory difficulty were symptoms shown by the
aninalg, whieh started on the 6th to 7th day and
became marked by 9th and 10th days. Rat comparatively
showed little changes Lambs and kids developed marked
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dyspnoea. The latter was also pronounced. in pigs. One
plg after rise of temperature (105-1053?) succunbed
on the 9th day. Rise of temperatura-w;s'alio observed
in one kid. The aniralsbecane apparently normal by
12th to 13th day, |

The results of haamotological rindings are
given in Table IX(a) and IX(b). The enly significant
1ncrease is in the eosine phile,ecount and & slight
decrease in neutrophils.
Grogs Pathologyi=

In animals sacrificed on the 5th day poste
inoeulation the pathologiec changes vere rainly limited
to liver and lungs. Liver was found congested and
enlarged. Some haemorrhagic spots beneath the eapsule
were seen in the liver of pig, kid and lamb. lungs
showed petechial haemorrhages and oedema. On the tenth
day‘the chenges in lungs were much pronounced.
Hagemorrhagic spots were much incressed particularly in
rabbitse. The pigs which died on the 9th day showed
araeas of consolidapion indigating pneumonia. The lungs
of kid and lambs were highly congested and oedematcus.
Eehymotic haemorrhages were distrihited generally on
the apices of lungs.

Higtopathologys =
There is foeal necrosis of liver. At places the

necrosis is confined to the peripheral portion of the
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lobule and at the other it has involved middle and
central j:ortmng a8 vell, Hait of the lobules are
Spareds At places there is localised infiltration
consists mainly of eosinophile and lymphoeytes and
at some places polymorphs. The areas of infiltretion
are found in portal tract, round blood vessels and even
in lobular area.Congestion is also evident.Degenerative
changes are present.Some of the parenchymal cells are
showing eloudy swelling and fatty changes.liigtological
c¢hanges were prac.tically same in all the animalg,
lungst~ Larval sections in lungs sre found in different
situations viz, alvioli, bronchioles and blood vessels.
Blood vessels are markedly dilated and congested. There
is hagemorrhage ;.n elvioli merked by the presence of
pink staining red blood corpuslese. The alvioli are alse
Paciced vith eosinophile lymphoeyte, mserorhages and some
polymorphs, preseﬁting e pleture of pneumenia,
Bronchiolar and bronehial ebithaiiim are desquamated
wvith smme metaplastic changes. At times it was difficult
to i-ecognise brone! jolar sectim due to loss of
epithelium and metapluatic chenges. ‘

in sheep, gn‘:&t;, xﬁigsl énd alsc rats thé caongestion
is less prmmncdd in camparision to rabbits and guineae
pigs. The alvioli eu?itain mtlamatory exudate of
fibrinous materiule The celiular portion eonsisting of
ReBsCs lymphoecytes,some eosinophiles end plasma cells,The

desquammation of bronchioler epithelium and peri=bronchiolar
infiltration are present.
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RDISCUSBIOXN
The larvae of Agcaris lumbricoides var, guum were

constantly recovered from liver and lungs of rats,
xuingapiga, rabbits, sheep, goats and pigs showing the
migratory behavior in all the animals. The mean value for
the larvae of swine was slightly bigger in comparison

to those recovered fromd other animals, but on statistieal
analysis the size difference was not significant, But

But it may be noted that the larvee measured from swine
were only nine days old. Thus, the findings may be
construed to agree with XKelley gt al.(1957) who found that
larvae were bigger in swine than in guineapig, mice

and rabbit,

In establishing infection im difforent hosts, varied
though migration in liver and lungs oecurred in sheep and
goats but mature or immature worms were recovered, This
finding lends support to the observation of Fitzewald (41960)
but is not conformity with those of Ransom and Foster (loe.cit),
Mottoff and Wassileff (loc.eit,} and Vassilev (1960), This
observation thus keeps sheep and goat in relation to swine
ascarids in par with seversl other host like man, cattle,
mice, rats and guineapig in which the larvae migrate
through liver, lungs and intestine with eventual
disappearance,

In pigs, which is the natural host, the infeetion
could only be established in one, out of two pigs, though
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larval migration was observed in the rest two saecrificed
earlier on the 5th and 9th day,According to Lindquist (1989),
in recent years several workers have met with great diffieulty
in infeeting pigs with their own ascarids,

It was previously believed that rabbit fall in line
with other labs animals in vhieh the larvae migrate through
the liver ang lungs and do not develop further in the
intestine But in this experiment one of two rabbits whiech died
on the 3th day, six female and two male immature worms were
TecoveredsThis confirms the finding of Berger et al. (1961)
who established potent infeetion in rabblts and found
typleal A.lumbricoides eggs in the faeces by the 46th day.

But the specimens recoversd in this experiment are immature,
It may be noted that Berger gt als(loe.eit.) had also got
immature specimens from infected rabbits in their experiments,
£!§£g§£g§£;&x§he danger inherent in elose assoeiation of the
pigs with other farm animals ean well be imagined by the
migratory behavior of 4, luzbricojdes var. guum in such a wide
range of hosts with resulting damage in such vital organs
like liver and lungs, Its pathogenieity in its normal host in
pig is well studied and the parasite has been ineriminsted to
infliet great loss on the pig industry (Spindler,1947),

The onset of symptoms shown by all the animagls
coineided with the migration of larvae in the lungs.Dyspnoea

and other resperastory symptoms were observed in all the
animals which was particularly marked in pigs.

There was no significant change in the haematologieal

picture as regarde total R.B.C., W.B.C. and haemoglobin
content, But the eosinophilia showed & marked pise by the
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10th day in some of them going upto 15¥4 to 17%. There was
also a drop in neutrophile ecount snd in one =nimal it was
as low as 18%, This eosinophilia and decline of neutrophile
count were also observed by Fitserald (loe.cit,) in lambs,

The pathologie changes were mainly found in liver
and lungs..Tha 80 commonly deseribed white spot or milk spot
liver indicating the areas of fibrosis wes not observed in
animgls killed on the $th and 10th days. Though the
congestion and distributed pale arecas were present which
indicated by the interval histologicsl findings of congestion,
degeneration and neerosis. The foecal distribution of
necrosis and infiltration indicates the place traversed by
the larvae. The infiltration eosinophiles and polymorphs.
These findings of pathologieal pieture is in agrement with
those given for lambs by Fitzerald (Iec;eit.) and also
Zendulka (1960),

Lungs showed grossly haemorrhagie areas, congestion,
oedema and some cases consolidation. Histological picture
were in sgreement gross finding, Larvaé were present in
alvioli, blood vessels and bronchioles which confdrms to
the migratory rote taken by the larvse. ExBenstve
haemorrhage in alvioli sre present. The outstanding feature
of the histologiecal picture is exténsive infiltration of
1lymphoeyltes more so in the peribronchial and bronchiolar
region together with some plasme cells and desquammation

of the bronchial epathelium, These changes were more marked
in kids, lambs and also pige where as metaplastie changes
were observed in bronehi of guineapig and rabbits,
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Sehwartz and Frice (1920, 1031, 1932) experimene
tally infected swine with the larvae of Stephanurus
dentgtug by feeding and also applying the larvae on
abraded skin and found that the larvae reached liver,
stayed there for congiderable length of time, grew in
size and finally broke through the liver cepsule
reaching the kidney region, where they were found in
eysts in uretral well or in perierenal fat. They ’also
infected guinea=-pigs, but could not recovergd the
worns from the renal region, -

Spindler (1934 ayb) studied the biology and
infeetivity of 8, dentatus and found that the larvae
were very susceptible to low temperature, sunlight,
drying and hezt. He found that larvee penetrated
swine skin only when soil or some substarnce was present
on it. |

Sensitivity of 8, dentatus eggs and larvee to
low temperature, desiceation, sunlight and high
temperature has been noted by many other workers, Ikema
and Ito (1952) found that the eggs hatched in 22 hours
at 30%C ana high temperature was inimieal to the larvae,

Tromba (1655) made o great eontribution to the
understanding of the biclogy of S. dentgtus by
experimentally infecting earthworm, Eisenia foetida
with its infective larvae ,nd noted its persistence in
the earthworm for a long time. He further experimentally
infected pigs by feeding the ground parasitised earthworms
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and found 4th stage larvae and patholog:l.cail

the liver. Later in 1958 he established ::m{i

in 5 pigs by feeding parasitised oarthwom{ )
determined by the passsge of eggs in the urine.

Batte, Harkena and Ogborne (1960) found that the
optimum temperature for egg hatching was 27 .590 and
maximum and minimum temperatures for hatching were
37.5%C and ‘IG.OOC respectively. They also infected and
Observed the persistance of 8. dentatus larvae in
L. fogtida. Pigs were infected by feeding the parasitised
earthworns,

shluvalia (1962) in Indiz made some preliminary
observationg on hatehing and development of larvae to
the infeetive stage. Larvae hatched at room temperature
in gbout 36 hours and become infective by the 5th day.

in this survey 8. dentatus was found to be the
most commonly prevalent parasite of pigse. Its high
prevalence in the tropieal elimate of Bihar with a
wilde temperature range in face of the reported
sensitivity of the eggs and larvel stages to climatiec
factors like heat, temperature and sunlight, seems
rather paradoxical. The present ingestigation was under=
®aken to find out the possible transport vector among the
loeal snnelidss Incidentslly some observation on the
-effect of temperature on hatching of larvae and the

period required to reach the infective third stage
has been made,
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MAZELRZALS AHD HMELIHODRS

Hggs were obtained by chopping of the female worm
in water to liberate eggs and also by washing the internal
contents of the cysts which harboured the paraiitu. They
were strained and washed 3 to 4 times in water by
centrifugation to remove the debrise Freliminary
observationg on hatching time and time required for
development of larvae to the infective third stage were
made by putting the eggs in small Petri dishes with 3 om.
deep water and keeping them at $foom temperature wvurving
betyeen 23 to 35°G and at a congtant temperature of m°c
maintained in the low temperature incubator, The choice

of temperature for pregular larvee culture was msde on
the basis of these observations particularly in relastion
to time reguired for the larvaee to resch infective stage,
lover percentage of mortality and survivel for lenger time.
Eulture of larvae t-

Twe methods were followed in larval culture at a
constent temperature of 27°%.
(1) ¥ater Charcoal gultupese Large number of washed eggs were
Kept in separate Fetri dishes containing 3 mm. deep
vater and a small guantity of snimal charceal was added.
They were kept in low temperature incubator and n&eﬁd
partically with the 1id to allow the passuge of air,
Fetri dishes were frequently (once or twice a day)
sheken asnd examined for development of the larveae.
Digtilled water was added to magke up the loss due to



98

evaporation.

(2) Culture in sheep faeces - Modified method of
Whitlock (1986) was followed according to local econveniences.
Fresh sheep pellets were crushed and made
halminthologically sterile by putting them in & wide
mouth glass vial and heating for 15 minutes in a water
bath. Sterile sand and animal charcoal were mixed and a
pad of " thickness of this material was made in the
bottam of the viale Distilied water was added to moisten
1t and the washed eggs were spread. 0.2% sodium bicerbenate
was put in the bottem to reduce the development of mold.
The vials were loosely covered with lid. The latter was
frequently removed for aeration and a small quantity of
distilled water was added to make up the loss due to
evaporations The infective larvae were found by the 5th
and 6th day in the water of condensstion on the sides of
the vials. They were removed with the help of pipette, by
putting a small quantity of water on the sides and sucking
them backe These larvae were obtained in a clean state.
Un the 7th day the whole culture wus Buermanned and rest
of the infective larvae were recovered.
infection to the earthyormgse

Barthworms were collected in large number from
compost heapss In the laboratory they were msintained
in big glass trough containing moist earth. A plece of
cenvas was spread over the culture and water was

frequently sprinkled to keep it moist,
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Enrthwnfms collected were of two types. Both were
Sent for the speecific ldentification to the Director,
Zoological Survey of India, Caleutta. fmxtivem One of them,,
which was comparatively larger having dark colour, ywas
identified as Eutypheus wyaltoni. The other one ecould not
be identified, but probably it belonged to Eheretima
genus. These two vaerities are very commonly encountered
in this state,

The infection to the earthvorm was given in
8talning dishes. 4 bed of mixture containing autoelaved
earth and compost was made on the bottom and moistened
with water, To this was added infective thirg stage larvae
obtained from water chareoal eulture and those obtained
by Baerman method from faecal culture, The earthworms
were then put in the dishes, covered with g pilece of
molst convas and finally with a 1lid, The convas was
frequently moistened with yater.

The earthworms for examinastion were removed from
the dishes, anaesthetised in 208 alcohol. and dissected
on the waxed tray giving a mid-dorsal ineision. The whole
intestine was removed and examined in small Petri dishes
containing tap water under disseeting mieroscope,Portions
of the body wall were pressed between two glass pleces
and examined for larvae, Larvae were studied in the
living state or by killing them on slide with gentle heat,
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Neutral red was used for Mtraa;v:ltal #taining. Rest of the
of the larvae were preserved in hot 70% aleohol. These
alcohol fixed larvae were stained with ncid fushsin
dissolved in lactophenol and then mounted in elear
lactophenol for study.

Infection with infective larvae obtained from
culture on the 5th and 6th day were given to 5 guineapigs
and two rabbits in the doses 800 and 1000 respectively,
The larvae removed from the wall of the eulture vial were
counted by dilution method. 0,25 ce, of =n even suspension
of larvae was transferred in a an excavated glass block
and the number of larvae in them were eounted, Average of
of ten such sampling was multiplied by 20 to give the
number of larvee in 1 ee, of suspension, Larvae were
concentrated before feeding and were fed with the help
of pipette.
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QBEERYAZILIONS,

xggu aulturac in wnter at room temperature v:rying
between 23 to 25 c hatched 1n about 36 hours.Those eulturcd
at a constant temperature of 2? C also took practically the
same time.The larvae reached the infective third or 6th day.
Thus, these two sets of temperatures were not found to |
influence markedly the time taken by the eggs to hateh and
the larvae to reach the infective third stages But the
difference was marked in respect of percentege mortality
and survival time of the larvae cultured in two sets of
temperatures, At room temperature lervae were found dead
at different stages of their development,By the twelth day
most of the larvae lost motility.In the ecultures kept at
2?90 larval mortality was fﬁr less.They were very active and
survived for a longer period of time.Water charcosl and
faecal cultures Eept at 27°¢C gave a good harvest of
infective larvae.

Thirty five easrthworms each of Eubkvpheus waltoni and
Pheretima sp. (?) were examined from 1 to 40 days after
exposure to infection.All thirty five E. uslioni examined
harboured a large number of larvae in the gut.They were
distributed from anus to oesophagus showing no special
preference for any particular site.The maximum number of
larvee recovered was as high as 48 and none of them
harboured less than twelve larvae. These larvae vere very

setive, At room temperature they survived upto 10 days.
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On the contrary the other earthworm, Eheriting sp.(?)
whis found to take up very light infeetion, Out of 35
examined, larvae were recovered only from 26, Moreover, on
no occaslion larvae were obtained from morethan ten in
mnber,

This experiment was repeated with 20 earthworms each of

Bs uzliond and Pheratimg sp. (?) and similar results vere
obtained as in the previous ones

Morphologically, larvae recovered from earthworms
and the infective larvae obtained from fulture were
identical qxﬂspt'thét those recovered from earthworms had
lost their sheath though some shesthed larvee vere obtained
from some of the earthworms, Both measured between 560 to
640 mm, long, ' : '

‘Twenty earthworms examined before exposure to
1nfeetion fax vere negetive ror the presence of larvae
aimilarly 30 specimens exumined from Jajurayvhere pigs
are keptywere also not harbouring any larvae.

Infected guineapigs saerificed mmi on 80,95 and -
110 day after exposure did not harbour any parssite to the

Tenal reglon. Press preparation of liver, lungs, mesenterie
Iynph gian@l and kidney failed to show any parasite

ain&lar negative result wes obtained in rabbit killed on
the 10th day. But in the lungs of one rabbit killed on
the 125th,day two elongated nodules nearly £" long were
seen and after inecision brownish cheesy materisl was found
but no trace of larvae or adultd parasite was present,
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DISCUBSILE

The observations in this experiment help to explain
some intriguing aspects of stephanuriasis in this State
and at the same time add some new informations hitherto
uninvestigated,.

Butypheus wsltoni, which is a very common annelid
of this State, has been experimentally infected with the
infective larvae of 8. dentatus and has been fouhd to
harbour them for a very long time., The larvae recovered
from this annplid were in fér greater mimber than those
recovered by Tromba (1955) and Batte gt gl.(1960) from
E. foatida. Moreover! this has tsken the infection more
uniformly. 411 the earthworms exposed were found to
harbour the parssite, The other variety probably belonging
to Pheretimg sp, also took the infection,Bhough further
studies by feeding these parasitised earthworms to pigs .
could not be taken up due to certdin limitations in this
study, the role of these amnelids in the biology and
epidemiology 8f 8, dentatus can be explained on the
experimental evidences of other workers and certain
circumstantial evidences observed during this study,.

Tromba (logc.git.) and Batte gt gl. (loc.cit,)
heve esteblished potent infection in plgs by feeding
parasitised B, feetids end have indicated the possible role
of this annelid in the biology of S. dentstus.E. waltoni
in this study have been found to be much heavily 1nfacted
and it can be presumed that after experimental feeding
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with parasitised E, waltoni and Pheretima sp, (?) the
infection can be produced in pigs. Thus provisionally
these two species may be taken as a transport vector
for the spread of 8, dentmutus until experimental works
conclusively proved it,.

Some eircumstantial avidenss also lends support
for this presumption. The larvae cultured at widely
varying room temperature from 2506 to 5690 showed higher
mortality. Moreover, the sensitivity of S, dentatus
larvae to environmental factors like low temperature
hest, sunlight and drying have been reported by
Spindler (1954) and other workers. If we consider these
findings regerding the larval biology of S, dentatug
against the climate of Bihar it becomes apparent that
the elimate 1s not very eongenial for sueh a wide
prevalence of this parasite in this State unless some
other biological factor is involved. Thus the role of
these two species of annelids infected experimentally
fdr the first time with S, dentatus larvae becomes
evident. They may be picking up the larvse and helping
their survival in field conditions.

In the guineapigs and one rabbit, no trace of
infeetion was found, But in the other rabbit the
brownish cheesy material conteined in the nodule of
lungs was similar to that often found in the Stephanurus
eysts containing the degenerated worm,
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150 Deshi pigs at Patna and 4 pigs at
ngriakarma Farm were examined postmortem and helminth
parasites were collected from them. Faecal samples
removed from %k rectum were exsmined for protozoa.'
The percentage of infection with different helminth
and protogoan parasites is recorded as follows:-
O.noverca 69.48 %, F.buski 15.58%,4.sufrartvfex
32,47%, G.hominis 3.905, P.craufordi 5.20%,C.cellulose
- 7.14%, C.tenuicollis 2.60%,Hydatid cysts 5.84%,
A.strongylina 56.49%,P.sexalatus 47,15%,5,paradoxa 30.52%,
A.lumbricoides var.suum 23.38%,M.apri 1.95%,5.dentatus
79.87%, O.dentatum 54.49%,.quggggiggggglgggg_15.58$,
O.breviceudum 31.17%, T.trichimra 4.55%,Coccidia 47.4%,&
B.goli 66.88%.

’

2, Incidence of multiple infeetlon was found to be
very high with all theee classes of helminths (Cestoda,
Trematoda & Nematoda) and Protozoa. 10.4% of pigs
harboured 2 species, 16.9% 3 species, 13% 4 species,
21.3% 5 species, 18.8% 6 speies, 7.8% 7 species,7.1%

8 species and 1,3% 9 species of helminths. 31.2% of pigs
harboured both B.coll and coeecidia.

S All parasites encountered except G.hominis

var., suis and F.buski are reported from pigs in Bihar

for the first time.
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4. The morphology of helminths and protozoa was
studied and their deseriptions and measurements are
furnished. The morphology of human and swine Ascaris
lumbricoides has been compared and difference in 1lip
danticles is noted.

5. Pathology of E.buski,0.noverca,i.lumbricoides
var, X¥¥mm suum., S.paradoxa, M.apri end S.dentatus in
natural infections is described.

Heavy fasciolopsiasis caused blockage of small
intestine. U.noverea was found in the pamergatic duet
causing proliferation of epithelium and infiltrative
changes in lamina proprie. The patholégy of this speecies
in the pencreas of pig is deseribed for the first time.

Ascaris lumbricoides var. suum were found
embedded in the blle duet and in the portal area outside
the duct, Bultiléhular cirrhosis with different deprees
od degenerative changes in the lobules was noted.

The femsle gimondsias was lodged in pea-sized
hard submuecosal eysts in the stomach wall. In heavy
infections the changes were those of subacute to chronie
gastritis.

M.aprl was found in bronchi and bronchioles.
Distinetive lobular areas of emphysema and consolidation
were present.

S, dentatus was usually presént in fibrous
cysts embedded in perirenal fat but the juvenile and
adult forms were found in such situations 1like pelvis

of kidney,lungs,liver,abdominal and thoraciec cavities.

.
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Histopathologie changes are describeds

6. Faecal samples of 436 pigs from tﬁo physio-
graphic and climatic zones of Bihar were examined,

® for the helminth and protozoan infeetions. The percentage
of ineidence is recorded as rbmws t-

Opisthorchis sp. 55%, Faseiolopsis sp.9%,
Echinostome 23%, Gastrodiscoides sp.2%,Pseudanoplocephala
sp.8%,Spirurid worms 55%, Ascaris sp. 42%, Ogsophagostomum
sp.57%,Irichupis sp. 3%,Matastrongylus sp.2%,Coceidia
87% and B.goli 66.88%,

Spisthorehis sp. 19’645’ Fasciolopgls sp.5.06,
Echinostome 8.63%, Gastrodicoides sp.0.89%, Pseudanoplocephals
5pe 1.29%, Snirurdd worms 46,32%,Ascaris sp.54.469,
Ogsonggggstogl;: sp. 53%, Irichuris sp. 65.3‘,&1:;51:1‘02‘;&.]!:5
sp. 23.21%,Coceidia 42% and B.goli 38.4%.

Marked difference in regional prevalanece has been foun
in respect of Irjchmris sp. and Metastroneylus sp.'-Their
inecidence was much higher in Gauriaksrma Farm situated
on Chotanagpur plateau than the plains at Patna, where
the incldence was very low.

7. 30 samples positive for coccidia were sporulated
and 3 species, Eimeris scabra,E.debliecki and E.perminuta
were identified. a1l sporulated at room temperature in
10-11 days.
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8. The development and pathogenicity of Asearis
dumbricoides var. suum were studied after azperimgntal
infection with embryonated eggs in rats,gx guines-pigs,
rabbits,sheep,goats and pigs. They were sacrificed on
four different periods, i.e. 5th,10th,64th and 82nd days
of infection. Larvae migrated in all the animals and
were recovered from liver and lungs on the 5th day and
from lungs on the 9th day undergoing a significant
development in size. FPurther development in the intestine
was observed only in piz and a rabbit. The rabbit harboured
6 female and 2 male immature worms on the 39th day.
Dyspmoea was the main symptom shown by_the animals.
Rats were found to be less suseiptible.

The pathologie changes were mainly fnund'in
liver and lungsyln the latter they were more marked on the
10th day evidenced by congestion, haemorrhage and areas
of consolidation.

Histopathology revealed the larvae in the
section of lungs, embedded in alvioli, blood vaséels‘and
bronchioles. Haemorrhace in alvioli, infiltration, congesti-
on of blood vessels, desquammation of bronchiolar
epithelium were the changes observed,

Liver displsyed focal necrosis end imfiltration
at different places. Haematological studies rwésled

eosinophilia in lembs andkids and a slight drop in
neutrophile count,
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9; Biology of S.dentatus was studied. Eggs
cultured at room temperature (23 to 35°C) hatehed in
about 36 hours and the larvse reached infective third
stage hyfthe 5th & é6th days.hhrvqe eulture and reom¢
temperature showed greater mortality at different
steges of their development,than thosge cultured at a
constant temperature of 27°C,

Experimental infection with 3rd stage infective
larvae ob8alned from water charcoal culture and eulture
in sheep faeces, was given to 2 species of earthworms.
Mx;zhm Xaltoni end Pheretins sp. From the former
larvae were recovered from 1 to 40 days after exposure
to infection. 12 to 48 larvae were present in the gut.
Pheretina sp. took lighter infection. Out of 35 expos ed
26 were found to harbour the larvae. Maximum larvae
reccverad‘ﬁ:ll 10 in number. Morphologiecally larvae
recovered from the annelid and thosemd obtained from
culture were identiecal except that the former had lost
their sheath.

Three guinea~-pigs and 2 rabbits were exposed to
infective larvae. No development of the parasite was

observed when saerificed between 80 to 125 days.
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