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XWTRODUCTIOH

Poultry lias currently become one o£ the most essential 
ecemodltleB in our day to day life* since world war 12, 
changes in poultry production have paced the whole field of 
livestock through a highly specialised ond efficient system 
of management by which bettor gains and raro losses are 
obtained.

According to the 13th All India livestock Census of 
1982, our country dossqsoqs more then 200 million domestic 
fowls belonging to different species and breeds. ?bo laying 
stock consists of 82 million birds of which 52 million arc 
hybrids, 10 million cross-bred and 20 million deals. So for 
we could achieve a production of only 14,200 million egga and 
75 million broilers (Indian Poultry Industry Year Book, 1906). 
The stato of Kerala, is deficient ia ajg production by 7 lakhs 
per day according bo the census - 1932. we make good this 
deficit by purchasing ogga from neighbouring Otaton like 
'Fanil Hadu and Andhra Pradesh.

It ia of little doubt, that poultry-keeping in India, if 
conducted on tho right linos, can turn to be a ploasanfe and 
profitable business. At tliis nomont, when there io acute 
shortage of food and when the prices of both eggs and poultry 
manure have racksttod sky-hiji, a couple of dosen heno will 
provide sufficient number of eggs to any small household and 
furnish on occasional chicken for the pot. 5710 family goto



eocontial nutriv.Ion and any surplus £ood will enhance tnc 
fioreily incono. such £cm? hens Col an table ocraps anti Iilteeon
uaota ■'.Jill cava the coot o£ £q c 1g asid will too bofialiclal to
tlKD poor £a£T'ora ena arc not able to sXah tho hicp coat oC
installing buildings and acuinncnts.

Tho contributions ol an Industry temrfio tho cconaeiy oj 
the society depend >4 x5 1 1 tho care and attention given to ttio 
various factors affecting it. One ouch Sector often encoun
tered in poultry industry io dicaaao. no have seen that oven 
the beat £G% housed and genetically ideal caiel’.on will not 
qzo'j or lay gcjijo upto itc potential i£ diroacod or injected 
mth paraaltco. Thus diaonaslc, treatment arid prcvaatloa od 
dlsoaooo are Oi. crucial importance and aro subjects ad ruch 
research and investigation. Parasitic diooaoes can cauao 
conaidorablo r»rt silty. poor 'jrcrjth rate and production losscr 
in chicken. tloaea they should bo treated at a younger c’je g o  

ao to avoid further cenplicationo.

Considering tho various unavoidable clrcinstancoo by 
which oirtls aro CKpaaod to dXaeaaoo,, a detailed study 0 . 1 tho 
biology* pathogenesis and control o£ one of the? >ost disas
trous neriatodoa o5 xioultry* Svnuama trachea,» having it a 
predillation alto In the trachea, hoc been undertaken.





nrvi0 1 or piTraArysE 
Prevalences o f tho infection

Several acionfcioto have recorded the prevalence of tho 
gapcuor*, Cyn̂ a?rus fcraqtipa in a variety of birJo. Vno ear
liest work regarding syngoniaai3 la oirdo, goo a back to 1311, 
in vuicn year, boatagu sot ay the first record o£ thio opecioo.

Sn 1921, Hansen rooortel that turkeys about ono yci_r 
old remained in£ootc 1 with gapevorns for no long ac 01 days 
following infection. ne recorded an lfjcidcnee of 23.0 tax 
cent of s. trachea infection in tuncoyo in and around 
’’aOhingtoi, D.C, After 16 yearj, the percentage of infuctla-i 
had reduced to 14.7 ac reported hj hehr (1937b). Thio reduc
tion in infection was attributed to the fact, ^at bettor 
methods o£ rearing turljeyo and sanitation wore being applied 
by the poultry keeper a. Ranson oho-raJ ©rtperiront j lly o’.at 
younger chicks were Tore prone to tro Infection. Clo<han 
(1935b) also agreed that young cbicfos woro highly euacoytitle 
to synguniaels, Tie defecated heavy infection In phoaoant 
chicks reared under hens. kc -.no a mU? to toco-jg’* three to 
nine pairs of warns frcr> thone infected chicks. Davioo (1936) 
Dtrcosefl the importance o£ abarlingo as distributors of c. 
infection. Ciaphan (1930) conducted that feiorc rare no ntr- 
aiologiaal strains in s, trachoa because he could aotaUiob 
infections la enickon fircn a variety of wild LctrJo.



In India* only very United works have been conducted 
on tho biology o£ the parasite. Srivaotava (1930) woo aile 
to recover opeeineno oi- t. trachea frora two chicken at Jaroilly 
with no ftipthor investigation. 'rtiitlocjk (1937) and Glapnam 
(1939c) proved that £c -ale birds \X3TQ pore nrono to this 
infection.

vJohr (1339) reported chicStona* cjuinoa«fowlo and turTaaya j 
as tho important boats of G. trachea. aid that tho do icatic 
pigeon and duck wore unsuitable as hocto for t’so poraoiko, 
on inveotigotion eondueted ty Crawford (1949) concluded tbae 
even adult foula could loo easily infected with £. traei-toa. 
Thuraising'ian (1940) vao also of the sane opinion, khie sikov 
(1941) successfully produce3 infection in chicken* duc5.s and 
goito, Olivier (1943) recorded the infection in aJuifc Leas, 
tie recovered 94 pairs <-£ warns iron a single bird. In 1°49, 
steptaa recorded the occurronco of e. trachea In 7atal in 
ierjfch Africa.

In ttoraia, tho first report on s. truehc ■> was of 
num^aran ot al. (19G2). Varybose (1966) ootalnofl an avoroge 
infection of 0.9 J3T cent on cssunining the deol birds. c 
recovered a mar-ir un of throe pairs oS vorua fron the tracnca 
of the birds, narus ( 1966) revealed that 3. tr^qkog aniGtod 
for 92 days in chicken and 126 days in turkeys. ?• ccord Ing to 
Rnigk arte. ftoy-'iaam (1971), the infection occurred In oumer 
ii HortlW loot Cerrauy since tho optirun temperature fer tho 
developnent of the eggs woo 15°C. a survey conducted in the



Anges areas of Rumania revealed the occurrence of n.« trachea 
in goslings (Verdes eg. at. * 1973).

Transmission studios and intermediate hosts

Qrtlepp (1323) o gave a detailed description on tho mode 
of transmission and infection of s. trachea in chicken. U<s 
discovered that no intermediate hosts were required for tho 
spread of infection and that infection could So brought about 
by direct feeding of infective oggc to chicken. out the same 
author was inclined to the view that under natural conditiano 
more chicken would contact tho disease by eating earthworms 
than by tald.no in eggs or larvae in contaminated food.

Glaphasn (1934) suggested that earthworms could play a 
definite role in the tranarrdssion of tho infection. He was 
able to demonstrate that chickens of ton weeks <s£ ago were 
resistant to syngamiaais but whan fed on vitamin a and cal
cium deficient diet, infection could bo set up. tlorgan and 
Clapham (1934) stated that they could establish infection in 
Chicks with 0. trachea by feeding them with infected earth
worms, Sisenia foetida. thereby transmitting tho material frcn 
rooks and pheasants to chicken. Only occasional successes 
could be obtained by tho direct feeding of eggs, eiaphara 
(1935a) produced 100 per cent Infection in chicken tilth gapo- 
worm derived from starlings using the earthworm, £. footida. 
Taylor (1935) established that the gopeworm larvae could
ramin viable and infective in earthworms for 3“ years. Ho2



also attempted to tramsrait the infection by raoans of snails* 
slugs and file© and emerged successful* nehr (2937a) made 
a detailed observation on the development of n»- trachea In 
eggs* Garthuvoms and cMclcQH* He described the developmental 
stages till tti© infection hQG&m. patent* ?5q established that 
the larvae obtained from infected earthworms wore similar In 
morphology to the third stage or infective stage obtained 
from tho cultures* Taylor (1038) recorded the longevity of 
the gapewarra in earthworms as 4 to 4^ years and in snails ao 
more than one year*

CXapham (1939a) succeeded in demoostrating a number of 
dipterous flies, as' carriers of s • trachea* Clapham (2930b) 
also showed that dipterous fli.es liko SeolooGnclra opeeios# 
tho leather jaclset̂ Tipula species and aminthuru© vlrldlo were 
naturally infected with the larvae of j|, trachea* Riohihsv 
(1942) successfully completed tho life, cycle of gapowom using 
&ymnaea sfeaonalis-* Claphsm and Middleton (1940) reviewed the 
•reservoir hosts of s* trachea and its developmental stages, 
They established that age immunity occurred in birds by 0 to 
10 weeks and that turkeys had no natural age immunity. Hwang 
(1961) established the role of oockroachos as transport 
hosts, 3arus (2967) demonstrated that flies like Pania

W H M K » « M n a «

canicular!© and Percale ciner-aila. also acted as transport 
hosts, in I960* the ©am© author declared that tho infoctivity 
could he enhanced by passage through earthworms, bates Jr. 
(1972-5 was unsuccessful to produce infection in chicken by



c3i.reat.iy feeding tlnn infective eggs, joainsh (1773) stollc n 
tho role of earthworms in tee trene'xloalon of 3. urichog. ha 
recovered eight vorrra i or aliicK fad with carta/.errs llhc 
Ailoloba iiore calxanooa end bimbriauj terrostrls.

sunward (1976) was able to ostaMAoh infections o£
£. trachea by prenatal inoculation of eMcton embryo. He 
storillsod the ova end inoculated the infective natcrial into 
albumin or into allantoic sac. Seme o£ thorn cntore 3 tec 
trachea one1 established patency while cone worts retarded in 
dovelennont. hinward and Ruesel (19763 atfcO1'ipto'9 parenteral 
inocjlatlonc. o£ the infective material into c:yorl''>sntel 
turkeys. Axrong the different routes trie 3, i-itrejeritonoal 
was found to be tho most successful.

nreparGsltic aid parasitic dovolopoont m d  the 
route of migration

Ortlepp (1923) has given various descriptions rcgor li'-g 
tho different stages of aho rxsraoite as well as its ciiaroc- 
teristic and the migratory pattern An the nests. Cuituroa o' 
ova obtains! from the uteri of gapowomo were Incubated at 
roan temperature or in on incubator at 22 to 27°C. Ove hate’ cd 
from the nineth day Ontario, the Intehing hoing noro at 3S”f. 
he observori that only about half tho eggs hatclsô , same 
remaining unhatahc ! even after a month's incubation. ''ccardU r 
to Iiin, tho larva moulted only once inside the cxg on! who 
second stage larva woo the lufcctivo eta go. The chlebo ’■wore 
Infected cr gperlimontally toy direct fioeaipg o£ infective eggs



off larvae, fio wan unable to find the larvae anywhere in the 
body between the intestine and tbs lungs, but fra holievod 
that tfroy penetrated tho blood vessel and were carried to 
tho lungs by tho blood sfcrean .in tfro way that occurred infsore 
other nematados* Ka found out that the larvae reached the 
lungs within 24 hours, Qn tho third day, tho larvae becas® 
tho third atags and 'tiers seen In tho lungs. Again moulting 
took place and at tho end o2 feho fourth or during tho fifth 
day, tho fourth stage or young adults were found in the lungs. 
They were found in eapulo and by the seventh day, they migrated 
to tho trachea, in tho trachea, they reached sesaial naturity 
by 10 to 14 days and passed eggs in tho fiascos 17 to 20 days 
after infection,

t’ohr (1937a) was of Opinion that tho larva moulted twico 
inside the ovum on the fifth and seventh day and started 
hatching on tho 11th day. After experimental infaetion of 
chicks with infective eggs or iarvao# he found out that tho 
larvae reached the lungs as early as 17 hours. The fourth 
stage larvao ware seen in the lungs from tho third day onwards 
and on the seventh day there wore immature worms in copulo in 
tho lungs, on fete nlnafch day, worms in eopulo were aeon In 
the trachea also. Ho established that copulation took place 
in tho lungs between tho fifth and seventh day aftor infection. 
JIG waa able to recover a few third stage larvao from tho liver, 
indicating migration through the bicod stream,

Clapham (1937a) believed that tho infect!vo ova of



2* trachea had been hatched by tho action of the digestive 
juicao in the email intestine and had found their way to tho 
lungs via blood stream. He was able to recover larvao ■.'ror.i 
tho lungs of two chicks that died 16 hours following infec
tion and also from the blood pipetted out of the auricles of 
heart and from the posterior vanaeava* Jia v?ao unable to 
collect any larvae fron tho liver, According to Shikhobalova 
and shishikov (1956), tho larvae that hatched out ware in tho 
third stags, They further studied that after infection, the 
larvae reached tho liver in two hours, the lungs on She second 
day, the trachea on tho 10th to 12th day and started laying 
eggs from the 17th to 21st day and continued the laying for 
Sj to 3^ months. Oarua and Blazsk (1965) reported that the 
infective larvao migrated through the wall of the duodenum 
to roach tho liver and lungs and after 7 to lo days they novod 
to the trachea whore they developed to the adult stags within 
14 to 17 days pest-in£eoti«sr». According to Enigk and Doy- 
Haara (1971) tho migratory route was fron tho proventriculus 
to lungs via tho liver. Fernando gt &sL» (1971) proved that 
the third stage larvae broke out of capillaries in the inter
lobular connective tissue as early 03 fo’ir hours post-infec
tion and migrated via lung capillaries to the parabroach!.
They developed to the adult stage within four to seven days 
and attached to tho tracheal wall by 11 days.



Pathogcnocio and clinical algno

According to Clapham (1935b), tho initial oyr.ptona 
nic.nl£oatGd ny the infected birds Included snooolng and court
ing followed toy ganing. death uaa due to an asphyxiation 
cause 7 toy the gaoGWoma, secretion o£ mucus and also toy tho 
davolonncnfc of nodulGs resulting In a Gordons blockage of 
tho traelioa. These nodules wore sr-all poa-slscd, Pirn in 
teeturs and llj.it rod in colour, ’’ha author also detected 
red abrade 1 aroao oath tiny papilla due to tho avtac.iio't 
oi tho paraaito in yoimy rhoaocnto.

RcgarfjJ.rstj tho friocuo chano<23» the author dosorlood a 
chronic irritation at the site ofi attacfrronfc of corn in the 
trachea, ’/heroin the Glandular cci^o produced a watory accre
tion resulting In tho hypertrophy o£ the aulriucooa. h thiGu 
fibrous layer surrounding the aolulo, necroolc* caooatiQ-’ and 
dcgonoration of the tracheal cartilage wore detected. larhef 
inClamatory reaction with infiltration of loukocytoo was 
present tlaronghout the whole c£ the nodule.

uchr (l°37h) emnined tho trachooa of huron/s and roportcl 
that the warns attached to anywhere in the trachea in L’r®ri- 
nontal Infection while in natural conditions, Icor id! of 
the trachoa uao tho uoual site of tho jaratitoa. I'o found 
teat the nodules wore caused as a rocuifc of who irritation 
of attachment o£ tho nalo t/orrs, oorving as an cacior for 
the fcnalo worma. Ho described tho nodules ao lyu^hoM in



character. Dissolution o£ the tracheal cartilage, infirtra- 
tion of inflammatory cello around tho sona o£ necrosis 
surrounding tho parasite, proliferation o£ fibrous tissue 
and donquanaticn ofc tho epithelial lining eoro sens of tK? 
hiofco-gathological findings noted by tho author.

Claphan < 1939a) „ derma trated that the larva® of 
d. tgachaa were responsible for tho typical lobar inounoniu 
ia young chickon. Ho doccriDcd tho affected lung feioouo ao 
consolidated, oadonafcouo and ochynotia with tho roopirotary 
pa3sacjG8 filled witn on csjuflato conolatltrj of crythroeytan, 
leukocytes, goto epithelial colls and florin. lie referred 
to, this condition, ao ’Synya mo praousmia ’ and atato that 
the mortality ar»ang Mrdo suffering from synganiaslo could 
also ho duo to the pulmoiary sBlgration of m e  tlifiereni. steps 
o£ larvae.

Torus and 'Jlaaok (1965), aucyjostod that the presence 
of tno wire in the iunno caused hacrx>rrfr3gas broncho piouroni 
and hyporploala of tho pulmonary lymphatic tissue. In who 
trachea, tho wojORic caused a catarrhal, hcanorrhag 1 c traehoitia 
resulting in a histiocytic granuloma with necrosis and fibrosi 
around the point o£ attachment of a to inra.

Accor Ji'eg to Guilford end Herrick IX9H), the lua^o o£ 
moot of who affected birds carried pneumonia changes rxon 
6 to 14 days poot-lnfection. The dorsal oldo of m e  iungo 
had dark broun haexnortfhagic area a which during \Jie later



stegeo became gloudy white. Tho male worrsa penetrated the 
tracheal cartilage and were partially csribeddad in tho noduloa 
on tho wall o£ tho trachea. Snigk and Doy-ttazro (1971) 
proved that fete parasite eauood interstitial emphysena. pneu
monic and than hypechranie anaemia during thair migration.

The early pulmonary lesions observed wore an increase 
in the number of lymphocytes between fete interlobular connec
tive tissue oS the paratoronahi* cuffing of the larger vessels 
by lymphocytes* disappearance of the normal structure of the 
lung capillaries and consolidation ®£ the bronchioles, infil
tration of tho lamina propria of the secondary and primary 
bronchi, lysis of the tracheal cartilage ond perforation of 
tho tracheal rings by the attachment of the heads of the male 
worms (Fernando et al.. 1971).

Valenaa (197S) dotoetad nodular lesions and worms in 
the trachea oS certain birds which wsra showing respiratory 
syraptoms.

Treatment
nedieation trials against the parasite Svnnsraus trachea, 

havo boon conducted by many scientists with different types 
of drugs. Research is ■■ still going on to evolve the most 
effective treatment measure against syngaraiaols.
Mebendazole.

According to Varga (1973) a dingle oral doso of 100 rag 
per kg body weight of mebendazole was almost 100 par coat



effective' against tooth migratory larvao and adult geraoiteo 
la the traahaa of tho oirperinontally infected chickcno. Ttse 
ermloien o£ tioros otortcd £rcn tho third clay after zaadica- 
tion. Thionpont ot al. (1973) actoiiaiotcrod tho drug fee 
turkeys at the rafeo of 0.0125 per cant to food Cor tiaroo 
dayo, roouifcino in the removal of all migrating irruturoe 
and adult parasites frcn tho host. Ho gave radicated nash 
to the infected birds Cor 14 <3avo ao n“Oi;?iyla;'3E.Si> which also 
produce7 oigniCiGant results. Cofrrlate ot ol. t19733 of'T *>.1 
that S03 eon of "lebondarolo in food given Coi throo dayc 
fallowed toy 125 cpa Cor 15 to 21 days In "act: pheooaifco 
Qlininatod tho infection and improved tho condition of Jio 
convalescent groups. They recorded no Hindrance to thr fer
tility or brooding ability of thaoo birds, flittcrpa1; and 
Vasil {1976) controlled tno infections o£ 7. trachea in 10 to 
12 week old pheasants by giving Tiohonaacola at 120 mg por 
kg of body weight in food Cor throe clays. This cadi cation 
tjolah was coitiuaaU Cor 13 days Q.U..iir;-...tcd all tho warms Cron 
tho trachea v i i t h i n  CXvo days aCtav troatuiO.it. natural catoa 
of ayngamiaoiG in faro bred phocsanwo In loi^aria ycra footed 
using 10 por cent grarur cs oC rc x>ndanole at 2 g par i.g Cor 
three deys in feed (bur3 iio'J., 19C3)•

ghi obonclasolo.

toibovits (1962) reported martc! gain in weight aC 440 
pheasants givon 0.00 per cent Uiiatoondanolo In feed, /ccord- 
ix to Horton-oratth a1-. (I960), single daooo of 0.3 to



1.5 g per leg body vaicht of thiabendazole removed tho fourth 
stags and iraaatsura woms la the lungs anti adult woms in the 
trachea. lie showed that the drug at a concentration of 
0.1 per cent In tho diet was also effective. Eucoby and 
Gevxoy < 1963) ware not able fee produce positive roculto with 
thiabendazole. In tho treatment trial carried on by McGregor
(1963), ho established that tMabondasole given at tho rate 
of 2 r? por gallon of drinking watos* for four days and at the 
rate of 3 g por gallon for 14 days was ineffective* taut the 
same when given at 0*03 per cent in feed for 10 to 16 days 
produced parasite-free pheasants within four days. Foretell
(1964) treated a pot-raven infected uihh 2>, trachea with 1 g 
of thiabendazole few 10 days, a detailed trial was dona fcy 
vahr (1954) in turkeys with tho drug. (1® gave 0.1 pew cent 
of tho drug in the naeh to one group of birds on the cane 
day in which they ware infected and to the other groups can 
the 2nd, 3rd, 6th, 9th. 12fch and ISth day post-infection. 
Uhmodicated control birds were maintained in all those tests. 
An overall efficacy of 98.17 per cent for thiabendazole 
against s. trachea, woo demonstrated after necropsy and 
recovery of worms. The same author in 1967, treated phea
sants with thiabendazole in mash and obtained a high percen
tage of efficacy. v©hr end Hwang (1967), found that this 
drug was effective whan it was administered on day 1 or on 
day 30 poatxinfeefeics. Jvanini storing S nl of 3.00 per coat 
thiabendaaole suspension orally and 0.05 par cent in food to



Cour-xiacU old infected chloken, Grafnor (1967) failed to 
reduce fna Infection. 'ozJ a t  al» ( I960)studied the effi
cacy of thiabondecole at different dasos in pheasants.
Doaeo oC 0.05, 0.023, 0.005 and Q.00GS por cant wore ad^ca 
to fec3. It xiao concluded that the drug afe 0.05 per cent 
would suppress tho ogc laying ca laoifey o<* t'no rcnalo gara«* 
sitoa. Death of a fex? birdo occurred Cue to occlusion of 
the trachea by tho parasites. Blanchard and nt. Jacfaoo 
{1979) successfully treated 3000 pheasants with l nor cent 
thiabendazole in feed, rafai/i and ctfilong (1979) reported 
an outbreak of syngcniaols in 240 guinoa-fowlo in nigoria 
and ascribed it to increased oarfete7om activity after heavy 
rainfalls, rhs aare authors could reduce tho infection using 
0.1 per cent thtabondasole in food for five conseeufclve dayo.

MbondasolQ.

The officacy of albondarolo ago!net nonatodoo* treratolco 
and eestodes hao boon widely studied by several sciantisto. 
no far none appears to have studied its efficacy against 
£• trachoa. But tho drug ic Inotin to toe very effective ugaiaot 
lungx:orm3 of eatfclQ, sheep and goats and <3oga and lung fluboo 
of dogs and cato.

Thoodoridoe efe al. (1976) reccrtrondoJ a cSdgg rnfto o£
10 rag yor kcj bo2y weight of the druy for tho ccrplofca rcTOval 
of Olctvoeaulus filaria in sheep.

In 1978, Boas and Brncofc obtained on officacy of



96.4 per cent in calves fwocrimentaily InfoeteJ wish 4,003 
third stage infective larvao of n. vAvip.arus. and then traaftc1 
with 7.0 ng yor kg bodv tedgit of albendazole gooto-Cornulo- 
fclon orally. Dotmoy (1070) concluded that 7.5 rvg per hg body 
uaiyr.t of albendazole woo e££eetivo against Oatortac.la cp. 
and ulctvocadluu s> in naturally infioctod coivan. oecrgl 
ot £l. (1978) found out chat luTQuom rilaroldGS hjrthi in 
doge could bo killed Ly an oral dosing o£ 25 to 50 ng per kg 
body ueignt of albendazole given twice dolly for Civa cloy3. 
foJ-S o£ al. (1978) was able to elinlnato tho eyo<-8 of 
Poraccnlnus eg. In the lungs of dogs 30 dayc after treat.'?.it 
with albendasaia at tho rate of 30 rrj per ?:cj body weignt. 
Pqgrypq^rus "KSlliaotfel ovo were not to bo seea in the faeces 
23 days later.

Sahalkwyl: ojg al. (1979) stated that albanderole at 
2.3 mg per Isg body weight was 99 per coat offectivo against 
adult stages al Plctyocaulus op. and at 3.0 nrj pox 1 :3 ,0 0 . 3  

per oont effective against Its Armature stages in okoop.

Cordero-clol-Ccnpl 1 lo at, £l. (1900) roportod that 
albendazole at 5 ng per kg tody weight reduced tho nuabor of 
protostrongylld parasites in tho lungs by 09 per cent oftor 
35 to 49 days and considerably reduced tre egg output in the 
faeces after 20 dayo in sheop.

Kookina efc al. (1901) studied the clinical oCCcctivGnoos 
of ailxsrsdaaolG at 50 ng per kg tody weight ajainst pul no 1 0 1 *1’



paragonimiasis In cats. Tho ova disappeared from tha faeeas 
in 11 to 20 days after the treatment.

In 1982* firb and Gsorgl racoesnondca a dose of 25 rag 

per kg bo0$ weight twice daily for five dayo for puppies 

suffering from rilaroldea hirthi infections* Pomaaiuk and 
tiplnaki (1982) reported that albendaaole at S eg per kg body 

weight was effective against O. filarla in cattle by 92 to 

100 per cent after SO to 80 days o£ treatment.

Foreyt ot̂  al. (1983) incorporated the drug in feed 
pellets efc the concentration oS 0*029 par cant (4 mg per kg 

body weight dally) for four consecutive days to sheep, Con

siderable reduction was obtained in the mxtSxr oS pratostron- 
gylus larvae in the dung ono to two months after tho medica

tion. Reitsma (1993) treated four ponies which had coughing 

oyiatoso due to Ulotvoeaulus amgieldi infection with 25 nig 
per kg bady weight 0£ ulbcnaasol© twice daily for five days. 

One of these ponies had not responded to cambendesolo treat

ment* Satisfactory results were obtained after alhaadasola 

treatment.

saraasiul: (1984) reported that Valbacaa (albendazole) 
given as a 5 tag per kg body weight orally to sheep affec

tively reduced nonieaia, eoccidla, intestinal and pulmonary 
nematodes within 60 to 120 days after the administration of 
tho drug.

Dorc'nlos a^. (1906) supplcrvsntecS 0.16 g of albendasolo
In 20 kg feed blocks to bo Sea to sheep. The animals consumed



42 to 46 g of felods dally, equivalent to 0.66 to 0.73 rag of 

altendssoiQ per fcg body weight over 10 to IS days. Sicy con
cluded that this medication suppressed protootrongylua 

infection for two months. Hslle ( 1936) reported that dally 

administration of oibandazolo for two wseho at the rate af 
1 rag per itg was effective against iiuoilorius eonillarls in 

goatc.
Mtendasola has also been used in fowls. Han gtj al.

(19323 reported that a dose of S to 10 rag yor hg txxSy uoight 
in feed was 100 per eor.t effective against the gastrointestinal 
porasiteo of poultry. Manuel and Gale (1983) vne able to 
ollmlnate Qavsnirura nanaani. Roilliotina, Ascarldla and 
HstoraldLs only by increasing tho doss of albendazole unto 
45 rag por kg,
Xverraectln.

iworrectins are a new family of antlparaoifcic drugs 
produced as a fermentation metabolite of the recently dis
covered ectincFycoto» SfcEontenvces avermitilis. ■Shis drug 

ic a chemically nodtfied derivative ‘mown as 22,23-dihydro 

avertaoctin D, and has been found to bo vary efficacious in 

treating gaatro-intestinal and pulmonary nematodes and 
ectoparasites.

In 1930, arneur e£ al. carried trials on 24 cress-bred 
calves and found out that iverrectia was 100 per cent effec

tive against gaatro-intestinel nematodes at tho dose rate of



2.00 taicrogrorao per Krj body weight, orally a»3 200 rnicrograma 

per kg body weicfht subcutaneoualy.

Egorton al. ( 1031) ovaluafcod tho efficacy of Iver

mectin In cattle against gastro-lnfccofcinal ai»2 lung woms.

They £ount' out that there was a 95 to 99 per cent efficacy 

both by oral and parenteral routoa at the rate of 0.1 bo 

0.2 sag por leg body weight, hyena a l. (1901) injoetod o 

single doa® of 200 ti&erograrjo per lrj ivomectin oubeutenoously 

to 12 dairy salves. £t post-rwrtoo, seven days later cons of 

tho lung warns wore recovered fran theoo feroatod ealvas.

According to loaning ( 1934) ,  ivenaoctin given nubeuts- 

neously was very effective against adult and inrsature gastro

intestinal vwr’atcdea ond 103 pas cent effective against 

D. vlvlnarna at 200 nlcrograno pas Hr, body weight. I t  also 

Ecraovsfl lice and mites within two weeko after tho treatment.

Amour ot oi.- { 3.933) stalled about tho per&lstant and 

stronger activity of ivorroootln against lung worms than 

against tho stomach 'forms. The drug was administered at 

200 laicrograms per leg body weight suhcutsneouoly. Tho authors 

established that tho lung worms woro t'se poet aonsitlvo, 

followed by Qatortaola ostertagl and then Cooneria Qncaahora 

to Ivermectin. Evlnger et a l. (19SS) successfully troatod a 

dog suffering from nasal caplllariaaln with ivojsaoctin at the 

dose rate of 0.2 rsg per kg body weight. Gregory a t  &£. ( 1903) 

evaluated tho efficacy of tho drug along with fcnbonsSaoetlG

19



againot H, ccnlllagls in goats. ronbcndasolo at 30 rrj nor 
fcg body weight arid ivcmoetin at 0,2 ng per fcg bod/ weight 
orally produced a reduction oC 07 por cant and 30 nor ccs<t 
TCGnoativcly of felio worn. Lyons oh ol, (19CD) succeeded In 
clininating Plctygcaulua arn^Idi and 7ricaioatront«lua 
oral in oquinoG by administering ivcmoetin at 2JO raicroarcra 
por 'tg body uaignt intranuocularly and orally. Taylor cfc al. 
(1905) cuno out with tfta result fcrat lror">ectin coull cupjros 
the davelocnont. ofi Qafcortccia op, £or "JOj dayc and that o£ 
Dlctyocaulua vlyloaraa Cor 119 days, Si. caused a redaction 
of. 30,7 cent In the Corrror casa and 97,4 par cant ii the 
latter coco, Thooo results shewed that a Coo years oC con
tinuous suppression with ivorraoctln would help to zero so 
Inncj vom  infections Crcra fields. Uosoott at al. (1003) 
established tnat ivamcctin Injoctaole nfc 200 niccogrcns ror 
hg end ivcmoetin paste at 0 . 2 ng por hj body uolcjht was 
100 per cent effective against the cvathostoieo in oguinos. 
Tho production o£ ova was suppressed by the drag Cor afeieaot 
olgnt ’/colts.

In 193Gj, norgsfceede and liondrihs studied the residual 
effect o£ the drug against crssorinantal rc-lnfection with 
ncnatodos in calves. Based on poot-norfcer uom counts, ho 
concluded that the ofCicaey of ivoinocfcln after the primary 
infaction was 99.7 per cent against Ontertanla op. ®d 73.1 
XXjr ceat against coororla on, end 100 per cost a' pinot 
nictvocaulus op. The rooiduel effect rcraino*! Cor 0 x3 eccfi.



itouaa et gl. (1906) used ivcxrxactin against ascaridiasis in 
chicken at 100. 200 and 400 nicr&orans par kg body uoi lit as 
a sinjlo doco. no found out (mat fens drug vac ineffective 
agaicot tho larval stajco in tho tissuoa and a££oaCivo ajainot 
nature vorrs (95-100 par sent). '-’ouplard o£, al. (19J6) 
rccors lcnclcd Avcmcctl.n at the dose rate o£ 200 nicrogrors 
per kg body weight ago!not incaturo O. vivlnosue in catvio os 
ho found it r.oro effective than lovsnioolo given at 30 ~<g 
per kg. Santiago et al. (1906) found out that both oral and 
injectable Comulation of ivemoctln at 2QG nlarogro^a ror ":g 
bedv weight vero 100 par cent effective against tho 
bcucimidazalc resistant HaGuonc,iuq confcortus in coats.
Taylor ot al. (1906) cafiperod vaccination with treatment 
againGt Dictyocaulloois in catfcic and concluded that ivorractl 
iS injoeto1 thrico oubcutanaoucly produced cenv per rent 
recovery frcn lung warns and uas far superior than vaccination

effect o£ irradiation on the dovolopnont 
of iaynfrcnus trocl'.aa

ihl'iiobclovo (19GS) reported that a partial inrnmity 
developed in chieke following ropoafec.3 infccfciono with 
Syngomus trcchQa. indicated by the orallcr sice and looser 
nunber o£ womo developing out o5 tire auboogucnt injection 
and also by the passing oat of inrvafcara worma.

Varga (1964) studied the oaracitlc devalopnowt of 
3. trachea larvae irradiated at different cIocgd ranging £rcn 
1 to 0 I;R and Sound that when the dooc of irradiation was loir.



they developed co fie adult stage: but produced only vo’-y 
Can Cojxlle eggc, Whoo the dose of irradiation was higa. 
they neither produood eggs nor oopulatodat all. According 
to Inin a doso of 4 to 5 hi was the suitable level of irra
diation for i.vunloatlon purposes.

Varga (1063) got a reduction o£ 72 to ICO per cent of 
uorra developing in diicte, inrsmloed with larvae irradiated 
at 5 hH and fcbon challenged with non-irradlated larvae, in co v  
paricca with thooo recovered Cron confcrolo. Varga (19CC) 
reported that chlGbo could to effectively innaiiiood uncn they 
ware vary young, proforoblv 1 to 4 dayu eld.

’’ccordinq to Ziegler (I960) 20 Mi o2 Jt'rayo wao needed 
to prociuco the '-'osfe effective challenges in chic'sen. Ziegler 
efc al. in 1973/74 concluded that double vaccination wao r:oro 
effective than oinglo vaccination. Xn four of hie ejtporiaxjnto. 
oinglo dosea ware given orally by tube and in Oo fifth, t n  
doseo, 12 dayo apart wore given in feed to rlx3 birds. They 
were challenged 10 to 13 dsr/o lator. The results prove2 tint 
cloublo vaccination uao 33 per cant effective and airâ lo 
vaccination was only 70 per cent affective.



M atetiah a.nd M ethod



m r m m t a  mid methods
Goliostion of data on the prevaloiice of synqa.mo trachea in Chieton

Data an the prevalence o£ Svnaamus trachea in chicken 
oS different breeds and age-groups wore collected frcn the 
birds brought to various Veterinary Hospitals in Trichur 
and Emakulom for fcreetnant and vaccination. Such data wore 
also collected from birds brought for slaughter to tho 
olaughtor house at Kaloor and £r«n birds j*irehased locally 
from the owners. Tho study extended over a period o£ 12 
months from October, 19B5 to September, 1986 during when 
1351 birds were examined. Details such as breed, ago and 
locality from where tho birds had been brought wore noted 
wherever possible. Seconal occurrence and the intensity 
o£ the infection were also noted,

Examination of infected birds
Infected birds brought to hospitals were examined with 

core and attention for the presence of wora infection end 
to observe tho symptoms. Tho infection was diagnosed either 
by finding the woms on direct examination o£ tho trachea or 
by finding tho ova on microscopical examination of the 
droppings and £ron the symptoms manifested by tho birds. 
Birds showing respiratory distress and the characteristic 
symptoms of gape war® picked up from tho flock £or closer 
examination o£ the trachea, The bird was held £ir»ly in quo



hand end tha book vas crooned wida with two flngors. Thr 
head was bold up. keeping the nock ccctcadoJ end the nout'n 
was directed against sunlight.

The droppingo of the birds i/ore axaninod for ova of 
£“ trachea by centrifugal oodir mutation r.othoJ,

Collection of crams

Infected birds wore allowed to dlo naturally or des
troyed by severing the jujuInr vain, Tbo trachea wo3 
dissected out and i'seiood taking core not to danago the 
uomo. T>2tor opposing the traenca, the head of the nalo 
worn anchored to tine call of the traaaea vao gently dao-» 
lodged, five uoms were transferred by rscons o£ a _inc brush 
to a Potri-'Mcln containing sicrral saline.

Harvesting of 0x 0 "or nailing cultures

Ova vrare ebtoinod Hron the uteri of gravid forties 
after dissection of tno worn on a glass Glide under a bino
cular dissection rsicroccopa, Thu ova released vara uhcn 
wacbad into Patri-dishoo avoiding dchrio end blood.

naiutonanro o£ egg cultures

Tiibcrod squariur> wafcor or rail water was used ao the 
meaiun Cor og,j cultures, Cggo harvested fror gravid fcruloa 
wore traiidi-errcu into a tra’Jun cisad. Potri-dish filled to 
cne-fourth of ito capacity with filters 1 t/ater, The confcaino 
was when covered by a larger Petrl-dlah, tsooping inverted



ovor it. Tho culturoa wore cleaned rogularly by carotully 
pipetting out tho supernatant fluid and adding froob no-'da. 
Aeration oZ tho cultures was do.io by pupping air into the 
cultures using a pipette, Culturoo wore maintained at roan 
tampcEaturo.

Study of culturoo

Culturoo wore oranirsod under a binocular dissection 
microscope onco daily in tho morning hours for the first five 
days and tnon in tho naming and evening hours until the firot 
larva hatched cut, The hatching tino woo noted, Tho larva 
was pipetted out and exaiainod undor a light microscope to 
otudy its characters,

knporinontai infection

Day-old tJhito Leghorn chicks obtained frees tho Univer
sity Poultry parn9 rionnuthy constituted tho c:raGrinantal 
birds for infection experiments. Whenever clUcka wore not 
available in the farno, day-old rionrafc Droller cbiGko par- 
chaocd from P/a. Tons Hatcheries, Voilani&hara were made uoo 
of. Day-old deal chicls purchased locally were also used, 
h total of 102 birds were used for the entire infection 
csspGrinanto.

These chiciss wore housed in wooden boitco provide! with 
nceoosory light and litter for ferae first tuo .dontha, Later 
they were transferred to e:?porimental cageo specially fabri
cated for the purpose. The chieke were fed in the jogianlng



with ehleb atarter mash and iater with grower masts* Clam  

water was provided
Cultures of 12 to 30 days oiel ware found to tee infective. 

%  repeated o^orfeefito using MMierent doam Of eggs- m  

larvae ranging from 300 to 10,000, 3000 @gp or larvae was 
f o u n d  t o  fee t f B  o p t i m u m  d o s e  required' t o  s o t  u p  i n f e c t i o n  

its chick# .without causing early mortality* on tlw day of 
infection* all the viable cultures m m  .pooled together and 
the volume of the pooled culture was laeastired in a measuring 
cylinder* To determine the total humber 'Of infective ova or 
larvae present in the pooled material, 0*1 <50 of the material 
was pipetted out after through agitation and the nuritaer of 
the infective: ova or larva#- present in that aliquote was 
counted under a microscope.* This process -was repeated thrice* 
from these counts» the average was tattea and then the total 
number of ova or larvae- in. the pooled sasple- was calculated* 
Then the. volume m  the material required to- contain 3000 ova 
or larvae-was datermlnsa and the same was pipetted out after 
proper agitation Ant© separate feost~tnbas. The- tubes were 
centrifuged at 1.0G0 rpa for ahe minute* The supernatant fluid 
was decanted leaving behind only a- small quantity of the- fluid, 
and the oecilrosKit at tft®. bottom*. The entire fluid with the 
seMraenf was then administered to each ehleli directly into 
the crop fey means of: a fine and long pipette* To ensure that 
all the ■ova or. larvae- had. m m  administered, the- tost-’tufeo 
was. rinsed with a Small ■quantity Of water, which was also



3tu% of worms
The birds given eaiporifncntal infection wore sacrificed 

aft regular veoltly intervals to study the stage fto stage 
development of the parasite. The entire viscera was tho
roughly examined for any worm or loaion giving taoze attention 
fto the lungs, bronchi and trachea. Thesa tissues ware placed 
in warm normal saline. The lung tissue was teased with a 
mounted needle while the bronchi and traohoa wero cut open 
with small fine scissors, worms, both mature and Am&turo, 
if presont, wore picted up and transferred into a Patri-dlah 
containing normal saline, to remove the mucus and debris.
They were subjected to microscopical examination for a 
detailed study. The irurafcure warns were studied either live 
after raounting in norsaal saline solution or, after billing 
and clearing in lactophcnol. The naturo worms wore studied 
after msJting either temporary mounts in carbolic acid or 
permanent mounts in Canada balsam,
heasueeasnta.

The eggs, larvae and adult worms v q s t q measured using a 
calibrated miaroseope. In all cases, not less than 25 spool- 
mono war© naaeurea and the man was calculated.
Drawings.

All diagrams were drawn using a Camera tualda.
Photomicrographs.

I’hotanicrGgraphs of frosh larvae and worms were tatea.



Preservation.
S'oc further studies, the larvae obtained t»ro preserver" 

la 2 per cent warn formalin and tho adult worms An 1C per coat 
formalin.

Determination of prop.at.erst period
The propatent period of tho parasite was dotostoined by 

conducting faecal examination daily from tha 14th day of 
Infection till the first eggs wsro 3Gon in the faeces.

Study of clinical signs and pathogenesis
Clinical signs were studied by closely observing tho 

symptoms exhibited lay the birds which wqsq suffering from 
the infection.

The gross pathology of the affected trachoa and lungs 
was recorded during the post-mortem examination. Tissues 
carrying suitable lesions were cut and washed in tap water. 
Sense of them wore flared in 10 per coat formalin Cor a doopor 
examination. They wore processed in tho usual manner and 
sections ranging from five to eight microns were prepared.
The sections wore stained with Haenafcoseylin and Coain and 
examined to find out fcho various pathological changes.

Assessment of tho efficacy of anthelmintics
Tho comparative efficacy of throe anthelmintics via., 

mebendazole, thiabendazole and albondanola given at tho rate 
of 40 mg per kg body weight. 500 mg per kg body weight and



10 mg per kg body weight respectively against syngailaais 
in chicken was assessed In the following way.

Forty birds experimentally infected with s. trachea 
formed tho experimental birds for the trial. These birds 
were divided into four groups of ten each, out of which throe 
groups were medicated with anthelmintics and they formed the 
medicated test groups while the remaining one group fomsd 
the non-medicated positive control group. Ths intensity o£ 
infection wa3 determined by taking faecal egg counts. Tho 
arrangement of groups was carried out in such a way that tho 
average ogg per gram of all groups was almost identical. Tho 
anthelninti.es wore administered to each bird individually por 
oo by means of a long and fine pipotte, after diluting with 
water in appropriate doses computed on the basis of body 
weight of each bird. The test groups and control group were 
maintained separately under identical conditions. The effi
cacy of the drug was assessed based on the following three 
parameters.
Boa per gran counts.

Tho individual faecal ogg counts of all the birds wore 
determined for five days before and five days after medica
tion. Then the group average was calculated. The reduction 
in the egg counts in the test groups waa arrived at by sub- 
etracting the mean post-medication count of the group from 
tins mean pre-medication count of tho sarao group. Then tho 
reduction percentage was worked out. Tho value thus obtained



was compared with that obtained for tho control group and 
thus the comparative efficacy of each anthelmintic was 
determined.

norm counts.

seven days after medication all the lairds in tho tost 
groups and control group ware sacrificed and a thorough post
mortem recovery of warns was carried out. I3y aubaferaoting 
the average number of woms present ia a tost group from that 
of the control group, the number o£ worms eliminated by medi
cation from that group was determined. Tho percentage o£ 
elimination waa calculated and that represented tho percen
tage of efficacy of the anthelmintic.

Height gain.

The mean weight gain o£ a test group for tho period of 
experiment was calculated by reducing the mean pre-nodication 
weight of the group from the naan post-modicatien weight of 
the same group. This figure was then compared with the 
similarly calculated mean weight gain of the control groan* 
Thus the influence of the drug on tho body weight gain of 
the chicks wa3 assessed.

Experimental trials with tho drug, Ivermectin were con
ducted in another flock of chicks consisting of 1 2  birds.
Ita officacy was also assessed on the above linos*

Effect of irradiation on tho development of S. trachea
Day-old whits Leghorn chicks, 24 in number i.’sro mode use



of as experln»D£jfcal birds for this study. The experiment was 
conducted twice. During each time, the birds -were divided 
into a test group and a control group, each having equal 
number of chicks. The chicks in the teat group wore admini
stered 3000 infective ova or larvae irradiated at 5 2ffl in a 
cobalt chamber while those in tho control group wore given 
the same doeo of non-irradiated material. Doth groups were 
maintained under identical conditions, whenever there were 
casualties, post-mortem was conducted and a thorough search 
was made for the developmental stages of tho worn. After 
completion of tho pcepatent period of tho worn, all the 
birds ware sacrificed and a detailed search for the w o e i ib  

was done. From the results obtained, the effect of irradia
tion was determined*



?$e5 ult5



R E S U L T S

Prevalence o£ svnaamus trachea In chicken

The prevalence o£ Svnaamus trachea had a direct bearing 
on the season, ago of the bird and the typo of management 
tinder which they were roared,

season« There are two seasons in Kerala - summer or 
dry season front December to May and rainy season from June 
to November, baring summer the atmospheric temperature may 
go upto 36 ”C In certain districts of the state. The average 
annual rainfall from tho South-west and Northeast monsoons 
ha3 been recorded to be ISO-5.70 cm. Out of 135?. chickens 
examined, over a period of 12 months from October 193S to 
September X99S, for tho presence of 3. trachea infection, 73 
birds were found to be positive with an average of S.4 par 
cent. Regarding tho ooason-war incidence, it was lo3s in 
simmer {0 to 4 per cent) and more in rainy season (2 to 24.7 
per cent) (Table 1).

Agat Tho infection was Sound to bo more prevalent arsong 
young birds of 1 to 2 months of age, their percentage being 
76.71 (Table 2).

Management* The infaction was observed to be more among 
birds under back-yasd system of management than those under 
daop litter system of nanagomant. A percentage of 6.59 
(Table 3) of the infected birds wore roared under tho back
yard system.
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Table 1. Month-war ocatrrroneo ofi 3. trachea infection in 
ehiclsen

I loath tJurSber of number of 
birds birds 

examined infected
number of 
worms 
obtained 
from the 
trachea 
(pairs)

t?orcentaga
©£

infection

1935 Octooer 00 2 3 each 2.5
November SO 1 10 2
December 50 2 2 and 4 4
1996 J a n u a ry 50 2 4 and 36 4
February 50 0 0 0
March 250 6 2-3 3.4
April 105 2 3 and 7 1.9
May 75 3 2-4 4
Juno 200 4 2-6 2
July 136 20 2-94 14.7
August 205 18 2-58 8.70
September 100 13 2-26 13

Total 13S1 73 2-94 5,4



Table 2. Percentage o£ infected birds below 1-2 months 
of age

Number of KfurSbor of infected Percentage
birds found birds below 1-2 months
infected of ago

73 56 76*71

Table 3. Percentage of infected birds reared under tho 
back-yard and deep litter system of rearing

Dack-yard Deep litter Total 
system system

tiurabsr of
birds
examined

940 411 1,331

Humber of 
birds found 
infected

62 11 73

Percentage 6.59 2,67 5.4



Site a£ attachment of woms

The birds when examined for the presence of woms, 
tho latter wore found attached to anywhere in the trachea.
Seme were seen at tho anterior part while majority of tho 
vjoma wore found deep inside the trachea.

Description of eggs

The eggs were round to oval, thin-shelled, medium-o1zed 
with segmenting embryo, operculate at both poles, one of tho 
opercula being indistinct. They measured 0.070 rm to 0.084 m  
with an average of 0.077 rm in length and 0.042 snra to 0.04S m  
with an average of 0.044 ram In breadth (Plate I, Flgo. 1 and 2 
and Plate 21, Fig. 11.

Development of eggs
Cultures with raaturo eggs kept in aquarium wator at roar; 

temperature (27 to 23ac) alone developed. Immature eggo, 
medium other than the aquarium water and high temperatures, 
did not gives good cultures. Cultures Jsoyfc in certain months 
vis., Jiarch, April and Kay showed disintegration and degenera
tion of eggs, normally the eggs undergo a series of changes 
during culturing. These changes are noted in Table 4.

The developing ova noasured 0.070 to 0.083 ixi with an 
average of 0.077 mm in length and 0.020 to 0.056 nm with an 
average of 0.042 tin in breadth (Plato X, Fig.3 and Plate 21, 
Fig.2). The ova with well developed larvae inside, also 
noasured similarly (Plate I, rig.4 and Plato 22, Fig.33.



Table 4. Cultural changes of ova of s. trachea

Day Changes taking place

0 s-Jo change
1 Embryonic segrsenfcat.tons 

baearaa distinct
2 Segmentation gradually disappeared and a dark tincja 

appeared
2-3 Embryonic cells organised to

£ o m  a liasy larva. A diffuse dark mtorlal was also 
present

4-6 Larva toccatas more and raora
distinct

7 Larva was fully formed and
started hatching



Tho ova in aulfcureo kept at root?, temperature in the 
present laboratory conditions started hatching fir® the 
seventh day onwards. Exceptionally certain cultures shoe-red 
hatching even on the third day. Hatching of tho ova took 
place by gradual dissolution ©£ the cap at ono of tho poloe 
and the larva© emerged out iJlfch its tail first (Plato III*
Fig. 1).

Tho newly hatched out larvae woro onsbcathod* the 
sheath being clear at the tail and. Sara© of than would bo 
seen lying simply coiled while g o o d  would be moving sluggishly 
at tho toofct.cn o£ tho Petri-diahas. Tho dead onos float a 1, on 
top of th© nodiusn. Tho larvae wore found to remain viable 
as long as one month from tho day of sotting up cultures.

Experimental infection
To find out a satisfactory doss of infective material 

to sot up infection without causing early death of the chicks, 
the latter -wore administered with different <20303 of infective 
material starting frctn 300 to 10,000 infective ova or larva©.
A doa© of 3*000 ova or larvao was found to be satisfactory* 
Higher dosseo caused (mortality in chicks on© woeto aftor 
infection. Laboured breathing, off-feed, isolation, nrostra- 
tlon with one leg extended were semes of thQ clinical aioni- 
Sosfeafcions obsorvc-fi bafora doath.

The number of larvae established after tho experimental 
infection was more or less directly proportional to the doses



of tho infective material, When the dose of tho infective 
material was 10.000 the number of larvae obtained Cron the 
luncp and trachea was 100 to 300. Tor a dose o£ 0,000 It 
waa 100 to 200, for 3,000 it was 7 to 120 ana for 3,000 it 
was 0 to 40.

With a standard dose of 3,003 ova or larvae, it vaa 
possible to sacrifice the chicks at weekly intervale to 
study the developmental stages, The developraont woo not 
uniform for all tho larvao. Saras of thorn developed foot 
while sarao wore very slow to develop, i tones different deve
lopmental stages of tho larvae wore recovered fra?, tho some 
situations at the same time. To cite an example, on tho sixth 
day of infection, third stage, fourth stage, fifth stage and 
young copulating ferns wore noticed simultaneously in tho 
lunge, ror noro details, refer table S.

Description of larvae and adulta 
|vh<ffd stage larva (Plata SV, Wga.l and 2 and Plato V, rig.l).

The third stage larvao waro oel-lilse organisms, 
onahoathsd, tho sheath toeing distinct at tho tail end and^ 
wrinkled at certain otter point3. They remained at the bottom 
of tha Petri-dish and moved very sluggishly,

i
Tho larva had an avarage length of 43S.75 microns and an 

average width of 17.5 microns, ouccal capsule was small and 
indistinct with an average depth and width of 5.25 microns. 
Pharynx was also indistinct and 10.S microns long. Oesophagus
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Various developmental stages of s. trachea 
obtained from lungs and trachea en different 
days of infection

stages of development of larvae 
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hungs Trachea
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Third stage
Third stage
Third stage
Third atego and moulting forms
Third and fourth stages and moulting forms
Third, fourth and fifth stages and youny worms In copulation
Fourth and fifth stages 
and young copulating
f o r a s

Juveniles as single and in pairs
Juveniles (few)

nil
a
u

Immature worms 
as single and in naira

JUveniloo In copulo only



was tubular and bad an average length ©f 109.5 microns carry
ing a snail alight bulb posteriorly. It measured nearly 
one-£ourfcft of the total length of tho body. The brain was 
well demarcated, encircling the oesophagus at an average 
distance of 64.75 microns fro® the anterior ond. The genital 
prinordiura appeared spindle or Ions shaped uith two or three 
cells at an average distance of 175.0 microns from tho 
anterior end (Plate IV, Pig,3 and Plato V, Pig. 2), Tho 
intestine measuring on average length of 303.S mierono was 
filled with blood and retractile globules, "icctal tube, 
being 33.5 nicrona long ended in the anal opening, Tail had 
an average length of 31.5 nlerons and its tip was pointed in 
females and blunt in males ' (Table 6).
Fourth ataoe larva. 1

ilalet (Plate VI, rigs.l and 2 and '-late VII, rige.l and 23i 
These larvae obtained from the lungs fron day 5 post-infection 
were slender uith vigorous movements. It had a tnanimum length 
of 109S.1 microns and a minimum of 903.5 microns with an 
average width of 55,6 microtia. The buccal capsule woo thich 
walled, the shape boing oval to conical, St was 105 to
17,3 microns doep and 10.5 to 21 microns wide. Oesophagus 
was slightly bulbous with an average length of 197,75 microns. 
The brain was vary distinct and it waa situated in the niciSlo 
of the oesophagus at an average distance of 96.25 microns 
from the oral end. Intestine had a length of 020.1
snieron3 and a minimum of 681.1 microns. It measured almost
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three-quarters ©£ the total length and was £illod with food 
and rofroctilo globules. It ended in tho anus before which 
it formed a anito-lito canal which was the rectal tube 
measuring a length of 34.75 microns. Bursal rays wore found 
posteriorly but not quite prominent, 'fail was blunt or 
truncated with a short pointed tip and was 59,5 to 63.0 
microns long.

Fenala (Plato VIII, rigs.l, 2 and 3 and Plate EC,
Pigs. 1,2 and 3) i Tho female larvae wore oinilar to tho 
males except for the long and slender posterior extremity. 
Those larvas measured a length o£ 863,50 microns and a width 
of 55.6 microns in average. Buccal capsule was thick wallod 
and cylindrical in shape possessing an average depth of
10.3 microns and an average width of 12,4 microns. Oesophagus 
with a slight swelling at tho posterior end measured a length 
ranging from 192.4 to 199.5 microns, Th® brain was situatad 
at a distance of 92.S to 122.5 microns from tha anterior end 
and was distinct. Intestine measuring an average of 300.23 
nierona in length was filled with blood. Vulva appeared as 
a prominence at tha end of the first third of the body. It 
waa situated at an average distance of 526,33 microns free 
the oral end. The intestine ended in the rectum which openedI
out through the anus. Tho tail was 77,0 to S5.1 microns long 
with a pointed tip (Table 6).
Fifth ataoo larva (Juvenile).

The fifth stage larvae developed in the lungs on tho



seventh day after tho administration of tho infective nota
rial.

Kale (Plato X» Figo.l and 2 and Plato XX. Pigo.l and 2)» 
Tho nales measured a length ranging from 0,84 srra to 1.1 nra 
%rith on average of 0.98 ran. The body thickness was 41.7 
microns in average. Tho buccal capsule, being quite large, 
thick walled and conical in chape measured 17.5 to 22 microns 
in depth and 14 to 18,5 microns in width. The oesophagus|had 
a posterior swelling and was 157.S to 210 microns long. The 
brain was well-defined and was situated 92 to 112 niorons 
away from the anterior end. Intestine filled with dark 
granules was 525 to 764.5 microns long, cpieuiea could bo 
neon clearly. They were broad and divergent anteriorly but 
fused posteriorly and wore more or less equal in siso. They 
measured on average length of 56 microns. Qursal rays could 
bo seen clearly and were 28 to 31.S nicrona in length engulf
ing the vulval projection o£ the fonale with which it was ia 
copulation.

Female (Plat® X, Pigs*3 and 4 and Plate XIX, riga.l ond 
The female woms were much stouter ond larger than tho nales. 
They noasured a length of 1.81 to 1.96 nm which was almost 
twice the length of the males. The width of the body was|in 
the range of 55.6 to 69.5 microns. The buccal capaulo was 
31,5 to 41.7 microns deep and 31*5 to 55.6 microns broad uith 
three pairs of teeth at its base. The oesophagus had a 
posterior bulb and was 0.25 to 0.26 nm long. The brain was



Table 6. Measurements of the different stages of larvae of S. trachea (in microns)

Third stage larva Fourth stage larva Fourth stage larva Fifth stage larva Fifth stage larva
(male) (female) (male) (female)Particulars_______________________________________________________      _______ ________________________________________________________

Minimum Mantlmum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average

I Length 206.5 665.0 435.75 903.5 1098.1 1000.8 620.6 1107.1 863.58 840.0 1112.0 976.0 1807.0 1959.9 1883.45
Body I Breadth 10.5 24.5 17.5 55.6 55.6 55.6 24.5 31.5 28.0 42.0 87 5 64.75 55 6 69 5 62.55

Buccal j Width 3.5 7.0 5.25 10.5 21.0 15.75 10 1 14.8 12.4 14.0 18.5 16.2 31.5 55 6 43.55
capsule j Depth 3.5 7.0 5.25 10 5 17.5 14.0 10.1 10.5 10.3 17.5 22.2 19.85 31.5 41.7 36.6

Pharynx (length) 10.5 10.5 10.5 - - - - - - - - - - - -
Oesophagus (length) 77.0 140.0 108.5 192.5 203.0 197.75 192.4 199.5 195.95 157.5 210.0 183.75 250.20 264.1 257.15

Brain(from the anterior 
end) 42.0 87.5 64.75 87.5 105.0 96.25 92.5 122.5 107.5 92.0 112.0 102.0 180.7 556.0 368.35

Genital prlmordium 
(from the anterior end) 140.0 210.0 175.0 - - - - - - - - - - - -

Vulva (from the 
anterior end) - - - - - - 432.6 620 06 526.33 - - - 708.9 834.0 771.45

Intestine (length) 112.0 455.0 283.5 681.1 820.0 750 55 540.36 820 1 680.23 525.0 764.5 644.75 1453.4 1584.6 1519.0

Rectal tube (length) 35.0 42.0 38.5 49.0 80.5 64.75 37.8 37.8 37.8 59.5 63.0 61.25 59.5 69.5 64.5

Anus (from the 
anterior end) 199.5 609.0 404.25 844.0 1035.1 939.55 543.06 1022.0 782.53 770.0 1042.0 906 0 1709.7 1862.6 1786.15

Tail (length) 7.0 56.0 31.5 59.5 63.0 61.25 77.0 85.1 81.05 70.0 70.0 70.0 97.3 97.3 97 3

Spicules (length) - - - - - - - - - 42.0 70.0 56.0 - - -

Bursal rays (length) - - - - - - - - 28.0 31.5 29.5 - - -

IX



situated at on average distance of 0.37 nm fron tho oral 
end at about tho middles of the oesophagus. The intestine 
was long and tortuous, measuring 1.45 to 1.5S tan long which 
tiouid come to throo-quartera of tho total length. 'The vulva, 
visible as a clear prominence was located at a little below 
the snlddla oC the body 0.71 to 0.83 r.ra away from tho anterior 
extremity. From this, it was concluded that the males wore 
attached to tho Scales just below the middle oS the fonale3. 
Tho rectal canal was spike-lito and neooured a length of 
35 microns. The tail was short and pointed and 97.3 nicrona 
long (Table 6).

Pairing of warns (Plate XZt:I, rig.l),

it has been observed that copulation occurred in tho 
lungs itself after the seventh day o£ infection. Tho woms 
in pairs, when separated aimilated in measurements and des
criptions of tho fifth stage male and female, non-copulating 
forms were recovered from the lungs as well as from the traehaa 
after the seventh day. This suggested that copulation of 
worms could occur in tho lungs and also after reaching tho 
trachea. By the ninoth day o£ infection, copulation of 
worms uould be over and only a very few non-pairing fiomo 
ware obtained from the lungs thereafter.

Tho copulated pairs obtained Cron tha lungs and trachea 
were more or less of tho same aise ond characters. The 
male-female length was in tho ratio of 1*1.51 to 1*1.66.



That rteana the males wore nearly two-third of tho length 
the females. The buccal capsule was doop and voluminous 
111® a semicircular container, the wall boing fchich and with 
throe pairs of tooth inside. The oesophagus had a snail 
swelling posteriorly, and was of one-tenth of the body length 
In foraaloo and ono-flfth in males, Tho intestine was very 
long and its eolls wore filled with dach granules. It occu
pied GO per cent of the total length of tho female w o m  and 
70 por cent of that of the male worn. Vulva was eituatoSt 
Just above the middle of tho body. The bursa of tho rales 
had uoll developed bursal rays fixed into tho Vulval Slap in 
the form of a cono. Tho uterine col la were seen twisted 
around the intestine. The toil was long and pointed. Tho 
raalo-famalQ attachment occurred at two»£ifth of tho total 
body length of tho female.
Iramature worms (13 days old).

These wore obtained from tho trachea and were dififoront 
from those obtained earlier.

Male* The males wero 1,5 nrt long with an anterior 
sheath of S3.9 microns. Tho buccal capsule was large and 
semicircular, 55.6 microns deep and 97.3 microns wide. Tho 
oesophagus was vary prominent with a well dofinod posterior 
swelling and was 347.5 microns long. It reached upto nearly 
ono-fiffch of the total length. Drain was 250.2 nicron3 away 
from the anterior end and at ofaout tho middle of tho



oasaphagus, Tho intestine was 973 microns long ond filled 
with blood. Tho burea was fixed into the vulval Slap. It 
was 69.S nicrona long. Rayo ware clearly visible but diffi
cult to identify.

Females They ware large and stout and measured an 
average length of 3.06 cm possessing cuticular projections 
both at tho anterior and posterior extremities. The anterior 
cuticle was <31.7 microns long. The buccal capsule waa thick 
■walled voluminous and semicircular in shape with a depth of 
83,4 microns and a width of 123.1 microns. The oesophagus 
was 0.33 ram long and was only one-tonth of tho total body 
length. It was bulbous distally. The brain was at 30S.8 
nlerons away from the anterior end encircling the oesophagus. 
The intestine being 2,1 mm long extending to more than half 
tho length of the worm, was filled with blood. Tho vulva was 
at a distance of 69S microns from the oral ond and this dis
tance was ©no-fifth of the total body length. Tho tail was 
139 microns long with a cpike-li'te pointed tip. The tail 
sheath was 111.2 microns long (Tables 75.

Tho length rati® of the male and female was It2,1. The 
male was attached to the female* at about ono-Cifth of tho 
body of tho latter.
Immature worms (15 davo old) (Plate XIV, rigs. 1,2»3#4 and 55.

tiales Tho raaloo measured about 2.5 to 2.52 ram in length 
and was with on antorlor cuticle of 41.7 microns. The buccal
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Table 7. Measurements aS the immature uorras (In microns)

13 days old worn 15 days old worn
Particulars Male Female Halo Female

Mini
mum

Maxi-
mtsra

Ave
rage

Mini
mum

Hoxl-
oaaa

Ave
rage

Mini
mum

Maxi
mum

Ave
rage

tUni-
KKS3

Maxi
mum

Ave
rage

length 1.4 1.5 1.5 3.05 3.06 3.0® 2.5 2.52 2.51 4.1 7.3 5.7
BIB t o m RIB t o e ss T O mm T O T O TO

Breadth 220.0 220.0 220.0 305.0 305.0 305.0 275.0 275.0 275.0 475.0 475.0 475.0
Buccal 1,!Mto 97.3 97.3 97.3 125.1 125.1 125.1 194.6 194.6 194.8 298.5 208.5 208,5
capsuld Depth 55.5 55.6 SS.6 03.4 83.4 83.4 83.4 208.5 145.95 152.9 222.4 187,7
Oesophagus 347.5 347,5 347. S 375,3 375.3 375.3 417.0 472.6 - 444.8 417.0 444.3 430.9
Brain <£rcn 
tha anterior 250.2 250.2 250.2 305.8 305.8 305. S 305.8 347.5 326.65 278 417 347. S
e n d )
Intestine 
( length)
Rectal tube

973.0 973.0 973.0 2.09 2.09 2.09 1.81 1.96 1.09 3.1 5.5 4.3
*» *a

IRQ
•m

saa n o m  
166.a

cm
166.9

TO
166.8

rx s
139.0

T O
203.5

T O
173.5

Bursal rayo 69.5 59*5 69.S - 139.0 139.0 139.0 - - •»

Vulva (iron
t h e  anterior 4*r 695.0 695.0 695.0 „ 1.1 TO 1.4 m 1.25 j
end)
Toil (length) «• _ 139.0 139.0 139.0 _ m. 236.3 333.6 234.95



capsule oo described above had a length of 83.4 to 200*5 
microno and a width of 194.6 nicrona. The oesophagus was 
417 to 472.6 microns long and it constituted nearly one-fifth 
of the body. The brain waa 305.0 to 347. S microns 'away frc» th 
anterior end. The intestine was of about three-fourths of 
tho total length and waa 1,81 to 1.96 nn long. Rectal tube 
was 166.8 raicrono long and the bursal raya were 139 nicrona 
long.

Female* remolo warns were much stouter and thicker 
than the males. They meaeurod a length of 4.1 to 7.3 ram and 
a thickness of 235 nicrona. They possessed an anterior cuticle 
of 41.7 to 69.5 microns long* Tho buccal capsule waa deep, 
thick walled and semicircular with three pairs of teeth at 
its base* It was 152.9 to 222.4 microns long and 208.5 microns 
wide. The oesophagus was 417 to 444.0 microns long with a 
posterior bulb. It was of about 1/13th of the total body 
length. The brain was located 278 to 617 microno axny from 
the anterior end* Vulva appeared prominent and large, located 
at a distance of 1,1 to 1.4 nra frcn the anterior ond and was 
at about one-fifth of the body, uterine coils measuring D.l 
to 6.0 nm in length were entwining the intestine uhieh vaa 
filled with blood and food particles. Tho intestine was more 
than three-quarters of the whole body length, neefcai tube 
ended in a spike-like fashion and was 139 to 208.S microns 
long. The toil was pointed without any tall sheath and wan
236.3 to 323.6 microns long (Table 7).



Tho ratio between the length of tho male and female 
was Is2*26. The males wero attached to tho Canale at one- 
fifth of tha latter's body.
Adult worms (Plate XIXX, Fig,2 and Plato XV, rig.15, (Table 0)

Tha adult uotna wore found in tha moot peculiar fashion, 
with tho result thoy have acquired several names, vis., rod 
worms by its bright red colour, forbad worms since both the 
nalo and female are in permanent copulo, thus resembling tho 
alphabet *Y’, and gape worm as gapo is oupposed to bo tha 
most characteristic symptom of tho disease caused by tho worn

Maioi The males wore strikingly smaller in oiaa then 
the females. They wore white to cream in colour, tho hood 
being embedded in tho mucosa of the trachea uhilo ig situ.

The male was 2.43 to 3.14 rsa long (average of 2.79 mm). 
Tha nouth on enfaco view, rovoaled throe pairs of festoons 
or teeth opposite to oaeh other (Plate XVI, rig.I). The 
buccal copaule was strongly semicircular having a depth of 
0.14 to 0.35 nm and a Width of 0.10 to 0.4 ran. Tho wall of 
tho buccal capsule appeared chitinous. The sides had an 
average thickness of 62.S microns while tho bottom was 
41.7 microns thick.

The oesophagus ranged from 0*32 to 0.6 m  in length.
Its width at the anterior region was 41.7 microns and at tho 
posterior region 62.5 microns tho lattor region being bulbous 
in appearance. Tho intestine waa 1.71 to 2.36 mm long,



twisted and filled witn j-ood rraterlala and blood. Zt © c o 
pied almost throc-quartora ©£ tho total body length, Tho 
baraa was obliquely truncated and co> ranted onto the vulval 
flap of tho £o~uio pornanontly. It wac 0.17 m  long.

Fonalos Tho £o-nalGo vero largo, bright rod in colour 
and roving freely end actively in the luncn, They ucro 
10.43 to 12.02 m  lonj. Tho thieJneso of tr.o body variocl 
at different regions, it was 0.30 m  at the antorior end.
0.32 rr at the middle Oni 0.3B m  at trio posterior end.
Dnfaco vie-.; o£ tho nouth ohotred fcliut the inner diameter oZ 
tho oral cavity was 0.39 m  curl the outer dianotor was 0.S m  
Thrco naira of tooth with fine- processes wore arranger* in a 
circular taahiou at tho base. The length o£ the toeth was 
G9.S to Q3.4 niorccio while the breadth at the tip wo a 13.0 
rierorsc and at tho base 20.05 -Tierono (Plato CIZZ* Tin.3 and
riauc 'EVZ. ri.,,2;.

The buccal capsule woo deep, voluminous o.x! thieb walled. 
Itfl depth was 0.29 m  and tho width wac 0,23 a: *"tch j wail 
thicHneao of bS.6 rrUcruio at tho aides arid 10.6 nleroia at 
the baoo.

The oesophagus was 0.G6 run long t?iUn a posterior bulb.
The width at the anterior and posterior C3Sxeniti.es was 62.62 
microns and 0.17 m  respectively. Tho valval orcnlnance was 
at nearly one-Oifth o£ the total body length and at a distance 
o£ 1.74 to 2.02 rvu <jron the oral end. Tho intestine wao



Table 0. noaoure.iciifcs o£ the adult * j q e t s  {In nils

Partioulara
Hale Fernalo

tUninun fiaxinura Averages Mininun nasiirauin Average

Length 2.43 3.14 2.79 10.43 13.02 11.23
Breadths
Anfcorior 0.139 0.167 0.153 0.340 0.375 3.361
f lifidle 0.111 0.16? 0.139 0.473 0.570 0.521
Posterior 0.209 0.222 0.216 0.270 3.417 0,340

Mouths
Inner illanotor 0.195 0.222 0.209 0,361 0.41? 0.389
Outer diarwter 0.32 0.343 0.334 3.487 0.534 0 . 5 J  J

Teoths
Length 0.042 0.056 0.049 0,070 0.083 0.076
Breadth 0.014 0.014 0,014 0.014 0.020 3.021

Buccal eap3ules
Depth 0.139 0.34C 0.244 0.273 G.3G6 0.29-t’idth 0 .10 2 , 0,403 0,292 0.270 0.389

Thiafcncsa or walls
sldoo
Base

Geeophaguss

0.036
0.028

0.078
0.056

0.063
0.043

0.042
0.042

0.070 
0.03(t

0.056 
0.3 j7

Gongth

t;idfeh(Antorlor J Posterior
Intostino {length)
Vulva {£rear's 
anterior end)
Bursa
Anus (frun 
anterior ond)
Call (length)

0.320
0.042
0.056
1.71

0.598
0.042
0.070
2.36

°'V9 Ut-555 
°*C? 0.050
0,0 0.167
2*5 0.6•» —

1.74
0.139 0,209 ft ,

**
10,16 lj** -
°»37b ^

'‘.763 J
O.r 33

’•167 0. ( 3 7  

9.310.7?

2.92
2. yJ

*1.00

0.4i?
19. 0̂

-3 4 6



S.G to 10.77 nn long, twisted and ontx;lncd around tho uterine 
coil3 . Tne uterus was full of both nature and iranataro eggs. 
The tall was conical with a painted process and 0.35 rm long.

Tho length ratio of nolo and fo.ialo was Is4.

Prepotent period

After oral Infection, tho larvae reached tho lungs 
probably through the blood stream, via oesophagus, intcctlnc 
or peritoneum within 12 hoars. There it moulted to tho 
fourth otage on day 5 after Infection. i'oultlng for •’o wore 
recovered on day 6 too. On day 7, fifth stage larvae wore 
obtained indicating that moulting from tho fourth to tno 
fifth atago occurred on day 0. It too boon found out that 
copulation cook place in the lungs itself on day 7 and by 
day 8 the copulated pairs nigrated to tho trachea, since 
single larvae uoro obtained from the trachea, it was concluded 
that copulation could also happen after migrating to the 
trachea on day 0. Tho single or eoculatcd rairo of worrs 
remained in tho trachea £rc*n day 0 onwards, on maturation, 
every female would bo attached to a male ami none remained 
single. By day 13 woms in copula only wore present. The 
male worm remained in the trachea with ito head end orbed/ 
in the ruaoao and holding with its tail end tho frarjle cj 
of any attachment. On maturation, the female smarted QJ 
charging ova, Which wore couched uo and owalloved by ttj 
bird and passed out tltrough its dropDings. Ova traro q



An the droppings Cron day SO post-infection onuardo. Tho 
prepatont period was determined to he S3 to 22 days.

Clinical signs and pathogenesis

Birds that wore naturally infected sto/ed severe gaping 
movements with a hissing sound or cough* ohaMng of hood, 
weakness, anaemia followed by loss of appetite and activity. 
Scans of the affected birds showed neither any symptom nor 
any egg in the droppings. Out of 73 affected birds eranirjed, 
only 34*24 per cent manifested symptoms (Table 9).

Table 9. Percentage of infested birds that shewed 
symptom*

Number of birds Number of infected „
found infected birds that showed Uic ni:QJU

symptoms

73 25 34.24

Esgaerimentally infected chictona became off-feed after 
sis: days of infection. The symptoms beeorao intense after
11 days, Ueafcaesa* sitting flat on tho floor with linbo 
outstretched, respiratory distress and gasping for air w r e  
sane of the symptoms shown. Gape was manifested in the later 
stages of the infection *;hen the birds became restless with 
ruffled feathers. Tho younger birds* since tho sloe of tho 
lumen of the trachea was comparatively narrower, a few -worms 
could occlude the trachea and cause suffocation.
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Grossly, the lurgo wore found to toe highly congested 
and very fragile during the early stages of infection. 
Simultaneous areas of consolidation and cloudy white areas 
with haenorrhagic spots wore seen. The different stages of 
larvae formed in the lunga were responsible for these kind 
of lesions,

The trachea showed haerorrhoge and inClanimation, 
Haemorrhrgo vas either petechial or diffuse. There were 
severe necrosis and other changes around the area of attach
ment of the worms to tho mucosa. Discrete, whitish, pca-alsod
nodules were present at the site of attachment of the male 
worms on the mucosa. The female woms, bright red in colour, 
were immersed and entangled in one mucus produced and some
times found entwined and plugged at the anterior and posterior
onds of tho trachea, i?o location specificity was noticed
for the worms In the trachea. They were found anywhere in 
the trachea. The total nuntoor of worms recovered from the 
trachea ranged from 2 pairs to 94 pairs. The tracheal con
tents consisted of mucus, blood, tissue debris end ova of 
the worms.

Microscopically, the lung tissues showed numerous 
necrotic wrra tracts In tho parenchyma with extensive cellular 
Infiltration. There was maosivo haemorrhage into the alveoli, 
Tho migration and development of the larvce caused desquama
tion of the bronchial epithelium. Cross sections of the 
migrating larvae could also bo seen (Plate XVII, Fig, 1).



The trachea shewed total dystrophy o£ tha taueooa. 
Pibroois and organisation os tho epithelial lining was 
detected. Modular outgrowths were sosn as pedunculated 
masses containing large number of mononuclear cells. There 
was also infiltration of inflammatory cells like lymphocytea, 
eosinophils* pls3taa cello, etc. doctiono ohowad tha para
site deeply embadaod. in tho muco3a, sutaicosa and almost 
reaching the cartilage, buccal capsule, oesophagus and 
teeth of the worms could be clearly ooon iu the oectiono 
{Plate xvxi, rig.2).

Ccnporativo efficacy of anthelmintics 
against syngamlasic in chicten

in the present investigation, the comparative efficacy 
of Hohendacole (assthyl-5-bontoyl-2-bcncinliasolOcarhaniato}, 
Thiaixmdacolc {2- {4«thiaaoly1) -lH-boncijaiclasolo) and 
Albendazole (nethryl (5H|jrqpyltliio5-lEJ.benoiiiiii3as<olG-3"yl) 
carbamate) given orally at the dene rate of 40 mg, 300 ng 
end 15 ng par kg body weight respectively and that of 
Ivermectin injected subcutancausly at the rate of 200 micro
grams per kg body weight was assessed on the baoio of tho 
Coilcwing aopectaj

Sag p e r  gram c o u n ts .

Out of tho first throe anthelmintics, tsobendasole v;ao 
found to have tho highest efficacy {96.22 por cent). It wao 
closely followed by Albandaoole (95.14 por coat). The lowest 
efficacy t?ao net with Tisiaborsdasoio (69.2? por cent) (Table 10)



T'able 10. Comparative anthelmintic efficacy of mebendazole* thiabendazole and albendazole baaed on E.P.G

Group name Mebendazole group Thiabendazole group

Wing band numbers 
of birds
Pre-treatmentE.P.G.

7842

400

7847

300

7848

1600

7852

1300

7855

4300

7857

600

7859

3000

7862

3500

7869

900

7855(b)

2600

7849

450

S

1000

B

900

7853

3300

7854 7858 

2000 1500

7867

1500

7857(b)

1200

7841(b)

900

7851 ( 

300

Post-treatment E.P.G. 0 0 0 600 0 100 0 0 0 0 300 100 300 200 0 100 0 400 0 0

Reduction in E.P.G.
Efficacy per head 
in percentage

400

100

300

100

1600

100

700

53.85

4300

100

500

83.33

3000

100

3500

100

900

100

2600

100

150

33.3

900

90

600

66.66

3100

93.94

2000 1400 

100 93.33

1500

100

800

66.66

900

100

300

100

Efficacy per group 
in percentage 96 .22 89.27

1. Mebendazole — 40 mg/kg body weight
2. Thiabendazole - 500 mg/kg body weight
3. Albendazole — 15 mg/kg body weight



M

300

7860 7865 7 8 6 6  7 0 7 1

A lb e n d a z o le  g r o u p

7 8 5 0

O 950 1600 800 2 5 0 0  2 5 0 0  1 2 0 0

O  Oo

O 650 1600 800 2 5 0 0  2 5 0 0

0  6 8 .4 2  100 100 l O O  1 0 °

9 5 . 1 4



Albendazole group Control (Non-medicated) group

4 M

O 950

O 300

7860 7865 7866 7871 7850(b) 7852(b) 7853(b) 7858(b)

1600 800 2500 2500 1200 900 300 800

O 650 1600 BOO 2500 2500 1200 900

0 68.42 100 100 100 100 100 100

95.14

0 100

300 700

100 87.5

7841 7843 7850 7863 7864 7870 7872 7842(b) 7859(b) 7856(b)

200 3400 250 900 600 400 600 1100 1000 500

600 2200 300 3700 1500 400 3000 1300 1000

400 +1200 -50 -2800 -900

-200 +35.29 -20 -311.1 -150

0 -2400 -200 0

0 -400 -18.18 0

400

+100

+20

-104.399



Hearn counts.
According feo the number of w m a  obtained at; necropsy 

from oaeh group, the efficacy of Mcsbendacolo was 03,10 por 
cent, and that a £ Aibsndacolo was 76.19 per cent. ThiobGn- 
dasole was the least effective <45.24 por cent) vide table 11.
Body weldht gate.

On tbs basis of the influeneo of each anthelmintic on 
the body weight gala of the treated chlchs, fSebondacolc was 
found to be superior (95,52 per cant), closoly followed by 
Aibendaaolo (93.02 per cent) and then Thiebondanolo (94.18 
por cent) vide table 12.
Antholralntlc efficacy of Ivermectin.

Depending upon the egg per gran counts, the efficacy 
of svarfpoctin was found to be 94.65 por cent (Tablo 13).
Though the efficacy was only 10.19 por cent baaed upon the 
worn counta, the worms obtained at necropsy wore dead or 
almost dying discharging small end round immature eggs end 
they ware darh red in colour. The worms obtained frcra the 
control group wore bright rod and active (Table 14). As shewn 
in table IS, the percentage of gain in weight by the group of 
birds medicated with Ivermectin was 66.45 per cent while that 
of the control was 61.04 per cent.

Effect of irradiation on the development of Svnaamas trachea
in an attempt feo study the effect of irradiation on the 

development of JS, trachea in chic3;en, two groups of
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'Tafolo IX. Corroarative anthelmintic o££ieacy o£ mobondasole, 
thiabendazole ana albendazole againat s. trachea 
based on the worn count; at autopsy

Group
Total Average 
nutnbsr number oC 
of warns woma 
retained retained

percentage 
o£ worms 
retained

2S£icacy 
of drug

Mebendazole group 5 o.s 11.9 63.10
Thiabendazole group 23 2.3 54.7S 45.24
Albendazole group 10 1 23.31 7Q.19
Control
<non-modieated group) 42 4.2 100 -

Table 12. Comparative anthelmintic efficacy of mebendazole, thiabendazole and albendazole aoainet ‘i. trachea 
baaed on the body weight gain (Isg)

croup Mean pro- Bean post- weight 
treatment treatment gain 
weight weight

Percentage
of weight gain

Mebendazole group 120.3 250.85 122.55 95.52
Thiabendazole group 154.6 302.2 145,6 94.16
Albendazole group 126.6 246.9 120.3 95.02
Control 133.6 (Won-medicated group) 267.4 118.8 65.71



Table 13. Anthelmintic efficacy of Ivermectin against s. trachea based on E.P.G.

Group ivermectin group Control (Hoa-medicated) group

wing bond number 
of birds 7079 7866 7860 7899 7901 7882 7892 7864 7867 7869 7896 7900

Sre—■treatment 
E . P . C . soo 2300 600 400 200 203 7Q0 1500 200 1000 800 300
Poot-treafcEnanfcn.p.o. 100 100 100 0 0 0 700 400 630 1900 1500 1500
Reduction in
12.F.G. 300 2200 300 400 200 200 0 1100 -400 -900 -700 -1200

E f f i c a c y  o f  drug
par head (%) 83.89 9S.GS 83.33 100 100 100 0 73.33 -200 —90 -07.5 —400

E f f i c a c y  of drug 
per group (JS) 94.63 -117.36

Dose - Ivermectin* 200 raicrograns per leg body might



Table 12, Antholrilnfcic e££lcacy a£ Xvemeetin ogsisiofc
3, faracihea base! oa fcho ’ram count's at autopsy

Group
Total 

mrribor ofi 
-jams 

rofcait’sadt

Avora-jO
nurahar o£ 
uoms 
ratainatl

oS worms o£ tbs 
rofcaincrl drug (")

TvQsnoatln
Control 

(slonf-nadieQtod)

10

22
3 81.82 10,10

3.6G 100 -

Table 15. AntholMinfcic a£giccey o2 ivermectin against
~ ' b a s a l  on felxa both/ w o irjhfc  g a i n  U s g )

Grow
[loan ij>re- 
troatmenfc 
■Haight

noon poot- weight 
treatment gain 
•weight

Pcrcantage 
o£ uoignt 
gate

Ivcmsatln 101.33
Control 160.03t fe'THaadlcsfcoO)

302.6?
259,0

320.03
93.17

66, 4S 
61.04



Gi

oicpori! lental cliicko wore adninlstored with irradiate1 and 
non-irra&iatcd ln£octivo eggo or larvae. They xjore Gacri- 
ficod when tho prcpatont period voo over to recover wono 
i£ any. Jo wara, either matura or iranatura, could bo 
recovered oven ircra tho control birda indicating that tho 
birdo re-aainod rodraetory to infection, 'Though tho o^rori- 
noat was repoatol again, tha result uao the ootsg. so no 
aofiaito conclusion could ix) derive J out oC tho otqoorinonfc. 
Further atudi.es are re ;uire3 to ootaolloh the oCCcct o£ 
irradiation on tho dovelopnont o£ 3, tgaahon.
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Discussion

Prevalence of Svnctarnus trachea infQCtion in poultry 
was ono o£ tho aspects of study in the present investiga
tion. During the period of research which extended for ono 
year, it was found out that the occurrence of gapouostie \im 
raoro in tho youngor birds than in the adults as roportod by 
Ransom (1921), This is in contradiction to tho reports of 
Crawford (1940), Thuraisinghora (1940), Olivier (1943) and 
Pafoiyi and Offiong (1979) who noticed the infection raoro in 
adults than in young birds,

as revoalod ia tho prosent study, tho prevalence of 
infection t?ao found to bo high after tho monsoon raino. Thio 
observation is in agreement with that of Fabiyi and Offiong 
(1979) but contrary to that of nnigfc and Boy-zzacra (1971) who 
found tho infection more in surxxsr.

The rate of infection worked out in the prosent investi
gation was 5,4 per cent whereas that sustained by Vargheso 

as(1956) wasAlow as 0,9 por cent, hs regard to tho intensity 
of infection, Vargheso (1966) could recover a naxinun of only 
threo pairs from a single bird while in tho present invoati- 
gation a naxinura of 94 pairs could bo collected from a aiaglo 
bird. Olivior (1943) also collected 94 pairs of worms Cron 
an adult hen in Bolivia,

On culturing the eggs, it was observed that the suitable 
tenporature for sotting up cultures was roen temperature
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(22 to 32,3*0 aa reported by ortlepp (1923), But tempe
ratures ranging fron 22.1 to 36.2*C recorded during the 
months of Harch, April and! flay wore unsuitable for tho 
maintenance of good cultures*

Regarding the tirao of hatching of oggs, usually it 
started by the seventh day of sotting up cultures. Haroiy 
hatching occurred cariiar, aa early as the third day but 
according to Ortlepp (1923) and wohr (1937a>, hatching never 
occurred earlier than tho nineth day. In the prosent inves
tigation, it was found that many eggs with developed larvae 
inside did not hatch.

The larvae that hatched out were in the third stago.
This observation is in agreement with that of tJehr (1937a) 
but disagrees with that of ortlepp (1323), according to uticca 
the hatched out larvae were in tho second stago and that they 
wera the infective stage.

It wao understood by the present study that transport 
hosts arc not necessary for the transmission of the infection.

In tho present axperiFont, chicto wore infected fcy 
directly feeding then with infective eggs or larvae without 
passing then through any transport hosto lilso earthuomo, 
Ortlepp (1923) and uohr (1937a> wars successful in producing 
infection in chiefcs by this method. But Bates Jr. (1972) 
fails-J to establish infection in this way.



After the experimental infection, the larvae reached 
the lungs within 12 hours. According to ortlepp (1923), 
the larvae reached the lungs ’within 24 hours and according 
to hehr (1937a) in 17 hours, During the prooont study, no 
larvao were recovered frcra tho livsr on any occasion during 
tho poat-mertotn of infected birds, sacrificed to study the 
stage to stags development of the ’.rarm, thus making it 
impossible either to agroe or disagree with Ghikhofcalova 
and Hhishikov (1956), Darua and Blasek (1965) and Baigk and 
Dey-Hasra (1971) who roportod that the parasite has a migra
tory path through the liver. Though Ciaphara (1939a) was able 
to recover larvao iron tho lungs and heart, he also was unablo 
to collect any larva from the liver.

Aa por tho prosent findings, copulation o£ tho tjoma 
took place in tho lungs itaolf on tho oovonth day uhorcao 
according to the findings of Wehr (1937a) it occurred from 
the third to the seventh day and tho corns migrated to fcts 
trachea on tho ninoth day post-infection. In the present 
study, migration of the worms to the trachea occurred from 
the eighth day onwards. Single worms uoro Sound in tho trachea 
9 to 10 days following Infection indicating that sexual union 
could also occur even after migrating to tho trachaa. In 
agroonaat with the conclusions of Fernanda (1971), the rale 
worms wera found anchored to the tracheal mucosa by the 11th 
day. The prspatent period was determined aa ID to 22 days 
in the present study, as against 17 to 20 &yo noted by 
ortlepp (1923).



The tmoaaurencaitD and description OS the different 
stages of tho paraoito obtained in the present study tally 
more or loos with those given ty wehr (1937a) ao3 Vorghoso 
(1966). Tho thick-walled buccal capsula with its chitinous 
rira and sis: conical teeth at the base was soon in all speci
mens of the adult worms exastsinGd. leaf crowns uero absent 
as reported by Vargheae (1966). The male-fcraalo length ratio 
was roughly Ii4 as found out by Varghoco (1966).

Regarding the pathogenesis and clinical manifestations, 
it was concluded that tho pathogenic effects '.rare mere in 
the younger birds than in the adults ao stated by Claphan 
(1935b). Birds die due to asphyxiation and dyspnoea caused 
by the pea-sited, whitish nodules on tho tracheal inucosa ae 
reported fey Claphara (193Sb) and Fabiyi and Offiong (1979).

According to wobr (1937b), the wom3 attached to any
where in the trachea in experimental infections, ’.iiilo in 
tho natural conditions, the parasites \»ce usually located 
in the lower half of the traOhoa. in the present study, 
examination of the affected tracheae has shown that the 
parasites ware Been throughout the traehsa, majority oC then 
being located posteriorly, both in the natural and experi
mental infections.

It was found out from the present investigation that 
the larvae of s, trachea were roopanslfole Cor tho condition 
laaown as t3yr<gamus pneumonia* and early mortality in young



chick®, as demonstrated by Claphan (1939a). The lungs showed 
consolidation and cloudy white areas with haon>orrhacjic spots 
and infiltration of inflammatory colla as noticed by Guilford 
and Derrick (1954). Catarrhal haoraorrhagic tracheitis, 
invasion of tho male worm into tho tracheal cartilage, disso
lution of tho cartilage, infiltration of lymphocytes, eosino
phil 0 and nononuclears around the sons of necrosis surrounding 
the parasite were soma of the hi sto-pathological findings 
noted, as observed toy Clanham (1933b), t.’ohr (1937b), Guilford 
and Uerrici: (.1934), Fernando ai. (1971) and Valenna (1975).

During the present work, efficacy of the following four 
drugs triad against s. trachea in chicken ’was aaoaosad.
’leinendacole.

Mebendasolc given at tho rate of 40 mg per log body 
weight orally was found to bo effective in removing the adult 
parasites. The percentage of efficacy was 96.22, 00.10 and 
95.52 based on tho egg counts, worn counts,and gain in weight 
respectively. Varga (1973) noticed 100 pear cent efficacy 
for this drug against the w i  at a very high dooo of 100 ng 
per log. Thienpont at al. (1973), ichrielis et al« (1973) and 
Suriiiski (1933) had administered raeimdaaole in food to 
turkeys and pheasants with suecosc In controlling both the 
adult and migrating stages of the parasite.. tio adverse 
reaations were manifested by the treated cuictoaa. This drug 
was found to bo tho most effeetivo among tho Sour drugs used.



Thiabendazole given at tho rate oS S00 mg per I«g body 
weight was 89.27 per cont, 45.24 por cent and 94*10 por cent 
effective based on the egg count a, warn counts and body 
weight gain of the troatod birds respectively. Rut according 
to Suzeby (1963) and Grafnor a t.  (1967),it failed to oliow 
any offieacy againot the worm in chicken, heibovitn (1902), 
Uar<3 at al. (1968), wehr (19S7), Blanchard and St. Jacques
(1979) and rabiyi and off long (1979) had administered the 
drug in feed at the rato of 0.05 to 1 per cent and obtained . 
on efficacy of 87.1 per cent to 1CX) per cent. This anthel- 
laintic was leas effective when compared to tho otlior four 
drugs.
Albendazole.

Aibendasole at a dose of IS tag per kg body weight was 
95.14 per cent, 76.19 per cent and 95.02 per cent effective 
on the basis of egg counts» worm counts and gain in weight 
respectively against syngasniaeiS in Chicken, Though tho 
drug has boon used against lung worms of animals and gastro
intestinal parasites of poultry* by many earlier tjorkoro, 
nobody has tried to assess the efficacy of this drug against 
S, trachea in poultry. In tho preoant study albendasolo was 
Sound to be tho second fcosfc among the four anthelmintics 
tried against the parasite.

T h ia b e n d a z o le .
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Ivernectin,
Iwc.Tect.ta given at a doae of 200 nicrogrania per Jtg 

body weight siibsutaneoualy had an afficacy of 94,65 per cent 
on tho basic of egg counts. Though tho percentage of effi
cacy appears to be satisfactory, the drug failed to give any 
clinical cure to tho treated birds, ho in tho ease ©£ 
albendasole* so for no reports have boon obtained regarding 
the use of ivemeetln against s, trachea. It has boon used 
against a variety of both ooto and ondoparasitoa in birds 
and animals. So the present study appears to ho tho first 
of its kind as far as its uoo against oynga’oiaais in poultry 
is corbcornas?,.

Regarding the irradiation osuorinosits, though they vasts 
repeated twice, both tho tost groups and control groups of 
birds behaved similarly. Ho worn of any stage wao present 
in any of the birds. This ic contrary to the findings of 
Varga (196S) and Ziegler et al. (1973 and 1974), who could 
establish a satisfactory level of immunity in very young 
chicks dosed with eggs or larvao irradiated at 4 to S )« of 
x rays. The reason for tho noa-establishpsent of warms ia tho 
birdo of the control group infected with non-irradiated eggs 
or larvao remains obscure.
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E0M1ARY

A detailed study on the prevalence, life-cyclc, patho
genesis, treatment and control of Svnqaaua trachea infection 
in chicken was carried out during a period of one year and 
tho following observations were made.

1. seaeon had a direct influence on th® occurrence of 
the infection. Tho infection was roro covero and ui&osproad 
during tho monsoons extending fretn June to ttovomber (2 to 
14.7 per cent) end less during tho sufiner extending from, 
Boeenbor to flay (0 to 4 per sent) with an average incidence
of 5.4 per cent, a very high percentage of tbs birds infected 
were in tho age group of 1 to 2 months. Birds under the 
free-range system of roaring were observed to be roro exposed 
to the infection than those isspt under the deep litter eystoni. 
Infection occurred in all kinds of chiclwn irrespective of 
the breed.

2. The eggs became infective seven days after sotting up 
cultures. The larvae, if hatched cut ware also infective. 
About three thousand infective eggs or larvae 'were required 
to establish infection in day-old chicks. Infection could 
he established by direct oral administration of the infective 
aggs or larvae without the necessity of paGaing tuon through 
transport hosts like earthworms, snails, slugs, etc.

3. Tho infective larvae roachod tho lungs 'within 12 hours 
of infection. Moulting to the fourth and fifth stages
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occurred on the fifth and sixth day of infection rospee~ 
tivaly. Sexual union tool: piece in the lungs on the seventh 
day and also after migrating to the trachea. The sexually 
united pairs ao well as the single ones migratad to tho 
trachea frora the eighth day onwards. The worms matured and 
started laying eggs after 13 to 22 days under experimental 
conditions.

4. Extending the neck, opening the beak and gasping 
for air wore tho characteristic symptoms exhibited Jay tho

4-rom thinfocted birds. Thsy were shown^sAx^day following infoe- 
tion. Mortality from asphyxia due to obstruction of tSio 
trachea woo also noticed. Varying numbero of worms in copulo 
ranging from 2 pairs to 94 pairs were recovered on necropsy 
of affected lairds. Severe haemorrhages, inflannatory changes, 
accumulation o£ mucus and discrete white nodules woro coon in 
tho trachea. Histologically, dystrophy of the raucosa,fibrosis 
Of the epithelium and infiltration of tho inflammatory colic 
wore observed, Pengo and bronchi also showed alnost similar 
changes noticed in the trachea. Xn addition to this, larvao 
of different developmental stages were prosent in tho lung 
tissue.

S* senses infected birds showed neither clinical oigno nor 
eggs in tho faeces and some passed eggs in faeces without 
manifesting any clinical sign. So tho direct examination of 
the trachea for the presence of worms is more reliable Cor a 
specific diagnosis.



6. Out of the four anthelmintics » namely, mebendazole 
(40 mg per kg tody weight), thiabondasole (300 tag per kg 
body weight), albondasole (15 rag per kg body weight) and 
ivermectin (200 raierograms per Jsg body weight) tried against 
Syngame trachea infection in chicken, mebaadasole was found 
to bs snore affective with 96.22 per cent reduction of eggs 
in the droppings, 08.10 per cent o£ disappearance of wins 
in the trachea and 95.52 per cent of weight gain o£ tho 
treated birds. This was closely followed by albendasol© 
with an efficacy of 95.14 per cent, 76.19 per cent and 
95.02 per cent in the respective three parameters. Thiabon- 
daaolo showed an efficacy of 09.2? per cent, 45.24 per cent 
and 94.18 per cent while ivermectin had an efficacy of 94*65 
per cent, 10.19 per cent and 66.45 per cant on the reduction 
of eggs, disappear as co of worms from the trachea and gain in 
weight of the treated birds respectively. Thiabendazole and 
ivermectin were found to be the least effective.

7. In order to study the effect of irradiation on the 
development of larvae of s. trachea. 3,000 infective agga or 
larvae were irradiated at 5 kR and administered orally to
12 day-old chicks., A control group administered with non
irradiated eggs or larva® of the sane dose was kept under 
identical conditions. Both the experimental and control groups 
behaved in tho oorao way. Thera was no parasitic development 
in any one of them as detected at autopsy. Since tho crrperi- 
ment did not produce any definite result it was concluded 
that, thic aspect requires further study.
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In a study conductor! for a period of one year on tho 
biology# pathogenesis and control of Synqanua trachea infec
tion in chieton, it has been found that tho infection was 
more in very young birds below 1 to 2 months of ago, reared 
under the free range system and during the iwansoons.

The egg cultures bosons infective on the seventh day of 
culturing, a dose of 3,000 infective eggs or larvao was 
found to be suitable for a successful establishment of infec
tion in chicho. Experimental infection could bo set up by 
tho direct feeding of the infective eggs or larvao without 
the necessity of the intervention of any transport hooto lice 
earthworms.

a detailed study on the stage to stage development of 
the parasite was carried out. They established in tho traohoa 
by the eighth day and attained patency 18 to 22 days following 
infection. Gaping movements, nodular growtns on the tracheal 
mucous membrane, haemorrhage and production of nueuo in tho 
trachea, consolidation and oeehynosis of tho lungs were tho 
chief clinicopathological symptoms observed.

Anthelmintic efficacy of nobondasolo, thiabendazole,
albendazole and ivermectin was assessed on tho basis of the 
reduction of ova in the droppings# disappearance of wonts 
from tho trachea and gain in body uoight of tho treated birds. 
Hebendaaolo adniniotorod at 40 ng per !:g body t might was found 
to tao the rost effective among the drugs tried closely followed
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b y  a lb e n d a z o l e  g iv e n  a t  15 rag „>cr k g  b o d y  w e ig h t  a n d  t h e n  
t h ia f c e n d a a o la  a t  500 rag p e r  k g  b o d y  w e i g h t .  Iv o c m e c t in  
f lo sa d  a t  200  raiGEoriroma p o r  k g  b o d y  w e ig h t  su b c u fc an o o u s ly  
w as fo u n d  t o  b e  t h e  l e a s t  e f f e c t i v e .

A s s e s s m e n t o £  t l i e  a f f e c t  o f  i r r a d i a t i o n  a t  S Ml o n  th o  
d e v o lo g ra e n t  o f  s .  t r a c h o a  i n  c h ic k e n  w as a t t e m p te d  tw ic e  
w i t h  n o  c o n c l u s i v e  r e s u l t s .
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