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Ducks ocecapy sccond nlace to chickon for the
production of table cggs in Indiae. There are about 96 lakhs
of dacks, LorTning abouc seven percent of the countzy's cotal
poulcry populotlon. IThey arc mailnly concentrated in the
eagtorn and southorn slatcs. The total duch egg orocuction
is about 400 wmaliion por yoar, congtituting aboul fivc per-
cent of tha total egy production in the country. Wost Bongal
leads in duck sopulacaon, £ollowoed by Assam, Tamild dadu,
2Andhra Pradesh, Rerala, Bihar, Orissa, Jammu-Kasamnir, ond

llaryana {Bulbuleo, 1977).

In Indla, ducks arc mainly zaiscd Jor vroduction of
egys and cxcess drakes and spent ducks are used Zor meat
purposes. Rearing of ducks L8 lirzted o vaccrshed re_jLons
and is very popular anong the villagers of these regionsg
as a profitable backyard cnterprise, becousc the avorage
cgg production fxom duchis is higher than Lhat {rom dcsa
fowls. Lven indigerous ducks lay about 90 to 100 of_o por
veax as against 30 to 35 egys laxd by desi hoers. (DHreover,
cygs .rom ducks erc obtained with pract:r ally no cori to

the owners (Maliomal Cormissson on Agraculoure, 1976).

Duck plague, a8 varal diseasc of ducks which Dr.ngs
about heavy cconcmic loss in duck prodoacing arcas, was Jirst

reported in India by Mukeryi gt al. (1963). Taey Ixuxd cbat
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the haghly inifcctious diseose, mainly of adult ducks, which
occurred in Gobardangea Government duck farm in West Bengal,
was caused by an agent indistinguishable £rom that of duck
plagues. Since tnis first report, duck plague is known to

exziost in Andhre Pradesh and Tamil Nadue

In Kerala, during the period f£rom April 1976 to

January 1977, hecavy mortality in ducks was reported riue to

a disease which saowed charxacterlstic symptoms and loslous
of duck plague. The disease outbreslk was first cobserveu in
Kuttanad arca in Alleppey district. The mortality cwmmenced
during the middle of April. Then the diseasc guickly spread
to the other districts, causing heavy wmorbtality. As per 1972
livestoclk census, thore were 3.62 lakhs of ducks in {erala.
The barector of Animal Husbandry had assessed the ovorall
duck mortality in the Scate as between fifty thousand Lo

one lakh {(Nair, 1976).

Preliminayy studics conducted in the Department of
Microbiology, College of Veterinaxy and 2Animal Sclences,
Kevala Agricultuzal University, Mannuthy, had suggested that
the causative agent of the outbreak might be the virus of
duck piasgues But no systematic study had so far been
carried out to isclate and cheracterizz the actiologlcal
ageni:ze PFurthemore, it is veing reporbted py the duck
brecders that vaccinetion with duck plague vaccine dres

not give the expected protection against the disease.



In the light of the above circumstances it wau
£elt chat it would be worthwhile to take up a study on
the isolation eand charactexazation of the aetiological
agent apsoclacved with the dasease condition as encountered
in the ducks in Kerala, so as to have a bettex underxstand=
ing about the probelm. which would help to adopt botter

control measuress

The Investigetion was dirxected towards the isclation
of the actual aetiologlcal agent responsible for the out-
break of the duck plaguewlike disease and charscterigation

of the agent and its ability to reproduce the disease.



B EV L B W O ¥ L I P DR ANTUER L




RLVIEW OF LITERATURE

Duck plague (D.F.) or duck virus enteritis is &n
acute, goneralized viremic disease of ducks, geese and

swans (Leibovitz, 1971z).

Hiatory

In the Nethorlands, Baudet (1923) reported an
unrecognized viral infection of domestic ducks. He ¢onsi-
dered the disease to be caused by &8 duck adapted straln of
fowl plague virus, which failed to infect chickens. But
the disease had the symptoms and lesidons similar to that
of fowl plague {(Leibovitz, 1972). De Zeeww (1930) alsc
believed that the agent which specifically infocted ducks
was a duck adapted strain of fowl plague. He iound thet
besides chickens, plgeons and raboits wvere also refractory
to this vairus, He suspected that watorfowl maght act as a

carriey of this diseases

Bos (1942) reexamined the f£indings of the abova
workers and came to thae conclusion that this duck disease
had a distinct viral astiology and was not due to fowl plague
viruse It was he who colned the term *duck plague! and
dlffercentiated it £rom Newcastle disease. Tnis was later
on confimmed by Jansen and Kunst (194%9a; 1949h). Subsequent
to this, extensive studies had been made on various aspects

of this disesse and its asetiocloglcal agent.



Incidcence end Distribution

Swnce its flrst report £rom the Netherlands, duck
plague was suspected to occur in France {(Lucam, 1949),
Switzerland (Kunst, 1958) and China (Jansen and Jsunct,
1964a). The sccurrcence of this disease in India wal rocog-
nized by !ukerji gt al. (1963) and was first reported from
the stete of West Bengal. Devos gb ale (1964) confirmod
the existence of this disease in Belgaume In North amoxica,
the first outbreak was reported ixom a commercial domestic
duek flock of Long Island (Lelbovitz and Hweng, 1967).
Subscguently, it was recognized Lrom varlous parts of
UsSe2s (Urban, 1968; Leibovitz and Hwang, 1963a; ialker
et at.e 1969:; Asplin, 1970; Hall and Simmons, 1972; Sayder
gt ale, 1973; Proctor g al., 1975; Hwang gt al., 1975;
Montali ot al., 1976). Ieibovitz (1968), Ieibovitz and
Hwang (1968b), Asplin (1970), Snyder gt ale. (1973), Proctor
ot al. (1975) and Montall et al. (1976) have shown that D.P.
virus not only afiected domestic ducks, but also othor wild
free-flying waterfowls. The £irst report of this discasse
in Canada came f£rom a resident population of small Muscovy

ducks (Hanson and Willis, 1976).

Tne disecase appesred o have seasonal inflvence. In
the Netherlands, the incidence was higher during spring
(Fansen, 1963). Jansen {1964b) found meximum number of

cages f{rom January to July and none fxom August to Lecomber.



smkzria cr o gle (1763) and Hwaag ct al. (1975) ccpovted
thet the outbrecaks ~ccurrcd trom "khren to Jaue 11 ndla

and Pennsylvania rcspoctively. [Mowover, 1o morked sopgonal
in{luence vas "bserved in Jhe conconirated thile Pe:i.a duck
prodac Ing areas of long Istand, there & higner inc-dcice
vas scen in tho Zall of 1967 among the wild, Lree~f£? yuing

Anserifomes (Leiboviiszs, 1371la).

Trenomission

Jansen (1963 1264b) reconrbed that che 1L cime oo
D.Pe. wvas grcater ia places wvhere che dachs hoa acxcss wo
swrituring wacer and that the dasease vas rarc an Limmo wilh
drinkin, water croughs. Duck wo dudh wrauomission vas
believed to occur as a conschuence of close concacl and by
ingestion 0f wniected materials. Famm to famn Lransmig£sidi
by wrec=-£lying vateriowls had also becen recognizia ('owed 7o,

1968).

e outbrazks ustelly oceourred as & regult oL move seéau
of wnfected birds onto Virug=iresd 'alcrS.e LoVULatioun w8i-
tics 4inm concentrate. dudk ryeductngy areas aloo a.led wne
rapid sprecd oi ihe dascase. Unlike in narket duc! Lingg,
the wnfcction in breccer cucks vas self~luanntinyg oo tac
Jatier wvere nmasntalned 11 o defined areas In aa@rlh.oo dacke
lings, tho indcectdon vas conbinuous and recycling, <8 Lhe
susceptaple birds vere moved into the recently <ol.aminaced

environaent (Leabovitz, 1272).



Although the virus had becon isolated from the ¢loaca
of unfected ducks, therc was no av:idence that the eggs laid
by wnfected birds could transmit the disease (Jansen, 1964b).
Similarly, the possible role of bloodesucking erthropods in
disease transmission and the suspected carrier statce of wild
ducks (De Zeeww, 1930; Van Dorssen and Kunst, 1955), have

not been confismed (Leibovitz, 1972).

The digease could be experimentally produced by oral,
intranasal, intravenous, intraperaitoneal, intramusculer or
cloacal administration o£ wnicctiqus naterial (Loaoovitz,
1972). Proctor gt al. (1976) produccd a fatel disease in

gnotobiotic ducks by oral administration of D.¥, virus.

Hosts affected

The natural suscepcibility of D.P. was found to be
restricved to the members of the family dnotidse (ducks,
geesa and swans), of the oxder Anseriformes, Van Dorssen
and Kuast (19558) studied the susceptibility of various
species of Anseriformes to D.P. They found that Khaki
Campbell, Indian Runmner, and Pekin ducks wvore very susce=
ptible, as wore most gpecies of wild ducks, wild geese and
mute swanS. Luropean Teals, Pintails, Mallard and Groy
Call ducks were reslstant to fatal infection; but they
produced antibodies following exposure. On the other hand,
Herring gulls end black headed gulls werc not only resigtent

to infection, but also falled to produce antibiodies. The



DePe varus was algo asolated fron some cross-brods oi
co mon dack and related wild ducks (Feasens, 1%4b) and
gecsce (Junisen end Uem @ hove, 1965; woeabovats, 1972).
Sinelar obsesvac. s vese mode vt wild voterniovwl
Le.lovits asnd hrang, 1968a; Loeibovies, 1271a) and wen

{Proctor ge al., 1075},

Althourh forls were resistant to Li.Pe day-old chacks
could be infected with the vairus (Runst, 19537 “ukexj. ge al..
1963). Janson (1964b) was able o infect chicks ugto lwo
weeks of age, ailter scerial passaye o. tho virus in cay=uid

chilckse He also wound that adult plgeons, robblis, gulnea

2408, rats and mouse wore refractory to the inloctiona

Charecteristlcs of Lhe discase

Hatural infection was ustally Sewn in agcs Ienging
£rom soven day=-0ld ducklin e to waturce brexder duc'.s
{Leibovitsz, 1971a). In domestuic ducks, the incubovion period
varicd from threc to scven days and once the sy weoms of the
diseace ap_cared, deoth nsually follared in onc Lo five ways-
I1 some anstances, the affccted cucks showod evidence of
appareat recovery, follored by symptoms 0L 1NCYees.ing

aoverity belorc death (Jansea, 1964b).

Lgcopt ooame migor dlfforences, the clinical cymptoms
describoed by nost of the vorkers were the saic. IMhe carly

Gsigns of lilaess verce aasal and lochryal discnarjoo,
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dxoopiny wings end profusc greenish-white diarrhoca with
marked Souling of tne cloaco end the surrounQing arcas.
Iater on, majority o than showed cgwollen, sticky eyaelids,
leading vo pertial or complcete closure of the eyelids
{rmkerjl gt als, 1963; Jansen, 1964b; hRall and Suwmons,
1972), llervous symptoms, characterized by paralysis of
the icygs and dyrooping wings with typleal posture of the
brcast touchlng the ground, were also reported. ‘these
nervous sympkoms were responsible for the anabilicy of che
birds vo swim In water (iukerji gt al., 1963; Jansen, 19617
1964b; Lolbovitz, 1971a; Proccor gt al.. 1975 rontall gx al-
1976). It was not unusual that some of the affeci.cd birds
showed blue beaks and blood-stained vent, praceding sudden
death, {(Leibovitz, 1971a; Proctox et al., 1975; Hancon and
Willis, 1976). 1In some acute cases, a fully formed cgy was
found in the cleaca. (JFaosen, 1964b).

In domestic breeder duckss tne disease dld occur,
without any premonltory symptoms, with characteristic
sudden, high and persistent f£lock mortalitye The affected
birds showed a drop in egg productlon by 25-40 percent
{(Lesbovitz, 197i1a). Similarly, Snyder ct al. (1973) could
not £ind any clanical signs during an outbresk of D.P, in
California except that some birds had depression cud
diarrhoea prior to deathe. Aabscence of any proamonitory

symptoms was also reported by !bntali st ale (1976).
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The duration of the disease was varisble, usunally
£rom one to three dave and, in some cases, all the syptoms
were not proscae (Snyder gt zle, 1973; llbntall ot gl., 1075).
Mortality in domestic ducks ranged £rom 5-100 porcent. pdult
breeder cducks tended £0 expericnce greater jercen.aye of
motality than youny ducks (Leibovitz, 157%a). Duriny tne
1963 outbreask in West Bengal, ™Mukcerji gt al., observea that
it was the adult ducks that were mainly affected and that
98 percent of than died in two to four days fLollowing the
onset of the disaase. Stress duc to infectious diseases
and eyy production was attributed to this high mortality in
broeder ducks (Newcomb, 1968). Moxtality might be higher
in cases of dual infection of DsP» virug and lateni. bacte-
rial infections (Dardiri, 1970). 2although newly exposod,
susceptible, concentrated populations of wild or domestic
waterfowls showed explosive outbreaks with high, persiscent
moxtality end a drop in egy production, chronically infected
and partially immune mopulations of captive or domestic
waterfowl showed an insidious, intermitteont mortelaty

{fzivovitz, 1975).

Macroscople observations

In cases where the disease was too acute to cause
emaciation, the carcase was usually in good condition
{Tanscn, 1961:; 1964b; Montsll et al.. 1976). Tne most

striking lesions described were petechrae througnout the
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body. particularly on the heart, serous membranes and
oegsophageal mucosa (Baudet, 1923, Bos, 1942; Jansun, 1861;
1964b; Mukerji gt ale., 1963; Jansen and Wemenhove, 19657
Icibovitz, 1971a). The congested ovarian follicles in
laying fcmales (Montali gt agl., 1976) sometimes ruptured,
leading to peritonivds (Bos, 1942; Jansen, 19617 1964b;
Mekeriil et al., 1963}, Prescnce of a fully foxmed egy in
the oviduct was also ot uncommon {(Jansen, 1964b}.
Haemorrhagic enteritis, oftcn with fzec blosd chriughout

the intestinal lumen, was observed by Jansen (1961, 1964b),
Leibovitz (1971a) and Hall and Simmons (1972). buring chelr
studies on an outbreak Gf D.Pe in Mugscovy duchks, onyder

ct ale (1973) found similar oymptoms, whers the rucdsal
ulccrations of the small intestine were concentraced through-
ouc the cranial twowthirds of its length. Hangon and Willis
{1976) also reported similar ulcerstions with pseudonombranes.
In an isolated case Of B.P. in an dmmaturc Canada goosa,
Leabovitz (1269) observed button-like ulcors on the (
intestinal lywphold discs. Occasionally, the lumen of che

trachea and bronchi conteined iree blood (Lmlbovitvz, 1971b).

Depending oa the durstion of symptoms, diphtheritic
changes occurred on the mucosa of the oesophayus, rectum
and cloaca (JFansen, 1961; 19G4b; Leibovitz, 197ial. The
main cnanges reported in the ocsophagus were the presence

of patches of diphtheritic membranes (Leibovitz., 1971b).
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necrotic membranes (Hall and Simuons, 1972), otensive

red ulcerations of the middle third (Snyder ol al., 1973
Honson and Willls, 1976), and haaenorrhagic spots arranged
in longitudinal rows covered with grey pseudomembrones,
sometimes extending to che proventricular-vesocovhageal
junction (pardiri, 1975; Montali et al., 1976)» Ulccration
of the proventriculus and red spots on the rucosal surface
and bilood stained o-ntents in the gi-zard werc 21l3o some=
times obscrved (feibovitz, 1971by sSnyder et al., 1973). In
caeca, the lesions were confined to the portlon between the
folds of the mucosal surfece (Ieibovitz, 1971a) and the
rectal leslons vere confined to the posterior portion. The
densely packed macular lesions of the cloaca often extonded
into the caudal portion of the colon and salpinx (Leibovitz,
1971a: Rall and Simons, 1972; Montali et al., 1976).

The lym_hold oxgans were also aifected. The shleen
was either normal or swaller in size, derk in c>lour and
nottled (Lelbovitz, 1971a; lontall ot al., 1976). ‘The
thymus and bursa of Fabriclus were also involved; the
{former was characterised by nultivle, pin-point haensrrhages

and the latter oy atrophic changes (Leibovitz, 1971a).

puck plague virus-infected liver was ususlly friable
(akerjl et al.s 1963; Jonsen, 1964b). Ieibovitz (1971a)
reported that during the early stages ol inifection, the

liver vas pale, vith irregularly distributed pin=-point
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haemormnages and whate spots. Lauox on, the lyver became
dark bronze or bile stained, without the pin~point hoomorr=

hages, with large and more distinct surface whitc spotse

The specific response to D.P. virus was found to bs
dependent on the species affecced (Leibovitz, 1971ia).
Ieibovatz and Hwang {(1868a; 1968b) have shown that the age.
acx, and susceptibility of the host. stage of iafectilon,
virulence and 1atensity of wxposure would also afscce the
lesions produceds In young ducklings, individual losions
of the oesophagus were less fregquent, but the sloughiny of
the entirc mucogsa, with yellowish-~white mambione into the
lumen, did occure Tissue haemorrhages uerce also leas.
Howewver, the lymphoid lesions were greater (Leibovatz, 1971a).
Cardiac and mescnberic hacmorrhages, frequently observed in
mature breeder ducks, were also unconmon in young .arket

ducklings {iLeibovitz, 1972).

In older ducks, regression oc the lymp ©0id orgens
such as tho thymus and the bursa had alrcady occurred and
hence lesiona were absapnt in these oryense In adult domestlice
ducks and mallards, tissue haenorrhages and <nanges 37 roprow

ductive organs were more pronounced {Leibovitz, 1971a).

Duck »lague vires

The identity of duehk plague vixus as a acrpes wvirus

was nade by Drecse and Dardrri (1963), from an oloctvon
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microscopic study on thin sections of infected cell
culturxese. At present this virus is classified as onn of
the members of the genus herpes virus of the Zarlly
Herpetoviridae (Wcstern Hemisphere Commnittec on Animal

virus charxacterization, 1975).

Herpes vixuses are large (A80-250 nm in diamster),
acosahedral, double stranded D. tods viruses with an outex
cnvelope. They are sensitive to ether and chloroforn and
multiply in the nuclel of infected cclls. The cnvelope
is acguirced when the virus parcicles are roleased from

the nuciecus (Watson, 1973).

Skalinskii and Dorisovich (1969) studied the norpho=-
logy of duck pleguc virus. They found thet D.P, virus was
spherical in shape, and 30-220 mm in diamcter. It contailned
an inner core of coiled filsment of about 17 rm in d.amcter,
a central hole of 4-~5 nm across, and radial projections on
the outer membrane. Uslng f£iltration technique, Hess and
pardiri (1968) cemonstrated that the size of D.F. viius lay

between 220 nm and 100 ome

Fron its sensativity to deoxyribonuclease and
insensitivity to rikonucliease, Breese and Dardiri (1963)
considered the D.P. viral nucleic zcid @s Dei «A¢ type.
Acridine orange staining of infected cell culturcs also
showed characteristic nuclear flusrcscence indicative of

D.N.As (dess and Oerdiri, 1968).
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Physico=chemical Characterxistics

Xunst (1963) obscrved that D.P. virus was inactlvated
at 56°C. in 30 minutes, but in 30 minutos only 90 percent
inactivation occurred when the tenperature wag brought down
wo 50°c. However, Hess and Dardiri (1968) reported complete
inactivation of the virus in ten minutes at 56°C. and in
90=120 manutes at 50%. a2t 22°%. the infeoctivity wes lost
only after 30 dayss. When stored at -2a°c. all the «ectivity
of the virus was preservec and the virulence renoined unw
alterec for many yoars, when “tept in the freeze-dricd form

(Tensen, 15964b).

Duck plague virus vas stable between pH 7=9, ior a
pericd of six hours, but got inactivated a2t i below 6 and
above 10 At pH 3 and 13, the rate of inactivation wag
very rapid (Hess and Dardivi, 1963). & tocal inactivation
of the virus wes observed by Kunst (1963), in three hours,
when exposed to pH 3 and kept at 4°C. He also reported a
90 percent inactuvation at pH 10, under the same clrcum—
stances. There was a marked difference in the stabililty
0f D.Ps virug between w 10 and 10.5 (Hess and Dardirl,
1968} .

Propagation

Duck plague virus could best be cultivated on the
chorio=allantoic membrane (C.AeM.) of 10-14 day=21d embryo-~
nated duck cggs (Jansen, 1961; 1%64b: !ukerji gt al.. 1963).
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Then death of the embryo occurred in four days, due to
extensive haemorrnage. Skalinskii and Borisovich (1969)
observed that Lhe virus grew wcll in the allantoic sau

of developing duck and chick enbryos. The distribution

and concentratlon of atconuated D.Ps virus inoculated
through the chorzo-allantoic sac of embryonated chlcken
eggs have shown that C.as!. and sllantoic fluid ylelded a
better virus harvest. With virulent virus, beotter yield
could be obtained if the inoculation was through the allan-~
toic or yolk sac (Butterfield et ale., 1968). Although
Skalinskii and Borisovich (1969) have shown that the virus
grew rcedily in the aliantoic sac of duck and chick mmbryos,
the latter was unsatisfactoxy for primary isolatlon (Jensen,
1961; 1964b). However, i1t could be sdapted to chicken
ambryos (kerji et al., 1965).

Various cell cultures such as duck (Runst, 1967;
Dardiri and Hess, 1968; Dardiri, 1969), chick (Dardixi and
Hess, 1968; Dardiri, 1969) and muscovy (Kocan, 1976) omorys
fibroblasts and duck embryo f£ibroblast cell line CC.~141
were sugyested for the primaxry isolation and propaget.ion
of DePa Vvirus. However, Hanson and Willis (1976} reported
that their attenpts to isolate the causative agent of an
outbreak of De.Pas in Alberia, in erbryonated duck eggs and,

in prumary duck and chicken kiduey celis, were unsuccessful,
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Following 24-36 hours after infection of CCi=141
cells with D.P. virus, there was marked nyknotic rounding
of affected cells, which later on aggregatea to fomm small,
grape=like clusters. The focli then enlarged, became
necrotic, and sloughed off from the glass surface, leaving
small holes or plagues in the monclayer, (Woli et al., 1%974;
1976). By 72 hours, nost of the cells had fallen leaving
cellular debris, {wolf cb al.. 1976).

In stained preparatlons, there was an wncrcasod
basophilia which started to appear as early 2s six hours
and increascd markedly during the following 36 hours
(Wolf et al,, 1974). He also reported that cthe ability
+o induce marked basophilia in coll cultures vas a stri-~
king feature of D.P. virus. Hess and Dardirl (1963) and
Dardiri (1969) demonstrated eosinophilic, granular, intrae
nuclear inclusion bodies which appeared as carly as twelve

hours following virus infection.

The plague forming ablility of this virus vas cmployed
for its titration by plague assay and for titrating oncle
sera by plaguc reduction test (Dardiri and dess, 1968).
Kocan (1976) recommended wuscovy cubryo {ibroblasts [or
diagnostic purposes due to thelr better suscepiibillly and
olague forming ability. Wolf et al. (1076) wade 2 compa=
rative study on the suiltability of primary cecllg zad a
line of f£ibroblast-like gells from the Pckin duck
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(ccu=141) for the propagation of D.Ps viruse. They found
that both the systems were egually gocd for guantifying
virus upon xsolation. The time taken for the appearance
of progeny virions and attainmenc of peak witres were
also the sames. However, the primary cells yielded as
much as five to six times more virxus as did the cell
line, although the plagues were more easily discernible

in the latler.

Clectron microscopy of thin sections of infected
cell culturcs have shown that the developmental Loms
which appeared in twelve hours time were ceen only Jn the
nucleus. By 24 hevrs tinme, in addition to viral fommo
seen in the nucleus, laryer particles with an enveloge
were also seen in the cytoplasn (Brecse and Daydiri, 19G3).
on the otner hand, Leibovitz (1972) cbserved new cell
asgoclated virus., four hours £ollowiag infection and

extracellular forms, two to four hours later.

Haemagglutination

! puck plague varus lacked haemagglutination pro=

perty and aid not agglutinate fowl, duck, sheep, or horse
crythrocytes (Mukerji et al., 1963; Jansen, 1961; 1964b),
The virus also feiled to produce haecmadscrption (Dardiri

and Hess, 1968)., However, Skalinskil and Borisovich (1969)
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reported that the vaccine strain of D.P. virus could

adsorb onte and agglutinate fowl crythrocytes.

Antigenac character

Although differvent strains of D.P. virus dilffcred
in their virulence, all the strains so far tested had
the same antigenic structure and were mmunologically
igdentical (JFansen, 1964b; Dardiri and Hess, 1968; Jansen
and Kunst, 1967b). Jansen and Kunst (1964a) reported
that complete cross imaunity existed between butch aad
Indian straing of D.P. virus. Similarly, bixds recovered
from Dutch strain of D.Pe. varus were completely immune to

ameracan strain and vice versa (Fansen and Kunst, 1967b).

Diagnosis

A& tentative diagnosis of D.Ps could be made by
examination of gross lesions at necropsy and histopathow-
logical examination. Virus isolation and ddentification
coupled with neutralizgation test, making use of a known
DePe virus antigerum, would help to confirxm the diagnosis
(Leibovitz, 1971a). According to Darxdirl and Hess (1967)
a neutralization Iindex of 1.75 indicated infection with
D.Pv These authoxrs also recomrvended the use ol embiyo
adapted D.P. virug straln for neutralizatlon test, Dhocause

that vas rmore convcnient and safer than the navly isolated
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vizuleat strainze A successful diagnosis of D.P, ¢ould
alsc be mede by flucrescent antibody staining of infected

tissues {(Leibovitz, 1975).

Apart from D.P. virus, certain bacterlia and fungi
have also been igolzted fxom cases oi D,Ps Snyder gt al.

(1973) reported the isolation of Egcherichia coli and

Proteus spp., from heart blood, E. goli from liver, and

L« goli, Proteus spps., and Providencs Sppse. £rom incestie

nal ulcers. Montall et al. (1976) could isolate

Paracolobactrim goliforme and P. antermediun Lrom the

hearxt blood and liver and, Aspergilius fusiigatus fxon alr-

sacs of ducks with typical lesions of D.Pe

Immunity aad vaccination

Ducks that survived natural or experimental infece
tion were described to have solid immunity (Jansen, 1964by
Dardiri, 1975). Maternal antibody could protecu thelr
offspring only for a short periocd of one to two wveeks

(Toth, 1970a).

Artificial imwnization against duck plague wus
practiced both for prevention and control. Jansen (1964b)
developed an attenuated D.P« vaccine by serially rassaging
the virus in developing chick cmbryos. IMukerji gt ad.
(1965) also observed that after the 25th serial pessage

in chicken embryos, the virus could boe safely used for
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active immunization of ducks. Rapld resistance confcrred
by these vaccines made Jangsen (1964a) and Iukexji et al.
(1965) to think that its action was by intcrferon phenoe~
menone ‘Toth (1968) reported that presence of maternal
antibody could interfere with the effeccivencss of live
vizus vaccine, leading to incomplete protection and yergige
tent £leld infection in vaccinated flocks (Ieibovits, 1971a).
These live vaccine strains wetre nobt excreted by the vacoi=
nees {(Jansen and Kunst, 1964b)} and could not be rcactis
vated by serial passage 1in duck embryos, (Jansen and Xunst,
1967a). But Bhattacharya gt als (1377) have sliown that
DePs vaccine strain of much deteriorated embryolethal
property oould be exalted to & satisfactory level by back
passaging it in duck embryos. %These workers also found
that by this method the propercy of the seed virus could

be improved to confer good protectivity to suscepclible
ducklings, as revealed by sorun neutralization and patency

tests.

Studies on the effectivenass of inectivated vaccincs
have shown that they wege not as effoctive as modified,
live virus vaccines. Butteriield and Dardiri (1959) nzde
a comparative study on the immunologic and serologic
response of White Pekin ducks to tissue culture modified
live attenuated and, inactiveted viruses. They found thet

virus inactivated with 0.05 percent acetylaziridine at



- Q2 -

37°%¢. £or siz hours, induced serological regponse and
protection as great as the live, attcnuated virus.
Howcver, when the inactivation was done with 0.4 percent
beta propiolactone, it falled to bring about such effects,
In another study, Toch {1970a) cobserved that incsmpletke
inactivation by acetylapiridine gave only less protection
than the llve virus vaceines, and beta propiolactone-

treated virus did not protect the ducks at all.

Jansen and Wemnenhove (1966) obscrved a lack of
positive corrolation between the virus neutralizlng unti~
body and the abilicy of vaccinsved birds to wilnstand
challenge. Although only a low percentage of ducks had
positive gserum titres one vear after vaccination with a
live vixus vaccins, all the vaccinsted blrds withstoond
challenge with virulent virus. Waen modified virus
vaccines of duck virus hepatitis and D.P. were given as
a cowbined inoculation, no apparent intoerfercence was

noticed between the two virxuses (Poth, 1970b).
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MADERIALS AND MOTHODS

1+ Spocimens fLor virus isolation

Three difiercnt semples were employed during the

present investigation.

a) Spleen and liver or spleen aloae., froa Lwo
week-0ld ducklings experimentally lniected wita
spleen extracts of ducks that had died during the
outbreak, and stored at «20%. in the Department of
Microbiologys. The visbility of these was tested two

weeks before the start of the experiment (DEV~).

b) Spleen extracc of an ailing duck brought from
tilambur, from a flodk affected with duck rlague—
like disease. Tne bird on necropsy showed leslons

suggestive of duck plague (DEV-N).

c) Known duck plague virus infected splacn reccived

£rom Veterinary Biological Institute, lamnuthy (DPV-XK).

3« Hank's Balanced salt solution (H.B.S.3. Cunninghan, 1966)

The required pil (7.2) was obtained by adding 7.5

percent sodlum blcarbongtGe
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Tisgue cultvre growth medium (G.M.)

Hank?®s balenced salt solution wvas surpnlemented
with 0.5 parceut lactalbumin hydrolysate, 0.2 percent
yeast extrackt, and 10-12 percent calr setum. Anci=-
blotics at the rate of 200 I.U., of penlceillan and 200
nicrograms of streptonyein per md along uith nycostacin

50 units per ml were also added.

Maintenance medium ( 4.1%.)

3ame as ebove excepe that the sexum coacentra-

tion was brought down xo 4~5 percent.

Calcium magnesium f£ree buffer {(C. LF=PsBeS.).

Propared as described by Cunningham (1963G).

7«5 percent sodium kicarbonate solution
Prepared as per the method glven by Bishal gt al.
{1974).
Citric acid~phosphate buffer (gH 4.7)
citric acid (0«1 Me solution) 39.8 ml was
mixed with 10.2 ml of G.2 1 solution of dabasic
sodium phosphate and diluced to make 100 mie.
Phosphate buffer (rH 7.2)

Monobasic sodium phosphate (0.2 M. sclution)
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28 ml was mixed with 72 ml of 0.2 M. dibasic sodlum
rhosphate and diluted with distilled wakter to mahe up

the volume to 200 mi.

rhosphate buffor (zH %.1)

TO Se5 rl ol phosphetc bufifcred saline, 1.5 ml
of 0.1 N sodium hydroxide was added to acia:n a pd ol

Fels

Tryosin

A stock sslutiom of £ive poreont trypsin
(1:250 Dalco) was nreparcd in Ce L.F-P.3.5. cteorllazed
by £iltratlon tnrough soltz f£llter pads, distribuied
in small qguantitles, and stored at -20°c. uhea needed,
the working solution was prepared by diluting the stock
solition with CeM-F=P,DeSe to give a f£inal concen.ration

of (.25 percent.

Antibiotic solution

A stock solubtion of sodium penicillin ang
dihydrostreptomycin sulphate, was preparcd .n sterile
distilled water and stored at -20°C. The concentra-
tions ofi these antibioctics were decided in such & way
that when one ml of this mixture was added to 100 ml,

a f£inal concentration of 200 I.U. of penicillin and 200

micrograms of strecbomycin per ml was obtained.
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12. Mycostatin

Stock soiution to contain 5,000 unats pex al
was prepared in sserile distilled water and stored

at =20°c.
13. Calf sexrum

Blood colliected iram cross-Lred bull calves of
about ome to one and a half years was allowed to clot
in 2 slanting position and refrigerated overnight,
for easy Separution of serum. The serum thus scopa=
rated was transferred to = sterale flask, inactivaved
at 560(:. fox half an hour, filtered through seitz

£iltver pads, and stored at ~20°%C, uncil used.
id. Duck eggs

These were obtalned from a private duck breeder

an Trichur,

15. Chicken eggs

Requared White Isghorn cggs were obtained Lrom

the Univorsity Poultry Famm, Mannuthy.

16. Chicken erylhrocytes

Blood, collected in Alscver's solution and

washed three times in physiological salire, was uced

in 0.5 percent susponsion.
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17« Serum samples

a) Sera obtained from birds vaccinated agalnst
duck plague, with chicken egy adapted vaccine,

and challenged with DEV-K.

b) Sera from birds vaccinated with the abovea
vaccine, and challenged wath spleen extyracts f£rom

ficld cases.

c) Control scra obtained from uninoculated,

nomal bixrds.

18. Dxperimental ducklings

Ducklings employcd in this experiment werc
obtained f£rom tWwo sources-—-University Poulsry Farm,

Mannuthy, and a private duck bresder in Trachur.

Processing of Specimens

The carcase was opconed aseptically, and the cpleen
and liver or spleen alone, were collected in Petri dishes
containing HeBeS5«3¢ with two and & half times the conceone
tration of antibiotics used in the G.M. and 4. (500 I.U,
of pcnicillin and 500 micrograns of streptomycin per ml;
50 microgram per mi of mycostatin) was used (H.B.S.5=1),
The tissues vere minced properlye trancferred to a tissue
grinéer, and hanogenized wells. The tissue cxtract so

obtained was furthor diluted with {J+B.3.3=1, to make a
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10=15 percecnt suspension and was incubated at 37%. ior
30 minutes. It weas then cenbrifuged at 500 x g for ten
minutes at 4°c, ‘e supernatant so obtained foxmed the

stock inoculum and was stored at =20°C, in small alicquotes.

virus isolation

Virus isolations were attempted in embryonated
duck eggs, chicken eggs, and duck embryo fLibroblasts

(DeBEePo) s
a) buck anbryo inoculation

(i) Cnorio=allantoic membrane (C.A.!..) method (Betts,
1967}«

Eleven to twelve day=-old enbryonated duch eggs
were candled, and the air cell, the cubryo, ard an
area on the side, frce frxom large blood vesgsels,
were locatede The alr cell regyion and the spot
marked on the slde, were gterilized with tincture
of iodinee. With the help of a dental drill, a
hole was rade at the spot on the side of the shall,
taking care not to puncture the shell membranc.
another hole was made at the centre of the aily cell,
to penetrate both the shell and shell membranc. A
drop of sterile saline vas placed on the hole om
the side of the egg and the £ibres of the shell

membrane were gently separated aparkt. Just below
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this hole, an artiflcial ailr cell was crcated,

by applying ncgative pressure with a rubber teat.
onto the hole made in the airx cell. AfLter check~
ing the false air cell by candling, 0.2 ml of the
anoculum was dropped onto the C.A. 4« Both the
openings were sealed with melted parxaffin. The
eggs were gently rotated for a couple of times, o
spread the inoculum over the entirxe Celdlis uncer
the false air coll. Control eggs vere sinilaily
treated except that 0.2 ml of sterile saline was
used in place of the inoculume All the eggs were
incubated at 36-37°C. in a horizontal position,
with the false air cell umwards. The egys welre
candled every morning and cvening. Ewbryos that
dicd before 24 hours werc discardec. The ¢bryos
that died after 24 hours, ond thosc allve aitcr
seven dayss were kept at 4°C. hefore ihe CdadM. was

harvestede
Allantolc cavity inoculatlon (Bishal ot ale 1974)

The position of the air cell and the aubryo,
of 11-12 day embryonatcd eggs. was marked. After
disinfecting the air cell region vith tluckturc of
iodine, a hole was drilled at this pasition, and
0.2 ml of the inoculum tras lacroduced into the

allantoic cavity, with the help of a tuberculin
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syringe and a 22 gauge needle., The holc vas :hen
sealed with weltcd parafiain, and the coggs were
incuoared at 36=37°C. in an upright positiore.
Control eggs were also similarly treated with 0.2
nl of sterile normal saline. All the eggs vere
exanined daily« The embryos that died after 24
hours, and those alave after seven days, vere

transferred to che refrigorator.

b) Chick embryo inoculation

Ten to elcven day-ocld chick embryos were ino-
culated, both by C.A«M. and allantolc cavity mcthods.
The procedures adeopted for lnoculation tjere the same

as that described for duck embryos.

Collection of Cehelle and sllantoxc f£liuvad

Bgge., prechilled for a mlinimum of four hours at 4®c.
vere disinfected at thoe air cell region. The shell at this
porrion was cut, flipped open, and the contents of the eggs
were poured out, taking care not to remove the C.A.7,

Using sterile forceps, the C.a M. which was attached to
the shell membrane, wag separated out; transferred to a
Petri dish conteining saline, and spread out zZor examina-—

tione.

Aiter removang the shell over thoe air cell, the

shell nembrane and the Ced..4s were sheoared off with a



- 31 -

forceps, and the f£luid was collected using a Pasteunr
pipette. Tne allantoic f£luld thus collected vas stored
in small vials, at =20°c, for further studies.

c¢) Duck embryo £ibroblast cultures

Twelve to fourteen day~old embryonated duck ocggs,
aiter disinfection of the air cgell region, were cut
open with care, o remove the embryd, leavang all the
contents back within tho shells The enbryos so removed
were transferred to a Pebrli dish containing CeMeF=PeBeS.
with 200 I.U. of peaniczlliina, 200 micrograms of stresto-
mycin and 50 units of mycostatin per ml. The head, limbs
and internal organs of the embryos were reamovod with
utmost cares The rest was minced wall with secuissors,
and washed twice with CelleF=P.BeS., followed by two
changes of Ce:1.F~P+B.8« containing 0.25 percent
trypsine. The minged tissucs were then transierred to
a trypsinlzation £lask. Prewarned (37°C) 0.25 percent
trypsin solution was added at the rate ol 25 ml per
embryo. & tefloa coated magnetic stirring bar wvas
added and stirred cn a magnetic stirrer for £ive mlnu=-
tese. Following this period, the supernatent was
poureld off, and washed with f£rosh, prewammed tryvs.n
to remove any cytotoxic factors if present, Presh

trypsin was again added and stirred for 30-43 niaules.
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This dispersed cell guspension was £iltercd chrough

a double layexod sterile muslin cloth. %The filtrete
was centrifuged at 100 x g for ten minutes, discars
ded the supernatant, and resuspended in growth medium.
The process of washing tras ropeated twice. at the
end, the pelletted colls were rosusvondcd in growth

mediun, at the rate of 15 ml per anbryo.

The above coll suspension was seedes into sterile
test cubes at the rate of one ml per tube ond incuw~
bated at 37°C. 2 satisfactory monolayer uas usually
obtalned the next day and was uscd for varus isolae

tion, titration, or neutralizestion test.

Inoculation

‘Tubes with satisfectory mondlayers were selectcd,
poured off the growth mediumn, and the gell layer was
washed with maintenance mediuvne o this, the stock ino~
culum of either DEV~N ox DPV=K was adéed at thc rate of
0.2 ml per tube and incubated at 37°%c. for onc hour, to
facilitate adsorption. Following this adscrption period,
the lnoculum was pourcd ofi, washed again with mainte~
nance medium, renlaced with one ml of f£resh "LIlM. and
incubated at 37°C. Control tubes were similarly trcated
axcept that instead of the inoculum, 0.2 mi JhvMe was used.

At 24 hour intexvals, the tubes werc examined under the
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nicroscope for the evidence of cytopathic changes

{CePeTie)e

The CaP.Es was studied, both in stained and
unstained preparationss Coverslip cultures inoculated
with the isolates were stained elther by Giemsa or

haematoxylin=eosin staining technigues

Staining teconniguas

Coverslip culiure tubes selcctcd at various
intervals were washed thrice with scrun-Iree H:B.5.5.
£ixed in methanol f£or about 24-43 hours, and stained with
Glemsa stain for 30 minutes. After this poriod, the
coverslips were washed for a couple oOf times in dagti-
lied water, dried, mounted in D.P.X. and cxamined undler

the microscops.

Anocher sct of coverslip culturecs were fixed In
ten percent formol saline for ten munutes, and stained

in Mayer's haemetoxylin and 0.5 percent eoglie

Titration of infectivity

Serial, ten~fold dilutions of the lsolate vore
prepared in the maintenance nedium. o previously uvashed
monolayer cultures, 0.2 ml of each dilution vas added,
using three tubes per dalution. after aa adsorption

period of one hour at 37°C. 0.8 Nl ox 1.t was added o
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make up the volume to one ml and ageain incubated. Tae
tubes were examined cvory 24 hours for cytopathic
changess The tissuc culturc infectivs dose 50 was
calculated after 96 hours, by the method of Reed and
ruench (1938).

pH stability

The pH stability of Jilambur isolate (DPV=3y) and
known duck plagae virus {(PFV-X). was studied according
to the method described by Rasmussen (1969).

Ten percent dilutions ol DPV=L and DEV-X verc
prepared in cltric acldepnosphate buffer (H 4.7), PeBeSa
(38 742)s 8nA PeBeSe (5 Del). These mixtures were lept
at room temperature for four hours and their pil rechéacked.
Tha samples were then neutralized either with 1 N socium
hydroxide or 1 N hydrochloric acid. The deogree of inesc-
tlvation was detemmined by inoculetion of these samples
onto D.DeFe cell cuitures, at the rate of 0.2 mi per

tube.

Themmdstability

One in ten dilutions of the isolates DIV-N and
DEV-K were heated at 56°C. for 30 miautes, and rapidly

cooled to =20°%. Thelr infectivity was detemined by



rnoculation onto DeLel's cecll culvures, at the ratce of

0.2 @l pex tube.

Chlorc.omm sensitivivy

{=s

The inZcctod tissue culbure {iwd was rnanted wal
wikbh chloroiomm in the ratio 1:05 (5%) and was shakon
aatermittently for ton ninutes. At the end of chic seruud,
the mixture was centrifuged at 100 x g Zor ten "unutes
to separate the cnlorofomm. The clear gupcrnataant Iluid
wasg oollected and inocalated onto DensFo cali colodros,

to detexmilne lts infectivicye.

Sensacivliy 0 H=sodo=~2 cooxyuaridine (TodR)

fhe gnethod described by Hath sc al. {1971) vas
followed an this case, Dhnc rogular nediw ol D.g.l.
cultures wao poured ofn, the monolayer vas yreshou awd
replaced with modaum containang 100 rmicrogrems per ml of
ITUdR. Contxol tubes were also kowt wivh the sanc nedium,
hut wathout the druge. Aall the tubes vere incubatcd at
37°c. for four hours, and then inoculated with 0.2 ml of
cicher DPV=N oxr DPV-K. A known R.J«4. virus, howcostle
disease virus, was also inocalarcd 1n one Lanae ~anners
The tubes were examincd dally for criopocilc cnanges.
Absence of CePeB. in Lhe prescnce of the druy, comaxed

to that of control vubes, was taken as an .ndrcotzon 0f



Inhlbition of viral nultislicetion.

Haemagglutination

ITuc=£31d dilutions ol the cast samsles (tissuc
culiure passgaged and original sovwlaes of DEV-L and
Div-~7) uere nade in piysiol gical galine, in Persoex
heoomogylutznacion plotes. o 0.5 nl of thesc dzilutions
in each well, added 0.5 ml each of 8.5 percent chio-on
Ra3.Cv  Threy voere maxed well and leit at Yoo Leperi wulCe

leadings were nade after Jhe controls had seclled, usvadly

Gerun noutraligation

Two gcparace Lesl scere alung with one concrol seruan,

vere tested against both LiVey aud LiV-L stroias.

serzal, two~fold dilutions of the scorz in rain-
tenance medlun, vere nixoed with egual quantities ox eirther
LPV=- or DPV-K samples, cach containing 100 ‘J’.’Cfuso ner
0«1l ml, Theose serum=-virTus nixtires were racundced ot
37%. for one hour. The residual irfectaivaityr oo chese
nixzcures was deteclea in D.beF. coll cultures, by inogu-~
lating thyee tubes per dilution. The virus control tubos
reccived 100 iCIDSO of the respecrive samplcs. ALl Lo

tubes vore incubated at 37°C. and exanined daily wor i1he
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evidence of cytopathlc changess Readings werc made
when rhe virus control had shown specific, distinct

CePalls

Gel diffusion test

Agar gel was propared in double distilled water,
with cne porcent Difco MNoble agar snd 3.5 percent sodium
chloride. The tost was carried ocut on oxdinary mlerog-
cope slides, which were cleanaed with methanol and coated
with one percent Noble agar in distilled waters The
siides were placed on a plain surface and goured two snd
2 half ml of melted zgor, with the help ol a five ml
pipette, after about three to five minutes, the slides
werc gently transferred to 4%, for proper gettling of
agars After about ten minutes time, wells wvere cut on
the agar, with a dismeter of three mm and a diffusion
distance of {ive mm betwesn the antigen and antiscrum. For
each antigen, three weclls were cut, two surrcunding o
centyal one. The agar Zrom the wells was ramoved by
vacuun sucking. The centrxal woll was filled with either
DIWV-i oxr DIV-K (both cell culturc passaged and origtasl
semples verc tested), and the periphoral vwells with the
two different gera. While £illing the well, care was talken
not to trap air bubbles at its botton, S0 a3 now to inhubit

difrusion of antigen and antiserun into the agar. These
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slides were incubatod in & moist chambor at 37°C. and
examined at intervals, untal 96 hours, for the preseunce

of any precipitin lines.

Pathogenicity studies

Duck plague=like virus strain from Nilembur (DPV-N)
and known strain of duck plague virus {DPV«K) wvere csiamiw~
ned for their pathogenlicity to ducklings aged one to six

weeks, in two separate trials (Table VIIa and b).

Exper.ment=%

A total of twenty ducklings were divided into
three groups, groups o and B conkalning eight eacn, and
gyoup ¢ four. GCroup A was glven strain DFV-N, both by
irtramuscular and oral routes, 0.5 ml each, while group B
received DPV-R at the samc dose and thyrough thce sano
routess. The control group € was inoculated with solecn
extract from normal ducke The three diffcreont groups
were housed separately. Stricc attencion was given not

to cross contaminate, while attonding the birds.

Ixperiment~II

Twentyfwve ducklings that were employed in this
axperiment, werco divided into three groups=id, D and C.

Croups A and B contained ten ducklings each, and group C
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contained f£ive. Croups A and B récelved DPV=N and DFV-K
respectively, through the same routes as mentioned pra-
viously, but in double dose.

In both the trials, the birds were observed daily

for development of duck plaguselike diseasce. All dead

and survived bilrxds were necropsied and exaninod.
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RESULTS

Virus Isolation

a) Puck embryo inoculation

Elesven to twelve day erbryonatea duck eggs ino-
culated vith extracts of spleen ana liver or spleen
alone, from two week old ducklings died oL experie
mentasl infection with duck plague-iike disease, did
not show any specrflc lesions eltheXr on the C.hefle oOr
in the embryo. Although some of the embryos died within
five days following intection, nc specific lesions could
be detecteds The allantoic fluid and C.A.Ms extracts
were also haemagylutination negetive. Eour blind
passages were done with the C.A.M. extracts anto fresh.
eleven day old embryos, but no specific lesions could

be detected.

rdowever, when DiV~-N spleen extract was inoculated,
the embryos and the C.A..l. were highly congcgted, five
days followang inoculation. When extracts of these
membranes were inoculated onto duck embryo fibroblast
cells, characteristic cytopathic changes were produced
{Tanle I).

All the embryos inoculated by the allantoic cavity

route, eitiier with DFV-M or DFV=-N, remained normal.
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b) Chick embryo inoculation

Ten to eleven day old chick embryos inoculated
elither by C.iA.ds or allantoic route, with the same
inoculun as sbove (DDV=11 and DPV=N), did aot show any

speclific lesions oxr haanagglutination.

c) Use of cell cultures

Primary duck cnbryo Elbroblasts grown in flank's
medium containing 0.5 percent lactalbuain hydgolysata,
0.2 percent yeast extract, and 12 percent calf seru,
had the morphological featurcs of fibroblesis. The
cells were rore or less spindlewshaoced, with acido-
philic cyioplasm that sometimes conteined small vacueles
and few granules. The nucliel were contrally olaced,
more or less oval in shape, and stainced light bluc with
haomatoxyline They had one or two, sorebimes moro,
nuclecli. A complete, usually dense monolayer vas

formed within 24 hours (Pig. 1).

In infacted cells, the CePaLis produced by DPV-"]

and DPV-K, were more ox less the same,

In unstawmed prejparalic:s, there va. rownding ol
individual cells, which were distributed at random As
the nelghbouring cells were alse involved, therc were

aggregations of the rounded cells (Fig. 2). These



changes were visible, 24~36 hours following infection
and first appearcd along the periphery of the monoe
layer. By aboubt 72 to 96 hours, these aggregated celils
had sloughed off from the glass surface, leaving holes

on cne ramaining monolayers

Heenatoxylin and eocin stalned preparacions, of
both 1 FV-N and DPV=K had marked basophilia (Fig. 3).
Syncytiuwm formation was less frequents There was
necrosis of ithe affected rounded cells, which on deta-
chment, lcft only cellular debris. Heavy cytoplasmlc
granulation was scen ln mogt cases (Fige 4)s Some of
these cells showed both eosinophilic and basophalic
structurcs, with a halo around, in their nuclcus and
cytoplasms, In some cases, elongation of the cells bo

form bradges across the holes, were also secn (Figs 5).

Pitratlon of virus

The virus gamples DPV~N and DPV-K, vere guanti--
tated on duck embryo fibroblasts. The titres of both {he
samples were calculated according to tne mechod described

by Recd and Muench (1833}« Tne wnitial ctltres of thesc

5 6025

samples wore 10”7 and 10 respectively, for DFV-N andl

DFV=KX. On further passages in this sams system, an increase

R 745 3.25
in titre was obsarved for both, being 10 and 10 «
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Raesistance to physical and chemical agenta

1.

20

i stabllity

The stabillity of DFV-N and DPV-K strains was
tested at three different pl! values, namcly, o 4.7,
7.2 and 9.1 (Tablc II).

Tae results obteined showed that DPV-N was leoss
susceptibla to pH 4.7 than DPV-K, whore tho tiltre of
the fomer was 7 or more, while that of the latter was
reduced to below 5. Complete inactlivation of both the
samples was observed, when they were exposed to rif 3,1
for a period of four nours. However, both the gtrailns
were unaficcted at pH 7.2 (Table II and Fig. 6). Tho
pH scngitivity was evidenced frou the failure of these
samples to produce speclfic C.P.E. in D.E.F. cultures,

conpared to untreated control samples.

Thermostability

although a marked reduction in titex vas notliced,
there was no complete inactivation when a 1:10 dlliutkion
ol tissue culture ragssaged DPV-N was subjected to 56°¢,
foxr 30 mioutes. Uncer the sane cireumstances, DEPVeX

was completely zaactivated (Pable IIIL).
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Chlormoiform sensitivity

Sengitivity to lipad solvents and therashy the
presence of an envelope, of these two strains, was
studied by exposing them to f£ive percont chlorofoim
for a period of ten miruvess The results shown in
table iV indicate iast there was comnlete inactaivation
of. both the strains. All the D«L.s cell cultuzcs
inoculated with chloroform treated samples, remained
as noxmal monclayers, while, untreated viral gpamples

produced CePsBe

Nuclele acid type

Prebreatment of DeE«Fe gell cultures with 100
micrograms of S-iodo=2-deoxyuridine (IUdR) iahibited
the replication of both DEV-N and DFV-XK. Such an
inhibaitory effect was not observed when they wore
grown ln untreated control cells. A& Known Re L.
virug~-Newcastle diseass virus--inoculeted into IUAR
treated cells, multiplied as it was in untrcated cells,
indicating that the isolate DPV-H, like duck plague
virus DPV=K, also contained D.N.A. as itg nucleic acid

(Tavle IV).

Haommagylutination

Thexre wasg no haemagglutination when DFV-N and

DLV-K, either in tissues culture passaged or original foXia,



were tested with 0.5 percent chicken erxythrocytes in

nomal saline (Table V).

Serum neutralization

The readings of the serum neutralization tcests
were mode when the vixus control tubes had shown maorked
CoPsB,==ugually 96 hours following infection. loutra-
lization was indicatcd by the absence of C.F.E. in tubes

incculaeted with virugs-serum mixtures.

Neutralization test with serum-a {collected frim
ducks vaccinated with chicken embryo adapted D.Ps vaccine
and then cnallenged with DPV-K), and DEV~N, had a serun
titre 0f 22. (The antiscrum titcrs were expressod as the
reciprocals of the serum dilutions, ropresencing che 50
percent end points against 100 TCIDSO of virus). Un the
other hand, when tho serum was teated againast wPV-l, the

titer was 45 (Table VI).

On treatment of DPV~N and DEV-K with serum-b
(collected from ducklings veaccinated with D.P. live virus
vaccine, and challenged with splecon extract from field
cases), the serun titers were 11 and 45, respectively

(Table VI)«

Gel diffusion test

Gel diffusion test in onc perccnt Noble asgar,
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enploying sera obtaincd f£rom vaccinated ducko that regig-
ted challenge with DPV-X, did not pxoduce any precipitin

rcaction when tested against cither DEV-N oxr DFV-K,.

ixperimental infection

Experlment-T

This experiment was designed to detexmine whethoer
the materials received in the laboratory dad contain viable
agent that ocould produce disease with symptoms and lesions
similar to those produced in the £leld. The synptoms and
leslong produccd by the field otrain LHV=N, was comparcd
with those produced by a known duck nplague virus ctraln,

DEV~K.

Group & 213 the eight ducklings of this group were given

the original inoculum of DPV-N, both by oral and intra-
muscular routes, at the rave of 0.5 ml per each route
{(Tzble VIIa). Unlike the controls (Fig. 7) all the cight
inoculate. birds bccame sluggish from 24 hours onwards.
Thay showed weakness of the limbs, drooring wings, and
greenish dlarrhoea, with soiling of the cloacal regions
The birds prefierred to sit with their breast touching .he
ground (Figs, 8). When Loreed to move, they did so only
with hesitations. Within 96 acurs, all except one duck~

ling had dicd. The duckling that survived day five, wes
sacriiices.
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On post-nortem exanination, one of the ducklings
had characteristic intostinal petechiation. Kersetini-
zation of gizzard mucosa was scen in mogt cases. The
liver had mottled appearance. Petechiation of the liver,
sometimes with white gtreaks or white spors, were also
obgerveds In some birds, it was dark red in colour, or
hiad darle red patchoes. The spleea also had dark-reddish

patches,

vixus isolation trials, f£rom spleen extrackts oi
some of these birds, were successfule
Group B

The eight duckdings in this group had roceived the
original inoculum of DFV-K, at thc same dose and by the
same routes, as in groun A. They shoved morc or less
similar symptoms and lesions as shown by biras in the
above groupe The symptons were scon {rom 24 hours aiter
inoculation. Sluggishness, weaskness of the limbs, droop-
ing wings and grecnish diarrhoea, werce characteristle
{rigs 2). 1In this casc also tho birds preferred to sit
with their breagt touching the ground. Aall the birds died
within 48 to 96 hours.

At necropsy, the leslons gseen were similer to
those of birds in groun A. Herc algso, keravanization of

gizzard mucosa was seen, along with mottling 28 liver and
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dark red spleen (Fig. 10).
Group €

Birds in this group were inoculsted with nommal
duck spleen extrackts One of them died by £ifth day.
This dead onc and the remalning live bixds on nceropsy.

did not show any specific lesions.

pxperiment II

The infectivaivy of the strains alfter passage in
cell cultures, was investigaceds Here agein the birds
were grouped into three--A, D and ¢, where 4 and B
received strains DPV-N and DEV=K resgectively. The
third group that recelved only uninfected tissue culture
mediun, formed the contrsle.e The dose and routes ox Jlnocu~—
lation were as given in table VIib.

Group A

Of this group oi ten bairds that had received
DPV-Y, nine dicd wathin £ive days, while one survived doy
five, Among those that dicd wathin five days, three did
not show any marked symptcoms; the other six showed sympl.oms
such as greenish dlarrnoes and weakness oi the li-bs,
followed by deaths The one duckling that had survivea,
remaincd symptomless upto day 14th, when it developed
greenlish diarrhoea and woakness of limbs, and died by

Qay 17the
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At necropsy, mostly the livey was dark rod ip
colour, with fainl grey pastchec. OUne oui the bizds had
ulcers ir the girzzara mucesa.  Another bard showed
sloghtly rouscd, irregualy shepod white olagucs on the
anterior two-therds ol oescvhageal mucooa. Ine duciliag
that was sacrilizcea on day 17¢h showed serliing ol che
liver and whitish foci on the gizzarc musculeture {(Flge 11).
Group B

Birds of this group startcd to show synstans of
the disease, wwo days following iniection. Thacy pecowe
inactave and pegaa o show grecnish diarrhoca. By cay
fuve, all ccecopt two hau died. The two dacklings that
aad survaved, corntinuca Lo be noral usto day 13th, when
symptoms such as grecnish diarrhoea ond wea.ness oi the

luwbs devcloped., L2llowed by death on day 15ta.

On post=-morcom exenznotion, tnerc wvere uvailo
streaks, and slignt petechiotion on thoe rigal lobe of
the liver, 1In some burds, the liver was wale and tae
heart showed pin=_oint haenorrhajes >a the ryocardliun.
Ulcers were presceyt on the sucosa 0f che yizdord.s
ocher specirlle lesioms vere observed in rasi ol Lne 2rjais.
Goup C

QL the Zive coptrold olrda, one died oy day rivae,

ghawlng slight pctechiatzon on liver. o sneciitc lasions
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were observed un rost of the orxgans. 211 the other

coprrols that survaved until day 17+n, did nov show any

Fd

gpxelcie lesions, when btnoy were sacriircced.
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BISCUSSION

The highly contagious disease of ducks thatl
occurred in Kerala, f£rom April 1976 to January 1977, was
suspected to have some viral actiology, because vaccines
against bacterlal organisms such as Pasteurclla Spp.
lsolated fram these cases &id not protect the birds from
contracting the dlseases Moresver, the affected birds
had the symptoms and lesions suggestive of duck plegue
and the bilrds vaccinated with D.P. vaccine resasted
challenge with spleen extract from field cases, which
killed unprotected ducklings, In addation, expoyimontally
infected chickens failed to produce any diseasec, {(Ulair, 1976).
A spacifile viral aetiology for diseasc conditions in
domestic ducks and other waterfowls with the symptoms and
lesions similar to that observed during the 1976-'77
outbreak was described by Baudet (1923); DeZeeuw (1930)
and Bos (1942). Bos (1942) described a distinct viral
aetiology for these conditions and named the disease
'duck plague' and the agent, duck plague virus, He also
demonstiratea that this agent was antigenically distainct
from Newcastle disease virus. Jansen (1961; 1964b) and
Mukerji et al., (1963) found that the zgent responsible

for these conditlons in ducks could best be isnlated {ron
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the spleen and liver extracts of affected birds, by
inoculation onto the C.A.'% 0f 10=~14 day old embryonated
duck eggss They found that the infcocted embryos would die
with chagacteristic leslons such as cxtensive haemorrhage,

4~10 days following inoculation.

Duck or chick embryo inosoculation

During the present investigation, virus isolation
trials were nade by incculating spleen cxtracts {rom £leld
cases (DFV-N) onto the CeRsle and allantoic cevity of hoth
duck and chicken embryos. Eabryos which reccived DEV=Y
by the C.A»ite rYoute dred, showing severed congestion.
Although sSkalinskii and Borisovich (1969) were successiul
in propagating D.P. virus in the allantolc sac of both Jduck
and chick embryos, our attempts to propagate the virus by
these procodures were unsuccessiul. Jansen (1961) and
sjkeril et als (1963) also found that chick embrys was
unsultable for pramexy isclations The yeplication of the
virus on the CsA..l. ot duck embryos was confimmed by

inoculation into the Des.Fe cell culturesa.

A reduction in vlability, or ansufficient concen-
tration of the agent, was suaspected for the failure of
LBV~ to produce death with specific lesions. DBV-M £or

Cede'lv anoculation was prepare: from a dead duckling kept
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in the frozem stece at =-20°C. The Zreguent pawer fallures
that ceccurved during this period might have aZfiected the
viability of the agent. Although four klind passages

were done, it could not elther revive the agent or increose
1ts number to a level suificient enodugh to produce specliig
lesions and death of the embryo. Dardiri and Brecse (1574)
found that suspensions of tissues from ducks suspoected to
have died of DW.F. did not produce any specific lesisns oxr
mortality in inoculated duck embryos. Thesc susponsions
also failed to produce any death in week old ducklingsa
However, birds doveloped antibodies to D.P.Ve 21 deys
after inoculation. These reporcs by Dardirl and Breeso
(1974) indicate that specimens containing viable D.P. virus
need not always producc lesions or death either in onbryos
oxr in the susceptible ducklings. Henson and Willis (1976)
also rceported that all their attempts Lo isolate the
causative agent during an outbreak of D.¥. in Alberta, in
embryonated duck egys and primary cultures of duck and

chicken kidney, were unsuccessiul.

Cytopathic effects

Viruses of the same group usually praduce more o
less sumilar changces in the seme kind of cells and some-
times even in different cell types (Hoskins, 1967). woll

et al. (1376) described tho cytopathic changes of DePe
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virus as pyknotic rounding of the affeocted cells and its
subsequent agyregation to form small, grape-like clusters.
The C.P.E. observed in duck embryo fibroblasts infocted
with either DPV-N or DFV-K were also similar to thosc
described by Wolf et al. (1976}. The changes describod

by Wolf gt al. (1976) and those observed during the prusent
investigation, were tho characteristic changes nroduced by
herpes vixuses in celall cultures (Jonnings, 1967; Daxriington
and Oranoff, 1973) suggesting that, 1ike D.¥. virus, che

isplake PPV-Y could also be a herpes virus.

Marked basophilia of the cytoplasm was one of the
characteristics cbsarved in haematoxylin-essin stained
preparationg. Wolf et al. (1574) aiso roported the same
cbsexrvation and suggested that the ability co induce markced
bagorhilis in infecked cell culturcs was a striking icat.ure
of L«Pe viruse There was also a marked differencc in the
granularity of the cytoplasm of control uninfected cells
and cells infected with DFV=-N or DFV-K., This extrome gra-
nularity due to the coagulation of cell colloids (Jennings,
1967) might have resulted from some toxic factors. The
possibility of serum factors acting ms & toxic substance
was ruled out by using various batches of sexrum at various
concentrxationss Moreover, no such effcct was noticed when
the same sexa were uscd for growing cell cultures such ag

foetal bovine kidney, foetal ovine kadney or chicken embiyvo



Eibroblasts, which wvere infected with mecerials suspected
for parainfluenza-3 and New castle disease virus (bul-chana,
1977). Hence this increased granularity is thought to be
Gue to the after efiect of an interaction between D.ual'.
cells and viruses of DPFV-N or DFV-iX. FHess and Dardiri
{(1963) and bDardiri {(1969) demonstrated eosinophilic
granular inclusions in D.P. virus anfected chicken and duck
anbryo cell cultures, as carly as 12 houxs Zollowlng inie-—
ction. These inclusion beodles aescribed for D.P. virw in
chicken embryo and duck embryo cell culiures were not
aetected during the present study. This could probably

be due to the farlure to selact infected cell cultures at
shorter intervals. However, inclusion body-like stiructures
were seen in the nucleus of some of the infected cells,
although, its identity was not conizirmed. No mention zbouk
tho inclugion bodics was also made by Woll et al, (197€),
in thelr comparative study on the suitabilily of primary
D.C.Fe cells and a duck f£ibroblast cell iine CCL~141 In

the propagetion of D.P. virus.

Virus titration

o

Puring the course of thils present investigation,
the f£leld isclate DFV-N and the known duck plague virus
DRV-X wore titrated at various intervals. Barly titrations.,

done following two tissue culture passages, showed tissue
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culture infective dose 50 as 10° and 10°°2% for Dpven

and DEV~K respectively, On further passages, an increase
in titer was observed with soth the strains. Thic

increase in titer could probably ke due to the adaptaticn
of the new isolate 10 DeLoF. cell culturcs. The low titers
of DEV~K could ke attributed to its long temm preservation

at -20%c,

pH stabllity

Sensatavity to pH is one of the criterla thet ciuld
be cmployed fors groupling a newly isolated virxus into a
particular groups. Rapid inactivation of D.P. vizus at
pH 3 and 11 was reported by Hess and Dardiri (1968). iuast
(1968) also found a toval inactivation of this virus when

it was exposed to gH 3 for a period of 3 hours at 4°¢.

Tna results presented hexc on the eifcct of ¥ 4.7,
7.2 and 9.1 on D¥FV-N and DFV~K have shown that rhe former
wao unaifected at ol 4.7 and 7.2, but was complelely
inactivated at pH 9.1. Scrain DPV-K diffiered from DEV~-J
in that a marked reductiron in its titer by about 3 log
was observed when it was emxposed to pH 4.7 for a period of
4 hours at room temperature. Hovever, pil 7.2 and 9.1 had
the same effect on both the strains. Although the rcsults

showed that DEV-N behaved nore or less like DPV-X and olhor
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straing of duck plague virus (Leilbovitz, 1971a), the
fomer was more resistant to piE 4,7, compared to the

latter.

Thermostability

Complete inactivation of De.FPs virus at 56°c, was
reported to ocour in ten minutes. This observation of
Hess and Dardiri (1968) differed from that of Kunst (1968)
in that the latter Eound that it was necessary to subject
the virus to 56°c, for 30 minutes, for its corplere
inactivation. When & 13110 dilution of cissue culture
passaged samples of DPV-i and DPV-K werc axposcd to 56"7C.
for 30 minutes, it was only the DPFV-K that was complecaly
inactivated, while chere was only a marked reduction in

titer of LPV~N.

The nature of the suspending wmedium was reportoed to
have a2 considerable influence on the susceptibility of
viruses to temperature. Presence of extraneous substances
sucn ag proteins could protect them from tne effect of
temperatures Since the virus suspension used in this
study was in the fomm of tissue culture £luld contalning
6 percent calf serum, it was difficult to comtare the heat
inactivation studies reported oy other workers, because
there was no description on the nature of virus suspension

used in their studies.
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Chloroform sensitivity

Chiorofom sensitivivy of an unknown virus is
usually done to £ind out whether it is enveloped or not.
pavelovpes, being derived from the host cell membrane, are
lipoprotein in nature and are sensitive to lipid solvencs
such as ether and chloroform, where their intectivity is
eithoyr completely lost or greatly reduced. Herpes viruges,
containing considerxable amount of lipids in their envelope,

ere sonsitive to chlorofom (Roizmen and Roane, 1963).

The chloroform sensitivity of D.Ps virus hsd already
been domonstrated by Kunst (1968) and Hess and Daxdirl
{1968). The complete inectivation of DPV-N and DPV-K
when treated with f£ive pexcent chloroform indicate that

like DRV-K, DFV-Y is also an enveloped virus.

The chloryoform vas preferred to etheyx because o7
its polarity as & lipid solvent. It is also more hcevier
than ethor and can be easily separated by centrifugetion.
Moreover, chlorofom is as effective as echer (Feldnan

and Wang, 1961).

Nuclele acié type

Certaan halogensted deoxyuridines such as 3 iodo=-
2 deoxyuridine, could inhabit the roplication of DeJ.A.
viruses, due to their effcect on Dstehe synthesis (Prusofi,

1972)« But they do not have any effect on the



multiplication of ReNens varuses. Hunst (1968) found thaoc
the replication of D.P. varus ana thoe develomment of C.P.E.
could be inhibited by IUSR. Ualake in contyel untrueatod
cells, DEV-Y and DPV-K failed to produce any CsP.os in
cells treatod with IUAR at the racve of 100 microjrams/mnl.

e

However, no effect on wne rnaltiplicaotvdon nf a tnown Re l.A.
virus, lewcastle dlsease vixus, was observed when it was

grown in drug treated cells. From these observations, it
was concluded that like D.P. virus, DIV~ is also a horpes

virus,.

Haemagglutination

similar to the observations made by iukerji gt al.
(1963) ang Jansen (1961; 1964b), the ficld isolatc DBV -
and the known D«Py virus DEV-K, failed to praduce any
haemagglutination reaction, when tcsted with 0.5 percent

chicken R«Be.Ce at room tamperature.

Serun neutralization

Leibovitz (1975) recomnended serum neutralization
toest for the serplogleal identification of D.P. virus.
Sera from birds that were vaccinated with DsF. vaccine
and that had resisted challenge wiuh varulent D.P. virus
DPV-K, not orly neutralized the homologous straln, but

also the fleld igolate DPFV-N. However, the antib>dy titer
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to DPV-i was only 50% of that to the homologous strain.
sera fromn paxrds vaccruated with the above vaccine and
resistea challenge with the field isolate, also neutyai-
lized both DPV-K and L:V=N. But the anlibody titer Lo
DEV-N was only 25% of that to uiV=Ke Although the
neurrclization test indicate an antigenic relatlonship
between LPV-N and DPV=-K, the dirierence in scrum Liters
suggest an antiyenic cifierence between Lhese two strel.as.
If this 18 so, the reports of Jansen and Kunst (1064a;
1967b) that the strains of D.P. virus isoletea Lrom
varxous parts ofi the world are immunologically identical,

have to pe reevaluated.

The tentative diagnosis made prior 1o the start
of this experiment and results presentea in this thesis
suyyest that LFPV=N 135 indistangulshable irom duck plague
virus. However, there are often complaints from the duck
breeuers that the auck plague vaccine now used ain the
field coes not give an expected protection against the
50 called duck playue~like aisease and that they do get
the ulsease an their vaccinated flocx, but to a reduced
rate. This andicatc that the Le.r. vaccine is nol giving
complete protection. This could probably be due Lo wne

possible antigenic variations as suggestea firom the sesun
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neutralization studies., If it 1s 50, 1t 15 a concra~
cectlon to the observetions mace by Jansen (1968) and

barciri and Hess (136u)«

Although the results presented herc wcre repro=
o
cucible, deeallea cross-—neutralization and cross
protection tests have to be made be-ore any dezinice

conclusions are made.

The bete proceaure, employing conscent virus
varying serum concenlravion, was prefercea because this
pLocedure rejuires only small awounts 0i scrum and can
be tested with low titered virxuse Iloresver, it 18 al.o
easier to compare seXe witn low cticers (Hicehner, gt 2l.s

1975) .

Gel dafiusion

2lthougn cell culture extracts of avlan her-es
viruses such as Marek's dlsease virus and turkey herpss
virus were reported to oroduce precipitin lines an yel
precipitation tests, no sucn observations could be made
when duck plaguc antiserum was tcsted against DEV~K or
LEV-N. The different ancigens of Merck's disease virus
thac bring soout suca @ reaccion are, the soluble
supernatent antigen; cellular entigen and skin antagen.

{Bulow and Bigys, 1975). Duariny this present study il
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was only the infected taissue culwure fluia wirhouw cogcen-
trallon ithat was used as iLhe ancuigen. rthe absence of any

precaipitin lines eilher with DPv=£ or LIV-Nh could probabtly
be oue to the sbsence o1 any soluble aniigens or 1ts lack

or sufricrient concentration, O zar tnere 1s no repott

on the use o1 agar yel preciplitation test with L.p.

ViIUSe

txperimencal infectilon

Ducklings about the age of 1=6 weeks lnrecteu uwith
spleen extiacts of cither DPV-N oy DPV-K, showec some oL
the typical symptoms oz L.t. aitver an iacubation _eriosd
of 24-48 hours, followed by death in 48~72 hours. In
domestic ducks, Jansen (1964b) reported an incubetion
period of 3~7 cays ana death an 1-5 cays, Iollowing the
onsel ox symptoms. [Ine symploms cescribed by Mukerja
ct al. (1963), Jansen (1901; 1964b), Hall and .immong
(1972)., welbovitz (1971a) and Proctor gt al. (1975), such
as profuse greenish alarrnocz, with marked so.llng > <che
cloaca and the surrounding region and nervous synmptoms
characterized by weakness oi the legs and crooplng wings
with typilcel posture of the breast touching the grounc,
were cobserved curing the present experi-ental lniectlon
studies. lhe cucks that died during the outbresk in

Kerala 1t ere also described to nave the same synmptoms
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(navyx, 1976).

Ine survival of & tey bixds in yroup » and B
beyond day £five, might be cue to theo presence of
maternal antibodies, as rerorted by Toth (1963), where
he found that ducks wiith high titers of neutrelizing
anvaibody coula provide passive protectaon to thelr ofi-~
spraing, trom infection with virulent virus for a period

of twO weekSe

The lesions of D.P. described by various workers
such as petechiation throughout the body (Baudet, 1923;
Bos, 1942; Jansen, 1961; 1964b; sukerjl et al., 1963;
Jansen and Wenmenhove, 1965; Leabovitz, 1971a; Hell and
Summons, 1972), were also reported among bircas that ci=ad
during the 1976='77 outbreak in gKerala (Jaix, 1976).
Although experimental infection of ducklings aid now show
all the symptoms in 211 the birds, some of the birds did
show petechiae in the liver and heart musculature. Dxcept
in one case, there was no opetechial hagnorrhage and ulcers
an the intestines The diphtheritic changes on the ceso=-
phayeal mucosa, descgibed py Jansen (1961; 1964b) and
ueibovitcz (1971a), were present only in bairxds inzectea
with I¥W~N. Moreover, lesions whach speciafically appcared
couriny the 1976='77 oucbrean in Kerala, such as thaickening

of che ylgzard mucosa, sometdmes with necrosis of the
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gizzard musculature, were a2lso a feature in some of the

cucklings infected with DpPVeil.

Leibovitz (1971a) and Leibovaitz and Hwang (1963a;
1563b) reported the ainfluence of speciea, age, sex,
susceptibility and stage of ainfection on the lesions
produced by Depe viruse Leibovitz (1971a) found that
although in young ducklings andividual lesions of the
oesophagus were less freguent, sloughing of the entire
mucosa was not uncommons It was also reporteu by ham that
tissue haemorrhages were less an young birds and in those
below five weeks of ayge, cardiac and mesentric haemoxt-
hages were uncommon. 7This would probebly explain why
sucn symptoms were rare an the experimental birds, whuich

were only l-6 weeks of ages

Tne propagation of DPFV-N and DPV=K in D.E.F. ¢ell
cultures was confimmed by Ilnfecting cucklings, with ihe
infected tissue culture iluid after freezing and thawing
1t for three timese X1l the birds that received either
DEV=N or DPV=K, died with typical symptoms of B.P. elcept
thres from group Be Although these three birds died
without showiny symptoms of L.Pe they had the lesions
sugygestang the acute nature of the disease., Moreover, it
1s not necessarxy that in all cases of D.P. all the symptoms

need be present (snycer gt al., 1973; mMontali et al., 1976).
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DPV-N and DPV-K

From the observations made ocuring the present
investaigation, DPV-N is found to be indistinguishable
from the known duck plague virus DPV-X in various charxa-
cteristics (Table V). Both produced similar Ce.Pe.L. 2n
De.EeFe cell cultures, were inactivates with chlorofoxm,
multiplaication was inhibated by IUGR and produced
similexr symptoms and lesions in experimentally infected
ducklangse In addition, DPV-N was neukbyalized with

antiserum to DPV=K.

Leibovitz (1971a) reported that an isolate which
failed to multiply in chick embryos, but did so on the
C.AeMe 0f 10-14 day old duck embryos; produced charache-
ristic CsPsE. 2n L+.E.F. cell cultures; got inactivated
with cnloroforg the multiplication of which was inhibited
wlth IUAR; and prouucea characteristic gsymptoms and lesions
of duck plague in experimental ducklings, could be iden-
tified as duck plague viruse. Since DpV-ii fulifils those
requirements, it strongly suggests cvhat DPV-N is duck

plague viruse

The differences observea with pHl and thernostas
bality in comparison with DPV-K and the low serum titcrs
of DpV=N, might be due to some strain variation. If£ lhis

is s0, it wall explain the aincomplete protection afrorded
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by the DL.Pe. vaccine now used in the iield. This coula
be overcome if vaccines are prepared from the field

izolate.

Besides vaccination, other measurss sucn as
restriction of the movement of infectec birds and keep-
ing the unaffected susceptible population away from the
contaminated environment, will help to attain complete

protection.
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SUMMARY

in Kerala, during the periocd f£rom Apral 1976 to
January 1977, there occurred heavy mortality in ducks
due to a disease with characterisctic symptoms and
lesions of duck plague (D.P.). The following is a
summaxy of the results of an investigation carried out
on the isolation and charactexization of the aetiological

agente

Three different semples~=from 2 ducklling waed of
experamental infection and kept frozen at -20°C. (Tpv-M);
£rom an ailing adult duck orought from an affecteu flock
in Nilamour (DFV-N) and & known virulent duck plague virus
strain (DpV~K) received from the Veverinary Bioloyical

Institute, Mannuthy, were included in the present study.

Attempts for varus isolation were made in 10~-14
day=old auck embryos-either by the chorio-allantoic
membrane (Cs2.M.) ox allantolc route of inoculatlon-and
in 10=-11 day=ocld chacken embryos, employing the same
routes of inoculztion. Only duck embryos inoculateu by
the Cedeile route showed signs oi virus multiplicstion,
as evidenced by ihe death of the embryo with typical

haenorrhagyic lesions.
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In duck embryo fibroblast (D.E.F.) cell cultures,
DPFV~N and DPV-K produced similar changes, characteristic
of those described for duck plague viruge The azmportant
changes obsexved in the infectcd monoclayers were the
sounding and clumping of cells, marked basophilia, cyto-
plasmic gyranulations and later on, destruction and slough-
ing of the monolayers On titration in this systan.
although the initial titers of both DFV-N and DFV-K were

6.25

only 105 and 10 respectively, on later passages il wasa

7.5 6.25‘

found to increase and reached upto 10 and 10

Studies on the physico=-chemical characteristics
also suggested the close resemblance of DPV-N to the duck
plague virus DPV=K, Observations were made with chloro=-
form sensitivity, inhlbaition with 5=iodo=-2 deoxyuridine
and haemagglutinatione. Tney were completely inactivated
with 5% chloroiomm: multiplication was inh.ibited with 100
micrograms of IUGR and they did not show any haemaggluti=-
nation reaction with 0.3% chlcken R.B.C.

However, alfferences were observed between the
field isolate,DEV-N and known duck plague virus DFV-K.
On exposure to 56°c. for 30 minutes, a marked reduction
in citer was only seen wath DPV=N, while DFV-K was comple=-
tely inactavatea. Similarly. although the effect of pH

7«2 and 9.1 on both the strains was the gsame, DIV-N was
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more resistant to pH 4.7 than DPV~K.

Neutralization tests cmployiny sera, from vires
vaccinated with D.Ps vaccine, and resisted cnallenge w.lth
either DFV-K (a) or spleen extract from field cases (b)
have shown that although both the strains DPV-J and
DPV-K vere neutralized, the serum titers oblained wath

LPV-N was about 50% to 25% of that shown by DPv-K.

Actempts to cecect any soluble antigens by gel

recipitation test cexre not successiula
P P

Ixperimental infection of 1-6 week=-o0ld ducklings,
either with the spleen extract or tissue culturc pessaged
materials of DEV-N and DPV-X, procuced sinilar symptoms
ana lesions, that were charecteristic of duck plague and
those described for tne cduck plague~iike disease outbrzak
in Kerala. From taese opservations, it is strongly
suggested that the outbreak of a duck plague~like discase
wnich cccurred an Kerala during April 1976 to January 1977,
was due to a virus incistiagulsnable £rom thar of duck

plague.
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Table I. In vitro propagation of iield isolstes DPFV-4; DFV-N and known
duck plague varus LPV=Ke

Systems used DFV-M LPV-N Dpv-K
L EmCAIR - + NT
LC-a2 - - NT
CE~cAIf - - NT
co-at - - NT
L + + +

1e Duck anbryo - choricallaniorc manbrane; 2. Luck enbryo - allantoic
cavity; 3. Chack anbryo = choriocallantoic membrane; 4. Chick ecmbryo =~
sllancuirc cavity: 5. buck embryo fibroblastse.

+ = Posilcive; - = Neyative; NT = Jot tested.



Table II. gufect of pH on the viabalaty of field asolate LPV-N and Known
duck plague virus LPV-K.

WH LPV-N DPV~K
4.7 7.25" <5
722 750 3
9.1 - —
Control 7.5 8.25

¥ Log ‘J.‘CILSC/O.& mle -~ = Cunplete inactavetion



Table Ifi. Lfiect of vemnperature on the viabalaty of field isolate
LPV-h end xnown duck plague virus steiin DPV-K.

o o e e

ireatuent DIV~ DPV=-K
Iy} w
56 °C for 30 mainutes 5 -
vatreated 5«5 5.25

— . S £ an - -

¥ oy T(.J:DSO/O.Z mk

- = Coiyiplete rnactivation.



Table IV. Chlorofom ana IUdR seusitivity of £ield lsolate LIV-N
and known duck plague virus LIPV-K.

Lreatment DEV-N DPV-K

5% Chloroiorm - -

190 microgyxsmns of
LUGR

*
Untreated control 7.25 8

* ioy TC:EDSG/O. 2 ml

- = Complete inactivaciona.



Table V. In vitpg characteristics of field isolate DPV-N and known
duck plague virus DEV~-Ke

Characteristics LEPV-1 DPV=-K
I‘hegnostabllity No complete Complete
(s6°c. for 30 minutes) inactavation inactivation

Sensitivity to pH
oH 4.7

pH 7.2
pH S.1

Chloroform sensitivity
Haemagglutination

Type of nucleilc acid (Based on the
eifect of IUAR on multiplication)

No reduction in titer

Unatfected

Complete
inactivetion

Sensitive

Negative

DA

A reduction in titer

by 3 log.
Unatfected

Complete
inactivation

Sensitive

Negative

DA




iable VI. serologic comparison of field isolate DPV-N and
knewn duck plague virus LPV-Ke

Sera frun biards vaccanated and
) cnallenged wlth

Varus (10U Telig - — Control
LpV-i CPV—K boram
*
LBV~ 22 11 -
LPV-K 45 45 -

*  Anriserun Ttliers were expressed as the reciprocals ox the
scrum dilucions, represonving the 50, end poanis agysinst
100 TLIDSO.

- = Negacive.



Table VIia. Pathogenicity of spleen extracts of DPV-N and DPV-K.

No. of xoute and Incuba~ No. of ho. with No. with

Virus g;giﬁ_ (l"ggzuif tion birds clinical D.B. Symotoms & lesions
lated lation period died disease lcslons
I/M* and Sluggishness, weskness of
Group=a 3 oral 0.5 2448 9 3 3 limbs, greenish diarrhoea,
(DPV~=i) 1 C:l’.l hours petechiation and whike
i ea spots on liver
Weakness of limbs, gree-
C(%ggggg 8 “ " 8 8 8 nish alarrhoea, mottled
liver and dark red spleen
I/M and
oral 0.5
Group=C 4 ml each - 1 - - -
(Control) (nommal
spleen
extract)

¥  Intramuscular.



Table VIib. Pathogenicity of duck embryo fibroblast passaged DPV-H

and DPV-Ke

gg;,agf Rggzz 22‘3 Incuba- oo . Ho. wizh Nos with Symptoms
Virus inocu~  inocu- tion birds dieg Ciinical DuPa &
lated lation period disease lesions lesions
10 Weekness of limbs,
{nine birds greenish diarrhoea,
I/M* and died by day dark red liver with
Group~a 10 or-l 24~48 five and 7 10 faint grey patches,
{(Lpv-ii) 1 ;l cach hours the recai- plaques an anterior
" ning one by 2/3 of oesophageal
day 17). mucosa, whitash
patch on gizzard
musculature.
10 iteakness of limbs,
/M and {eight birus greenish diarrhoea,
Group=Dd 10 oral 2e=~43 died by day 10 10 setechaation on
(LEV~-K) 1 ml' cach hours {ive and the liver and, pin=-
other wwo by point haemorrhages
day 15). on myoccardium
/i and
oral, 1
Group=C 5 ml each - 1 - - -
(Control) {(uninfected

tissue cul=-
ture £luid)

* Intramusculare
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ABSIRACT

An .nvestigation nas carried out to isolstc,
chayacterize and ldentiiy the agent responsible for tha

outbresk oi duck plague-like dlsease in ducks in Keralo.

Specimens (liver and spleen) from field cases,
were processeu for virus isolataion and were lnoculated
into either developanyg duck or chick embxyos, by chorin-
allartoic (C.AeM.) or allantoic cavity methods Virus
isolation was possible only by Ce.i.els inoculatiorn of
ouck embryos and was confirmed by inoculalzon of the
CeAsife extracts into auck embryo Ilbroblast (D.L.F.) cell

culcurese

The cytopatnic changes produced by the f{ield isn-
late DPV-N; 1ts physico=-chemical characteristics such
as gensitivity to chioxoform ang S5«-iodo=-2 deoxyuridane:
and the effect of exposure to varicus pH values such as
4.7, 7.2 and 3.1, vers compared wlth that of a kaown
auck plague virus LrV-K, received irom the Veterinary

Baologacol inSticute, Mannuthy.

In DeLeF. cell cultures, the cytopathic changes
produced by LPV-] and DeV-K wvere rounding and clumping

0f cells, with characteristic vasophilia and granulation



of the cytoplasm. Although the initial titers of both

LPV-N and DPV-K were only 10° ana 106'25

8.25

. they increased

To 10:)7’5 and 10 respectively, on fturther passages.

The field isolate DPV~N and the known duck plague
virus DPV=-K were sensitive to 5% chloroform, with com-
plete lnactivation in ten minutes. Similarly, both the
strains failed to multiply and produce cytopathic changes
in cells treated with IUVdR, at the rate of 100 micrograms
per ml. However, clfferences were observed in thelr
themmostability and pH sensitivitye. Although DPV~K was
wnactivated completely at 56°C. n 30 minutes, DPV-i was
only partially reduced in titers DPV-N was also found
to be resistant, when both the strains were exposed to
tH 447, for a period of four hours at xroom temperature.
But both were unafiected at pH 7.2 and got inactivated
at pH 9.1+ Both the strains also feiled to produce any
haemagglutination reaction with chicken ReB«Ce Or preci-

pitation reaction in agar gels.

Although duck plague specific antiserum neutra-
lized homologous strain DPV=K and the newly isolated
strain DPV=N, the serum titers obtained with the latter

was only lesse.

Exper:nental infection studies have shown that



one tc six week-pld ducklings were equally susceptible
to DFV-N and DFV=-K, either with the spleen extract or
with tissue culture passaged sample. The symptoms and
lesions produced in both cases, were similar to those
cescribed for duck plague and also to those seen during

the disease outbreak in Kerala.

The virus that caused an outhreak of duck plague-
like disease in Kerala 1is found to be indistinguishable
from that of duck plague. It is also strongly felt that
the lack of complete protection of birds vaccinated with
duck plague vaccine is due to a possible strain varaation
between the classical duck plague virus DFV-K and the
virus as it occurred during this outbreak. However, it
needs thorough in vitro cross neutralization and in vivo
cross protection tests before any definite conclusions

cen be made on the strain veriation of duck plague virus.



