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INTRODUCTION

The Kerala State has been recosznized as onc of the
important Poultry rearing arcas within India. The rural
population had taken %o Poultry farming for over two decades,
to augument thelr family income and millions of hen's and
duck ¢ggs are being cxported outside the State annually, Host
of the Poultry are raiscd on a small-scale-industry~basis,

following the age old barn-yard farming methods.

Profitable Poultry rearing calls forth better manage-
mental measures including timely attention to the control of
diseascs, While the losses due to mortality are immediately
falt by the farmers, losses due to incidupus discases such
as those causcd by parasitic helminths are not apparent to
the average poultry raisers. The morbidity, loss in eagg
production or poor weight gain appears to account for greater

losses than open infeetions resulting in immedinte mortality.

No systematic effort has been made to determine the
ill-cfifects dug to less commonly occurring parasitic helminths
guch as the spirurid worms. The main reason why such studics
nad not been attempted before was that, the life cycles of
these parasites and the range of intermediatce hosts were
unknown till fecently. Life cycle studies conducted at
Kgrala Agricultural University have thrown important lignt on

the bioclogy of all Spirurid worms frequently met with among



poultry, so that it is now possible to ecritically determine
the role of these panrasites in bringing about lossés %o
Poultry .industry. 4 detniled study on the pathogenicity of
the parasites to fowl would also help in the ocarly diagnosis

of the discase conditions and to institute tincly measurcs

e m_n‘tl‘()l.



0BJ ECTIVE OF THE PRESIND STUDY

The objective of the present study was, thercfore, to
assess the pathogenieity of two important species of Spirurid

worns namely, Lobtrameres mohtedal and Acuaria spiralis,under

eontyolled conditions. The worid chosen for the study
inhabit the proventriculus of fowl and quite often a mixcd
infection with these worms are encountered under natural
conditions of pouitry rearing. The present investigation

was carried out on cxperimental monospecific I.mohtodai and
A 3piralis infections and diépecific infections with both
the parasites at three levéls of infestions The levels
chosen were; light infection, moderate infection, and heavy
infoetion, In a series of preliminary studics, not mentioned
in this work, the threshold number of infective juveniles

to produce the desired level of infeetion was determined in
each case. The paramebtors observed were vlood changes, 3ross
and microscopic lesions, coffect on welzht gain, age at Lirast

egg, offcct on egg production and feed sificiency.
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REVIER OF LITSRATURE

TETRAMEROSTS

Ictromeres mohtedni was recorded for the first time in
India by Bhalae Rao and Rno ( 1944) who collected 8 males and
10 famnl es from the proventriculus of a fowl that died 4in
Hydernbad (Decean). Subsequently, its oceurronce in India
was reported by Anantaraman & Chandrasckiharan Nair ( 1955)
from Tamil Naduj Sundaram gt al.(1963) from Kerala State;
Purohit et al.( 1965) frcm Maharashtra State; Mukhopadhayay
and Varma ( 1965) from Bihar and Jdoshi & Kamalapur (1971) from

Madhya Pradesh.

Sundaram et al.( 1963} clucidated the 1ifc cycle of the
parasite for the first time using grasshoppers as the intoer-
mediate hosts. Subsequently Mukherje & Sinha (1965) found

that two species of beetles Llatongus ginctus and Sphaeridium

guinguemaculatbus could be infected with ezzs of I.mohtedais

Lim {1975) found that a Lepidoptoran (Sctomorphn rutdlla)
acts as intermediate host for I.mohtedni in Singapore. A
complete detailed deseription of the developmental stages of
T.mohtedni, in both intcrmediate and finnl hest was given by
Sundaram ( 1971).

Almost all the carlier works pertaining to the

pathogenicity of T.mohtedni were based on natural infections



in fowls and more or less confined to the histopatholozy of
the affected proventriculus (Anantaraman & Chandrasckharan
Rair (1955); Purohit et al. 1965; and Joshi & Kamalapur 1971).
The pregsant investigation, therefore, appears to be the first

on the pathogeniclty of Igtramercs mohtedai under controllced

gonditions.

The pathogenic offects of other speeies of Tetramgres
on bird hosts were reported by many authors ( Barber 1916;
Cram 1928; Sugimoto & Nishiyama 1937; Srivastava 1939;
Todd 1946; del Bono 1953; Popov 1953; Pancbianco 1955;
Raggl & Baken 1957; Nory & Dubois 1960; Sriramalu 1961;
Shevisov & Zabello 1965; Graubmann & Crafner 1967; Flatt &
Helson 1969; Karstad & Sileo 1971; and Rao gt al, 1972).
However no controlloed experimenta seem to have been conducted
30 £ar; except in the case of I.fissispina by Cvetajeva (1960)
and in T.anatis by Chandrasckharan  1977). Cheng (1973)
stnted that, when present in small numbers I.americana does
not produce secious symptoms. lHowever, when large numbers
occur, the avian host portrays dullness, wasting, cmacliation

and even death. Death due to Tetrameres infection has alsc

bewn recorded by del Bono (1953); Graubmann & Grafner (1367)

and Karstad & Sileo (1971).



ACUARIASIS

Tho occurrence of scunria spiralis was reported for the

first time in India by Haplestone (1932) from a bronze -

winged jacana (Metopidius indicus) from the Zoologiecal

gardons Calcutta. Subscquently Bhalace Reo & Rac ( 1944)
rccorded its occurrconee in the proventriculus of a fowl in
Hyderabad (Deeccan); ¥udcliar & Alwar (1947) from Tamil Naduj
Sundaram et al.(1962) from Kerala State; Mukhopadhyay &
Varma (1965) from Bihar and Joshi & Kamalapur (1971) from
Madhyn Pradesh. Sundaram (1971) has given g complote account
of tho lifc-cyclo with details of morphology of A.spirnlis

both within the isopodes (intermediate hosts) and fowls.

The main sent of prediliction of J.gpirslis is the
lunon of proventriculus. But oceasionally they arc also
encountered in the oesophagus (Hsu 1959; ierkusheva &
Kraevskia 1963; Slater 1967; and Bwangamoi 1968) and smnll
intestine (Ahauad 1962; Hassan 1966; Diaz-Ungria & Torres

Artigas 1966 and Bwangamoi 1968).

Acunrin spiralis is known to cause scevere pathogenic

effeets in their avian hosts (Allen 1925; Cram 1928; Kocjan
1934; Bump et al. 1947; Edminster 1947; Pijuan 1949; Nescos
1954; Bendell 1955%; Clmno Vilchez 19585 Wehr 1959; Hwang



8
et al.1961; Afnan & Mirzanians 1963; Ugo 1964; Cattcelceer 1965;
Soulsby 1963, 1968; and Karastad & 3ilco 1971).

The histopathological lesions in natural A.spiralis
infection of fowls were studied by Joshi & Kamalapur (1971).
However, no controlled studies have been undertaken on the
pathogenic éffecta of the parasite, as the lifecycle of
Aespiralis of fowl has been reported for the first time, only
in 1971 by Sundaram.

HABMATOLOGICAL CHANGES AND OTHER PATHOGINIC EPFECTS

Very 1ittle work has been done on the blood changes in
helminthoses of fowl. Particularly no information is available
in the literature regarding the haematological changes in
Iemohtedail and A.spiralis infections of fowl. Olson & Levine
(1939) have studied the blood changes in experimental
Capillaria golumbag infection in chicks. Wickware (1947) has

recorded the blood changes in controlled infection of chicks
with Heterakis gallinae. The blood picture of fowls in cXperi-
mental infections with Ascaridia galli and g.gallinae~before
and after dchelminthisation wefe‘studied by Koenezik & Lukacova
(1969). Tho effect of coceidia, A.galli and H.gollinag in dual

infections were atudied by Patil ¢t al. (1972).
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MATERIALS AND METHODS

COLL ECTION OF .WORMS

Vorms for the present study werav collocted from infcotcd
proventriouli of cxotic and desi fowls, procured from local

hotels and slaughter houses.

COLL ECTION, EIAINT ENAN Qb & MIF;CIAL

Grasshoppers of the species Spathosternum prasiniforum,

Conoecphalus m ggg,gtms and Oxya nitiduln caught from riee
fi0lds were used as .tntexmediate hosts for Tet erag ht @

Isopodes of the species Porcallig lagvis eollaoted from
cattle manure and cultured in the laboratory were used as
m%ém'ééima hosts for Acuaria spiralis,

For the méiﬁtmaﬁw and infection of intermcdiate hosts,

the technique described by Sundaram (1971) wae adoptod.

QOLLBCTION OF INFECTIVE LARVAE
The enocysted third stage juveniles of Z.mohtedai were
harvested fron gmaahop?&rs on the 25th day after infeetion,
30 as to enaure infeotivity of the juveniles to chioks. The

larvae were counted and transferred to fresh physiologieal

saline solution and infgotions werae atbempted within 2 hours

after dissection of grasshoppers.

Third staze A.spiralis larvie were disscoted out from



1"

isopodes on the 30th day post exposure of 6¢8gs. The larvae
were counted and transferred to fresh physiologiocal saline
golution and infections were attempted within 3 hours after

collection.

INFECTING THE PINAL HOST

Counted number of larvae were fed directly into the orop

of the birds using a pasteur pipette,

PATHOLOGICAL STUDYES

To study the pathogenic effeots of the parasites on the
host, observations on haemato;qu (total erythrooytes, total
loucocytes, haamoglobin, packed cell volume, mean corpuscular
volume, mean corpuscular haemoglobin, mean corpuscular
haanogl.obm coneentrasion and differential count), weight gain,
age é% firat egg, in%@sity of laying, feed cfficienoy and
histopathology were mades

For hnematological studies blood samples were colleootod
from the wing vein using di-~sodium salt of EDTA (0.3 to 0.4 BGe
por ml, of blood) as ;the anticoagulant. The blood samples were
eollected on the 6thy, 13th, 24th, 38%th, 52nd and the 66th day
post infection in the case of pure (monospecific) Acugria
~ ®piralis and mixed (d4speoific) infeotions with 4. 8piralig and
Zemohtedal, and on the 3rd, 13th, 28th, 4214, 56th and TOth day
Poat infection in the case of pure (monospecific) L.mohtedand
infoetion, which corresponded to the different stages in the

1ifgoycles of the parasites involved.
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Total erythrocyte and total loucoecyte counts were made by
direct method using Nambiar's fluid (Nambiar, 1961) as the
Giluent. Duplionte counts were madd and the average was taken.

Haemoglobin percentnge was directly reand from Ermn elcetronio
Hnemo Photo Meter, Drabkin's solution was used as the diluent.
Before taking the reading the mixture was gently agitated with
a glnss rod to render the‘mixture clear by flocoulating and
floating off of the turbid material.

Pncked cell ®1me was taken after ecntrifuging the sample
in Wintrobe's tubes for 30 minutes at 3000 revolutions per
minute. -

Kean corpuscular volume, mean corpuscular hanemoglobin and
mean eorbusoular haenoglobin concentration were calculated from
the %alués obtained above.

Por differantml count, duplicate smears from esach sample

were stained by modified copper poroxide method of Sato & Sekiya
(Nambiar, 1961) which gave better differentintion of cosinophils

from heterophils and ‘ay Wright-Giomsa. Onc hundred cells were
counted from cach smear and the average of the two was caleulated.
The weight 6f the birds were recorded nt wockly intoervals

nftor infection to note the weekly weight gain.

Fgod efficiency was caloulated by noting the amount of feed

required in kilogrnmmes to obtnin a dozen of oggs.
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The femnle birds were kept under obvservation for detore
ningng - the age at £irst egg and intensity of laying. Data
regarding the latter were collected-only for a period of 66 dnys.

All the valuos obtained were Statisticnlly analysed using
a randomised block design.

o si;;a&y the gross and histopathological changes produced
by the various developmontal stages of the parasites in the
host, tine infeeted birds were autopsicd om the 4th, Tth, 9th,
12th, 15th, 18th, 25th, 32nd, 39th and 55th day post infootion
in the case of monospoeific T.mohtedai infection, 4%h, 8th, 10th,
12th, 14th, 16th, 18th, 20th, 22nd, 24th, 50th and 100tk day
post infection 4n the ease of monoépeoifie Avspiralis infeetion
and on the 2nd, 8%th, 12th, 15th, 20%h, 24th, 2th, 32nd, 36th,
40th, 50th and 100th dny post infeebion in the case of |
dispecific infectionss Bouin's Pluid and 7% formaline solution
were used as routine fixatives. Tissues wore embedded in
paraffin and 5 to 7 ) sections wore guts Duplicate sections
were stnined by Lillie Mayer's Haematoxylin and by Heidenhain's
Azan stain. Specinl stains like Picro~Mallory and Van Gioszon's

stain were employed wherever found neéessaf?-

Pathogenicity was determined in monospecific A.gpiralis
infeotion, monospedifie I.mohtedal infoetion and in dispeeific
infections with both the above parasitcss |
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For hncmatological studies 36 White Leg Horn chicks
( 24 males and 12 fcemales) procurcd from University Poultry

Farm, Mannuthy, were wing banded at 2 wedts of age and were

soparated into 3 equal batches of 12 birds cach (8 males and

4 fenales), by random selection.

The 12 birds in cach batch

were then sub-dividod into 4 equal groups of 3 birds each

(2 males and 1 femnle) by random sclection and infections

were given at three lovels as follows.

Bateh I
monoapecifie

A.spi%is
infection

Batch II
monospecific

I.mohtedad
- infection

Bateh III
dispecific
inf eot 1ona with

Group I

Gl’oﬁp I

Group III

Group IV

100 juveniles
eaeh

200 juveniles
each :

400 juveniles
gach '

Hegntive
contivls

200 Jjuveniles
each

400 juveniles

each

600 Jjuveniles
each

Negative
controls

100 + 200 juveniles
ench respcctively

200 + 400 juveniles
each respectivaly

400 + 600 juveniles
each respectively

Nogative
controls

For histopnthological studies 36 White Leghorn male chicks

Procured from the University Poultry Farm, Mannuthy, wore wing

banded at two wecks of age and separated into 3 equal groups

of 12 birds ench. Group I birds were infeeted with 500 Jjuveniles

of A.spiralis eaob, Group II birds were infgoted with 500

Juveniles of T.mohtedal
with 900 juveniles enoh of A.8piralis and Z.mohtedal,

emch and Group III birds were infoeted



Izy
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PATHOGENICITY OF DETRAMERES MOHT EDAL

HARMATOLOGICAL OBSELRVATIONS

To study the haematologiocal alterations in thre¢ levels of
monospecifiec Tgtrameres mohtedai infootion, the blood samples
were colleoted on the 3rd (corrosponding to the third stage),
13th ( corrosponding to the fourth stage), 28th, 42nd, 56th and
70th day ( corrosponding to the adull stage) post infcotion.

The results obtained wers as follows i~
POTAL ERYTHROCYTES

The mean overall erythrocyte count of the entire experi-
mental groups was significantly lower (P<0,01) than thé negative

gontrols.

The desrease in respeot of Group I (averagc number of worms
eatabliaheé. 68) was 18.03% (P<0.01); im respect of Group II
(average mumber of worms established 114.33) 22.66% (P<0.01)
and in reébec‘s of Group III (average numdef of worms
cstatlished 164) 23,816 (P<0.01)s

On a further snalysis Groap I showed a decrease of 37.14%
(P<0.01) on the T0th day post infootion, Group II showed a
deorgase of 26.13% & 25.92% (P<0.05) on the 42nd & 56th day
post infection and Group III showed a deorcasd of 13.86% ($<0,05)
25.75% & 37. 144 (P<0.01) on the 420d, 56th & TOth day post
infgction rospcetively. -

A1)

Thus the total orythrooybos of the infycted groups showed
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a gradual decrens® from the 42nd day post infaction and was
maximum by the 70th day.

The data arc presented in Tablo 1 and are graphically
ropresented in Chart 1.

HA@ GLOBIN

2he mean overall hacmoglobin pexeentage of the cntire
experimental groups was significantly lower (P<0,01) than the
negative controls.

The deercasce in respect of Group I (average number of
woms established 68) was 7.96% (P<0,01); in respeet of Group II
(average number of worms established 114.33) 11, 78% (P<0.,01)
and in respect of Group III (average number of worms established
164) 17.85% (P20,01)

On a further analysis, Group I showed a deorcase of 16,126
(P20.05) on the 70%h day post infeetion, Group II showed a
decroase of 15.25%, 15.24% (P£0.05) & 27.06% (P20.01) on the
42and, 56th & 70th day post infection respectively and Group III
showed a deorcasec of 14.14% (P20.05), 28,10% & 24.71% (P<0.01)
on the 28%h, 56th & 70th day post infcetion roespectively.

Thus tho haemoglobin percentage was found to be
dcoreased on the 70th day post infeotion in Group I; 42 nd
day post infeotion in Group II and f£rom the 28%h day post
infootion in Group III. |

The data are presented m"“?able 2 'and are graphically

roprescnted in Ohart 2.
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PACKED CELL VOLUME

The mean overakl packed cecll volume of the entire
experimental groups was significant'iy lower (P<0.01) than the

negative controls.

The deercase in reapedt of Group I (average number of worms
gstablished 68) was not significant; in respect of Group II
(average number of worms established 114.33) 8.73% (significant
at 1% lovel) and in respect of Group III (average number of
worms ostablished 164) 8.82% (significant at 1% level).

On a further analysis, on the 56th and T7O0th day post
infeotion Group I showed a docrease of 7.31% and 9.38%- (P20.05)
respectivaly; Group II showed a deercase of 20.84% and 17.72%
(P20.01) respectively and Group III showed a decrcase of
20.84% and 16,69% (P<0.01) rcspeciively.

Thus the packed cell volume of the infected birda were
found to deercase from the 56th day post infeotion.

The data are presented in Table 3 and are graphically
represented in Chart 3. |

BHEAN CORPUSCULAR VOLUME
The overall mean corpuscular volume of the entdre
CXperimental groups was significantly higher (P<0.01) than

the negative controls.

The inereasc in respect of Group I (averafe number of
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worms established 68) was 35.89% (P<0.01%); in respact of

Group II ( average number of worms established 114.33) 26,08%
(P20.01%) and in respect of Group III (average number of woms
established 164) 20.8T¢ (P20.01%).

Qn a further analysis, on the TOth day post infection
Group I showed an increase of 43.81% (P<0,01%); Group II
TT.65% (P<0,01%) and Group III 37.11% (P<0.01%)

Thus the mean corpuscular volume was found to be almost
nomal upto 56th day post infection tut by the 70th day a
sharp inerease was noticed in all the experimental groups.

The data are presented in Table 4 and are graphically
represented in Chart 4.

The overall mean corpuscular haemoglobin of the entire
eXperimental groups was significantly higher (P<0,01) than the
negative controla.

The inerease in respeot of Group I (average number of
worms ostablished 68) was 15.23% (P<0,01); in respect of
Group II (average number of worms eatabluhed 114.33) 19.59%
(P4 0,01)-and in respoct of Group III (average number of woxms

catabl ished 164) 14,326 (P<0.01),

When further analyscd, Group I showed an increase of
32,97 (P< 0,01); Group II 57.33% (P4 0,01) and Group I1I

W

25.93% (P< 0,05) over the controls on the 70th day poat
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infeection.

The mean corpuscular haanoglobin was found to be almoat
normal upto 56th day post infection, but by the TOth day an
increasc was noticed in all the experimental groups.

The data are presentcd in Table 5.

MEAN CORPUSCULAR HARIOGLOBIN CONCENTRAIION

The mean corpuscular hacmoglobin concentration of the
cXperimental zZroups showed no significant difference from those
of the negative controls. However by the 70th day post infection
all the groups showed an average decremse of 9.30% (not
significant) indicating that the anaemia is becoming hypochromic.

TOTAL LEICOCYTES o

The total leucooytes of the entire cxperimental groups was
significantly higher (P< 0.01) than the negative controls.

The increase in respect of Group I (average aumber of worms
established 68) was not signifiaaﬁt, tut in respect of Group IX
(average numbor of worms cstablished 114.33) and Group III
(average number of worms established 164) the inorease were
10.01% & 27. 44%( sdgnificant at 1% level) respectiively over

the oontrols.
On gfurther analysis, Group I showed an inorease of 44.02%

and 119, 13% (P4 0,01) on the 3rd and 13th day post infcetion
respeotively, Group IIIshowed an ingrease of 97,85% & 147.80%
(P<0,01) on the 3rd and 13 th day post infootion
respectively, and Group III showed an inorease of
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52.90%, 132, 2T% & 68.9T% (P 20.01) on the 3rd, 13th, & 42nd
day post infection respectively. Om the 56th day poat
infcetion nll the experimental groups showed a signifiocant
deorense of 46.,99% (P<£0.05) and on the 70th day post
infeotion the decrense was 26.23%,

Thas a leucooytosis was observed upto 28th day post
infceotion in Group I & Group II and upto 42nd day post
infeotion in Group IXI, On the 56th dny a leucopenia was
observed in all tﬁe experimentfﬂ. groups which by the 7T0th day

post infection was less marked.

The data are presented in Table 7 and are graphically
represented in Ghart 6.‘

EOSINOPHILS
The overall cosinophil percentage of the entire experi-
mentnl groups was significantly highor (P<0.01) than the

negative controls,

The increase in reaﬁ’actmof ér‘oup I (average number of
worie established 68) was 53.64% (PZ£0.01) in respect of
Group II (average number of worms cstablished 114.33) 42, 1T7h
(P2£0.05) and in ;eypee't of Group III (average numbor of worms
ostablished 164) it wans 91.80% (P<£0,01) over the controls.

On further anelysis, Group I showed nn incrgnae of 114.6#

& 94.33% (P£0405) on the 3rd & 13th day post infeotion
respootively, Group II showed an inercase of 85.84% & 60.06F



23
on the 3rd & 28th Gay post infeotion respeotively. Group IIY
showed nn increase of 143.35% (P4 0.01), 89%, 65.1TH(P £0,05)
and 127.6T% (P<0.01) on the 3rd, 13th, 28th & 42nd day post
infection respectively.

Thus cosinophilin was observed on the 3rd and 13th day
in Group I, 3rd and 28th day in Group II and the 3rd to
42nd day in Group III.

The datn are presented in Table 8 and are graphiocally

represented in Chaxrt 5.

HET EROPHILS

The mean heterophil pereen’eége of Group III was sizni-
fienntly higher (P4 0.01) than the negative controls.

Initinlly there was a deorease of 27.25F on the 3rd
doy post infcotion in all the experimental groups. But on
the 42nd day post infection Groups II and IXI showed an

inerense of 50% and 50,72 (P4 0.05) respectively. On the
T0th day poat infection, ‘Gmﬁp IIX showed an inorease of

66.4T% (P4 0,01) over the controls.
The dnta are prosented in Tnble 9 and are graphically
Tepresented in Chart 7.

BASOPHT,

The overall basophil pereentage in the experimental
groups showed no aignificant difference from the negativg

controls.
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The dnta are presented in Table 10,

LYMPHOCYTES

The overall lymphocyte percentage of the entireﬁexperi-

mental groups was significantly lower (P<0.05) than the
negntive controls. | | ¥

The deorease in respect of Group I (average number of\
woms ostablished 68) and Group II (avernge number of worms
cstablished 114.33) were not significant, but in respect of

Sroup III (average number of worms established 164) 1t was
12.94% (s2i;snificant at 1% lovel).

On further analysis, Group III showed a dececreasc c;f
25.70% and 33,50% (P<0.01) on the 42nd & 70th day post
infection respectively over the controls,

Thus 1ymphocytopenia was observed in heavy infeotions
from the 42nd day post infootion.

The data are presented in Table 11 and are graphically
Yepresented in Chart 8.

MONOCYT
The overall menocyte percentage of the entire oxpeori-
Mentnl groups was significantly higher (P4£0,01) than the
Degntive controla,

Group I (averange number of worms established 68) showed
ho signifiecant difference, but the inerease in respect of
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Group II (average number of worms ostablished 114+33) and
Group III (average number of worms cstablished 164) were

67.43% & 77.0Th (P<0,01), respectively over the controls,

On further analyaia,_ﬁroup II showed an inereasc of
143.223% & 1755 (P 20.05) on the 56th and 70th day post
infection, Group III showed an incrensc of 157.51% and
166,65% (P2 0,01) on the 56th and 7T0th day post infcetion
respectivaly.

Thus monoeytosis was observed in birds harbouring more

than 114 worms from the 56th day post infection.

The data are presented in Table 12



PABLE - 1 - smm:g the totel Erythrocyte count in three levels of monospeeifie 2. mohtedai infection
, eumyamd with the mgetive eontrols.

"\\

GROUP I = WP 1 GROU? 111 GEOUP IV

DAYS :
1 2 3 4 5 6 -7 8 9 10 1" 12
3rd 2.56 2.54 2.46 2.65 3.01 2.60 2.55 2.6% 2.84 2.33 3«67 3.21
ifh 334 2.3 2.39 1.81 2.75 3.39 1.83 2.%5 1.89 2.86 3.19 2.49
mth . »2,.0:5. 181  2.00 2.33 1.47 2.02 .99 1.85 1.88  2.33  2.53 2.25%
42 2000 133 205 297 151 152 . 296 1.92 .56 2.51 2,21 2.26
567  2.06  1.80  2.12°  1.90  1.67 1.6  1.82  1.65  1.72  2.44  2.50  2.06
70 152 1.65  1.66 . 0.95  1.25  1.40 1.22  1.68 1.91  2.35  2.40  2.90

411 ve;lues m millions/cu.mm. of dloed
S ‘ Anplyeis of Vericnce Toble

Souree i 4 88 ¥88 P
Botween Treatments 3 5.039 1.679 15.270 ##
Between Doye 5 9.836 1.967 17.881 #=
Error 63 6.936 0.110
FORAL T1 21.811

9¢

#2 gianificont et 1€ level
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TABLE - 2 - Showing tho Hoemoglobin values in three levels of monospecific 2. mohtedai infection compared
with the pegntive controls.

T emouR I GROUP IX GROGP III “GBOUP 1V

1 2 3 4 5 6 7 8 9 10 11 12
574 7.6 Teh T4 8.2 9.0 8.8 8.0 6.8 6.6 8.0 8.2 8.4
138 2o, 846 7.8 8.6 T.6 9.8 7.2 8.2 7.6 6.8 9.8 8.8 7.8
28" a5 %.8 8.0 8.4 5.6 1.8 68 T.8 66 80O 8.3 84
2™ e . 78 B4 7.8 6.8 6.6 71 80 6.2 7.8 , 8.4 8.8
56th R 60‘2 V 802 8-4 T4 6.7 706 ?-9 5.8 5.6 8‘2 ) 9.4 8.0
702 . 1.8 6.6 7.0 5.6 6.4 6.6 62 7.0 6.0 8.0 8.9 8.6
A1l vgingé' in groem percentege

‘ Anely éis of Voariance Table
Source ag ss ¥38

Betwoen frectments 3 26.022 8.674 17.348 #*

Botween Doye 5 9.522 1.905 3.810 #*

Erzor 63 31.509 0.500

FOPAL 71 67.053

#® gismtficnnt at 14 level.



. lNg ihe Recked eeld wolnme in three levels of zopogpocifie T. mohtedal infeetion compored
with the negative contzols.

GROUR I . GROUP II GROUP 1XI GBOUP IV
2 3 4 5 6 7 8 9 10 1 12
54 30.0  30.0 30,0 30.0 30,0 30.0 30.0 30,0  30.0 31.0  31.0  31.0
B 35 290 3.0 30 3.0 2.0 28.06 320 23.5 2.5 350 28.5
28& ’35.6 500@ 35-6 29-0 25.0 3’ O 26.0 Beo (+] 28.0 29- 4] B 2900 27 .0
568 310 29.0 29,0  26.0 25.0 25.0  27.0 26.0 25,0 31.0  35.0  30.0
70

32.0 250 30.0 - 24.0 26.0 29.0  21.0 29.0 24.0  30.0 35,0  35.0

All wnlues in percentege
| Anedysis of Voricmee Zndle

Souree 4af 88 #ss P
3 228. 166 76.055 13.267 *»
5 38.666 = 7.733 1.349 T
63 361.168 54732
| 20PAL " 628.000 °
** Simificont ot 1% lovel CJ

n.s. %ot significont.



PABLE - 4 - Showing the Nemn corpusculer volume in three levels of monoepecific T. mohtedel infeotion
compered with the ne_muve controls.

1 GROUZ 11 GROUP III GROUP IV
B4YS -

1 2 5 4 5 6 71 8 9 10 1 12
7.9 1B 120,95 113.21 99.67 11538 117.65 113.21 105.63  133.05 8447 96.57
13 Team h06.23 129.71 171.27 123.64 T9.65 153.01 136.17 124.34 89.16 103.45 114.46
28'" 472,41 165.75 175.00 124.46 170.07 155.47 130,65 162.16 148.94 12446 114.62 120.00
42 w354 233.08 165.85  142.86 185.43 138.16 - 138.85 164.06 169.87  111.55 140.97 146.02
s6% 150,49  161.11 136.79 136.8¢ 149.70 155.28 148.35 145.45 145.35 127.05 140.00 145.63
70 210.53 151.52 18293 258.06 208.00 207.14 ~221.31 172.62 125.65 127.66 137.50 113.79

‘ o | Anelyeis of Varienee able

~ souree as 88 ws P
‘Botween Prectmemte = 3 13990.5  4663.500 8.282 **
Betwoen Doye 5 - 34911.8 6982. 360 12,399 *»
‘Ervor ‘ 63 35475.4 563. 102
' G0PAL 71 . 843TT.T

** Stonificont at 1% level.



PABLE - 5 - Showing the Meen corpusculer heemoglobin in three levels of monospoeific T. mohtedet infection
compeared with the negative controls. '

‘ @ROGP I GEOUP XX GROUP 1IX GROUP IV

1 2 % 4 5 6 7 8 9 10 1 12

5 29.69 39.13 30.08  30.9 29.90 33.85 3137 25.66 23.2¢ 34.33 22.34 26.17

13 25.75 28.57 35.98  41.99 35.64 21.24  44.81 32.38  33.98  34.27 . 27.59 31.33
28 41.87  43.09 40.00  36.05 38.10 38.61  34.17 42.16 35.11  34.33  32.81  37.33
42" 36.36  58.65 40.98 - 35.94 45.03 43.42  35.65 41.67 39.74  31.08 37.00 38.9%
s6™  30.10 45.56 39.62  38.95 40.12 47.20 . 38.46 35.15 32.56  33.61 37.60 38.8
70%  51.32  40.00 42.68  60.22 51.20 47.14  50.82 41.67 31.41  36.04 37.08  29.66

4)1 velues in miecyomicro greEs.

gig of Varience Table

Source af 8s ] 88 hig

| Between Tretctments | 3 641.840 21%.947 T.155 ##
Between Doye 5 1590.920 318.183 10.642 **
Brror 63 1883.720 29.900
FOPAL ' 71 4116.480

#* gienificont et 1% level.

0t



PABLE - § - Showing the ¥Mean corpusculer heemoglobdin concentration in three levels of monospecific

2. mohtedni infection compered with the negntive eontrols.

‘GROUR I

GROUP 1I GROUP III GROUP IV
DAYS
1 2 3 4 5 '3 7 8 9 10 1 12
3 25.33  26.67 20.67  27.35 30.00 29.33  26.67 22.67 22.00 25.81 2645 27.10
13 27,30 26.90 27.74  24.52 28.82 26.67  29.29 25.75 28.94  38.43 26,67 27.37
282 24.20 26.00 22.86  28.97 22.40 25.16  26.15 26.00 23.57  27.59 28.62 31.11
42®  25.33  25.16 24.71  25.16 24.29 31.43  25.67 25.40 23.40  27.86 26.25 26.67
56 20,00 28.28 28.97  28.46 26.80 30,40  25.93 32.50 22.40  26.45 26.86  26.67
70 24.38 26,40 23.33  23.33 24.62 22.76  22.96 24.14 25.00  26.67 26.97 26.06
411 velues in percentoge
y Anslgsis of Varienee Table
Souree ag 58 usS »
Between Trectments 3 113.452 37.817 2,617 2%
Between Brye 5 74.831 14.966 1.0%6
Error 63 910.3%28 14.449
SOTAL 71 1098.611
n.g. Not significont.

LE
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2ABLE - 7 - Showing the toinl Icucoeyle count in three levele of monospeeific P. mohtedei infection
: compered with the negntive eontrole.

I @Bov? I1IX GROUP IXX GEOUR IV
DAYS .

1 2 3 4 b 6 7 8 9 10 11 12

5 40.00 '41.34 36.99  45.30 52.00 68.00 48.00 34.21 45.54  30.00 28.22 25.33
zn .

15 38.00 43.52 30,00 48.44 38.00 39.45  48.00 26.00 42.00 18.00 18.80  14.00
2™ 30,00 29.50 26.00 26.00 35.10 32.00 34.88 30.00 32.88  28.50 29.10 28.00
42™ 1840 27010 13i50  27.80 20.80 25.10  29.80 36.70 36.40 20,70 16.90 23.30
55?‘ 14.90 13.80 8.70  14.20 10.00 16.200 12,20 7.80 18.00 24.20 13.10 35.50
760%™ 14.32 26,00 10.22  17.32  14.88 15.32  16.48 18.44 16.00 21.10 21.76 23.54

A1 valuse in thousends/eu.me. of blood.
Avelysis of Veriecnce Teble

Souree az | ss ¥5S P
3 2466.849 826,949 24.991 *#
5 5789. 194 1157.838 34.766 #%
63 2098.085 33,302
| EORE 7 10574.128

41

*2 gignifieant et 1% level.



FABLE - 8 - Showing the percentoge of Eosinophils in three levels of monospecific T. mohtedni infection

compored with the negative controls.

P grouUP X GROU? II1 GROUP 111 GROUP IV
DAYS
1 2 3 3 5 6 7 8 9 10 11 12
rd , ‘

3 5.0 | 5.5 4.5 5.0 5.0 3.0 3.0 6.0 8.0 1.0 3.0 3.0
13“‘ 9.0 5.0 3.5 3.0 4.0 3.0 5.0 8.0 4.0 3.0 3.0 3,0
zeth 7.0 3.0 4.5 6.0 6.0 4.0 6.0 7.0 3.5 3.0 . 3.0 3.0
42nd 5.0; 3.0 3;00 “ 3.0 5.0 2.0 6.0 5.0 9.5 290 ;’ 5.0 2.0
56 3.0 3.0 4.0 3.0 5.0 3.0 3.6 4.5 5.0 2.5 3.0 2.0
70“’ 2.5 3.0 3.0 2.5 3.5 3,0 4.5 3.5 1.5 2.0 | 2.5 1.5

. Anslyeis of VYerience Teble
Source af 8s ESS P
Betwoen 2reatments - 3 81.736 27.245 10.708
Between Doys 5 33.944 6.789 2.668 ¥
Error 63 160.306 2.545
POPAL 1 2?5.9861'
#* gignificont ot 1% level w

* Signifiennt ct 5% level.



FABLE - 9 « Showing the percontage of Heterophils in three lovels of monospecific 2. mohitedsi infeotion
_comprred with the negntive controle.

GROUR I GROUEZ 11 GHOUP II1

GROUP IV

1 s 3 4 5 6 1 8 9 10 11 12
5.5 2.0 2.0 1.0 330 2.0 180 0.0 30.0 3.0 320 345
3™ 320 36.0 57.5 20,0 35.0 31.0  23.5 40.0 32.0  42.5 23.5  28.5
2™ 2.0 16.0 40.0 3.0 2.0 365 .0 360 260 360 2.0 32.0
2" 185 30.0 3.0 41.0 380  26.0 35.0 41.0  29.5 21.0  19.0  30.0
56T . 19.0 3.0 42.0 3.0 33.0 32,0  47.0 28.5 290 3.5 23.5  29.0
6™ 2005 7.5 4.5 185 25.0  35.5  39.0 39.5 58.0 3.0 235 2.5

Souzce at 88 ¥SS r
Betwoen Zrectmonts 3 1134.595  318.198 7.170 *#
Between Doye 5 201.449  40.269 0.763 ™%
Error 63 3322.676  52.7408

20941 7 4658.720

141

a* gignificant at 1% level
n.s. ot sigatficont.



PABLE - 10 - Showing the percentoge of Besophile in three levels of monospeecifie T. mohtedel infection
compared with the negotive controls.

:GROUP I GROUP I GROUP III CROU? IV

DAYS . -

1 2 3 4 5 6 7 - 8 9 10 11 12
4 .0 L 05 0.5 0.0 0.0 1.0 0.0 0.0 1.0 0.0 1.0 0.5
130 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.5 0.5 0.5
26 0.0 0.0  ©.0 0.0 1.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
4™ 0.0 0.0 Q.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56" 1.0 0.5 1.0 0.5 1.0 8.0 0.5 0.5 0.5 0.5 0.5 0.5
70" 0.0 0.5 0.5 0.5 0.0 0.5 0.0 0.5 0.5 0.0 0.0 0.0

Anplysis of Varianes Toble

Souree - df 88 Mss big
Between Zrectments 3 0.583 0.194 1.532 ¢
Betwoen Brys 5 2.292 0.458 3,612 %
Erroxr ‘ 63 8.000 0.127
FORAL 71 10.875

p.8. N0t eignifiecont
#%  gignificont ot 1% level.

11



FABLE - 11 - Showing the porcentage of Iymphocyies in three levels of monospecific . mohtedel infection
Wd with the negative contxols.

BOUP I enogR It gROBP III GROUP IV
DAYS :
T o2 3 4 5 6 7 8 9 10 1 12
5™ 67.0  59.0 70,0 72,0 60.0 67.0 T1.0 68.0 58.0  60.0 60.0 57.0
13 55.5  §1.0 6.5  T5.0 60.0 63.0  69.0 50,0 61.5  52.0 T1.0° 66.0
2 68.0 8.0  55.0  52.0 64.0 58.5  66.0 55.0 68.0  60.5 69.0  63.0
42 73.5  63.0 58.0  52.0 54.0 67.0  55.0 48.0 56.0  75.0 720 67.0
s6®  75.0 625 50.0  61.0 54,0 60.0  43.5 59.5 60.0 625 70.5 67.5
1o 73.5 76.0 47.5  T5.5 645 54.5  50.0 535 335 - 66.0 Ti5 685
A M lysis of Vericnee Psble
Souzrce af 88 ¥8s P

Botween Preatments 3 1494.580 = 498.193  8.198 #*

Between Doys 5 111.030 22.206 0.365 %"

Error 63 3828.620 60.772

FOPAL E? 5434.230

&»  Sigmificent et 1% lovel w

NDe8e 0% ﬁﬁm.



PABLE -~ 12 « Showing the percentinge of Monoocyies in three levels of monospecific 2. mohtedel infection
compored with the megntive coatrols. '

U I GRODP II GROUP III GEOUE IV

1 2 3 4 5 6 7 8 9 10 1" 12
54 2.5 6.0 5.0 6.0 2.0 4.0 8.0 2.0 3.0 4.0 4.0 5.0
13t 3.0 2.4 25 2.0 1.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0
2™ 1.0 1.6 05 4.0 1.0 1.0 1.0 2.0 25 03 - 1.0 1.0
@@ 30 40 20 40 30 50 40 60 5.0 20 4.0 1.0
s6 2.0 2.0 30 @ 50 7.0 50 60 7.0 50 3.0 3.0 1.0
0™ 35 30 45 - 30 T0 65 65 3.0 6.5 1.0 2.5 2.5

Anelysis of Voriance Toble

Souree . ag | 88 ¥38 ?

~ Between Boye 5 89.236 17.847 9.568 **
Error 63 117.514 1.865
| FORAL 71 251.986

% gigmificont ot 1% level.

Lt
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CLINICAL SYMPIOMS

During the first two wecks of ihfeotion the chiocks
exhibitad n marked loss of appetitéland were dull and droo®y.
As ;he disense progressed the birds became weak nnd uathrifty
due to poor feed intake. Anaemia was evident from the 6%h
week post infection and by the 10th week the birds had lost a
considerabl e amount of their body weight. In layers the
sexual maturity wae dclayed and there was declinc in the rate
of ecgg production.

WEIGHT GAIN

The mean overall weight of the experimcntal birds showed
a significant dccrease (P<0.01) coupared to the negative

controls.

The degcrease in respect of Group I (average number of
worms estnblished 68) was 19.50% (P<0,01); in respeot of
Group II (average number of $arms established 114,33) was
22,60% (P< 0,01) and in respefit of Group III (average number
of worms established 164) was 29, T0% (P< 0.01).

On a further analysie, the decrense in respeot of Group I
was found to be 34, 20%, 28.4% and 37.59% (PL0.01) on the 4th,
7¢h and 10th wedk post infection respectively; in respect of
Group II was 29,73%, 30.48%, 37.04% (P£0.01), 22,08% and
25,356 (PZ0.,05) on the Sth, 6th, Tth, 8th and 9th weck post
infection respeotively and in respeot of Group III was 31,426,
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353 13%, 34. 148, 29.63%, 28.57% (P£0,01) and 28,17 (P£0.05)
on Yhe 4th, 5th, 6th, 7th, 8th and 9th weck post infeotion
respeotively. |

Thus the weight gnins of the experimental groups were
found to be poor during the 4th to 10th week post infeotion.
On the 70th day pest infection the average deorease in the
live body weight wae found to be 235 grams (19.32%) in
Group I, 258 grams (21:212) in Group II and 347 grams ( 28, 45%)
in Group III, compared to the nogative controls which showed

an average live body weight of 1216,66 grams.

Eventhough the strain of birds used were exolusively
Meant fore egg production the loss of income due to poorx
weight gain wns calculated on the basis of the ourrent pricoe
of live body weight (R.6.50/Kg.). The loss in Group I was
Be 1.50; in Group II B.1.70 and in Group III k. 2.25 compared
to the control birds,

The data are represented graphieally in Chart 9.

SEKUAL MATURTTY AND INTENSITY OF LAYING

The age at first egg was taken as the timq of attainment
of soxunl maturitys The experimental groups showed dalay
in attaih;nent of sexual maturity compared to the negntive
Controls, which laid its first 63g on the 132nd day.

The delay was % days in respect of Group I (numbor of
Worms ostablished 77); 11 days in respeet of Group II
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(numdber of worms established 127) ‘and 33 days in respect of
Group III (number of worms established 184).

The rate of egg production wa; véﬁ\y pooxr with lack of
persistancy and long pauses. During tﬁ*@ observed period of
66 days, the total number of esgs pmduc\ed by Group I was
39, by Group II 32 and by Group III only 8. Whereas the

eggs produced by the negntive control was 55.

The egz record of expevimentnl and contrel birds are
given in Table 40

FEED EFFICIENOY

The quantity of feed in kilogrnms requires to pr::':duee a
dozen of eggs waas caloulated for the female birds, sinee the
atrain of chicks used (Mychix) were exelusively meant for
egg productions The feed efficiency of Group I (number of
worms cstablished 77) was 1.98; of Group II (number of worme
established 127) 2,19 and of Group III (number of worms
established 184) 5.25. Thé foed efficienoy in the case of

the control was found to be 1.5.

Thua the fe@?_ efficicncy of the experimental birds were

sisnificantly lower when compared to the negative controls.

Caloulnting the loss of income on the badis of the
ourrent price of foed (&.1.50/Kg.), Group I required 65 paise
worth of feed, moée than the controls to produce a dozen of
eggs, while Group II and Group III necded Re.1.00 and ise 5. 60
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worth of feed respeotively, more than the controls.

PREPAT BNT P ERIOD

The prepatent period of infection in the oaase of Group I
(average number of worms cstablished 68) was found %o be in
from 46 to 49 days (avorage 47.66 days), in the oase of
Group II (average number of worms gatablished 114.33) was in
from 47 to 49 days (average 48 days) and in Group III
(average number of worms established 164) was in from 49 ¥o 54
days (averago 51,33 days). |

Thus the prepatent peried of infection was found to be
not influenaed by the number of woxms established.

The data are presented in Table 13.

A1l the infeotion experiments, during the current studies
were conductod with infective juveniles ( encyated third stage)
aged 25 days, dissceted ém,t from msﬂhappara’aa outlined
undor materials and methodas. It was found in preliminary
exporiments that the number of larvae harboured hy the
intermediato host had apparently ne influence on tho
auhsequa;t cstablisiment of the parasites, as the larvae from
heavily infectcd grasshopyers established Yo the samo extont
as larvae from ughtl& inf cotod grasshoppers. In these
exporiments it was also noted that more than one larva could
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be found in o single ocyst as menthoned by Sundaram (1971).
However in czecptionally heavy infections as many as over 20
larvac could be secn in a singlo oyst ( Plate[J Fig 1 ) and
a total of over 4000 juveniles could be harvested from a
singl ¢ grasshopper. This constitute an additional obacrvation
on the development of the wormm within the intermediatc host.

The poreentage of cstablishment was caloulated from the
number of womrms found in each bird at autopsy and the number
of infective larvae administered to them. For botter
correlation of results the percentage of eatablishnent was
considered rather than the number of juveniles administered,
in all the c¢xperiments.

In ’Gmup I (infected with 200 juveniles each) the average
number of worms recovered was 68, (22,55% males & TTs 45% £emal es)

giving an establishment percentage of 34%.

In Group II (infeeted with 400 juveniles each) the average
mmber of worms recovered was 114033,(30.61% malos & 69.39%
femal es) giving an establishment percentage of 28. 58%.

In Group III (infected with 600 juveniles eagh) the average
Mumber of worms redovered was 164,(34.76% males & 65, 24%
femal es) giving an establisiment porceatage of 27+ 33

No worms were present in Group IV as it constituted the

hegative controks,

Trus the percentage of establishment decreased when the
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infective dose was raisocd. smoe it was not the aim of the
present investigation to £ind out the quantum of infective
dose to give a maximum pereoentage of establishiffent, no
attenpt in this direction was mades

The data are presented in Table 13.




TABLE < 13 = Mng the detoils of prepatent period end percentege of esteblishment in monoepocific

2. moh ___%_@ infection at three levels ond negntive comtrols.

L o4

Bumber of worms developed

Chics  Humber of infective  Prepatont period - | Tomeentege of
mnber juvenriles given in deys © ¥elee Pemeles Totel infe esto-
L o ~ dblighment
1 200 4% 14 63 77 © 38.50%
A 2 {200 48 19 47 66 33,004
3 200 49 13 38 61 30.50%
TOPAL 600 204 - 34.00%
4 400 | 48 4 86 127 31.75%
B 5 400 49 29 73 102 25.50%
6 400 47 35 29 114 28.50¢%
Foran 1200 3 28.56%
y 600 54 58 126 184 30,674
c 8 600 51 54 112 166 27.67%
9 600 49 59 83 142 23.67%
TOPAL 1800 492 27.33%
0 %
» n BlL § All the birde rexznined negotive
12 § '
s - 3 . GEOUP II
¢ - P - GWUP IV | &
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HISTOPATHOLOGICAL OBSERVATIONS

To study the histopathological changes produced by the
various devclopmental stages of Zotramgres mohtedal in the
proventriculus of the host, chicks were infeected with 500
Juveniles and were slaughtered on the 4th ( corrosponding to the
third stage), 7th, 9th, 12th & 15th { eorrosponding to the
fourth stage), 32nd, 39th & 55th day ( corrospending to the
adult stage) post infeotion. The changes obssrved were as

follows § =
GROSS LESIONS

Unopened proventriculus of the ebick slaughtered on the
fourth day poat infeootion appeared nommal to the nakked eye.
Vhon the organ was cut open the lumen was found to be £illed
With copious mucous secreation. Numerous petechiel hacmorrhages
Were seen on the mucous menbrans gspeeially around the
&landular openings. Large number of juveniles were found

embodded in the muous in these arcas,

On the twelth day post infeotion the proventriculus was
one and a half times the normal size with a comparatively hard
texture. When thevrgan was opened pm#entmeular wan was
found ¢o ;t;e vory much thickenod and the lumen contained straw
Sloured gcxudates The mucous membranc was intensaly congested
With foeal areas 1of ‘eroasion of the gpithulial lining.

On tho twonty £ifth day post infection pin head sized

[}
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black spots werc observed on the serosal surface represcnting
the glanda infgoted by the female worms. When the organ was out
opened a mucopurulent cxudate was séén blocking the glandular
openings and the infected glands were well raised above the

surface of the mucosa.

On the fifty £ifth day post infcotion the serous surface
of the proventriculus appeared mottled and the sigze of the organ
was increased than the normal (Plate.. I Fig. 1). When out
opened the lumen of the organ was found to be very much reduced
due to thickcned wall. The glandular openings were very
prominant in %he.mucoaa. Cheesy scaisolid exudate aleong with
engorged £emale worms were observed within the compound glands.

MICROSCOPIC L ESIONS
On the 4th day post infection

The proventrioculus of the chick slaughtered oh the fourth
day post infgotion showed within tho lamina propria cut sections
of the juveniles surrounded by a severe granulocytic reaction
(Plate 11 Pige 2 )» The inflammatory remction was seen to extend

even upto the submuecosa in some places, The lumen of the
proventricuius was pecked with desquamated epithelial cells and
nocrotic cell debris, Focal hyperplastio changes in the lining
ealls and goblet oclla were evidents

On the Tth day post infection tubular glands showed focal
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arcas of degancration and necrosis. Tho lamina propris was
thickened due to infiltrating calls q}ﬁiaﬁy comprising of
gffnulocytes. Submucosal oedema was proscnt ospecially in the
inter-glandular region. Compound glands ‘showed hyperplasia of
the 1ining epithclium and lympheid aggregation in the glandular
tissuc (Plate 1I Fig 3). Cut sections of juveniles were present

in the lumen of the compound glands along with abundant neorotic
ccll debria. '

On the 9th day pt;at 1nféetion complaote deastruoction of the
tubular glands was noticed near the opening of the 1nfaa:tea
glands with mild fibroplasia, histiccytic reaction and foeal
dymphoid hyp'erplaeia in the lamina propria. Hany of the compound
glanda also showed histiooytic reaction and their lumina were
packed with inflammatory eellular cxudate and juveniles. Similar
°h&n3ea wore obsorved on the twelth day post infeetion, but
were more pronounced (Plate IT Fig. 4)

On the 15%h day post infeotion

On the fifteenth day post infootion proncunced histiocoytioc
reaction p;edam,imte& by granulooytes and plasma cells were
found surrounding the juveniles within the compound glanda
(Plate 111 Fig. 1)s Hypertrophy of the muscular ooat of the organ,
Sibz'opiaajm’aa& engorgement of the blood vessels of the lamina
Propria wore some of the other changes noticed.
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On_the 18th day poat infection

On the 18th day post infection all most all tho compound
glands showed pronounced cellular rcaction with marked inter -
glandular ocdema. The lumen of the glands contained juveniles

p

along with neerottc cellular materials.i . a

On the 25th_dey post infeetion
On the 25%th day post infection tho fébroplastic changes in

the lamina propria became more pronounced and the cellular
reaction was less, indicating a tendeney towardas chronieity.
Fibroplastic ochanges were observed in some of the compound
&ends also along with degcnorative changes. Some of the glands
Possessed immature female worms in Yheir lumina.(Platorll Fig.2)

| Histopatologleal changes observed on the 32nd and 39th day
post infeotion were those of a chronic proventriculitis ;nvelving
" the compound glands. The affected glands showed pressure atrophy
and flattening of the @andular acini to accomodate the womms.
Their lumina were found to be lined by a stratified layer of
ePitheliummstrmgthéﬂﬁed by a layer of fibrous conncetive tissue
below (Plate Iv Pig. 1). FPibrous tissuo invasion was also
observed in the muscular coat at some places. Copious cellular
matenai and erythrooytes were found within the inteatine of the
femal e worms indicating that they have been feeding on the host
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tissue and blood (Plate11i Fig.3).

On the 55th _day post infection

Changes obsexrved in the lamina propria on the fiftyfifth
day post infection were those of a reparative and regenerative
process. Pow of the compound glands showed complote loas of

acini with mature fenale worms in their lumina (Plate 1v Fig. 2).



PIATE 1 -~ Proveatriculus - monospecific I.mohtedai
infection - Note the light grey spots
(indicated by arrow) on the serosa of the
ergen showing the affected compound ;lands
by the female T.moh tedai worms, :
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PLATE 11

A single cyst carrying the third stage juveniles
of f.mohtedai within - collected from o heavily

infected grasshopper (26th day). This cyst
contained 27 juvenilas.

Proventrigulus - T.mohtedei infection 4th day -

Note the granulocytic reaction surrounding the
juveniles,

Proventriculus - T.mohtedai infectien 7th day -
Note the lympheid aggregation in the glandular
tissue (indicated by arraw), hyperplastic
lining epithelium and mecresis ef the mucoeus

Proventriculus - z.ﬁehteéai infection

: 12th day-
Note the marked inter-glandular oedema., ¥
fibroplasia and b

yperplasgtic lining c
the compound glands.rp g cells of
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PLATE 1III

Fig. l. Proventriculus - T.mehtedai infection 15th day‘f

) locytic
| istiocytic and granulec .
ggggg%:gggoglgurrounding the juvenile

<

Froventriculys - T.mohtedai infectien 25th day”
Note that the fibroplastic changes have ’
8Xtended even into some of the dompound glands
iumature femele worm (indicated by arrow)
is seen within the lumen of a compound gland(

By

Fig. & ?reventriculus - I.moehtedai infectigp agth daf
+Portion of the glanmdular tissue of the
organ,
2. Portion of female T
Arrow points te the g
©  8U ef the worm.

-~

.mohtedai weorm
rythrocytes within th¢
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PLATE  Iv

Fég. 1. Proventriculus - T.mo
' emale worm has bee

the damaged and atrap
epithelial 31

ayer liai
attened,
Fig. 2, Proventrié
the th
dlalat&tien and fecal
Coempoupg

glandg,

-

htedai infection 3I2ng day -

n cut transversely. nNote
hied glandular tissue. The
ng the gland is highly

ulus - T.mohtedai infection 55th day -
7. Barked pressure atrophy, cystic

areas of necresis of the
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DISCUSSION

The pathogenic studies conducted during the present
investigation appears to be the first, under controllied
conditions for monospecific W mohtedai infection.

Among the baematological observatioms made, progressive
anaenia was obaecrved as an important clinical manifestation
of I.mohtedai infeotion. Anaemia was reported as a alinioal
symptom in natural Z.fissisping infection by Sugimoto and
Nisbiyama ( 1937) and in natural T.mebtcdail infections by
Anantaroman & Chandrasekharan Nair (1955). Chandrasdcharan
(1977) observed a microcytio h}peehmié anaemia in Z.anatis
infeetion in du&s. In the present im'ea'siga%:lan the type
of anaemnia ebserved waa nemooytia noermochromic Mtially.
indicating an aente blood loss probably due to the blocd
sucking habits of the femal_a worms; which is supported by the
fact that erythrogytes were found within the gut of the
fenale worﬁs (Plate III l%:ig‘.})e, Lator as the descase
Progrossed a maorocybic anacaia slightly becoming hypoohromic
was evident towards the TOth day post mfec’sion indiocating
the devalopment of an iron deficicney anaemia.

Villdla & Ribeiro (1955) making observations on the
hacmoglobins f£rom the porientric fiuid of female Z.confusa found
that 1% was similar to that of the host (fowl), but differed in
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its much greater ability to bhold oxygen. Later Railey ( 1973)
working on T,figaispina found that most of the blood ingested by i

the fenale worms were digested to haematin. Based on the
assumption that females only are active blood suckers, it could
be ealculated from the data obtained in this work that a single
female worm causes an average decrcase 0f 0.039 gram percentage
of haemoglobin and 0.021 millions of erythrocytes per cu.mm. of
blood during a period of 30 days after the worms have matured
(40th to 70th day post infaectiom).

Olson & Lovine ( 1939) has recorded cosindphilia and
hoterophilia in chickens experimentally infected with Oapillaria
columbag. Similar ohanges were obsorved by Wickware (1949) in
a controlled infoetion of chickens with Hetorpkis gallinne, but
the increase obtained was not related to the parasite present.
In the present study eoainophilza was gvident during the earxly
phase of infeetion especially during the invasive period.
Howaver in heavy infeoctions (as in Group III) ocosinophilia was
continued %o be noted upto 42nd day poat infection.

Initially there was a severe loucooytosis but as the
disonse pmgraama leucopenia was observed, The initial leuco -
oytosis may be due to the host's response to tho invading
juveniles. The leucopcenia observed during the later stage, that
18, when the worme have matured, indicate an im,mune - supression
whigh is also supported by the fact that cellular roaction was
minimum in histopathological studies of the organ during this
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period. Compared to 56th day after infection, leucopenia was
less marked on the TOth day post infeotion, 1ndicaﬁng that thore
is a trend towards the roversal of pwthegenio effect and that a
host - parasite balance is well underway.

The observations made by Anantaraman & Chandroscscharan
Nair (1955) on natural I.mohtadai infection and by Cram (1928);
Sugimoto & Nishiyama (1937); Srivastava ( 61 3); Soulsby (i§65)
and Chandrasccharan (1977) on other species of W
infection, that the infected birda show lack of appetite,
droopiness, marked loss of weight and cmaciation were secen in
the present study also during the courase of infgotion.

Phe maximum worm load assessed by Anantaraman & Chandra -
sckharan Nair ( 1955) in respect of natural T.mohtadai infectifn

was 19 females, in & bird and by Sundaxam (1971) was 137 males
and 124 females. During the present studies the maximum woxm
10ad obtained was 27 males and 173 femnles (number of juveniles
" administered being 600). The prepatent pericd of infection was
| found to be similar to those observed by Sundaram ( 1971). The
Porechtage of establiskment showed an inverse proportion to the

nsbmwr of juveniles administercd .
f— Anantaraman & Ohandmsekharan Baiy (1955) observed chronio
éatarrhal ohang
‘epithelium and Lymp

102 proventricull in ohidcks

o8 with occassional deaquamation of superficial
noeytic infiltration in the tunica propria
paturally infected with Z.mohtoedal
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Other changes observed by them were pressure atrophy and total
disappearcnce of the tissue in some of the compound glands,
Similar changes were observed in tho presont study on the 55th
day post infcotion. OCvetajeva (1950)"Wozkiﬁé on I,fissispina
observed dialatation of the glandular lumen with desquamatéd
¢alls on tho 5th day post infection and degenerative and attrophie
changes from 10th day post infection. During the present
studies on the 4th day post infootion severe gramuloeytic
reaction was obsérved in the lamina propria surrounding the
worms with noerosis and desquamation of gpithelial ¢ells lining
the organ. By the 7th day post infeetion when the worms had
migrated into the proventricular glands changes in the form of
acute inflammation and periglandular cedema were evident .1n the
compound glands. In 9 to 12 days post infection the initial
granuloeytic reaction in the lamina propria was replaced by

lymphoid hyperplasia suggesting the immune reaction towards the
invading juveniles. By the 15th day post infec¢tion plasme
¢ells wore socn among the infiltrating cells wi&pm the %ﬁpouné
glands. Ovotajova ( 1960) observed pressure atrophy and oystio
dialatation of the affected compound glands on the 18th day

apina infeotion, Whereas in the present study

Z.mohtedai worms were found to be only in the young adult stage
and were not largc enough to 0ause pressure atrophy. However
pressure atrophy and oystic dialatation were noticed from the

25 th day post infection (Plate III TFig, 2 ). The cellular
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reaction were m{nimum with initiation of fibropPastic changos
on the 25th day post infection, showing a tendency towards
chronicity. By 39th day post infection the reaction were .i.more
or less confined to the affected glands indicating that g host -
parasite balance has been reached to a certain degrec. By 55th
day post infection the host - parasite relationship was m’ére or
less balanced as indicated by the reparative and regenerative
process going on in the organ. This is further proved by the
fact that cven in very heavy artifiocial infections (average
pumber of adult worms established 164) where almost all the
glands werge parasitised, mortality 0of the experimental ehicks
did not reaulf. Phercfore the preaent study agrees with the
observations madc by Oram (1931) and Soulsby (1965%) on
T,americana infeotion that the greater damage is dona when the
young worms invadc the wall of the proventriculus,

Joshi & Kamalapur (1971) while deseribing the histopatho-

logical changes caused by I.mohtedai in maturally infeoted
proventrioculi, have montioned, proliferation of connective

tissue cglls in the lobular scptum around the worm, ohronic

catarrhal ohanges with neorosis of the superficial cpithcliump,

motaplasin of cpithelial cells into stratified squamous variocty

andpreaaurea‘sropw of doop glands inisome of the seoticns

n the present study fibroplasia and atrophic

examined by thane I
“hﬁn@es were socn Guring 25th %0 55%h day post 1nfaot10ng howover,

the metaplaatic changes mentioned by them were not observed.
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The proliferative adenamatous reaction of the glandular

orypts deseribed by Alves gt al. (1954); Zajicex (1959);
Tevetacva ( 1960); Soulsby (1965) and Graubmann & Grafner ( 1967)

was not observed in the present study in T.mohtedai infection,
however, such change was seen in Acugris spiralis infection.

To undorstorid to what extent the pathogenis effects of
T,mohtedai causes cconomic loss %o %he Poultry industry, the
088 production and fecd cfficiency of the infected female birds
were observed. It had been calculated that the heavily infectoed
pird required iw.5.60 worth of feed more than the control to
produce a dozen of eggs. The 1ive body weight was also found
to be eonsidémbly low, thereby causing a further loss ( the .
caloulated loss being . 2. 25 por bird ). These two factors
unmistakably point out that I.mohtedal is edconomiecally

important.
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PATHOGENICITY OF ACUARIA SPIRALIS

HA@ATOLOGIOAL OBSERVATIONS
0 study the haematological alterations in three levels of

monospecifio Aguaria spiralis infection, the blood. sampl. o8
were collected on the 6th (representing the 3rd étag\e), 13th
( reprosenting the 4th stage), 24th, 38th, 52nd and 66th day
( representing the adult stage) post infeetion. The éémlts

obtained were as follows 3

ZOTAL ERYTHROCYTES

The mean overall crythrocyte count of the entire experi-
mental groups was significantly lower (P<0,01) than the
noegative controls.

The decrense in respect of Group I (average number of
worms established 70) was 11.75% (P< 0.01), in respeoct of
Group II (average number of worms established 144.33) 22 2T
(P<0,01) and in respect of Group III (average number of worme
establishod 246.33) 22,39% (P<0.01).

0n @ further analysis Group I showed a deoroase of 164455
(P< 0.05) on the 66th day post infeotion, Group II showed
deorease of 39.76F (P4 0.01) & 31.73% (P40.05) on the 24th
& 66th day post infection respectively and Group III showed a
doeronse of 29.975, 32.71% & 37-21% (P<0,01) on the 38th,
52nd & 66th day poeﬁ inf ection Trespeotivealy.
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Thus the total erythroeyte of thg infeeted groups dropped
gignificantly on the 38th day and was maximum by the 66th day
post infection.

X

The dnta are represented in Table 14 and are graphically
prescnted in Chart 10.

HAENO GLOBIN

The mean hacmoglobin percentage of the entire experimental
groups was siznificantly lower (P<0.05) than the negative
controls,

The deorease in respect of Group I (average number of woms
ostablished 70) was 0«91 (not significant); in respeot of
Group II (average number of worms established 144.33) 5, 18%
(significant at 5% leovcl) and in respect of Group IIT (average
number of worms established 246.33) 8.94% (significant at 1%
level) over the controls. |

On a further analysis Group I showed a decrease of 10.17%
(P<0.05) on the 66th day post infection; Group II showed a
deorense of 13.36% (P<0.05) on the 66th day post infection

and Group III showed a decrease of 12.53% (P < 0.05) and 16, 48%
(P<0,01) on the 52nd and 66th day post infeetion respectively.

Thus the percentnge of baemoglobin was found to be
deoreased from 52nd day post infection in Group III and on the
66th dny post infection in groups I & II,

The dnta are presented in Table 19 and are graphically

represcnted in OChart 11,
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PACKED GELL VOLUM
- The mean overall packed cell volume of the experimental
groups showed no significant difference from that of the
negative controls.

The data are proscnted in Table 16,

MEAN CORPUSCULAR VOLUME

The overall mean corpuscular volume of the entire experi-
mentnl groups was significantly higher (P< 0,01) than the
nogative controls.

The increase in respect of Group I (average number of
worms established 70) was 19.48% (P <0.01); in respect of
Group II (average number of worms established 144.33) 25.83%
(P<0.01) and in respect of Group III (average number of worms
established 246433) 33.25% (P<0.01) over the controla.

On a further analysis, Group I showed an incrense of
35,05%, 36.5TH & 12,67 (P20.05) on ¥he 38th, 52nd & 66th day
poat infeotion respectively; Group IT showed an inorcase of
39,566 & 35.50% (P<0405) on the 6th & 66th day post infeotion
respectively and Group III showed an increase of 45; 17T
(P< 0,01), 38.6Th (P<0.05) & 56.59% (P <0,01) on the 38%h,

52nd & 66th dny post infection respeotively,

Thus the mean corpuscular volume was nearly nomal upto
24th day post infeoticn but thereafter an inerease was noticed

: % upsSe ‘
in all the gg@;ygf:v b0l BYOUDMle 17 and ave Bvaphically vepresented

in Chavl 1%.
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MEAN CORPUSCULAR HAEUOGLOBIN

The overall mean corpuscular hasmoglobin of the antire
experimental groups was significantly higher (B4 0.05) than
the negative controls.

The inerease in rospeot of Group I (average number of
worme established 70) was 15.71 (P< 0.05); in respect of
Group II (average mumber of wpmus ostablished 144.33) 19.91%
(P<0.01) and in respect of Group IIT (average nukber of
worms established 246.33) 22.58% (P<0.01) over the acontrols.

On a further analysis, Group I showed an inercase of
34.69% and 8,50% (P<0.05) on the 38%h and 66th day post
infootion respootively, Group II showed an incrense ef. 37. 13%
and 27.96% (P< 0.05) on the 6%h and 66th day post infection
rospeotively and Group IIT showed an inorease of 39.62%,
29.53% & 26.61% (P< 0.05) on the 38th, 52nd & 66th day post

inf cotion respoctively.
The mean corpuscular hacmoglobin showed an inorcase

which was maxdmum on the 38th dasy post infeotion in Group I
and Group ITI, Thoreafter there was gfall in the value but
had not reoached normal upto 66th day post infeotions

The-data are presented in Table 18+
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MEAN CORPUSCULAR HABMOGLOBIN CONCENTRATION

The overall mean eorpuscular haemoglobin concentration of
the entire oxperimental groups was significantly lower (P< 0.05)
than the nezative controls.

The deorease in respect of Group I (average numbé%é of
wo rms eatablished 70) was 3.09% (not significnnt) in #‘eapeet
of Group II (average number of worms cstablished 144.33) 4. 495
(not significant) and in respect of CGroup III (mreragaunumber

of worms established 246.33) 7.83% (significant at 1% level)
over the controls.

Cn a furthef analysis, Group II showed a decrease of 5.65%
(P<0,05) and CGroup III showed a decrense of 18.43% (Péo.os)
on the 66th day post infection. |

Thus birds harbouring more than 114 worms showed a decrease
in the mean corpusoular haemoglobin coneentration on the 66th
day post infactions |

The data are presented iu Table 19«2nd ave $raphically
tepresented im Charl.

The mean totnl loucooytes of all the cxperimental groups
showed a significant inorease (PL0,01) on the 13th day post
infoetion compared te the negative controls. But thereafter a

deorgase was noticod.

The inerease m respect of Group I (average number of worms
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cstablished 70) was 77.33% (P20.01) in respect of Group II
(average number of worms established 144.33) 67, 25% (P< 0,01)
and in respect of Group III (avernge number of worms cstablished
246.33) was 83,21% (P<0.01) over the nogative controls. Later
groups I & II showed a decrease of 51.314 and 62, 28% (P< 0.05)
respectively on the 66th day post infeoction. Group ITI showed
a decrease of 59‘;3’%. 36, 20%, 52.22% & 55,34% (P<0.05) on the
24th, 38th, 52nd & 66th day post infgetion respootivaly,

Thus leucoaytosis was obscrved on the 13th day post
infection in nll the experimental groupss But from the 24th
day post infeetion leucopenia was avident in Group III and on
the 66th dny post infection in groups 1 & II. |

The datn are prescnted in Table 20 and are graphically

represented in Chart 14.
EOSINOPHILS

The moan overall cosinophil persentage of the entire
oXperimental groups was signifiocantly higher (P<0,01) than
the negative controls, |

fhe inerease in respeot of Group I (average number of worms
catablished T70) was 100.00% (P<0.05); inm respeet of Group II
(average mumber of worms establishod 144,33) 158.50% (P<0.01)
and 4n respeot of Group III (average number of worms establishod
246,33) 219.31% (P£0.01) over the controls.

On a further analysis, on the 13th day poat infection
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Group I showed an inerease of 204.76% (P<0,01) and Group II
showed an increase of 228.57% (P<0.01), GroupIII showed an
increase of 414.29% (P<0.01) and 342,91% (P<0.05) on the
13th and 38%th day post infection l'm;peetfwaly.

Thus eosinophilin was obdserved on the 13th day post
infeetion in all the cxperimental groups,

The data are presented in Iabl e 21 and are graphiecally
represented in Chart 15,

HET EROPHILS

The mean overall heterophil percentage of the entire
oxperimental groups was significantly higher (P<0.05) than
the negative controls.

The increase in respect of Group I (average number of woms
cotablished 70) was 11.95% (not significant), in respeot of
Group II (average number of worms cstablished 144.33) 19.38%
(mbgnificant at 5% level) and in respoct of Group III (averase
number of worms cstablished 246.33) 28,92% (significant at 1%
level) over the controls. |

On a further analysis, all the groups ahoimd an initial
deoroase on the 13th day post infections lLater Group II showed
an inorense of 84,625 (P<0,01) and 644 T1% (FL0.05) on the
24th and 66th day post infection respootively. Group III
showed an inoreass of 110,255 (P <0,01) and 28.48% (P<0.05)
on the 24th and 38th day post infeotion respectively.
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Trus haterophilia was evident in Group II & Group III
from the 24th day post inf‘eotion, but in Group I it was not
8ignificant. '

i

The data are prescnted in Table 22 and hro graphiecally
roprosented in Chart 16.

BASOPHILS

The mean overall bdasophil percentage of the exporimental
groups showed no significant difference from that of the

. negative controlad.

The datn are presented in Table 23,

LYMPHOCYT ES

St
The mean overall lymphocyte pereentage of the entire
cxperimental groups was significantly lower (P< 0.01) than the
negative controls.

The deoresse in respect of Group I (average number of
worms cstablished 70) was 11,363 (P<0.01); in respeot of
Group II (average number of worms catablished 144.33) 18.32%
(240.01 ) and in respect of Group III (average number of worms
catablished 246.33) 25.95% (P<0.01),

Oon a further analysis, Group I showed a'deermae of
36.39% (P< 0.01) on the 24th day post infection, Group II
showod a decrease of 56.33% (P<0.01) & 24,37 (P<0,05) on
the 24th and 66%h day post mfeotién respootively and Group IIX
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showed a deorease of 25.34% (P<0.05), 71,164 (P<0.01) and
21.85% (P< 0.05) on the 13th, 24th & 38th day post infeation
respectively. |

Thus when the worm burden wgs Yétween 70 and 144 lymphoeyto-
ponia was evident from the 24%th day post infection. But when
the worm burden was 246 it was seen from the 13th day post

infeetion 1taclf,
The data are presented in Table 24 and are graphieally

represented in Chart 17,
MONOCYT i

The mean overall monocyte percentage of the entire cxpori-
‘mental groups was significantly highor (P<0,05) than the
negative controls. | .

The inorense in respect of Group I (average number of womms
established 70) was 21.03% (not significant), in respect of
Group II (average number of worms established 144.33) 42,02%
(significant at 5% level) and in raspect of Group III (average
number of worms establishod 246.33) 44,045 (signifiocant at 5%
level) over the controls. |

On a further annlysis, on the 66%h day post infection
Group IT showed an inerenso of 1.23;61% (P<0.05) and Group IIT

showed an inorease of 139.21% (P<0.05).
Thus monoceytosis was observed whem the worm burden was

above 70 on the 66th day post infeetion,
The data are prescnted in Tablg 25,
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TABL2Z-15 - Shewing the Heewoglobin velues irn threo levels of monogpeeific A.spirnlis infection

- compered with the nopative controls.

GEOUP I GEOUP 11X GROUP III GEOUR® IV
DAYS :

1 2 3 4 5 6 7 8 9 10 1 12
6th 6.88 7.2 7.8 7.4 7.0 5.4 7.0 5.2 8.0 8o Ted 6.2
13th 7.2 7.4 9.0 7.6 8.6 8.0 8.2 7.4 7.0 Te6 7.6 8.2
24th 8.5 7.7 8.9 8.9 7.8 6.8 76 8.6 T.4 8.0 8.4 8.0
3Bth 8.0 8.6 8.0 8.0 6.0 8.8 7.4 7.0 7.2 7.8 7.6 7.2
52nd T8 7.8 8.4 8.8 7.8 T4 T¢4 7.0 7.8 B.4 B.6 8.4
both 6.4 8.0 8.4 8.2 6.6 7.2 7.0 7.0 8.0 8.4 8.6 8.4
All velues in grom percentege. 3

’ nelysis ef Verience fodble
Soures af Ss 78S P

Between Prectments 3 12.195 4.065 10.53 1%

Botween Days g 8.712 1.742 4.51364

Brror 63 24,288 0-386

FOPAL 71 ' 45.195.

*¥ Significent et 1% level.

LL



TABLE-16 - Showing the Pocked e»ll volume rt threc leovels of

.cozpared with the megetive controla.

monespecific A.gpizclie infoetion

GHUUP I GROUP II GBOUP IIX GROUY IV
DAYS ' -
1 2 3 4 5 6 7 8 9 . 10 1 12
§%h 29.0 28.0  928.¢ 25.0  25.0 25.0 23.0 24.0 24.0 28.0 28.0  29.0
13¢h 30,0 23.0 30.5 28.5 36.0 32.0 - 29.0 30.0 29.0 26.0 26.0  26.0
24%h 27.0 28.0  28.0 36.0  29.0 25.6 30,5 34.0 32.0 28.0 30.5 29.0
38th 36,0 35.0 35.0 34.0 20,0 31.0 33,0  31.0 31.0 33.0 33.0  29.0
S2nd 29.0 29.5  31.0 31.0  27.0 27.00. 24.0 27.0 %0.0 28.0 271.0  32.0
66%h 24.0 29.0 32,0 26.0 29.0 28.0 35,0 27.5 27.0 31.0 29.0  31.0
A1l velues in peresntege :
Anclysie of Veriance Tebls
Seurce daf &8 0 44 B
Between Trectaents 44.923 .. 12.974 2.622 8
mm 'WB 2330750 46175‘0 80 187‘“*
_Brser 63 359.702 5.710
POPAL T1 638.375
. -3
. 50
n.e. Fot significent.

2% Gignifiornt ct 1% level.
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TABLE-18 - Showing the Heen eorpusculer beesnglobin in three

levels of wonuspeeific A.spiralisg infrotion
compered with the negotive eontxols.
GROUP 1 GEOUP 1I SHOUP 1II GHOUP IV

e 2 3 4 5 & 1 8 9 10 11 12
6th 28.33 26.67 37.14 33.64  33.35  50.47 48.61  14.44 39.80 33,60 23.87 28.18
13t U38.71 27.61 30.61  33.08  31.27  28.37 34.89 34.10 31.535  30.28 7.2 30.M1
38th 135.56 40.95 38.46 41.38 25.64  42.11 32.74  35.00. 51.43 26.53 34.08 24.74
Sead 40,21 40.63 38.36 41.38  40.42 7289 43.02 34.31 46.T1 2917 3172 28.87

66th 3184 42.78 33.33  49.70  34.74  42.86 43.48  43.48

38.99 32,69 33.95 32.89

A1l Wlﬁeﬁ'in miere micre gromms

(X4

Anclysis of Verismee Pable

Seuree  ag 85 ¥Ss P
Between Days 5 ~ 495.180 97.036  2.67% e
Error 63 | 2336.429 37.086 e
FOTAL 1 - 3732.186

*4 Significent et 1€ level.
® Signifiecent ot 5% level.



PABLE -~ 19 - Showing the Mean corpuscular haemoglobin concentration in three levels of monospecific A.gpirclis
infeetion compored with the negetive controls. -

. GEOUP I GROUP II GROUR I1II GHOUP IV

DAYS
1 2 3 4 5 6 7 8 9 10 1" 12

th . ‘ :

6 23.45 25.71 27.86  20.60 28.00 21.60  30.44 22.61 33.33  30.00 26.43 21.38
13: 24.00 26.43 29.51 26,50 23.89 25.00 28.28 24.67 24.14  29.23 29.23 31.54
24 . 31.48 27.50 31.79  29.67 26.90 27.20  24.92 25.29 23.13  28.57 29.23  31.54
%2 26.90 26.44 27.10  27.10 26.89 27.41  30.83 25.93 26.00 30,08 31.85 26.25
6o 26.67 27.59 26.25  31.54 22.76 24.83  20.00

25'45 22096 27.10 29.66 27.10

All velues in percéntnge

X4

Anelysis of Verience fcble

Source ar 538 W38 P
Between Srectments 3 98.074 32.691 5.096 **
Between Drye 5 147.916 29.583 4.612 *¥
Error 63 404.151 6.415
FOTAL 71 650. 14

we 8ignificent ot 1% level.

g
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TABLE - 21 - Showlng the percentege of Eosinophils in three levels of monospecific A. spirclis infeotion

comprred with the negetive controls.

»® Significent ct 1% level.

; GROUR I eroU? IX grROU? IIX guouY 1V
BAYS :
1 2 3 4 b} 6 7 8 9 10 11 12
th .
6 7.0 9.0 3.0 9.0 7.0 7.0 12.0 9.0 7.0 6.0 4.0 3.0
13“ 22.0 19.0 23%.0 16.0 26.0 27.0 %9.0 34.0 35.0 8.0 6.0 7.0
24‘th 4.0 3.0 5.0 4.0 2.0 6.0 4.5 3.0 7.0 15 1.0 2.0 |
'58‘gh 4.5 2.0 2.0 8.0 4.0 10.0 12.0 6.0 13.0 4.0 2.0 1.0
‘32‘?3i 4.0 4.0 2.5 13.0 6.5 9. 2.5 5.5 3.5 3.0 4.0 2.0
Gﬁth 5-0 405 1¢5 2.9 ‘.5 3.0 105 3.0 1.0 1.5 1.5 5.0
Annlysis of Verience %eble )
Sourece af 88 HSS P
Betseen freatments 3 606. 121 202.040 10.565 #*
Between Doye 5 2048.351 609.670 31.881
Error 63 1204 .775 19.123
. 5OTAL 71 4859.247

t8
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<AMLE - 22 - Showing the percentcge of Heterophils in thres levels of A. spizalis infeotion compered with

the negotive eontrols.

Gsour I GROU? 1I GROUP IIX GROUP IV

S | 2 3 4 5 & 7 8 9 10 1" i2
sth 20.0 - 30.0 25.0 26.0 20.0 29.0 27.0 40.0 32.0 26.0 350 30.0
13%’ 26.0 21.0 25.0 12.0 19.0 18.0 14.0 155 1%.0 29.0 30.0 27.0
38% 22,0  20.0 24.0 24.0 3t.0 28.0  37.0 34.0  30.5 15.0 16.0  24.0

nd N . ,
Anclysis of Vericnce Toble 3
Souree ar 88 ESS ?
Between Preatments 3 1183.625 394.542  6.161
Brror 63 4034.4%9 64.039
FOTAL T1 13056.875

*® gignificent ot 1% level.
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TABLE - 23 - Showing the percemtcge of Besophils in three levels of A. gpirnlis infeetion compared with
the negntive controls.

: GROUR X GRUEP 11 GEOBY IIL GROUP IV
DAYS
1 2 3 4 5 6 7 8 9 10 11 12
th :
6 0.0 0.0 1.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13& 0’.5 0.0 1.0 0.0 0.0 005 0.0 Oos 0.0 0.6 1.0 4 _0-0
24" 1.0 3.0 4.0 2.0 1.0 2.0 4.0 4.0 3.0 2.0 1.0 0.0
38’“’ 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
52 0.0 0.0 0.5 0.0 0.0 @5 05 0.0 0.5 0.5 0.5 0.5
66 0.5 0.5 0.0 0.0 0.5 0.5 0.0 0.5 1.0 0.0 0.5 1.5
Annlysis of Varicnee 2oble
Souree af - 88 M8 2
Between Trentiments 4.083 1.361 3.770 %
etween Loys 5 41.167 8.233 22.806 **
Bxmor 63 22.750 0.%61
FOTAL | 71 68.000
D
* Significcnt at 5% level w

#® gionificont ot 19 level.
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PABLE - 24 - Showing the percentnge of Iymphoeytes in three levels of mornospeoifice A.spizalis infection
compered with the negotive controls.

GROUP I GHOUP II GEOUP III GHOUR IV
DAYS .

1 2 3 4 5 6 7 8 9 10 11 12
e 58.0 . 55.0 §7.0 60.0 69.0  63.0 59.0 46,0 5t.0 63.0 57.0  64.0
138 55.0  58.0  49.0 66,0  54.0  50.0  46.0  43.0 49.0  61.0  60.5  64.0
24 38.0  48.0 32,0  29.0  32.0 20.0  22.5 16,0 15.0  43.5 63.0  70.0
38" 72.5  75.0 T3.0 660 59.0 57.0  49.0 57.0 55.0  80.0 76.0  74.0
52 1.0 66.5 56.0  56.0  62.5 66.5  69.0 52.0 63.0  69.0 T4.0  T4.0
667 . 48.0 68.5 54.5  41.5  64.5 460 63.5 55.5 54.0  59.0 76.5  59.5

e

Annlyeis of Variaonce Toble

Souree ae . 8s HSS )

. Botween Prectments . 3 2480.22 1160.073 19.348 *=
Petween Deys 5 7327.85 1465.570 24.443 ¥
Brror 63 3777.42 59.959

_‘3—5%1- T 14585.49

- #% gignificant ot 1% level.
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PABLE.25 - Showing the poazrcentege of NMomnoytes in three

levels of monospecific A.gpirelie infeetion
compazed with the negative controls.
GRrOUP I GROUP IX GRUUP 111 GRGUP IV

MYS ) : b

1 2 > 4 5 6 7 8 9 10 1 12
6th 5.0 6.0 4.0 4.0 4.0 1.0 13.0 5.0 3.0 5.0 4.0 3.0
13tk 2.5 2.0 2.0 5.5 1.0 4.0 1.0 7.0 2.5 2.0 2.5 2.0
24tk 6.0 5.0 7.0 8.C 6.0 8.0 6.0 4.0 5.0 3+5 3.0 4.0
38th 1.0 3.G 1.0 2.6 4.0 5.0 2.0 3.0 1.0 1.0 6.0 1.0
S52rd 15 15 1.0 1.9 15 G.5 0.5 2.0 1.5 1.5 2.5 2.5
66th 4.5 35 4.0 4.5 55 4.5 5.0 5.0 55 3.0 2.0 1.5

inriysis of Yericree Tobdble

X4

Bource 4ar SS E8S r
Botween Treatmenss 3 29.760 9. 920 3. 145%
Botweoen Doys ‘ 5 131.615 26.323 8.996%«
Exrxor _ 63 184.344 ' 2.926 8
FOTAL 1 345.719

& Gignifiecont at 59 lovel.
*# Signifiennt &t 1€ level.

L8
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CLINICAL SYMPTOMS

The infeoted birds were very dull and droopy, often seen
uddled towards the corner of the cages, During the first
two weeks post infection,,a rise in the body temporature was
noticed and the birds showed lack of eppetito and
unthriftiness. The droppings beoame diarrhocie from the 4th
week post infoction onwards and the birds showed considerable
loss in body weight. By 10th wedk the birds were wesk and
emaciated, Mortality, delayed maturily, lack of persistancy
in laying and reduced rate of egg produciion wofe also
noticed as deseribed below :

MORTALITY

In monospecific A.gpiralis infection experiments 3 birds
out of 12 (25%) died when they received 500 juveniles as the .
infeetive dose (data from chicks infeeted fow hidtopathological

studies).
when they received the same infeetive dose of A.s

from dispeeific infeotions for bistopathological stuaiea). Thus

a mortality rate of 29.16% was obtained during the present
The mortality were observed on the 8th, 10th,

Similarly 4 birds out of 12 (33.33%) also died

investigation.
and 20th day post infection in monospeeific and on 15th, 20th,

24th and 29th day post infection in dispecific infoections.

The mean overall woight gain of the exporimaental birds
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showed a significant decreane (P<0.01) compared to the
negative controls.

The decreanse in respect of Group I (average number of
worms established 70) was 26. 13% (§¥:0.01) in respect of
Group II (avernge number of worms established 144.33) 34, 16%
(P<£0.01) and in respect of Group III (average number of worms
established 246,33 ) 37.24% (P<0.01),

On a further analysis, the deoreasc in all the expori-
mental groups was found to be significant (P<0.01) during
.. the Tth, 9th & 10th week post infection, During these periods,
Group I showed a deorease of 39.54%, 784056 & 46.99% respecti~
vely, Group II showed a deorcase of 44.13%, 68.29% & T3.49%
respeetivaly and Group IIT showed a decrease of 60, 465, 58.54%
& T4.70% respectivaly.

Thus the weight gains of the experimental groups were
found to be poor during the 7th to 10th weck post infoetion,
On the TOth day poast infection the average dcereasc in the live
body weight was found to bo 303 grams (24,04%) in Group I,

385 grams (30.52%) in Group IX and 425 groms (33.69%) 4n
Group III compared to the negntive contiols which showed an

avernge 1ive body weight of 1261.66 grams.
The data arc prescated graphically in Chart 18.

The age at £irst egg was taken as the time of attainment

of scxual maturity, It was found that in exporimental groups



. 94
the age at first ogg waa delayed compared to the negative
control which 1nid ite first egg on the 1209th day.

" Theo delay was T days in respeot of Group I, 23 days in
reapoet of Group II and 46 days in reapect of Group III.

The rate of production greatly varied in the experimental
groups with lack of persistancy and /or cxceptionally long
pauscs., During an observed period of 66 days the total number
of oggs laid by Group I (number of worms cstablished 71) was
43, by Group II (number of ‘worms cstnblished 154) 10 and by
_ Group III (number of worms established 251) 3 only, whoreas

the eggs produced by Group IV (negntive control) was 59,
The egg record of expérimentai and control groups is

presented in Tavle 40s
FEED EFPICIENCY
Tho quantity of feed in kilograms roquired to produce a
dozen of eoggs was calculated for Yhe female birds, since the
strain of chicks used in the expoerimenta ( *lyohix") were

exclusively meant for egg production. The food effiocienay

of tho female bird of Group I (number of worms ostablished T1)

was 1.84, of Group I
& of Group III (number of worms established 251) 8,799

(numbor of worms astablished 154) 5.52

Whoreas in respeat of Group IV (nogative control) the fecd

efficieney of th
The feod officien

o femnle bird was 1,399,
oy of tho experimental groups was tlus

8ianificantly lower than the negative contrel. Caloulating
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the loss of income on the basis of the ocurrent price of the
focd (. 1.50/Kg. ), Group I required 65 paiso worth offeed
more than the ocontrols to produce a dozcn eggs. Vhile
groups IT & III noceded Be6.15 and B. 11, 10 worth of feod

respectively more than the ncgative control.

PREPATENT P ERIOD
The prepatont period of infection in the case of Group 1

(avernge number of worms established 70) was found %o be in

from 24 to 26 days (average 20 dnys), in the case of Group II

" ( avernge number of WoIms established 144433) in from 26 to 23

days (averagc 2666 days) and in the case of Group III (average

number of worms cotablished 246.33) in from 26 to 2 days

(avorage 27 daya)e. Hence the punber of worms established had

14ttle influgnce ol the pr

even in hoavy iaf cctions some

gpatent period of infection and that
of the female worms developed

noxmally.
The data are proscnted in Table 26.
ISHAENT
The percentage of gcatablishment wns celoulated from tho

nupnber of worms3 found in each bird at autopay and the nuzber

~of infeotive Juven
group I (4infected with 100 juveniles cach) tho average

4 was T0 (36419% males and 63,815

iles administered %o thene

in
aumber of worms recovers

femnles) giving an catabli
In Group II (infeoted with 200 juvoniles each) bhe

ghmoent pereentage of 70.
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average number of worms recovered was 144433 (35. 10% malwais
and 64,90% females) giving an establishment percentage of T2. 16.
In Group III (infoctod with with 400 juvenilea each)
the average numbor of worms established.was 246,33 (38,576
malcs and 61.43% femnles) giving on eatablishment percentage

In Group IV no worms were prosent as it constitutod the

nezgntive control group.
The dnta are prescnted in Table 26,



TABLE = 26 = Show&ng the detalle of prepatent period ond percentoge of estoblishment in monospoci fio
4. spirelis infeotion et three levele and negetive controls. ’

_ Humber of worms developed :
thick Humber of infoctive Prepatent period Perecontage of

. mumber  juveniles given in daye . Enle RPemgle Fotal establishment

1 10 25 18 53 " 71.00%
a4 2 26 28 31 65  65.008

3 - 100 2% 30 44 T4 74.00%

~ TORAL 300 | 210 " 70.00%

4 200 26 55 99 154 T1.00%
3 5 200 25 37 95 132 66.00%

6 200 29 60 87 ur 73.50%
L oman 600 | 433 72.168

7 400 | 29 97 154 251 - 62,75%
¢ 8 400 2 62 124 867 46.50%

9 400 26 126 176 302 75.50%

~ R0TAL 1200 739 61.58%

o |

P 1N BIL g All the birds remoined nmegotive
12 § :
4 < omOU? I B -  @OUP II ]
€ - EROUP IXX D .  GROUP IV
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HISTOPATHOLOGICAL OBSERVATIONS

Gross and microscopic changes in the proventrioculus of
chicks infeeted with 500 juveniles cach of Aguaris spiralds
were studicd on the 4th (represcnting the 3rd staged 8th, 10th,
12th & 14th ( representing the 4th stage), 16th, 18th, 20%h,

& 22nd (represcnting the young adult stage), 24th, 50th and

100th day ( representing the sdult @tege) post infection. The

changes obsorved were as follows & '
eaogéhb SIONS

The proventriculus of the ohigk slaughtered on the 4th day

post infection showed no visible abnoxmality to the naked

eye, howgver when the organ was cut opened, the lumen contained

a large quantity of vlood tinged exudates, Sorappings from

the mucosa readily yielded developing juveniles of A.ppiralis.
on the 10th day post infeotion, an irregular whitish patch

was observed on the serosa of the proventrioulus which “

corrosponded to the location of the Juveniles within the lumen

of the orazan. Pathological changes brought about by the parasite

be made evén beforo ap&xing the organ

The lesions on the mucosa comprisaed eof

eould therefore,

(Plate VI Pige1)e
and neorosis of the surrounding area whorc the juveniles

ohed, It was curiops that almost all the developing

ulcers
have atta

juveniles elustered towards an arca which probably was the

reason for the visikle pathological leaion.
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On the 16th day post infection the,pi‘aventriaular wall

was thick nand the lumen contained a comsiderable amount of
debris along with copious mucus sooretion, The mucous
memberane appeared congested and showed mumcrous small ulocers.
Jome of the glandular openings wore very prominant and om
section juveniles wore found within the lumen of these glands.
On the 22nd day post infection, corresponding to the
pale areas in the 30rosa, the mucous menbrane showed clevated
areas covered by mucopurulant cxudate. Hature worms were

" found buried with their heads decp in these arcas.

On the 100ts day poat infection the proventriculus was
almost two ;'md a half times the noraal size. The orgah had a
hard texture and was round in shapea On opening the lumen was
found to be greatly Teduced due to the modular lesions on the
Almost the entire portion of %tho muoous memberanc was

mBUCO B0
o worms were found deeply buried in these

involved and th
growths (Plate V)e

MICROSCOPIC LESIONS

on the fourth day post infeotion, foeal arcas of

desquamntion and neerosis of glandular cpithclium was scen

over the affected arce (Plate VI Pig., 2)s The goblet cells
umen of the orgon containod avundant

Cut seotions of the juveniloes
in the lamina propria. The

werge hyperplastic and the 1
ngorptic cellular materialse
were seen partially embedded
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submucosal connective tissuc was DNgart:¥sfod nnd the blood

Vessels wore found engorged. Milad hypertrophy of the eircular
muscle fibres wore noticcd beneath the affceted areas,

By eighth day post infcotion severe non-k eratinizing
Squamous oell metaplnsia of the lining eells in the lamina

propria was seens Some portions of thec tubular gland had

undergonc compensatory hyperplastic ohan
diffuse thickening due to cellular infiltration, ohicfly

gess Modernte

" oonsisting of granulocytes, were observed in tho lamina

Pmbma. Somc of the compound glands goniained Juveniles

in their lumon, ¢neircled by neorotic cell debris tmd.
desquamated epithelial calls (Plate VI Figed & Plate VII Fig.1).

On the tonth day poast infection complete denudation of

the mucous meabrane was noticed in foeal areas with adjneent

areas showing compenaatory hyperplastie changdés, Juveniles

were equally found in both these areas. MNost of the compound
slands showed accumnulation of inflammatory cxudate in their
luminn but no juveniles were discornable (Plato VI Fig.4)s

On the twelth day post infootion promcunced and
oireumsoribed multiple, lymphoid nodule foxmntions (Plate VIII
Fig.1) were noticod in the lamina propria where tho woIms wore
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found aubedded within the mucous membrame (Plate VII Fig. 2).

On the fourteenth day post infection deep ulcers,
neorotic fooi, lymphoid hyperplasia and severe cellular
infiltration with granulooytos were observed in the lamina
proprian. HNumorous juveniles wore found buricd degp in the
lining epitheliume The mucous membrane was eompletly
destroyed and the compound glands in the vicinity of the
affeocted portions showed marked inflammatory changes (Flate
VIII Pig.2).

Proventrioulus examined on the sixtecnth day p@s'l;'
infection showed Juveniles within the lumina of sdme of the
compound gmnaa indicating that the woms may oocasionally
ianvade the compound glands (Plate VIII Fig. 3). An inerease
in the smooth muscle fibres wore obaerved in the lamina

propria.

On the oisbteonth day post infoetion mature feuale worue
worg found cembedded inthe lamina proprin surrounded by neorotic
sollular matorinle dorived from the danagoed glands (Plate VIII
Pig.4)s Lymphoid hyperplasis, mild fibroplasia and a
monomial car histioaytie reaction werc some of the other
changes noticed. Eﬁam] of the eompound glande showed loas of
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lining cells and dogenerntive changes. Interglandular ocdema

was very proainant,

20th_to 24th day post infection

On the twentieth to twenty seocond day post infoection
fibroplastic changes were noticed in the lamina propria aleng
with the histiooytic reaction (Flate IX Fig.1 & 2). By twenty
fourth day post infection the submucosa, poriglandular rezion
apd muscular cont were invaded by fibrous conneotive tissue.
lorms present within the lumen of the proventriculus caused

severe nocrosis of the lamina propria (Flate IX Fig.3).

50th and 100th day poat inf gotion
On the fiftiocth dny post infaection fibro-adenamatoid

growths were seen in the leamina propria whiebh beeame more
promounced and pedunculated by bundredth day post infectione
The ccllular reaction was minimum and the lamina propria in
foonl areas were completoly sloughed offo(Plote IX Fige4).
Cut sections of the worms were found enbedded within the
£ibro-adenamntoid growtha.

The overnll nistopathologionl changes, therefore, clearly
indicate that vhe worms are bighly pathogenic to their host
resulting in extensive pathological changes involving nlmost

all the layers of the organ. The mortality noted in Acuarin
gpiraligs infeotion was, in all probability, due to these

ehangos.
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PLATE ¥V - proventriculus - monespecific A.spiralis

infection ~ Nete the yraneunceggggdgéazhe
lesions occupying almost thg w
muceus membrane of the organ.






Fig. 1.

Fig, 2,

Fig., o

Figt 40 ]

‘are

PLATE VI

Proventriculus - A.spiralis infection.

Note the irregular whitish patch on the
Serosa which corrosponded te the location of
juveniles within the lumen of the organ,
x2S

Proventriculus - A.spiralis infection 4th day-
Note the focal arees of desquamation and

necresis of ithe mucous membrane.,
HA8E x g,

Proventriculus - A.spiralis infection Sth day-
evere non~keratinizing squamous cell

metaplasia of the lining epithelium in the
amina prepria (iadicated by arrow). Juveniles

are seen within the ¢ompound gland,
H&E % 5o

Preventriculus - A.spiralis infection 10th day-
Focal apep in the wmucous membrane com

denuded and there is accumulation of
inflamm&tory exudate within the lumen of g
compound gland, Juveniles (indicated by arrow)

Hee o080 within the lumen of the proventricylus’
E x 34







PLATE Vi1

Fig. 1. Proventriculus - A.

Note the metaplasti
‘membrane and the Ju
gland., #&e x 7,

Fig. 2. Proventy
Note the
hyperplas
cirecumsco

the lamj

na propria.
H-Agan = 7 prop

iculus - A.spiralis inf
Jjuveniles embedded wit

tic tubular glands and the
ribed, multipl

pirglis infection 8th day -
¢ changes in the mucous
venile within the compound

ection 12¢
hin the

pronoupceqd
ules jp

h day..

€ lymphoid ned






PLATE VIII

Fig. 1. Proventriculus - A.spiralis infection 12th day-

Fig. 2. Proventriculus - Al

Fig. 8. Proventriculus - A

B\,

ig. 4. Proventriculus - A

Lymphoid hyperplasia in the lamina Propria, xreo

spiralis infection 14th dey-
Note the severely damaged mucous membrane )
where the juveniles have been attached. portion

of the compound gland also shows marked
inflemmatery reaction
HEE x 50

+8piralis infection 1léty day-
Nete the Juveniles within the compound glands,
HaEwg,

+8piralis infection 18th day-
Female worm is seen embedded in the mucous

membrane surrounded by necrotic cellular debris.

Note the milq fibreplasia and submucosal

oedema.
H'ﬂ;an % S0
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Dissolution of #he glandulay tissue of

the compound gland  and
Periglandular oedena,
50 :

infection 100ty day-

ud ther
dicoates portion gz ©

: "\\



~ w




e

y,
~
~.




" DISCUSSION

The present investigntion seems to be the first controll-
ed study on the variocus pnthogenic off eats caused by the
d4ff ererrt dovelopmontnl stages of Acunria apirnlis in fowls,
Deo (1964) has stated that in spito of the voracious
' appetite young chickens became anaenic and lost wéight, The
haematological atudies confuoted Guring the present investi-m
gation indicate that in A.spirelis infection a macrooytic

hypoehromic anaenia ocours during the 99th weck post infection.

Tuis annemin may be due Yo a deficionoy of some of the

essential nutrients as a resul.t of the infeetion.
Bosinophilia and heterophilin were observed by Olson &

Levine (1939) in controlled Copillnrin golumbag infection and
(1947) in Hetorakis gnllinag infeection of fowlse In

in A.gpiralis infection, cosinophilia was
g the 2nd week pos?v infection and heterophilia

Wickware
present study,
observed durin
and 1ymphocytopenia guring the 3rd and 4th weck post infoection.
From tho 24th day poat

The maximum woX® lo

n by 3undaral (1971
ent study the maximum worm load obtained was 129

infection leucopenin was evident,
ad noticed in nntural 4, 8piralis

inf eatio ) was 174 males and 282 feomal s,

In the pre?
emal 68 ( number of Juveniles administored

males and 184 £

being 400).
g aent ﬁtudy the " ;

During the pre nlis worma were found

nly witbin the va@trg,wluso though 1t has boen recorded
O I , :
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£rom oesophagus by Hsu (1959); Merkushgva & Eraevskia ( 1963);
slater ( 1967) and Bwangnmol (1968) and from smnll intestine
by Abamad (1962); Hassau (1966); Diasz-Ungria & Torres

Artigans (1966) and Bwangamod (1968).

According to Bump gt al. (1947) A.spirelis is tho only
parasitc pathogenie %0 ruffed grouse “though the bird may be
nost to 14 species of round worms®, Allen (1925) asoribed

Aegpiralis to Dbe the chief ocausative agent of "Grouse
disense” in North-castern United States and Kocjan ( 1934)

reported thnt 5-@2.2&22 causes an enzeotie discase in

Pigcon. Oram (1928) obsorved that heavy infestation of this

parasite r@sulteﬁ in ﬂeﬂth of many earrier pigcons in Texas.

Hortality due to 4sgpiralls has also been reported by
rdminister (1947) in ruffed grouse and Hwang et al. (1961)

in pigeons. Bendell (1955) opined that parasitism due to
g.ngg!ta (A,W) and Ww _.Qf mosus was nn
impo réant mortality ¢aotor in ohioka and a manjor cnuse of

population atab
occurs in A. gpirolis infection durinz 2 %o 3 wocks after

08 Pomib},e for the death of many birds

41itys  Soulsdy (1965) observed that death

the onset of elini

that A.spiralis 19

during autumn and ¥
v the 8th, 1 _ »
mozrtality wad obacrved OF » 10th and 20th day post

pproo oul of the ¥WelVe chicks infooted with
ed b0 the infoction 4n one experiment
son) and four oyt of twelve oniokd

gnter, During the presmt investigation

inf cetion.
500 juveniles guooumb
(4n monospecific qnf eot



infected with the samg;,dose died in another exper:lmen:Z:n
dispecific 4nfoctions), TFhus making a mortality percentage
of 29.16%. This indieates thab the LDgy of Acuaria spiralis
inf cotion may be slightly above 500. However, in natural
infeotions desi birds are found to harbour nearly 500 worms
with opparently mo climicsl symptoms indicating that desi

pirds are more resigtant to the infeotion than the exotio

birds.

The observation nade on the weicht gnin of the birds

as n pesuld of A.gpiralis infeetion the birds
o amount of their body weight. In infected

jndioate that
1ose considerabl
1ayers the oZ8 production was greatly supressed and their
focd officiency was

inf getion observed We¥

also very low. The prepatent period of

¢ found to be similar to those made

by Sundaram (1971

Deo (1964) and soulsby (1968) bave atated that the

2ot Of the parasite depaonds on the soverity of
gqmilar obscrvations wore made in the present
the paximul paﬁhogelnia eff gotas were seon in

) birds.

pnthogenio
inf getion.

gtudy, where

homvily jnf ected ( Grovwp 111
Agoording o gpul 8bY (1965) ¥ho proventrioulus may bo a8

4 4n Beavy inf eotions, due to marked hyportrophy

large as g13%0
1ar wall and tho mucous membranc may be

of the’"provenﬁfi““

g aostroyeds ° various layers of tissue being

aompl ¢tel

imﬂiatingummm g £¥0

study in heaVy 4nf cotlo

m oB® another.  During the present
ps tho ¥hole of the mucous mendraAnd



13
was found to be covered bY podular growths. The characteri-

sti¢ appearance of the A.,spiralis lesion on the serosa

observed during the present investigntion (Plate VI Fig, 1)

has not been roported earlier.
HBormally the parasites do not invade the compound glands,

but in the present study juveniles were found within the lumen

of the compound gands on the 8th and 16th day post infection
(Plate VI Pigs3) and (Plate VIII Fig.3) indicating that in
heavy infections the

The dnys in whiech the juveniles were found within the compound
the 3rd and 4%h larval moult observed by

juvenil es may enter the compound glands,

glands o rreapond %o

Sundaram (1971)s

Intense ccllular renction ospeelally cosinophilio

{nfiltration {nto the mucosa wWere described by Soulsbdy ( 1965).

T the present atudy the
evok e a severe granulooy¥ic reaction. Pronounced

juveniles (especinlly the 4th stage)

wore found to
1ymphoid byp erpl

{mmunity renctionde
(1961) observed a chronic catarrhal type of

i‘lgi& Gbaervﬁa during this pex‘iod indiente the

Hwang gt 3l
{pflammation oharﬂeﬁerised vy epitholial desquamation,
papillary prolif eratiot nyperscoretion of mucus, congestion
and seco nvasion of the superfioial mucosa.

pdary bactorial i
Joshi & Kamalapu® (1}971) atudying the histopathologiocal
1 osione producod by patural A.gpiralis iafeotion 4in the
¢ fowle opsorved proliferation of fibrous

pmv'emriculi o
ation and e°

tissue, desquad rosis of cpithelial cells,

2
o
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was found to be covercd by modular growths. The chnracteri-

’17

stic appearanae of the A.spiralis lesion en the serosa
obscrved during the present investigntion (Plate VI Fig, 1)

has not been roported earlier.
Normally the parasites do not invade the compound glands,

but in the preseat study juveniles were found within the lumen

ound glands on the 8th and 16th day post infeetion
and (Flate VIII Pig.3}) dndicating that in
neavy infections the juveniles may enter the compound glands.
The dnys in which the juveniles were found within the compound
o the 3rd and 4%th larval moult observed by

of the comp
(Plate VI Fig.3)

glands go rreapond &

Sundaram (1971)e |
Intense acllular renction c¢specially cosinophilic

sa were demcribed by Soulaby ( 1965).
eniles ( especimlly the 4th stage)

ranulooytic reaction. Pronounced

inf'iltration {nto the muco
TIn the present gtudy the Juv

und to evoke 8 gevaere &
obsorved during this poriod indicnte the

immunity reactionses
Hwang et 8L (1961) obae;'ved a chronic catarrhal type of
paoterised BY epitholial desquamation,

ipnflammation chn

papillary prolif grat
ord

10D, nypersecretion of mucus, congestion
al jnvasion of the suporficial muocosas
71) gtudying the histopathologiocal
ural A.gpiralis infection in the
pserved proliferation of fibrous

peorosis of opithelial ceclls,

and sceondary pnot
Joshi & KamalapuT (19

1 esions produced py nat

pmventriemli of Lowls o
tiasue, dosquamntion and

m"rﬂ
A
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ulccration of the mucosa, interglandular oedama and infiltra-

rl/

ting cells. Soulsby (1965) ban mentioned an adenamatous
prolifcration of the glandular epithelium with marked desqua-

mation and uleerations In the present study severe
non-k erntinizing gsquamous call metaplnsin were observed on the

8th day post infection and by 10th day post infection there

was completo denudntion of the mucous manbrane with pronounced

zranulocytic reaction. - A marked lymphoid hyperplasia was

observed from the 12th day post infection marking the develop-

ment of local jmmunity. By the 18th day post infection mono-

nuclenr histiooytic reaction were evident in the lamina
with degenerntive changes of the compound glandas

proprin
Prom the 20th to 24%h day post infection £ibroplasia were
ovident, indicating that the pathological proocas tonds to
become chronic after this period. Pedunculated £ibro-

ths were formed in the lamina propria from theo

adennmatoid grovw
post infection which were quite apparent to

50th to 100th day

These changos indicnte that the worm(A.spira

the nnked eye-

hns alsgsome ability t ,
the other gpirurid woxms (Spirecerca lupi, Spathestoms

jgorum OT Habrongsd WS}M) in other hosts. The feeﬁ

apinigerutd
of rod ahap ed pnoterif observed BY Hwnng ot nl. (1961) was not

geen in the present gtudye .
rpaas tho Fesulte obtained in the present study indiento

that 2. gpi rod i3 inf ect

the FPoultry jndustrys

o cause tiumom;fematggn just na somo of

jon Y ©AYSe A grent gconomio 1ods to



PATHOGENICITY
113

Tetrameres mohtedai & Reuaria spivalis -
IN

DISPECIFIC INFECTIONS



116

PATHOGENICITY OF ngEﬂMEBES MOHEEDAI & AGUARIA SPIRALIS
TN DISPECIFIC INFECTIONS

TCLOGIGAL OBSHERVATIONS

To study the blood plterations in 3 levels of dispecifie

4nfcctions with Dgtromercs mohtedai and Aguarig spiralis,
ples were _colleoted on the 6th, 13th, 24th, 38th,

blood sam

52nd and 66th day post inf eotion represcnting the various

al stages of the parasites invelved.

T0TAL ERYTHROCYTES

ernll erythrocyte count of the entire

development

The moan OV

experimentnl groups was Biguifiemt14y lower (P £0.01) than

13
The decrende in pespect of Group I (average number of

6 of T.mohtedai and 71.66 of A.spiralis)
in respect of Group II (avorage

the negative aontro

sorms cstablished 6446

WNS e &

pumber

Aegpirnlis
group I1II (av

T.mohtedal and 2
15 level).

On n further
(P 20,05) on tno 5208 any po8t infection, Group II showed @

355 (0,030 °F the 24th dny post iafeotioD
a decronse of 8.85% (P<0.05), 254 215,

) Te 76% (ﬁﬁ,WifiQﬂﬂt at 5% 1@?@1} and in r%p@@t of

ornge pumbor of worms established 124 of

44.66 of Q‘W) 16,56% (signifionnt at

analysis GFOUP I showed a decrense of 12 18%

dcerease of 10,
and Group IIT ahowed
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37.,96% & 37.27h (P<0.,01) on the 24th, 38th, 52nd & 66%th day

post infection respeotivaly.

Thus the total orythrooytes of the experimantal groups

wns found to be deaerensod from the 24th day post infection

upto the obsorved period of 66th day post infection

Tho data are preseated in Table 27 and are graphically

represented in Chart 19.
BMOGLOBIHN

The meal overall pnemoglobin percentage of the entire

oxp orinental zroups Wos gignificantly lower (P« 0.01) than

the negative gontrolse
corense 1o respect of Group T (average numbor of

1 gned 6466 of 7.moltednl and 71,66 of A spiralis)
was 9.926 (B4 0,05)y in respect of Group II (average mumber
of worms ostaolisnod 82 of L.pohtedad and 113,33 of
Aegpiralis) 14,51k (P£0.01) and in respect of Group III

( average aumber oF wo Fms established 124 of I,mohtoedal

244.66 of A.W) 18, 40% (B £0.01)s
On a furthicex‘ analysis Group I showod @ deorease of

The &

worms cstabl

on tho 668 407 post infection, Group II
8 1%, 16.98% (P 4@.&05) & 18,526
38thy 52216 & 66th dny post inf eotion
re@peaﬁv&ely and 113 ghowed a deerense of 15, 19%
gth & 25,935 (E40:01) on the 38th, 520d &

(P <0.05), 244 |
o pespoctively,

66th day pos?t ynf eotd
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Thus the haemoglobin percentage of the experimental
groups wns found to dcoreasc from 38th day post infection
and was maximum on the 66th day.
The data nre presented in Table 28 and are graphiecally
reprosented in Chart 20.
PACKED GELL VOLLU

The mean overall packed cell volume of the entire

experimental groupd Was signifioantly lower (P<0.01) than
the negntive controls.

The deorgnse in rospect of group I (average number of
catablished 6466 of T.mohtcdal and 71.66 of A.spiralis)
86% (not gignifionnt), in respoct of Group II (average
rms cstablished 82 of I.mohtg and 113.33 of
ot (significant at 5% 1evel) and in respect of

woxms

wad 1

AILRY.

aumber of wo

Asgpiral ig) 2.
Group II1I (averng
7,mohtedal and 24%66 of A.EB.L..-—-) 6s

1% level).
on a further analyeis Group II showed o decrease of

6. 6TH (P< 0.05) on tbe G6th day post infectlon. Group III
dearense of 5, 76% (P<0.05)y 7,88% & 17.78% (P<L 0+01)
66th day post inf ootion respectively.

¢ number of worms eatnablished 124 of
69% (signifiecant at

showed a

on the 24th, 52nd &
“Phue the packed gall volume wad found to be decrensed

£ rom the 52nd day pos
roup I it was not 81

¢ infection in groups IT & III, while
@1f1@M‘°o

in g
ed in Table 29 and are grapmaalw

The datn are Ffegwt

f@Perantaﬂ ipn Chart 21,
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The overall mean corpuscular volume of the entire
experimental groups was significantly higher (P<0.05) thanm
the negative controla.

The inereasc in respect of Group I (average number of
worms cstablished 64,66 of S.mehbedni and 71,66 of A.spirnlis)

was 2.43% (not significant)s iR Tespect of Group II (average
od 82 of I.p apd 113.33 of

aumber of worms establisb 2t ada:
A.Spiralis) 6s TTH (not aignificant) and in respect of Group IIT
{ average number of worms establishod 124 of T,mohtgdal and

244,66 of A.spiralis) 17.36F (signiflcany at 1 leval).

On a further analysid Group III snowed an 1noreaaa of

29,066, 51.90% & 30.92F (P<0.01) 01 thg 38th, 52nd & 666h

dny post infection I‘espectively'

Thus the incrense in ¥He mean Corpygenlar volume was

a4 to be maximum on cne 59%h 407 pogt 4nfeotion in Group IIL.

Whereas in groups I & II 4t was not B{ gnifdcant.
The dnta are presented 17 TPLe 30 and are graphically

represented in Chart 22,

ey coRPUSUEAR Eamio oroBIN

menan wm““wl 8 haemoglobin qf Group IIIX

(average number of worms ﬁﬂmmiahed 124 of I.mohtiedni and
vas 9481t g)y pagner (P<€0,01) than

2440 66 Of ﬁo
the nogativepontrols, AP 4noTeAd oo 40 g5¢ waa obtaineds

Group I and Group II sho

foun

The overall

wod 00 8y ongfiennt aifforences
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Purther analysis revenled that the inorense in Group III was

maximum on the 52nd dny post infection.
The datn are prescnted in Table 31.

The overall mean corpuscular haemoglobin conceniration
of the entire oxpevimentnl groups was significantly lower
(P<0.05) than the negative controla.

The deorense in respect of Group I (nvernge number of
worms ostablished 64466 of T.mohtednl and 71,66 of A.spiralis)

was 2.18% (not gignificant), in respect of Group II (avernge
¢dnd and 113,33 of

number of worms established 82 of I.i &g
A.gpiralis) 6,626 (significant at 1% level) and in respect of

avernge number of worms ecatablished 124 of

nnd 244466 of A.gpiralis) 6.72% (significant at

Group III (
2‘ ht Cd

1% level)q

On a furth
9.90% (P<0.05) on the 66th day post infeetion; Group II

age of 14,136 & 12.68% (P<0.01) on the 52m4d
meaticn're@eotivaly. Greup III showed
63% (F4~0.05) on the 38%h day post infestion,
10,025 (P40.05) on the 52nd and 66th

or analysis, Group I showed a decrease of

showed a decre
and 66th day post
a deorense of 11s
17.54% (P< 0,01) and

day post i1nf cotion, Fes8
E‘ee@fit@d in Table 32,

P@Otivexyo

The data are P
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The totnl leucocytes showed a significant increanse
(P<0.01) of 18,36% in Group I (avernge mumber of worms
ostablished 64.66 of Z.mohtedal and 7166 of A.spiralis)s
41. 11% in Group II (average number of worms ecatmblished
82 of T.mohtedai and 113.33 of A.gpiralis) and 33.65% in
Group III (average pumber of worms cstnblished 124 of

Tepohtedni nnd 24466 of A.gpiralis) on the 6th day post

{nfeetion., A slight inorease Was also observed on the

13th day in
However, by 24th
48, T9% and 43, 46% (P 20.01) respectively were obscrved in

Group II and Group 111,
gth day post infections The decrease obtained

he S2nd day pust infection in all the groups.

all the groups, but was not significant.
day post infeotion a steep decrease of

In Group I the deercase was cvident

only from the 3

was maximum on ¥
Thus leagooytosis was observed on the 6th & 13th day

post infeotion 4n all the experimental groups followed by a
1 oucopenia on the 24%h, 38%h, 52nd & 66%h day post infection,

The dnta are presented in Table 33 and are graphically

represcnted in Onart 23«
@SIWPHILS
inophil pereentage of the entire

The mean overall €o8
gnifizeanny higher (P<0.01) than

ggperimental groups was o
e controlse

the negativ
respeet of Group I (average mamber of

The {norensc in
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worms established 64,66 of I.mohtedni nnd 71,66 of A.spirnlis)
was 214.69% (P<0,01), in respeot of Oroup II (average number
of viorms cstablished 82 of I.mohtedad and 113,33 of A.apirr
was 174.83% (P <0,01) and in respect of Group III (averaze
nunber of worms established 124 of I.mohtedni and 244.66 of

Aespiralis was 245.45% (P<0.01).

On a further anmlysis Group I showed an inoreasec of
611% (P<£L0.01) and 286, oM (P£0.05) on the 13th & 24th day
Group II showed an inorease of

post infection respectively.
383.3% (P40,01) and 225, 0 2% (P<0.05) on the 13th & 38th day

post infection respectivaly and Group III showed an incroase

of 477.7TH,(P<20,01) 273.10%, 180.02% & 230,03% (P4 0.05)
on the 13th, 24th, 38th & 66th day post infection respectively.
. Phus marked eosinophilia was evident in all the experi-

mental groups on the 13%h day post infection.
The datn are presented in Table 34 and are graphically

represented in Chart 24.

HET EROPHILS

overall heterophil percentage of the entire

The mean
3 was significantly higher (P «0.05) than

experimental Zroup

the noegative controls.
respect of Group I (average number of

worms established 64466 of T.mobtedal and T1.66 0f A.spirali )
wns 3¢43% (not gignificant), 1D respest of Group II (averase

ned 82 of Z.mohtgdad and 113,33 of

The inerense¢ in

pumber of wormsa gatablis
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DISCUSSIOR

In natural infections quite oftem chicks were found to
harbour both T.mohtedai and A.spiralis simultaneously., Similar
observations were made by Sundaram ( 1971) who reported that
8.8% of 2427 proventriculi examined showed mixzed infoation.
Hence the present study was undértaken %o know to what extent
both these parasites could cause vathologloal alterations in
fowls. Since the location of both the parasites is
proventrioulus the studies have to be designed for monospecific
and dispecific 4nf cetions %o note the individual and combined
sitism on the host. No cantrolleﬂv experiments
geod earlior to study the combined offoets of

affecct of para

have bean attcmp
al ‘and &-&wﬂ in fowls, since the life ¢yele of

both these parasites were elucidatcd only recently by

Sundaram ( 1963, 1971)¢
The haeuabological changes obscrved were maeroaytic

nypoohromic anacmiss leucopenia, cosinophilia, heteropbilia

1ymphooytopenia
While conduoct

and monooytosis.
ing the experiment for histopatholosglosl

of 4 chicks out of 12 (33.33%) infected with

500 juveniles each of éaw and T.gmohtedai, ccourred.
<inoo 1.gontodal was found t0 PO BOt Lethal to chidks (oven at o

doase rate of 600 ;;uvenilea) it is apparent that the reason for

¢ to A W‘ Horcover similar results
apeoific® A.8piralis infeotion also whore

studies, mortalily

death is mainly @V
were obtained in mﬂlw
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Aospirnlis) 21.526 (signifiomn® at 5% level) and in Group IIT
(nvemgé number of worms established 124 of T.mohtedni and

214,66 of A.gpiralis) 20.69% (signifiomnt at 5% level).
op a further analysis, oroup II showed an increase of

69.92%, 32.12% nond 41.56% (P<0.05) on the 24th, 52nd and
66th day post inf eotion pespectivaly and Group III showed

an increase of 52¢03Fy 25, 46% and 28.5Th (P£0.05) on the

24th, 52nd and 66th 4a¥ post infeotion respectively.
Thus heterophilia was obaerved on the 24%h, 52nd and

66th dny post infection in Group IT & Group III. In Group I |
4t was not ss.@ifiaan'ﬁ- .
Thed data are presented in Table 35 and are graphiocally

represented in cnart 25,

BASOPHILS

M

The mean overall basophil peroentage of the experimentnl

groups showed no gignifionnt difference from that of the
negative controlde

The 6atn are prosented in Table 36

L YMPHO CYTES

The menn overall 1ymphocyte pereentage of the entire
cxperimental groups Was 54 gnifionntly lower (P<0.01) than

the negntive aontrolse. .
The Georense in roopect of Group I ( average numbor of

of T.pohtedal and 71,66 of A+ poaralds)

wo rms establiaheﬁ 64+ 66
in respect of Group II (avorage

was 4 31% (not mgnsznnt).



. 124
number of worns cotablished 82 of I.mohtednd end 113,33 of
A.gpiralis) 14,126 (significant at 1% leval) and in respoot of
Group IIT (average number of worms catablished 124 of
Z.mohtedni and 244466 of A.8piralis) 16, 2% (eignificant at
1% 1level).

On a furthor analysis, Group I showed g decrenses of
29,766 (P<0.01) on the 13%h day post infeetion, Group IT
showed a decrease of 27.36% & 22.44% (P20.,01) on the 13th
& 66th dny post infection respectively and Group III showed

a doerense of 32 T4% & 25.85% (P<0,01) on 13th & 66th day

post infection respeotively.

Thus lymphooytopenia was observed on the 13th & 66th aay
post mféotion in all the experimental groupas.

The data are presented in Table 37 and are graphically

reprosented in Chart 26,
ONO QYT B

The mean overall momooyte pereentage of the entire

oXporimental groups was signifienntly higher (P< 0.05) than

the negative controlss
in reapeat of Group I (av@m@e number of

worms ostablished 64+66 of Z.mohtgdnl and 71,66 of A.gpiralis
wae 27.85% (not 91@"{“@%)' in respect of Group II (avamﬁa

aviished 82 of Tomohtodas and 113,33 of

The incrense

numoer of woras 08%
1) 46,835 (o1gni£10a5% A% 5% Leval) and 4n respoat of

or of WOTBB eatnblished 124 of

Group ITI (average ramb
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T.mohtedai nnd 244466 of A.sSpiralis) was 50.62% (eignifionnt
at 5% level). |
Further analysis showed an increase of 100.30% (P< 0.05)
in Group II and 178.9T# (< 0.05) in Group III on the 66th

day post infections
Thus monocytosis was observed on the 66th day post

inf cotion in groups IT & I1I.
The data are preseanted in Table 384



%AHLE - 27 - Showing the total Erythroqyte count in throe levels of diepecifio infections with

2. mohtedni ard A. spirclis compared with the megative controls.

GROUP I GEOUP IX GROU? IIIX GBOUP 1V
DAYS
1 2 3 4 5 6 7 2 9 10 11 12
th : .
sth 2.56 2.13 2.3 2.67 2.31% 2.13 2.39 2.12 2.07 2.44 2.15 2.36
13 2:38 0 2.23 2.58 2.14 2.15 2.18 2.80 2.51% 2.38 2.37 2.12 2.22
39“ 1074 2037 20 2.19 1.61 1086 1073 10?0 1.53 2a 13 2014 2043
szn_e‘ 1015 1.93 2.01 1.97 1.84 2.1 1.73 1.32 1.67 2.29 2.02 2.17
667 26 119 220 LT 213 197 131 138 145 234 208 2.18
A3 velues in #illione/ou.mm. of blood.
Anelyeis of Veriarce foble
soures arc 88 ¥8s r
3 1.552 0.517 9.223 ##
Betwoen Daye 5 2.964 0.593 10.572 *=#
Zrror 63 3.532 0.056
FORML " 8.048

** gignificert ot 1% lovel.

9cl
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PABLE - 30 - Showing the Neen corpusculer volume in threo levels of dispecific infeetions with Z. mohtedal
m A. spirelis compnred with the megntive controls.

- =il
gBOBR 1 GROBP 11 GROUP 1I11I GEOUP IV
DAYS — . .
1 2 3 4 5 6 7 8 9 10 1 12
sm 117.19  140.85 129.87 112.36 129.87 140.85 125.5%2 141.51 144.93 127.05 144.19 131.36
13'6h 1121.85  130.04 116.28  130.84 139.53 142.20 100.00 115.54 126.05 126.58 141.51 130.63
mm 151.83 - 146.60 153.06  180.12 141.51 175.76 140.78 150.00 161.50 140.85 146.46 148.15
5&“‘ 160.92 126,58 139.42  136.99 173.91 155.91 167.63 176.47 177.22  145.54 130.84 127.57
‘ssa?m  460.00  150.26 149.25  147.21 146.74 140.19  242.72 212.12 173.65 126.64 153.47 133.64
wﬁh 134,26 162.01 133.93  163.74 138.15 137.06 183.21 ®73.91 179.31 132.48 144.23 133.03
A1l velues in cubie microns
| Anelysis of Yericnes Feble
Souree af §8 38 7
Botween Trectmente 3 6521.8 2173.933 7.111 =#
Betwoen Inys 5 10855.6 2171.120 7.101 #»
Zrror 63 19261.1 305.732
FCEAL 71 36638.5

24 gigmficent ot 1€ level.

Q gl



PABLE - 31 - Showing the Meom corpusculer hoemoglobin in three levels of dispect

fic infections with 2. mohtedoi
end A, spizelis compored with the negative controls. ,
¢roue 1 @EovE 11 GROUP I1X GROUZ IV
DAYS -
1 2 3 4 5 6 7 8 9 10 1" 12
B i3 32086 2944 BT Ve84 N9 BN 33,02 35.75  34.43 30.70 27.12
WP 393 3229 L8 45 3535 3486 LU 248 L3 Sn 29.25 35.14
Z&th 41.88 41.88 33.16 45.96 34.91  41.2% 33.98 34.44 42,24 36-62 35.35 38.62

41.28

A1l 'm!tma in micro mioro groms

ag 8s ¥58 P
Botwoen Preetments 3 190.78 63.593 3,269 *#
Betwesn Boys 5 1736. 15 %47.233 17.849 *=
Error 63 1225.55 19.453
0245 71 3152.48

* Significent ct 5% level
#* g3 emifieomt ot 1% level

ST
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PABLE - 33 - Showlng the totel Leucocyte count in three levels of dispeeific infections with 2. mohtedol

end A. gpirclie compored with the negetive controle.

GroUR 1 GHouR IX grouU? III GROUR IV
1 2 3 4 % 6 T 8 9 10 11 12
e;m 38.00 39.60 42.00 32,60 33.22 35.20 52.60 34.00 56.00  19.535 28.00 22.00
mm 40.33%  39.3%32 42.66 24.00 14.00 21.10 235.10 20.88 21.32 35,20 38.10 42.10
3&'“ 15.80 15.80 16.00 14.20 20.40 13.80 19.10 15.10 10.80 24.00 18.00 43.30
sém 18,90 22.70 15.30 19.10 23.80 13.80 15,10 26.40 15.30 23.30 2550 42.20
66% 13.54 22.88 13.5% 18.00 21.32 11.54 14.60 22.00 21.32 28.66 14.00 27.76
411 veluege in thousenie/cu.mm. of blood.
g of Yaricnce Tcble
Source ac 88 uss »
3 959.668 319.889 31.778 ¥+
Botween Ioys 5 48%6.16% 971.233 96.484 %%
20TAL T1 6450.008

w¢ gigntfiecnt at 1% level.

® 0Oft



PABLE « 34 - Showing the percentege of Bosinophils in three levels of diepecific infeotions with Z. mohtednt
m A. spirclis compered with the negative controls.

GROO? I GROUE 11 GEOUP III GROUZ IV
1 2 3 4 5 6 7 8 9 10 1" 12
th : | ,

6 9.0 T.0 55 6.5 2.0 5.5 8.0 2.0 12.0 4.0 3.0 3.0
1‘5& 31.0 16.0 11.0 15.5 16.0 12.0 11.0 24.0 17.0 3.0 4.0 2.0
24»& ‘!6.3 400 ? 00 3-0 6.5 13;0 1000 10.5 6.0 1 .G 2.0 4.0
33?“ 9.0 5«0 4.0 15.0 10.5 7.0 15.0 8.0 5.0 4.0 4.0 2.0

52& 1 ;0 6-‘0 t 1 L] 5 6.0 2.0 2-0 7 - 5 3.5 505 200 ‘ ‘ 05, 200

%%h 9.0 8.0 6.0 8.0 2.0 2.0 13.0 6.0 14.0 3.0 " 3.0 4.0
nalyeie of Verionce Toble
Source dat 83 E35 P
Between Treciments 3 747.153 249.0951 14.977 #*%
Betweon Doye 5 76%.569 153.113 9,208 **
BrroT 63 1047597 16.629 o
L
P0PAL 71 2560.319 . 4

** giemificont et 1% level



TABLE - 36 - ghowing the peroimtege of Bueophile in three levels of diepocific infeotions with 2. mohtedei
and d. gpirclis comprred with the negntive controls.

*  Sigmifieant ot 1% level.

GROUP I GROUR 1I GROUP IIX GHOUR IV
DAYS : .
1 2 3 4 5 6 7 8 9 10 1" 12
. .Y
6 0.5 0.0 = 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 . 0.0
ﬁm 0.0 0.5 0.5 1.5 0.0 0.0 0.5 0.5 0.0 1.0 0.0 0.5
m’&h 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
33“‘ 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
52& 0.5 0.0 0.0 0.0 0.5 0.5 0.0 0.5 2.0 0.5 1.G 6.0
sé%h 0.0 1.0 ¢.0 0.0 C.0 1.0 0.5 0.5 0.0 0.0 0.0 1.0
Apnlyeis of Veriones Teble
Soures ar 88 ' 88 ®
V . A nﬁﬂ;
ievoen ke&mts 3 0.344 00115 00790
Botween Doye 5 2.489 0.498 F.434 H#
Error 63 9.135 0.145
20PAL 71 11.968 o
o



PABLE -~ 37 - Showing the pescentege of Iymphocytes in three levels of dispecific infections with 2. mohtedai
end A. apirelis compared with the negotive controls. '

GROU? I GOUP II GHOUP 11X GROUP IV
BAYS — » _

1 2 3 & 5 6 T 8 9 10 11 12
™ o0 59.0  70.5 725 70.0  65.5  64.0 69.0 66,0 720 720 760
3 46.0 44.0 28.0  96.0 29.0 7.0  42.0 28.0 43.0  50.0 6.0 57.0
2™ 68.0 76.0 54.0  53.0 45.5 63.0 615 525 6.0 3.0 725 725
s 72.0 76.5 6.0 0.5 68.0 530 445 56.0 730 6.0 745  60.0
s 710 62.0 655  64.0 535 ST.0  49.0 575 640 655 130 65.0
™ 6.0 620 S58.0 50.0 520 .0  47.5 525 520 720 720 610

Source aL 58 W3S P

Potweon Troctments 3 2299.01 766.357 13.43@ #*

Tetween Doys 5 4627.74 925.548 16.220 ##

Error 63 3594.70 57.059 >
N

T0RAL 7 10521.45 ®

a% gtgnificemt ot 1% level.



PABLE - 38 - Showing the percentnge of ¥omocyhe inm thres levels of dispeoific infeotions with T. mohtedai
crd A. spirclie compered with the nogative controls.

_ GrROUR I GROU? 11 ¢rour IIX GROUP? IV
DAYS A
1 2 3 4 5 6 7 8 9 10 1 12
th
6‘&1 1.5 6.0 55 1.0 5.0 1.0 6.0 1.0 9.0 3.0 1.0 4.0
‘3m 1.0 2.0 3.5 3,0 3.0, 5.0 3.5 1.0 3.0 2.0 1.0 3.5
24m 1.0 4-0 1.0 4.0 2.5 5.5 2:0 1-5 200 3.0 105 1.0
38 2.0 1.0 4.0 1.5 5.0 1.0 0.5 2.0 4.0 1.0 2.0 2.5
5{1 3.0 25 15 1.6 3.0 25 2.5 2.0 2.0 2.5 1.5 3.0
‘66 2-0 - 390 SCQ 5.0 600 300 4-0 500 10¢5 300 2.0 2.0
;M_g_ll' wivels of Yericnos Toble
Souroee d;fa 88 i8S P
Botween Trectments 3 65.622 21.874 8.5814 #%
Batween Doye 5 41.642 8.%28 3.672 *%
Brrop 63 142.89% 2.268 -
(¥
N
POEAL T 250. 163 o

#% gigmificnnt ot 1% level.
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IN DISPECIFIC INFECTIONS WITH
T.MOHTEDA! & A. SPIRALIS
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IN DISPECIFIC INEECTIONS WITH
T MOHTEDAl & A.SPIRALIS
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The affectod birds were vory dull with ruffled feathers
and there wns evidence of loss of appetite. During the first

two wecks post infection & glight inorease in the body tempo-

rature was noticed and the birds were very droopy. By the

5th week post inf ection anocnin was discornable and as the

disense progressed, the pirds beoame weak and emaciated.

Wortality of obieks oecurred during the 2nd to 4bh week post

spfoction. In Hayers there was a great delay in sexual

maturity and reduced rate of o8 produotion. Important

details of snf cotion wore as follows &

-

MORTALIZY

As has been mentioned earlier mortality of 4 ehicks out

of 12 (33.33%) ogourred i
(for hiﬂtcpathologica}. studics)e The death

n dispecific infection 4n one of the

experiments
oocurred on the 15th, 20th, 24D, and 20th day poat infoction

(age of the chicks bedng 29, 34 38 and 43 dnys respeotivaly).

Pne chicks ba

W&&W’
. )

d pocoived an ‘4nfective dose of 500 juveniles

ench of T.

eall wolght gain of the ckperimental bixde

The mean 0V
ant decrense (P<0.01) gompared to the

ghovel a gimific

negative eontrqls.
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The deorease in respcot of @roup I (average number of
worms established 64,66 ¢f I.mohtedal and 71.66 of A.gpirais)
was 36.39% (P<0.01), in respest of Group II (average number
of worms ostablished 82 of T.mohtedai and 113.33 of A.gpiralis)
37.52% (P<0.01) and in respect of Group III (average number of
igd and 244.66 of A.gpitalis)

worms established 124 of I.m

480 1% (P 0001)0
On a furtber analysis, Group I showed a deoreaac of 67.19%,

37.508, 44,006 & 60.00% (P<0.01) by the 5th, 6th, Tth & 10th
week post infection respectively. Group II showed a deorease of
54.69%, 38,755, 44,008, 50.00% & 73.75% (F<0.01) by the 5%h,
6th, 7th. 84n & 10th weak post infection respectivaly. Group III
showed a deeroase of 50.00% (P< 0.03), 37.66%, 76.56%, 42.503%,
53.34% (P<0,01)y 40.00%(P<0.05) and 66.25% (P<0,01) by the
2nd, 4th, 5th, 6%h 7¢h, 8th & 10th week post infeotion

respectively.
Thus the weight gain of the experimental groups were

found %o be poor Suring the 5th to 10th week poat infgotion.

On the 10%th wedk post infection the average live body weight
grams in Group I, 777 grams in Group II
pared to the negative controls

was found to be T93

and 682 grams in Oroup III com

whioh showed an average live bvody weight of 1175 grams.
ed in Chart 27,

The data are repreaent
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The lo8s of income due to decreased bedy weight was
caloulated on the basis of the ourrent prisc (&.6.50/Kg. of
1ive body weight). Tims the ioas was found %o be & 2450 per
bird in Group I, & 260 per bird and iy3.20 per bird in
groups II & I1I respeotively when compared to the negative

controls.
YING

SEAUAL MATURITY AND IRTENSITY OF

‘The nge at first egg was taken a3 the attainment of sexual

maturity. The control bird laid its first egg on the 131st
o bird in Group I gave the first egg on the
ay of 6 days), in Group II on the 163rd day

group IITI on the 182nd dny ( =

day, while th
137th day (n dol
(a delay of 32 days) and in

dalay of 51 days)e

Tn a1l the infected birds the egg produotion was very low
due to lack of persistancy and/or due te exceptionally long,
tho observed poriod of 66 days, the total

pauses. Durind
44 by Group I (number of worms cstablished,

pumber of o3gs 18
70 T.mohtodni ond 83 a.gpiralis) was 42, by Group II (number

of worms estnblishod 106 T.mobtedni and 112 A.spiralis
(number of worms established, 113

11 and by Group 111

7,mohtedni and 191 .spiralis) wae only 2, Whereas tho oges
“' LA ¢ I n
producod oY (negative control) was 53,

Tne ezg records of

group IV
exporimental and control groups are
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The quantity of feod im kilograms rogquired. to produce a

dozen ©ggs wWAg oal culated for the femnlg birds, since the

strain of obicks used in the experiments (Myohix) were

exclusively meant fo¥ 088 production. The feed efficicnoy

in Group I (average pumber of worms established, 70

T,mohtodai and 83 pogpiralis) was 1.99, in Group IT (mamber
of worms establishedy 106 T.mohtodai and 112 A.spiralis)

4,53 and in Group 17T (number of worms esbabiished, 113

and 191 A.gpirslis) 114 Whereas in respect of

g.g»ghteﬂai
) the feed sfiiciency was 1451e

Group IV (negative gontrole
The feed officienolies of the oxperimental groups were

thus found to be gignifioantly lower than the nezative

eontrols.

Cnlculating the loss ©
feed (. 1o 50@50)' Group I requirod 70

£ income on the basis of the

gurrent price of the
an the controls to produce a dogzen

paise worth of feed MOFO th
I neodod B4 4+50 and &, 14.80 worth

of eggd Wh
of feed resp

11e groupse II & II
cotively mo¥re than the negntive controls.

pgﬁrgﬂﬂmﬁ
infection was caloulated by

70D

tent period of
n whieh tho firet cgg of the parasites

the oggs of T.mohtedns were asily
' 3 by the presaeuce of

“The prepo
noting tho day i

appeared in the

a4atinguiohed £70
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tho smell knob at one pole of the egzz shell, by the shape &

A

sizc of ‘the ogg and by the transverss rows of body spines

at the hond end of the larva ns described by Sundaram (1971).
The prepatent period of I.mohtedai in Group I was found

to be in from 47 to 49 days (average 47,66 days), in Oroup II,

4n from 47 to 48 days (avernge 47.66 days) and in Group III,

in £rom 49 to 50 days (average 49.33 days)e
Tho propatent poriocd of A.spiralis in Group I was in
from 26 to 27 days (average 26.33 days)j in Group II, in from

24 to 25 days (average 24.66 days) and in Group III, ia from

24 to 25 days (average 24,66 days).

Thus the dovelopment of the parasites im dispecifioc

jnfoctions was normal and without any mutual inhibitery

off ects.

The data aro présented in Table 39

The number of WOXmS devaloped in each bird was found

out, to pote btae peraentage of gstablishment in each group

g0 no to correlate their population with the various

paramcters chosen %0 determine their pathogeniocity.

In Group I (1nfected with 200 Jjuveniles of T.mohtedsi
spiralis), the avorage number of
worms recoverocd was 64.66 (17.01% males and 82,99% fomales)
of T.mohtodai and 1466 ( 24.65% males and 75.35% femalea) of
begpiralis, thus sdving ap establishment pereentage of 32¢33

and 900 Jjuveniles of A
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for T.mohteda and 71,66 for A.spiralis.

Tn Group II (infeoted With 400 juveniles of T.mohtodal &
200 juveniles of A. gip_g_r_q_l;_iﬁ), the average mumber of worms
recovared was 82 (23,96# males and 76.02% fouales) of
T,mohtedni and 113,33 6 24.126 males and 75.86% females ) of

Ae.spiralis, thus giving o percentage of establishment of

20,50 and 56.66 respectively.
In Group III (4nfected with 600 juveniles of L.mohtgedai

and 400 juveniles of A.gpiralis), the average number of woXms

rocovered was 124  16440% males and 83460% females) of

T.mohtedai nnd 244.66 (36. 78% males and 63, 22% females) of

ﬁ.é irglis, thus giving an catablishmaent percentage of 20,66

nnd 60. 16 fesp@@tiv'ﬂlyc
No worms were present in Group IV as 1t constituted

the negative aontrolss
The data are presented in Table 39.



PABIE - 39 - Showing the deteils of prepatent period cnd percemtnge of _esteblishment in dispeeifie
:. infection with ©. mohtedci end A. spizclis ot three levels and the negetive controls.

o
-

i

Chick

Bumber of infeetive period

Prepatent Fumber of worms developed

in deys ¥nle Pemnle

Percentege of

mpber  juvenilee given Zotal estcblishment
Poilte AeBs Potte AeSe P.me AeBe P.Me AeBa PeMe AeSe Pofe A.S.
1 200 100 47 21 12 22 58 61 70 83 35.00% 83.00%
A 2 200 100 &7 26 14 14 38 48 52 62 26.00%. 62.00%
3 200 100 49 26 7 Y 65 53 T2 70 36.00% 70.00%
2O8AL 600 300 194 215 32.33% T1.66%
4 400 200 47 24 24 25 a2 8 106 112 26.50% - 56.00%
B S 400 200 48 25 21 39 73 99 94 138 23.50% 69.00%
6 400 200 48 2% 1% 18 32 72 46 90 11.50% 45.00%
QOPAL 1200 600 246 340 20.50%4  56.66%
7 600 400 49 25 19 65 94 126 113 191 18.80% 47.75%
¢ 8 600 400 50 25 17T 129 . 42 184 59 313 9.83% 78.25%
9 600 400 49 26 21 76 113 15¢ 2200 230  33.33%  57.50%
FOFAL 1800 1200 ' 372 T34 20.66%  60.16%
10 i
P " HLL § All the birde remrpined negetive
12 § |
A - GBOUP I ¢ - GROUP IIX 9.me = DTetrcmerse mohtedal =
B - GBOUP II D - GHOUP 1V A.8. ®

~ Acutrie ggualia
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PATHOLOGICAL CHANGES IN DISPEQIFIC

T EPRAMIRES MOHTEDAT & AQUARTA SPIRALIS

INP ECTIONS

Gross and miecroscopioc lesiona produced in thg prov@ntrieulm

by the varisus developmentnl stages of Totrameres moht edas
Acuaris spffalis in dispecific infeotions were studicd aftor
infeoting a bateh of chicks with 500 juveniles cach of %he

P

parasites, Obsorvations were made on the 2nd, 8tn, 12th, 15th, %
20%h, 24th, 29th, 32nd, 36th, 40th, 50th and 100th day post
infection., The changes noticed were as follows ;

GRGSS L ESTONS

On the second day post infeotion mo visible abnormalfty
was noticed in the unopened proventriculus tut on Qeision the
lumen was found %o be packed with copious necrotic debris and
muous. Numerous small uleers were observed in the highly
congested mugous membrane,

By the {2th day post infection the size of the
proventriculus was found to bhave increased considerably. The
serosa showed irregular white patehes denoting the proéiliction
18 w@ms, On cut®ing open tho organ, elovated

sites of A.gpirxa
areas were visible on the mucous meubrane where numerous
spiralis juveniles were secd to be fimly attached in alusters.

On the 20%h day post infootion the Proventriculus wns one

and a half times the normal 8126 and the white patches were

ga th :
more olearly seen on the 80¥0 N A1 on the 12th day , On
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opening the organ the wall appeared thick and the lumen was

11y

found to be £illed with atraw coloured inflammatory czudate.

The glandular openings were vVery prominant and woere well raised
abobe the surface, Op section some of the glands showed
juvmnas of both the parasites within their lumina.

On $he hundredth day post infection the proventrioculus

was three times the nommal size and was almost sphorical in
shape with a hard toxture. The oesophageal junction was eharply
damarkated duo to the spherical shape of the emlarged organ.

on the sgrosn numerous black spots and pale arcas were visible

corresponding to the location of E.mohtodpl and Avspiralis

worms (Plate X Fig.1.). ¥hon cut opened the lumen of the

proventriculus was foun

marked nodular growths £ro
Acuariasis. Most of the gland contained mature female T,mohtedal

Jomo of the glands bad undergone liquifactive changes .

d to have becn nearly obliterated by the
m Yhe muceus membrane duc to

wo rmd.
and appearcd yacuolated.

MICROSCOPIC LESION

¢

A

oat infootion showed necrosis and domage to tho lining
jum of the tubular glands, Lamina propria in focal
aompl et o1y destroyed with frank hacamorrhagic spotse
cniles were 5P embedded nmong the eelluiar

day P
epithel
arcas wereo
Numerous Jjuv

exudato and so
glands (Flate X Pig. 2),

Lo of the juveniles Were found to have juvaded

the compound
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8th day post infeection
Modernte diffuse thickening of the lamina propria due to

granulocytic infiltrating cells were noticod on the eigth day
post infeetion. MNost of the compound glands were packed with
necrotie ecllular inflammatory exudabe and juveniles, Submucosa
sngorgement of blood vessels (Plate X Pig.3).

showed oedecma and

12th 4 at infection
On the 12th day post infection the lamina propria was
very much ghiakened in focal areas Gue to lymphoid

hyp erplasia. The infiltrated 3mnnleayﬁea werc mostly found

packed at the perigh
jasue with necrotice foel were maem*. in

¢ XI Pig. 1) J@vmiles of SDW

andular region and submucosa. An inorease

in the gonneotive ¥

the submUCOSA (?1ﬂ13

within the compound glands caused pronounced histiocytic

reaction. Juveniles of A. gpiralis were seen embedded within

the hy*perplms-’eic tubtular gl
1 esions @mr@ctm‘iaﬂq

ands causing marked mucosal changes.
of both Acuariasis and Zctramerosis

Thus
were evidente
th_day BC sion | |
on the 15%b day post ipfcotion the lamina propria showed

414 £ibroplasiad and an inoreass® in the smooth muscle £ibres.
o A

Histiooytic read®
_x1 ?ig.2)s Pooal areas in tho lamiua

qon was ovidont boncath the surface

epithalium (P1at
ropria showod nﬂﬂ’kemﬂnwmg aquanous oecll mebaplasio.
prop |
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Changes noticed in the proventr¥iculus on the 20th to 24th

dny post infection had the charesicristics of a chronic
{nflammation as evidenced by the fibroplastio changes in the
lamina propria and interglandular region. Cut secotions of the

juveniles of both T.mohtedal and_A.spiralis were seen in the

lumen of some of the compound glands on the 20th day poat

infection indicting that some of the latter have also entered
the glands (Plate XI Fig.3). However, on the 24th day post
infection, mature A.gpiralis worms were found embedded in the
pucous mabrane of the proventriculua. Hypertrophy of the
ciroular muscl¢ fibres were obzoervad in the muscular coat of
| compound glands ocontained immature

$he organ. Some of the
fenale T.mohtedal worms in their lumina (Plate XI Pige4).

} 2nd J‘_'_ ..H inf cotion

On the 20th day post inf ection the compound glands were

also found to be invaded by f
r lumina contained immaturo fenale ond malo T.mohtefal
(Plate 511 Fig1). The A.gpiralie worms attached to the
snbrane of the organ induced marked neorotic changes.

ibrous conngcetive tissue and

thel
wWOTmS

mucous a

atrophy ané degoneration of glandular aoini of the

Pressure ,
on the 32nd day post infeoction

conpound gland® were apparent
(Plate XII Fige 2)

yoetiol

1, y i“'_: A

’sh day poet 19£e0t0n the lamina propria showed

On
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fibro-adenamatoid growths charecteristioc of A.spiralis

tre

infection along with preasure atmﬁhy of the componnd @ﬂndﬂ
due to female f.mohtedai woIms. |

By 40th day post inf ection the lamina propria had
compl et aly sloughed off in some arc¢as and the mucous
menbrane showed squamous cell metaplasm at other placea.
Most of the compound glands were £illed with mature female

T.mohtedal worms. Usually a single female worm was found in a

g&land but oacasionally more than
Tne glandular tissue had undergone marked atrophy

in the thieckness of the wall of the

one worm was prescent in some

of the glands.

with simultancous reduction
In some of the glands tho aystioc dialatation was very

ol as mere pockets holding the

glands.
pronounced S0 tpat they appeal

parasites (Plate ¥II Fig.3).

on the wm;h dey post infection severe chronie

proventrioulitis was observed with completely fibrosed lamina
and few of the compound glands. Podunculated
wths wero avidmt in the lamina propria,
wherever As W worms bave burrowed deep into the mucous
membrate (Flate YII FL8e4)e Mature £onale T.mohtedal worms wore
found lodged withih some OF the conpound glands. Vacwolated
spaces representing tne dogenerated compound glands were 180

propria, gu bmu co 88
fibro-adenamatoid %0

geen in some plLooed.



PLATE X

Fig. 1. Proventriculus - Dispecific infections with
I.nohtedai end «Spiralisg .-
The orgen is al%ost spherical having a mottled
appearence. Llack spots represent the glends
affected by female T.mohtedai worms,

Pig. 2. Proventriculus - Dispecific iafeetiogs wibth

I.mohtedai and A.8piralis - 2nd day,
Lemioe propria shows pronounced granulocytic
reaction and disruption,

Note the juvenile
within the lumen of the compound glend (indicated
by arrow). H & E fo

Fig. &, Proventriculus - Dispecific infeetions with
L.mohtedai and d.8piralis 8th day - Note the
greately thickened laming ropria due te the
infiltrating cells, ‘ g

¢8 are seen partj 11
embedded in the mucoul Dembrane, P Ry
X %0

-






Fgg.

Pig.

Pigo

1,

2.

KN

4.

LLATE X1

Proventiriculus -~ Dispecific infections with
I.mohtedai and A.spiralis 12th day -~ Note the
diffuse lymphoid hyperplasia, granulocytic
infiltration in the peri-glandular region and
submucosa, necrotic areas in the lamina propria
and the hyperplastic tubular glands.in which is
seen embedded an A.spiralis worm (indicated by

arrow) H&E X do0

Proventriculus - Dispecific infections with
I.mohtedei and A.spirelis 16th day - Nete the mild
fibroplesia, engerged blood vessel and increase in
the smmoth muscle fibres. Inflammatory cells are

seen beneath the surface epithelium. H & E X 100

Proventriculus - Dispecific ingections with
I.mohtedai and A.spiralis 20th day - Note the

A.spiralis juveniles within the compound gland,
H&E X 100

Prevgntriculus -~ Dispecific infections with
T.mohtedai and .sgira%gs 24th day -~ Lymphoid
byperplasia andﬁfi replasia are seen in the lamina
propria, Mucous membrane severely damaged due te
A.spiralis worms. One of the compound glands show
pressure atrophy due to the female T.mehtedai worm.
H& E X {00 -



,'\A_:.v P Sy
B

=)




Q0T A¥H *gy1xdoxd wgyy,
uy syy X ¥ Yoy

oy

f0x8 poyquuvug «u@uamw

8Xaagpg ‘ouvzquom g Boyrdwas
My 8joy - £Lep 42001

: . Y V pus ﬁ@@@ﬁd«ﬂaow .
TI%4 swoypqoozuy 3T3roedayg - EnInsTImaAGIg op 327

N\ . WY ¥ m3n
‘suviquew snosnw pedewuwp Lyoqwoydmos
1 UTHItA poppeque 4908 oJe surom SI[EIT 8V
‘Wxom YW 83qOH ] otemoey 843 Jo 3np -y
‘SuTuwox onssy1y IeINnpueyd
Y3 ¥@ uoypqxed [yeuws w ATup ‘maon Yopejqow ]
oTvWOT w wawaﬂmvﬂeo Puulyd Mﬂzoa500 8yl yo
TOT1BVIBVTVIP 271840 poounouss £x0a oYy ajoN
- K9P 4308 FTTATds Y pue Yepejyou-J

q1T4 SWOTyd0JuUY oyyroedsyq = . Suinoyrjuesexy g Sty

_ 0T X 334w
WIos Tepejyouw g 81wy oyy Fuydizwo pusyd
punndwes eqy uy unyroystde Buruyy pauslq ety
Pu® Lydoxje exnsssad oyy 830 °*IY[BITAS °V

Jo 8ouesexd ayy puw swvIqWew enoonm 0% a3smep .
8X94988 Buyaeys ‘sninorrquesocxzd 81 _J3o ueunq
- Avp puzg STTEITAS 'V pue Tpeqwom ]

93 T4 suoyqaegut Oovyrsedsyy - snynatxqusAoxy *z *frg

. 00T X wuezy°*y
*errdoxd wuywer eyl uwIyIA Poppaquio usaes SY wrom
SYTeITds Y uy suomny 83 TUT maoa Tepajyou‘] eyeuwey
pue (soxxe hﬁl@o#do«xmwv dTew yjoq SUTVBLUGD
pusyl ouo °smion FTepajqouwe] o3 Axxed gotqa osye
spue1f punodwos oqy ut wees st UOESBAUT aNSsSY)
9AT3d0UUGD SNOIQYJ *vsoonwqns pus uwrxdoxd eutwey
oys ut saBusyd °118871d0XqT3 axaAss ayy 930N
- Lep 4162 STTBI1ds°V pus TUpazqoun’]

Q3ITA SUOT330JUT 2TJ108dsY@ ~ SNINOTIJWeAOId °T *Srg

ITIX [Ivid






of

PLATE X111 - Proventriculus - dispecific infectians
with I.mohtedai and 3. pirelis 40th dey -
Nete the highly flat%eaed glandular tissue
of the compound carrying the female T.
mobtedai werm with cystic dialatation., The
flucous membrane shows necrotic areas
- caused by A.spiralis worms,# &= 70

V2
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three out of twelve ohicks (25%) infected with 500 juveniles
succumbed to the infection, Thus this forms a further

cvidence to the faot that A. spiralis may ocause death of ochicks
4n heavy infections. In the present study therefore the to‘tal
mortality due to acuariasis was 7 out of 24 chicks (29, 16%).
Birds with dispecific infeotiona 108t considerable amount
of their body weight. The economie loss due to this has becn

caloulated a3 f. 3, 20 per bird in heavy infections. In layers

the sexual naturity was dalayad for nearly 2 months and the

rate of 88 production was groatly lowered. It has been

caloulated that a heavily infeoted bird required k. 14,80 worth

of feed more than t:he
tno histopathologioal changes in mixed infoctions presonted

contrel to produce a dozgn ©EE9s

the combined chmree‘tematioa of Tetramerosis and Acuariasis

as dewﬁped earlier under monospecific infections of each.

juveniles of T.gg_lﬁ_@_égg wore found to invade the
‘the 2nd day post inf eotion (Plate X

sompound Qands even by
the mormad

Ppis early migration may be dzm to
lame) and small ameun‘k of surface area
an of the pmvanﬁﬁoulua for attacment

aka). Jnvenilee of A.gpirelis were found
pe compound glands on the 20th day poat

1néﬁ.eaﬂns that thoy too invade

within s0me of ¥
4nf eo¥100 (Prate %I Fisd)»
the gLands 4f their populaﬂan ia considerablo. The white

orosa denoﬁné.\ the prediliction sites of %o

patohes on the 8
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A.spiralis worms were evident in dispecifioc infections also
fromsthe 12th day post infection and this could be taken as
a visible indication of Acuariasis oven without cutting open
the organ «

Anataraman & Chandrasekharan Nair (1955) while
desoribing the histopathological lesions in natursl Z.mohtedai
4nf cotions found that in some of the gompound glands there is
al disappearence of the glandular tiseue leaving the
es as enpty ‘gspaces lined occasionally with a thin layer
jthelial celld and that there was absence of entire
glandu]_am'secreaﬁon in other lobules. Similar changes
orved in the present study also in the gffeoted glands
ooth day post infection that s after the full
pmant of tho parasite. Tho £ibro-adenamatoid growshs

tot
lobul
of ep
normal
were-oba
on the 1
establis
caused by A.gpiralis were soeon as eaxly as 36th day post
4nf eotions |

Great economic loss due to a ducl sublethal parasitic

4nfection with cocoidia, Ascaridia galli and Hotornkis gallinae
ware re;por‘”eﬂ by ?&t? et al. (1972)s The present study also

nts out that a mixed infeetion with

aﬁ_&v Acusris spiralis can cause a considerntlc
oas to the Poultry industry.

yery clearly poi
,“‘i ht ';‘3 y

7 ot ramer
gmount of economic 1






SUMMARY

Pathogenic cffects of twg commonly oceurring spirurid
worns of fowl viz. Tetramergs mohtoda
were dctermined under controlled conditions. The studies were '
conducted in rospect of monospecific and dispecific infeotions

with the above parasites, at threo levels of infeotion viz.
10w, medium and heavy. The parameters observed were
naematological changes, weight gain, sexual maturity, intensity
of laying, feed efficiency and histepathologiocal ohanges.

In monospoeific Ietrameres mohtgdal infootion ¢

1. Tho haematological changes conaisted of a mormocytic
ngmoenromio anaemia from 28th to S6th day post ini’eetion.
followed bY @ maerooytic anaemia upto the observed peried of
10- days post infection at all the three loveks of infeotions.
AD @smophum and loucoeytosis were saen from the 3rd to
28D day post infeat.ton in low and modium infections and from
4he 3rd %o 42nd day post infection in heavy infaotion, A
heterophiua and lymphooytopenia were ebsexrved from the 42nd
asy upto an observed period of 70 days post infeetion in the

0880 of heavy infection. Leucopenin and monooytosis wore

o vi“nt on the 56th and 70th day pest infection at all the three

as of snfection.
2. The woight gain of the infeoted birds wore found %o

oor £rom tho 5%h wedk post infection and continued to bo

1¢v

pe P
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at low level until the complotion of the e¢mperiment ( 10th week
post infection)s The cconomic loss due to the decreased body
weight was caloula%ed to be . 1.50 por bird in low iafeoction,
Be 1. 70 per bird in mediun infection and B 2.25 per bird in heavy
4nf cotion gompared to the control bird during tho obacrved poriod.
of 70 days. | |

3. 1In layers the sexual maturity was dalayed by 5 days in
nf ectiony 11 daye in medium infection and 33 days in heavy
otion compared to the control birds Tho rate of egg produsction
4he infeoted birds, Turing an obsexrved period

low

infe
also 1¢98 in
6 days the total nunber of ¢ggs 1aid were 43, 22, and 8

in low, medium and heavy infections, whercas the

wasd

of 6

r@apectively
rol bird 1048 55 cggs during thid period.

fecd officiency of the 4nfected birds werc very low
omparod o the negative controlss It was caloulatod that
W 4nf ecbion the fenale Tequired Bew0s 70 worth more f£eod to
ggge and medium & heavy infeotions tho birds
B 5. 60 worth of feed more than the centrols.

cont
4. ZThe

when

in l0
ge ORC doaen

yod Beoe 1,00 and
rpe propatent period
orage 49 days) and wa@ not influcnced by

produ

requi
5 of infeotion was found %o bo in
erom 46 10 34 4W° (av
establishod.

o of cstablishment of worms wWere found to be
o the number of juvenil es adminiatored.

changes of the affeoted proventriculd
4th

pusber of woxma

the
6. The poreentes

gnvorsdy proportienal ‘¥
q. Gross paﬁh@l@gﬁua}.

peteobid paemorragos in ¥he fugous menbranc on the

inel“‘wa’
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day post infaction; intense congastien with fooal areas of
crosion of the mucosa on the 12th dayj dialateﬂ compound glands
with immature female worms on the 25th day and greatly reduced
jumen of the organ on ths 55th day pest infection.

8. The microscopic changes observed were severe
gram:looytic resction on the 4th to Tth day poat infection,
1ymphoid nyperplasia from the 9%h to 12th day; plasma oell
reaction 0B the 15th day; interglandular ocdecma and £ibro-
L1astic ehanges on the 18th %o 25th day and pressure atrophy
and gystic dialatation on the 32nd to 39th day post infection.
ne reparative process found on the 55th day poat infeotion
the development of a host~parasitc balance.

T

4pdicates
9. ‘gne dcorease in the 1ive body weight and reduced

of &8 profuction seen in monospecific T.mohtedai infeotion

rate
{ndicate that the parasite is8 economically

yerefore oLeaml
importa,nt.

n monospeeific Acuaria 8
The naenatological changes eenaiatad of, lancocytosis
on the 13th day post infeotion; leucopenia,
from the 34135 day post infcoot~

a $nfection

iralis

I
10.

and eo,;a,gapbilia
ot orophilia and lymphooytopenia
exved period of 66 days post infection; 8

promic anacmia on the S2nd and 66th day and

h

io
nacro oy 94e hypoo

pooytosis OB the 66th day post infection.
00

11. The weight gain of the infooted birds was found %o
ocor £rom 7¢h week ané continuad to be at 10W 1eval until

pe P
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the completion of the experiment ( 10 wocks posat mfeatietf{).
The economic loss due Yo the deoreased body weight was /
calculated to be B.1. 97 per bird in low infcotion, . 2’/50 in
mediun infeotion and . 2.75 per bird in heavy 1ni’eati¢n.

42. In layers the sexual maturity was delayed by 7 days
in low infoction, 23 days in medfum infection and 46 4ays in
n compared to the negative control. Conscquently
the rate of eag production was less in infected birds, During |
an observed period of 66 days the tolal number of eggs la-&é by
bird with low infeotion was 43, with medium
d with heavy infeotion was only 3, as
laid by the negative contxrol bird.

neavy infectlo

the female
4nf cetion was 10 an

13, The feed efficiency of the infected birds were

gperefore YOIy 10w, It was coloulated that in low infeotion
tpe fomalo poquired i.0.65 worth of feed more than the control.

.6.15 and &. 11. 10 worth of more feed wns Yegquired

o cased of medium and heavy infcetions respectivelys

The prepatent period of mf@ction was found to be in

26° 22 days) and ahawed ls.t'ele

i

14.

erom 24 o 29 days (average
varis ation at the three levels of inf@atien. , "'».k

5. A 258 mortality was obaserved in exp\glﬂimmml chieks

cotod with 506 JuVenilas.

Gmss pathological changos of tha afféh\hﬂ proventr-

appmxenee of an iz*resumr Whﬁ‘ﬂ sh patch oD
corranj oxxﬂing to the

\ .'.

164

includad the
rosa by the 10th day post infga%em
of w@ Juvenues within the luman of the mr@m.

.’\ !

t

ghe B9
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congestion, ulceration aud neorosis of muocous membrane were
observed on the 16th day post infcotion. dmall elovated arcas
were seen in the mucosa by the 22nd day in places where the
juvenil es were found attached in eiustersg‘ By 100th day yost
infection the whole géf the mucous membrane was found to be
gtudded with nodular growths.

17. The microscopic ohanges observed in the mucous
membrane were of an acute inflammaﬁgan with a granulooytic .
renction and non-keratinizing squamous eoll metsplastic changes
by the 8th day post infeotion. dJuveniles of A.gpiPalis were
found within the compound glands on the 8th and 16th day post
4nf oction. Lymphoid hyporplasia was evident on the 12th and
14th day. Tbe lesions bocamo ohronie from the 18th day and by

100th day peduneulated £ibro-adenamatoid growths were found

wherever the woIms were attached.

In dispec

WW i

Tne haematological changes observed at all the three

1fic infootions with Ietrameres

18.
of infections were 1cucooytosis and eosinophilia on the

1evols

13¢h 42y
24th aay upto the obeerve

A pacrooytie nyposhromic anaenia
of the experiment (66th day post infeotion) and a

a ané monooytosis towards the 66th day poat

post infoction; 1 eucopenia and heterophilia from the
d period of 66 days after infoction.
from the 52nd day until the

1ymvh° eytopeni

gnf octiion were also evident.




161

19. The weight gain of all the 4nfectod birds at all the
three levels were found to be very poor from the 5th week to
4he observed period of 10 wecks post infection, The economic
1088 due to the dcoreased body weight was caloulated to be
&, 2.50 per pird in low infection, e 2,60 por bird in medium

ynf cction and Be3.20 per pird in heavy infeotion compared to

the negative controls.
20. In layers the sexual maturity was delayed by § days

in low snfectiony 32 days in medtum infection and 51 days in

heavy jnf eobion compared to the negative control. The rate of

roduction was also low. During an observed period of 66
o total number of oggs laid by the female pird with low
In medium and heaVy infeotion the ¢ggs laid

eg8 P

days +h

1nfe°‘tion was 42’
were 11 and 2 respectively, a3 compared to 53 6888 1laid by the
auring the same period. -

The £eed officienocy of the infected birds were |
three lovels., It was ealoulated

cont rol
21.

£ gnal ¢ Birds in low, medium and heavy infections

that the | |
0. 70y B0 4+ 50 and B 14,80 worth of fged, morc than the

required Bse
produce 8 dozen ©853.

aontrols Yo
of infection was found to ve in

p2. IThe prepa%ent period

£yol 47 to 50 days (average 48.22 days) in the case of T,mohtedal

and £70B 24 ¥

a.ppizali®

23, & 3333
ypf ooted with 500

o 27 days (avernge 25,22 days) in the casc of

mortality was obaserved in oxporimental chicks

juveniles oach of A.gpira
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24. Gross pathological changes in the affectod proventri-
oculi included petechiel haemorrhage in the highly congested
mucous %n‘embmne on the 2nd day post infeoction and irrggular
white pafohes on the secrosa charecteristic of the & Mﬁ
4nfoction, on the 12th day post infgction. T.mohtedai worms
were found in most of tle compound glands on the 100th day
post infection and the muccsa showed nodular growths charector-

4stic of A. spirglis infection. Some of the glands showed

14quifactive changes.
25, The mioroscopic changes obsorved were an acute
a of the mucous membrane with severe granulocytic
g the eai'ly stages followed by a chronic change
st the entire organ from the 24%th day.post infection.

inflammatio
reaction durin

jpvolving almo
Juveniles of As spiralis were also found within the compound

glands on the 20th day. Pibro-adenamatoid growths “charecteristie

of A. spiralis infection were evident on #he 36th day and pressure
atrophy with oystio dialatation of the compound glands were
ovident from 40th day post infeotion due to the female T.mohtedal

worms. Tho pathological picture was therefore a combination of

the changes scen in the monospecifie infections.

26. The results obtained in the present study indiocate that
poth Letramered mohtedni and Aougris spiralis are very pathogenis
to their host viee the fowl and are therefore coonomically
¢ results also show that the loss due to morbidity

jmportant, Th
a more than those duo to mertalily.

of infection wa
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ABSTRACT

Controlled experiments were conducted at throee leovels

of monospecific and dispecifio infeaotions with two commonly
ocourring spirurid worms of fowlas vizs Lebtramores mohtedad

and Acunrin spiraliss :
Tpo blood studics conducted 4n monospecific T.mobbedai

4nf ection revealed a normooytic normoshromisc anaenia and

cosinophilia quring the initial phase and later a macrocytic

anacala, neterophilia and slight monooyiesis by 66th day post

4nf cotiocne. The infected birds loa® considernbl e amount of

their body welghts
gexunl maturity and po
y peduced 638 PY0
£ worm8s in these 6Xp

onal to tho number of
affected proventriould indicated

In layers there was & great delay in
or feed efficicncy as indicatod by
greatl duotion. The pereentage of establishe-
eriments wore found %o be inverscly

ment O _
juvenil es adninistoreds The

preporti
onl changes in the
1ammation during the
a ehronie reaction whion by 55th day post¥

al eotablished iﬂdi@&&ﬁﬂgv%he-§GVQlopm¢ag of
the lator stages of infectlon.

| pﬂﬁhﬂlogi

an acute inf jnvasive phase of Jjuvenilos,

follaweﬁ by

infeetion was W
¢ balance towards

bloo@ changes in monospecific A.spiralis
philia was ovident initially followed by a
eytio hypoohromic

a host - pmraait

Among the

coaino
. and developmentd of a naceiv

other off eota duo to parasitian werc, dclayed

aﬂﬁﬂﬂiac . | ., .
poduced rate of 0gg production, poor foed officlencys




p Erderd
&

N7 yuroF
chicks. Tho gross pathologicnl changes in howariasis included

the appearance of an irregular whitish pateh on the serosa and
formation of nodular growths in the mucdcsa which in heavy
infections ocoupy the whole of the mucous membrane. Juvenil es
of A.spiralis werc found %o invade the eompound glands in very
hoavy infections. The microscopic changes indicato a severe
acute inflammation during the initial stages. Latei as the

disense became chronic pedunculated fibro-adonamatoid growths

were evident on the mucous membran Q.
In dispecific infeotions with I.mohtedni and A.gpirall
the baematologlonl changes obsorved were cosinophilia during

the ocarly stages followed Ay a leucopenia and heterophilia.

As the discase prosressed a macrooytic lypochromic anncmia

There was a great deorenae¢ in the live body welght

developed.
of the iﬂf@ﬁt@ﬁ birds. A mortality of 33@33% were obaarved in

th heavy infection. In layers the sexual maturity was

production was greatly suppresscd with consce
The gross and mioroscopie changes

chicks wi

delnyocd and eG8
d utilization.
etod proventriculi indicatold a gombination of

er monospecific infections of both the

quent poo¥ fee
found in the affe

lesionsg obaerved und

pamsite&

.. Phe results obtainod show that the loss due to morbidity
(mainly as 8 rosul® of deorenscd body weight and redueecd rate
of e85 production) was q?naid@rabl . These faots indlonte that

yiralis are sconomically importants





