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ABSTRACT

Studies were undertaken i0 record the incidence of
nematode parasites in pouliry with special reference to
Totxysmeres mohtedai, Experiments were conducted to study
the bisligleal ;ovolop-cnt and pathogeniec effects of
T. mohtedai. Experiments were also conducied to study
the effeots of irradiation, to standardise the dose of
irradiation for cptimum attenuation of I. mohtedai amd to
study the immunogengeity to evolve immunoprophylaetie
measures to control the infection. Drug triale were also

Bade t0 evolve a suitable chemotherapentic ageat.



A total of 6 nematodes was recorded from 3000
birds out of which 1000 were Desi hirds. T. mohiedai

was found in Desi birds alone with an incidence of 51

&

per eent. In ocaptive z00 birds Capillaria sp. Muﬁg

galli, Ascaris sp. were the common. In Myna Splepndido-
filaria osmaniae and in Magpie-blood microfilaria were

the rare findings. An ocutbreak terminating in heavy
mortality in pigeons due to-é!g!‘ggg eoluwbae was recorded.

18 species of grulshoppors:zsno species of beetle
were found to be suitable intermediate hosts. Among the
grasshoppers 6 species were found to be efficlent inter-
mediate hosta, 12 speclies 0of grasshoppers and the beetle
were found to serve as intermediate hosts for the first

time in India.

Infective larvae developed in the intermediate
hosts in abhout 17 to 18 days and the pre-patient period
in ehick was found to be 45 t® 62 days. The worms deve-
l1oped with dAifficulty in pigeon as the prepatent deriod
was prolonged.

Histopathological ochanges included gramuloaytic
reactions, lyuphoid hyperprlasia, Plassa ¢ell reaotion
and inter glandular oedema with evidence of pressure
atrophy of the provemtricular glands due to the female

mBature worms invading the proveatricular glands.



The infeetive larvae irradiated at 2 to 8 Kr level
did mot show any conspicuous morpholegical chamges. But
at 10 Kr level the larvae was stunted in growth and dege-
nerative changes took place in the gonads. Larvae irra-

diated beyond 10 Kr level did not develop at all.

The larvae irradiated at 10 Kr level d4id not pro-
duce marked pathogenécity but at the smme time stimulated

immune response undergoing full bioclogiecal development.

Electrophoretic pattern of sera of the chiocks in-
feoted with irradiated larvae of T. mohtedal at 10 Kr

level showed that band Mo.9 was found to be conspicmous.

The circum larval precipitation test, revealed
preeipitates around oral, and amal region in the infsoted
larvae incubated in the serum of chiek infeoted with ir-

radiated larva at 10 Kr level.
Intradermal test did not give any relisble results.

Infcotivo larvae irradiated at 10 Ky level 214 not

allow aubsequent challenge infection to develop.

Among the anthelmintie drugs, caricide proved to

be cholocest showing 80 per cent effiecacy.



Introduction




Andhra Pradesh has been recognised as eme of the
important peultiry rearing areas in India. The rural and
urban pepulation have takeam to poultry farming for over
w0 decades to augment their family income. Millioms of
oggs are Being exported to other states like Maharastra,
Madras, Caloutta annually, in addition to the shipping to Y
middle east. Lack of protein in the dist of growing
children has been recognised as responsible for mental
retardation in them. This protein hunger can de adegquately
met by both pouliry eggs and meat. This necessitated the
Andhya Pradesh Government to constitute a poultry marketing
board.

Aceording to 1977 statisties (poultry guide), it 1s
sstinated that India poscesses approximately 180 milljon
poultry and ranks one among the World's fifteen leading
countries in egg Production accounting for 10,%00 million
eff® Per Year. Twenty Years ago, the production of eggs
was aroumd 2,000 million. By 19841, it is expected to
exceed 12,000 million egge. Seventy per cent of the pro-
duetion ef these eggs come from the genatically improved
stosk, indioating that much of the improvement had ccourred

ia the ecmmereial poultry seotor.

Profitable poultry rearing calls for better hus-

bandry measures including timely attention te the control



of diseases, while the losmes due to viral amd bacterial
diseases are spectacular, the losses due to insidious
diseases such as those caused by parasitic helminths are
not apparently felt. The merbidity, loss in egg Produe-
tion or poor weight gain appear to aceount for greater

losses than acute infections resulting in sudden mertality.

No systematic efforts had heen made to determine
the ill-effects due to commonly ocecurrimg parasitioc hel-
minths sueh as the Spirurid worms. The main reason why
sueh studies had not heen attempted is due to complicated

11fe oycles, and the range of intermediate hogis involved.

Studies on life oycles conducted at Kerala, have
thrown mevw light on the biology of all Spirurid worms
frequently met within poultry so that it is now pessible
to eritically determine the role of theee parasites in
assessing the losses to pouliry industry. A detailed
study on the pathogenseity of the parasites 1nt?oul would
aleo help in the early diagnosis of this Aisease condition
and to institute timely measures of control and the sus-
ceptibility of the worms to chemotherapy and prophylactie
measures which are essential for formulation of proper

aontrol.



Bffect of irradiation on the development amd the
immunogenecity of the larval forms will also help to keep
the infeotion at a low level. Irradiated vaccimes against
csertain parasites, are being marketed commereially in some
countries while in India the irradiated lung worm vaecine

in sheop is already in use.

Immunoprophylaxis may prove mors econdcwmical than
chemotheraply in the long run, as such the work on irra-
diated vaccines partieularly against poultry worms should

attract immediate attention.

e

In the present study attempts were made to survey

. (1;Tincidnneo of nematodes affecting domestic fowls
as well as other birds in Andhra Pradesh with special re-
ference to the inoidence of Tetrameres sp. (2) to study
the host specificity of adult and larvas (3) to stmudy the
abllity of different grasshoppers, and other arthropods,
to act as intermediate hosts, and the dynamios 6f the
inteotion ¢n the domestic fowl (4) attempts werse also made
to evolve an irradiated larval vaccine against Telrameres
mohtedsi in ohicks and to assess host immune response (5)
To study the efficacy of some of the comwerolally available
antheimintios against 1. mohtedai on experimentally infected
chicks.



Review of Literature




5. Imeldemce of Totramerss mshiedei:

Srivastava (1939) studied the helminth parasites
of pemliry and reperted on twe spirurid nematedes. He
was the girst to reserd the sseurrenes ¢f the geaws

Tetrameres.

Bhalerso and Krishas Rae (1944) menticned Agiria
(Sholiespiyuys) hamuless, Asipia (Dissarvax) spiralis

and JToirsmexes mohtedsl a. sp. frem towls. They deserided
in detail the merphelegical charaeters of 7. nehtefal,

whieh they had reseived frem Hyderabad.

Qureshi (1950), who studied in detail the inei-
denee of helminth infeetions in desi fewls and impreved
stesk in V.P. reported the Deresntage of Apoaridis sallt
infestion was 50% in desi Wirds.

Dee (1964) mentiened that the 11fs syecle of
I. gohtadal was not known and deseribed ether nemateds
parasites of chicken, dusks, geese, guinea fewls, pigeems,
poa~fouln ote,

Rae g% a). (1972) studied the histepatholegy of
spirurid asmatedes in Sarus erane kept at Kangan 300 in
Orissa.



Chauhan gt al. (1973) reperted the eemmen para-
sitie infeotions ameng %00 birds at lucknew and BDelhi
s00s. They reoorded only Asearids, Capillaride camenly
and Spirurids rarely.

Sastry gt al. (1974) reperted the imoidence of
various nematodes in fowls ia Naharastira, though ae

Tetramsres was reoeorded.

Phaskar Reo (1977) investigated inte the ineidense
o2 helminth parasites of duweks in and avround Eellerw lake
in Andhra Prudesh. He: encountored Jehinuris unsinste

(14%), Apidesyomum skyishini (79%), Sapillarip somserss
(10%), Qapiliaris glohesandata (20%) and Yetrsmsres amatis
(59%).

The earliest record of the genus Tetrameres in
India was by Maplestone (1931), whe obtained only a fev
male worms from a Pochard or Dimbird (Nreres (Aythya)
fexininse) amd alse frem an unideatified dmek at the see-
legieal gardens, Caleutta, Hg deserided the worm as
Rehipuris spinops, Vher (1933) tramnsferrsd the abeve spe-
sies to the gemws Tetrameres based en the Presence of bedy
spines and dorsal and ventral thickeaing en the lateral
alae at the head end. The first repert on the ocssurrence
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of Tetrsmeres in fowl im India was made by Srivastava
(1939). He subsequently reperted that in a number of
ducks reeeived from Peshawar (mow im Pakistan). Tetra-
meres wore reeorded but he did met furnish the deseripy-
tion of the parasite encountered M him. Ke only stated
that the worm confirmed to Crem's deseriptien of Teira-
neres m.“:"ﬁm- obtained frem a fowl which died
at Hyderabad (Deccan), Bhalerae amd Rae (1944) deseribed
Zetreperse poliiedss. Mudaliar and Alwar (1947) in the
shoek list of parasites at the Derariment of Parasitelegy,

Madras Veterimary Cellege had listed TaSraperss sPinces,
as eooourring ian fowls in Madras State.

Ansntaraman and Nair (19%5) recorded the ocesur-
remee of Totramerep molitedai in fowls at Srivilliputtar,
Madras State and studied the pathelogy in detail. Koshy
(1961) and Sriramulu (1961) had experimentally demonstra-

Sed grasshoppers, Afrsetemeryphps srapplets aad Dyygomerphp
sp. as intermediate hosts in Madras. Sundarsm gt al.

(1963) reperted that the species Tetrsmares mohtedaj was
of commen ocesurrenss in desi birds of Xerasla State amd
further thay eolucidated the life cycle of the parasite
undery laberatery cenditions wsing grasshoppers as inter-
mediate hosts. Purohit ¢t al. (1963) frem Maharsstra amd



Mukhopadhyay and Varma (1963) from Bihar repoerted the
G-é‘n haa

insidence of Totrameres mehjedal. Rae and Anantaraman .
(1968-69) reperted am imeidenee of Teirsmerss nehitedal

in fowls at Nadras as 78.1%. They alse recorded the
Presense of other mnematedes 1like Apearidis gallf,

Neterskis gallinarws, Asuyis hagmaless. Is Kerala
48.64 of the parasites recerded in foewls was Tetypwmerss

nohtedal in addition to other aematedes like Apeprdis
211}, Heterakis galligayws, Aciyis gpiralis, Acwla
hasmolegs, Gapilleris spmulata, Syngapus tracheg ete
(Verghese and Peter, 1970). Similarly in Bihar there
was high incidenee of mematodes like Apsgridis galli.

Hatarskis gallipsyws and Aeuria sp. in fevls, but
Totrameres could not be found (Kmmar amd Sshai, 1979%).

8. Experimenial studies with Jotrameres mehtefn):
a) Host specifieity

Eeshy (1961) was the first to de expPerimental
infestion in grasshoppers and suscessfully infeeted

Atrsetomerpha sremulgty and Pyragemerihp sP. as iater-
media heats.

Sundarsm ot gl. (1963) had experimentally imfected

She grasshoppers Spathosterpwe prasinifervs. Oara aitiduls,
Atrnetsyorpha Sreanists, Oefslens sbrupus, Cepoegphpjvs
Baonlatyy and Duestys japenies as intermediate hest fer



Totrameres mohjedai. Sudbsequently Mukerjes and Simha
(1963) foumd that twe species of bestles Listengus Sin-
gtuy and Sphoeridiwg guigeemaculatng eculd de intected
with eggs of Totramerss mohtedai.

Sundaras (1971) attempied experimental infession
in chiekens, ducke and pigeons with Tejrsseres mohtedsj.
He was suscessful only ia chicken, but not in other birds
used.

Lim (1975) found that a Lepi@opteran larva (Seto-
morphs Iutells) acted as imtermediate host for Tetrsmeres
mohtgdai in Singapore.

Ramaswamy and Sundaram (1979) have reperted the
sucsessful sampletion of the life cyele of T. mohtgdal
using the Isoped, Poregliie lagvig as the experimental
intermediate hest.

) Histopathology

Almest all the earlier works pertaiming to the
Pathogenisity of T. mohtodal were based em the matural
infeetions in tewls and morxe 0r less ceafined te the
histepatholegy of the affested provemtriculus (Anamtaraman
and Naiy, 1935; Sriramulu, 19613 Purohit ot al. (1963) amd
Joshi and Kasalapur, 1971).



Ramaswamy (1977) resorded the pathegemoaiily of
Ietrameres mehisdai under oontrelled ctnditions. Ne
observed that the gross pathologisal changes of the
aftested provenirienluli insluded, peteshieal hagmer-
rages ia the mucous membrane on the 4th day pest-infestion,
intense eongestion with feeal areas of eresion of the
mueosa om the ifth day, dilated cempound gliands with
immature female worms om the 25tk day and greatly redused
lmnen of the oxgan on the J35th day pesi~infestion. The
mieyeossepic changes ohasrved were severs grammlesytie
reastion en the 4th te 74h day pest-imnfestion, lympheid
hyperplasia from 9th te 12th day, Plassa eell reastion
the 15%h day, imterglandular csesdeme und fibreplastis
changes on the 18th te 25tk day and pressure atrephy and
eystiie dilatation on the S%aud t0o Y9tk day pesi-infestions.
The reparative precess found on the 35th day pesi-infeetion
indisated the development 0f a hest parasite balanes.

The desrease in the live body weight and redueed
rate of ogg Preduction seen in moncspecifieo I. nehtedai
infeetion therefore clearly indieate that the parasite was
of egonsmieslly impertaat.
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5. Imswmelogiocal studies
a) Irvadiated vaceines!

The prineiple involved in the use of radiationm
attenuated vassine is now well appreciated. Like any
other living erganisms, heluinths are alse dameged by
ienining radistion. If infeeted stages are treated with
a suitable dess of radiation and administered to the
host, this damage is manifested by morphelegical and
Physislegical disturdances ia these helminths. A redune-
$ion in the number ¢of parssites which develop te maturity
and an impatrment of their repredustive eapacisty are alse
notieed. The pathoegenie offeet of the parasite is unspually
reduded. An ilmmunegenieity is hewever still exerted if
suffisient number of DParasites persist in the hest for
leng. The magnitude of the shanges outlined aheove 1is
elearly related to the dose of radiation used and there-
fors the preparation of a vaseine dopends on boing adle
40 shoese a dese of radiation fer the treatment of the
infestive stage whiek will reduse the pathogenis offest
of the parsaite tc am asceptable lovel without signtifi-
sant reduotion of immunegenieity. Radiation attenmated
infestive larvae had been successfully used as vasesines
im the esntrel of eertain helmiatic infeetions(Clegg amd
Smith, 1978).
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Jarret ot al. (1960) studied the immunelegieal
response preodneed by the administration of irradiated
larvae of Pjetyceanlus viviparug, swbsequeatly Sekelie
23 81.(1963) reperted mmme sucesssful vaseimation with
irradiated larvae of Rietyesaulus filarie.

Towari gt al. (1972) eonducted studies on radia-
tion attennated Dietyogsulws fislaria larvae in sheep in
India. These workers slaimed suscessful results agaimst
vassination of yearling with the irradiated larvae of

sheep lung werwm D. filaria.

Dee and Gangaduar Rao {1969) condweted studies of
shioken against Asoaridia galli.

Subramanian and Suresh Singh (1971) werked on

imwwnelegical response in ohiokea against Apearidis
fell) ismwnised with irradiated eggs.

Miller (1964, 1963, 1966, 1967) had wade considerable
sftforts te evoke an irradiated vassine against Aneyleste-
miasis in dogs and eats. The attenunted larvae was showm
to develop an immune response of greater magnitude than

o a normal larvee. Deudble doses of vaseine with one month



182

of age was found te be mere effeetive. Preamatal infee-
tiom of pups eould be Preveated by vaceination of bitches
as early as pessible.

Varga (1964, 1963, 1966, 1968) scondwsted exten-
sive studies with irradiated larvae of Synsppyus Srashes
te induee immunity against further infestions with this
gape worm infeetions in shieken.

Millar (1971) gave an extensive review regarding
vascination. After field trial Niller (1978) have givem
the difficulties imn preducsiion and eontinuing he patranage
this vassine by the Veterimariams.

Gregs gt al. (1976) atudied the sffeet of gamma
radiation on the develoiment of infestive larvae of
Irichestrongylup selubyifernls in guinea pigs and sheep.
These anthors try te explain the depressed egg predustion
in females might e due to absemoe of males whieh are

very radiesensitive to the gamma radiation.

Geed pretestion of an adult sheep against experi-
mental challenge NHagmenshouy contertug eould he achieved
by the sdministration of yadiation attenmated larvae,
heowover nc prastical vaeeine eounld smerge frem this werk
beoause of comploete failure of immunising young lambs
(Mulligan, 1975).
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%) Hest responve

Clegg and Mnith (1978) stated ithat all the
helminthie infections induse speeifie antidedy pro-
duetion whick could easily be detested and measured
by immunediagmnostie tests. Only rarely, the immune
response lead to oomplete slimimation of parasites.
Several mechanism Permitiing pavasite survive in the
iamunised hest had besn recognised inelwding antigeanic
variation and disguise, produstion of seluble blesking
antigens, lesation of parasites and imhibition of
various host dsfenee mechanism. Unlike daocterial amd
viral antigens helminthie antigens vary greatly duriag
different stages of developwent of the parasite. Bach
parasite has mosateo of antigens. This is ome of the
impertant dravbaeks in the production of goed iasmunity
against helminthie diseanes. Antigems are not omly
shared smeng differeat helminth but ale® by unrelatsd
speaies. Thie gives evoss protection and also pen-~
specifiec immume reaetioms in the field of imsumodiagmosis.
Antigens ean be olassified as particulate and solmble.

Partisulate antigenst
Bggs, different larval stages of Darasites and
adult worms aot as particulate antigens (Cohsm amd
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Sadun, 1976). However, the antigemieity of sueh anti-
gons varies greatly and produss varying degrees of pro~
testion ia the host, Imn gemeral, injection of hemoge~
nates of non-living parasites does not prevoke any immu-
nity. This has inhibited pregress tewards fdentifying the
antigenie stimulus to ftmmunity and the understanding

of the stimulation of tmmunity has been confined to the
1iving pnfnltc. Irvadiated third stage larvse asted
as good sntigen partieularly im Digtyopgulus yYiviparous
(Jarett g% g1., 1960) in eattle D. gilaris (Muligas,
1973) im sheop. Ansyloptome sanigwm (Miller, 1963) in
degs and Hasmonehus contertws (VUrquhart ot al., 1966)

in sheep. Villiams (1971) i1solated 13 fraetions eof

antigens frem Apsylepienms Sanipws.

Selukle antigens

Most of the helminth parasites contained re-
lease of many antigenie substances vhioch eveke a va-
viety of jsmmunclegical response. Mest of these res-
Ponses are not deletericus te the werms whieh suggests
that nost nematode antigens which stimulate an antiverm
respense are termed as 'fumetional' antigens (Vakelin,
1978). Therefore is a elear evidmmee that fumctiomal
antigens of mest of the gastrointestinel nematodes ocme
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from the glaamds associated with their emeretion and
sesretion and they are hroiably ensymes (Ogilvia and
Jenes, 1973).

In Trichegells spiralip and Triehuris sp. anti-

gons originate frem the muliiegllunlar strichoscns whish
comprises mosily of the anterioer end of the worms and
eonsists of many sells filled with a sesretery gramules
(Wakalin, 1978). The souree of antigems from Asearis
and filarid worms is considered to be frem glandular
eosophagus (Seulswy, 1973).

. X Y13r® serologieal tests

Geol diffusioen test:

This test was fivst intredused by Oudin (1946)
whiek was later medified by Ouchterlemy (1948). Its
application in diagnosis of paresitic disease has deen
reviewed (Capron, 1970).

Imnunediffusion test has also heen used for the
fdentiftication of the seluble antigems feor Naememehus
and to siudy the antigens iz exmsresions and seeretions
of various parasites (Sommervelle, 19357) and Regers and
Semmervelle (1960). Immunesdiffusion test has heen used
for the ideatification and eharacsterisation of helminth
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antigens (Kent, 1963) and in the study of Sehistesoyes
(Capren gt 21., 1968). The application of this test in
the diagnostie of parasitie infeetion have been reviewved
by Soulshy (1973).

In yitre aatibody preeipitation test with living
parasities.

An in vityo antibody preeipitation test was first
deserihed ia Schistasemiesis (CHR test) by Vegel and
Mianing (1949) whieh was modified as an agglutinatien
test using Cerecaria of Sehistasens majpse) as an antigen
(Liw and Bamg, 19%0). Senterfit (1953) modified this test
as a merasidal fmmecdilisation test in husan Sehistasemesis
and Seulshy (1957) used this test with mireeidia of
Faseiels hePtiea in sheep. Oliver-Gomsales (1954) first
doeserided the efirewm oval precipitation test with living
Sehistasome egge and homologus serum from infected human
or monkeys. Later the test was feund te be species
spesifie, pPrecipitates appearing areund the egge of home-
legous serws Gomsales ot al., (19%%a). Om further siudies
1t wvas demonstrated that this test is of value in the
diagnosis to chronie Schistasomiasis bDut net in asute
sases. It was also found to be useful in assessing the
sussess 0f chemotheraphy in Schistasomiesis Gonzales

ot 22.{193%0),
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The application of these in yityo tests has heen
reviewed by Soulshy (1973).

Intradermal testi:

The allergic manifestation with Asearis antigen
was demonstirated in guinea pigs several years ago
(Sprent, 1949) later Both early and delayed skin reaec-
tion were demonstrated in Triochepells spirilis imfeetion
in pigs (Soulady, 1962) passive eutameous anaphylaxis
was also used for the demonstration of reagam like anti-
bodies against helminthie parasites (Ogilvie, 1964). Ke
has further demonstrated reagan type of antidvodies in
rats with intestinal parasites vis., Nippestropngylup
Wu vhere the skin reaction was seen only 1im
natural infeetion dut not by imsunisation (Oglivie, 1967).
In mioe allergie response was seea gainst Irichamslila
spiralis infection But not with Schistasome (Sadwam and
gGore, 1970).

The applieation of intradermal test against
parasitic dimease has beem reviewed by Soulsdby (1973).

Drug trials:
Within resent years, a number of compounds have

Been tested as amthelmintios, dut most of them are far
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from being ideal for poultry on asceocunt of their toxiec
or sther side eoffects. Very little information is avai-
lable on the e¢fficacy 0f resentily introduced antihelmin-
tios against the common nematode of chicks with special

reference to Tetramerss mohtedai.

The antihelmintic efficacy of Tetramisole (R 8299)
was first studied by Thieupont ot al. (1966) amd since
then the drug was extensively used in animals and birds.
Zajicek gt al. (1975) studied the effieacy of ihis drmg
in amidostomiasis of geese at different dese rates.
Chandrasekharan (1977) tried this drug in the demestic
ducke against Tetramerss apnatip and found to be more
effective.






Cellection of worm

Werms collected from naturally infected domestie
fowls (Q@allus gallup demestiens) procured from different
parts of Andhrs FPradesh were the imitial souree for the
Aematode parasites. Thereafter, the vorms were raised
experimentally in birds maintained im the laboratory. In
the case of maturally infected birds the eatire alimen-
tary tract and other internal organs were subjected to
detalled examination for the presenee of adult and im-
mature mematodes. Differeatfarts of the alimentary traet
viz,, ossophagus, erop, praventrioulus, gisszard, small
intestines, large intesiines, caecum and reetum were
kept in a separate petridishes and examined separately.
The oesop hagus and erop after opening longitudinally,
were stretched with fingers and examined against light
for the presence of adult Capillaria sp. The mueous
mombrans o0f the oesophagus and orop wvas also teassd under

the stercscopif mioroseope for the recovery of Juveaniles.

The external surfaee of proventrieulus was
examined for the presence of females of Tetrameres sp.
Nodular swellinge were teased with bBlunt meedles and
worms, if amy, were collected in normal saline. PFPresemee of
females of Tetrameres sp. appPeared as dark spots within the
19
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wall of the proventriculus and the worms were reeovered
with a blunt and hooked meedle after making a small in-
oision over the dark spots. The organ was them epemed
lomgitudinally and the mucous menbrane serapped with a
blunt sealpel or with a slide to recover worms pPreseant
deep im the lumen. Finally the proventriculus were sqguees-
- ¢d repeatedly in small quantities of norwmal saline to
express the male worms of Tetrameres amnd juvenile siages
of the worm from the glandular lumina. The materials
oktained iy serapping or sgqueezing vere sxamined under

the bhinoculayr disseotion microscope for the recovery of
parasites. In the case 0f experimental birds, after
seraping the mucous membrane several longitudinal inei-
sions were made on the serous surface of the proventri-
oculus with a sharp razor blade, and the organ was sgueesed

and teased in nomal saline for extracting the female worms.

The glssard was partially eplit open by an incision
conneeting the duodenal amd provemiricular opening and
the organ was everted inside out. The ooOntents of the gut
were washed out gently to expose the cernified layer.
The cornified layer of the orgam is thea peeled off amd
Plased in a petridish containing normal saline. The worms
were o0llected by teasing with dissecting mcedles under a

steroseopic microscope.
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The intestines and caeca were cut longitudinally,
washed sebarately in a swall basin of water and the mucous
membrane scraped deeply to recover the parasites embedded
in the mucosa, The washings and seraped materials were
sedimented in several changes of normal saline to obtain

the worms free of debris.

The other birds such as ducks, pigeons, sparrows,
parrots were proocured from the local hazaar and birds
naturally died at the zZoc were obtained through the auntho-
rities of the zoo. All were examined as pPer procedure

deseribed above.,

Bxamination of the adult and larval nematodes

The worms were washed in several changes of normal
saline to remove adherent mucus and dirt. Studles on the
morphological details of adult worms were made both on
live worms and the specimens fixed in 70% aloohol as well
as in 10% formalin. Finer details of morphology of speci-
mens were studied from materials cleared in lactophencl.
Juvenile stages collected from controls, intermediate
hosts, or from experimental birds were studied as far as
possible under live conditions. They were mounted on a
g#lide in a drop of normal saline and were either examined

as such for after immobilising and straightened them by
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applying gentle heat or with Lugol's jodine., Both
adult and larval forms were pPreserved in 70% alecohol

or 10% formalin.

To study the histopathological changes produced
by different developmental stages of Tetrameres mohtedal
in the proventriculous of the host {experimentally in-
fected chicks), chicks were infected with known number
of juveniles (either irradiated or normal sacrificed at
different days). A portion of the proventricular glands
were fixed in 10% formalin for histopathological studies.

1I. Host specifticity of the adult worm and infective
larvae infection of host other than fowl

Ducks

Infection was given to ten, 17 day old Khaki
Campbell ducklings with 100 to 200 infective larvae of
Tetrameres mohtedai. The ducklings were sacrificed on
2nd, Ath, 12th, 15th, 17th, 24th, 30th, 40th, 50th and
at 60th day after infection were killed. The proventri-
culie were examined for the Juveniles as well as adult

WOrms .

Plgeons
Similarly ten young pigeons were infected with the

infective larvae of Tetrameres mcochtedai. The pigeons were
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sacrificed after 20, 30, 40, 60, 70, 80, 90, 105 and
110 days post~infection and the worms if any were al-

ways recovered in the proventriculses.

Sparrows

Three house sparrows vere experimentally infected
with Tetrameres mohtedal obtained from the intermediate

hosts.

Myna (Acridothorae distes)

Three Mynas were infected with infeetive larvae

of Tetrameres mohtedai.

I111. ;gternog:l!te hosts

a) Collection and rearing of grasshoppers!

Diffterent varieties of grasshoppers were collected
from Tirupati and Hyderabad regions from the land, fodder,
vegetable gardens, paddy fields etc where the poultry
were not frequently visiting. They were caught by wmeans
0of net and tubed in a plastic container with holes in
the 114. They were transferred into a oage (with complete
wire netting)(Figs.1, 2 & Table I). Common varieties of
garden grase was placed on the floor of the cages and also

fresh water in a petridish was placed before transferring
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the grasshoppers. Every day the grass and water were
changed. The grasshoppers were identified by the Ento-
mology Department of A.P. Agricultural Universi ty,

Hyderabad.

b) Method of infecting the grasshoppers

The grasshopper 1s secured with the thumb and
index finger so as to direct the ventral surface towards
the operator, one fresh female worms of the Tetlrameres
mohtedal was fed with a means of forceps. Some of the
grasshoppers readlly took the worm without much difficulty.

c¢) Method of obtaining infective larvae from the

gragshopper

It is ohserved that the infected grasshovppers
died within one to four days post-infeection. The survi-
ving gragshoppers looked healthy without showing any
symptoms, After 18 days the grasshoppers were caught,
the wings and legs Were separated, the heads were removed,
the abdomen and the thoracic portions were opened in a
straight line, the whole digestive tract is removed and
kept in the normal saline solution mostly the ianfective
larvae were seen mostly at the posterior portion of the
gut, After half an hour, most of the larvae came out

from the fat bodies. The bits of digestive traet, the
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head, thorax and abdomen portions were kept in a tea
stainer, then it is transferred to a petridish which
contains normal saline, after sometime most of the

larvae will migrate into the saline of the petridish.

The larvae were counted and transferred to fresh
physiological saline solution and given to the chicks

within two hours after the dissection of grasshoppers.

d) Other intermediate hosts

Other than grasshoppers, beetles, earth worms,
garden millipeds, Coockrcoaches and house fly larvae and
adult houseflles were fed with the eggs of Teirameres
mohtedali.

IV. Immunoclogical studies

a) Method of irradiation of grasshoppers

The infectlive grasshoppers were kept in plastice
tubes (Fig.3) with both the ends opened, they were closed
with wooden 1ids. 5 to 6 large sized grasshoppers can be
kept in each tube, they were irradiated with 2 Kr, 3 Xr,

4 Kr, 5 Kr, 6 Kr, 7 Kr, 8 Kr, 10 Kr, 12 Ky, 15 Kr, 20 Kr
and 25 Kr with the cobalt 60 shine at the Geneties Depart-

ment of the Osmania University, Hyderabad.
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d) Method of identifying chicks

Picric acid or ink pad ink were applied to dif-
ferent parts of the ohioks for easy identification (like

head region, left wing, right wing, whole body ete).

¢) Preparation of sntigen

Adult female worms wveighing 2-3 grams were dJdefat-
ted by grinding with 20 ml of chilled ether in a gilass
morter kept in ice. Ether soluble portica was removed
with a pasture pipettqyf The residue was treated again
with 10 ml of chilled ether and other solubie portion was
removed and discorded. The remaining resldue was ground
with % ml of phosphate buffered saline (PBS, P.H 7.2).

The mixture was centrifuged. The clean supermatant portion
was removed and sediment was again ground with 3 ml of PBS
and centrifuged to obtaln e second supernatant rortion
which was added to the first., This pooled extract was

stored at -20°C till used.

d4) Immunization of Rabhit (llerbert, 19773)

Three rabbilts weighing about 1.5 kg each was immu-
nized with antigen prepared from the female Tetrameres

mohtedai. Antigen-adjuvant mixture was made by mixing

equal amount of antigen and Freund's adjuvant (0.5 wl
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antigen + 0.5 ml of adjuvant). The mixture was injected
intradermally on every Ath day and 4 such injections were
gliven. A booster dose was given on 14th day of last injeo~-
tion and the animal was bled after 10th day. Serum was

separated and sptored at ~20°C by adding Gentamyocin.

POLYACRYLAMIDE GEL ELRCTROFHORESIS

Apparatus - Pipettes, Test tubes, Test tube stands,
Electirophoretic chamber, beakers, mea-

suring oylinders eto.

Reagents - Aorylamide, Bis, Sucrose, Tris buffer,
Ammonium per sulphate, Bromophenol blue
and Amido Scwartz (black) stainer).

Prosedure

Working solutions neesded for the electrophoresis
wor#é pPrepared 1 ml of the small pore solution (7% aeryla-
mide, 0.07% APS, 4.6 Tria, 0.184% Bis and {1 ml of ammo-~
nium per sulphate was pipetted out into a different test
tube, these solutions were mixed and the tubes were
2il1led with this solution in which the electrophoresis
was carried at a thin water layer was layered on this and

the tubes were left for solidification for 1 hour.
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After soldification the water layer at the top
was removed by means of a syring. The large pore solu-
tion (Aorylamide 1.25%, Bis 0,3125%, riboflavin 1%) was
added into the electrophoresis tube. Again water was
layered on the solution serum (sample) 0.5 ml was mixed
with 0,5 ml of 40% sucrose and Bromophenol blue. Out
of this 0.1 ml {115 M g) of the solution was taken anad
layered over the gel. Bromophenol blue helps in visua-
1ising the rapid separation of the proteins. The sucrose
used to help in keeping the sample from getting diffused
into the reservolr buffer. Tris buffer was layered on
this, and the same was used in the electrophoretic
chamber. The tubes were placed in an electrophoretic
chamber and electric ocurrent of proper amperage and 200
volts was applied for 1} hour (Eleotrophoresis was run
from cathode to anode). After the Electrophoresis the
tubes were removed from the eloctrophoré}o ohamber and
the gel)l was removed from the tubes by injecting water
slowly through the sides of the tube by means of a syringe.
The gel comes out without breakipgg and the gel was stained
for visibility with amido schwartz (0.5%). The proteins
present in the gel staine blue with amido schwartz. The
whole gel first turns blue and the excess of stain was

removed by adding 7% acetic aciad.
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The presence of proteins in the gel was indlicated

by blue bands and rest of the gel was unstained.

Gel adiffusion (Immunodiffusion test)

Procedure for Immunodiffusion test:

The procedure followed here was essentially that
of Witter (1962) with slight modification, which was deve-

loped by Kumar and Mallick (1972) as given belowt

Diffusion medium

Sodium chloride - 8 g

Agar (Difco) - 1g
Distilled water - 100 m1
Methiolate - 11 10,000

The medium was buffered at pH 7.2 and melted in
a steamer and filtered through Whatsman No,1 filter paper

and again steamed for 15 minutes.

Preparation of Gel plates

Melted agar in 3.5 ml quantities (Difco purified)
was poured on a clean sterile 2" x 14" glass slide and
allowed to solidify, then kept in the refrigerator at
%°C placing the plates over a moistened absorbent cotton

in a petridish for 24 hours to set the agar.
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Five wells of 4 mm diameter, one central and
four peripheral were punched in the mediuws by means
of cork bhorer. The distance between the eentral well
and the peripherel was 4 mm, The punched agar slab was
removed hy a section and the bottom of the wells soaled

with a drop of molten agar.

Screening of sera samples employing immunodiffusion
reactions

The central well was charged with antigen and the
peripheral wells were filled with hyverimmumne serum
railsed in rabbits and also with normal rabbit serum as

ocontrol.

The slides were kept in petridishes leaving water
soaked layer of absorbent cotiton and were incubated at
37¢C for 5 days. Observations were made every 12 hours:
upto 5 days and if by that time no clear cut precipita-

tion lines were detected, they were discorded.

Intradermal test (Delayed type hypersensitivity):
Test Procedure

0.1 ml of antigen was injected intradermally at
the foot pad as well as at the wing region in certain

birds. At an adjacent area the same amount of PRS was
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also injected. Increase in thickness of the skin along-
with other gross pathologicsal chaages in the former was
oompared with the latter. The skin reaction appearing
after 24 to 48 hours and persisted for few days are con-

sidered positive.

Ciroum larval precipitation test (CLPT)

Test Procedure

One drop of antigen suspension (100 larval) and
0.5 ml inactivated antiserum were mixed with an appli~
cator stiok in a cavity slide with a coverslip and sealed
with paraffin, 1t was incubated in a moist chamber at
37°C and examined at 2 hours interval for 6 hours for the
appearanes of granular precipitates at the natural ori-

fices of the larvae.

Chiok Mash
kg
Malize 38 parts
Jowar t0 *
Groundnut cake 2?7 "
Fish weal y
¥heat bran 1i¢ "
Molases 5 "
Mineral mixture 2.5 "
Salt 0.9
Total: 100
and ABgD3y Vitablend 25 g
™ 50 10 g
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Pathologleal studles

Histopathology!
To study the lesions produced in different stages,

the birds were sacrificed and infected proventriculus was
fixed in 10% formalin. The fixed tissues were processed,
embedded in paraffin and sections of & to 5 mierons thiok-

ness were cut and stained by haematoxylin and eosin.

Weight gain of birds

Weights of control and experimeantal groups were
also recorded to note the effect of parasitism on the
waight of the infected chioks. Birds were selected from
the same hatch for this study. The chick wash was fed

uniformly to all the chicks whether infected or controls,

Antihelmintie trials

The chicks were given medication in certain drugs

orally and in one parentrally.

Eight drugs were tried viz., Heltac, Dewormies,
Mendazole, Caricide, Ancylcl, Banminth 1I, Tetramisole,
Mintezol as per the body weight of the chicks.

The birds were sacrificed 1 to 5 days interval and
studlied the action of drugs on the worwm. The worms re-~
covered from the proventriculus were kept in the normal

galine for thelr movement eto.



Results



A INCIDENCE OF NEMATODES OF BIRDS IN INDIA

The Present investigation was conducted from
Marech 1978 to February 1981 (3 years) for the incidénce
of nematodes of birds in Andhra Pradesh. A total number
of 3000 fowls comprising of 1000 desi birds, 2000 exotic
birds were examined. Thirty captive birds died in the
700 were also avallable for study and some rare nematodes

were recorded in them.

The nematode parasites 0f fowl with their percen~

tage incidence had been presented in Table I.

A total of six types of nematodes were recorded
with an incidence varying from 1% to 51i%. The highest
ineidence was found to be that of Teirameres mohtedai in
desi birds examined. This was followed by Ascaridia

alli, the large round worm of poultry, accounting for

45 per cent, mostly in exotic birds, the inocidenee of
cascal worm, Heterakis gallinarwe was next in order to
the extent of 42%, the other 3 nematodes, Acuria hamulosa,

Aouria spiralis and Caglllaria annulata had an incidence
of 6%, 5.5% and 1% respectively.

The incidence of nematodes mentioned in the

captive birds are summarized in Table II. The Myna

33
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(Aoridotheres tristes) harboured heart worms Splendi-
dogilaria osmaniae, the worm load consisted of 2 males

and 4 females in one Myna. The black partidge (Franco-
linus sp.) had Ascaridia sp. whereas Guinea fowl (Numida
melgagris) and great horn bill (Buceros hicornis) both
harboured Ascaridia galli infection. The moat interest-
ing finding was mierofilariae in blood of Magpie (Clssa
flavirostris) (Fig. 4). American Rhea (Rhea amerieana)
had Capillarie sp. in the intestines. The author had
some aoross an outhreak in the Ornithology Depariment

of the University, and the main reason for mortality was

observed to be due to heavy infection of Ascaridia columbae.

B. EXPERIMENTAL STUDIES AND BIOLOGY OF TETRAMERES MOHTEDAI

1. Intermediate host-specificity

In Andhra Pradesh, different types of grasshoppers
were found to be susceptible and 18 specles (Fig.2) were
successfully infeocted and the relative larval burden was

given in Table IV and also in Histogram IVa.

As indicated in the histogram, 6 species of grass-
hoppers developed more than 2000 larvae when one fuill
adult gravid female was fed. The grasshoppers readily de-

voured the worm. When the saliva was collected from them
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and a few eggs of T. mohtedai (Fig.5) were added and
inoubated for about half an hour, the larvae were found

to hateh out from the eggs (Fig.6).

Another 8 species of grasshoppers harboured more
than 1500 larvae were found to be seen when fed by one
female T. mohtedal, while four other specles had less
than $000 larvae developing in them. ©One s%n(le grass-
hopper which was fed with one gravid female a maximum of
2726 intective larvae were harvested after 18 days of in-

feetion.

It was observed that the grasshoppe¥s infected had
shown considerable mortality after they were fed with the
females of T. mohtedal. The grasshoppers started dying
from 1 to 3 days and approximately 20% of oasualities were
observed among young grasshoppers. Once they survived
the oritical period, 3 days after infection, they continued
to live., The l10ad of infective larval burden was observed

10 make the grasshoppers less active,

In addition to the 18 species of gfasshoppers succes-
stully infected, one species of beetle (Cocecinella septempo-

petuta), Cockroaches 2 species (Poriplanata americapa),
Blatta orientalis, local esarth woyme, garden millipedes

(Anoplodegmus tanjorious), houseflies (Musce vicipa)and its
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larvae and dung beetles were irled to find out whether
they serve as intermediate host for Tetrameres mchtedal.
All were found to be refractory except the bheetle
(C. septemponetuta). These larvae were fed to the ex-
perimental chicks and normal adults were recovered . The
development in the larvae i the beetle as well as the
development of adult worm in the ohick were similar to

those observed in case of grasshoppers (Table VI).

II, LIFE CYCLE STUDIES

The eggs of Tetrameres mohtedai mweasured 50-53x30-
31 microns (Fig.5). The egg can be distinguished by the
presence of a small knob at one pole of the egg shell

containing larvae in them (Ovoviviparous).

The larvae reached infective stage in 17 to 18
days post-intection. The third stage larvae of T. moh-
tedal possess a rosette of 12 similar spines on the
tail end. It was observed that all the 18 species of
grasshoppers behaved alwost similar in developing in-
fective larvae in 17 to 18 days (L3). However, it was
observed that beyond i8th day the larvae developed

slight golden brown pigmentation in the gut region,

The location of the larvae was usually in the

fat bodies of the infective host. The encysting larvae
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praferred the fat bodies just under the tergal plates
of the abdomen. They were also found in signifieant
nusber in fat bodies under the sternal and pleural
plates of the abdomen and in heavier infections in fat
bodies over all parts of body including those found
in the head. The infective larvae survived for nearly
three monthe in the normal saline solution when stored
at 4°C, The infective larvae measured on an average

from 20.5 x 12~15 miorons.

On the gecond day post-infection the third stage
larvae was still found morphologically the same, except
inorease in length and Oon an average males measured
1.6%7 and females measured 1.920 micrens. On the fourth
day the kth stage larvae had been recovered and appa-
rently the moulting took place in the provemiziculus
itself. On the 12th day, late Ath stage larvae had bheen
observed and significant worphological changes were not
seen except in inerease of length, the male gaining a
length of 2.88 microns while the female wmeasured 3.2
micyons. Early 5th dtage larvae were recovered after
12th day and this stage the migration took place and
the females were tending to be globular and were located
in the proventriculus glands while the males were still

locatad in the lumen.
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On 17th day the morphological changes were more
conspieuous particularly in females. On 24th day, sexual
maturity was observed im both male and females, they at-
tained a longth of 5.48 and 4.78 millimeters respectively.
The males became longer, whereas female did not growth

long but starts becoming globular.

Observations on the 39th day indicated that the
length of male and females were nearly equal (Table VI)
and they stop growing. Embroynated eggs were obgerved in
the utorus of the females and they looked bhlood red in
colour. The teased out female worms after experimentally
infected birds was shown in Fig.7. The incubation perioad
was observed to vary from 45 to 60 days. The patency of

intection was observed more than an year.

I1I1. DEFINITIVE HO8T SPECIFICITY

A wide range of domestic and wild birds were tried
to understand their susceptibility for T, mohtedai infeo-
tion. 100 to 200 larvae were administered orally to 10
ducklings, 10 pigeons, 4 sparrows and & mynas. They were

examined 3 days after the infeoction (Table V).

In duoks, when examined on 2nd and &th day, there
were fow larvae in the proventriculus. In other duck-
lings that were destroyed after &th day did not harbour

any worms, either in the lumen of proveniriculus or ia the
gland,
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In sparrows, the larvae could not establish and
in Myna the birds did not live longer and dled four days
after infection., A few larvae could bhe seen, still in

infeotive stage (L3) in the lumen of the proveantrioulus.

Pigeons

In each pigeon 10 to 12 adult worms could be recover-
ed (Fig.8). Large majority of them were only males, re~
maining in the luwen of the proventriculus. The worms took
unusually long time to mature and also to heoOme gravid,
Cellular reaction in the gland was scanty except atrophy

of the neighhouring glands (Fig.9).

IV. HISTOPATHOLOGICAL CHANGES

To study the changes produced by various develop-
mental stages of T. mohtedal in the proveniriculus, chicks
were infected with 100 juveniles and were saerificed on
kth, 7th, 9th, 12th, 15th, 2%5th, 50th, 40th and 60th days
(ecorresponding to their developmental changes) post-infec-
tion,

Gross lesions

No appreciable changes were noticed grossely.
However, when the organ was cut open the lumen was filled
with copious mucous secretion. Numerous petechieal hae-

NOoYrages were seen on the mucous membrane especially around
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the glandular openings. Under steeomicroscope large number
of juveniles were found embedded in the mucus in these

areas.

The proventriculus was enlarged nearly one and half
times the normal sise and was hard., After 12th day and
upto 25th day the proventricular wall was thickened with
corresponding reduction of the lumen which ocontained straw
coloured exudate. The mucous membrane was intemsely con-

gested with foeal areas of erosin of the epithelial lining.

From 25th to 40th day, pin head sized black spots
were observed on the serocsal surface representing the
glands infeoted with the female worms. Mucopurulent exu-
date was seen blocking the glandular opening and the
infeoted glands were well raised above the surftace of the

mucoga.

From 50th day post~infection, the mserous surface
of the proventriculus appeared mottled and the size of
the organ was larger than the normal, The lumen of the
organ when cut opened was found to be very muech reduced
due to the thickened wall, The glandular openings were
vory prominant in the mucosa. Cheesy semisolid exudate
along with engorged female worms were obseryved within the

compound glands.
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Microsocopic changes

The mieroscopic changes observed were severe granu-
loeytic reaction. On the 4th to 7th day post-infection,
lymphoid hyperplasia from 9th to 12th day, plasma cell reac-
tion on the 15th day, intraglandular ocedema and fibroplastic
changes on 20th to 25th days and pressure atrophy and cystic
dialatation on the 30th to 40th day post-infections. The
reperative process was obamerved from 55th to 60th day post-
infection. In some glands the adults completely replaced
the glandular epithelium. Red blood corpuscles were seen

in the cut sections of the female worms (Fig.10).

C) IMMUNOLOGICAL STUDIES ON TETRAMERES MOHTEDAI

1) Effects of irradiation on the infective larvae:

The grasshoppers vwhich carried the infectlve larvae
of T, mohtedal were exposed at different radiation dose
levels from 2 Kr to 25 Xr (2, %, &, 5, 6, 8, 10, 12, 15, 20
and 25 Kr).

At 2 to 8 Kr levels nearly normal pathogenecity
was observed and the larvae reached sexual maturity. When
they were challenged with non~irradiated infective larvae
the challenged worm, developed along those with earlier

infection and no appreciable changes were noticed.
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At 10 Kr level the larvae developed and the
worms nearly grew, but the reproductive organs were
a0t functional (Fig.11) dbut on challenge with nom~irra-
diated larvae, the challenged infective larvag eould not

establish in the host.

From 12 Ky and above doses the worms 4id not

deve)op in the host,

The worms developing from the irradiated larvae
were found to be stumted in growth and funotiopally
sterile at 10 Kr level. In the male worm, effect of
irradiation was conspiouocus in that the sisze of the

genital organs were not normal(Table VII & Fig.12).

The developing male worms from the larvae mesasured
4,1 to 4,80 ma (average 4.37 mm) long and 0.1 mm in
maximum width, The female worms measured on an average
5.3 mm long and 1.68 om in maximum width. The normal
male worms resulting from the non-~irradiated larvae
moasured on an average 5.48 mm long with maximum width
of 0,15 mm, The normal female worms developing from the
non-irradiated larvae measured 4.77 mm long and 1.98 mam
in wmaximum width., In addition, there were morphological
abnormalities in their reprcductive organs and fallure
0f normal development of eggs as well as the uterins coils
(Fig.13) while it is normal in the non-irradiated female

wOormS .
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11) Host response to irradiated larvaes

The irradiated larvae at 10 Kr level failed to
bring about the normal pathogenicity of the parasites.
RHowever, some of them underwent full 1ife cycle and
stimulated immune response and the production of anti-
bodlies in the host, This was markedly evident by deteot-
ing the presence of precipitates near the mouth aand anus

of the infeetive larvae.

Clinical manifestations were evident in experi-
mental infections, These included emaciation, loss of
body weight, droopimenss, weak and unthriftiness followed
by poor feed intake and anemioc appearance. But in birde
receiving larvae irradiated at 10 Kr level 4id not show

theses symptoms vividly.

Histopatholegiocal observaiions revealed that the
larvae irradiated at 10 Kr induced local tissue reactions
characterised by focal aggregation of lymphoid cells
(Figs.14,15 & 16) in the mucosa.

There were gsertain physiologlcal changes observed
by the help of ideograms of Eleotrophoretic patterns of
the sera from chicks infected with irradiated larvae of
I. mohtedal as shown in Figs.17 and 18, The total number

0f bands in each serum sample varied from 4 to 6.
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Ideogrammes were made use of in differentiating
between the bands common to all the serum samples as well
as those proteins that were specific to a particular shape
(Table VIII & IX). From the table it is evident that band
nusbhers 2, 3 and 12 are common to 7 samples and these can

be conasldered as the most common bands.

Protein band No.&h and No.1k were observed to be
common to 5 and 4 samples respectively. Band No.9 was

found to he speocific for serum sawple irradiated at 10 Kr.

From the electrophoretic pattern 1t was clear that
most of the bands were common to various serum samples
and the sample treated at 10 Kr alone had the unique band

No.9 lacking in rest of the sample.

On the basis 0f the number of protein bands ob-
served in a sample and the number of bands it had in com-
mon with other sample, a per cent protein similarity was
calculated using E)lison's (1962) paired affinity test.
From the paired affinity values (P.A.values), it was ob-
served that no significant variations existed among the
sera with regard to the distribution of protein bands.

However, it was observed that band No.9 specific to the
gseruw sample irradiated at 10 Kr had a signifiocant role
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in explaining the protective abilities observed in chickens

infected with larvae irradiated at 10 Kr.

The minor variations in the eleotrophoretic patterns
reported here might represent the possible pPhysilologloal

changes caused by the invading larvae.

It had been reported that a serum factor i1s required
for the parasite to bind to the host cells. Thus the sera
might show both gualitative as well as quantitative varia-
tions in view 0of the fact the parasites utilised some of
these proteins during the course of adherence and replica-~

tion.

Bands specific to some of the sample had also been
observed. Since these protein bands had not been charao-
terised using known proteins 1like albumin, globulin ete,
it 1s difficult to explain the chemiocal nature of the

antigens.

A maximum P.A value of 50% was observed among thess
samples, which indicated signifieant gualitaiive as well

as quantitative variations caused by the parasite.

It will be interesting to carry out further studlies
using high resolution SDS (Sodium Dodecyle Sulphate), Poly-
acrylamide gol electrophoresis to confirm the extent of va-
riations reported here as well as to characterise the va-

rious protein bands.
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The purpose of these experiments were to investi-
gate the possible physiologieal changes induced by the
parasite in the host which may bhe helpful for dlagnostic

purposes.

I1I. IMMUNODIAGNOSTIC STUDIES
1. Hyper immunigation of rabbits and raising anti sera

a) Agar gel double diffusion test

Three precipitation lines appeared, which were ocon-
sidered to be specific as no lines appeared with normal
rabbit serum. Faint lines were seen by 24 hours and by 60
hours they were very sharp and clear. All the three were
identical lines (Fig.19). The preoipitate lines weres ob-

served nsarer to antigen well.

b) Cirews larval precipitation test (CLPT):

Thig test was employed to demonstrate that the larvae
had antigenic fractions which reacted against the antibodies
produged in the experimental chicks. The presence of gra-
nular precipitates were seen at the natural orfices of the
larvae from 2 hours onwards till & hours. When examined
on the next day 1t was seen that the granular precipita-
tions were loosened and floating in the serum, No preci-

pPitates were detected in the sera from healthy birds.
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o) Intradermal test (Delayed type hypersensitivity):

Though the test wae sensitive but no reaction could
be sesn. Hence antigen improvement perhaps was needed. The
observations were not consistent and hence results obtained

were inconclusive.

IV. IMMUNOPROPHYLACTIC STUDIES

Immunoprophylactic studies included vaccination with
irradtlated larvae (10 Kr) and it was observed whem 10 Kr
irradiated larvae were vacclnated, there was significant
decrease in worm burden when challenged with double the
numbey of normal larvae. The resultant worm burdens were
examined and it was interesting to note that no worms de-
veloped in birds given larvae irradiated at 10 Kr and

subsequently challenged 25 days later with 200 larvae.

In an other experiment 21 days 0ld chicke were given
100 infeotive larvae irradiated at 10 Kr and ohallenged
with 200 normal larvae. On the 6th day of ohallenge, 3 birds
wore saorificed and no worme could be detected. Subse-
guently on 15th, 25th, 39th and 45th day the remaining birds

were destroyed similarly and no worms could be deteoted.

In a third experiment 21 day old chicks were given

normal infective larvae and subsequently challenged with
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200 larvae. ©On challenge the birds were sacrifieed at
regular intervals and the results were compared with
earlier experiment. They showed significantly higher worm
burden as compared to respective replicate vaccinated with
the irradiated larvae and then challenged with normal.

The proventriculus was heavily infeeted with the worms.

At 1rradiation level of 10 Kr only sterile female
population developed. The worms developsd from the 1irra-
diated larvae were stunted in growth, shrunken in appear-
ance and exhibited, morphological abnormalities. The
reproductive organs of female worms were not properly de~

vaeloped as desoribed earlier.

Vacoination and subsequent challenge worma were
distinguished on the basis 0f incomplete development and
immature nature of the worm from the challenge infection

respectively.

In 10 Ky infection and challenge, it was observed
that there was considerable changes viz., hyperplasia of
the surface epithelium and patchy squaamous metaplasia
along with moderate and diffuse lymphooytic infiltration,
cut section of the deepPer glands were surrounded by dif-
fuse lympheeytic infiltration (Fig.20). Development of

challenged wOorms were not noticed. These changes were
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olearly suggestive that the previous infeotion with larvae
irradiated at 10 Kr, prevented the development of the chal-

lenged worms.

d) Antihelmintic trials on experimental infection of
Tetrameres mohtedai:

To study the antihelmintic efficacy on the T. mohtedai
and experimental chicke the following eight antihelmintics
were tried and their results have been sumearised in the

Tables X and XI.

Heltac (Parabendazole), Dewormies, Mendazole,
Caricide, Ancylol, Banminth 1I, Tetramisole (Decaris) and

Mintezol (Thiabendazole).

Heltag:

This was tried at a dose rate of 30 mg per kg hody
welght, administered orally 20 days after the infeection,
The deosed birds were destroyed 4 days after the medication.
All the male worms were expelled, however, the fewmales were

not arffected except that they became slightly brownish.

Dewormis:

This antihelminthic was tried at a dose rate of
0.75 mg per kg body weight. The birds were destroyed &
days after medication, There was no appreciable aotion

of this drug either on females or males.
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Aneylol:

The drug was tried at a dose rate of 0,22 ml/kg
hody weight, after 2 days the female worms could not he
detected, but the drug had no effect on the males. At

higher doses the drug was found to be toxie to the birds.

Mendazole!

Mendasole was used at 50 mg/kg hody weight as well
as 75 mg/kg body weight orally at 20, 47, 4t Jdays after
infection. It was found that the drug had no effect on

E‘ mohtedal.

Tetramisoles

The drug was tried at a dose rate of 50 mg/kg body
weight orally after 20 days after infection. When they
were killed after 4 days after treatment, no worms could

he detected in the proventrioculus.

Once again the drug was tried with a dose rate of
50 mg/kg body weight in birds infected 37 days earlier.
No worms were seen when the birds were sacrificed 2 days
after dosing. When the birds were treated at a dose rate
of 100 mg/kg body weight orally and sacrificed on the next
day no male wormse could be detected, but female worms were
observed.

ANGRAL

Centrai Jiorany
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When oaricide was tried at a dose rate of 100 mg/kg
body weight 41 days after infectiion, male and female worms

were dull, when sacrificed 5 days after medication.

Bapminth II3

The drug was given at a dose rate of 40 mg/kg,
50 mg/kg and 200 mg/kg body weights were tried after 33rd
day, 40th day and 41 days after infection. The birds were
sacrificed on 2nd, 2nd and 5th day after giving the medica-

tion, The worms were found 10 be dull and inaetive.

Mintesol :
Mintezol was tried at a dose rate of 200 mg/kg body
welght orally, showed no effect on the worms, when the birds

were sacrificed 2 days after infectiou.

Sexual maturity and Egg laying:

The age al 7irst egg was taken as the time of attain-
ment of sexual maturity. The experimental groups showed
delay in attaimment of sexual maturity compared to the con-
trols which laid its firat egg on the 145th Jay whereas in

infected group they took 170 to 180 days for laying first egg.

The rate of egg production was very poor with lack
of persistency and long phase. During the observed period
of 90 days, the total number of eggs produced by the affeoted
birds was on an average 41 eggs vwhereas the egg production

by the control birds was 80,
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Thus the waintenance of Teirameres infected birds

throughout the laying birds may result in considerable losas

of income by reduction in the egg yield.Further it is ocasually
observed during the study, the affected birds were unthrifty
and had poor feed efficiency though no data was collected on
this aspect. However, the effect of Tetramers infection on
welight gain and feed efficiency has already been reported by
Ramaswamy (1977) and these observation in coafirmation by the

earlier findings.

By vacoination, lesser egg production by the worms
reduce contamination of the soll in limiting the spread of

disease.
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A study ojc the incidence in nematodes of fowls
conduoted in Andhra FPradesh, slx specles were encoun-
tered. Out of the 3000 bhirds examined, 1000 were desi
birds. The desi birds showed extraordinary susceptibi-
1ity (51%) té T. mohtedal. These observations corres-
ponded with those of Rao and Anantaraman (1969) who
recorded higher incidence (78.18%) of this nematode.
VYarghese and Peter (1970) reported an incidence of 42.6%
in Kerala. However, Joshi and Kamalapur (1968) encoun-
tered only 1.10% of the fowls in Madhya Pradesh. Only
the Jast observation is not in agreement with the present

study.

The incidence of Asecaridia galll varied from 28,09%
in Madras to 80% in Bihar while Heterakis gallinae had an
uniform inoidence of 48,18% at Madras, 52.8% at Maharastra
and 42% during the present study. However, Bihar had the
h'ﬁaximm number

L
0of nematodes 0f poultry were recorded with as many as 12

highest incidence of 86%. In Kerala State

species. Varghese and Peter (1970) recorded rare nematodes

like Syngamus trachea, Oxyspirura mansoni, Gangylonema

ingluvicola, Capillaria amnulata, Capillayia anatis,
Strongyloides avium whioch had not been recorded in Andhra

Pradesh, Madras or Bihar.

33
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In so far as the nematodes encountered among the
one, Comeweang d
zoo birds in the eountrxf not many investigations had
been conducted except a few (Patnaik et al., 19803 Chauhan,

ot al,, 1972).

The interesting feature in the present study was
the oocurrence of Splendidofilaria oswaniae in Myna
(Acridotheres tristes) and miorofilariae in the blood of

magpie (Cissa fivirostris ).

As far as the author could go through the published
records, microfilariae in the bhlood of in wild and ecaptive
birde had not been recorded in India, except the micro-
filariae of Bhalfilaria badami in domestic fowl by Bhalerao
and Rao in 1944 from Hyderabad.

Tetrameres mohtedal was first described by Bhale
Rao and Rao (194%4) and subseguently, Anantaraman and Nair
(1955) made a eritical study of T. mohtedai at Madras and
described the pathology in detail. The life cycle of this
parasite was not known at that time, but these authors
had anticipated grasshoppers, cockroches and sarthworms
to be the intermediate hosta. soshy (1961) successfully
infected the grasshoppers Atractomorpha orenulata and
Pyragomorpha sp. However, he could not raise the adults

in fowl. Sundaram et al. (1963) had experimentally infected
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aix specles of grasshoppers as intermediate hosts for

T, mohtedai. Subseguently Mukherjee and Sinha (1965}
infected two species of beetles (Lliatongus cinetus and
Sphaeridium guigumaculatus) with eggs of T. mohtedal.

Lim (1975) found that a Lepidopteran viz., Setomorpha
rutislla acted as an intermediate host for T. mohtedai

in Singapore. Ramaswamy and Sundaram (1979) successfully
completed the 1life oycle of T. mohtedai by using the

Isopod viz., Porocello livie (Table III).

Out of these 18 species of grasshoppers infected
in the present etudy 12 species had been experimentally
infected for the first time in India with T. mohtedai.
One species of bectle Coccinella septempunetuta vwere shown
10 serve as an intermediate host apart from 12 species of
grasshoppers which were infeoted for the first time in Indla.
Among the 18 specles of intermediate hosts, suseceptibility
to T. mohtedai varied considerably. Six of the grasshoppers
as desoribed in Table IV and histogram IVa were found highly
susceptible harbouring 2000 and over larvae when fed with
a single gravid female. 8 aspecles f grasshoppers had
slightly lowver susceptibility and harboured over 1500 larvae
while 4 specles of grasshoppers had shown some resistance

and had low susceptibility having only 1000 larvae.
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The local earthworms, cockroaches, dungbeetles,
houseflies and its larvae, garden millipedes could not
be infected. A gravid female worm fed to the grasshopper
Oxy nitidula resulted in the production of 2726 larvae
during the present study while Ramaswanmy (1977) recorded
the maximum number of over 4000 infective larvae in a
single grasshopper. He, however, did not mention how wany

eggs wers fed to the grasshopper (Table Iv).

From these observatione, it is apparent that there
are several susceptible gfasshoppers serving as inter-
mediate hosts to 1. mohtedal. In view of this, the birds
grovwing in free range system have more chances of acquiring
T. mohtedai infection. This might probably aceouant for
high inoldence of infectlon in desi birde whioch are reared

in the backyard with full free range facility.

The larvae reached infective stage in 17 to 18 days
in the grasshoppers and the older larvae developed golden
brownish pigmentation in the gut region. Sundaram et al.
(1963) and Ramaswamy (1977) made such similar observation
but did not notice the pigmentation developed in the aged
laxvae. The prepatent period was observed to be from 45
to 60 days. The patenoy of infection was recorded to last

more than an year.



57

The infective larvae survived for nearly 3 wonths
at 4°C when stored in nomal saline. There was no record
of investigation of the aurvival time and hence, the
present data could not be compared with any other publish-
ed work, The male and females attalned equal lengths in
Juveniles obtained around 39th day and subsequently the

méales grew longer while the females tended fo be globular.

To study the definitive~host susceptibility, ducks,
pigeons, sparrows and Myna had been infeoted with 100 to
200 larvae each. The pigeons develcped the ajult worms,
but the prepatent period was longer when compared with
the chicken. There were more males than females. The
histopathology revealed minimum amount of host reaction
and the worms were easlly coming out of the proventri-
cular glands unlike those in the fowl. All the males en-
countered were in the lumen of the proventriculus. The
results could not be compared wiggfgéﬁﬁaram (1971) ana
Ramaswamy (1977) since both these anthore could not in-
feet the pigcons. iiowever, the establishment of large
number of males ebntrary to those in fowls could not bhe
explained. The high malq/'female ratio probably indileates tar
the pigeon is not a suitable Ppost for the ready propaga-

tion of the species.
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In case of ducks % day o0ld juveniles were obtained
but in those ducks that were autopsied later, the infec-
tion was not detected. Obviously, the fourth stage lar-
vae ocould not establish themselves., This observation

was an agreement with that ot Sundaram (1971).

Attempts to infect Myna for the first time could
not be continued beyond 4 days due to heavy mortality.
All the four experimental birds died on the 4th day. But
there was evidence of the larvae tryying to establisb them-
selves alnce few jumeniles could be collected from the

proventriculus.
Sparrows however did not take upy the infection.

In experimentally infected birds, proventriceulus
was enlarged. Between 12th and 25th day there was thick-~
ening of the proventricular wai3l with corresponding
reduction of the lumen. Histopathologic:l changes in-
cluded granulocytic reaetions, lymphoid hyperplasia fol-
lowed by plasma cell reaction, inter glandular cedema
and fibroplastie changes. There was evidence of pressure
atrophy. The reparative processes, were seen much lauter
almost 8 weeks post-infection. Antaraman and Nair (1955)
observed in natural infections, thickening of the pro-

ventriculus with corresponding reduction of the lumen,
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haemorrhagic petichae, there were enlargement of proven-
tricular glands to the extent of 2 or 3 times the normal
aigse. There was glandular atrophy with complete abmence
of seeretions. The present #bservations also corresponded
with those of Ramaswamy (1977) who notieed granuloeytic
changes in the early stages of infection followed by
lymphoid hyperplasia and later plasma cell reaction and
glandular atrophy and presence o0f red blood corpusles in

the cut sections of the female worm,

The present observationg were also similar to
those of Anantaraman and Nair (1955) with regard to wale
worms. The male worms merely remained in the lumen of
the proventriculus and did not provoke much host responee

inspite of two rows of spines on the cuticle.

T™he larvae irradiated at lower doses from 2 Kr
t0 8 Kr established themselves well and did not show
any apparent morphological differences. However, at
10 Kr level considerable changes were observed and the
worms developing from them were predominantly females
and were also stunted. The females were mostly sterile
and there was considerable reduction in number of worms,
The observations of Varga (1968) lend support to the
present findings that a poultry nematode Syngamus

trachea behaved similarly when its larvae were irradiatead



60

at 1 to 3 Xr level with undeveloped state of reproduc-
tive organs. Similar observations on stunted growth of
irradiated larvae were made by Miller (1964) in respect
of Ancylostoma caninugzgokolic (1963) 1ﬁj?aao of Dictyo-
caulus filaria. Cuticular thickening of the vulva,
Vagina and atrophy of the uterus were also observed by

Ansari and Singh (1978) in ocase of Gaigeria pachyscelis.

Gibbs et al., (1961) found similar observations in the
tissue nematode T. sapiralis in rats. The larvae exposed
t0 9 Kr exhibited appreciable immaturity and inhibition
of the reproductive potential resulting in inability of
ites offspring to invade the host tissues.

e
Gould et al. (1957) in case Trichinella spiralis
found irradiated with 60co and x-rays brought about

changes in morphology and reproductioan. The pathogenic
effects of the parasite was usually reduced but immuno-
genlec effeot still exerted if a guftficient number of

parasites persisted in the host for long enough at the

appropriate stages of development (Mulligan, 1975).

The larvae of T. mohtedal irradiated at 10 Kr
di1d not bring about normal pathogenicity as observed
in experimental infections. At 10 Kr level although the
adult nematodes developed in the proventricular glands,

there were degenerative changes in the reproductive
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organs and the ezgs were poorly developed. With higher
doges of irradiation there was complete absence of wors.
Therefore 10 Kr dose was considered to be the optimum
dose wherein although the parasites developed, thelr re-
productive capacity was demaged. The tissue reaction cha-
racterised By focal aggregation of lymphoid cells in the
mucosa and the deeper glands in 10 Kr infection suggested

local immune response,

The larvae damaged by radiation may remain in the
tissues without normal migration and may stay a longer
period of time and stimulate local ilmmunity. Similar
findings were recorded by Alicata (1951} and Gould et al.
(1957) 1in case of T. spiralis and by Clordia and Bizzell(1960)

in case of T. axel and Ansari & Singh (1978) in case of

Galgeria éﬁohxsoelia.

Imsunodiagnosis studles on Tetrameres infection has

been attempted and three tests were planned ether extract

of ground female Tetrameres mohtedal was used as antigen

from the immunigation of rabbits, The test was standar-
dised with antigera raised against rabbits and agar—gel
double daiffusion (Ouchterlony, 1948) was conducted.
Within 2% hours there were 3 faint lines which become
sharp later by 60 hours. The sera from the experimental
infeoted birds were used to detect antibodies with an

antigen described above although the rabbit sera produced
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precipitin lines, the sera from the experimental in-
fected hirds did not give any precipitin lines. The
usefulness of gel diffusion test as a tool to analyse
the various antigens of the parasite has been discussed
in detall though it has the limitation of requiring higher
antibody content hmd to achieve this repeated injectien
were needed (Kagan, 1967). This point has been reempha-
sige by Solubsy (1973) who has stated that to obtain
satisfactory precipitation sera, it was often necessary
to lmmunize animals repeatedly with antigens since, the
level of precipitating antibodies in natural infectlons
were 0of low order. Thus it i3 presumed that the concen-
tration of antibody were gitite low in experimental birde
and hence did not react. Further concentration of anti-
bodies was contemplated to understand the immunological

reaponse due to this parasitic invasion.

Circum larvae precipitation test (CLPT) was done
with the sera collected from infected birds incubating
with the infected larvae raised in the grasshoppers. The
precipitates were seen at the natural orifices of the
larvae from 2 to 6 hours of incubation. However, the
precipitates detached from the larvae within 24 hours of
incubation, a similar invitro precilpitation test against
oggs, Cercaria were also conducted in different parasites.

Some of the antigens used was crude and not purified,
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However, the antigen could detect antibodies while no

preclipitates could detect from the sera of healthy birds.

Circum oval precipitation test:

The formation of precipitates around the live
parasites like schistasomes and nematodes when incubated
with the homologous antiserum have been demonstrated to be

due to soluble and secretéry antigens (Smither, 1967).

Similar observations have bheen reported with
1iving Schistosome oggs (Oliver-Genzalez, 1954), While
these reactions have been shown to be antigen antihody
reactions, the protective value of these antibodies against
the parasitie infections could not be conoluded (Smither,

1967) .

In the case of circum oval precipitation test the
antihodles appeared to be ;ndnced by the eggs which are
deposited in the liver and vé?le- of the infected animals
and againat the antigens diffusing through the egg shell,
thus the test is of diagnostic vi}ue in chronie parasitic
infections (SolAsby, 1973).

In the present study the specifie circum oval

antibodies could bde demonstrated within 2 to 6 hours of

ineubation and the reactions found to be specific. It is
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posaible that in the present study since the larva do
not migrate through the reticulo endothelial sysiem the
antibody response might be poor and the cirocum oval reac-
tion was weak, this observation further substantiate one

earlier observation the gel diffusion test.

Intradermal temt:

in the present situdy the lntradermal test was found
to be of no value as there was no reaction in birds whiech
were infeoted with T. mohtedai (the oorrelation between
the skin and the presence of parasitic infection has Dheen
disocussed by SOIQDby, 1973). The possible reason may be
that the Tetrameres infeoction being a localised in the
proventriculus and does not pass through the visceral
organe of the body it does not delayed or immedlate type
of hyperseasitivity reaction. Further the birds wers
tested between 45 to 60 days of posi-infection. The cell
rediated immune response might not have been sufficient
enough to give this reaction, Further studies are warranted
to try different types of antigens of T. mohtedal in
chronically infected birds.

In irradiated larvae there were certain behaviourial
changes, In the Ancylostome larvae when given subcutane-
ously was found to be more efficient than the oral admi-
nistration in immwunogenecity (Miller,19896). Larvae damaged

by radiation in some locations during wigration may evoke
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better immunity than normal larvae. Greater immunogeni-
clty of irradiated larvae compared with normal infecilive
larvae was also recorded in case Uncinera sterwesphela
in doges (Dovet et al., 1959) and Haemonchus contartus
in sheep (Jarrett et al., 1959). Hence irradiated larvae
were pPreferred for hringing about better immunologie

response in the hogt than the normal larvae,

In the present study T. mohtedal larvae attenuated
by irradiation were used to bring about immunologieal
responge in the host., It was observed that larvae at-
tenuated at 10 Kr level evoked better response than the
irradiated larvae at other doses as evidenced by immuno-
logioal response studied by preceptin bands of the disc
electrophoresis (Ideogram) IXa as well as histopatholo-

glecal changes particualarly the cellular changes encountered.

The optimum response was at 10 Kr level and beyond
that the radiation damage was probably extensive and the
larvae couid not migrate resulting in absence of develop-
ing worms. S0 there was sufficient¢ evidence that the
birds vaccinated with 10 Kr had given adequate protection
to stand a challenge. Further and critieal intensive
studies may hawe to be undertakean to understand both
humoral and cellular components that might play a role

in the protection against challenge.
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It is of interest to note that T. mohtedai could
withstand 10 Kr irradiation dose while in other nematodes
the dose 0f irradiation is usually much lower ranging from

2 Kr to 6 Kr.

The reason for the high radio resistance by this spil-

rurid worm warrant further investigation.

The present study is only a preliminary investi-
gation to show that sufficient immunological response ean
be induced in chicken vaccinated with T, mohtedai larvae

irradiated at 10 Er to withstand the subsequent challenge.

The drug trials gave an indication that Caricide at
the dose rate of 100 mg/kg body weight at 41 days post-
infection was found to be 80% efficacious against T. moh-
ledal infection. Most of the drugs that had been used
in thewse experiments had been utilised against poultry
nematodes by number of workers. Chandrasekharan (1977) used
Bapminth 11 against Amidostomiasis in ducks and found the
same to be lens of ficacious. Tetramisole is widely used
by Thieupont et al. (1966) in animals and birds against
nematode infections with advantage. However Chandrasekharan
(1977) tound the efficacy of Tetramisole as 79.23% when
used against Tetrameres anatis. McGregor (1963), Horton-
énith, Long and Rowell (1963) carried extemsive drug trials
on Syngawus trachea infection in poultry with Mintezol and

found it useful.



67

Zajiocek et al. (1973) tried Heltac against Amido-
stomiasis and found it efficacious. Chandrasekharan
(1977) tried Heltac in ducks againet T. anatis infection

and found it 45.7% effieacious.

Very few studies had been made on drug trials
against T. mohtedal in chicks. However, Chandrasekaran
(1977) tried Mintesol and found it 4#1% efficacious against

T. anatis in duckse,



Summary




A study on the incidence of nematodes parasiting
poultry was conducted in 3000 birds, out of whieh 1000

birds were desi and the rest were exotio birds. A total

of six nematodes Tetrameres mohtedai, Ascaridia galli,

Heoterakis gallinae, Acuria hamulosa, Acuria spiralis and
Capillaria annulata were recorded. Among thesm T. mohtedal

ranked first in desi birds with an incidence of %1%,
while A. galli was recorded with the highest incidence
of 4%% in exotioc birds.

The interesting findings in some of the captive
birds at the &o00o available for study were Splendidofilariae
osmaniae, the heart worms in Myna (Acridotheres tristes)
and microfilaria in Magple (Cissa fivirostris). The other

findings were Aseoaridia sps. in black patridge (Franco-
l1inus), A. galli in guinae fowl (Numida meleagris) and
great horn bill (Buchos bicornis) and Capillaria sp. in
American Rhea (Rhea Americana). Heavy mortality in pigeon
colony maintained at the Ornithology section of this

University occurred due to unusnal worm load of A,columbae.

RBighteesn sPecies 0of grasshoppers were sereened
to study the biological development of T. mohtedal., Out

0f which the following species of grasshoppers acted as
efficient vectors: Atractomorpha eremulata, Heirogeuphus

68
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bonian, Oxyvelox chinensis, Uxy nitidula, Oedaleus

abraptus, and Spathosternum prasiniferum. Among these
the following twelve grasshoppers Heirogeuphus bonian,

Oxyvelox chinensis, Aoxida turreta, Acrids zyyances,
Syrtaeapthaoris ranacoa, Copooephalup ipdions, Croto-

gonus oxyplerus, Fhylloceroreia ramakrishnas, Catantops

8P., Colemania sphenerioida, Palanger reinacea, Satro-
phyllia yugosa were found to serve as intermediate hosts

tor the firat time in India along with the beetle (Cocoi-
nella gogteugungtuta]. Cockroaches, earthworms, garden
millipedes, houseflies, larvae of houseflies and dung
beetles had been tried and were not found to take infec-

tion.

Infective larvae developed in 17-18 days within
the grasshoppers. The prepatent period in chick varled
from 45-60 days and the patency of infection lasted for

more than an year.

The host susceptibility was studied in ducks,
plgeons, Myna and sparrows. The pigeons developed the
adult worms, but the prepatent period was longer. They
developed large number of males when compared to females.
1t was presumed that the worms developed with difficulty
and therefore the pigeon could not be considered as &

normal host.
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The grass pathologicsl findings in general, in expe-
rimental hirds showed thickening of the proventriculus with
the reduction in the lumen of the organ. Histopathologi-
cal changes included granulocytiec resctions, lymphoid
hyperplasia, plasma cell reaction and interglandular oedema

with evidence of pressure atrophy of the glands.

The effecst of irradiation at 2 to 8 Kr level on
infective larvae was not consplcuous but at 10 XKr level
the resultant worms were stunted, and degenerative changes
took place in the gonads. Morphologieal changes in males
as well as in females were conspicuoug., The resultant
population was predominant with female worms with dege-~
neration of uterine ¢oils. There was characteristic
tissue reaction with focal aggregation of lymphoid cells

in the mucosa.

Electrophoretic patterns showed distinct bands
in sera samples from chicks infected with larvae irra-
diated at 10 Kxr. The unique band No.9 was not seen in

other samples.

The larvae irradiated at 12 Kr and beyond did not

develop at all.

Among the immunodliagnostic tests conducted to

detect infection of T. mohtedal in chickens only ciroum
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larval test gave encouraging results, with formation
of precipitins at natural orifices of the infective

larvae when incubated with test sera.

Vaccination trials with irradiated larvae at 10 Kr
level gave optimuse immune response in the host in that
the challenge dose of larvae given 20U days after infec-
tion with irradiated larvae at 10 Kr level, did not
result in recovery of the adults., There is hyperplasia
of the surface epithelium and patchy squamgtous metaplasia

along with diffuse lymphoeytic infiltration.

The study of anthelmintic effiecacy on experimentally
infeeted chioks with T. mohtedal revealed that caricide
at dose rate of 100 mg per kg body weight at 41 days post-
infection was found to be 80% effiecacious, among the

8 drugs soreened.
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Fig.1 & Equipment for colleetion of
grasshoppers amnd thelr saim-
tenanse in the laboratory.

Fig.2 t Different grasshoppers used for
experiméntal infection of

Tetramores mohtsdai.






Fig. 3 1 Plastis tubes used for
irradiating the infeotive
grasshoppers

rig. 4 Note the Miorofilaria in
the bleood smear of Magpile

Leishman stain. x800






Fig., 5 1 Bgges of T. mohtedal containing
fully developed larvae. x3%0

Fig. 6 ¢t Larva ewerging of the egg vheam
imcubated with the saliva from
grasshoppers. x 350






Fig. 7 ¢ Female 1. mohiedai from
experimental ohicks

Fig. 8 3 Proventrieulus ~ Pigeon

Note the bBlack pin head siZe
of female I. mohtedal
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Fig. 9 3 Proventriculus ~ Pigeon
Note: The section of
I. mohtedal in the pro-
ventricular glana
H.E x100

Fig. 10 t Proventriculus - Chick -~ 40 days
Note: a) The cut seetion of gravid
female worm with aggs in
the uterine coils

b) Pressure atrophy of the
glandular epithelium
H.E x75






Flg. 11 Proventriculus - Chiek -~ 10 Ky

40 Aays
Note: The out seeotion of temale

T. mohtedal showing dege-
nerative changes in the
reproductive organs

H.E x5

Fig. 12 3 Male caudal end - 10 Kr ~ 40 days
Note : The impPreper develoment
of apioules x 3%0






Fig. 13 3

'i‘o 1A

Section showing the irradiation
effeot by 10 Kr. Cut seetion
showing the parasite with other
histopathological chamges

H.E x73

Adult T. 1] - 10 Er ~ 40 days

Note: The re ed development of
various organs and degenera-
tive changes of the worm .

H.E x75






Fig. 15 8¢ Proventriculus - 10 Kr - A0 days
Note: The foeal aggregates of
1ymphooytes
H.E x75

Fig. 16 ¢ Proveatrieulus ~ 10 Ky - A0 days
Note:t The worms entering the
mucosa anéd invoking mila
lymphoid infiltration
H.2 x7%






" Figs. 17 & 18 3 Protein bandagiirem the
serwm sample the chick -~
intutod with 10 KXy nfo:uvo
arvae of T. !gt#; with
difterent Eou ratest 2, 3,
4, 6, 7, 8, 10, 15, 20 and
25 Kr)
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Pig. 19 ¢t Gel-diftusion test

Note: The three precipitation
l1ines with the antiserum
raised against with
I. mohtodai antigen,vhen
normal serum of rabbit
was used as eontrol

Fig. 20 3 Proventriculus - 10 Kr - 40 days
Note! The cut section of the worm
in the gland, surrounded by
mononuoclear infiltration
H.E x7%






| Tables



LIST OF TABLES

Table No.

Title

I

II

IIX

IV

VI

VIl

VI1I

I1X

X1

IXa

The percentage of incidence of comson nematodes
in the domestic fowls recorded in Andhra Pradesh
and in other states in India

Nematode parasites recorded im Z00 dirds in
Andhra Pradesh as well as other locallties in
India

Grasshoppers and other intermediate hosts expe-~
rimentally infected with T. mohtedai

Different grasshoppers successfully infeeoted
during the present study indleating thelr sus-
ceptibility to T. mohtedail infection

Histogram showing recovery of infeetive larvae
from different grasshoppers

Different birds infeoted to atudy the definitive
host~epeciticity of T. mohtedal

Measurenents of different developmental stages
of Tetrameres mohtedai recovered from the ohioks

Effeot of gamma radiation on the development of
Tetrameres mohitedal infective larvae in chicks
at different dose levels

Per cent protein similarity among the serum
sampPles from fowls infected with irradiated
infeative larvaes of Teirameres mohtedai

Protein components of serum samples of fowl
infeocted with irradiated infeotive larvae oOf
Tetrameres mohtedai

Comparative efficaocy of different antihelminths
tried agzainst T. mohtedai in experimentally
infected chicks

Comparative efficacy of different antihelminths
tried againet T. moh i in experimentally
infected ohicks (seIoe%oE drugs with different
dose schedule

Ideograms of the Electrophoretico patterns of
serum samPles from fowls infected with irra-
diated infeotive larvae of Tetrameres mohtedai




TABLE 1

PERCENTAGE F INCIDENCE OF COMMON NEMATODES IN THE DOMESTIC FOWLS RECORDED IN ANDHRA PRADESH
AND IN OTHER STATES IN INDIA

s. Andhra Maha-

Madras Madhya Kerala

No. Name of the Nematode Pradesh Pradesh rastra Bihar
{ Present
study)
2 Beterakis gallinae 42 48,18 - + 52.8 86
%  Acuria hamulosa 6 4,85 - + 18.8 28
4  Acuria spiralis 5.5 NR - 0.3 5.6 i
5 Tetrameres mohtedai 51 78.18 1.10 42.6 NR NR
(Desi birds (Desi {Desi (Desi
only) fowls ) fowls) fowls )
6 Capillaria annulata 1 NR - + 3.75 NR
7 Sublura brumpti NR NR - + 26.7 NR
8 Strongyloides avium NR NR - * NR NR
9 Capillaria anatis NR NR - * NR NR
10 Gongylomema ingluvicola NR NE - * NR NR
11 Oxypirura mansoni NR NR - + NE NR
12 Syngamus trachea NR NR - * NR NR
Rao & Joshi  Varghese Sashtri Kmmar
Anantaraman & st al. &
kemafapur Peter Sahai
(1969) (1968)  (1973) (1974) (1975)

NR : Not recorded + 3 Recorded but percentage not mentioned
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TABLE Vi

EFFECT OF GAMMA RADIATION ON THE DEVELOPMENT OF TV TRAMERES MOHTEDAI INFECTIVE LARVAE
IN CHICKS AT DIFFERENT DOSE LEVELS

S, Type of infeetive material go,of Challenge  Average number
No, - -==~ chicken if given of worms re- Remarks
Infective larvae in grass- covered
hoprers irradiated at ————————————— -
Male Female
1 2 XKr 25 200 1 8 The challenge
2 3 Kr 25 200 - 9 was given on
3 4 Kr 25 200 2 6 20th day after
4 5 Kr 25 200 - B initisl infec-
5 6 Kr 25 200 - 7 tion.
6 7 XKr 25 200 - 4
7 8 Xr 25 200 - 4
8 10 Xr 25 200 - 3
9 12 Kr 25 200 - -
10 15 Kr 25 200 - -
11 20 Kr 25 200 - -
12 25 Kr 25 200 - -
13 Non—-irradiated § 290 - 2 20
14 Unintected | Controls 10 - - -




TABLE VIII

PER CENT PROTEIN SIMILARITY AMUWG THE SERUM SAMPLE FR(M FOWLS INFECTSD WITH IRRADIATED INFEC-
TIVE LARVAE OF TETRAMERES MOHTEDAI (PA values $ PA = Paired Aftinity)

Dose 2 Kr 3 Kr 4 Kr 6 Kr 7 Kr 8 Kr 10 Kr 15Kr 20 Kr 25 Kr
2 kr 100 36.36  33.33 A45.45 36.36 30,00 27.27 20,00 22,22 10,00
3 Kr 36.36 100 50 36.36 25.00 18.18 25,00 18.18 20,00 18,18
4 Kr 33.33 40 100 33.33 20,00 22,22 30.00 11.11 12,50 -

6 Kr 50,00 27.27  33.33 100 36.36 30,00 27.27 30.00 22,22 10,00
7 Kkr 40,00 25.00 20,00 36.36 100 25.45 25,00 36.36 20,00 27.27
8 Kr 30,00 18.18 11,11 27.27 25.45 100 18.18 20,00 - 20.00

10 Kr 27.27 25.00 30,00 27.27 25.00 16.16 100 18.18 10 9.09
15 Kr 20,00 18.18 ii1.11 30,00 27.27 10.00 18.18 100 44 44 20,00
20 Kr 22,27 20,00 12,50 22,22 20,00 22,22 10,00 k4.h4 100 11.11
23 Kr 10,00 18.18 - 10,00 27,27 30,00 9.09 20,00 1,11 100




TABLE IM

DIFFERENT GRASSHOPPERS SUCCESSFULLY INFECTED DURING PRESENT STUDY INDICATING
THEIR COMPARATIVE SUSCEPTIBILITY TO T. mohtedai INFECTION

S. Number of infective
No. Name 0f the Grasshopper larvae recovered Remarks
1 Atractomorpha crenulasta (T & H) * e+ e

2 Hoeirogeuphus bonian (T & H) e+t r
5 Oxyvelox chineansis (T & H) * e F
&4 Oxy nitidula (H) e

5 Oedaleus abraptus (H) e e

6 Spathosternmm prasiniferum (T) > e

7 Aerida turreta (T & H) + 4 ® F
8 Aerida zyyancea (T & H) PR F
9 Cyrtacanthacris ranacoa (T & H) + e+ F
10 Conocephalus indicus (T & H) + 4+ e F
11 Conocephalus maculatus wmv +* e

12 Crotogonus oxyplerus (H + e F
13 Ducetia Japanica (H) e

14 Phylloceroreia ramakrishnae (H) ++ o+ F
15 Catantops sp. * P
16 Colemania sphenerioida (T & H) * e P
17 Palanger reilnacea . ¢ F
18 Satrophyllia rugosa (H) +* F

*+* indieates more than 500 larvae liberated from one single mature female
Tetrameres taken by one grasshopper

*P* Cellected from Tirupati "H" Collected from Hyderabad

*F" First time successfully infected
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TABLE V

DIFFERENT LIRDS INFUCYED TG ST:'DY THE DEFINITIVE HOST-SYECIFICITY CF I. mohtedai

Different birds Number given Number of larvae Number of Remarks
tried infection administered wWOrms "
recovered
1. Ducks 1C ducklings 100 to 200 each Very few Falled to recover

(Khaki campbell) (17 days old)

2. Pigeons 1G(6 to 8 months) 106G to
3. Sparrows 4 100 to
4, vyna 4 100 to

200

200

200

each

each

each

Juvenils the worms three
days after infec-

tion
10 to 12 Large majority of
adult them are male
worms worms
NO worms -
recoveared

Very few All the 2xperimental

Juvenils birds died within
four days after in-
fection




TABLE ¥/

MEASUREMENTS OF DIFFERENT DEVELOPM: NTAL STAGES OF Tetrameres mohtedai RECUVERED FROM

THE CHICKS

3rd stage 4th stage Late 4th Early 5th Sexually mature

Particulars stage stage 24th day
of the {(2nd day) (kth day (12th day) 15th day 17th
Nematode e e —————— e ——— lay -

Male Female Male Female Male Female Male Female Male Female
Length 1.637 1.920 2.113 2.146 2,88 3,20 3.55 3.7 5.48 4,78
Breadth 0.07 0.083 0.074 0,084 0,1 0,2 0.12 1.0 0,15 1.99
Bucecal 3.011 0.014 0,026 0,0204 0,026 0,033 ¢©6,027 0,025 (,0% 0.024
capsule
Nerve ring 0.137 O0.14% 0,164 0.16 0.202 0,197 0,229 0,226 0,225 0,23
Excretory 0.159 0.160 0,185 0,18 0,225 0,22 0,24 0.275 0.24 0.236
pore
landular OQFW O.WUO Oa#.ﬂﬂ Oo#@u 0,818 Onwm@ OtWNQ OQNW Ong MQM@
oesophagus
Intestine 0.795 0.954 1,139 1.134 1.457 1.53% 1.961 1.75 3.8 2.8
Anus from 0.153 0,185 0,206 0,238 0,265 0,34 0.266 0.4 0,31 0.3
tatl tip
Gental pri- 0.506 0.13% 0,37 0.19 0.36 0,245 - - - -
modivm (from
tail end)
Vulva (from - - - - - - - 0.35 - 0,356
tail end)
Short spicule ~ - - - - - - - 0.15 -
Long spicule - - - - - - - - 0.35 -
Tail papi- 0.074% 0,08 0,12 = 0.13% 0,16 0.19 - 0.1% -
llae

*All measurements are in millimeters
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TABLE IX

PROTRIN CMFONFNTS OF SERUM SAMPLES OF FOWL, INFECTED WITH IRRADIATED INFECTIVE LARVAER OF

TETRAMERLS MOHTEDAI BAND NUMBERS*1

Dose 1 2 3 & 5 6 7 8 9 10 11 12 13 14 15
2% 4.5% 87 10% 15% 20.5% 21.5% 3A% 60% 62% 65.%5% 70% 76.5% 79.5% 68174
2 Kr - + + - ..... * - - - - - + - * -
% Kr + + +* - - + - - - - - * + - -
4 Kr - + + - - + - - - - * - + - -
6 Kr - + * - - + - - - - - - - + -
7 Kr - + + * - - +* - - - - + - + -
B Kr - + - + - - * - - - - + - * -
10 Kr - +* * + - +* - - + - +* - - - -
15 Kr - - * * * - - * - - - * - - -
20 Ky - - + - * - - * - - - * - - -
25 Kr * - - + - - + - + - - + - - -






