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INTRODUCTION

The Kerala State has been recognized as one o f  the 

important Pou ltry  roaring areas within India. The rural 

population had taken to Poultry farming f o r  over two decades, 

to augument th e ir  fam ily  income and m ill ion s  o f  hen's and 

duck eggs are being exported outside the State annually. Most 

o f  the Pou ltry  are raisc-d on a amaH-scaLe-lndustry-basls, 

fo l low in g  the age o ld  barn-yard farming methods.

P ro f i ta b le  Pou ltry  rearing c a l ls  fo r th  be tte r  manage- 

mental measures including timely a tten tion  to the control o f  

diseases. While the losses  due to m orta lity  are immediately 

f e l t  by the farmers, losses  due to inciduous diseases such 

as those caused by p a ra s it ic  helminths are not apparent to 

the avorage pou ltry  ra isers . The morbidity, lo s s  in egg 

production o r  poor weight gain appears to account f o r  greater 

losses  than open in fec t ion s  resu lt in g  in immediate m orta lity .

No systematic e f fo r t  has been made to determine the 

i l l - e f f e c t s  due to le s s  commonly occurring p a ra s it ic  helminths 

such as the sp lrurid  worms. The main reason why such studies 

had not been attempted before was that, the l i f e  cycles o f  

these paras ites  and the range o f  intermediate hosts were 

unknown t i l l  recently . L i f e  cyc le  studies conducted at 

Kerala Agricu ltura l Un ivers ity  have thrown important l ig h t  on 

the b io logy  o f  a l l  Splrurid worms frequen tly  met with among
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poultry, so that i t  is  now poss ib le  to c r i t i c a l l y  determine 

the ro le  o f  these parasites in bringing about losses  to 

Poultry industry. A deta iled  study on the pathogenicity  o f  

the parasites to fow l would also help in  the early  diagnosis 

o f  the disease conditions and to in s t i tu te  timely measures 

^santrol.
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o b je c t iv e  o f  this present s m m

The o b je c t iv e  o f  the present study was* therefor©, to 

assess tho pathogen ic ity  o f  two important species o f  Splrurid 

worms namely, I  et ram ©res moht edai and Ecu a r ia  s p ir a l is , und or 

contro lled  conditions. The works chosen f o r  the study 

inhabit the pro vent r i  cuius o f  fow l and qu ite  often a mixed 

in fec t ion  with these worms are encountered under natural 

conditions o f  pou ltry  rearing. The present in vestiga tion  

was carried  out on experimental monospecific I . mohtodal and 

A* s p ir a l is  in fec t ion s  and d is p e c i f ic  in fec tion s  with both 

the parasites  at three le v e ls  o f  in fec t ion . The le v e ls  

chosen were; l i g h t  in fec t ion , moderate in fec t ion , and heavy 

in fec t ion . In a ser ies  o f  prelim inary studies, not mentioned 

in th is  work, the threshold number o f  in fe c t iv e  juveniles 

to produce the deaired l e v e l  o f  in fe c t ion  was determined in 

each case. The parameters observed were blood changes, gross 

and microscopic les ions , e f fe c t  on weight gain, age at f i r s t  

egg, e f fe c t  on egg production and feed e f f ic ien cy .
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REVIEW Off LITERATURE

TETRAMERQSIS

letrameres mohtedai was recorded fo r  the f i r s t  time in 

Ind ia by Bhnlae Rao and Rno ( 1944) who co llec ted  8 males and 

10 feanal.es from the pro ven tr i cuius o f  a fowl that died in 

Hyderabad (Deccan)* Subsequently, i t s  occurraice in India 

was reported by Anantaraman & Chandrasokharan Nair ( 1955) 

from Tamil Nadu; Sundaram et a l. ( 1963) from Kerala State; 

Purohit ct a l . (1965) from Maharashtra State; Mukhopadhayay 

and Varan (1965) from Bihar and Joshi & Karaalapur (1971) from 

Madhya Pradesh.

Sundaram j t  a l . ( 1963) elucidated the l i f e  cyc le  o f  the 

pa ras ite  f o r  the f i r s t  time using grasshoppers as the in te r ­

mediate hosts. Subsequently Mukherje & Sinha ( 1965) found 

that two species o f  beetles  Llatongus cinctus and Sphaerldlum 

quinauemaoulatua could be in fec ted  with eggs o f  T.mohtedal. 

lim  ( 1975) found that a Lopiflopteran ( Sctomorphn ru te l la )  

acts as intermediate host f o r  T .moht edai in Singapore. A 

complete deta iled  description o f  the developmental stages o f  

T .mohtedal. in both intcxmediate and f in a l  host was given by 

Sundaram (1971).

Almost a l l  the e a r l ie r  works perta in ing to the 

pathogen ic ity  o f  T.moht edai were based on natural in fec tion s
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in  fow ls and more or le s s  confined to the hlstopathology o f  

the a ffec ted  proventricuius ( Anantaraman & Chandrasekharon 

Hair ( 1955); Purohit et a l . 1965; and Joshi & Kamalapur 1971)* 

Tho  present in vestiga tion , there fore, appears to be the f i r s t  

on the pathogen icity  o f  I'etrameres mohtedai under contro lled  

conditions.

She pathogenic e f fe c ts  o f  other species o f  l e t  ram ores 

on bird hosts were reported by many authors (Barber 1916;

Oram 1928; Sugimoto & Nlshiyama 1937; Srivaatava 1939; 

lodd 1946; del Bono 1953; Popov 1953; Panobianoo 1955;

Haggi & Baken 1957; Ncry & Dubois I960; Sriramalu 19615 

Shevtsov & Zabello 1965; Graubmann & Grafner 1967; B la tt  & 

Nelson 1969; Karstad & Sileo 1971; and Hao jst a l, 1972). 

However no contro lled  experiments seem to have been conducted 

30 fa r ;  except in  the case o f  1 . f is s is p in a  by Cvetnjeva ( 1960) 

and in  1. an at is  by Chand ras ek haran (1977). Cheng ( 1973) 

stated that, when present in small numbers S .nmerioana does 

not produce serious symptoms. However, when la r g e  numbers 

occur, the avian host portrays dullness, wasting, emaciation 

and even death. Death duo to letramerea in fe c t ion  has also 

been recorded by del Bono (1953); Graubmann & Grafnor (1967) 

and Karst ad & S ileo  (1971).
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A00A R IA 3IS

Tlao occurrence o f  Acunria 3 p ira l is  was reported f o r  the 

f i r s t  time in  India by Hnpl eat one ( 1932) fro© a bronze -  

winged jaeona ( Metopldius indicua) from the Zoological 

gardens Calcutta. Subsequently Bhalae Rao & Rao ( 1944) 

recorded i t s  occurrence in the pro ven tr i cuius o f  a fowl in 

Hyderabad (Deccan); M uddiar & Alwar (1947) from Tamil Nadu; 

Sundaram jat a l . ( 1962) from Kerala State; Hukhopadhyay «

?arma (1965) from Bihar and Joshi & Kamalapur (1971) from 

Madhya Pradesh. Sundaram (1971) has given $ complete account 

o f  the l i f  e -cyc lo  with d e ta ils  o f  morphology o f  A. s p ira l is  

both within the l3opodco (in term ed iate  hosts) and fow ls.

The main seat o f  p r e d i l ic t io n  o f  A.s p ira l is  la  the 

lumen o f  proventricuius. But occas iona lly  they are also 

encountered in the oesophagus ( Hau 1959; Merkusheva & 

Kraevskia 1963; S la te r  1967; and Bwangamoi 1968) and small 

in te s t in e  ( Ahamad 1962; Hassnn 1966; Diaz-Ungrla & Torres 

Artigas 1966 and Bwangamoi 1968).

Acuqria s p ir a l is  is  known to cau3e severe pathogenic 

e f fe c t s  in  th e ir  avian hosts (A l len  1925; Oram 19 28; Kocjan 

1934; Bump et a l. 1947; Edmlnster 1947; Pijuan 19 49; Nescos 

1954; Bend e l l  1955; Olano Vllchez 1958; Wehr 1959; Hwang



Jiii £1*1961; Afnan & Mirzaions 1963; i>oo 1964; C atte leer  1965; 

Soulsby 1965, 1968; and Karat ad & S ileo 1971).

The h istopatholog ieo l lea iono in  natural A. s p ira l is  

in fe c t ion  o f  fow ls  wore studied by Joshi & Kamalapur (1971)* 

However, no con tro lled  studies have been undertaken on the 

pathogenic e f fe c ts  o f  the parasite , as the l i f e c y c l e  o f  

A. s p ira l is  o f  fow l has been reported f o r  the f i r s t  time, only 

in  1971 by Sundaram.

HABLA.TQLOG elOAh CHANGES ABD OTHER P A lH O G M IQ  BPP'lSCfS

Very l i t t l e  work has been done on the blood changes in 

helminthoses o f  fow l. P a r t icu la r ly  no information is  a va ilab le  

in  the l i t e r a tu r e  regarding the haematological changes in 

T*mohtedai and A .s p ira l is  in fec t ion s  o f  fow l. Olson & le v in e  

(1939) have studied the blood changes in experimental 

G ap llla r ia  oolumbae in fec t ion  in chicks. Wickware (1947) has 

recorded the blood changes in con tro lled  in fec t ion  o f  chicks 

with Heterakls g a l l in a e . The blood p ic tu re  o f  fow ls in experi­

mental in fec t ion s  with Asoarid ia g a l l l  and H. gal 1 in a e before 

and a f t e r  d ehelmint hi sat ion were studied by Kenezik & Lukacova 

( 1969). The e f fe c t  o f  coccid ia, A. g n l l i  and H. ga l l in ao  in dual 

in fec t ion s  were studied by P a t i l  et al.* ( 1972).
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jt^«196ls Afncm & Mirzmians 1963; ^>09 1964; Cattoloer

Soulsby 1969, 1968; and Karat ad & SUco 1971).

Tbe biatopatbolosioal Xosiono in natural A. aplralia

infection of fowls were studied by Josbi & Kamalapur (1971)*

However, no oontroUed studies have be^ undertaken on the

patl%)genio (^feota of the parasite, as the lifecyc^e of

A.apirQlia of fold has been r<3pox?t@d for the first tiae, only

in 1971 by Sundaroffi*

HABHAgQIiOaiOAli GHAMQB3 AHP OfHEg PA3PHOQMIO OTgC^S

Vezy little wozk has been done on the blood changes in

helffiinthoses of fowl# Particularly no information is available

in the literature regarding the haematologioal changes in

f*mohtedai and A.aniralis inf ections of fowl. Olson & levine

(1939) have studied the blood changes in okperimental

Qaoiiii^r^gt eoiuabae infection in chicks# Wic&ware (1947) has

recorded the blood changes in controlled infection of chiOks

with Heterakis fhe blood picture of fowls in experi-

amtai infections with Ascaridia g^ll end H.gQllina^- before

and after dehi@l®inthisation were studied by Kenezik & luka^va

(1969)« Ihe effect of ooooidia, A# ocelli, and H» ̂ ^lllnao in dual

infections were studied by Patil ̂ t (1972).
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MATj^IALS ARJ Mia!H3D3

(X)LLEOnOK Qg .m)M3

lozms for tlio present study wore oolXooted from Infeetod

proventriouli of exotic and desl fowlsi procured from Xocsl

liot^a add slaughter houses*

OQLLIQTIQH, MAlSgBUMQl St AHSIglQlAL
IHi?EQ2?IQK Of IKTERBIEQiAfE E)3!gS

Grasshoppers of the species Spathosteraum praaiaiforum.

Qoapftephpiufl maeulatus and Qxya aitidula caught from rice

fidds were used as intermediate hosts for Tetrameros

Xsopodos of the speoies Pore ell io laeris colleoted from

cattle manure and cultured in the lahoratoiy wore used as

intermediate hosts for Acuaria sniralis*

For the aainteaJMOoe and infection of intermodiato hosts^

the technique described by Sundaram (1971) was adopted.

mt,l,wnTlQ^ OF IHFEOflVE IAHVAI

The ©loysted third stage juveniles of were

harvested from grasshoppers on the 29th d^ after infeotiont

ao as to mmare lafeotivity of tHe Juvoailos to obldcs. liio
lartaa waro oounted and transferred to fresh phyalologleaX
saline solution and infeotlons "ere ott®pted slthln 2 hoars
after disseotion of grasshoppers.

Shlrd staso ̂ aoiralls Isrvno ware dlaseotod out from
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iaopodes on tbo 30tli day post ©xposur© of oggs. fho la^a©
w®ro counted and transferred to fresii pUysiologioal salln©

solution and Infections were attempted witiiin 3 hours after

collection.

iHfficmG fHE fiRAL mm

Counted numher of larvae were fed directly into the crop
of the birds usia^ a pasteur pipette*

|»A3?TO00ICM. SggPll

To study the pathogenic effects of the parasites on the

host^ observations ©a baeaatology (total ©rythrooytea, total

l^oocytes, haeao^obln^ packed cell volume^ mean corpuscular
toluffie, mean eorpusoular haemo^ebin, mom ̂ spusoular

ha^io^obin QonomtmUm and differmtial count), weight gain,
age at first egg, intensity of laying, feed ^fioionoy and

Matopathology were made.

for haematologieal studies blood samples were oolleetod

from the wing vein using di-sodiua salt of KSBlA (0.3 t© 0#4 mg.
per lai, ©f blood) as the antioooipilant, fhe blood samples wore

collected on the 6th, 13th, 24th, 38th, Sard imd the 66th day

post infection in the case of pure (moncspooific) Acuaritji

opiraijs and mixed (ilapeoific) infections with A.apiraii^ cmd

i*Mhtedai. and on the 3fd, 13th, 28th, 48nd, 86th and 70th day
post iafeotioa in the case of pure (monospecific) faMohteda^

infection, which corresponded to the differ^t stages in the

lifecy^es of the parasites involved.
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Total ei^tbTooyte and total loaoooyto oounts wero mado by

direct method uain^s I5amblar*s fluid (Hnmbiari 1961) as tb©

diluent. Duplicate counts wero madd and the averag© was token*

Haemo^obia percentage was directly rend from Sraia ©leetxonio

Haemo Photo Meter* Drabkin's solution was usod as the diluent*

Before taking the reading the mixture was gently agitated with

a ̂ ass rod to render the mixture dear by floooulating and

floating off of the turbid material.

Packed cdl voliam© was taken after cmtrifuging the sample

in bint robe's tubes for 30 minutes at 3000 revolutions per

minute. .

Moon eorpuseular volumet mean oozpuscular hnmao^obin and

mean eorpuseular ha^o^obin concentration wero oaloulated from

the values obtained above.

for differential count, duplicate smears from each scsaplo

were stained by modified copper peroxide method of Sato ^ Seteiya

(Mamblar, 1961) whieh gave better dlffer®itiation of eoslaophils

from heterophils and by Wrlght-Slcmsa. On© hundred cells were

counted from each smear and the average of the two was calculated.

The weight of the birds were recorded at wedcly intervals

after infection to note the weekly weight gain.

Peed efflci@icy was oaloulated by noting the amount of feed

r@(|uired la kilogr^vames to obtain a dozen ©f eggs.
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liJQ f@anl@ birds w©ro kept under observation for d@tcr*>

mining the ago at first egg nnd intensity of laying. Data

regarding the latter were collected only for a period of 66 days.

All the valuos obtained were Statlatioally analysed using

a randoi&ised blo<& design.

2o study the gross ̂ d histopathologlesP. ohanges produeed

by the varioua dov^opmental stages of the parasites in the

host, tho infected birds were autopsied on the 4th, 7th, 9th,

12th, 15th, 1dth| 25th, 32nd, 39th and 55th day post infection

in the case of aonospoclfic f.mohtodai infection, 4th, 8th, 10th,

12th, 14th, 16th, latb, 20th, 22nd, 24th, §Oth and 100th day

post infection in the case of aonospocific A. aoiralia infection

and on the 2nd, 8th, 12th, 15th, 20th, 24th, 29th, 3aftd, 36th,

40th, 56th and 100th day post infection in the oase of

dispecifio infections# 3ouin*s fluid and foraalino solution

were used as routine fixatives, fissues were embedded in

paraffin and 5 to 7 ya seotions were cut# Puplioat© sections
were stained by lUlie layer* s Haematoxjrlin and by Seidmhain* a

Asan stain. Special stains like fiero-4I^J.ory and Van Oipeon's

stain were employed wherever found necessary.

fliU Of SKf rnHMfa

fathogonlcity m& detea^lned In monospeclfio A. anirB^is

infection, mdnospecifio f.iaohtedai infection in dispecifio

infections with both the above parasites#
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for hacsaatoXogioal studios 36 White Log Bom ohidca

(24 moles end 12 fcmeles) proeurod from University Poultxy

fam, Mannuthy, wore wing bonded at 2 weeks of age and were

separated into 3 equal batohes of 12 birds each (S males ̂ d

4 females)^ by random selection* The 12 birds in each batch

wore th^ sub-divided into 4 equal groups of 3 birds each

(2 males and 1 female) by random s^eotion and infeotions

were given at three levels as follows*

Batch X
monospeoifle

infection

Batch XI
monospeoifio
X.mofatedai
Tnfeotion

Batoh III
dispooifie

infeotions with
A. aoiralia and
X*mQhtQd^*

Sroup I 100 juveniles 200 juvenilos 100 ♦ 200 luvenilea
@aeh eaob eaeh respoetively

Uroup II 200 juveail<
each

400 Juveniles
eaoh

Uroup III 400 Juveniles 600 Juvenile®
each

Omup IV negative
eontrols

negative
controls

•f 400 Juveniles
each respectively

400 * 600 Juveniles
eaoh rospectiv^y

Negative
controls

tor histopathologioal studies 3d Whit© Leghorn male ohieks

procured from the University foul try Fam, Mannuthyi were wing

Us^ded at two webk® of age and separated into 3 equal gmup®

of 12 birds ^eh# Oroup I birds were infeeted with 500 Juveniles

A'SPiralis eaeh, Oroup II birds were infected with 500
^uvonilea o£ g.mohtadal caoh anfl 0«»up HI Mrda wore infcotca

sitta 500 JUTsallea eoob of 4.oplralla ma l.aft6$SSal»
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PATHOGENICITY
DF

Tetramms mahtdai



oif g^MjsRis mohisdai

HAMAlOLOglQAL OBSEBVAglOaS

Xo study tiae liasmatoXosiosl altsimtlons in tbroo levels of

monospoeifio Totramcrea mohtedai Infeotion, the hlood sasiples

were oolleoted on the 3rd (oorrosponding to the third stage) t

13th (oorrosponding to the fourth stage)t ^th, 42nd9 5>^th and

70th day (00rrospending to the adult stage) post infootion*

She results obtained were as follows i-

gggAL @7flfla00IT13

The mean ovezall erythrocyte <^unt of the ̂ tire esperi-

cental groups was significantly lower (P<0#01) than the negative

controls*

The deorease in respeet of group I (average apabor of worms

establishod 68) was 18.09^ (P-c0*01)j in respeot of group II

(avQzage miaiber of tsoims established 114* 33) 22*6^ (P<0»01)
B®d in respeot of group III (avei^g® numbef of worms

establishod I64) 23*81^ (P^O.OI)*

On a further suialysis group I showed a deor^so of 37* 14^
(P<0*01) on the 70th day post infeotiony Group II showed a

deorease of 26«13^ & 25*9^ (P^0»05) on the 42nd ̂  56th day

post lofeotloa aad Cteoup III abowod a dsoroasa of 19«8^ (P-cO.OS)
25.7^ a 37.1«S (P<0.01) on tho 42nd, 56tb & 70tih day post

inf eot ion resp ©otivdly•

the total erythrooytos of the lnfd|Otcsd groups showed
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a gradual deoraas^ fz^m the 42ad day post Inf action and was

maximum by tbo 70tb day.

Ibc data are presented in Xabie 1 and are grapMcalXy

represented in Obart 1.

mean overaXl baemo^obin pareentago of tb# entire

experimental groups was significantly lower (1?<0«01) tban tbe

negative controls*

Sbe decrease in respect of droup t (average number of

wozms ostabXisbed 68) was 7*90 (1?<0#01){ in respect of 0roup II

(average number of woras estsblisbed 1X4*33) 11*78^ (P^0*01)

and in respeet of C^roup III (average number of woxms estabXisbed

164) 17.85^ (P^0*01)

On a further anaXysis, Ozoup I showed a deorease of 16.1^

(i*'<^0.09) on tbe 70tb day post infeetioni Oroup II shewed a

deorease of 15.2# (P'0.05) ̂  27*06^ (F^0*01) en the

42nd, 56tb & 70tb day post infection respectively and Oroup III

chewed a decrease ef 14.149^ (P^0.05), 28*10^ dt 24*71^ (^-^0.01)

on the 28th« 56th ̂  70th day post infeetion rospeotiviiXy*

fhus the haemoglobin pero^atage was found to bo

deoreased on the 70th day post infection in Oroup 1} 42 nd

day post infeetion in Oroup II and from the 28th day post

infection in Oroup III.

fhe data are presented in"tata.e 2 and are graphioalXy
represented in Ohart 2.

ilii
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PACgm) cm mPME

3?ho iseaa overaU packed o^l volaiae of the entire

esperlmental groups was sigaifioa&tly lower (P'^O.OI) than the

negative eontroXs*

She decrease in respect of Qxoup X (average numher of woras

estahlishod 68) was not significanti in respect of Group II

(average numher of worms established 114*33) 6*73^ (significant

at 1^ level) and in respect of Group III (average number of

worms established 164) 8.82^ (significant at 1^ level)*

On a further analysis, on the 96th and 70th day pest

Infection Group I showed a debrease of 7*31^ and 9*33^-(P<^0*09)

respectively; Group II showed a decr^^e of 20*8^ and 17*72^

(P^O.01) respectively and Group III showed a decrease of

20,84^ and 16* 69?^ (P*t0.01) roapcctivcly.

thus the packed cell volume of the infected birds were

found to decrease from the 56th day post infection*

the data are presented in table 3 and are graphieally

represented in Chart 3*

the overall mean corpuscular volume of the entdrc

®xperim®atal groups was significantly higher (P^0*01) than

■^be negative controls*

the increase in respeot of^ Group I (avera§e number of
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woxBis estal9lislt©d 68) was 35*89^ in respsot of

Gxonp II (aTorage amal^er of nozms j9atal4i.8he8 114*33) 26*08^

(P^O.Oi^) and in Tospeot of Group XII (average number of worms

ostabXiahed 164) 20*87^ (P^0.01^)«

On a further analysis, on the 70th day post Infeetion

Group I showed an Increase of 43*81^ (P^0*01^) I Group II

77*6^ (P-tO.01?S) ̂ d Group III 37.11^ (P^O.OUfi)

thus the mean oozpuscular ToX«n&o was found to he almost

normcO, upto 56th day post inf ection hut hy the 70th day a

sharp Increase was noticed In all the esperlmcntaX groups*

fhe data are presented in fahXe 4 and are graph!<^Xy

represented in Ghart 4*

fbe over^X mean corpuscuXar haefio^ohln ©f the mtire

expenmentaX groups was slgnlflcantXy higher (P-tf0*O1) t^ the

ne^tive controls*

She Inor^e in reapeot of Group I (avei^go numher of

worms established 68) was 15.23^ (P^0*©1)| in reapeot of

S^rottp II (average number of worms established 114*33) 19*59?^
(3?^ 0.01) and In respect of Group III (average number of worms

established 164) 14*32?^ (P-^0.01)*

When further analysod, Group I showed ̂  increase of
32*9*^ (P^ 0*01)1 Group II 57*^^ (P^0*01) and Group III
25*93^ (P^0.05) over the oontroXs on the 70th day post
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inf eetlon«

fhe meaa eozpusouXar lia@ao^obln was fouad to 1»e slmoat

nomal upto 5S%h day post inf eotioni "^t Isy tlie TOtii day an

inoroaso was notlaed in all the ssps^Lmental gmnps*

!£ho data are presented in 3Ial£le

MEM! COHgOSGDliAR HAmO(Sl.OMIf QOKClSIEHAglQi

The moan oorpusoular baemoiPLobin eonoentration of ttoe

experimental gronps allowed no si^ifioont differenee from those

of the nopitive controls. Howorer by the 70th day post infection

all the siroups showed an average decrease of 9»3C^ (not

aignifioant) Indicating that the anaemia is becoming hypochromic#

fOfAL LSgQOOYgES

The total leucocytes of the entire experiments groups was

sigaifioantly higher (P^ 0.01) than the negative oontrols.

The increase in respect of 3roup 1 (average number of worms

established 68) was not signifioantf but In reap set of &*eup II

(average number of wnnas established t14.33) and droup III

(average number of wonas established 164) the increase were

10.01^ & 27#44?^(0ignifieant at 1^ levil) respeetlvely over

vhe oontrols*

On farther analysis, Oroap I showed an increase of 44.02^
119.13^ (Pxo#01) on the 3rd and 1|th day post iafeotton

respootively, Oroap Illshowed an inoreas® of 97*8^ ̂  147*80^
(^-^0.01) on the 3rd and 13 th day post infection

respectively, and &roap III showed an increase of
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52.90^, 132#27^ & 68.97?^ (P^O.01) on the 3rd, 13t;b, & 42ad

day poat infection rospeotlvoly* On tfci© 56th day poat

iiafootion all the oxporimmtal €;roiipa ahowed a sis^fioqnt

deoroase of 46#99^ (P-^O.OS) and on the TOth day post

infeotion the docroaao was 26# 23^#

Thas a leaoooytosis was observed upto 28th day post

infeotion in Qronp X ̂  Group XX and upto 42nd day post

infeotion In Group XXI* On the 56th day a leuoopenia was

observed in alX the experimontol groups whioh by the 70th day

post infeotion was less markod*

Ihe data are presented in Xabl© 7 and ar© graph!©ally

repros^ted in Ghart 6*

Epgi^opms

£h© overall eosinophil peromtage of the entire <^@rl«-

mental groups was sl^ifloantly higher 0*01) than the

negative controls#

^he inorease in respect of Group X (average number of

wosftis established 68) was 53#6# (f^§#01) in respeot of

Group II (average nunber of worms established 114*33) 42*11^

(^zo.OI) and in respect of Group III (average number of worms

established 164) it was 91*60^ (P^0#O1) over the controls#

On further assiLysis, Group I showed an inoroase of 114*#

^ 94*33^ (1P^0*05) on the 3rd ̂  13th day post infeotion

respectively, Group II showed an incr^se ©f 85*8^ ̂  I0#0#
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on the 3r<i !k day post Infeotion re^eotively# (^3?oup III

showed an laoreaso of 143.393^ (PzOoODt 89^f 65. n?S(P'^ 0*05)

and 127.67^ (P-^0.01) on tho 3rd, 13th, SSth & 42nd day post

infeotion reapeotively.

S?hu8 eosinophiXla was observed on the 3rd and 13th day

in Oroop I, 3rd and 28th day in Oroup XI and the 3rd to

42nd day in Oroup III*

She data are presented in fable 3 and are graphloally

repros^ted in Chart 5*

Hgf»pma

The nean heterophil poro^tage of Oroap III was si^i-*-

fioantly higher (P^O.01) than the negative controls.

Initially thor© was a deorease of 27*25^ on the 3rd

^oy post infection la all the experiiaental groups, lot on

the 42nd day post infeotion Croups XI and 1X1 showed an

increase of §0^ and 50,72^ CP/.O.05) respeotively. On the

70th day post infeotion, Croup XXI showed an inorease of

66,47^ (P-^0.01) over the controls#

The data ar©j>resfflited in Table 9 and are graphloally

r^r OS anted in Chart 7.

The overall basophil peroeatag© in the ©xperlfflmtsdl.

groups showed no si^ifleant dlfferoac© froro the negative

control®.
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Iho data ar© presented in Sable 10*

LYBflPHDCYT^

Sbc overall l^mipbooyt© porocnta^e of the entire experl-
mental groups was significantly lower (P-iG.05) than tbe

negative controls# X
V

no decrease in respect of Group I (average nuaber of
\\

wonas oatablisbed 68) and Group II (average number of woisas

cstabllsbod 114#33) were not significant, but in respect of
Group III (average number of worms ostabliahed 164) it was

12*94^ (signifioant at level)#

On further analysis, Group III showed a decrease of

25#70^ and 33#50^ (P-^O.OI) on the 4aid & 70th day post

infection respectively over the controls#

Ihus lymph©oytopenia was observed In heavy inf ections

from the 42nd day post infection.

The data are presented in Table 11 and are gmphic^ly

^©presented in Chart 8.

MONOQYTiai

The overall menooyte percentage of the entire expori-

®®htal groups was significantly higher (P-^0.01) than the

^ogative control Si

Group I (average number of worms established 68) showed

ho significant differ^ce, but th® increase in respeet of
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Group II (avomso number of worna oatabllsbed 114»33) and

Group III (average numb or of worms oatabHshoa 164) wore

67«43^ 6: (?<<-0*01), respeotlvcily over the controls#

On further onolysls. Group II showea an inoreaso of

143*223^ ̂  17^^ (P^0#05) on the 56th an^ 70th <^ay post
infeotion* Group III showed on increase of 157.51^ and

166.659^ (p/.0,01) on the 56th and 70th day post lafootion

respectively#

Thua ffionocytosia was observed In birds harbouring more

than 114 worms from the 56th day post Infeotlon#

The data are presented in labl© 12#



- 1 — St^dsig eomt ia tlaree lerrels of monospeeifie f. laohted&i lafoetloa
witfe aegatlvo eoatrols. ~

XI afi(»)P 1X1 aioop X?

8 9 10

All v^OFe® la sdLlXl^Bs/xai.ass. of /bl^d

AiaaXyslg of YerXaa^ ̂ ble

11 12

3rd 2.56 2.54 2.46 2.65 3.01 2.60 2.55 2.65 2.84 2.33 3.67 3.21
wEfc

13

28

ad
42
m

56

70

3.i34 2.^3 2.39 1.81 2.75 3.39 1.85 2.35 1.89 2.86 3.19 2.49

2.03 1.81 2.00 2.33 1.47 2.02 1.99 1.85 1.88 2.33 2.53 2.25

2.09 1.33 2.05 2,17 1.51 1.52 2.16 1.92 1.56 2.51 2.27 2.26

2.06 1.80 2.12 ̂ 1.90 1.67 1.61 1.82 1.65 1.72 2.44 2.50 2.06

1.52 1.65 1.64 0.93 1.25 1.40 ;  1.22 1.68 1.91 2.35 2.40 2.90

S^^?eo df

5-039

9.836

6.936

1.679

1.967

0.110

15.270 «*

17.881 ««

21.811



WSM 2 - abowl&g values la -^se levels of la^aoefs^flo 7. ttohte^ iafecrli^ eoiqpa7ea
Bftth tlae a^Uve (tf»a^ls«

SAfS
mm X OBOOF IX III mm X?

1 2 3 4 5 6 7 8 9 10 11 12

3^ 7.6 7.4 7.4 8.2 9.0 8.8 8.0 6.8 6.6 8.0 8.2 3.4

13^^ , 8.6 7.8 8.6 7.6 9.8 7.2 8.2 7.6 6.8 9.8 8.8 7.8

th
28 8.5 0.8 8.0 8.4 5.6 7.8 6.8 7.8 6.6 ■■ %0"' 8.3 8.4

ad '
42 7.6 7.8 8.4 7.8 6.8 6.6 7.7 8.0 6*2 7^-- 8.4 8.8

Ah
56 6.2 0.2 8.4 7.4 6.7 7.6 7.0 5.8 5.6 8.2 9.4 8.0

70 7.8 6.6 7.0 5.6 6.4 6.6 6.2 7.0 6.0 8.0 8.9 8.6

All vsluea in grm pereenteige

JaaBlyels of yiarieaTO gaM,e

^uroe af S& ISf

Betvesan fre&lnteate

Betweea Ss^e

Bnror

3

5

63

26.022

9.522

3t.509

8.674

1.905

0.500

17.540 f*

3.810 **

SOSM. 71 67.053

** Signlfloaat at 1^ lerc^.



^  ̂ «e2l m taim isnreie of oofiospooifle 5- aohtedcn ittfootloa cougmred
acigalivo ooaizole.

t3

42

n

mi

76

3©.©

31.5

35.6

31.6

32.0

36.0

2^.0

31.6

3.0

2S.0

30.0

31.0

^-6

34.0

3.0

30.0

4

30.0

31.0

3.6

31.0

24.0

36.0

34.0

3.0

23.0

25.0

2S.0

mm u

6

30.0

27.0

31.0

21.0

25.0

29.0

111

8

30.0

26.0

30.0

27.0

27.0

30.0

32.0

30.0

31.5

24.0

29.0

30.0

23.5

28.0

26.5

25.0

24.0

mms 17

10

51.0

25.5

29.0

28.0

31.0

30.0

11

31.0

33.0

29.0

32.0

35.0

33.0

12

31.0

28.5

27.0

33.0

30.0

33.0

SSStiPTO

5

5

63

71

2^.166

^.666

361.168

628.000

** ©t 1^ level

lUS.

76.055

7.753

5.732

1?

13.267 «♦

1.349



- 4 * TOltme in 'timHs levels of ooBo^e^fle f« aohted^ lofeotion
tsfos^smd 4ke negotive eontools*

mm X CS@l^ XI ai(^ XXX mm 17

1^8
1 2 3 4 5 6 7 8 9 10 11 12

3^ 117.19 118.11 121.95 113.21 99.67 115.38 117.65 113.21 105.63 133.05 84.47 96.57

13^: 94.31 I1O6.23 129.71 171.27 123.64 79.65 153.01 136.17 124.34 89.16 103.45 114.46

28 ?;^^f72.41 165.75 175.00 124.46 170.07 153.47 130.65 162.16 148.94 124.46 114.62 120,00

42^ : ■■143.54- fe.os 165.85 142.86 185.43 138-16 138.09 164.06 169.87 111.55 HO. 97 146.02

56^ 150.49 161.11 13^.79 136.84 149.70 155*28 148.35 145.45 145.35 127.05 140.00 145.63

70^ 210.53 151.52 182.93 258.06 ^.00 ^.14 221.31 172.62 125.65 127.66 137.50 113.79

Ml mlms. in mhS^ a&cnom
ATOBtiyBig of yeariSBoe ^ble

Sssmn 4f S§ ms If

Bsmr

3

5

63

13990.5

34911.8

354T5.4

4663.500

6982.360

563.102

8.^ ««

12.399 »*

71 84377.7

»» Sig?3lfl^ist S;t 1^ level.
a



o 5 ** if^m oaj^tstmler hceflio^XoMJs in three levels of mmoBpeotfio mohtedci iofeotion
eot^[^@4 with ztegsntive (»mtrols>

IX <^00P IIX (KtOUf XV

lifflCS

1 2 3 4 5 6 7 8 9 10 11 12

th
13

29.69 ^.13 30.08 30.94 29.90 33.85 31.37 25.66 23.24 34.33 22.34 26.17

25.75 28.57 35.98 41.99 35.64 21.24 44.81 32.34 39.98 34.27 ;h.59 31.33

ih
28 \.m*m 43.09 40.00 36.05 ^.10 38.61 34.17 42.16 35.11 34.33 32.81 37.33

42 36.36 58.65 40.^ ^.94 45.03 43.42 35.65 41.67 39.74 31.<» 37.00 38.94

th
56 k>.io 45.56 39.62 ^.95 40.12 47.20 . 38.46 35.15 32.56 33.61 37.60 38.83

70 51.32 40.00 42.68 60.22 51.20 47.14 50.82 41.67 31.41 34.04 JfiOa 29.66

ATI i@ adL^tmii&oxo

Jnelaraig of Vagiiiaee fahle

4t P

Setwe^ freetmcaate

1^8

Irro;

3

5

63

641.S40

1590.920

1883.720

213.947

318.185

29.900

7.155 *«

10.642 ̂

71 4116.460

srt level.
w
o



- 6 SicffRiJsg ̂  mx^mmlesp beamglohiD eoaefintz«&ti<m ta three levels of ieoB08|>eoifie
f• fflOlrtcdst isfeotioB ooi^^red mff&tlre eootrole.

11 (SiOl{? Ill (mm IV

411 ve3ise8 Ifi iiereeistcee

Wanat&t

Mtn&m

Irror

^OfAL

Aimljroie of Verioae® fsshle

M S8

3

5

63

113.452

74.831

910.328

37.817

14.966

14.449

2.617

1.036
n*8«

71 1098.611

1 2 3 4 5 6 7 8 9 10 11 12

wA
3 25.33 2|4.67 24.67 27.33 30.00 29.33 26.67 22.67 22.00 25.81 26.45 27.10

15 27.30 26.90 27.74 24.52 28.82 26.67 29.29 23.75 28.94 38.43 26.67 2r.37

28 24.29 %.00 22.86 28.97 ^.40 25.16 26.15 26.00 23.57 27.59 28.62 31.11

KKi
42 25.33 25.16 24.7:1 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 ^.40 25.93 32.50 22.40 26.45 26.1^ 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

m.8. l9t filgBlflOGBSt. %*»



. 7 • ISm limeoesf&e «ou&t in lercAn ot mms^'^tlo 9» maitedei inf^eoti^n
i9tt%i negsitiyn eonizoie.

XZ XXI ^gp IV

1 2 3 4 5 6 7 8 9 10 11 12

tj

40.C@ ^41.34 38.99 45-30 52.00 63.00 48.00 34.21 45.54 30-00 28.22 25.33

5&*00 43-32 30.60 48.44 38.00 59.45 46.00 ^8.00 42.00 18.00 18.80 14.00

lb
m

M

-  5^*^ 29-^50 26- 26.00 35.10 32.00 34.^ 30.00 32.88 ^50 29.10 28.00

Wm
42 27^10 13i50 27.80 20.30 23.10 29.80 36.70 36.40 20.70 16.90 23.30
m

10.00 16.20; 7.8056
Aia,

14*90 t3.®0 8-70 14-^ 12.20 18.(X) 24.20 13.10 35.50
_

70 14-32 24.60 10-22 17.32 14.88 15.32 16.44 18.44 16.00 21.10 21.76 23.54

£2,1 bs^ in aetiMiidey of l)ldo4.

&B&tXy^B of 7n^imGe 3i&6Xe

*■

4£

«  3 2486.849 828.949 24.991 **

5 5789.194 1157.838 34.766 ««

Wes^ 63 2098.(^
•

33.302

mm 71 10374.128

«® et Xsvel«
t0»

§



^ftAHT.;e - Q - sfcoidUig 'Hj© p©r<^iteige of Bosdoof^Xs In ■&»«© levels of noBospoolfie jP« leohtetoi infeetlon
eo^nred vsith ^je aegntiv© ^ntzols*

OlODf n HI 6B01I? IT

BMS
1 2 3 4 5 6 7 8 9 10 11 12

5.0 1 4.5 5.0 5.0 3.0 5.0 6.0 8.0 1.0 3.0 3.0

th
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

28 T.Q 3.0 4.5 6.0 6.0 4.0 6.0 7.0 3.5 3.0 3.0 f.O

«4
42 5.0 3.0 3.0 3.0 5.0 2.0 6.0 5.0 9.5 2.0 5.0 2.0

56 3.0 3.0 4.0 3.0 5.0 5.0 3.0 4.5 5.0 2.5 3.0 2.0

TO 2.5 3.0 3.0 2.5 3.5 3.0 4.5 3.5 1.5 2.0 2.5 1.5

Sewe<^

mm.

AaeJbfgl© of VeaAoace ^M.e

4f

3

5

63

71

«» Slgolflof^ ot 1^ level
* Sipdfiecnt ct 5f> l®v^.

81.736

33.944

160.306

275.966

6.789

2.545

«*

10.708

2.668 »



- 9 «

U

4

f • ntihtedeUL ln£eotlon

mm lit mm XV

8 9 10 11 12

25.5 2^.0 20.0 17.0 33.0 25.0 18.0 24.0 30.0 35.0 ^•0 34.5

13 32.0 36.0 37.5 20.0 35.0 51.0 23.5 40.0 32.0 42.5 23.5 4^.5

24.0 16.0 40.0 38.0 28.0 36.5 27.0 56.0 26.0 36.0 27.0 32.0

42"^ 78^5 50.0 37.0 41.0 38.0 26.0 35.0 41.0 29.5 21.0 19.0 30.0

56^ 19.0 32.0 42.0 31.0 33.0 32.0 47.0 28.5 29.0 31.5 23.5 29.0

70^ 20.5 17.5 44.5 18.5 25.0 35.5 39.0 39.5 58.0 31.0 23.5 27.5

SiWrod

Srsor

seoSAZ*

mm

9

5

63

71

1134.595

201.449

3322.676

4658.720

378.198

40.2^

52.7408

7.170 *•

0.763

w



'ii&ME > 10 the per&Bmktge of ̂ soplills ia l^tree levels of noxmsiieelfie £. irohtcileJ. iafoi^oa
vd-feli the a^^atlve coatzolo*

S002 I mm n 01too? Ill mm IV
1^8

1 2 3 4 5 6 7 a 9 10 11 12

0.0
1

0.5 0.0 0.0 1.0 0.0 0.0 1.0 0.0 1.0 0.5
%ll

13
jii«-

0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.5 0.5 0.5 0.5
w

osk

- - <*.

0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
nft

42 0.0 0.0 q.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

56*^
to""

1.0 0.5 1,0 0.5 1.0 0. 0 0.5 0.5 0.5 0.5 0.5 0.5

0.0 0.5 o;5 0.5 0.0 0.5 0.0 0.5 0.5 0.0 0.0 •0.0

ABBlygis of ?agtaaee Steble

StoOTOG df

Irzor

3

5

63

0.583

2.292

6.000

0.194

0.458

0.127

B.8
1.532

3.612 »*

SOfAL

#«

71

Slgi^£l^sat at 1^ level.

10.675

w
vn



- II
. nohteaai. iBfeotioB

HI — 1

mmB 11 m 17

MIS

1 '  t 3 4. 5 6 7 8 9 to 11 12

tA
3 67.0 5f.O 7O»0 72.0 60.0 67.0 71.0 68.0 58.0 60.0 60.0 57.0

13 55.5 57.0 56.5 T5.0 60.0 63.0 69.0 50.0 61.5 52.0 71.0 66.0

as 6S.0 @ll»Q 55.0 52.0 64.0 58.5 66.0 55.0 68.0 60.5 69.0 63.0

Hi
42 73.5 65.0 58.0 52.0 54*0 67.0 55.0 48.0 56.0 75.0 72.0 67.0

56 75.0 62.5 50.0 61.0 54.0 60.0 43.5 59.5 60.0 62.5 70.5 67.5

7© 73.5 76.0 47.5 75.5 64.5 54.5 50.0 53.5 33.5 66.0 71.5 68.5

..A iTSiS 01I Yas^osee ^iG

i^vee 6£ ss ]ISO j?

IB

seta 3

5

1454.580

111.030

498.195

22.206

6.1^

0.365
B.S.

iTEor 63 ^28.620 60.772
■

•ifom 71 5434.230

®# 1 IBt Rt IW^ w

B.a. } L£jL^^BIt6^



f  _ 12 • SiQi^afi
fion^poTc

I tbo mrom ê of ItoBOoytro In thr®® of laBftofipeeifto f. raobiode^^ infection
!d isitb ̂  asgatlv® eoatnols.

61ssm I mm 11 <^082 in omvs vr

SgfS
t 2 3 4 5  6 7 8 9 10 11 12

2.5 6.0 5.0 6,0 2.0 4.0 8.0 2.0 3.0 4.0 4.0 5.0

13 3.0 a.d 2.5 2.0 1.0 3.0 2.0 2.0 2.0 2.0 2.0 2.0

28 1.0 $.0 0.5 4.0 1.0 1.0 1.0 2.0 2.5 03 1.0 1.0

iHi
42 3,0 4.0 2.0 4.0 3.0 5.0 4.0 6.0 5.0 2.0 4.0 1.0

56 2.0 2.0 i.o 5.0 7.0 5.0 6.0 7.0 5.0 3.0 3.0 1.0

to 3.5 3.0 4.5 3.0 7.0 6.5 6.5 3.0 6.5 1.0 2.5 2.5

,

of Yoxima^ ̂ 6Ie
•

$01sre® M im 2

2S6tSfeDKaote 3 45.236 15.079 8.084 ««

Segrd 5 85.236 17.847 9.568 m

Irsor 63 117.514 1.865

7t 251. W

«» at 1^ lev®!.
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M MONQgPECrFtC I. MOHTCDAI INFECTION

CHART 3 PACKED CELL VOLUME
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56 70
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5"

CHART-7 HETEROPHIUS

W 40-

-tc

/V?""

-1

5
■—»

TO15 28 42

( Days af-^-er, mfeot ion)
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cLisriCMi sYEgpioms

During the first two woc&s of infection the obi<&s

oxMMtQd a masked loss of appetite and were dull and drooty-

As tbe disease progressed the hirds heoame weak and unthrifty

due to poor feed Intake* Anacsala was evident froia the 6th

wedfe post Infection and hy the 10th week the birds had lost a

considerable aaount of their body woight* In layers the

sexual maturity was delayed and there was decline in the rate

of egg pzoduction*

WHQgg GAIH

fhe mean overall weight of the experiiacntal birds showed

a significant decrease (P-^0.01) compared to the negative

controls*

The decrease in respect of Oroup X (average number of

worms established 68) was 19*50^ (F'^0#01)} in respeot of

Oroup IX (average number of woms established 114»33) was

22# 6^ (P-c 0»01) and in reap eft of Oroup III (average number

of woims established 164) was 25»7(^ (P^0«01)*

On a further ̂ alysist the decrease in respeot of Oroup I

was found to be 34# 29^, 28.4^ and 3T#59^ (P«:0*01) on the 4th,

7th and 10th we^ post infection respectivelyj in respeot of

Oroup II was 3#73^» 30*48^, 37*04^ (P^OtOI), 22#08l^ and
25*35^ (PZ0#©5) on the 9th, 6th, 7th| 8th and 9th weds post

infeotlon respiotiv^y and in respect of Oroup III was 31#42S^»



43

35*13^^, 34* 29«63^» and 23* (FZ0*05)
on "the 4'tb, 6tby 7th, 8th and 9th wodk post lafeotlon

reapootiv^y.

Ihua tho weight gains of the @xp®i?imental groups woj?e

found to be poor during the 4th to tOth week post infootion.

On th© 70th day pest infootion th© nyemg© dooroaso in th©

live body weight was found to be 235 gtmrn (19.3^) in

Croup I, 258 grams (Zi-Zll) in Group II and 347 gr^s (J^*45^)

in Group III, ooiapared to the nogative oontrols which showed

an average live body weight of 1216*66 grams.

IVenthough th© strain of birds used were exolusiv^y

ffleant fore egg production the loss of income due to poor

height gain was calculated on the basis of the ourrent prico

of live body weight (lb# 6. SO/Kg.). 2?h@ loss in Group I was

^#1.50$ in Group IX ̂ .1.70 and in Group XII is. 2. 25 compared

to the control birds.

fhe data are represented graphically in Chart 9*

aOTiL MAIGBIIY AHh Ihl^sm OF LAYIMG

^ho age at first egg was taken as the time of attainment

®f sexual maturity* Ihe experlQKmtal groups showed delay

attainment of a^al maturity oompared to the negative

Patrols, which laid its first egg on th© liaid day*

2?he delay m& 5 days in respect of Group I (number of

^orss established 77)j 11 days in respect of Group II
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(nuober of mm& estoblisbed 137) oad 33 Says in respool; of

Group III (number of woiaa ostabli&b©^ 184)•

Tbo rate of egg production was very poor with laok of

porsistanoy and long pauses* During tie observed period of

66 days, tbe total number of eggs produc^^ by Group I was
V'

391 by Group II 32 and by Group III only 8« Wbereas tbe

eggs produced by tbe negative control was 95«

Ihe egg record of esperimeatal and control birds are

given in fable 40*

PBIP WIOX^Qf

fhe «|uantity of feed in kilograias requires to produee a

doz€^ of eggs was oaleulated for tbe f^ale birds^ sineo tbe

strain of cbicks used (Myohix) were esduslv^y meant for

egg production* fbe feed effiai<mcy of Group I (number of

worms establlsbed 77) was 1*98; of Group II (number of

establisbed 137) 2*19 and of Group XIX (number of worms

establiabed 184) 5*29« ^be feed effioieney in the ease of

the eontroi was found to be 1.9*

Ihus the feed effioi^cy of the oKperimcaital birds were

signifieantly lower when compared to the negative controls*

06G.Qulating the loss of Income on the bails of the

curr<mt price of feed (ir* 1«90/^g* )f Group 1 required 65 paise

worth of feed; more than the controls to produce a doz^ of

eggs, while Group II md Group III needed He* 1*00 and ®5*5*6©



mrth of food roopootiVGl3r» moro than the ooatsolo*

fho prepatoat period of lafeotion ia the oaae of Clzoap I

(average naahor of noxms ostahXishod 6S) was foaad to ho la

fzofli 46 to 49 da^s (average 47*66 da^s)* ia the ease of

Group XZ (avoi^go zmmher of wozma €@tahllshod 1X4*33) was ia

from 47 to 49 days (average 43 days) aad in Group XZX

(average numher of woras oatahXiahod X64) was ia from 49 to 94

days (average 51*33 days)*

fhus the propateat peH^od of iafeetioa was found to

not iafluaaeed hy the aumher of woms estahXished*

The data are presented ia XahXo 13*

dii the iafeetioa eKperimentsi during the ourrent studies

were oondueted with infective juveaiXes (oaoyated third stage)

aged 25 days, dissected out from grasshoppers as outXined

under matexiaXs and methods* It was found in preXiminary

experiments that the number of larva© harhourod hy the

intermediate host iJsd appar^tXy n© iafXueaee on the

suhseauent estahlishmeat of the parasites, as the larvae from
heavily infected grasshoppers established to the same ̂ t®at
as larvae from lightly inf eoted graas^ppers* In these

esperlmeats it was also noted that more than one larva could



to© fovmd la a sia^e oyat as moatAoaed toy Sundarao (197l)»

Bowevor la ©xaep^bloaally to6®.vy laPooiiiloas as maay as ovosP 20

larrae ooiHd toe seea la a siagLo oysto ( JPlategryif. 1 ) aad

a total of over ̂ 00 juvoailos ooaXd toe toarvostod fxom a

alagilo ^aasstoopper* Stols ooastltat© aa addltloMl otos<af^tloa

oa the deveXopramt of the worn withia the iatorfflediato host.

Ihe peroeatag© of ©statolisha^t was oaloulated from the
auffitoer of woms found la each tolrd at autopsy aad the aumtoer

of Izifeetive larvae administered to them# ^or better

oorrelation of results the poroeatag® ®f ostatollshnaat mB

eoasidered rather than the namtoor of ̂ veailos admlalstered,

In all the expenacts.

In Oroup I (infeeted with 200 ^v^lles eaeh) the average
number of woias recovered was 681 (22»59^ males & T7#4^ females)
giving an establishment perofflatage of 34^*

In Oroup II (infected with 400 |avenlles each) the averse
number of worms recovered was 114#33»(30*^'^^ males & ̂ #39^
females) giving an ©statolishmeat porc^tsge of

In Oroup III (infected with 600 luvmallos cash) the average
number of worms re^vered was 164#(34*7# males & 65#2#
females) giving an establishment pereeatage of 27#33^#

Ho worms were present in Oroup If as it eoastituted the
negative eoatrohs#

Ihus the percentage of estatolishmeat decr^sed when the



izif eetiv@ dose wae raiaod* Since it m0 not the aim of the

present Inyeatigation to find out the tuantum of infeotlvo

dose to give a maximum percentage of estatOLisj^enty no

attempt in this direetion was made*

She data are presented in Sahle 13*
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WXBber of vozns developed
Foeeeetoge ol
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1 mo 44 14 63 n 38.50SI

&  2 imo 48 19 47 66 33.00^

5 200 49 13 38 61 30.50^

mm mQ 204 34.005?

4 400 48 41 06 127 31.755?

B  5 4m 49 29 73 102 25.50^

S 400 4t 35 B9 114 28.50^

'S{m4 1200 343 26.535?

t 400 54 58 126 164 30.67^

0  0 400 51 54 112 166 27.67^

400 49 59 83 142 23.67^

1000 492 27.335?
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HISgOPAgHDLOglCAL OBa^BVAglQHS

So stttd;^ tiao l)istopatliologloai|. ebongos produced liy tiio

various dcvclopracntaX stages of Setramorea mohtodai la the

pioveatrloulus of the host, ohltics wcsro Isfoeted with 500

Juveniles and were daughtered on th© 4th (oorrospondliig to the

third stage), 7th, 9th, 12th & 15th (eorrosponding to th©

fourth stage), 32nd, 39th Jfe 55th day (corrosponding to the

adult stage) poet inf eotion. She changes ohssrved were as

follows s -

QB033 hSSIQIIS

Unopened pro vent riculus of the chi«fe slaughtered on the

fourth day post infection appeared nomal to the nshed eye*

^hen the organ wsus cut open the lun#i was found to he filled

VIth copious aucous seorcation* IhsiBerous peteehidl l^caorrhages

were ao@n on the nucous mcnhraiw especially around the

d3.andular openings* liarge numher of Juveniles were found

t^tedded in the mucus in these areas*

On th© twelth day post infection the prov^triculus was

cne and a half times the normal siae with a eomparatively hard

texture* Wh@» the~organ was opened preventrieular tsdl was

^ound to he very much thi^<med and the lumac contained straw

floured ©xudate, fhe mucous m^hran© was int^sdy congested

vith focal ar<^s of erosion of the epithdial lining*

On the twenty fifth day post infection pin head sised



Isladc spots wsro observed on'&e sesosaX auxfaoe repreaoatlng

the i^anda infeeted by the feaaXe «)oms* When the ov^m was oat

opened a ouooparuXeat esudate was seen bXcdcing the #aadaXar

openiiigs and the infeoted gLands were weXX raised above the

surface of the mueosa*

On the fifty fifth day post infeotion the serous surface

of the proventrieuXua appeared mottXed and the aiae of the organ

was increased than the noxmaX (Flate»* t Fig* 1)* When cut

opened the lumen of the organ was found to be very much reduced

due to thialc<med waXX. fhe gLanduXar openings were very

prominent In the muoosa* Cheesy semisoXid exudate along .with

engorged f^aXe worms were observed within the oompound glands*

MIQBQSOQPIQ

On thft 4th day nost infection

She proventriculus of the ohi<^ sXoughtcrcd oh the fourth

day post infeotion showed within the lamina proprla out seetiohs

of the juveniles surrounded by a severe granulecytic r^etion

(Plate II fig# 2 )# 2he inflaaimatory reaetion was seen to extend

even upto the autmueesa In some places# fh© lum^ of the

proventnouiius was packed with desgjuamated epithelial cells and

neorotie cdl debrie# focal hyperpXastie changes m the lining

cdXs and goblet celXs were evid^at*

On the 7th day ooat infeotion

On the 7th day post infection tulailar glands showed fceaX



n

ar@as of degonoratiozi a&d noojcoois* She Xaodaa propi^a vsas

tMcikmod doe to infiltrating oolls oMofly oomprlQing of
4

groolooytes* Sii^miaoosal oedema wan present ospeolally in the

intesw^anduXar ro^on* Oompound gLsnds showed hyperplasia of

the lining ̂ itheliim and lymphoid ag^osatlon in the ̂ andular

tissue (?lato II Wig 3)* Oat seetidns of twenties were present

in the lumen of the oompound glands ̂ ong with ahundant noorotio

cell dehris*

On the 12th day nest infeetion

On the 9th day post infection complete destruotion of the

tabular gimdn was notioed near the epenini of the infected

gim^a with mild fihxoplasia, histioeytie reaotion and focal

ll/iiphoid hyperplasia in the lamina propxia* liany of the impound

^ands also showed histiocytic reaotion and thoir lumiam were

pa^ed with infl^miatory cellular esudate and juToniles# Similar

changes were observed on the twelth day post inf eetioni but

wore more pronounced (flats 11 fig* 4)

©n the 19th day post infeetion

On the fifte^ith day post inftction pronounosd histiooytic

reaction predominated by gramilooytes ̂ d plasma cells were

found surrounding the juveniles within the compound gimU

(flatstilfig» 1)# %pertrophy of the muscular coat of th© organ,

fibroplasia and engorgomsnt of the blood vessels of the lamina

proprta were some of the other oiteuiges noticed*
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Oa the 18th day Tjoat Inf eotton

On the iSth post Infeotion aXl most all the compoimd

l^ands showed pa^ononneed ooLlular reaetion with moiked Inter -

ld.nndular oedesieki She lumen of the ̂ anda eontalned Juveniles

^oa§ with neorotdo o^lulnr iQateriala,| \

On the 25th day nest iiaf ection

On the 25th day post infeotion the fdhroplastlo elmnges in

the lamina pxopria heeame more pronounoed and the oellular

reaction was less* indieating a tendeaoy towards ohronielty.

^ihroplastie ohangea were observed in some of the oompound

^ands also along with degonorative changes* Some of the ̂ ands

possessed immature f^ale worms in their lumina*(Platei|X^ig«2)

On the 32nd and IQth day post infeotion

Bistopatologioal ehanges observed on the 32nd and 39th day

post infeotion were those of a ehxonic proventrloulitis i^nvolying

the oompound ̂ imds* fho affected glands showed pressure atrophy

^d flattening of the |d.andular aolni to aooomodate the worms*

S^heir lumina were found to be lined by a stratified layer of

epithelium strprgth^ed by a layer of fibrous eonneotlve tissue

b^ow (Plate iv Pig*1)* Fibrous tissue invasion was also

observed in the muscular ooat at some plaoes* Copious oellular

ffiatorioi and ©rythrocytes were found within the Inteatine of the

^^me worms Indloating that they have be^ feeding on the host
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tissue and blood (Platoiii^lgtd)*

On the 55th day noat Infoption

Changes observed in the lamina propria on tbe flftyiiftb

day post inf ootion were tbose of a repa3?atlye and rosmerativo

proeess. Pew of tbe oompound i^ands showed oompleto loss of

aeini witb mature female worms in tbdlr lumina (Plato iv Pig.2}

I
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FiATl X Prove&triottlus —• moiiGSitecifie T.mohfeedal

light grey"spotsVioaicated hy arrow) oa the serosa of the
affected copipouad ^jlaadsby the fesiale wohtedai worfias*
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55'



PLATE II

Pig. 1. A single cyst carrying th® third stage juveniles
of T.mohtedai within - collected from a heavily
infected grasshopper (25th day). This cyst
contained 27 juveniles.

Fig. 2. Proventrifiulus - T.mohtedai infection 4th day -
Note the granulocytlc reaction surrouuding th®
juveniles.

Fig. Q. Proventriculus - T.mohtedai infection 7th day -
Not© th® lyfflphoid''aggr®gation in the glandular
tissue (indicated by arr&w), hyperplasxic
lining epithelium and necrosis of the raucous
aembraue•

4. Proventriculus - T.mohtedai infection 12th day-
Note the marked inter-glandular ©ederaa,
fibroplnsia and hyperplastic lining cells ©f
the compoand glands.
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PUTE 111

Fig* 1* FroY®Qi'trlcuXus — infoctioQ 15th dsy"
PronouMced histiocyiic and granulocytic
infiltration surrounding th© juvenile•

Pig. * ^^®^®ntriculus - T.mohtedai infection 25th day^l
Note that the fibroplastic changes have
ftS even into some of the Compound glands*^ immature female worm (indicated by arrow)
is seen within the lumen of a compound gland*

r

{I

^ ̂*oy®atrioulus - I.Bebte<iai
wgia®" siandular tissurof tL '

of famale T-aohtedai warm

•  «rythrooytaa withia tl.«
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PLATE IV

^  •" T.aiohtedai infection 32nd dav •
the dam^ ̂ orm has been cut transversely. Note
®Pithelifi 1^*^^ atraphied glandular tissue. The
flattened! liaing the gland is highly

Pig. 2. pyoyg
Note^the^mZii?®^'' infectieu 55th day
^ialatation aid atrophy, cystic«®ropouad glan^g/ necrosis of the
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The pati^^mie etudiee eonduotei during the preemt

invoatlgation appears to bo the ftvsM'f under oontxoXIed

eohdltiona for monoapeoifio Totraaeros fflohtedai, inf eotlon*

4ffiOBg the ha^oatologieal observations nadei progressive

anaaaia was observed as an important oXinleal manif estation

T^mohtedajir Infeotion* Ana^aia was reported as a eiinioaX

s^ptom in naturaX T»fiaalsoina infeotion bjr iuglmoto and

ITishiyiiffia (19X7) and in natural T»mohtedai infections b^r

Anantaraman ̂  Ohandrasekharan Hair Ct99$)* Ohandras^haran

(1977) observed a mioroo^tio hypoehm^e anaemia in g»aaatis

infection in ducks* In the present inveatigation the t|rpe
p'"

of anaemia observed was normooytie nozmoehzomio initiaXXyi

indicating an acute blood loss probably due to the blood

sucking habits of the feaaXe vinzmsi which is supported by the

fact that erythrocytes were found within the gut of the

female worms (Plate III fig#3)# later as the des^se

progressed a maoiobytie anaoaia slightly beeomtng hypochromlo

was eyident towards the 70th day post infeotion indicating

the development of an iron deficiency anaemlsu

TiXlda ̂  libelro (1955) making observations ©a the

haemoglobins from the perimtrie fluid of fmaale T*ooafusa found

that it was similar to that of the host (fowl)| but differed in



61

ita maoh aliility to I20I6 oKygm* Later BaiXesr (1973)

mi^lns on Tmflasisolna found that moat of th© hlood Ingested tor tit

///

the f <saalo wo ma were digested to haematin* Based on the

assumption that females only are aetive hlood 8u<&er9, it oould

be oaleulated from the data obtained in this worn that a single

f^sale worn causes an average decrease of 0«039 gram percentage

ef haemoglobin and 0*021 millions of orythrooytes per €»i*im&* of

blood during a period of 30 days after the mme have matured

(40th to 70th day post infeotiom)*

Olson & Levine (1939) has recorded eosindphilia and

heterophilia in ohiefeena experimentally infected with qaoillaria

eolumbae. Similar changes were observed by Wiokware (1949) in

a oontzolled infection of ohiehm^s with HptQi^is MSiaaSf

the inor<^M3© obtained was not related to the parasite prescmt*

In the present study eosinophilia was evident during the mrly

phase of infection ospooially during the invasive poricd#

However in heavy infeotioas (as in Oroup 111) eosinophilia was

eontinued to b© noted upto 4^d day post isi^eotion#

Initially there was a severe l«uoocytosis bat as the

disease processed leueopenia was observed* fhe Initial Icuoo -

oytosis may be due to the host*© roaponse to tho invading

Juvenilos. the l^cop^iia observed durini the Inter stagOi that

is, when the worn® have matured, indieatc an immano sapreaaion
whieh is ̂ so sapported by tho fact that e^lular r^etion was

ffiinimara in histopathologioal studies of the organ da^ag this



period* Gofflparod to 36tl3 day after la^eotion, Xeaeopaaia was

less maz)ced on tlie 70th day post infeotion« iadioatins that there

is a tread towards the rovorsal of pathogealo eff eot aad that a

host - parasite halanoe is well underway*

She ohsortations made hy Aaaataramaa & GhaadrascScharaa

Kair (1955) oa natural S.mohtadal infeetion and by Gji^ Ct928)j
gg

Su^moto & lishiyama ( 1937)j Srlvastava ( 9)? Soulsby (1965)

and Ohandrasdkhsran C1977) on other ap<^ies of

infection, that the infected birds show lack of appetite,

droopinesa, marked loss of weight and emaoiatioa wore seen in

the proaoat study fiG.so during the course of infeotioa*

She worm load asseased by Anantaraman & Ohandra -

s^ha^nm Hair (1955) respect of nature f«sohtedai laf eetl9n

was 19 f emalest in n todar^B (1971) was 137 males

and 124 £mtam* Burins the present studies the maximum worm

load obtained was 27 males and 173 f ea^es (number of ^uvimiiles
adainistored being 600)* She prepstent pei^od of infeotion was

fopnd to bo similar to those observed W Hnndaram (1971). She
Pdreelbtage of c^tsiaiishm@it showed m iaverso proportion to the
n^bar of mmixm a^inisterod .

/  Anantarwan ̂  Ohandrasikharan Hair (1959) observed ohronio
ehanges with oooassio»®2. desipamation of superfioial

Withdium and lymphoeytio infil^^'^^bH in the tunica prepria
of imventriculi in ohiCks natuJ^F infected with

/  '



Otiier oliaas©3 obaenred woro pressure atrepl^y a&d total

disapp^rcaioe of tbe tissue in some of the compound ̂ ands*

Similar obangos were ohserved in the presont atudjr on the ̂ 3th

day post infection* Ovetajeva (I960)"working on f*fia8iapina

observed dialatation of the sd.anduXar lum^ with deaquamated

odLls on the 5th day post infection and degenerative and attrophio

changes from 10th day post infeetion* Buring the present

studies on the 4th day post infeotion severe gji^uloc^ie

reaetion was observed in the lamina propria surrounding the

worms with neerosis and desquamation of epith^ial eelXs lining

the By the 7th day post infection when the worms had

mig3^ted into the pro vent zloular ̂ ands changes in the form of

aoute inflammation and periglandular oedema were evidant in tho

compound ^ands* In 9 to 12 days post infeotion tho initial

granuloeytic reaction in the lamina propria was replaced by

lymphold hyperplasia suggesting tho immune reaetion towards the

Invading juveniles. By the 15th day post Infeotion plasma

odLls were se@a among the infiltrating ceils i^thin the compound

glands. Ovetajeva (I960) observed pressure atrophy ®»d cystio

dialatation of the affected eompcuad ̂ ands on the tSth day

in f.fjsSiSBSM ia^©o^io»» Whereas in the presaat sdudy
were found to be only in tho young adt^t stage

aad were not largo enough to osnso pressure atrop^* However

pressure atrophy and oystio dialatation were noticed from tho
^5 th day post infection (Plato Ifl Pig. 2 )♦ fhe cellular
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roaotion wea^e sfialimiBi niitb initiatioai of flbxop^astio ola^os

on the 25th day post infection, showing a tendency towards

chronioity. By 39th day post infection the reaction were more

or less confined to the affected indicating that m Bost -

parasite halanoo has been reached to a eertain degree* By 55th

day post infection the host ~ parasite rdLationship was more or

loss balanood as indicated by the reparative and rogeneratir©

process going on in the organ* fhis is farther proved by the

fact that even in veiy heavy artificial infections (average

number of adult woms established 164) where almost all the

^ands were parasitised, mortality of the experim^tal chicks

did not result* fherefore the preaimt study agrees with the

observations made by Cram (1931) ̂ d Boulsby ( 1965) on

I»BESEl2Saa that the greater damage is done whcai the
young worms invade the wall of the prov®it]^oulus*

Joshi ̂  Kamalapur (1971) while describing the histopatho-

logloal changes caused by f.mohtedal la naturally infected
pxoventrlouli, have mentioned, proliferation of connective
tissue odLls in the lobular septum around the worn, ohroaio
catarrhal changes with neorosis of the superficial ^ithdium,
aotaplasia of epithelial cells Into stratified squamous mrlety
and pressure atrophy of deep ^ands of the sections

i^^ined by th^* In the present study fibroplasla and atrophio
Changes were se<^ during 25th to 55th day post inf eetion, however,
the metaplastic changes mentioned by thma were not observed.
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Xho p]K)llf eratlve adtmeaaatous rotation of tbe i^andular

ozypts dedorilaoS lay Alves ̂  (1954)} Za^io^ (1959)}

Ssvetaova (1960)} Soulsby ( 1965) and Orawbrnaim d: Omfaor (1967)
11 >

was not obsorv'od in tbe present stady in y.mobtadai infeotion»

bowever, suob obange was seen in Aoaarla aniralia iafeotion.

fo understand to wbat extent tbe patliog<mie effoots of

I«S2MsM oauses economio loss to tbo Poultry industry, the
egg produotion and feed e|floionoy of the infected feaale birds

were observed* It had been oaloulated that the heavily infeotod

bird required &r*5*60 worth of feed more than the ooatrol to

produce a dosen of ©SSS* weight was also found

to bo considerably low, thereby causing a farther loss < the .

ealoulated loss being per bird )* Ihese two factors

unmistakably point out that I.SStMsM 1® ©oonoaioally

important*
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OP AQUAaiA SPIRAL13

HAMAgQLOGIQAI. OBSlRVAflOMS

///

2)o study tu@ lia@QatologiuaL altsirations in three XevGiLs ef

monospeoifle Aoaaria Buiralis Inf ootloa, the hlood aemples

were eollected on the 6tb (represaitiag the 3rd steg^e), 13th

(representing the 4th stage) t 34thy 38th| fShd and d$th day

(represQitlng the a&Jlt stage) post Infeotion* The results

ohtained were as follows t

gpgAL MYTHBQOTTJ®

The mean oversdl eisythrooyt© oount of the entire cKporl*

m^tal gioups was significantly lower (f^^OftGI) than the

negative controls#

The decrease in respect of Group I (average number of

worms established 70) was 11»75^ (?^0t01)| in respect of

Group II (average number of woms established 144.33) 22#$7^
(2-«-0#01) and in respect of Group III (average number of worms

established 246#33) 22# 39^ (P-^O.Ot)#

On a further anffldlysis Group I showed a decrease of 16# 49?^

0#05) on the 66th day post inf eotion, Group II showed a

decrease of 39.7^ (t^0#O1) & 34.73^ (t-^©»05) on the 24th

^ 66th day post infection respectively and Group III showed a
decrease of a#9l^f 3t#7l^ ̂  37.211S (2<0fG1) on the 3ath|
I lad ̂  66th day post Infeetion respectively#
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£'I3U8 "tljo of tbo Infooted groups droppod

sl^ificantly oa the 38th day and was aaxlauffi toy ttoa 66tto day
post iafectioa.

///

Ttoo data a^o yoprosGatod da fatolo aad a^o graptodosXXy

presoated in Otoart 10*

HABIOGELOBIir

2fto0 moan liacmoglotoin perooitago of tto© ®ntia?e ©xporiffiental

gi^upa was sijiaifioantly lower (P-^O.OS) tlian the negative

eoatrols.

2?h© deoreaao la reapeot of 3roup I (average number of mma

estatolished 70) was 0«91^ (not sisnifioimt)f in respect of

Crroup II (average numtoer of worms established 144.33) 8*18^

(si^oifleant at 3^ levdL) and In respect ©f Oroup III (average

auffitoer of wozms estahllsbed 246.33) 8»94^ (slgnlfleant at

level) over the oontrols.

On a further analysis Oroup I showed a decrease of 10*17^

(^<0.05) on the 66th day post infcotloai Orou]^ II showed a

decrease of 13«3^ (y-4 0.05) on the 66th day post infection

and Group III showed a decrease of 12*1^3^ (P 4. 0.08) and i6«^^

(I><0«01) on the 9^d and 66th day post infection respeotlviily.

Thus the percentage of haemogLetoin was found to toe

^^ocreased from 52ad day post infection in Group III and on the

66th day post infection In groups I & II*

The data are presented in Tatol© 13 and are graphically

rep res anted la Ohart 11.



PACKED om. VDHma

Xbe mean oTerall packed 0(^1 voluae of the expertmoatal

gxoups showed no sigalfloant diffGr^o® fioia that of the

aegativ© eontnoXa*

The data ar© proa eat ̂  in TahXe 16»

MEAK 00BPU30ULAR VDLmgB

The over^X oean eoipusouXaf voXna® of the entire experi<M

meatoX groups was signlficaatly higher (P<0*p1) than the

negative controXs*

The ittoroaee in respect of Cfroup I (mvorage numher of

woras established 70) was 19*48?^ (P-^0*01)1 in respeot'of

Srottp II ( average saifflber of vifoima establlshod 144.33) 25#83^

(F^O.01) and in respeet of droup III (average number of woms

established 348.33) 33.29^ (P-^O.OI) over the oontroXa.

On a further enaXysiSt Group I showed @a increase of

35.05^, 36.5*^ & 12.87^ (P-^:.0.05> on the 38th, 9aad & 66th day

post infection respectivelyj Group II showed an increase of

39.9# & 39#9<^ (^"^0*09) on the 6th 4 66th day post infeotion

respectively and Group III showed an laerease of 49.17^

(P^ 0.01)., 38.67^ (P''i.0.09) & 98.99^ (P-^O.OI) on the 38tht

92ad & 86th day post infeotion respeetiv^y#

Thus the moan oofpusoular volume was aeaily noroaX upto

24th day post infeetion but thereafter m inoreaso was noticed

17 4'<d are SmpktcalLy lefitesentU
In Ch&vir i.5•



70

MIAII COSgOSCajL^ msaOSLOBIH

The evex^l mean oorpusoular haemo|d.obin of the cooitlre

expexlmeatQl groups was slgnifioant^y higher (iz.0»05} than

the negative eontrols*

the Increase in respect of Crroup I (average number of

wome estahlished 70) was 15* 7t^ 0«G5)j in respect of

Oroup II (average number of ^abliahod 144*13) 19*91^

(F^ 0.01) and in respect of Oroup III (average nulbber ©f

woms estabOLished 246.33 ) 22.58^ (F-<0.01) over the oontrols*

On a further analysis, Orcup I shewed an increase of

34.69^ and 8*50^ (F<0.05) on the 38th and 66th day pest

infection roapeotively, Group XI showed an incr^se of 37.13^

and 27*96^ (F< 0.05) on. the 6th and 66th day post infection

respeotively and Group III showed m increase of 39«6^,

29.53^ & 26.61# (F< 0.05) on the 3Bth, 52nd Ik 66th day peat

infection respectively.

the mean oorpusouXar haeacs^obin showed m increase

which was maximum on the 38th day post infeotion in Group X

and Group III* thereafter there was in the value but

had not reached nomal upto 66th d^ post infeotion*

the data are presented in ta^e 18#-
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GQHgP3C03:.AS HABaOCgLOBIir (^fTOmRAlEIOH

Tjbe over^l rnema ooz^usoalar baeao^obia oonoentratloa q£

tbG ©ntir© ©xp@j?lia®iitQl groups was algaifioaatly lowor

tbaa the negativ© oootiols.

'i- ^
The deoreaso ia respeot of Group I (average nuaber of

woraa established 7©) wa® 3«09^ (not signifiooat) la reapeot
•  ■ }

of Group II (average aoabor of mma established 144*^5) 4»49f^
•  1 .

(not slgalfioaat) and la rospeot of Group III (averag© auaber

of woms established 246«33} 7*83^ (significant at lov(^)

over the control9»

On a further aaaljsiat Group II siK>wed a decrease of

(P<Q*05} and Group XII showed a decrease of 18*439& (P<0«05}

oa the 66th day post infootloa.

Thus birds harbouring more than II4 worms showed a deor^se

in the mean corpuscular haemoglobin eonoontmtion on the 66th

day post infection#

The data are presented iu Table 19«2ac| dre LedLLtf
te^feseniei m Chdtt>

fPlAL LMFOOQIT^

The mean total leucocytes of all the TOerimontal groups

showed a significant Increase (P<0»0t) on the 13th d^ post

iafootlon eomparod to the ne^tiv® ooatrols* Sut theroaftor a

decrease was notleoi*

fh© incroaso in respect of ©^up I ( average nuttber of mma



n

estatJilislJed 70) was 77# 33^ (I^^0#01) in rsspoot of Qroup II

(average naBiber of wonas established 144*33) 67, 25^ (i><0#01)

aad In reapeot of Sroap III (average ntimbor of woima establishod

246*33) was 83*21^ (P-^O.OI) over th-e negative controls* Later

groups I & II showed a decrease of 51*3"^ and 62*38^ (P<^0#0?)

respectively on the 66th day post Infeotlon. Group III showed

a decrease of 99»37^# 36*20^, 32,22^ & 55*34^ (^-^0*05) on the

24th, 38tb, 5aid ̂  66th day post infeotion respectively*
V

Ihus Icuooo^tosis was observed on the 13th day post

infection in all the oKperimental groups* But from the 24th

day post infeotion l<»30op@aia was evident in Group III md on

the 66th day post infeotion in groups I & II,

Ihe data are presented in fable ̂  and or© graphically

represented in Chart 14*

lQ3I!fQPflIL3

She mean overall eosinopbil porc^tage of the entire

experimental groups was sipiificantly higher (P^0#01) than

the negative controls*

fhc increase in reapeot of Group I (avorago number of woma

established 70) was 100.00^ (P^0.09)f is respeet of Group II

(average number of wonis established 144#33) 158«50?^ (P-^OtOI)

®ad in rospeot of Group III (average nufflbor of woims ©staMlshed

246*33) 219*3¥ (B^0*O1) over the controls*

On a further analysis, on the t3th day post infeotion
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S3?Dup I showed an iaerease of 204.?^ (i^-<O»01) and Sionp XI

showed an Inorease of 228#57i^ OronpIII showed an

increase of 414.29^ (^-i.0.01) and 342.91?^ on the

13th and 38th day post infection r^espeotiTeXy*

Thus eosinophilia was observed on the 13th day post

infection in all the esperiiaentol s^nps*

Ihe data are preset ed in i'able 2i and are graphically

r^resented In Chart 19.

aag^PHXlS

Xhe mean overall heterophil pero^tage of the entire

Qxperiraental groups was signifloontly higher (P-i0»05) than

the negative oontrols.

Ihe Inoreaae in respeot of Group I (avorage number of woims

established 70) was 11.95^ (not significant), in respect of

Group II (average number of wojctas established 144.33) 19.3^

(mdgnifioant at ̂  level) and in respeot of Group III (average

number of wozms established 248.33) 28.92^ (significant at 1^

level) over the controls.

On a further analysis, all the groups showed an initial

decrease on the 13th day post infection, later Group II showed

ma inoreaae of 84.62^ (P^O.OI) end 64.7¥ (I'<0.05) on the

24th and 66th day post infection respectively. Group III

showed an increase of 110*2§^ (f <0.01) and ̂ .48^ (?<0.09)

on the 24th and 38th day post infection respectively#
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fhua taatoJ^apbilia was ovldoiit in Qsoup XX & Qrowp lit

f£om the 24tb daF poat Infeotion, bat in fi£aap I it ms not
I

sl^ifioant.
///

Xb© data ax*© pros^tod in Xabl© 22 and aro gi^pbioaXX^

ffoprosmted in Obart 16.

BAS0PH1L3

fb© mean basopbil peffcontago of th® ©xporlaeatQl

groupa abowed no al^ifioant difforeao© fisnm tbat of tb©

nos^tiVG oontrola#

Xbe data mT& presented In Xabl® 23#

Xb© nean overaUL X^phooyte peroenta®© of tb© ©atlr®

©jsperimental groups was sig^ifloaatly lower (f < O.Ol) tban tb©

negative controls#

fb© decrease in respect of Sfoup I (average noaber of

woms establiabed 70) was 11.36^ (B^OiODi ia respect of

Sroup XX (average aasber of woms eatabllsbed 144«3X) 10#3^
(l'<0#0t) and in respect of Orowp IIX (avi^age naaber of worms
estabHsbed 24^#33) 25»95^ (F^0«01)»

On a farther analysis, Oroup I showed a deoreaso of

36.39^ (P-<0#01) on tb© 24tb day poat infection, Oronp II

©bowed a d©cr©«aae of 9^*33^ (f<0*01) & 24#37^ (f<0#09) on

tb© 24tb and 6dtb pest infeotion reapootiveXy and Qmup III
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9iJow®a a aeoreaso of 25.34^ 71* W (P<:0»01) aad

2t#85^ (P^ 0»05) OB, "tho 241»li & 38^b day pos't Infootilon

respootiveiy,

a^hus wbcm the wo no toorden w^a b'dtweaa 70 and 144 lympltooyto-

poaia was evld^t froia the 24th day post icfeotion. ^it whoa

tb© woia twrdea was 246 it was se^ fs^oa tbe 13th day post

Infootion itself*

Ih© data a3P© proaented ̂  ̂aM.o 24 and an© gj^pbieaiiy
3?«^r©s©nt©d in Onart 17.

fb© ovorali aonocyt© poroentag© of the entire egpezi.**

acmtaX groups was signifioantly higher (P<O.OS) than the

nogative oontrols*

fh© inoreas© in reap©ot of Group I (average number of woaas

estaiaished 70) was 21*03^ (not sl^ifieant), in respeot of

Group XI (average nUHiber of worms established 144.33) 42*0^

(signifleant at 5# level) and in respeet of Group lH (aveJmg©

auffiber of worms established 246.33) 44*0# (si^ifioant at

level) over the oomtrols.

On a further ani^ysis, on the 66th day post inf eetion

Group II showed an iner^so of 123.61^ (1*< O.05) and Group III

showed an ..inorease of 139.211^ (3^<0.05)#

fjtos aonoeyteais was observed when the wens burd^ was

above 70 on the 66th d^ pest inf eetion*

Ihe data are presented in fable 25*
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45 - iJE. ̂ jff©© Xqiv^Xs of ffloco8|>©oi£io A»8pi3?nii0 luf^cfelor;
^tii the n^^tlve oofstrole.

Ml ̂cluse in gztsRt |>©rc®titege«

AnMygls of Vaglenee Setble

Sonrt^ 4f SS

le-^ea ̂ entn^Ette 5

^t^een li^s $

63

12.195

8.712

24.^

4.065

1.742

0.386

10.531**

4.513**

71 45.195-

«* SigBiflcisnt ct 1^ level.

mtB

1

OiOll2 I

2 5

QWUP U 0B0U2 HI a£^u:e IV

4 5 6 7 6 9 10 11 12

61h 6.^ 7.2 7.8 7.4 7.0 5.4 7.0 5.2 8.0' 8*4 7.4 6.2

13l4i 7.2 7.4 9-0 7.6 8.6 8.0 8.2 7.4 7.0 7.6 7.6 8.2

24th 8.5 7.7 8.9 8.9 7.8 6.8 7.6 8.6 7.4 8.0 8*4 8.0

mm. 8.0 6.0 8.0 8.0 6.0 8.8 7.4 7.0 7.2 7.8 7.6 7.2

52£k1 7.8 7.8 8.4 9.8 7.8 7.4 7.4 7.0 7.8 •8.4 8.6 8.4
mm 6.4 8.0 3.4 8.2 6.6 7.2 7.0 7.0 f.O 8.4 8.6 8.4

-4



i®n®8p®el£io A.8gl2eiu Infeetlon

I WBP n Gioirp III OBOU? IT

t 2 3 4 ■  5 6 7 8 9 10 11 12

6i^ 29.0 ^.0 25.0 25.0 25.0 23.0 24.0 24.0 28.0 28.0 29.0

15^te 30.0 23.0 ^.5 23.5 36.0 32.0 29.0 50.0 29.0 26.0 26.0 26.0

24% 2?.0 ^•0 ^.0 30.0 29.0 25.0 ^.5 34.0 32.0 28.0 30.5 29.0

34.0 ^.0 B.0 34.0 30.0 31.0 33.0 31.0 31.0 33.0 33.0 29.0
523sSl 29.0 29.5 31.0 31.0 27.0 27.00 24.0 27.0 30.0 26.0 27.0 32.0
66% 24.0 29.0 32.0 26.0 29.0 ^.0 35.0 27.5 27.0 31.0 29.0 31.0

Ml ixi

df

5

5

63

233.75©

"m-lQZ

14.974 2.622

46.750 8.187«»

5.710

a. 8

71 638.175

a. 8. l»t 8l^i.£L<%us%.

®» Slpslfl^mt et 1^ level.

€S>
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tfeS' asgpiacailey
Witfe the C0Bt3?®l®.

In three levels oi jfisauspeeifie A.splralia infection

miQ P I

Mim
saoup 11 III mmas i?

2 6 8 to 11 12

24-^

66tfe

28.33 26.67 37.14 53.64 53.33 50.47 48.61 14.44 39.80 33-60 23.87 23.18
^.71 27.61 30.61 33.04 31.27 ^.37 34.89 34.10 31.53 30.28 27.24 30.71
52.80 22.13 26.89 37.08 30.71 29.21 32.76 34.96 30.33 28.67 28,27 34.63
B.56 40.95 38.46 41.^ ^.64 42.11 52.74 35.00, 51.43 26.53 34*m 24.74
40-21 40.63 38.36 41.38 40.42 32.89 43.02 34.31 46.71 29.17 37.72 28.87
,51.84 42.78 33.33 49.70 34.74 42.^ 43.48 43.48 38.99 32.69 33.99 32.89

All In jsler© ffllere gscsma

Anslrais of yeriggee Ssble

Seiir^ 4t m

irrer

3

5

63

900,577

495-180

2336.429

300.192

97-036

37.^

8.094*«

2-67*

som 71 3732.186

Si^iicnnt ct level.
« Si^fleem «*.t 5^ level.

o

■  I

:  ■



. 19 ̂  the Keeo eorptiaoalffiff l^easBo^Lohln ooaoeatsstloii ia three levels of oooospeoifio A«ppiyclis
lafeetiOB eoi^pred «lth the xts^tive patrols*

:  X II esoo? Ill mms IV

MXS
8 10 It

jai velaes in peretiatn^
Armitayftll* n# "ffffigtiaBCe jfethle

Soaroe df S3

iferor

3

5

63

98.0V4

147.916

404.151

JiSS

32.691

29.583

6.415

5.096 »»

4.612 **

SOSAl 71 650.141

«« atgwi ft^it at 1|i level.

12

th
6 23.45 25.71 27.86 29.60 28.00 21.60 30.44 22.61 33.33 30,00 26.43 21.38

th
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

th
24 31.48 27.50 31.79 29.67 26.90 27.20 24.92 25.29 23.13 ^.57 29.23 31.54

th
23.53 24.57 22.86 23.55 20.00 28.39 22.42 22.58 23.23 23.64 23.03 24.83

ml
52 26.44 27.10 2r.io 28.89 27.41 30.83 25.93 26.00 30.0)^ 31.85 26.25

th
66 26.67 27.59 26.25 31.54 22.76 24.83 20.00 25.45 22.96 27.10 29.66 27.10

CO

■ i

ii .-I
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Tl

- ST • IBs0«Lj3g ̂  peresentege of iosliiopfalle in three levels of isoBoapQOlfle A. gplrrJLls infeotlon
^th ̂ e zis^tiv-e <s}etrole.

:  1 mm 11 XXI UBOS^ IV

mm

1 8 5 4 5 6 7 8 9 10 11 12

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 25.0 16.0 26.0 27.0 39.0 34.0 35.0 8.0 6.0 7.0

24^ 4.0 5.0 5.0 4.0 2.0 6.0 4.5 i.O 7.0 1.5 1.0 2.0

4.5 2.0 2.0 8.0 4.0 10.0 12.0 6.0 13.0 4.0 2.0 1.0

ea
52 4.0 4.0 2.5 13.0 6.5 9.5 2.5 5.5 3.5 3.0 4.0 2.0

th
66 5.0 4.5 1.5 2.0 1.5 3.0 1.5 3.0 1.0 1.5 1.5 5.0

Aiâ eie of Vezlesee ̂ ble

Ssor^ df SS @ss w

Mtoom !^«^t»ie]it8

Setwee® Itesr©

Srror

3

5

63

606.121

3048.351

1204.7t5

2C®,040

609.670

19.123

10.565 «*

51.881 «»

fOSAX 71 4859.247

»« sx^lfiecmt et level.
OB
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xSMS . 22 > ^10 of Betezo^iils in tiires IotgIs of A« soi^lis ixifeetion eonqp^zGd wltb
aegntlTo eontxoXs.

6m>B? II ffliou? nx asoup IV

1  ' 2 3 4 5 6 7 8 9 10 11 12

30.0 30.0 25.0 26.0 20.0 29.0 27.0 40.0 32.0 26.0 35.0 30.0

13^ 20.0 21.0 25.0 12.0 19.0 18.0 14.0 15.5 ii.o 29.0 30.0 27.0

24 51.0 41.0 52.0 57.0 59.0 64.0 63.0 72.0 70,0 49.5 32.0 25.0

'y&
20.0 24.0 24.0 31.0 28.0 37.0 34.0 30.5 15-0 16.0 24.0

52 23.5 28.0 40.0 ^.0 29.5 22.0 27.5 40,5 31.5 26.0 21.0 21.0

64 42.0 23.0 40.0 52.0 ^.0 46.0 30.5 34,0 38.5 36.5 17.5 28.5

Aiaalyata of Vealcai^ ̂ t»Io

df
»

Botooofi Irenboscoiito

Between IJc^^s

Sffsor

3

5

63

1183-625

7838.791

4034.459

394.542

1567.758

64.039

6.161 *»

24.481 **

WSMi 71 19056.-8?5

^ SigpifltsEnt levol. m

t



- 23 - i^fKisg tte peTe^ii(iiig& of

t&e oei^tlire eoslxols.
Bseoidills In thTOo Ifsvolo of antigiB3U.8 Infoetlon eoi^OTod with

MSS

6

15

24
tfe

58
tfe

52

$&
tte

:  (^160? I

0.0

0.5

t.O

0.0

0.0

0.5

0.0

0.0

3.0

0.0

0.0

0.5

1.0

1.0

4.0

0.0

0.5

0.0

^003? II

4 5

1,0

0.0

2.0

0.0

0.0

0.0

0.0

0.0

1.0

0.0

0.0

0.5

0.0

0.5

2.0

0.5

0.5

0.5

0.0

0.0

4.0

0.0

0.5

0.0

8

0.0

0.5

4.0

0.0

0.0

0.5

III

9

0.0

0.0

3.0

0.0

0.5

1.0

(SK>OP I?

10

0.0

0.0

2.0

0.0

0.5

0.0

11

0.0

1.0

1.0

0.0

0.5

0.5

12

0.0

0.0

0.0

0.0

0.5

1-5

iTsor

JkOE^seSM Qf Veariamcg? Sable

m

3

5

63

71

* S^Blfiecnt nt 5% level

^gelfleani et Ijl level.

4.083

41.167

22.750

68.000

1.361

8.233

0.361

3.770 «

22.806 «*



• 24 * Itie of in tbree levols of ffî aospoolflo A.aplrolle Isfootlon
osnposoi ^0 negntive eonizols.

MIS

Qsms I mm IX Q^RJP III OBOOP IV

1 2 3 4 5 6 7 8 9 10 11 12

Ah
6 58.0 55.0 67.0 60.0 69.0 63.0 59.0 46.0 $«.0 63.0 57.0 64.0

th
13 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 ^0 43.0 32.0 29.0 32.0 20.0 22.3 16.0 15.0 43.5 63.0 70.0

Hh
38 72.5 75.0 73.0 66.0 59.0 57.0 49.0 57.0 55.0 80.0 76.0 74.0

Hi
52 71.0 66.5 56.0 56.0 62.5 66.5 69.0 52.0 63.0 69.0 74.0 74.0

66 48.0 68.5 54.5 41.5 64.5 46.0 63.5 55.5 54.0 59.0 76.5 59.5

I^ureo

-Betsfeos ®pect»eBte

lofweon

Srsor

fOSM>

AnsiygdLs of VngioBefe fablo

df

3

5

63

71

«# siggifiosafli nt lcrel<

SS

3480.22

7327.85

3777.42

14585.49

1160.073

1465.570

59.959

19.348 ««

24.443

00



th© percffiateg© of ia three levels isf senospeolfie A.spimlls tafeotlon
&stJ3!p&sed ^tk the Be^tiv© eontrols. ""

Itetweea Tre&iimmte

3etwe&a Ss^s

3

5

63

29.760

131.615

184.344

9.920

26.323

2.926

3.145«

8.996®^

8

^00? X OBOOf II GBOOP III GE002 17

1 2 3 4 5 6 7 8 9 10 11 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

13th 2.5 2.0 2.0 5.5 1.0 4.0 1.0 7.0 2.5 2.0 2.5 2.0

24th 6.0 5.0 7.0 8.C 6.0 3.0 6.0 4.0 5.0 3.5 3.0 4.0

38th 1.0 3.0 1.0 2.0 4.0 5.0 2.0 3.0 1.0 1.0 6.0 1.0

52b4 1.5 1.5 1.0 1.0 1.5 0.5 0.5 2.0 1.5 1.5 2.5 2.5
^th 4.5 3.5 4.0 4.5 5.5 4.5 5.0 5.0 5.5 3.0 2.0 1.5

Atmlvsie of Verieaee ffebl®

Soaree it i$S Sm F

fom 345.719

Mpsifiefxit et 5^ level.
Sl^:^n.esst &t 1^ level.
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QLIHIOAL SfmrOMB

The infooted birds were voiy dan and droop;sri often seen

huddled towards the comer of the csMles« hurlnis the first

two weeks post infeotionjia rise in the body t^perature was

noticed and the birds showed lack of ̂ petite and

unthriftiness* fhe droppings became dimrrhooic from the 4th

we^ post infection onwards and the birds showed considerable

loss in body w^ght* By 10th w@^ the birds w©r© we^ and

eaaoiated# Morts^ity, delayed maturity, lack ©f porsistonoy

in laying and reduced rate of @MiS ps^duotlon wefe also

noticed as described below s

MOBfAlZflT

In mono specific A.snirali8 infection experiments 3 birds

out of 12 (25^) died when they received 500 juvenilea as the

iafeetlv© dose (data from chicks infcetod hldtopathological

studies)* Similarly 4 birds out of 12 (33*33^) also died

when they received the ssaae infective dose of A*suiraiis (data

from diapeoifie infections for histcpatholcgioal studiea)* fhus

a mortality rat® of 3.1^ was obtained during the present

investigation* 2h© mortality were observed on the Sth, lOth,

and 20th day post infection in monospeoifie and on 15th, ^th,

24th and 2^th day post infootion la dispeoifio infections.

fho mean overall weight of the experimmtga birds
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BiK>viQ& a sigalfioaat aeereafle (P<0.01) comparoa to tii®

aogatlvo oontffola#

The deoreae© ia respect of Sroup X (average number of

woaaa establiahed 70) was 26»13^ (?< 0«0t) in respect of

Oxtjup II (average number of wonas estabXished 144,33) 34# 1$^

(P^0«01) and In respect of Group III (average number of worms

established 246.33 ) 37.2# (P-^O.OI).

On a further analysis# the deoreaso in all tho experi

mental groups was found to be signifloant (P-^o.oi) during

. the 7th, 9th ̂  10th week post infeotion# During these periods,

Group I showed a deorease of 39.5#, 78#0§^ & 46.99# respecti-

vily, Group II showed a decrease of 44# 19#, 60.29# ̂  73# 49#

respeotivcly and Group III showed a decrease of 60.4#, 56# 54#

^ 74.70# respeotiv^y.

Thus the wdLght gains of the experim^tal groups were

found to be poor during the 7th to 10th week post infection*

On the 70th d?^ post infection the average deoreaso in the live

body weight was found to be 303 grtisaa (24«0#) in Group I,

385 grams (30.5#) in Group II and 425 gHsma (33.69#) in

Group III compared to the negative controls whloh showed an

average live body w^ght of 1261.66 gjg^s*

Ths data are presented graphically in Chart 16.

SMUMt ISAfgEITY &m Of Lmgg

The age at first egg was token as the time of attaim^t

of sexual maturity# It was found that ia experimental groups

-.1^^



the age at first egg was oomparo^ to the negative

control which laid Its first egg on the 129th day.

a?h© delay was 7 days in rospoot of aronp I, 23 days la

respect of Grottp fX and 0 days In reapi^ct of Group Illt

The rate of production greatly varied in the ejcperimental

groups with look of pcrsistaney and /©r exceptionally long

pauses* During an observed period of 66 days the total nuaifecr

of eggs laid by Group I (number of worn® establishod 71) was

43# Group II (number of worms established 154) 10 and by

Group III (number of worms established 251) 3 only# whereas

the eggs produced by Oaroup 17 (negative ̂ ntrol) was 59#

The egg record of experimental and control groups Is

presented in fable 40#

wmji mwiQimot

fh© (piaatlty of feed In kilogrms retuired to produe© a

dozen of eggs was ciaculated for the fem^e birds, sine© the

strain et 8B1<&3 «s®d ("«iyohlJf) were
erelueively meant for ess proOuotlon. She feda tfflolenay
of tho female hlra of Oioap I (number of mme establlahe4 71)
was 1.84, of Oroup IX (number of woiaa astabllahed 194) 9.52
& of. OTOup III (number of woroa eatabliahoa 291) 8.799.
Whereas in reapeat of Sroup 17 (nosatlro oontrol) the feed
offiolenoy of the femnXo bl*^ 1.399.

She feel affioi®.ay of tbe wpertsontal groups was tlMs
alanlfieantly lower ttee the negative eoatrol. Ooloulatiag



the loss of inoone on the baels of the aurrent prloo of the

feed (fe. 1.50A8*)' ^ required 65 pnlso worth o^food
more than the oontrols to produce a doaon essa. Willo

groups II a III needed 81.6.15 and ih.l1.jp worth of food
reapeotlv«ay more than the negative control.

PHSfADlSHI PHtlOS

Iho prepotent period of infeetion in the ease of Sroup 1
C Qvorago number of worms eatabllahed 70) waa found to bo In
from 24 to 26 days (average 25 deya). la tho case of Sroup II
(average number of worms eatsblishod 144.33) in from 26 to 29
days (average 26.66 days) and in the ease of Group III (average
number of worms established 246.33) in from 26 to 29 days
(average 27 days). Hence the number of worms eatabllahed had
little influenee on the prepatent period of Infeotlon and that
even in heavy Infeetlons some of the f«ale worms developed
no mall

The data are presented in lablo 26.

The pereentag® of establishment was oaleulated from tho
number of worms found in ̂ ob bird at autopsy end the number
of infootlve Juveniles administered to that.

in Group I (infed*®® juvonUee oaoh) the average
-«..„vEroa was 70 ( 36.19^ aaleo and 63.81^

f©ara©s) giving ©a.
/n with 200 iu^aniles ©aola) tm

In Omup (infeote^ ^ ^



average mimber of woebs recovered waa 144# 33 (35»10^ mai es

and 64*90^ females) giving an estabiiabment peroentage ©f 72# 16*

In Group III (Isfooted wltb wltb 400 Juvoiles eaob)

the average number of worms ostabllsbeduwaa 246*33 (3S#57^

males and 61*43^ females) giving on eatabliabm^t peroeatage

of 61*58.

In Group 17 no worms were present as it constituted tb©

negative control group#

fbe data are presented in table 26#
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HJS3)OFA3?HDIiO0iIOAIi OBSiaVATIOHS

Gross and ffiicroseopio ehangos in tiae provrntrloaltas of

ohlfijtes infootod wi'feB 500 jovenilos oaoli of Aoaagta spjgalts

were studied oa tBe 4tJti (reprossottus th© 3rd stag# StB, 10th,

12th & 14th (r@p3?©9®fiting tho 4th stago), 16th, 1@th, 20th,

& 22Bd (repres eating the young adult stage), 24th, 50th and

100th day (r^rsseating the sdult stage) post iaf eotion* 3^he

changes otos©3?ted were as follows I
QHQ38 LMOBS

■' k

Tho proventrloulus of the ohi«t axaashtorea oa the tth day
poet inf eotion showed no vislhle ahnonaallty to tho naked
eye, howevon when the organ was out opened, the luoen contained
a largo quantity of hlood tinged eradato, Sorapplnga fron
tho mueoaa roadUy yielded devaioplng Juvcnllaa of

On the 10th day poet Infeotlon, an Irregular whitish jatoh

wae obaorred on the aarosa of the proventrleulas whleh

oorroapond^ to the location of the Juv<aiilea within tho lunen
of the organ. Pathologioal ehanges brought about by tho parasite
eould thertfore, be made wen before opening the organ

(Plate VI Plg.1)» lesions en tho mueoaa oomprlsod of
ulcers and necrosis of the surrounding area whore the luranlles
hnye attaohod. It was ourlops that otaost all the doraleplng
javenUoe alustered towards an area which probably was tho
reason for the vlalMlo pathologloal lesion.
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On tlie I6tli da^ post Infoction tbo ppoventrioalar wall

was thick and the Xum@i contained a considerable amount of

debris alon^ with eopieus mucus sooretioa# She mucous

micmibex^e appca3P®d congested and showed aumcrous smsdLl uloers*

3ome of tho glandular openings wore ver^ prominant and on

section juvenile® were found within the lumen of these glands*

On the 2aad day post infection, ooi^esponding to the

polo areas in the serossf the mucous memhJ%me showed elevated

ar^s oovered by muoopurulent exudate* Mature woxms were

found buried with their heads deep la these areas.

On the tooth day post infcetioa the prov^triculas was

almost two and a half times the norm^ slue* ^the orgah had a

hard texture and was round in shape. On opting the luaea was

found to be gr«^'^ly reduoed due to the nodular lesions en tho

mueosa. Almost the entire portion of th© muoous m^ber^e was

Involvsa and the «oimB war. found deeply fearted in these

growths (Plate ̂ )#

MTauaacQPlO Iil3I0HS

4th day p«st inffetloni

On the fourth day post infeetien, feeal areas of

aeaquanntion and asepsis of ̂ anduiar GPitb<aiu«!. was seen
owor the etffeatsd arm (KLate VI fig. ,). She goMet e^a
were hypefpl®""® oontalnod ateindant
neewtle oellulaf aatertala. Oat aeotloaa ef tho Juvmllea
ware seen partially oobedded In the Iwiaa proprta. She
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autoucosal oonneotlTO tlsBuo

voBsaa wore found <aigorged. Mild ijjrportiophjr of tde airoular

musiae flbroa wore notleod beneath tho affeotod nroaa,

$th day T>Q3t lafaotlQB

By eighth day post Inf eotlon aevore «©n-k©ratlaiaias

aquamous ooll metaplasia of the llalag edls in th© laoiaa

P^pria was seen* Some portions of the tubular ̂ and had

uader^mc oompoasatojy hypo^plaatio ohaages# Moderate

diffuse thi^enlag due to oellular Ijifiltration, ohi^y

eonalgtiag of graauloeytes, were observed in th© lamina

propria* Somo of the ooapouad glands oontained juvimllos

in their lumoa, ^eir^ed by aeorotio o^ debris aad

desquamated epithelial odlls (Plate ft fig#3 & Piat© VII fig. 1).

IQth day post laf ©etioa

On the tenth day post infection complete denodation of

the ffluoous m^brone was noticed in focal areas with adiaeent

areas showing eompmsmtory hyperplastio ohanges* Juveniles

were equally found in both these areas# Most of the compound

glands showed accumulation of inflammatory ©Kudate in their

luffiinn but no juveniles were diaoemable (Plato VI fig#4)#

On tho tw^th day post infection preaounoed and

circumsoribod multiple, lymphoid nodul© fomatioas (Plate VIII

^ig#1) were noticed la the lamina propHm where th© worms were



aabodded witMa>-.tl3© aiaooiis ffl(aibri9s@ (ifXato Tit

1-4tb day poat iiifaotioa

Oa tbo fauyt©€©tlj iay p@at lnr®ati@ji a®©p aXo^ra,

aoofotid ̂ oaif l3^pb0i^ bypssplasia aa4 aevaf©

iaflitratioa witb ga?aauXoayt©s w©r@ obs©rv©a ia tb® Xaaim

pr©pyia« Hiia®J?aua Jmveailea w@r® fuaad basie^ fiaap ta tsb®

lialag ©pitb^laa* fflao®«s a@abi?gia© was eompis^ip-

destasysd and 'febs ©©jspoaa^ ̂ ana® ia tbs ̂ oiaity ©f thB

affeotsd portioas sb©w@i majefeefi iafXawat©.fy ebosgea (.PXat©

raitig,a).

I6th day aoat jafaatMa

Faovoatffimiia® ^©aised oa tb© ai«.tt©a1{lj day p®af

iafootioa abowod ^'^T^tiloa witbia th© la®laa of aosio 0t tb®

©Offipouad ^aada iadi^tiag ttet t?ii® mmm may ©ooaaioaalXy

iavad® ta® oompoa-ad #aiada (^at@ ?I1I xaor^®®

ia ta@ aaootb mua^o i'ibroa w@i?@ ©b0®fir®d ia tb© l«iaa

fj^pjPia#

aosf

Oa tb® ®igbf®aatl day foat ialsotloa matur® f mmB

WQWQ tmM maiboddsd iatbo' lamiaa pmptlm sai^oaadei by a©«j?©tio

d©j£lv@d ^3?®® ^mM (flat© tttZ

fig*4)« lympboid ̂ fpoiplaai®# ®ild fibTOpiasia aad a
bistiooyti© yi^stioa w@a® a©®© ©^ tb© otb©3?

©ijaagss aotl©©4« of tb© oomfosad .^aais atoowoi l&mB ©f
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lining cells and dogeneX^tive cbangea* Interglandular ocdeaa

was veiy proraiaaat#

20th to 2Ath day infection

On th© twentieth to twenty second day post infection

fibroplastlo changes were noticed in the Ir'Milna propria along

with the histiooytio reaction (Plate IX fig# 1 & 2), By twenty

fourth day post infection th© subaiucosai periglandular region

and sauBcular coat war© invaded by fibrous connective tissue^

Worms preamt within the lumen of th® provrntrlculus caused

severe necrosis of the lamina propria (Plat® IZ flg*3)«

§Oth and iQQtb day neat infection

On tho fiftieth day post infection fibro-adenamatoid

growths were seen in the leuaina propria which booame more

ps^nouaocd and pedunculatcd by hundredth day post infection*

fh® celltilar reaction was minimum and th® lamina propria in

focal areas wore complet^y sloughed off*(Plate IZ Pig* 4)*
C3ut sections of the worms were found embedded within th©
flbro-adeaamatoid growths.

The overall hlstopathologioal changes, therefore, dearly

indicate that the woma are highly pathogmio to their host
resulting in extensive pathological changes Involving almost
dl the layers of the organ. mortdity noted in iBSSS
aBiralia infection was, in dl Probability, due to these

changes.



PLA7E • iProventriculus - monospecific A«si>irftlia
iafeciioQ - th© prdaouaced aodular
losions occupying almost th© whole of the
mucous merabran© of the organ*

il
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PLATfc; VI

£r®vcntriculus - A.suiralis infection,note the irregular whitish patch on the
serosa which corresponded t© the location of
ji^eniles within the lumen of the organ.

Fig,
Mn+I "" A'SBiZalis infection 4th dav-Not© the focal areas of desquamation and
necros^is of the mucous membrane,

mii \ ^

^  «th d..y-
laetaplasia of ?k i. squaraous celll-in. prop.fP(Ldtratld'Sr^io:) ^
are seen with-in « . o-rrow^, Juveniles
««e « 5<, compound gland,

|acal"areri"®tj;e-;2Eii|ii£ infection 10th day-
P accu::u??^: =o»pleatlycompound sland*^? yithin the lumen of aseen within the^limen arrow)t,he proventriculuS'



PiJLTE VI

Fig. X

S



PLATE VII

^ig. 1. ProventricuXus - A.spiralis infection ath day
Note the metaplastic changes in the mucous
membrane and the juvenile within the comnound
gland. x7d

£^®^®iitriQulus ~ A. aniralia infection 1 ^
hvoL^i® juveniles ©mbedded within thehjperplastic tubular glands and the orona»

noddies JS'"'

.-mw
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Fig. 1
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PLATE VIII

Pig;, 1, Proventriculus - A.spiralis infection I2th day
Lymphoid hyperplasia in the lamina propjria.

X 100

^Jfoventriculus - A.spiralis infection l4th day-
«®te the severely damaged mucous membrane
where the juveniles have been attached, portion
of the compound gland also shows marked
fnllammatoiy reaction
^ ̂ c. X 5^

~ 4*2Ei£alis infection i6th dav-
usiixsj® J»*entles within the compound glands.

- A-SEiXSiia ihfocticn 18th dav-
membran®^^ seen embedded in the mucous
«ote the ^ necretic cellular debris.fifroplasia and submucosal oeSeml:

I

II
I

|gp "" VIII
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PLATK IX

IX

Fig. 2

"* spirgi'lis infection J2)th day
+  grately thickened due t>

Van ^ cells and fibreplasia,van Gieson X S'o

Werms''2mh^drtod ~ &-.8PlraliB ijfecti-oa 22oi day _
ereat tissue oause
^*Azaa X SO

- 4-SEiralis inf^tion 24th dty .
«fe-Bisr^tloa of tu. «uoo.s

?ibrosed lamina j^epria
»j»selutieu of the glandular tissue of

I  the compound gland and
« fi. »a Periglandular oedema.s « E X So

/

\\ yac^^ infection lon+i, ̂
fflembt-an.® is ̂ ®pl©atftitr di3h,.,^r..a day=« isarkod ?lE°;/sis. Arr<« Jad thei.

H-1 £>^J©-ad^s«aat^id ^ 'J®® f®^J^on of^ ̂  ̂  4 i^®ina propria.
n
c

iM

pt;

h

Fig. 4
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BISQgSSIOH

Tlie proaont laT@stigatlon secaas to b© tb® first controll

ed study on tb© various pntbogenlo offoots caused by tb®

different dev^opsiontal stages of Aouarla aplrnlla In fowls*

Deo (1964) bas stated tbat in spite of the voraoious

appetite young obldc^s became anaemic and lost weight. Tbo

ba@aatologloal studies conducted during the present investi

gation indioate tbat ib infection a maorooytio
bypoobroiaio ana^ia ©eours during tbe |9tb week post infection.
Tbis anaemia may bo due to a deficiency ©f some of tbe
essential nutrients as a result of tbe infection.

Eosinopbilia and beteropbilia were observed by Olson &

Levine (1939) controlled GapiHaria colmabae infection and
Wiokware (1947) Hetorakis infection of fowls* la
j,j-esent study, In Infootion, ooslnophilla waa

the 2nd we^ post infection and betoropbiliaobserved during

and lyopaooytopenio dnnlns weak post lafootion.
oost infection Imioop^ia was evident,

Irom tbo 24tb day
mam lend noticed in natural A. sniralia

The maximn® ""

auadaram (197^^ 882 feaiales,infection W 3unaaia»®
.  tbo maxi®bia worm load obtained was 13

In tbe preset stuay
•  > ,Q, <-««nle8 (ouiB*>o>' of JuviaUoa admlnlatarod

males and 184

^  nressnt Aoaplralis worms were found
During tbe

tbougb it bas been r@ao^®d
only «fitbin tb© pfoventra.



from oesopHagus W ̂  (1959); Moi&usijovu & Kraovakla (1963)}
Slater (1967) aad Bwaaga®®^ (1968) aa4 from amoll Intoatla©

by AUnmad (1963)} Hassaa (1966)} Biaa-Oiigria & $orr®b
Artigas (1966) and BwaBgcffiiod (1968)»

According to Ba®P ji (1947) Jt^Qj^iralla Is tho only

paraaito pa1Hi03®»la "tboagii tbo bird may bo
boat to U apoolea ot roond woraa". AUon (1925) aaorlbod
A.aalrnlla to bo tbo obief oauaatiyo agent of "Grousa

dlaenae" In flortb-oastem United Statoa and Koojan (1934)
reported tbat oa»n8a an onaootie dlsoaao in

f iQ??a) observed tbat boavy infestation of tbisPigeon. Oram i
n  in deatb of ®Q»y carrlor pigeons in Texas#parasite result

AesniraliJL report©(i byMortality due to iy5Ft*^n-a
f dftAVl in ruffed grouse and Hwang ̂  (1961)Minister (194'/

(1959) opined that parasitism du© to
in pigeons.

f 1 ««4r(;d:ta) ^giorvnobus fpfgiosus was mn. nr^gutq (A.JSi£^«^ ^ ^
"* -I. -i 4 tv faotor in oblw© and a major cause ofimportant mortaliV ^

toili*ty* Soulsby (1969) observed that doatb
4 t*ciils infoetion during 3 to 3 wo^s aft orooours in A. Karotad & 31loo (1971) bolioycd

tbo onso -oaponBlbio for tha daatb of many birds
that ti aplmlla 18onni. ^ sintef* lAjrlng the preBont Invostigatlen
during autumn «th, 10th and aoth day post
mortality wn® ® twalva ohlcfes lafootod with
^  <.4 « Tbro©iafoO' 0 • Qgmbed te ^^i^ootion in on© (sxporim^^

§00 ^ 6»t of twelv© Qbi^s

(in moaoapoof^^® ^



lafeotBd witH tho saao aoee died la another eaperlBant (la
dlspaolflo lafoatloBs). SImb a^iag a BortaHty porooatago
of 29.1®'. 3!iil3 ladlontea tHa* ti>e of Aouarj.t^
laf aotloa may bo slightly ateva 500. ifowavoP. la aatural
infeotioBS deal birds are foaad bo harbour nearly 500 mmo
with apparently ao dllnloal symptoms ladloatlng that desl
birds are more resiataat to the lafeotloa than the erotlo
birds*

Ibc Observatloa made on the weight gala of the birds
reatilt of a. gpigalla iiJifootlon tbo birds

iBdioat® that as a
m., wrahio mo^nt of thoir body woighte In infootedloss eonsidoJ^abx®

«vw<i«etlon was greatly swpressed and their
Irayors th© ogg P

^  also v©i:y low* fh® pr^at^t period offeed offiolaioy "ao oabo
ohservoa were found to be olmUar to those made

Inf ©otlon

(I97t)'by «» ^^^54) shd Sowls^y (196®) ̂ av© stated that th©
©t of paraalto depoads on the severity of
liar observations were mad® in th© presentinfection* ^1® ajtiBnain pathogenic ©ff set a were seen In

study, wharo the

hsawlly infeoted (

Deo

pathogenic

a

Aooordlag
Sowing (1965) the provmtrleaiua any be s

ben*^ infection®♦ da© to mailted hypertrophylarge as gissar maoous meaibraa© may b©
«fe jL WB*

of th© proven ^orioua layers of tissu® being
•iw.4.rbitr destroy^* _eofflpieteiy another, Bering the present

w hi®lndi®tingni®c<^w a^cons aeabran©
infcoti<>»®

study In hm'^
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was found to bo ooTofod by nodular srowtho. The oharaotoH-
stlo apponranoe of the loolon on tbe oorosa
obsorrod during tbe preoast Invaotigatlon (Plato VI Pls,1)
bas not been roportod onrller.

Horaally tbo paraoltes do not Invide the oompound ̂ anda,

but in the proaont study juvoniloa were found within tbe lunen
of the oompound ^ande on tbo 8tb and iStb day poet infeotion
(Plato VI PiS.3) bbfl mdioating that in
booty infeotiona tbo luvonUoo may enter tbe oompound ̂ ando.
Ibo days in wbiob tbo JuvenUoa wore found within tbo oompound
^ando oorroopond to the 3rd and 4tb larval moult obaorvod by
ianiSaraa (1971)*

Intonoo odllular roaotion eapeoioUy ooeinopbilio
infiltration into the muooaa wore deaeribcd by Souloby (196i5).
In tbe pronont otudy tbe Juvoniloa (oopoolaUy the dtb otoge)

*  -vnko a aevoro granuloaytle roaotion. Pronounced
m&rm foUHG to

lympboid byporplnal. obaorvod during this period indicate tbo
4mmuaity 3?©aoti<J^*

t  ® oiiroai^ oataasPbal type of
HwaflS ̂  t, ni t A 4-4

.  aes^oamatlsn,
InflofflSistioB. olia^ M 4*

u««ers@or©tioia of macsoo, ooagestioa
ytftttiilary prollfpapiAi.a 3 if lavmsloa of tb© mipejfflolal aaoosa#

I'll f\ yy 0»»attd Becon (igtl) ©tudylfiS ^istopatbologioal
Joobl & &.ssi£sm laf ootlon in tbo
lasione prodno pfolifomtloii of fibxoe®
P3?0vcmtrioa3.i ^eoiJosia of eellB,

dBB^dmnnon
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was found to bo oovorcd by nodular grovsrtbo. $h© cbaraotori-
///

stlo appoaranoe of the a. anlrallo loaloa ea tbo aoTOsa

otesorv©^ duaiag ta© pi?©s©nt invostlgatloa (FXate VI Vlg«1)
bos not been rc^ortefl eavlief.

Boraally tSe parasites do not Invod® the oompounfl ^ands.

bat in the pres«at study juveniles were found within the lunen
of the oompound ^ands on the 8th and l6th day post Infeetlon
(Plato n PIS. 3) and (Plate VIII Pig.3) Indloatlng that In
heavy infeotlons the juveniles oay enter the oompound glande.
She days In whioh the juvenllee were found within the eonpound
^ande oorreapond to tbo Jrd and 4th larval moult observed by
gundaram (19?^)*

Intaise odiular reaction ospoelaUy coelnopbllio
infiltration into the muoosa were desenbed by Souleby (1965).

d. tbo iuvcniXes (osi^ooloUy the 4tb stag©)
la tbo preaont study

. d. a sovor© granulooytlo roaotion. I'lonouaeed
wor® found to ©w®® ^ ^ ^

Qbsorvod during tbis period indiont© the
lympboid bypefPl^®^® ®
l®aunlty rmoHionB* ^ ^

t 40&1) observed a obj^nio eatarrbal type of
Hwang ©t

^4'^riBoA by @pith<^ial dos^uaraatlon,
inflamaation obarao ^
*  . byoerseorotion ©f mueua, ooageation
vt««4iiarvpapxAAa jr y iuvasiofi of tbo superficial auoosa#

and secondary ̂  studying tbo blstopatbologloQl
Joshl 4 namalapuf^^ infeetlon In the
lesions produood ...aerved proliferation of fibrous
proventrloull o -aoroeio of epithelial caile,

tissue, deseuamatlon an
fir:*
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ulooration of the muoosn, interglnndulnr oedoDa and Inflltra-
tins oella. Soulshy (1965) hao mentioned on adonomntoua
proliferation of the ̂ andular apitndlluB with narked deaqua-

mation and dtoeration. In the present study severe
non-koratinizina aquOTOUs ooll notaplasia were ohsorved on the

8th day post infeotlen and hy 10th day post infection there
was eonpleto denudation of the nuoous moabrane with pronounoed

A marked byporplasia wasgmnulooytio reae-BioJ"
liJth da3f post infootion marking the develop-observed from the 12tn any v

ment of local Immunity. By the I8th day post infeotion mono-
rlcnr histiooytlc reaotion were evident in the lamina

^  s^^^Qrative ohanges of oompound gLanda,
propria with

04th day post infeotion fitoplasia wore
From the ̂ th to

4.4«.? that the pathologioaO. prooess toads to
evident, indioatia^

this periods Foduaoa]Lat©d fibre—
bfioome ohronio ai*®-

id growths were formed in the l?^ina propria from theadenamatoi S infeotion whioh wore quite apparent to
to 100th day r

ohongoa indicate that the wom(^a^raita)

jjility to cause tumoa^fomation ^oat as so®© ofhas ^3^0 ( SbIBSSESB 2mi$ aaathostomf^
the other ^ ^«^9toma) in other hosts. 1!he foei

observed by Hwang (196I) was not
of rod shaped bacterln

.• orosont study,aeen In '' obtoin®^ in the proa^it study indicate

f etieP oauae a great ©eonoaio loss t©
that iji

the Poultry indnsW.
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Qi* MQEK^AI & A^ARIA SPIRALIS
tkt nT?^^ifio msgnoHs

|aA^«^^<pLQ(yIQ^ 0B3^VAl^l0KS

To study tbo blood alterations In 3 levels of diapeolfio
infections wltb SEMsM and mmB. SSlS^
blood somplos ware oollootod on tho dth, Uth, 2«b, JStb,
52nd and 66th day poat infnotion reprosanting tho various
dovalopBontnl stages of the parasitas Involved.

^A>r&T. gRYTHROOYTSa

Iho noan overnll arythrooyto oount of the ontira
.W." »• "«»

tbe negative ^ ^gap©ot of ^ (average nuabor of
Tbo deoreaai® ^.n

^  . A4.S6 of T.BSM^il 71.66 of A, ap|.ri^i8)
mma ©stabllsbod o^no -

555S (not Sisnifloant), in raspeot of Oroup II (avorago
ros i-aateaM <»« moj ofnuabor ^ (aignifloant at ̂  Isvdl} and in roapoet of

^jgiralil • g^bcr of wosma oatabllsbed 124 of
Sroup III (avo of ^ aptraHs) 16#5^ (significant at
feB^MsSal

l©v<a). .. .^-,40 Gronp I aiaowcd a deorease of 12#1S^
n« n further anaiy®a.«s»
-  ̂ B0st infeotioa, &j?oup II showed s

(P^0»05) on iafeotlen

decrease of 10.35^ lorenB^ of 8.85^ (F^O.OS),
and Group III
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37.96^ 4 37.27^ (t<0,0l) on 24th, 38th, 52nd 6 66th day
post infection roapeotl*dly>

Thus tho total eiythrooytes of the ejcperlmentol groups
found to he deorensod fro» the 24th doy post Infection

opto the ohsorued ported of 66th day post irtootion
»  orosented in laW-e 27 and are gmphioaUy
tho data ar©

j?©presented in O^Jart 19

iaa^ao^otoln perooatag© of tii© entir©
Tb® mean

,  croups was significantly lower (P<0.01) than

the negative reaoeet of ®rtup I (avomge number of
Tho doorease i» fe»Pe°*

a 64.66 of I.BafiiSiat an® 71.66 of i-aEissiia)wo«»s ^ of aroup n (average number
was 9.92f- t g.sms^ ̂  113.33
of worras esta and in respect of Qroup III

I*. ^tablishod 124 ©f f maohtodai and
(avomg® 18,4# (P^O.OI).
244* Q^oup I abowod ® decrease of

On n fw^ goat infection, Group II

11.8«J (P^O.OO' . 16.98# (P<0.05) 4 18.52#
fl© ©f 14e©

©bowed a deo^psn ^ 66tb day post infection
±ho ^(p^O.pl) ©bowed a deoreaae of 15» 19^

,  «rtd
rospodtiveiy ® .4 (f ̂cO.OI) on tbe 38th, 52nd

\  OA a ^(pUS'0*05). 24*^ -espeetively,
S6tb day po®^
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the liawglolaiJa experiaeatal

groups was foaad to dooreaso from 38tb aay post infection
and was maxlaum on the 66tli day.

Ibe data are presented in fable ̂  and are graphically
represented la Obart 20.

paOKSD OMiL VDLMJS

Ihe mean over«ai pa^ed ceLl inoluac of the ®itir©
srsup. alsnifloontly low.r (P<0.01) ti.a»

the negative controls*

THo deorwise In roapoot of Swup I (avoraso nuober of
ostaMLlonod 64.66 of l-aaMs^ and 71.66 of ̂ sBiSSSM)

wan 1.8®S (not olsni"o«n»).i= iKatoraso
nu«boP of won.. eatabXiobod 82 of l.SSMfliai
4.SB1MM) 2-6®® {biS»12io»bt at 9^ Ibva) and In roapoot of
sLbP in Obtabliahod 124 of
$.S2£t£dsl nnd 244.66 of 6*89^ (elgnlflonnt at
4^ 1 6V©3L ) e jy

on a furtbor nnalpoio 6«.«P H abowod a doob^o of
ft OS) on tbe 66tb day post Infeetlon. Sroup III
'  00 of 5.7®^ (f^0.05), 7.88?^ & 17.78^ CP<0.01)3,o««d « laf option roopootlToly.

on tbe » volojae was found to be decreased
■tnuo tbo pnbl'i^ 0^^

.  «ost infeo^icn in groups II ^ IH, wbilcfrom tbe 52ad day ^
T It was act •in group goontod In SabXo 29 and are grapbiaoHy

fbc data are prcs^
represented in ^bart 2t



rnmmmhm iolum,^

The overall mean oorpiaso^lar volus© of the entfir©

experimental groups was gignifloantly Ijighor (?«<0«05) than

the negative oontrols*

IThe inereas© in respe®^ Oroup i (average number of

woans cstubllBhod 64.66 of S-SSMsSai and 71.66 of ̂ aelESiia)

was 2.43)' (not slsnifloa»t)i faapoot of Group II (avorase

number of worms ostabllsbed 82 of £.ia^|gggj, and 113.33 of
^.HolrBlla) e.TW (not «»« in respoot of Group HI
(arorago mmber of woJ»s lag of I.^aMaSal
344.66 of A.aulralls) 17.3®' (slgnlfloont at 1^ loTbl).

on a furtber analysis. ®l»«8a an Inoreaso of

3.06)5, 51.90^ S 30,93' (2^0.01) on t^e 38th. 52id a 66th
day post infootion respool'"'^'^'

Thus the Inorease In t"® "orpusaaar volume was
a. ^ .« ««. tb© »oat infootion in aroup Ill-found to bo anximum on tno

Whereas In groups I d II i' Gignlfloant,
The data are presents^ 30 and arc graphioally

r^resentod in Obart 22»

»Ugg£M^ao(g.QBIH

^eaoij^obin of Group IIIfbe overall mean xmost.9^^

nf «o»>a 0Si'°''^'®'>®d 124 of hasMs^ Bn&
(average nua^®^ ®* worms

244.66 of A.aEiS^.ia) "8®
»,ntrols An "f 10.59?' "o® o"tainod,the negatlv^ntrols. An

group I and Group II she«®^ ®l«n.iflea„t differenoe.



further analysis revi^led that the laeroase In &roup HI was

ffloxlmuB. on the 52nd day post infection*

She data are presented In Sahlo 31»

mms gQBPUadllAR HAmQglQBIH OQMaillSaASIQg

The overall mean <«>JTpus<!aalar ha^o^ohin eonocmtration

of the entire experim^tal groups was signlfioantly lower

than the negative controls#

She doorease in respoot of Oroup I (average naahor of

wottas established 64*66 of l-saMsiSl snd 71# 66 of 1* sp^^,^s)

was 2*18^ (not signifioant), in respeot of Oroup H (average
auffiher of worms established 82 of S.aaMsM and 113# 33 of

^aniralis) 6#6^ (significant at 1|S l©v<a) and in respect of
Sroup HI (average number of vyorms eatabllshcd 124 of

I.aafiigSai A-SeiMlS) S.TS6 (Slsnlfloant at
level).

On a funtkiar analysis, Oroup I stowed a deoraaso of

9.90?6 {P^o.05) so tfe P"®* infseMoto »«)»P "
sLwed a doorease of 14.13!' * 12.68^ 52nd
and 66th day post infsotlon respeotlvoly. Oroup III stowed

^ #4 (f-^0.05) on the 38th day post infoetion,
a deoreaso of 11* W

17.5«' (P^0.01) and 10.035 {P^O.05) on the 52nd and 66th
day poat infeotlon, respootlvely.

She data are prosentod in lablo 32.
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Tb© total l©uooQ;?teo showed a sigaifloant inoreas©

(P-^O.OI) of 18# 3^ 1» SPoiap I (av©J?mge maiber of wofas
oataTallshed 64#66 of I-asMMil i«SEiMlgl$

4ni1^ la Group II (avoraso na®^®^ woms eetahiiahed

33 of I.aahi^ ana 33.65^ la
Sroup III (avoragO nu«»>er of «on«. ostabliahoa 124 of

I.SaSMal ana 244»66 of l-JEiMiS) on 6ti> any poat
iafoetlon. A sXlgSt Inoroase waa also obsenroa on tha
13tb flay in all tbo groupa, bat «aa not aignlfioant.
Howo^or, by 24tb day poet Infaotlon a 8to«p daoroaao of
48.79^ and 43.4®^ (P^O.01) raapeotlrsly ware obaoryed in
swap II and Swap HI. In O^aP ̂  «6 deoreaee «ae oyldont
only from tbo J8tb day poet Infeotlon. Sbe dooraaoa obtained

aaximum on tS« SSnd day post Infaotlon in all tbo groupa.
Ibua leooooytoals was obaervod on tbo 6tb & 13tb day
^  4.4 w. 4n all th© @xp©ria«mtfil groups followed apost inf ©otloa la
4  ws tho 24th. ^ day post lafeetioa#

ino data are preaonted in Table 33 and are graphloally
yepreeonted in Obart 23.

was

eooiaeP^^l poroeatage of the entire
The ffiean 0V®*«ju*

.  , -_u»B was algnlfloantly blghar (P^O.01) tbane:gp©riraeatal ^^poup

the negative eoatrela# of
4n ^©epeo'fe ^ C average nsfflher of

2!h® imr0fi9& ih
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worms establislaed 64«66 of T^mohtedal jaad 71*66 of A* aoigalls)

waa 214,69?^ (F-'i0*01)t In reapoot of Group IX (average number

of worms ostabllsiiod 82 of f.mobtodal and 113*33 of A*3Plgalis)

was 174*83^ (P-^O^OI) and in reapeot of Group III (average

number of mma established 124 of X*mohtedai and 244*66 of

A*snirnlls was 245«4^ (P-^cO.OI)*

On a further analysis Group I showed an inorcaso of

6115^ (F-^0*01) and 286,279^ (P^0.05) on the 13th & 24th day

post Infection reapeotively. Group IX showed an inoreaao of

383*3^ (P^O.01) and 225*0^ (P^0.05) on the 13th & J8th day
post infection respectively and Group III showed an Increase

of 477.77^,(P^0*01) 279*10^, 180.0^ & 230*03^ (F^0*05)
on the 13th, 24th, 3ath & 66th day post infection respeotiv^y.

Thus marlcod eosinophilia was ovld^at in all the oxperi-

mental groups on the 13th day post infection.

Ihe data nr© presented in Xable 34 and are graphically

represented in Ohart 24*

Hia?i^pgXl»3

Ih© mean ovemll beUropbil poroontaa© et th© mtlr®
WerlacotaX groups wa® ©Ignlfiotrntly Mgher (P ̂0.05) tteUB
the negative controls*

-  of Group X (average number of
Xh© inoreafue in respect w

©atabllshod 64.66 uf I-SSMsM ""I 71.66 ©f
wn» 3.4315 {not ui,gnlfion«t). In rospoot of Gxnup II (©rowan
™„n©r of woma ©stabllsnoa 82 of l-mMM nnd 113.33
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DI8QD33IQH

In natsJP^ lafeotions quite often ehlcko wor© found to

harbour both g^mohtQaai and A,3p^r^^^ simultaneously# Similar

observBtlona wore aade by Sundaram (1971) who raported that

8.8?5 of 2427 proventrloull eitamlaed ahowod mixed infoatlon.

Hence the prosMit etudy was undirtafcM to know to wtet extent
both theae parasltee oould oanao pathoXogloal aXteratlons in
foela. Slneo the location of both the paraeltoa la
proeentrlouaua the etodlea hare to be dealgned for noao^eolfle
and dlapeolfie Infootiona to note the individual and eoablned
effeot of parasitian on the hoot. Ho oontwlled experiaentB
have bean attcopted earlier to etudy the ooabiaed effeets of
I.SfihtsM and &.SSiSMS. m foaie, einee the life eyOlG of
Lth theee paraaitee were eluoidated only recently by
Sundaran (1963( Wl'*

She haaeatoloHidbl <"»»««' aaereoytio
ifiuooponia# eosiuophllia, hot^philin

hypoohroffli® ann®®*®'

lymphooytoponia monoey
a ^4 tiff the ©Kpei^i®®®'^ histopathologloQl

While Qondue^^-®®
a* A-f 4 chiefs out of 12 (13.335^) infeoted with

studios, mortality ox ^ .
V. nf AoSBirsMS ooourredo

500 iuv^ile® ©aob ot
found to to© not lethal to ohlcks (©Ten at i

Sinoo temoMsisS.Sine© loggss^ ̂ «^ll©s) it i® that the reason for

^0© to fl I Mm ^reovor simHiar resultsdeath is aai y -ftatieoi^i® i*'SBSM4S inf ©otioa also where
were obtained in monoBV&ox



^SElSSlia) 21-52^ Cslsnifi-"®?
(avomso numb., of »oms eutabllsbod 124 of I-aaMsSsi w®
244.66 of iUSElSiia) (slgulfloont at lo<rbl).

on a furtbo. aaalyul'. 0«up II sboaad an luoroase of
^  A {P^O.05) on the 24th, 52Bd aad

69.9^, 32-1 ^
.. 4..f»atloo rcapeotlToly aud OJSoup III abowod66tb day post Infootion ¥
. e, o^. 25.4fflS tai& ».5'^ (S^io.OS) oa tba

an iacrens© of 5Z*o.>5^t

a.., ,a« - «" ^ ^
II.. i,a«.j«u" ■" •>••"•* " "■ '

t infoetlon in 0«>up II & S^up III. la toup I6615b day post iiaf eo^2.u«
±tt was not >.a ii

ar® presented in Stable and are grapbioally2bed data ar® p*

Popresaated in

oPor^l tosopbll parooatogo of tbe «perla<®talfbc mean

V. /I no algniflonat difforoaoo f«.« that of thegaponps slK>wod no
asgatlve ooatPOia^ » „ o tfi

Sao data 0.0
TVMPHQQYgM

lyaphooyto poroontase of tbo oati.oao moan o.e ^^io„„tly loW (P^O.OI) tboa
osportn®tal g«>aps was sni
the aogativo ooa gpoup I (ave«igo aumbo. of

Ibo doorooss la ^^BiSalia)
worn® ©stablisb© rcapeot of QrDup IX (s^drai®
was 4.3111 (aot sisalfioa»»''



ia4

auffifeer of wottaa E^asMsiil. an^ 113#33 of

l^gplralia) U»1^ (atgpaifleant at and in rospoot of

Group III (average nwbes? of mms ©atabliaiied 124 ©f

f^CTobtedai and 244#66 of A^OPiralia) t6t 2t^ (slgnlfleant at

1|S lovoSl)#

On a furtbor analysis* Group I sbowed a deoreas^ of

^♦7# (P^O^OI) on tn© 13tn day post lafeetion* Group II
sjaowed a dooreas© of 27*3SS^ ^ 22.44^ on tn© lltb
& 66tl3 day post inf eotlon respeotlvoly and Group m showed

a docrease of 32»74^ ^ 25«85^ (P<0»01) ®a 13th di 66th d^
post infeotlon respeotiv^y.

fhua lyaphooytofsnia was ohserved on the 13th lb 66th day
post inf ©otioa ia ^2. th© eatporliaeatal groups.

Iho data a-'^'S presented la fable 37 and ar© gmphioaliy
represontod In Obart 26#

fhe aeaa ovoraU aonooyt© poroentag© ©f the oatlr©
©xperiifiental gi^aps was si^lfloantly Mgh©r (P< o.O§) than
th© negative oontrol^*

The inorsas© la ^ (average nuaher ©f
worn. o.tablia!>8a 64.66 ot aua 71.66 of
waa 27.85^ (aot algnlflo®®*'' 4n Peapaot of ainouii II {aremeo

of W0B.8 aataWi®"®" 8® I.asMi&l ana 113.33 of
A.aBlrallB)46.83^ (algBifia®"* a^ 5# X®V(i) aafl in rospoo* of
S«,up III (arowgo "°™'' a'tottlahaa 124 of



m

g*nohtedal and a44»66 of A.aplrgais) mm 3Q»^S^ (aignificmnt

at ̂  level).

Pu3?thor analysi® afaowed m inoroaae of 100.30^ (l*< 0»05)

1b Sroup II and 1?8f97^ (f<0.05) la 03Poap III on th© 66tlj

day post Infootloa*

flms monooytoeia wa® ol^served on tb© 66tto day poat

Infection In groups II ̂

Ilj© data aff© ppesented in Ta^e 38*



- 2f? - sasswiBg th« -totol count In thves lerols of dlspeciflo lofeetiona with
?• a^t^sl mA A. oolxaaio ecn^osod vitli liogotlvo contsols.

^ms 1

2

^0^ XX caiK^ in O^liB IV

4 10 11

Ml in ieilllone/tm«QBK« of Moot.

iaaslijrMe of Vegior^eo fe^le

80aff«® if m Jmamti9 W

Istwem

Istwoos

Ipsoy

3

5

63

1.532

2.564

3.532

0.51t

0.553

0.(96

9.223 «*

10,512 ̂ ■

f@3A£ t1 0.048

♦♦ Slpificci^ ©t 1^ lo»ol.

12

13

24

38

2.56 2.13 2.31 2.67 2.31 2.13 2.39 2.12 2.07 2.44 2.15 2.36

2.:^ 2.23 2.58 2.14 2.15 2.18 2.80 2.51 2.38 2.37 2.12 2.22

1.91 1.91 1.96 1.61 2.12 1.65 2.06 1.80 1.61 2.19 1.9B 1.89

1.74 2.37 2.(B 2.19 1.61 1.86 1.73 1.70 1.58 2.13 2.14 2.43

52 1.75 1.93 2.01 1.97 1.84 2.14 1.73 1.32 1.67 ^29 2.02 2.17

2.16 1.79 2.24 1.71 2.13 1.97 1.31 1.38 1.45 2.34 2.08 2.18

%
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f  - 30 - voXime la ths?ee Icfv^ls of dlspeeific iBfeotione with £. rohtedot
^ A' aplg^^ eon^sed «ith ̂ o ooatsols.

Mrs

11 GSCm^ III vf

1 2 3 4 5 6 7 8 9 10 11 12

117.19 140.85 129.87 112.36 129.87 140.85 125.52 141.51 144.93 127.05 144.19 131.36

121.65 130.04 116.28 130.84 139.53 142.20 100.00 115.54 126.05 126.58 141.51 130.63

151.63 146.60 155.06 180.12 141.51 175.76 140.78 150.00 161.50 140.85 146.46 148.15

160.92 126.58 139.42 136.99 173.91 155.91 167.63 176.47 177.22 145.54 130.84 127.57

160.00 150.26 149.25 147.21 146.74 140*19 242.72 212.12 173.65 n26.64 153.47 133.64

134.^ 162.01 133.93 163.74 136.15 137.06 183.21 t73.91 179.31 132.48 144.23 133.03

6

13

24
%h

32
i£i

66

MI veI»o@ 18 tadalo iKloeoaB

Msfprnm

We^mem

SCSM

Aaslyglg of tesSjsm^ Sstelo

df

3

3

63

7t

65213

10935*6

19^1.1

366^*5

2t?3.533

2171*120

305*732

7.111 «»

7.101

el 1^ lerel.
©•



. 3t - a».li« «» i« ttoe .» »t« I. aSfeSSSa.
eeS ̂  BfAgeUe eMip©sr©fi Itoe coirtsoXe-

IX

4 5 6

^pflCTg liX (^109 IV

a^s ~—— « 7 8 9 10 It 12

^  3f?.34 52.86 29.44
51.95 52.3 5X.t8

24^ 41.1^ 4%.^ 53.16
45.^ 52.91 45.3

52®® 49.14 59.^ 41.19
55.19 44.69 56.61

3.41 3.44 31.92 25.94 33.02 35.15 34.43 30.70 3.12

36.45 35.35 34.86 3.14 3.48 31.93 31.22 3.3 35.14

45.96 34.91 41.21 35.^ 34.44 42.24 36.62 3.35 3&,62

34.10 45.96 43.01 43.95 47.06 46.3 3.44 42.06 39.51

37.56 3.15 34.58 ^.3 50.76 43.11 40.61 41.58 40.55

44.07 3.80 3.55 41.33 47.83 49.66 42.31 41.3

Ti^aJisBa IiK ®ss®®
iteatoglg 0^ ̂teri^aee 9®6X®

Brsor

3  190.18 63.595 5.269 ♦
5  1756.15 347.253 11-849 *«
83 135.55 19.455

1—— MM1—4M»i

tt 5152.48

• ffgwi^^gjeait dt 5^ Ib»©1
8tgBlfi^s4 ®4 1^ le*rel
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- 53 — tlie totd ee^ast is /IteGe IgtgIg of dlspeeiflo infeetlo&e wltk T* «>hted^
mmd 4. toAvgiMjet eos^sffGd «ie iTOgel^lvG eosteoXo.

5  msm IX ^
4X0

t 2 3 4 5 6 7 8 9 10 11 12

6 ^.00 39.60 42.00 32.60 35.22 35.20 52.60 34.00 56.00 19.55 28.00 22.00

13 42.22 35.32 44.00 ^.00 26.88 56.00 29.10 66.00 24.44 42.66 27.32 44*66

24 40.33 39.32 42.66 24.00 14.00 21.10 23.10 20.88 21.32 35.20 38.10 42.10

15.80 16.00 14.20 20.40 13.80 19.10 15.10 10.80 24.00 18.00 43.30

si
52 18.70 22.70 15.30 19.10 25.80 13.80 15.10 26.40 15.30 23.30 2530 42.20

m
66 13.54 ^•68 13.54 18.00 21.52 11.54 14.00 ^.00 21.32 28.66 14.00 27.76

vstXuGG is i3sB(«a®ii^e/eK«iBffi» of feXoo4«
A^ayi^ of V^laBee fid»Xe

j^uiree if i®S ^

lE^tsGGS S3PC«:tii«ate 5 959*€^ 319.SS9 31.7T8 *♦
BetweoSEr® 5 48S6.165 Wt-a53 96.484 «

63 634.t75 10.066iSfzor

71 6450*®®

»• Si^fiCCSt ©t iGVGl. g



« 34 .tSSIiet^Log p^o
cuad hm 0bSjr^$ I

BStegG
eonp&r«

of BaslraaPhile in 'tibxoo levels of dieoe^flG iofeotions with 9. nohtedai

^ with mtgstlve contsols.

@iOSB 1 mmIt IX omm III 17

jliyL9 ••

t 2 3 4 5 6 7  8 9 10 11 12

% 9.0 f.o 5.3 6.5 2.0 5.5 8.0 2.0 12*0 4.0 3.0 3.0

13 3r.o 10.0 11*0 15.5 16.0 12.0 11.0 24.0 17.0 3.0 4.0 2.0

2A 1€.6 4*0 7*0 3.0 6.5 13.0 10.0 10.5 6.0 1.0 2.0 4.0

38 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 1.5 6*0 2.0 2.0 7*5 5*5 5.5 2.0 1.5 2.0

&6 9.0 8.0 6.0 8.0 9.0 2.0 13*0 6.0 14.0 3.0r  5.0 4.0

AhsOiarsie of Tsriemee SethXe

l^tsree df S3 F

letwesm, 3 747.153 249.051 14.977 *■»

l£t^£^ IC^ 5 765.569 153.113 9.208 *»

&2©r 63 1047.597 16.629

o

90S&I* 71 2560*319 c

** ^ f Ot 1^ level



- 36 - Slioiliig of loeoi^l^

osid A* airii^lle eoi^red with tho
ta tliToe lorols of diSFoelfle lafootlono wl^ S, aoht®^'*<

afegatlvo eoalToIo. ""

omss XI

6

6^ 0.5 0,0 0.5 0.0 0.0 0.0

13 0.0 0.5 0,5 1.5 0.0 0.0

24 0.0 0.0 0.0 0.0 0.0 0.0

38 0.0 0.0 0.0 0.0 0.0 0.0
a4

32 0.5 0.0 0.0 , 0.0 0.5 0.5
^ %h.
66 0.0 1.0 0.0 0,0 0.0 1.0

OBOUP HI IV

7 8 9 10 It 12

0.0 0.0 0.0 0.0 1.0 0.0

0,5 0.5 0.0 1,0 0,0 0.5

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.5 2.0 0.5 1.0 0.0

0.5 0.5 0.0 0.0 0.0 1.0

'Sota2N£e

^t^roca ̂ ectoiQXits

ISror

df

3

5

63

71

a. 8* ^i^floaat

al 1^ Xorel.

0.344

2.480

0.135

0.115

0.498

0.145

11.068

0.700

3.434 **

a.s.

w



aad A. aa&igffiHg

of lyni^cgrtes i» Utisee levels of dlepeelfie tnfoetiom with ®. mhtedol
with the x^i^«tLve oontxola.

U m 19

2 3 6 8 9 10 11 12

6 71.0 59.0 70.5 72.5 70.0 65.5 64.0 69.0 66,0 72.0 72.0 76.0

th^
13 46.0 44.0 28.0 56.0 29.0 37.0 42.0 28.0 43.0 50.0 61.0 57.0

24 68.0 76.0 54.0 53.0 45.5 63.0 61.5 52.5 60.0 31.0 72.5 72.5

72.0 76.5 76.0 60.5 68.0 53.0 44.5 56.0 73.0 65.0 74.5 60.0

tt&
52

66

71.0 62.0 63.5 64.0 53*5 57.0 49.0 57.5 64.0 65.5 73.0 65.0

64*0 ^.0 58.0 50.0 52.0 57.0 47.5 52.5 52.0 72.0 72.0 61.0

l^tWOfHa S!Se)!$t9i^t8

"Betwcee

Bfzox

4f

Amlvais Qf VoglaRce ̂ hle.

m

5

5

63

71

«• ot 1^ level-

2299-01

3594.70

10521.45

766.337

925.548

57.059

13.430 «*

16.220 »*

fo



<pAm-g 38 - aaswlBg "Hi® p«ro€®tffl®5 of Itoaacyt© in thre© levels of dispcdLfte infections with larohtedcl
■mmm

m00^ I mion? n 61ioop zn OP 17

12
1 2 3 4 5 6 7 8 9 10 11

6 1.5 6.0 5.5 1.0 5.0 1.0 6.0 1.0 9.0 3.0 1.0 4.0

13 1.0 3.0 3.5 3.0 3.0, 5.0 3.5 1.0 3.0 2.0 1.0 3.5

24 1.0 4.0 1.0 4.0 2.5 5.5 2.0 1.5 2.0 3.0 1.5 1.0

th
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

lafl
52 3.0 2.5 1.5 1.0 3.0 2.5 2.5 2.0 2.0 2.5 1.5 3.0

th
66 2.0 3.0 5.0 5.0 6.0 3.0 4.0 5.0 10.5 3.0 2.0 2.0

Aiwityata of ?agiaBce gsble
..Atmmmmi—- - - ^

Sonr^ 4f ^ iSSS

Between ^eots^ssts 3  65^622 2UenA 8-514
5  41.642 8.328 3-672 »»

Sxror 63 1«-899 CJ
'  fO

71 25©-163

*» Slenlflesnt ©t 1^ level.



JLH DISPRCIFIC mFECTlOM^ WITH
T. MOHTFDAI & A. SPIRAL! S
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jN D1 SPECIFIC ^^4FECT^QNS WITH
T. MQHTEDAI SPIRALIS
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nr.TKHQAL 3TO$0M3

Th© aff®ot©d hir&B wore vqtj dall wltli ruffled featbers
and there was cTldeace of loss of appetite. During the first
t«o »ecks post infeotion a slight inoraaso in the hody t«pe-

«.rid tbe birds were very droopy. By tb©mtur© was notioed
4. aaaefflia was dls0e;Baablo and as tb©5ti3 week post iafeota-o

A  the birds heoaffl© w«^ and ©aaoiated*
disease progressed,

Mortality of ohiehs ooourred during the 2nd to 4th .eeh post
inf cotlon.

eiatunty and reduced rate of egg prodaetlon. Important
details of infootioa »ore as follows •

MOBfALlfY

8 has be®

"33^) oo®rr® in dispeeifio infeotion in one ef the
lperim®ts (f®' histopathologloal studloa), iho death

15th, aotb, 24th, ®d 29th day post infeotionooOTrred on the respeotivdly).

. ,.«aelred an infootivo dose of 500 lureniles
Iho ehi®s had ^ n-

.r !.elSU» •
m

woi#^ gaia of tb© ©sporimental birdsfb© meatt d ^eer^®® (B-^O.Ot) ©ompared to th©
©bowed a

aegative ooatrol®*



us

ThQ d@oreas0 in respoet of X (overdo nimttor of

mxmB estaiaiolied 64*66 df ^6 71.66 of i*ap^y^|a.)

was 36.39?^ (P<0,01), in rospoot of Snoup II (average nuaPer

of wozms ostabllsHed 82 of SiSBMsM ̂ 8 113.33 of hSSlMM)

37.5^ (P-^0*01) and in respect of Sa^np III (aveac^g© noiador of

woams esta^isJaed 124 of ̂ '^ofatodt^ eand 244*66 of A.apltalla)

48.15^ (P O.ODf

On a furtbor analysis, Oroop I sbowed a dooroaa© ©f 67* 19^,

37.5(^, 44.00?^ & 60.00^ (P-^O.OI) by tbe 5tli, 6tla, 7tii ds lOtb

wodc post inf ©otion respeotively. ®a?©np II showed a deerease of
54.69^, 38.75^f 44.00^, §0.00^ ̂  73*78^ 0.01) by the 5th,
6th, 7th, 8th & 10th week post infection respeotivdlyj Oroup III
showed a dooronse of 50.00^ 0*09), |7.66?S, 76.56^, 42.50|^,
53.34^ (y-^OtODi 40*00^(^^0-05) and 66.2^ (f^0»01) hy the
2nd, 4th, 5th, 6th, 7th, 8th & 10th we^ post Inf ©otion
respootivdly*

Itns tha wel«M gain of tHe axporia^.al Sioups ware
found to be poor durtng the 5tl> to tOtb node poat infoatlpn.
on tba 10th we«at po** in**""-" "-^S"
was found to ba 793 8™"* ^
and 682 grwa in Owup HI oonpnrea ̂  nagatlvo eantroXs
wbloh ahoaad an avamse Hva body «alsht of 1175 srana.

•iba data a-e rapreaantad In Ohoft 27.
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Slbo losa of inoom© du® to deoroaaed weight was

onlouiated on the basis of"the ouiront pnoo (lii.6.50A8« ot

llvo body weigM). IIMS tbo losa mas foqna to be a.2.50 pof

bird in Sroap I, fSi.2.60 per bird and a, 3.20 per bird in

groups II & III rospoetlTaly »ben ooBpnred to the negative
oontrols.

ggnnT. wAgjBTCT ABB iHia»3ifr py imno

fhe age at fi^at egg was tcdcon aa th© attainmeat of sexa^

aatorlty. 2h® ooftti^l bird laid its first egg on the tllat
day, while the bird in Group X gave the first egg on the
137th day (a delay of « ^ay®). ^
(a ddlay of 3^ days) and in Group XII on the lS2nd day ( a
d^ay of $1 days)*

In all the birds the egg produotion was very low
du to ls«^ of p®r9i®^«^®y ©n^or due to exoeptionally long,

n.sv.4rt3? the observed penod of $$ days, the totalpauses* During
i«4<t hv Group I (number of woxsas established,

number of ogi® ^

70 I.ffiSMsM M'Ssmis) 42. ̂  sw-p n
.. v.! 1 abed. 106 i.aaSMal ̂  na A-SEiialis) «®8

of woJaas establis»o^»
«rfv (auiabor of woims established, 113

11 and by Group ^2.1
^  40 4 4.spirgGJS) ®®2.y 2* ihereaa the eggs

lefflohtsdsl ^ ,^ -t'lf (negative ooatrol) was 53e
produced by Sf»»P IV l»bS"

.  experimental and eontrol groups are
Ihe eg^ redo^'®®

preseted in 1?abld
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Ihe quantity of feo« kilo8fa"s to pwauoe a
doaoD egga waa oolcuXated for the fenalo birds, ainoo tha
strain of obioks uood ia tbs fficporinaats (Kyobin) wars
okolusivaly n.««tt for sgs produotion. Sbe food effiol<»oy
in Oxoup I (ateroso imabor of worms oatablished. 70
i.saSMai 83
If worms oatsbXlsbod. 106 a«8 112 i^sjilMia)
4 53 and in Srotip ttl inmher of mmo ©s1iamisb©d» 113
l!mpbtedai and 191 i-JEiSSiS)
;„up 17 (nsgatlto bsntroXa) tbo food offlclcncy was 1.51,

Sbs food ^neimotos of tbo ®pon«entaX groups were
„  s be sianlfloautly Xowor tban tbo negative

tisus found to 0®

oont3foX®b

OoXouXating t»b l"'"
^ th® feed (Hs.l.SOAs*)# ®a?oup I required 70

€$iiyr©ii't? prl®6 ®
^qtq tban the oontroXn to produce a dosm

pai3© worth o ^ needed &#4»50 and BS#14»0O worth
mams while S^poup®

movo than the negative controlad
of feed ro&pooti'f^^

^riod of InfeelJioa waa osculated hy
"The ^

whio^ firet egg of the pamsitea
noting the day S*aehtedai were
appeared in ^ As aniraiia by the preach®® ®f
distinguisbod ft««



1t

s

I
H

«
i
'

(
H

f
tt

I
H

f
t
M

1
P
i
3

f
t

g
•
H
O

•
)
k
P

m&
i
r
l

♦

A
0

t
^
&
&•
0

o
V
D

f
O

m
f
O

e
•

©
55^

mg

mI
w

i

w
l
-
l

S
5

§
 
a

f
t
 
0

Z
 «

f
t 

«
<

«
4

Oa®&%
o+>aa

mi4

I5
r
l

9m4
\

%
4o

f
0o

IJo

m&

*

0
4

01 0><
3

MWWP
»
3

Ioa

Ov
4

OP
i
mf
t

«
4

f
t
P
)

&
 
&
 
I

i
3
 

t
0
 

4»

V
0

\
0
 
\
0

*
 #

C
M
 

C
M

I
 f

-
3
 
^

-
3C
5<
9

»
4
P
i

OM&4

t
-

C
MO4»

s
pCMSg

0
O

S

a
§

P
»
o

%
©

S
>

>
&

o
f
!

©
©

p
w

«
©

©
©
f

&
&

x
P

4
»

3
^

ftrf
«
0

m
Q

a
t
f
V

3
'
o

W
C
M
M

•
H

e
o

O
O

4
»

4
»

o

C
M

C
M

omS
4

6
«

m

I1

#
im

•^jPv
#
n

w

0

&
4

c
S

f
i

S
4

m

a
P
t

•
H

o

1
0

.
 ̂

O
o

4
»

<

©m@
o

1
^Pi
1P
i

0M&P1*
o

f
t

jft
6
4

•i 
1

i

i
 
J

'g

%

t

i
8

©i::^
O

©
?
k

d
0P@

o
3

4
»

d
Od

©p
o

&
i

4
»

4?»
3O



U2

for T.moatedal and 71»d6 for

la Group II (iafeetcd'with 400 juveailoo of I^montodal &

^0 juvenllGS of a. gjoiraJtie). tb© avorago aomber of wombs

reooverod was 82 (23»985$ males and 78.0^ #eiialos) of

l.moJiteaal and 113.33 t> ad-ia" "aloe and 75.88^ females ) of
A.Bplgalla. thus Slvlns » poroentago of establiahaont of

20.50 and 56.66 roapootlveiy.

In Oroup III (infootod with 600 Juyonlles of I.
and 400 Juveniles of avesago nunbor of «o»ms
reeovored was 124 <16.4°^ females) of
t.mohteaal and 244.66 ( 36.78)S malas and 63. 2^ feaolos) of
Isnlralls. tbus glvlms «» establlstoaib peroentage of 20.66
and 60# 16 r©3p©o1^^^®^3^*

No woms wor® present in «^roop ir m It constltatod

tb© negativ© aontrols#

Ibo data afO pfosentod in laKLo 39.



. 39 « gaiowtBg dciteils of proj^teat period end peroeirtBge of estrAllsharoat in diepeoifie
infeeUon fflohtedci end A. soirRlia c.t three levels and the negative controls.

flhf «at Somber of infeotive
juveniles given

l^repntent
pe^od
in ds^n

Stanteer of voxans developed

SotclBale FeiBsde

Percentage of
es^hliithffient

A.8. A.s. 1bk.S. A. 8. T.m. A.s. f.IE. A.s.

1

A  2

3

200

200

\QCi

100

100

47

47

49

27

26

26

12

14

7

22

14

17

58

38

65

61

48

53

70

52

72

83

62

70

35.0C^
26.0<^
36.00^

83.0^
62.00^
70.00^

600
194 215 32.33^ t1.66^_

4

®  3

6

400

400

400

200

200

200

47

48

48

24

25

25

24

21

14

25

39

18

82

73

32

87

99

72

106

94

46

112

1^

90

26.50^ '
23.5C^
11.50^

56.00$^
69. OC^
45.O0JI

S@tAl 1^0 600
246 340 20.50^ 56.663^

7

e  8

9

600

600

600

400

400

400

49

50

49

25

25

24

19

17

27

65

129

76

94

42

173

126

184

154

113

59

2200

191

313

230

18.80^
9.83^

33.33^

47.75^
78.25^

57.505^

fC^AS. ^mo 12<K)
372 734 20.66^ 60.16^

10

B  11

12

WLL §  ̂1 the birds r^cainsd
1

negcti r̂®

A  •

1  -

1

XX

0  -

B  -

^082 in

17 A.S.

•
fetnuBeres lechtQdai

&cas3fi& spiralie
KM

9^
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l>Ami>QGIOAl« QHMM If? BT^eOIFIQ

ggMiEES mmmAi a» acsjaria spiiULia

iMgBQTioga

3w>as aad oloiosooplo loaioas profluosd la tlio pioventrloului

ty tHo vartoua dereloiiiiiental sliagaa ef SetaMmagfla and
Aouaria spj^^ia in dlspeoifio infeotioas wer© studied after

infecting a batoSi of oMdks wit& 500 jut ©nil ©a ©aoh of th©

parasltea# Otosortations wor© aade on th© 2ad, 8th, 12th, 15th,
20th, 24th, ^th, 32na, 36th, 40th, 50th and 100th day post

infeetion* fho changes noticed were as follows s

QBoss hj^fogs

On the second day post infection no visibl© abnox^ality

was noticed in the unopened prcventrlcalus but on incision the

lumen was found to he packed with copious neorotio debars and

mucus* Sumefous small ulcers were cbserv'ed in the highly

congested mucous meahrane*

By the 12th day post infeotion the ale® ©f the

pxoventrioulus was found to hat© iaer©aa®d considorably. The

seiosa showed irPeguln^ white patches denoting the prodiliotion

sites of A. ap^^ralls wonBS. On cutting opaa tb© organ, elevatod
areas were vlsihl© on the mucous membrane where numerous

A.spirolis juveniles were seen to b© firmly attached in <a^ustex^«
On the 20th day post infection th© proventi^ottlus was one

and a half time® the no3®ai the whit© patches were

more oleaily seffl" on the on the 12th day . On



146

opting tB© ©ygas tb© wall app©aff©<l tMck and the Xmm was

found to U© filled witlj stipaw oolou3?ed inflaamatoiy ipudato.
fhe ̂ andulay opeainss we^'e vefT p««mia®Bt and won© well raised

ate)§© til© aurfaee# On seotion some ef tbe inlands stoowed

iuT@nil©3 of t»©#fe the parasites their lumdna*
On th© ̂ adredth day post inf eatioa th© proveatasiiailas

was thro© times the aemal sis© and was almost sphorloea la

shape with a hard toxtuT®. the oesophs^eal ^sndtlon was sharply
demaikatod due to the spherioal s^ap® of the enlarged organ.

On the sot^sa niia®«®»® wlsihLe
corresponding to the loeation of lemMsM
woms (Plato X fU* 1* )• ^.aaen of the
pmyentneulua w®® ohliterated hy thn
aaxked aodular gfowt^ menhraae duo to
Aouariasis. Most of the ̂ and oeatained maturo f eaale S^MMsM

of the #ands had uad<n?goa® litulfaetif© ehaagea
WOX®®* ^

and appeared TOe»ola«0®*

a.i, noat iMmm

$bc p»voatrt«.lu8 of ti>e eW® saaBsKterad on the eeoead
day poet i>rfootlo» »W«ed aee«el8 art daaago to the lialas
^ithellua of the tuhular la fooel

1  dostroF®^ fraah ha^orrhaglo spots#
ar^s wore ©ompi®*®**

.a aee& emhodded TOng the oeUulai?
Bumeroue juvonllrt "ero «

^  ittveailds wore found to have invndod
exudate and sobo of the j

1 mSa fPlat® ̂  ^ig»
th© oompound #ah6s (
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8th day iafeetion

Moderate diffuao thidkealng of the lamina proprla doe to
granulooytlo intOLtralslnS notlooa on tbe day
post inf oatlon. Most of t»o oompound ilanSs sore paaced with
ncoxotlo eellular inflaBBatexy acatete and JuyenUoa. SnhmueoBa
showed oedena and ®®)P«oaient of hlood Toesdls (Plato X Pis.3).
lOth day noa* inraoTlOB

On the 12th day post infootlon the lamina proprla was
voiy mueh thldhoned In fooal areas dae to lymphold
Sypex^lasla. Ihe InfUtrated sranaloeptes were mostly foand
paohod at the poPl^andular roslon and sahouooaa. to Inoreaso

tissue with neorotle fool wore evidant In
in tho oonneotlte tisBuo

(Plate XI 213. D- Jd'ohUes of I.aafiiSM
the suhauooaa

^ande caused pronounoed hlstlooytlc
within the ooatp®*»"^

^ ^4iea of Aespiyalt® seen cmihedded within
reaotion.

ttthular ̂ anda causing marteed muoossa ohangesa

foroctertstlo of both Aoaariasls and Setraaerosls
fhus lesions ®na*^«

were evident*

l^th d^Y iaf ootion the lamina proprla showed
On the 15th ®» ^ .

A an Increase in the smeoth muaole fibres.
mild flhroplasi gyiaont hBa<®th tho auriaoe
Hlstiooytio road«°»

areas in the lamina
fpint© **0epithdiu® 8^u®aous oell metaplasia*

propna showod
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20th to a4t33 day infeotlon

Chaages aotloed in the pro vent s^loaXws on th© aoth to 24th

day post infection had the oharestorietios of a ohronio

inflammation as evidonoed hy the fihroplastio changes in the

lamina propffia and intorglandular region. Cut sections of the

^veniles of hoth andJ^^BiSeUS were seen in the
lumen of some of the compound glands on the 20th day post

infection Indicting that some of the latter have also ©itered

tao glands "■ day post
inf ootlon, naturo jUanlrallB iw>«as aer. foung aaboddad In the
auoous oonbwae of tho pnoTcntrloulaa. Hypartropby of the
oirouXar maaoilo fl®»'®® ohso'^ad In the muaoalar eoat of
the organ. Sob® of the eompound ^anSa oontained iaaature
feaale I-aaSSsSai «®"'® ^
«yth to 32nd daaJS!®*

On the 29th inf ©ction the compound ^^ds were
invaded hy fihrous ooanectivo tissue and

also found to ®®

their lumina contained immature fen^c and mslo
/«, 4. XT! figol)® is'MiS^yyt wonB9 attached to theworms (Plato

the organ induced marked neorotic changes,ffiuoous mcmhamnc ®
and degeneration of lilandular aolni of thePressure atrop*w

a-. aupariaat on the 12nd day post infectionooBponnd ^and. w®*® "J""
(Flate Btl ®18*

dfikV cost
„ «ftst infection the lamina propria showed

On the loth a®y
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fibw)-adeaaaat©id growths eharsoteristio of
III

iaf eotion aloag with proasure atrophy ©f the oompoana ̂ anda

due to feaial© g»ia©htedal jsona©*

40th to "SQth day ppat jnf eetlon

By 40th d^ post iaf ectloa tho loalaa proprla had

oomplet<ay sloagbea off in ooas area® ana tha aaooua
membrane atomed aflaamoua odlX metaplasia at other places.

Most of the eompoand glands were flUod with mature faoale
T.mehtedal woms, OsuaUy a slB^e female son. was found in a

^and bat oooasiondly more than one son. was present in seme
of tho ̂ aads. ^andular tisauo had uadorgoao aai^od atrophy
Lth simultaneous reduotion in the thiehness of the saU of the
^ands In aem® "t the ̂ ands the norstle dlalatatlon was very
pronouloed so that they appeared as mere pedcots holding the
parasites (Plato "I

day ||i|-ni1)

On the lOOtb day post infootion seeere ohronio
provontriealitis -as ohsorsed sith eompletay fibrosed lamina

»«tii few of tho oompoimd gd.and8« toltoaealatcsd
propna, swtemoosfl an®

- ̂  ̂ wths wero orvidmt la th© lamioa proprla,flhro-adenaaatold a*®
^ .tn vmma havo horrowod deep lat© the saoous

whorever .n , «
F4ffs4)a tcaal© aJamohtedai worms woroaembrano (Plate PlS.o"

a*u oftms of ooa#ooad i3.aadSa faoaoXat^
found lodged wltai" . ,

tha dod®®®'^ oompoand i^aads were sXso
spaoes repjpos^i'®^®®

aeea la soao pX®®®®*



PLATE

Pig. i. ProTentriouluB - Bispecifio infections with
2*Soht©dai aad A«spiralia ,«
The orgaa is almost spherical having a mottled
appearence. Black spots represent the glands
affected by female T.mohtedai worms*

fig. - Bispecifie iafectiofls with
f.mohtedai and A.spiralia > 2nd day: '

n disruption. Mote the juvenile

by nrrow)! TIV

I.S2Me|^°^Bd £.^2211^8th'da»*^''h® ***



Ifiiiills
■■;'(' liiliiil

asiisif'iS
ISiSlil

'}/' ■■■"■■i'l'/'

i

ii

'■■■IB

smiimm
Mmmmrn

'/.s

WiiMW'f
§mp

llllfi

ilii-il

IBS

' ■ 's '■; , p/ ''■ ),' /' B'[,'
' '■ ' 'i'(■■.■' ,. '■ ■■■■■'':/. '.b"';' ,'' ,ir ',.'

mpp

MmM. warn*

fif



PLATE XX

F|.g. !• Proveatriculus - Dispeoific infections with
T.mohtodai and A.spiralis 12th day - Note the
diffuse lymphoid hyperplasiay granulocytic
infiltration in the pori<»glandular region and
subfflucosa, necrotio 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 ioo

Fig. 2. Froventriculus - Dispecific infections with
|.m0htedai and A.spiralis 15th day - Note the mild
fproplasia, engorged blood vessel and increase in
the smooth muscle fibres. Inflammatory cells are
seen beneath the surface epithelium. H & X Jao

Fig. m, Froventriculus - hispecific infections with
^.mohtedai and A* spiralis 20th day - Note the
A.spiralis juveniles within the compound gland,
ii ^ E X iOO

Fig. 4. Froventriculus - Dispecific infections with
l.fflohtedai and A.spiralis 24th day - hyraphoid
hyperplasia and fibroplasia are seen in the lamina
propria. Mucous membrane severely damaged du© to
A.spiralis woxms. One of the compound glands show
pressure atrophy due to the female f.mohtedai worm.
H  & A XPO
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m-te nil - - dispooilic inle^tioas
Kete 40th dfty -
n-e 4fc. "i&nly flatieaed glaadular tissue'"""PouBi orrytng the fe»e?e

"S'" dialatfttioS, The^Gous m@mbran® show® oeorotio areas
aused by A»spiraXia worois.
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threo out of twdTo obiOko (25!^) Irfeotoa »lth 500 JuTeBllw
aueouBbad to tbo Jirfeotlon. Ibus tbls foms a furthar
evldonoo to tbo foot that A-aEiSHlfl
in boairy infsotions. In the prasont stuOy thortfore tho total
mortality due «<> aouarlaals was 7 oat of 24 obluks (a9.1®S).

Birda with dlapaolflo infeatloiiB loot oonaldorahl© anount
ineir hody w«l8ht. Ihe aoonamlo loaa daa to this baa boon

".aoulatod as a.3.20 por bird m booty Infaotlona. to layers
la sarual na^rtty was dOLayad for noaily 2 aoatbs and the

4. of OSS production was greatly lowered. It has bean
dilated that a hastily Infected bird required b. 14.80 worth
1 feed core than the oontrcl to produce a doacn agga,

^nmcd eharecterlstlcs of tetraneroala and Aeuariaala
ilbcd earlier under Bonospsoiflc infections of each.

^  jnvanlles of w®'®
''"' I lands aten by the 2nd day po-t infection (nata x
•"""ir ^bla eany nitration -ay be duo to the Incraaecd

(1000 lartaa) and s-aU «rcunt of surface area
! in the -uoouu protentriculu. for attach-entavall»«^® ,nl01cs). .hivenUes of

(noind eo-po«nd laands on tho 20th day post
so»® - _ maicating that they too Intado

popuiabtdb I® o®aoi4o««®-
tno tnn prodlllotlon altos of
patohos on tb© »»
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A- ̂ iralis ̂ ms we^e e^deat in dlapeeifio infootle&s also

fxoffissfelio 12tl} day post infoctioa sad tliis eould bo takes as

a vislblo Indloation of Aouariaais ovm without outting open

the organ *

Anataramaa & Ohandrasdkharan ITalr (1955) while

dosorlbing the histopathologioal loslona in natural f^aohtedai

i2if ©otloBS found that in some of the oompound ̂ ands there is

total disappoa^SR®® tissue leaving the
lobules as eapty spaoes lined ©eoasioaally with a thin layer
of epithelial oelld and that there was absenee of entire
normal glandularrseereation in other lobules. Similar ohangos
were observed in the present study also in the affeoted glands

the 100th day Poet Infeotlon that ia after the fuU
tahlishfflattt of the parasite. She fibro-adeaaoatoia gajsthe

gO hy A' rails were aooa as eai3.y as 36th day post
Infeotion#

Oreat eoonoalo loss dus to a duA soAethal parasitic
gotlon with oooeldla, Asoariaia saUl a"®

„»,rtea by ystll ma- (1972). !^Be preswt study Asoware roportea oy — —
01 early o"* Ifflfeotlon with

"^^^^mares and Asaaa aSiMiS oan oaase a eeneiaeriiM
g„t of eaonoBlo loss to the fosltry Indsatxy.

eflio
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Patbogmia (^feets of two ooifflaob3.jr ooeurriag apimrld

I90X1DS of fowd viz. getramores 189^1^ smd

were dotexmined under eontzoXlod oonditions* Sbe studios wore
eonduoted in rospoot of monospooifio ̂ d diapooifio infootions

tbo above parasites, at tbree XovoXs of tnf eotion vis.

low, modiuia and heavy, fhe paraaeters observed wore
UaeaatologiQdX ohangea, weight ̂ nt sexaaX maturity, intensity

Qf laying* effioienoy and hlstepathoXogieaX ehimges.
In iiionospeoifio getranereg mohtedai Infootion t

'}^ ghe haeaatologloal ehanges insisted of a nonooeytie
anaemia from 28th to §@th day post ii^eotion,

followed by a roaorooytio anaemia upto the observed period of
^  ooat inf eotion at all the three loveis of imfeotiona.

70 doy® '

goslnophilia ®n^ leuooeytosis were seen from the Ird to
day infootion in low and medium infeotioas and from

to 42nd day post infootion in heavy infootion# A
the 3*^

^philia and lymphooytopeala wore observed from the 42nd
•Ato an observed period of 70 days pest infootion in the

f heavy infootion. Imaoopmaia and monooytosia wore
(*0,0 0

»» tofootion o* all the tH'e®

aval® in#90^'io»*
2. Ibe .el«M ffiin *^9 lirfootoa Wrta .ora feunfi to

oor ta>a the 5tli wo<Se post tofastloii anfl ooatlaaoa to bepo P®



157

at low laval untU tbo ooapletlon of tbe (»p9rtmcnt (10th wodt
post infeotloa). She ooonomlo loss auo to the dooreasaa hod?
w^Sht was o^oulatad to be fi..l.50 por bird la low lafaotloa,
fis 1 70 po^ bird ia aedium Infeatloa aad S9*2«25 par bird ia heavy
lle'ootloa aoaparad to the oontsol bird daAag the obseavad period
of 70

In layers the sexual maturity was daXoyod by 5 days ia
infeotioB, 11 days ia aadiua lafeetlon aad 33 days ia heavy

n eomparcd to the oontiol bird. She rate of ess psoduatloainfaotlo tue iafaoted birds. Bunas an observed parted

the total number of esse laid were 43, 22. and 8
of 66

.,.«a.v in 10". »adium and heavy iafootions, whwoaa the
r©0P®®"* . j.

nird laid 55 osss durlns thld pertod.
me feed efflcionoy of the iafeoted birds were very low
rod to the nosetive sontrols. It was ealTouloted that

~!!^eetion the fsaalo required Be.0.70 worth more food toin low ^ egsa and medium & heavy iaf eotions the birds
P«dooe ^ ^rth of feed more than the eentrols.

SM prepatent period of iafeotloa was found to bo in
54 dsya influeneod by

w r of woats establlshod.

L peroeatage of establishment of worms were found to be
propertioael to the number of Juveniles administered.

Lss pathoiosloal ehansea of the affeoted prtvontrlouU
lU petoohi^ hntmerragoe in the ««eo«s memhrane en the 4t
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aoy {.oat InfaotioBi Intwaa congosttaa trtth foaal areas of
erosion of the naeosa on the 12th day, dialatea aimpoaaa glands

initature fcnalo soms on the 25th day and groatly rednoed
lOTSB of tho organ on thS 55th day pest infsotlon.

8. Tho mioroBOoplo ohangas observod wore serere
uiooytlo roaotion on tho 4th to 7th day poat Infeetlon,

l^hold hyporplasla from the 9th to 12th day, pXasna sell
an the 15th dayi Interglaatolar oedema and flhro-yoaotlox* WM g •

astio ahangoB on the I8th to 25th day and pressure atrophy
dialatatlon on the 32nd to 39th day post Infsotlon.

Zc roparatlve piooess found on tho 55th day poat Infootlon
aioates, deveiopmont of a hoat-poraslto halanao.

Tho dcorease in tho live hedy solght and redueed
fi egg produetion aeon in nsnospoolflo T.aaMaSSl

<fl.oai3.y indloato that tho parasite is (^nooioaXly

la sonoapeoifio SBimm •
She hawatologioaX ohmigos oonslstod of, Xwoooytosis

elnophUia on the 13th day poat inf ootion, Xoueeponla.
,ia ahd xymphooytopenla f*® the »4th day post infeot-
an ohsoryod period of 66 days post lafsotioni a

" *" "•"" ■"
on the 66th day po.h infsotlon.

....««« •' "*"""" ""* "* "

ion

m
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the oomplotion of tho es^orlmont (10 weeks post lifestio^)*
Tho ©eonomlo 1^®® <51®® deoffeaa^ tJody w©l®bt was j
oaloulatcd to bo &. 1.97 per bird la low laf ootloa, a»#y50 la
medium laJfeotloa aad fe.2.75 per bird la boayy iafeotl^a.

12. lu layers the sexual maturity was delayed by 7 days

in lew lafoetion# 23 days In meddum iafeetlon and 46 days la
heary iafeetlon eompared to the ae^tlv© eontrol. 0©as©%uently
^ho ra^® produetion was loss la iafeoted birds# Burins

obserred period of 66 days the t@tia number of osS® 3.ald by

the f eaa^-® inf eotlon was 43, with medium
i footioa was 10 and with heavy inf eotlon was only 3, as
oomp®^®^ 1}<5 th® 59 es§;s laid by th© nogatiVG coatrol bird.

13, !i?h© feed effiolenoy of the iafeoted birds were
i, refore iafeetlon

fomal® required Ss.0.65 worth of feed more than the eontrol.
6. t5 and 8s. 11.10 worth of more feed was requirediilariy

gi^es medium and heavy iafGOtlons respeotlv^y#
°"l4. IB® p?WOl!«»* pe'lod of infection wis found to be In
,A to 29 aoye (oTerage 26.22 days) and stowed little

fro®

tion at tb® tbrae levels of Inf eotlon.
^'*'^*15. ^ 29^ Bontallty was obaowed In ogp^^antal oM^s
,«otod with 500 juvanlles. V.
'  ,6. Oross pattologlosl obsngss of the sffe^^od pfovsntn-

4 iloludsd the nppeaptoeo of an Iwogulaf «M«ah pateh en
Posa by the lOtb day poat Infeetleni oorposi|oadlng to tbe

tte iuvenlleo «i«ln th. lunon of the pPSfto.

Sim

in

the

10
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oongoation, oloe^atlon aud nooj«>ais of mwoooo ia«ab»aa© wore
obaorved on the I6tb day poat Infootion. SmoU e3.0¥iated areaa

wore eoen la tbo aucoaa by tbe 22nd day la pXaeea wb^o the
juveniles wero found attached la Clusters. By 100th day poat
infection the whole #6f the amoous ©embrane waa found t© be
studded with nodular growths.

17^ Xh© fflleioaooplo changes observed la the mucous

fflembrane wc^© ©^ acute Inflammation with a grannloc^ic
reaction and non-keratlnlalng squamoue coll metsplaetlo changes

the 8th day P©©^ infection, duvenlles of ̂ spliUls were
f und within the compound gd-anda on the 8th and I6th day post
ajf otion. X»ymph©id byporpla^ia was evidont on the 12th and

day« leaiens b©0®ne ohronic from the 18th day and hy
lootn aw pofluamilated fibro-adaMusatoia growths wore foand
wber.'®'

dlBpeol^l® Infoeblons witb "BftWBWi aad
I

.g. lae Jjaenatologioal obanseo obaorrod at aU the three
of infeotione were loueoaytosls and eosiaopbUla on thelevels lafeotlon; leuoopanla and hoterophllla from the

day upto the ohoorvod perted of 66 days after infeotlon.
xeoytis hypos®"®"^" anaemia from the 52nd day until the

* "^"^lon of the werlm^t (66th day poet Infeotlon) and a
"""fhloytopsnf Monoeytoela tewwds the 66th day post
l^estio'^ evident.
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,9. SS.e wolsl.t sain of oil tS>e Wrdo at OU tho
three lotdle were found to te very poor from the 5th wett to
the otoerved period of 10 we^e PO«t Infeotlon. economlo
loee due to the deoreoeed hody weight was ooloulatod to be

2.50 per bird in low Infeotlon, S.2.60 per bird In medium
tlflotion and Bs.3.20 per bird In heavy Infeotlon compared to

nasative oon^TOls-

20. in layers the serual maturity was dedayed by 6 days
Irfeetion, 32 days In medftum Infeotlon and 51 days In

'""tLoetlon compared to the negative «.ntrol. ^ rate of
Tuition was also low. Ourlng an observed period of 66

^„tal o'
.a 42. In nsdlum and heavy Infeotlon the eggs laidIrfeotlon « ^ to 53 -gge laid by the

I Airing the same period.
the feed efflol«.oy of the Infected birds were
eery lo" nt all thn three levas. It was ealeulated

therafo'® l,eavy Infections

that the ® and s,. 14.80 worth of feed, more than the
^6 0*70, ̂

nifodao® a

''T' fho was found to bo In
days (avemge 48.22 doye) ia %*mM^

from (avorago 25.22 dayn) ̂  ♦f®
fin" 24 to 27 ay

^.SSiSS^' „artaUty was observed In erperlm®t.d eblobs
^th *500 juveniles each of andjafooted with 50«

rea«

oozi'
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24* S3?os9 pa'fcjbologioal ohaa^GS In "feb© affectGd pnovGH'fei^"'

ouli inoltided pet ©obi el baemorrbag® in the highly ooageated

suoous m^abraae on tb© 2nd day post Infeotlon and iisregalar

white patches on the serosa obareoteins"^lc of the
infection, on the 12th day post infection. £«S2MsM, «o»os

were found in most of tfe compound glands on the 100th day
post Infection and the muoosa showed nodular growths ohareoter^
istio of i. infection. Some of the glands showed
llquifactlve changes.

25. SJhe micibhooplo changes observed were an acute
inflammation of the mucous mombrane with severe granulocytle
rwiotlon aurins the mxly atasea tollawai W a ohwnio ohanga
inyoxvlng almost the aatir. organ tmm tho 24tl> day poat infaotion.
Juvaall oa of A^asimiS

43 on tno 20tli day. yibro-adananatoid gn>t»1ib9-oharoot0ri»1ilo

atJpby 4iaXatatlon of th. oonponnd glanda woro
.alt fro» dOtb day poat infoo«on a„o to tho fatalo f.mMsSS&

2ms. Sha Patbologioal ploturo «aa thoroforo a oonbination of
'""'1 aoen in tbo aonoapaolfio tafootlona.

lisa obtained in the present study indicate that26. The results oDuaxd

^tb aafis^
,0 tboir boat Via. tbo fowl and aro tboroforo ooononioally

*  .ho poaulta also show that tho loaa daa to norbidityimportant.
than those due to mortality,

of infootion waa aoro anan
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ABSlRAgC

Controll©^ ©xperiifl©nts wer© oonatioted &t three iev^a

of monospealfle anfl dlspeelflo Infootlona ullUi two ooamoaly
ooourring spirurld worais of fowla via. IffiftyyAq
and Aauoria ^ .

TSio blood atudlos oonduoted In Boaospeoifie I-aaMS^
.ofootion rovoalad a nomooytio noiBoobroBlo amc«la aad

inopbllla during tbo initial Pbaaa and lator a aaorooytlo
J. botorophUla and sllgbt aoaooytoala by 66tb day poat
/  Tbo lnfootod blrda lost ooaaldorablc a»8«nt of

iToirblli w^isbt. Id idyo- ^
^ „„t»nty and poor food offlolmoy aa indloatod by

'"""l roduood 0S8 Produotloa. fba porooatago of ostabllab-
' „o»a m tboao oxporl-oato wora found to bo Invaradly

m to tbo auabcr of juvouUaa adBlnlatorad. SbOproportion ^footed provontriouli ladloatod

Ll«n»dtion dunng tbo Invaalvo pbaao of luvontloa.
^  , a obronla rcaotion wblob by 55tb day Poatfollows® y ggtabllahod Indloatlag the dovolopaoat of
trfootlon waa « atago. of lafoatloa.

g boat - paras ^ „ono8peolflo hSEiSSHM

ainopbllia waa ovldcat InltlaUy followod by aipfootion. CO dovelopBant of a mo«>eytla bypoohroalo
.aricad auo to poraalttsa woro. dalayod

ggaoala. ^ ^ produotloa, poor food rffielonoy.
maturity, ra®»®®



a

loss of wclgM, ©aaaoiatlon and a la

ehioks. Tho gross pathological changes i^^ffilaais included

the appearance of an irregular whitish patch on the serosa and

formation of nodular growths in the au^sa which in heat;^

infections occupy the whole of the mucous mcahran®. Juveniles

of A, spiralia were found to Inmd© the compound glands in very

heavy Infections, fhe microscopic changes indicate a sever©

acute inflammation during the initial stages. Later as the

disease became chronic pedunoulated flbro^-Qdoaamatoid growths

were evident on the mucous mcobranet
o

In dispoci^i® infeotions with f.mQhtedai and A.solralia

the ha^atologlcal ohanges obsorved w@r® ©jslnophllia during

the early stages followed hy a leucopeaia and hetorophUia#

A® the disease progressed a maorocytic hypoohromlc iana<psla

developed* 2?h©r@ was a great decrease In the live body weight
of the infected birds# A mortality of II#33^ wore observed in
chicks with heavy infection. In layers the scntual matui^ty was
delayed and ©gf p2^duotion was greatly suppreaaod with conse-

t poor feed utilisation. Ih© gross and oioxoscopio changes
affeetod provc®triouli indicated a combinatioa of

found in ^
under mono specific iafcetioas of both the

lesions observsu

2he resbl'fe® obtained show that the loss duo to morbidity
«„,i t of docroased body wdlght luad reduced rate

(mainly as a rcsu-s-®
.  \ oonsiderable. f hoc© f not a indlcat© that

of 05^ production/

I.saataaal «eo«»»loally IrapoMwt.




