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‘made on the incidence, morphology, biology and pathogenlecity
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&

IRAQCT

Title - Obgervations on the morphology,biology and

pathogenicity of Eohinocogous granulosug
(Batsch, 1786).

This thesis incorporates the results of observations

of Echinococous granulosus of goat-dog origin.
1614 goate in Aifferent age-groups were examined at

gix slaughtering establishments at Patna and ites suburbes for
the hydatid cyete and 20 doge for the adult stage of E.
granulosus. The incidence of the hydatid cyste in found to
inorease with the ape of the animals. It is as low as 0.337
in animals below one vear and as high as 8.67 in animals abevaj
3 years of age, the overall inoidence being 6.6%. The organ-
wige incidence with the intensity of infection and the varia-
tiones in the gize, shape and characters of the eyets, thue
recovered, is recorded. The percentage of fertile cyste ie
found to be very high (77.77). Two of the 20 dogs were found
to be infected with the adult stage of the paraslte.

Wine dogs and two cats Were infected with scolicees
of hydatid oysts from goats. Twelve rabbits were exposged to
2000 mature eggs of E.gramulosus orally and 12 guineapigs %o
2000 scolices of hydatid oyasts from goats T/p to study the

development of primary and seconiary hydatid cyste respectively
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but they proved refractory,

The morphology of the worma, recovered from expari.
mental dogs, wae studied at Aifferent stages of Aevelopment.
Though some minor morphologlcal and bilological Aifferences
were observed, the worme are identified as Zehinocoecus

granulosus.
The worme' were fourd to be distributed upto the firat

four feet of the emall intestine of expefimuntal doge, their
maximum eoncentration being in the second feet. _

The rostellar hooks, total body length and size of ;
the Aifferent parts of the body have been observed to 1noroaaeE

with the age of the worm, upto 117 Aaye of infestation. The

proportional growth at Aifferent agee of the worme has been
studied. The prepatent period in 4 doge has been found %o be |
from 80 to 90 days. The cat does not seem to be a sultable

host® of E.gramilosus,as only a fev immature worms were re-

covered from experimental ocats and that two without any
vieible sign of dsvelopment of genital organs even at 42 daye
of infestation. \

Observations have been made on the blochemietry of
hyAatid fluld and membrene. The specific gravity, pH, total
#0lid (dry matter), 1ﬁorganic substances (ash), organic subs-
tances, total, non-protein an? protein nitrogen and the
protein content of the fluld hae been determined. The total
e0lid and total nitrngen content of the hydatid membrane have

i S A A e e

(14)
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also been estimated.

The pathology of the larval stage of the parasite
was observed in the liver, lungs and spleen from naturally
inreotod gosts. The gross pathological changes were dependant |

upon the number anfd gize of the eyats. Tn heavy infections ?

the external topography of the organs wae greatly dlstorted.
Mieroscopically the oyst wall has beaen found to be composed
of two layers, around which there 1s a thiok layer of Aenge ]
fibrous conneotive tiseue of host origin. The liver ghowed
variousg degrees of olrrhoeis, degenerative changes, Ais-
organlsation of hepatic ocordas and pressure atrophy. In lungs
collapse and emphysema was a significant change. Changee
in epleen vere comparatively mild. Heavy infiltration with
mononuolear eells, chiefly lymphooytes have been obgerved
in all the organs especially around the pericystic region.
Fosinophils, plaema cells and giant cells were rarely
obasrved, . |
The elinical symptoms, observed in one of the oxperi—g
mental dogs wWers anorexia, emaciation and dysentery alter.

nating with conetipation.
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The genue EZghinogoogus 1s parasitie in adult stape
in the carnivores. Its larval etage 1s also parasitiec in

herbivores, swine and man ae hydatid oyste. Several species
of thics genus have been degeribed but Echinococgus granulosus
ie universal in occurrence. As a result of ite tremendous

bilotic potential an® mode of propagation, 1t 1e a major

source of economi¢ losses and publie health hazards.

Gemmell & Brydon (1960) has caloulated the economie
lose caused by the condemnation of carcases and offals from
hydatid oysts alone around £ 600000 per annum in Auetralia. 3
Although comparsble statistice are not available for India, ?
one can very well visualise the losses, ae quite & fair ;
number of food animals are found infected with hydatid eysts.

The Joint W.H.0./F.A.0. Fxpert Committees on Zoonoses |
(1951,1089) and Meat Hyglene (1962) have weeopniged 1t as a |
world health broblom and stresse? the need for further
research on this Adisease.

Turing the last decade morphology of this cestode
has been studied in some detail but etill there ie much to be
desired regarding 4te general blology and the effect of this
parasite on the host.

Information on this Aisease in Tndla is very seanty

and there have bsen only occasional reports of its occurrence
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in larval and adult gtages hers and there.

Keeping in view the importance of the goat as a meat
animal in Tndia, lack of precise knovledgo on goat-dog material
and complete absence of any report on experimental study in
this country, it was considered worthwhile to undertake the
present atudy notwithetanding the great human risk involved in

maintaining the infected carnivores in the laboratory. !

™n the present study 1614 goata ofldirferont age
groups have besn examined in and around the oity of Patna for
the larval stage and 20 local dogs for the adult stage of the
parasite. The gross and histopathology of organa infected with
the hydatid oysts have been studied and some obeervations have |
also been made on the bloohemigtry of the hydatid fluid and its
membrane. Mups and eats were infected with the goat material
to study the blology and morphology of this parasite aﬁA61ffea~
ent stages of development, Attempts were also male to produce
primary and secondary echinoocoscosis in rabbits and guineapige
but they proved refractory.

A high inctdence and fertility rate of hydstid coyste
in goata and occurrence of adult stage of . gramulosus in
local doge is indicative of the possibility of the main oyole
of transmission of echinococeosis between the goat and the
dog in this loocality.

The present etudy confines 1teslf to the following

i1tems:~

(a) Morphology
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(b) Blology amd
(e) mathogenioity,

Besides, 1% also incorporates incidental obaervations
on the incidence of the parasite in the 0ity of ratna in

Bihar.
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The eystic atage of this parasite was Assoribed by
Goeze (1782) ae Taenisl soolalis gramulosa and by Bateoh(1706)
as Hydatigena granuloes (eited by Verster,1965). The genus |
Zohinooocous was erented by Rudolphl in 1801. von Siebold
(1852) proposed the name Taenia schinncogeus for the adult
worme from doge. 9inoe then 12 species have baen degcribed

in the genus Zchinocogous of which the two - Egohinoaosoue
grapulogus (Batsoh, 1786) and EZ.multilooularisg Leuokart,1863;

are well entablishe? ones on experimental evidenoces.Sweatman
& Williams (1993), ¥Williame & Sweatman (1083) and Verstey
(1985) have recently desoribed six sub-species of E.granulosus
viz; E. granulosus ganadensis, E.g. boreslis, I.g.equinus,
Z.g.nevzealaniensie, D.g.granulosus and Z.g.afrdesnus.

The incidence of hydatid oyets in sheep and goats |
and adult Z.granulosus in dogs in India, as reported hy
different workers from 100R to 1063, is summarised in table
no.22.

The organ Aistribution of hydatid ayats was found
by f“harma & Chitkara (1983) ae 33.37 in lungs only, 237 4n
14ver only and 42.87 in lungs and liver both, None of the

- = g
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workers has estimated so far the inoidence in A1fferent age-
groups and fertility.rate of the hydatids in goats in Indla,

Horpholopy

Recently thie genue has been reviewed by Rauseh
(1953), Vogel (1987), Rausch & Nelson (1983) and Verster
(19688). A summary of important morphologieal characters of

Z.gramlogus, desoribed by various workers, i presented in
the table no.22, '

Yamashita ¢t g1.(10868b) found the womms Aletributesd
in the firet 40.80 c.m. of the small intestine. Sweatman A
¥1111ame (loc.git.) found them Aistriduted in the Piret two-
third of the emall intestine. Babero gt gl. (1983) observed
the worms Alstributed throughout the length of the small
intestine.

(b) Growth and development:

Yamsshita 2% al.(lgc.git.) using the gheep-dog |
material, recorded proportionate inarease in dimensione during |
the danlomnf on the 18¢h, 36th, 136th and 376th day after
infectinn, as followe:~ Fopstellum 1:1.4:1.5:2; Sucker 1:1.1:
1.311.8; large hooke 1:11.3:1,8:1,6; Small hooke 1:1.1:1.2:1,3;
Length of gtrobila 1:3:4:8. Smyth (1062) desoribed the sequen-
ce of maturation at 16th, 20th, 27th and 34th day of infection.

o — e .
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“fmyth (1963) (eited by fmyth,1964) found the minimum Aevelop-
ment time for egg-production n' 41 Adays.

(e) Prepatent period;

"he prepatent period in dogs has been detormined as
48-.51 days by Foss (1038); 40-51 days by Chhoguette (1988);
64.97 days by Nosik (1064); 87 daye by Drezancic &
Wikerhauser (1986); 46.81 daye by Yamashita g% al. (loo.08%. ) |
and 49-85 daye by Sweatman & Williame (log.oit.).

(a) Development in eat:

dat wae found completely refractory to experimental
infeation by Rosenbusch & Gelormini (1@46), Hatohison & Bryan |
(1960) and Dalley & Sweatman (1068). However, Southwell(1027),
Wosik (1984), Drezancic & Wikerhsuser (lee.git.), Gemmell . |
(1969) an? Verster (loa.git.) recovers? imnmature worme from

experimental oats.

(e) al davelopment An rabbite and guinespiga:

Sweatman & ¥illiams (1962) have shown that the
rabbits oan be infeoted by ingestion of larpe number of 1.
granilosus egge but Williame & Swestman (1log.oit.) Aipagreed
with thie finding. fome workers have found the rabbites re-
fractory to secondery aoﬁinaooeuouu of horse origin but
susceptible to that of sheep origin (Baeigulapo, 1833; Neve,

1936,1038; de ¥Waeles & Pennolitede Cooman,1938). Baocigulapo

{loo.¢it.) obtained similar results in guineapigs as well,

ST A XY e T A T SN S s s el e e e e —
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However, Dalley & Sweatman (log.git) could infeot a vabbit
by I/p injection of soolices of camel orgin.

(f) Bloohemigal:

Oarbone & lorenzetti (1987) found 17.3.20% mg.
protein per 100 ml. of hydatid £1uid from man « sheep and
cattle whereas Magath (1689) got only 7.5 mg, from man.
Goodehild & Kagan (1661) recordes the nitropen values in |
Bg. /100 ml. of hydatid fluid from bovine, Plg, moose and man |
as 7, 34, 21 and 29 mp. lapage (1962) has mentioned the up.gr.
of hyfatid fluid ae 1.017. Cmelik (1062) detected 4.8¢
niftrogen from the entire oyst wall which wae later sonfirmed :
by Cmelik & Brigki (1583).

Fathogenieity

(2) In larval stage: |

The adventitious layer of hydati® eyet has two layers

infiltrated with lymphooytes, few maorophages, eosinophils
and plasma cells (Yamaghita et al.,1088a,1987; Ahluwalla,
1960; Sweatman 8% gl.,1962, 1963) and adjacent parenchymal
tissue shovwe atrophy and depenerative changes. New (1928)

obgerved a leading role of eosinophils instead of lymphosytes.

{b) In adult stage:
Chhoqustte (Joo.plt.) obeerved that three of his

eight infeoted dopa developed dlarrhoea, lost welght snd Aied

one month arter the initial infeotion.

TR T mraa : . e b b CyamEmeL L Jage
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ATELRLALS A MEITHEODS

A total of 1614 goats (dlvided into 2 age-groups by
an examination of teeth, viz. below one year, between one %o
three years an? above three years) from six elaughter egtab-
lishments in and around Patna, were examined during the period
March to August,1968. These animsle came from Aifferent c
distriotes of Bihar and eastern U,P. The dressed carcaces were |
examined by visual inspection and palpation, Colleetions from :
each hoet were made seéparately and oysts were examined in |
detall in the laborstory.

2, Orose lesions were observed from freshly oollected
unpressrved organs. FPor histepathologleal studles B=7/" thiek
ssotiong were made and stained by Farris's alum haematoxylin !
and eosin (ss a routine etain), van Gleson’s and Gallego's
iron fuchsin (as Alfferential stains for connective tiesue)
staine. ‘
3. The speocific gravity of the hyaa!:;.d fluid wae
deteymined by pyenometer msthol (rPeters & Van Slyke,1938) and
pH by Beokman elsotric pH meter. Total 80114 (Ary matter) was
determined by evaporating a weighed amount of the material to |
aryness at 108°C in hot-air oven for 24 hours, The inorganie
substances (ash) were estimated by keeping a weighed and
evaporated amount of the hydatid filuid in Muffle furnsce at

800%C for 5 hours. The organic substance was ealeulated by

s
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Tinding the difference between total solld ana inorganie
substanoes. Total nitrogen wae determinsd by digestion of the
hydatid fluid or membrane in mioro-Kjeldahl apparatus by
Arnold Cunning method, then dletillation and titration by
Meoker & Vagner (1940) method. Por estimation of noneprotein
nitrogen (N,P.N,) the fluld was deproteinised by Somogyi ‘e
(1930a,b) method and then Algested, Alatilled and titrated ag

above. ™e m?e&n content was caloulated on the buu of
total nitmgon an? noneprotein nitrogen.

|
|
|
4. Experimental aniralei- © pups, 2 sats, 12 rabbits ;
and 12 guineaplgs were used in this experiment. The detalle I
of~the experimental deeign Yo summarised in table no.la,b,0, |

g : |
The pups and cate were Adewormed before etarting the experimsnt,

8. Collection, fixation and preservation of the |
paracitesi- After autopsy, the intestine was removed, out nto
pileces of 1 foot each, opened and goraped. The worms were |
colleoted amd counted after repeated washing and decantation. |
They were then fixed in hot 10Y¥ formol-saline and preserved,
€. Examination of worms:~ The parasitss were stained
by femichon's ocarmine, acetic alum carmine, Gower's carmine &
haematoxylin stains. The ecolioces from hydatid oysts and
rostells detached 'rmm adult worme, werse mountsd in Beple's
mounting medium for examination of hooke. Five large and five
emall hooks were measured from sach secolex. The measurements
taken were the total length, handle length, blade length and
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IRCIDENCE

The overall incidence of hyletids in goats was
found to be 8.8¢ with a range of 0.33 - 8.5¢ in different age |
groups. The organs infected were the lungs, liver and epleen
in oMer of preference, The tabular statements show that with f
the ape of the animale there 1s inerease in the overall
incidence, the organwise infsotion and the nurber o oyate in |
arfeoted animal in each organ. The maximun number of visible -
oyste resorde? from the lungs, liver and gpleen were 41, 110 an
13 regpectively. Tn 40 casee where both the lunge were afreete&

obeervations were made on the number of oyets on elther side

of the lung and while 238 oyets wers recorded from right lungs |

only 188 were found in the left lungae; the average for each
being 0.876 and 3.95 respectively. The data were atatistionllyz
analyeed by applying paired t-teet and 1% was conoluded that
the averape number of oyste was significantly greater in the |
right lunge than in the left lungs. The maximu~ number of
eyete in a right lung was recorded to be 25 and in a left lung
as 18,

Moet of the eyati were spherical in shape. The
characters of hydatid oyats ~ fertility, vesioles, degenera-

e

tion and size - are summariesd in table no.5. On no oceasion

e e A e B2 e i
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The acoessory hooke whish pcour between the large
and amall hooks in a more posterior position are either
emall or large in size and of Aiffersnt shapes (rig.11).

S8robt 1s .

The number of segments in gravid worme 1s 3 in 83.7% and 4

in 18.37 of the worme examined and the sexually mature sog-
men® is the penultimate one, while the laet one is gravid. j
In four segmented worms the mature segment is preceded by |
two lmmsture segments. The speoimens of Aifferent ages show
variations in number and arrangement of gegments acoprding

to the agtage of maturity (figs. 18 & 19).

Tat '

length varies with the sge and rate of Asvelopment of the
worma. The average length of the gravid worms is found to dbe
2.62 Motw 1.56 to 4.10 mm. ).

212 & 13)3e
The length and bresdth of fterminal and subeterminal segments

1e summarised in table no.1l and the ratio of the terminal
gegment *o total length of the worm an® ratio of mature
segment to gravid gegment of the worm in table no.13, The
terminal segment in gravid specimend ie alwaye more than 1 mm,
and forme sbout 80T of the “otel leng®h, The average ratio

of mature : gravid segment 1s 1:2.1 (range 1:1.4 to 1:3.2).

i e e
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The shape of the segments varies sccording to the maturity of
the worms.
i3 &

The average measurements are I scolex, 417.5 /M,
rostellum 73,8 /M and sucker 90,6 /M, The vange an? mean from
different doge are presented in table no,14,

In mature segments the genital pore 1s very near

to the midAle of the gegment, In gravid segments 1t lies
posterior to the middle of the segment,

Male genitalia:

The range and mean of total number of testes and

testees anterior or poasterior to the genltal pore from each
ex-erimental dog ie summariesd in tadble no.16, The overall
average of total number of testes is 46, 27 of which 1lie
anterior and 18 poasterior to the genital pore, 1.e. number of
testes anterior to genital pore ie more than posterlor to 1t
(rige.14,18,16 & 17) but in some cases they are Al atri buted
ecuslly in two halves (fig.13). Ueuslly the posterior testes
are placed on latersl sife of female genitalia extending upto
the level of the vitslline gland, Tn some ocames they hardly
reach the anterior border of the ovary (fig.18) wheress in
othnfe they extend behind the vitellaria also (fige.13 & 14).
The oirrus sac ie either elongated (fige.13,14,15 &'
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18) or pear shaped (f1g.16) and lies either homzontal to the
long axis of the segment or slightly tilted anteriorly from
the genital pore (figs. 16 & 17) . It extends more than half
way acrons the mature eegment and less than half way in the
gravid segment, The measurements are 168 x 65 /2 (range 120 to
200 x 40 %o 80 /) in mature segment an? 170 ¥ 70 /M (range
150 to P20 x 50 %o 88 /Y) in gravid segment,

Female genitalia:
The ovary coneiets of two lobes joined by an isthmue,

s

The lobea have radiating branches But in some speoimens neithsr;-
the lobulation nor the branching of ovarian lobes iz clearly
marked (fig.13). Vitellaria sre posterior to ovary. The gravid
uterus has small lateral sascoulations. Its shape is lmrgely
affeoted by the nunmber of eggs inside. The cggs are slightly
ovold an? measure 40 x 37.5 /M (vange 38 to 42 x 35 %o 30 MV),

BIoLOGOGY

All the dogs which were fed with 25,000 scolices of
hydatid oysts from goats were infeote?, The worme were dls-
tributed upto 4th feet of emall intestine in all cases and
their concentration was maximum in the IInd feet. The maximum
and minimum number of worms recovered from doge were 10288
from dog no.ﬁlnutopsiaﬂ at 90 Aays and 12 from dog no.4
autopsied gt 80 Aasys after the infection. |
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TABLY No.18

Neasurement of the terminel & subterminal segmente.

2

P S

&

a

0.34~1,68 0.80 0.20-0.79 0.38 0,17-0.86 0.30
0.38-1,07 0.63 0.17-0.38 0.27 0.10.0,38 o.a§
0.31-0.86 0,52 0,20-0,34 0.256 0.14+0.28 0.24
0.24-0,80 0,48 0,17-0,38 0,24 0,14-0.34 0,21
0e48-1.76 0.98 0.20.0,62 0,43 0.20-0.83 0.42
0.38-2,08 1,20 0,20-0.56 0,36 0.14-1.04 0.50

0.79—-1.72 1.1'? O'B“O.&O“ﬂ 003"‘-100 0.58

1 0.51-0.55 0.42 0.20-0.34 0.28 0,10-0.17 0.13

0.14-0,21

0.14-0,21
0:1420417
0+10-0.24
0.17-0,34
0.17-0.34

0s14-0,41

D.14

0.15

0,16

0.28

0.22

0.24

i

1

To 0.24-2.03 0.88 0.17=0,72 0,58 0,10-1.04 0,40

0.10-0,45

0.21
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1966,

TABLE No. 13

Ratio of terminal segment to total length of
the worm,length of mature ; gravid segment &
percentapge of gravid worma.

1
Dogifatio of terminal] Length of mature:jPercentage of
Wo. I%o total length | Length of gravid [gravid wgma.

(Vet./A, H,) THESIS,

MAGADH UNIVERSITY M, Se,

1_of the (%) :

—1__Fange Yean ! Range Kean ]

1 42.8-56.0 49.4 4 . »

2 35,7-60.0 52,8 1:1,9-1:2,8 1:2.1 13.3

3 37.0-51.7 48,7 5 - 2

4 39.1-53.2 44.2 - - ¥

5 36.0-56.2 44.1 - * =

6 43.8-87,1 47.8 1:1.8-1:12.9 1:2,3 78

7  37.1-56.0 46,8 1:1.4-1:2,4 1:1.9 58.5

8 37.9-58.0 45.9 1:1.4-1:3.2 1:2.1 62.5
Total 38.0-60.0 47.% 1:1,4-1:3.2 1:2.1 >
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TABLE No.18

Distance of )_" from nnior mr: u e; segn nt
i !;og i e.u:-- s : Vean 1 . | l

2 13 47.0.85.2 83.8 3 B4.2.57.9 86,1

3 48.7-57.9 51,82 - A .

4 47.4.82.0 49.7 g - -

) 8  38.5-83.3 47.8 - < -

2 30  41,0-89.0 48.9 18 49.0-569,4 87.4
[ 18 43.4.68.6 52.8 4 87.1-65.4  69.7
| 8 15 41.6.67.8  84.8 13 51.1-86,6 . 56,8
Total 89  38,5.67.8 81.2 28 49,0-66.6 57.3
} - |
i TABLE No,16
1 Turber and dlstribution of testesn.

E I No, | ~ Total 1 Anterior | TCosterior
Dog jexam- S
| ned.[ 7 LTI LTS T T T
| 2 7 38 - 62 48.1 20 - 45 20.3 12 - 30 16.9
| 8 2  31.868 49.5 10-36 97.86 14 .32 23,0

B8 6 32 .43 37.6 18.31 22.8 12 . 20 18.2

8 18 51 .61 43.3 10-36 9.1 14 -30 21.2

7?7 8 20 - B2 35.2 18 . 46 23,9 9 - 17 11.3

8 20 55 . 66 47.4 23 .42 31,0 10~ 28 18.2
| Total 87 20 . 68 45.0 10 -45 27,0 9 - 32 18,0

————
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Growth and Aevelopmentt

[ Zostellar hooksi- The proportional increase of large
and emall hooks with the age of the worm 1s summarieed in

TABLE Rp.1n

table no.19 below and gvaph no,3 & 4, It 1g the handle and
the guard which inerease with the age of the worm, the blade

vemaining almost constant throughout the life of the parasite,

- Froportional growth of hooks at Aifferaent
Aave of infestation from experimental Aog.

e S

. | ! 1
1 Tays of 1nf.atation§Tbtal langth; Yandle ; ¥idth

11?7 ° 1.07

{A) large hogtg
Cyetic hooks 3 1 1 i
20 daye 1,07 1.03 1,04
| 42 ® 1.10 1.20 1,08
@ * 1.32 1,70 1.80
119 » 1,90 1.36 1.34
(8) 2mal)l Books
Gyetie hooks 1 1 ) }
249 daye 1,06 1,01 1.14
42 Aays 1,00 1.08 1.18
an * 1,10 1.2 1.66
1.10 1.40

¥rom the table adove 1t ig clear *that the maximum
growth oerure at 90 Aaye of infestation and large hooks ine
crease more rapidly than the emall hooks,







1966,

( Vet,/A, H,) THESIS,

MAGADH

UNIVERSITY M, Se,

(4)

Zfrobllei- "he growth is repld upto 492 Aays, slow
betwean
ment upto 117 Aaye. The 117 daya repregentes the ceak of the
Frowth perio? of the worm. The inoresse, in length of the
worm, its prozlottide and scolex, rostellum end suoker(table

no.19 below) follows more or less the same pattern, The asg-

mentation has proceeded only unto 2 at 28 daye, & upto 75 days

fexcept in dog no.2 - fig.19) and 4 at 90 days and onward
{rig.18).

TABLE No.19

roportional growth in gize of scolex, rontellum
an® guoker at Alfrerent dave of 1nfaa£atton.

“Toave of ¢ i
Tog YMo.linfes. | Scolex | Tostellum ! Suoker
= [tation.| i § i
1 28 1 1 1
e AP 1.18 1.04 1.28
8 an 1.18 1.18 1.50
7 117 1.58 1.21 1.83
a 1285 1.30 1.728 1.64

Ceniteliai~ The tegteg, vas A8ferens, ovary and
vagina are discernidle at 28 days but they are not yet fully
mature. All the renital organs are ™lly mature at 47 Aaye of
infestation. The gravid segment is firet visible at 42 Adaye.
The oirrug sac and eggs 4o not show any significant Aifference

in size with the age of the worm.

s — T e S £ B SR e e AR

42 to 75 Aaye an? agsin followed by a gra‘ual develope

T T
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It was founad %o be 70,60,90 & 80 daye in dog nos,
8,?,8 4 9 respectively,

Zevelopment in cate: -

Both the cate fed with the eame number of seslices
ae doge (?5000) were found to be infeoted when autopsied
at 28 and 42 days after exposure. The important characters
of the worms and theiy comparison with the worms of similar
age from dogs are presented in table no, 20, page no.38. Ap
a whole the growth in oat 1s very nlov; the worms ave stunted
and even the genital primordis are not visidle at 42 Anye

after infection.

larvsl deyelopment 4in hit insapised

Wone of the 12 rabbits fed with oggs of Lsgramulopus
of goat-dog origin and autorsied gt Alfrerent Aays between
156 to 120 days (table no.1b) showed the Aevelopment of hydatid
eyest. All the 172 pulnespige injected I/p with oyetic scolicen
from goate (table no.le) and autopeied at Aiffesrent daye
between 4 to 120 daye proved refractory to seconfary eechino-

concosis.

Bioghemical studies: |
Tha resulte of bloohemiocal studies on hydatid fluld
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are summarised in table n0.21, page 37. The whole hydatia

membrane on analysis gave 11.5% (range 10.7 to 12.8%¢

20114 on wet weight bmsls and 8,3 gm.” %otal nitrogen osntent

on Ary matter basls.

) total

TABLE No,20
Oomparison between the worne from oat & Aog.
# i d e T
3:..{ Charaeter I28 Aaye infes-i42 dnye infes-
* ! )¢ § B Ed :
' Cat. ) Dog
1 No.of worms recoverea 122 847 80 1283
?  Ho.of cegments per’ Unaegmented 80 0 37.8 o
speginen (expresned 5
as T of She no. ' 1 sepmented 50 f0 68,3 &
sxamined, ’ 1
: 2 o 0 40 8,3 88,7 |
; L " 0 0 0 20
&  Total length of 'Ungegmented 0.20 . 048 .

worms{m.m, )

‘o - = Q.8% 0.5

t

'l sesmented 0.38 0,94 0.48 -

-

4 fige of terminal ' length  0.14 0.42 0.14 0,80 |
L3
segment( m.n.). ' 8%h 0,07 0,2 010 0,34 |

R

8 9ige of geolex ( /1 °80 362 383 419
8 Bige of roatellum (/M) 45 85 an 88
7 8ize of mucker (/M) : &7 ge 81 a2
Absent. Present, Abeent, Prese

fa Genital organs . bt liy botid o
mature. tely

mature wit

vid
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TABLE Wo.?1

Hflochemical obeervations on hyda '
tid rfln ;
lungs of goats. R

T
g;;; Obeervation T!—;ango i mn
1. Speoific pravity 1.010-1.011 1.01075
2. pH 8.8 - B,0 7,8
3« Total 30}15‘}; {dry matter) 1.54 « 2,11 1.84

4, Inore;an%e subetances (Agh) 30.01-38,0 33.28
5, Organio substances € 62.12.69.00 68,77
8. Total Witrogen (mg./100 ml) B59.8- 00,0 75.33

7. YNon-proftein nitrogen 50.5- 78,2 €4.9
{mg. /100 ml.)

8. rrotein mmgenmg./;m nl) 0.0~ 11.8 10.43

9. Protein (mg./170 ml.) 58.28-73.78 65.20
{(*rotein nitrogen x 6,.28).
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FATEOOENTOTYTY
Sy8a%14 ovats in goats:

. The pathologleal ohangee in liver, lungs and spleen
from naturally infeocted poats were studied. "he Aegres of
changes was dependant upon the peverity of the infeation.

L;_m— In heavy infegtions, the liver looked more
1ike a oystio masa, the size was greatly enlargsd an? only
Tine stranie of liver parenchyma appeared batween the cyets.
At places the oysts looke? 1like bunch of grapes (fig.2).

Mieroscopically the foous is characterised by the
ovet wall and changes around 1%. The eyet wall is composed
of 2 layers - (1) a thin inner nuoleated germinal layer of
enbrvonal cells and (11) a thiek outer laminsted layer of
faintly atained hyaline connective tinsue (fig.24). In fertile
aysts brood capsule with soolicee ineide 1t, are a%ttached %o
the cerminal laver (fipe.7 & 24). Around the cyst wall proper,
there 17 an outer capsule of Aenge fibrous connective tissue
formed as a result of destruction of liver celle and subsequent
replacement by fibroblasts. This eapsule hag an inner zones of
mature connective tissue fibres with few nuolel and an outer
more cellular zone of newly formed fibroblante. The chanpes
in 1liver parenchyms are of degenerative and proliferative
pature, There is pericellular, monolobular and central

s A ST e i e A A s
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cirrhosis of the liver (fige.21,022 & 23). Tn central
oirrhosia, the central vein ig surrounded by & thick layer
of connect!ve tiseue fibres iroand whioch there i1s a zone of
Aiffuse haemorrhage. The architecture of the hepatio cords
te Aleturbed, the central vein ie no more central and in
areas of heavy infection hepatie corde look like islands
between oyetiec struntures. The portal ares as & whole shows
proliferation of fibroblasts and hasz many newly formed bile
duote, some of whioh ghow fibroais of outer layer and hyperw
plasia of the inner epithelial laver, The whole hepatie
leslon i1 marked by intense cellular infiltration of mono-
nuelear cells whioh conniets chiefly of lymphooytes, A%
vlaces the infiltration 18 fooal and dense and 1le encap-
eulated by fibrous tissue (fig.20). Ocoaslonally eosinophils,

plasma o2lls and few plant cells bave aleo been observed.

iungg:- The ohanges in lunge are of eimilar nature
ag in the liver, The topography of the organ ls arfepted
according to the number and aize of the oyets present (tigs.
Z,4 & 8), There are areas of collapse and emphysema evidensed

by Aepression an? elevation on the surface of the orgsn.

¥1aropcopieally typlerl hydatid lesion with oyet
wall, adventitions fibrous cspsule and monomelesar cellular
infiltration ie visible (f13.26)., The vesicle ahows herni.

ation, sround which cellular infiltration is more intense,

B
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Collapeed areas are marked by approximation and layer forme

ation of alveoll and emphysemsatous areas by over stretching,
breaking down of alveolar walle and gubsequant formation of
large aress of inter communicating alveoli, The sellular
reaction is more marked around peribronohial tissue. The
fibrosie of alveolar walls ie also preasent,

Spleeni- Macrosecopie changes in spleen also depend
upon the number and egize of the ocyete. Microscopieally horniu—-E
tion of vesicle is evident, The changes around oyst wall are ;
mi14 as compared %o liver and lungse. ?

Cliniecal symptome in experimentsl dogs:

Out of the 9 dopge experimentally exposed to 25000
soolices of hydatid eyetes of goat origin, only one showed
elinioal symptoms of Aipestive dlsturbances - anorexia,
emaciation, Ayeentery alternating with constipation - 70 days
aftar exposure, Thie dog on autopsy, after 90 daye of the
infectiosn, waes found +to harbour over ften thousand worme. None

of the oth°r dogs exhibited any clinical manifestation of the

A1 geape.
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INCIDENCE

The inoidence of hyfati? oysta in goate inoreases
With the age. Tt 1s as low as 0.337 in animals below one
year of age and as high as 8.67 in animals above three yeare
of age. This variation is attributanie to greater opportunity
for infection anAd development rather than any increased age.
suseeptibility. The previous workers in Tndta have not worked
out the incidence separately for sheep and goate, However,
an analysies of the obgervations of Sam! (1038), Chhuttsni &
Chugh (1957) and “harme & chit:k‘ara{ (1963) indtcates that
probably theese workeres examined the young animals (sheep and
goate), upto three years of age only as the present observa-
tionrna for animale below one yéar corregpond to those of “ami
{loc.0l%.) an? the 6baarvat10na for 1=-3 years %o Chhuttan} &
Chugh (lon.git.) an? Sharma £ Chitkara (Joc.git.). The overall
inoidence shown in the presen? study is significantly more
than the previous reports {(table no.?2).

Tn the present investigation of all the infeoted
animals 57.17 had oyets in lunge only, 16.27 in liver only
and 25.97 in both the organs, These figures indlocate the pre-
ponderance of lung infeotion and partially agree with thoae
of Sharms % Chitkara (loc.git.). Ae to the distribution of

ayets in the animal and in Aifferent infaoted organs ,multiple

ettt e i i et A 0







TABLE No,22

G::ptri;gn ortth; 1nn:g¢§oc of hydatid e{-ts in
sheep goates & of adu t]gcggggggggg! n doge
in various gtudies in im, ‘

i
Author ;Yoar; Place

Py |
¥anlestons 1933 Caleutta - - 100 2.0
Sami 1938 D,Ghazi Ehan - 1.0 158 29.8

(W.Paxiatan)

Maplestone &' -
Bhaduri 1940 Caloutta - v 100 18.0
Chhuttan? =
Chugh 1967 ratiala 1000 2.8 248 13.9
Sharma 4
Thitkara 1983 Ampritear 1005 b 480 8.04
Pregent gtudy 1568 Fatne 20 10.0

Comnts below 1 year 302 0.33
" 1 - 3 yeare 176 3.40
" above 3 yre. 11386 8.80

WY v it 1614 6.50
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eyet infeation ie more gommon ant the lunge, spleen and
11ver have the number of oyste in the order mentioned. The
right lung hae been found to be a sirnificantly more pre-
ferred site than the left lung. This observation is in agree-
ment with those of Failrley & ¥right - 3mith (1029) from

natural cases in ox, sheep and pig and of Yamashita et al. |

(1957) from three experimentally infected gheep.

The eubdivieion of a ayst by inocomplete gepta glves -
*he apnearance of 1ts being made up of a number of locull or !
alveol! whioch had led abmo {(Barnett , 1941; olted by ¥Williams
& Sweatman, 1983) %o Aesoribe these as "alveolar” cysta.
¥1llilame & Sweatman (19683) have found thst septa in cyete ;
noouy oomqonly in Z.grannlosus in osttle, gheep and sginq.
"he present observations are in conformity with their rtndinmm;
The fertility rate of oyste (77.77) corresponds with thst
reported for pige (lapage,1962), From thege observations 1t

is conecluded that goats are an ideal intermediate host of
The incidence of adult stage in dogs wae found to be

107 whieh agrees with the findinge of Sharma & Chitkars(1083).

The ineidence in dogs and goats in the same locality

ip 1ndlcative of 1te epidemionlogioal Aimportance. The poor
hygienic conditions in abattolirs an” meat markets, high fert!-
14ty rate of goat hydatids and prevalence of infection in
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local Aoge are frotors conduoive to the endemielty and

related dangerg to human inreotion.

MORPHOLOQY

The important morphologieal characters obgervea

in the pregent gtudy of goat-dog material are compared with

those o® the other workers from other sources, in table
no,23, _

The number and aize of the rosftellar hooks in the
present etudy on goat-dog material are sonsigtent with the
findinge of the previous workers except with those of
Mutohison & Bryan (1560) who reported greater dimensions of
the hooks from pilp-dog material. The emall acoeseory hookse
Aescribed by Vogel (1957) and Sweatman & Willlame (1983)
and the presence of larps accessory hooke, uneven number,
patred large and emall hooks desoribead by Bweatman & Williame
(loc.01%.) have been observed in the present study aleo
(fige.10 & 11). Cameron (192€), Rausch (1953) ana Vogel
(loc.0it.) consider the shape of the large hooks to be
characterietic for a given gpecies. Ortlepp (1937) considere
ed the rugose nature of the hooks %o be a claracterigtic
feature of F.felidis. Tn the present atudy the ghape of the

hooks from the hydatid scolices obtalned from goats and
those of the adult obtained from experimental Aogs anhow

extreme variation not only between individusl hosts but
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@lso in the same host and even on the same scolex. Thege

TiMinge are in agreement with the observations of Sweatman
& ¥1lare (1083),

In the present poat-dog apooium;, the number of
f®rments in the pravid worms was oither 2 or 4, This finding
'8 in complete agreement with the obssrvations of Petrov &
Ohertkova (1989) (oited in Fausch & Neleon 196%) and Fuzeby
(1980) (etted in smith »1964) and partially with those of Pauet'!h
(1953),1966), Yamsshita et al.(1966), Vogel(1967), Wright (1962),
Nelson & Rauseh (1963), fiweatman & ¥41llams (loc.oit.) end
Verster (1068) who reported the variable number of segments
between two to five, In the presen® study the penultimate |
fsegment wae always mature in the gravid worms, ae also :-c;;«:v:t*t:e.mn‘lj
by Yamaehita 2% gl.( loc.gtt.) and Vogel (loc.git.). h
length of the worms ranges from 1.8 - 4.1 m.m. (av.2.62 m.m.)
which 1a shorter than those reported in literature for E,
grsnulogus material from other sources. Rausch, Yamashita et
al. ,Vogel, Pureby, Nelson & Rausch(all log.oit.) found the
renitsl pore to be near middle in the mature segment and
posterior to middle in the gravid sepment whereas Tetrov &
Thartkova an? ¥right (both loc.git.) found 1t slways posterior
to the mid?le, Tn the present epecimens the genttal pore was
obesrved $o be near the middle in the mature segments anA

posterior to middle in the gravid segmente.
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The testes number from 29 to 68 {av.48), 10-48
(av.27) being anterior and 9-82 (av.18) posterior to the
@enifal pore. They are 4lstributed from behind the vitellaria
to the anterior end of the mature segment., Similar arrange-
ment hee been reported in E.granulopus material from other
natural and experimental cases (Yamashits et al, ,Vopsl,
¥right, Welson 2 Fausch; all log.sit.). Fowever, E.granulosus
material origimtiﬁg from moosé or reindesr origin has been _
desoribed to have the testes Alstributed equally in two h&l"&ﬁ‘"
of the mature segment (Raunech,1953), Recently Verster(1988) -
has deseribed the arrangement of testes as an important
charaoter for the identification of Aifferent apecies and
eub-apecles of Eghinococcus.

The oveary 1s found to be bllobed with radiating
branehes which confirms the findinge of Sweatman & W lliama
(1983) and Verster (loa,o0lf.) but Alpasgreeswith those of
Vogel (1og.01%.) who found it always kidney ahnpagt::u !;19
pig-dog material. Tn the pregent goat-dog material’/has always

been foun? %o be smacoulay with occasional lateral sscculationes.

The morphologlical Aifferences observed in the
preeent goat-dog material may be attributed to the host and

geopraphical variation.
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Although all the 9 doge used in thig experiment

were of the same age-group end breed and kept under similar
managemental conditions, they exhibited extreme variation in
individual susceptibility to infectlon. The number of worms
regovered from these experimental cases was ae low as 12 in
one ocase an? ag high ae 10?88 in other. Similar varlnﬁiona
have also been recorded by Vergter (1085) with poreins,ovine
and bovine materials. Ae there is n'o clear vigidble demaroce
tion between Auodenum, jJejunum and ileQM¢of dog,the wormes were
enllented an? counted from each portion of one foot length of
the small intestine to find out their exsot location. The |
worms exfenied upto more than half the length of small intee-
zins with & maximum coneentration in the second portion of
one foot length. These Tindings are in agreement with those
of Yamsehita et gl.(1966) and Sweatman & Willlams (1963).
Babero st al.(1963) had, however, found the worme Aistributed

throughout the small intesgtine.

LA 4 _dev ent i
fiogtellar hooks:- Yamashita et al. (log.elit.) in
Australian sheep-Aog material found thet the small and the
large hooks snoreased in length upto 376th day. Vogel(1957)
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in plg-dog materie) from Germany showed that the hooks

inereased in slize only between 51,84 and 91 days. Hatchison
& Bryan (1980) in pilg-dog muﬂal from Miseiseippl,observed
no inereage in the size of the hooke after 56 Aays. Verster

(1965) 1n South African material from a wide range of experi-

mental hosts found thet the handle inoreased in size but
blade remained slmost constant throughout the 1ife of the

pParasite but she was not able to determine the age at whieh

the hooks ceased %o grov.,

In the present study on the goatedop material both
the large and the small hoole were found to increase in total
length, handle length ana width upto 90 days after infection
but the blade length 414 not shov any eignificant increape
wlth the age of the worms. These obrervations confirm the
findings of Vogel (1987). The pace of grovth of hookes wae
found slower in the present goat-dog material than that of
sheep-dog material reported by Yamashite 8t al. (1068),

£trobila:- The different parts of strobila were found to grow
in size with the ege or the worm. The segmentatlon of the
body, the development of gsnitalla and proportionate inersage
of indivifusl parts observed in thie s%udy have not been re-
ported previously. Fowever, Smith (1962) end Yamashita et gl.
{loc.cit.) carried out some preliminsry experiments on growth
rate. The present goat-dog meterial shove alower growth rate
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