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INTRODUCTION

Ducks occupy second olacc to chicken fo r  the 

production o f  ta b le  eggs in  Ind ia . There are  about 96 lakhs 

o f  ducks, forming abouc seven percent o f  the country 's to ta l  

poultry  population. They arc mainly concentrated in the  

eastern and southern s ta te s . The to ta l duel, egg proauction  

i s  about 400 m illion  par year, constituting about f iv e  per­

cent o f the to ta l  egg production in  the coun-cry. West Bengal 

leads in  duck copulation* followed by Assara, T an il kudu, 

Andhra Pradesh* K erala, Bihar, O rissa, Jamnu-Kasnrair, and 

Haryana (Bulbulo, 1977 ) .

In India , ducks a rc  mainly raised  fo r  production o f  

eggs and creese drakes and spent ducks are  used fo r  raoat 

purposes. Rearing o f  ducks i s  lin rced  to watershed regions 

and i s  very  popular among the v i l la g e r s  o f  these regions  

as a p ro f ita b le  backyard en terprise , because the average  

egg production from ducks i s  higher than that from cLcsa 

fow ls . Even indigenous aucko lay  about 90 to  100 og_,o per 

year as again st SO to 55 eggs la id  by cicsi hors, .fjreover, 

eggs _ron ducks are  obtained w ith practr a l ly  no cott to 

the owners (national Commission on Agricu ltu re , 197f>).

Dude plague, a v i r a l  d isease o f  dudes which br_ngs 

about heavy economic lo ss  in  duck producing areas, was f i r s t  

reported in  India by f lukorj i  efc a l .  (1963). Tney f  ouod that
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the highly infectious disease* mainly o f adult ducks, which 

occurred in Gobardanga Government duck farm in rfest Bengal, 

was caused by an agent; indistinguishable from that o f duel: 

plague. Since tn is  f i r s t  report, duck plague is  known to  

ex ist in Andhra Pradesh and Tamil Nadu.

Tn Kerala, during the period from A p ril 1976 to  

January 1977, heavy m ortality in ducks was reported due to  

a disease winch snowea characteristic  symptoms and itsions  

o f duck plague. The disease outbreak was f i r s t  observes in 

Kuttanad aroa in Alleppey d is t r ic t . The mortality commenced 

during the middle o f A p ril. Then the disease quick!/ spread 

to tnc other d is tr ic ts , causing heavy m ortality. As per 197 2 

livestock  census, there were 3.62 lakhs o f ducks in Cerala. 

The D irector o f  Animal Husbandry had assessed tho overall 

duck m ortality in the Scate as between f i f t y  thousand to  

one lakh (Hair, 1976),

Preliminary studios conducted in uhe Department of 

Microbiology, College o f  Veterinary and Animal Sciences, 

Kerala Agricu ltura l University, Mannuthy, had suggested that 

the causative agent o f the outbreak might bo the virus o f  

duck plague. But no systematic study had so fa r  been 

carried  out to iso la te  and characterize the ae tio lo g ies!  

agent, Furthermore, i t  is  oeing reported oy the duck 

breeders chat vaccination with dude plague vaccine dses 

not givo the expected protection against the disease*



In the lig h t  o f  the above circumstances i t  was 

f e lt  -chat i t  would be worthwhile to take up a study on 

the iso la tion  and characterisation o f the ae tio loy iea l 

agent associated with the disease condition as encountered 

in  the ducks in  Kerala, so as to have a better understand­

ing about the pxobeltn, which would help to adopt bettor 

control measures,

The Investigation was directed towards the iso lation  

o f  the actual a e tio lo g ica l agent responsible fo r  the out­

break o f the duck p lague-like disease and characterization  

o f  the agent and ins a n ility  to  reproduce the disease.



P S  V  I  h  w  O F  L i r S R r - C ' U R i ,



RSVIEW OS' LITERATURE

Duck plague (D .p .) o r duck v irus en teritis  is  an 

acute, generalized viremic disease o f ducks, geese and 

swans (Leibovitz, 1971a),

History

In the Netherlands, Baudot (1923) reported an 

unrecognized v i r a l  infection  o f domestic ducks. He consi­

dered the disease to be caused by a  duck adapted stra in  o f  

fowl plague v irus, which fa ile d  to in fect chickens. But 

the disease had the symptoms and lesions s im ila r  to that 

o f  fowl plague (Leibovitz, 1972). De zeauw (1930) also  

believed that the agent which sp ec ific a lly  infected ducks 

was a duck adapted stra in  o f  fowl plague. He round that 

besides chickens, pigeons and rabnits were also refractory  

to th is  v iru s . He suspected that waterfowl might act as a 

ca rr ie r  o f th is  disease.

Bos (1942) reexamined the findings o f the above 

workers and came to the conclusion that th is  duck disease 

had a d istinct v i r a l  aetio logy and was not due to fowl plague 

v iru s . I t  was he who coined the term ‘duck plague* and 

d ifferen tiated  i t  from Newcastle disease. Tnis wa3 la te r  

on confirmed by Jansen and Kunst (1949a; 1949b). Subsequent 

to th is , extensive studies had been made on various aspects 

o f  th is  disease and i t s  a e tio lo g ica l agent.



Incidence end D istribution

Since i t s  f i r s t  reporu from the Netherlands, duck 

plague was suspected to occur in  Prance (Lucam, 194-9), 

Switzerland (Kunst, 1958) and China {Jansen and .cunot, 

1964a). She occurrence o f  th is  d isease in India waa recog­

nised by I tuberj i  et a l .  (1963) and was f i r s t  reported from 

the s ta te  o f West Bengal. Devos et a l . (1964) confirmed 

the existence o f th is  d isease in  Belgium. In 'forth America 

the f i r s t  outbreak was reported from a ccraierclal domestic 

duck flock  o f  Long Island (Leibovitz and Huang, 1967). 

Subsequently, i t  was recognized from various parts o f  

U.S.A . (Urban, 1968; Leibovitz and Hwang, 1963a; i/alker 

et ja l.»  1969; Asplin , 1970; H a ll end Simmons, 1972; Snyder 

et a l . ,  1973; Proctor s t  a l . ,  1970; Hwang et a l . ,  1975; 

Ifontali ot a l . ,  1976). Leibovitz (1968), Leibovitz and 

Hwang (1968b), Asplin  (1970), 3nyder at a l .  (1973), Proctor 

ot a l . (1975) and nontali et a l . (1976) have shown that B.P  

v iru s  not only a ffected  domestic ducks* but a lso  other w ild  

f r e e -f ly in g  waterfow ls. The f i r s t  report o f th is  disease  

in  Canada came from a resident population o f  small MUscovy 

ducks (Hanson and W il lis ,  1976).

She disease appeared to have seasonal in fluence. In 

the Netherlands, the incidence was higher during spring  

(Jansen, 1963). Jansen (1964b) found maximum number o f 

cases from January to  July and none from August to December



-  6 -

i'l'ikc.rj i  cc a i . (1963) and Hwang ct a l .  (1975) reported  

that the outbreaks occurred tron "Jarcn to J’me i  i India 

and Pennsylvania respectively* rowcsvevg no marked seasonal 

in fluence was observed in  Uie concentrated I h ite  Po :_n duck 

producing areas o f  Long Island* i here e hjgner tnc-dcnco 

was seen in  the f a l l  o f  19S7 among the wild* f r e e -f ig m g  

Anserxformes (Leibovits* 1971a).

T r a n o m is s t o n

Jansen (1963; 1964b) reported that c,ho j >ci cnoo o*. 

D.P. was g reate r i t  places where rhe ducks hoa access uo 

swimming x^acer and that rho d isease was rare in firms with 

drinkirij water •troughs* Dude to dude uran_miSsion was 

be lieved  to occur as a consequence o f c lose contact and by 

ingestion  o f m iected  m ateria ls . Farm to farm transmission  

by -i.re-3-flying waterfowls had a lso  been recognise a (rcwcoTb, 

I 9 6 y ) •

New outbreaks usually  occurred as a re su lt  o f move nenu 

o f in fected b irds onto v iru s -x rea  ,ra te rs . topul«»uion ocnsl- 

t ie s  in  concentrate, dude r-roducmg areas a lso  nkLood 

rapid, spread o i who d isease , linlike in market dud lingo, 

the in fection  in  breeaer aucks was s e l f - l im it in g  as fcno 

ia teo r wcra naincained n  a defined area. In markou duck­

lings* the in fection  was continuous and recycling, as Use 

susceptib le  b irds were moved into who recently co loaramaceci 

environment (Leibovitz* 1972).



Although the v iru s  had been iso la ted  from the cloaca 

o f  .infected ducks, there was no evidence that the egejs la id  

by in fected b irds could transmit the d isease (Jansen, 1964b). 

S im ilarly , the possib le  ro le  o f  blood-sucking arthropods in  

disease transmission and the suspected c a r r ie r  state  o f  w ild  

ducks (be Zeeuw, 1930; Van Dorssen and Kunst, 1955), have 

not been confirmed (Jjeibovits, 1972).

The d isease could be experimentally produced by o ra l, 

in tranasal, intravenous, in t raperitoneal, intramuscular o r  

cloaca! adm inistration o f inlWetiqus m aterial (Lcioovita, 

1972). Proctor e t a l .  (1976) produced a fa t a l  d isease in  

gnotobiotic ducks by o ra l administration o f D .P , v iru s .

Hosts affected

She natural su scep tib ility  o f  D.P. was found to be 

re stric ted  to  the members o f the fam ily Anotidae (ducks, 

geese and sv;ans), o f  the order Anseriformes. Van Dorssen 

and Kunst (1955) studied the su scep tib ility  o f various  

species o f  Anssriformes to  D.P. They found that Khaki 

Campbell, Indian Runner, and Pekin ducks wore very susce­

p t ib le , as were most species o f  w ild  ducks, w ild  geese and 

mute swans. European Teals, P in ta ils , Ife llard  and Grey 

C a ll ducks were resistan t to fa t a l  in fection ; but the;,; 

produced antibodies fo llow ing exposure. On the other hand. 

Herring g u lls  and black headed g u lls  were not only resistant  

to in fection , but a lso  fa i le d  to produce antibodies. The



D.P. v iru s  was a lso  iso la ted  from some cross-brccls o f  

co rnon duck and re lated  w ild  ducks (Jansen, 39o4b) and 

geeoc (Jansen and Uem ,c^*ove, 3 965; ucibovifcs, 1972).

Sim ilar observac-ns were me so w  to  w ild  ucter_oui 

( to toov its  and hwang, 1S6Qd; Leibovitn, 1971a) and >war> 

(proctor e t  a l . ,  1975)^

Although fou ls were res is tan t to 39.P., day-old chicks 

could bo In fected  w ith  the v iru s  (Kunst, 1953; "-iukcrjj. ec o l . .  

1963). Janacn (1964b) uas ab le  to  In fec t  chicks urto too  

weeks oX ago, a l t e r  s e r ia l  passage Oj. the v iru s m  <,ay~jld 
chicks. He a lso  j.ound that adu lt pigeons, rabb its , guinea 

p igs, ra ts  and nouse wore re fracto ry  to the inXoctLon.

C haracteristics o f  the d isease

Natural in fection  was usually  seen m  agc3 longing 

from seven clay-old ducK lln js to mature breeder due to 

( L e ibav ita , 1971a). In domestic ducks, the incubation period  

varied  from three to  seven days and once the sy neons o f  toe  

disease  appeared, death u sua lly  fo llow ed in  one to f iv e  cays. 

In  sane instances, the a ffec ted  aueks showed evidence o f  

apparent recovery, fo llow ed by symptoms o f  increasing  

seve rity  be fo re  death (Jansen, 1964b).

tocept c o minor d iffe ren ces , the c lin ica l1 symptoms 

described  by most ox the workers were toe sa io. The ea rly  

signs o f  i l ln e s s  were nasal and lachrymal cliocnarjeo,



drooping wings end profuse greenish-white diarrhoea with  

marked fouling o f  tae cloaca end the surrounding area, 

la te r  on, majority or them showed awollen, sticky eyelids, 

leading to p a rt ia l or complete closure o f the eyelids 

(?5ukerji et a l* ,  1963; Jansen, 1964b; h a ll and Simmons,

1972), nervous symptoms, characterized by paralysis o f  

the legs and drooping wings with typical posture o f  the 

breast touching the ground, were also reported, These 

norvous symptom were responsible fo r  the in a b ility  o f  the 

b irds to swim in  water (riukorji at a l . ,  1963; Jansen, 1961; 

1964b; Leibovitz, 1971a; Proctor at a l . , 1975; rfontali ex a l.  

1976). I t  was not unusual that some o f  the affected birds 

showed blue beaks and blood-stained vent, preceding sudden 

death, (Leibovitz, 1971a; Proctor et a l . ,  1975; Hanson and 

W illis , 1976). In some acute case3, a fu l ly  formed egg was 

found in  the cloaca, (Jansen, 1964b).

In domestic breeder ducks, tne disease did occur, 

without any premonitory symptoms, with characteristic  

sudden, high and persistent flock m ortality. The affected  

bird3 showed a drop in  egg production by 25-40 percent 

(Leibovitz, 1971a). S im ilarly , Snyder ot a l .  (1973) could 

not find any c lin ic a l signs during an outbreak o f B.P. in 

C alifo rn ia  except that some birds had depression md 

diarrhoea p rio r  to death* absence o f  any premonitory 

symptoms was also reported by riontali et a l*  (1976).
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The duration o£ the d isease was v a r iab le , usually  

from one to three days and, in some cases, a l l  the symptoms 

were not prasc-re (Snyder et a l . ,  1973? ifontali ot rj.., 1575). 

M ortality  in  domestic ducks ranged from 5-100 percent. M u lt  

breeder ducks tended to expor^'cnee greater percentage o f  

m ortality  than young ducks (fe ib ov itz , 1971a). During tne 

1963 outbreak in  West Bengal, Mukcrji et a l . ,  observed that 

i t  was the adult ducks that were mainly a ffected  and that 

93 percent o f  than died in  two to four days fo llow ing the 

onset o f  the d isease. Stress duo to in fectious diseases  

and egg production was attributed  to th is  high m ortality  in 

breeder ducks (Newcomb, 1963). M ortality  might be higher 

in  cases o f  dual in fection  o f  D.P. v iru s and latent bacte­

r i a l  in fections (D ard iri, 1970). Although newly esposod, 

susceptib le , concentrated populations o f  w ild  o r  domestic 

waterfowls showed explosive outbreaks with high, persistent  

m ortality  and a drop in  egg production, chronically  in fected  

and p a r t ia l ly  immune populations o f  captive o r  domestic 

waterfowl showed an in sid ious, interm ittent m ortality  

(be ibov itz , 1975).

Macroscopic observations

In cases where the d isease was too acute to  cause 

emaciation, the carcase was usually  in  good condition  

(Jansen, 1961? 1964b? Kontsli et a l . ,  1976). Tne most 

str ik in g  lesions described were petechiae througnout the
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body, p a rt icu la r ly  on the heart, serous membranes and 

oesophageal mucosa (Baudet, J.923> Bos, 1942? Jansen, 1961; 

1964b; Mukerji et a l . ,  1963; Jan3en and Wemnenhovo, 1965? 

Leibovitz, 1971a). The congested ovarian fo l l i c le s  in  

laying females (Montali et ja l., 1976) sometimes ruptured, 

leading to  p e rito n it is  (Bos, 1942; Jansen, 1961? 1964b?

Mukerji et a l . ,  1963). Presence o f  a fu l ly  formed egg in 

the oviduct was a lso  not uncommon (Jansen, 1964b)„ 

Haanorrhaglc e n te r it is , o ften  with free  blood throughout 

the in te s tin a l lumen, was observed by Jansen (1361, 1964b), 

Leibovitz (l971a) and H all and Simmons (197 2 ). During th e ir  

studies on an outbreak o f  D.P. in  Muscovy ducks, .nycier 

at a l . (1973) found s im ila r symptoms, whera the mucosal 

ulcerations o f  the small in testine were concentrated through­

out the c ran ia l two-th irds o f  it s  length. Hanson and u i l l i s  

(1976) a lso  reported s im ila r  u lcerations w ith pseudomembranes. 

In an iso la ted  case o f  D .p. in  an immature Canada goose,
I

Leibovitz (1969) observed button -like  u lcers on the 

in te s tin a l lymphoid d iscs . Occasionally, the lumen o f the  

trachea and bronchi contained free  blood (Leibovitz, 1971b).

Depending on the duration o f  symptoms, d iph theritic  

changes occurred on the mucosa o f the oesophagus, rectum 

and cloaca (Jansen, 1961? 1964b; Leibovitz, 1971a). The 

main cnanges reported in  the oesophagus wore the presence 

o f  patches o f  d iph theritic  membranes (Leibovitz, 1971b),
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n ec ro t ic  membranes (H a ll and Simmons, 1972), extensive  

red  u lc e ra t io n s  o f  the m iddle th ird  (Snyder e t  a l . ,  1973? 

Hanson and W i l l i s ,  1976), and haemorrhagic spots arranged  

in  lo n g itu d in a l rows covered w ith  grey  pseudomembranes, 

sometimes extending to  th e  p roven tricu la r-oesoph agea l 

ju n ctio n  (D a rd ir i ,  1975? M ontali e t  a l . ,  1976). Ujlcoration  

o f  th e  p roven tricu lu s  and red spots on th e  mucosal su rface  

and b lo o d  s ta in ed  contents in  th e  g iz z a rd  were a lso  some­

tim es observed (L e ib o v itz , 1971b? Snyder e t  q l « ,  1973). In  

caeca, the le s io n s  w ere confined  to  the portion  between the  

fo ld s  o f  the mucosal su r face  (L e ib o v itz , 1971a) and the  

r e c ta l  le s io n s  wore confined  to  the p o s te r io r  p o rtion . The 

densely  packed n ac u la r  le s io n s  o f  the c loaca  o ften  extended 

in to  th e  caudal portion  o f  the colon and sa lp in x  (L e ib o v itz ,  

1971a? H a l l  and Sira.ions, 1972? Montali e t  a l . ,  1976).

The lym. ho ld  organs w ere a lso  a f fe c te d . The sp leen  

was e ith e r  nornal o r  sm a lle r  in  s iz e ,  dark in  co lou r and 

m ottled  (L e ib o v itz , 1971a; itonto ll et a l . ,  1976). The 

thymus and bursa o f  F ab r ic !u s  were a ls o  in vo lved ; the  

form er was cha rac te rised  by m u ltip le , p in -p o in t haemorrhages 

and the l a t t e r  ny a troph ic  changes (L e ib o v itz , 1971a).

Duck p lague v iru s - in fe c te d  l i v e r  was u su a lly  f r i a b le  

(M ik e r ji  e t  a l . »  1963? Jansen, 1964b). L e ibo v itz  (>971q ) 

reported  th at during the e a r ly  stages o f  in fe c t io n , the  

l i v e r  was p a le , 'with ir r e g u la r ly  d is t r ib u te d  p in -po in t
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haenormages and white spots* Lai*cr on# the l i v e r  became 

dark bronze o r  ox le  stained, without the p in -point hncmorr- 

hages, w ith  la rg e  and more d is t in c t  su rface  white spots.

She sp e c if ic  response to  D .P . v iru s  was found to  be 

dependent on the species a ffe c ted  (L e ibov itz , 1971a).

Le ibov itz  and Hwang (1968a? 1968b) have shown that the age, 

sex, and su sc e p t ib ility  o f  the host, stage o f  in fection , 

v iru len ce  and in ten sity  o f  exposure would a lso  afiCGu the  

le s ion s  produced. In  young ducklings, ind iv idu a l les ion s  

o f  the oesophagus were le s s  frequent, but the sloughing o f  

the en tire  mucosa, w ith  ye llow ish -w h ite  maribrano in to  the  

lumen, d id  occur. T issue haemorrhages were a lso  le s s .

However, the lymphoid les ion s were g re a te r  (L e ibov itz , 1971a). 

Cardiac and mesenteric haemorrhages, frequently  observed in  

mature brooder ducks, were a lso  uncommon in  young market 

ducklings ( Leibovitz , 197 2 ).

In  o ld e r  ducks, regression  o r  the lymp ,olC organa 

such as tho thymus and the bursa had a lready  occurred and 

hence les ion s  were absent in  these organs. In adult domestic 

ducks and m allards, t is su e  haemorrhages and cnangeo of repro­

ductive organs were more pronounced (L e ibov itz , 1971a).

Duck plague v iru s

The id en tity  o f  duck plague v iru s  as a ncroec v iru s  

was ne.de by Drecsc and Dare i n  (1963), from an e lection
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microscopic study on th in  sections o f  in fected c a l l  

cu ltu res. At present th is  Virus i s  c la s s if ie d  as one o£ 

the members o f  the genus herpes v irus a t the family 

Herpetoviridae (Western Hemisphere Committee on Animal 

v iru s  characterisation , 1975).

Herpes v iruses are  largo  (130-250 am in  diameter), 

xcosahedral, double stranded D. j.A. v iruses with an outer 

envelope. They are sen sit ive  to ether and chloroform and 

m ultiply in  the nuclei o f  in fected c o l ls .  The envelope 

i s  acquired when the v iru s p a rt ic le s  are released frem 

the nucleus (Hat3on, 1973).

Ska lin sk ii and Borisovich (1969) studied the morpho­

logy o f duck plague v iru s . They found that D.P, v iru s  was 

spherica l in  shape, and 80-220 nm in diameter. I t  contained 

an inner core o f co iled  filam ent o f about 17 nm in  diameter, 

a cen tra l hole o f  4-5 nm across, and rad ia l projections on 

the outer manbrana. Using f i lt r a t io n  technique, Hess and 

D ard iri (1963) demonstrated that the s iz e  o f B .P . v iru s lay  

between 220 nm and 100 nm.

B’rom it s  sen s it iv ity  to  deoxyribonuclease and 

in se n s it iv ity  to ribonuclease, Breese and D ard iri (3.963) 

considered the D.P. v i r a l  nucle ic acid  as D .i.A . type. 

A cnd ine  orange stain ing o f in fected c e l l  cultures also  

showed characteristic  nuclear fluorescence ind icative  o f

D.N.A. (Hess and D ard iri, 1968).



Physico-chemical C haracteristics

Kunsfc <1968) observed that D .p . v iru s  was inactivated  

a t  56°C . in  30 minutes, but in  30 minutes only 90 percent 

in activation  occurred when the temperature was brought down 

to  50°C. However, Hess and D a rd ir i (1963) reported complete 

in activation  o f  the v iru s  in  ten minutes a t 56°C . and in  

90-120 mrnutes a t S0 °c . At 22°C» the in fc c t iv ity  was lo s t  

only a f t e r  30 days. When stored  a t  -2 0 °c .  a l l  the a c t iv ity  

o f  the v iru s  was preserveo end the v iru lence  rcTiaincd un­

a lte red  fo r  many years, i^hen kept in  the fre eze -d r icd  form 

(Jensen, 1964b).

Duck plague v iru s  v?as s ta b le  between pH 7-9 , fo r  a 

period o f  s ix  hours, but got inactivated  a t  pH below 6 and 

above 10# At pH 3 and 11, the rate  o f  inactivation  was 

very  rap id  (Hess and D a rd ir i, 1963). A tonal inactivation  

o f  the v iru s  was observed by Kunst (1963), in  three hours, 

when exposed to  pH 3 and kept a t  4°C» He a lso  reported a 

90 percent inactivation  at pH 10, under the same circum­

stances. There was a marked d iffe ren ce  in  the s t a b i l i t y  

o f  D .P . v iru s  between pH 10 and 10.5 (Hess and D a rd ir i, 

1968).

Propagation

Duck plague v iru s  could best be cu ltiv a ted  on the 

ch o rio -a lian to rc  membrane (c.A .f-i.) o f  10-14 day-o ld  enbryo- 

nated duck eggs (Jansen, 1961; 1364b? Hukerjl eu a l . , 1963).
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Then death o f  the embryo occurred in  four days, due to  

extensive haemorrhage. Sk a lm sk ii and Borisovich (1969) 

observed that the v iru s  grew w e ll in  the a llan to ic  sat: 

o f  developing duct and chick embryos. The d istribu tion  

and concentration o f  atconuated D .P. v iru s inoculated  

through the ch o n o -a llan to ic  sac o f  embryonated chicken 

eggs have shewn that c.A . il. and a lla n to ic  f lu id  y ielded a 

bette r v iru s  harvest. With v iru len t v iru s , better y ie ld  

could be obtained i f  the inoculation was through the a lla n ­

to ic  o r  yolk sac (B u tterfie ld  et a l . «  1969). Although 

Skalin sk ii and Borisovich (1969) have shown that the v iru s  

grew read ily  in  the a llan to ic  sac o f duck and chick embryos, 

the la t t e r  was unsatisfactory fo r  primary iso la tion  (Jansen, 

19617 1964b). However, i t  could be adapted to chicken 

embryos (Hukerji et a l « ,  1965).

Various c e l l  cultures such as duck (Kunst, 1967; 

D ard iri and Hess, 1968; D ard iri, 1969), chick (D ard iri and 

Hess, 1963; D ard iri, 1969) and muscovy (Kocan, 1976) onoryo 

f ib ro b la sts  and duck embryo fib ro b la st  c e l l  l in e  cc .j-.141 

were suggested fo r  the primary iso la tion  and propagation 

o f  D.P. v iru s . However, Hanson and W il l is  (1976) reported  

that th e ir  attempts to  iso la te  the causative agent o f an 

outbreak o f  D .P, in  A lberta , in embryonated duck eggs and, 

in  primary duck and chicken kidney c e lis ,  were unsuccessful.
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Following 24-36 hours a fte r  infection o f CCIi-141 

ce lls  with D.P. virus, there was marked pyknotic rounding 

o f  affected ce lls , which la te r  on aggregated to form small, 

grape-like clusters. She foc i then enlarged, became 

necrotic, and sloughed o ff  from the glass surface, leaving 

small holes or plaques in the monolayer, (Wolf et a l . , 1374; 

1976). By 72 hours, most o f the ce lls  had fa llen  leaving 

c e llu la r  debris, (wolf et a l . ,  1976).

In stained preparations, there was an increased 

basophilia which started to appear as early  as six  hours 

and increased markedly during the following 36 hours 

(Wolf et a l . ,  1974). He also reported that uhs a b ility  

to induce marked basophilia in co ll cultures was a s t r i ­

king feature o f D.p. v irus. Hess and Dardiri (196D) and 

D ardiri (1969) demonstrated eosinophilic, granular, in tra ­

nuclear inclusion bodies which appeared as early as twelve 

hours following virus infection.

She plaque forming a b il ity  o f th is virus was employed 

fo r  it s  titra tion  by plaque assay and fo r n itrating arrci- 

sera by plaque reduction test (Dardiri and riess, 1968).

Kocan (1976) recommended muacovy c-mbryo fibrob lasts for 

diagnostic purposes due to the ir  better susceptibility  and 

plaque forming a b ility . Wolf et a l .  (1976) made a compa­

rative study on the su itab ility  o f primary ccll3  and a 

lin e  o f fib rob last—lik e  ce lls  from the Pekin duck



-  18 -

(CC£i-141) fo r  the propagation o f D.P. v iru s. They found 

that both the systans were equally good fo r  quantifying 

virus Upon iso lation . The time taken fo r the appearance 

o f progeny virions and attainment; o f peak n itres were 

also the same. However, the primary c e lls  yielded as 

much as fiv e  to s ix  times more virus as did the ce ll  

line, although the plaques were more easily  discernible  

in the la tte r .

electron microscopy o f thin sections o f infected 

c e ll cultures have shown that the developmental forms 

Which appeared in twelve hours time were seen only Jn the 

nucleus. By 24 hours time, in addition to v ira l farms 

seen in  the nucleus, larger particles with an envelope 

were also seen In the cytoplasm (Breose and Dardiri, 1963). 

On the otner hand, Leibovita (1972) observed new co ll 

associated virus, four hours following infection and 

extracellu lar forms, two to four hours la te r.

Haemagglutination

' Duck plague virus lacked haemagglutination pro­

perty and did not agglutinate fowl, duck, sheep, or horse 

erythrocytes (Mukerji ©t a l . »  1963; Jansen, 1961; 1964b). 

The virus also fa iled  to produce haernadsorption (Dardiri 

and Hess, 1968). However, Skalm skii and Borisovich (1969)
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reported that the vaccine stra in  o f D.P. v irus could 

adsorb onto and agglutinate fowl erythrocytes.

Antigenic character

Although d iffe ren t stra ins o f  D.P. v irus d iffered  

in  th e ir  viru lence, a l l  the strains so fa r  tested had 

the same antigenic structure and wore nununologically 

identical (Jansen, 1964b; D ard iri and Hess, 1968; Jansen 

and Kunst, 1967b). Jansen and Kunst (1964a) reported 

that complete cross immunity existed between Dutch and 

Indian stra ins o f D.P. v iru s . S im ilarly , birds recovered 

from Dutch stra in  o f D.P. v irus were completely immune to  

American stra in  and v ice  versa (Jansen and Kunst, 1967b).

Diagnosis

A tentative diagnosis o f  D.P* could be made by 

examination o f gross lesions at necropsy and histopatho- 

lo g ic a l examination. Virus iso lation  and identification  

coupled with neutralisation test, making use o f  a known 

D.P. v irus antiserum, would help to confirm the diagnosis 

(Leibovitz, 1971a). According to Dardiri and Hess (1967) 

a neutralisation  index o f 1.75 indicated infection with 

D.P. These authors also recommended the use o f  embryo 

adapted D.P. v irus stra in  fo r  neutralization test, because 

that vac more convenient and sa fe r  chan the newly isolated
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v iru len t stra in s* A successful diagnosis o f D .P. could 

al30 be made by fluorescent antibody sta in ing o f  in fected  

tissues (Deibovits, 1975).

Apart from D.P* v iru s , certain  bacteria  and fungi 

have also  been iso la ted  from cases o f  D.P* Snyder e t  a l . 

(1973) reported the iso la tio n  o f  Escherichia c o li and 

Proteus spp., from heart blood, E. c o li from liv e r , and

E. c o l i , Proteu3 spp., and Providence spp., from in te s t i­

nal u lcers . Montaii e t a l .  (1976) could iso la te  

Paracolobactrun coliform e and P. intermedium from the 

heart blood and l iv e r  and, A sperg illu s  firtiqatus £r.m a i r -  

3acc o f  ducks with ty p ica l lesions o f D.P.

immunity and vaccination

Ducks that survived natural o r experimental in fec ­

tion  wore described to have so lid  immunity (Ja»3en. 1964b,; 

D ard ir i, 1975). Maternal antibody could protect th e ir  

o ffsp rin g  only fo r  a short period o f  one to two weeks 

(Toth, 1970a).

A r t i f i c ia l  inn iunization against duck plague was 

practiced both fo r  prevention and contro l. Jansen (1964b) 

developed an attenuated D .P. vaccine by s e r ia l ly  passaging 

the v iru s  in  developing chick embryos, raikerji et a l .  

(1965) a lso  observed that a ft e r  the 25th s e r ia l  passage 

in  chicken embryos, the v iru s  could be sa fe ly  used fo r
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active immunisation o f  ducks. Rapid resistance conferred 

by these vaccines made Jansen (1964a) and i-?okerji et a l . 

(1965) to think that i t s  action was by interferon pheno­

menon « Toth (1968) reported that presence o f maternal 

antibody could in terfere  with the effectiveness o f liv e  

v iru s  vaccine, leading to incomplete protection and persis­

tent f ie ld  infection in  vaccinated flocks (Leibovits, 1971a). 

These liv e  vaccine stra in s were not excreted by tho vacc i-  

nees (Jansen and Kunst, 1964b) and could not be reacti­

vated by s e r ia l passage in dude embryos, (Jansen and Kunst, 

1967a). But Bhattacharya et a l . (1977) have shown that 

D.P. vaccine stra in  o f much deteriorated erabryolethal 

property could be exalted to a satisfactory  leve l by back 

passaging i t  in dude embryos. These workers also found 

that by th is  method the property o f  the seed v iru s could 

be improved to  confer good protcctivity  to  susceptible  

ducklings, as revealed by sorum neutralization and potency 

tes ts .

Studies on the effectiveness o f  inactivated vaccines 

have shown that they were not as e ffec tive  as modified, 

l iv e  v irus vaccines. Butterfie ld  and D ard iri (1959) tic.de 

a comparative study on the immunologic and sero logic  

response o f White Pekin ducks to tissue  culture modified 

liv e  attenuated and, inactivated v iru ses. They found that 

virus inactivated with 0.05 percent acety lazirid ine at
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37°C. fo r  s ix  hours, induced se ro log ica l response and 

protection as great as the l iv e , attenuated v iru s .

However, when the inactivation  waa done w ith 0.4 percent 

beta propiolactone, i t  fa i le d  to  bring about such e ffe c ts .  

In another study, Toth (1970a) observed that incomplete 

inactivation  by acety las ir id in e  gave only le ss  protection  

than the l iv e  v iru s  vaccines, and beta propiolactone- 

treated  v iru s  d id not protect the ducks at a l l .

Jansen and Wemnenhovo (I960) observed a lack o f 

p o s it iv e  corre lation  between the v iru s neutra lis ing  an ti­

body and the a b i l i t y  o f vaccinated b irds to  witnstand 

challenge* Although only a lew percentage o f  ducks had 

p o sit iv e  serum t it r e s  one year a fte r  vaccination with a 

l iv e  v iru s vaccine, a l l  the vaccinated b ird s withstood 

challenge with v iru len t v iru s . Wnen modified virus  

vaccines o f duck v iru s h epatitis  and D .P . wero given 33 

a combined inoculation, no apparent intorferenco was 

noticed between the two viruses (Toth, 1970b).
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mTSRX&tS AMS METHODS

Specimens tor virus isolation

Three d ifferent samples we re employed during the

present investigation.

a) Spleen and liv e r  or spleen alone, fr^ti two 

week-old ducklings experimentally infected witn 

spleen extracts of ducks that had died during the 

outbreak, and stored at -20°c. in the Department o f 

Microbiology. The v ia b ility  o f these was tested two 

weeks before the start o f the experiment (dfv- ij) .

b) Spleen extract; o f an a ilin g  duck brought from 

nilambur, from a flock affected with duck plague­

lik e  disease. Tne bird  on necropsy shewed les Lons 

suggestive o f duck plague (DPV-N).

c) Known duck plague virus infected spleon received 

from Veterinary B iological Institute, tsannuthy (DPV-K).

Hank’s Balanced s a lt  solution (B.B.S.S. Cunningham, 1966)

The required pH (7.2) was obtained by adding 7.5 

percent sodium bicarbonate.



-  24 -

3. Tissue culture growth medium (G.M.)

Hunk's balanced s a lt  so lution  was supplemented 

with 0.5 percent laetalbumin hydrolysate, 0.2 percent 

yeast extract, and 10-12 percent c a lr  serum. Anti­

b io tic s  a t the rate  o£ 200 I.U . o f  p e n ic ill in  and 200 

micrograms o f streptomycin per n l along with nycostacin  

50 units per ml were a lso  added.

4. Maintenance medium ( A.n. )

3ame as above except that the serum concentra­

tion  was brought down to 4-6 percent.

5. Calcium magnesium free  b u ffe r  (C .'l.E -P .B .S .) .

Propared as described by Cunningham (1966).

6. 7.5 percent sodium bicarbonate solution

Prepared as per the method given by Bishai et a l .

(1974).

7 . c i t r ic  acid-phosphate b u ffe r  (pH 4 .7 )

C it r ic  acid  (0.1 M. so lution ) 39.8 ml was 

mixed with 10.2 ml o f  0.2 i. solution  o f  d ibasic  

sodium phosphate and diluced to make 100 ml.

8 . Phosphate b u ffe r  (pH 7 .2 )

J-ionobasic sodium phosphate (0.2 M. so lution )
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28 ml was mixed w ith  72 ml o f  0 .2 H. d ib a s ic  sodium 

phosphate and d ilu ted  w ith  d i s t i l l e d  w ater to  make up 

the volume to 200 m l.

9. Phosphate b u ffe r  (pH 9 .1 )

Xo S .5 ral o f  phosphate bu ffe red  s a lin e , 1.5 ral 

o f  0 .1 K sodium hydroxide was added to  a tta in  a pa o f  

9 .1 .

10* Trypsin

A scodie so lu t io n  o f  f iv e  percent trypsin  

( I s 250 D ifc o ) was prepared in  C. i.S’- P .d .s .  s t e r i l i z e d  

by f i l t r a t i o n  tnrough c e lt s  f i l t e r  pads, d is t r ib u te d  

in  sm all q u an tit ie s , and stored  a t  —2 0 °c . IJhon needed, 

the working so lu tion  was prepared by d i lu t in g  the stock  

a o lit io n  w ith  C .M -S '-P .B .S. to  g iv e  a f in a l  concentration  

o f  0.25 percent.

11. A n t ib io t ic  so lu tion

A stock  so lu tion  o f  sodium p e n ic i l l in  and 

dihydroetreptomycin su lphate, was prepared m  s t e r i l e  

d i s t i l l e d  w ater and sto red  a t  —20°C. The concentra­

t io n s  o f  these  a n t ib io t ic s  were decided in  such a way 

th a t when one ml o f  t i l ls  m ixture was added to  100 ml, 

a f in a l  concentration o f  200 X.U. o f  p e n ic i l l in  and 200 

micrograms o f  streptomycin per ml was obtained.
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12. Mecostatin

Stock solution  to contain a ,000 units per ml 

was prepared m  s c e r i le  d is t i l le d  water and stored  

a t  -2Q°C.

13. C a lf  senwi

Blood collected  from cross-bred b u ll calves o f  

about one to one and a h a lf  years was allowed to c lo t  

in  a slan ting  position  and re fr ige ra ted  overnight, 

fo r  easy separation o f  serum. The serum thus sepa­

rated was transferred  to a s t e r i le  fla sk , inactivated  

a t 56°C. fo r  h a lf an hour, f i lte r e d  through se its  

f i l t e r  pads, and stored at -2 0 °c . u n t il used.

14. Duck eggs

These were obtained from a p rivate  dud; breeder 

in  Trichur.

15. Chicken eggs

Required White Leghorn eggs were obtained from 

the University Poultry farm, mnnuthy.

16. Chicken erythrocytes

Blood, co llected  xn A lscver 's  solution  and 

washed three times in  physio logical sa lin e , was used 

in  0.5 percent suspension.
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17. Serum samples

a ) Sera obtained from b ird s  vaccinated against

duck plague, w ith chicken egg adapted vaccine, 

and challenged w ith  DPV-K.

b ) Sera from b ird s  vaccinated w ith  the above

vaccine, and challenged w ith  spleen extracts from 

f i e ld  cases.

c ) Control sera obtained from uninoculated,

normal b ird s .

18. Experimental ducklings

Ducklings employed in  th is  experiment were 

obtained from two sources— University  Poultry Farm, 

Mannuthy, and a p r iv a te  duck breeder in  Tnchur.

Processing of Spccime'is

o?he carcase was opened e se o t ic a lly , end the spleen  

and l i v e r  o r  spleen alone, were co llected  in  P e tr i dishes 

containing H .B .S .S . w ith  two and a h a lf  times the concen­

tra t io n  o f  a n t ib io t ic s  used in  the Q.M. and i.'J. (500 I .U .  

o f  p e n ic i l l in  and 500 micrograms o f streptomycin per ml;

50 microgran per ml o f  mycostatin) was used (H .B .S .S -1 ). 

The t is su e s  were minced properly , tran sfe rred  to  a t issu e  

grinder, and homogenised w e l l .  She t is s u e  extract so 

obtained was fu rthor d ilu ted  w ith  f j .B .S .S - l ,  to  make a



10-15 percent suspension and was incubated at 37°C . fo r

30 minutes. I t  was then centrifuged at 500 x  g fo r  ten

minutes a t 4 °c. fne supernatant so obtained formed the
ostock inoculum and was stored a t -20 C» in  3mall aliquotes

Virus iso la t io n

V irus iso la t ion s  were attempted in  embryonated 

duck eggs, chicken eggs, and duck onbryo fib ro b la s ts  

(D .E .P .).

a ) Duck embryo inoculation

( i )  Cnorio -a llan to ic  membrane (c .A . n .) method (Betts, 
1957) •

Eleven to twelve day-old anbryonated duel eggs 

were candled, and the a i r  c e l l ,  the embryo, ard an 

area on the side , fre e  from largo  blood vesse ls , 

were located. The a i r  c e l l  region and the spot 

marked on the side, were s t e r i l is e d  w ith tincture  

o f iod ine. With the help o f  a dental d r i l l ,  a 

hole was nade a t  the spot on the side  o f the sh e ll, 

taking care not to  puncture the sh e ll membrane. 

Another hole was made at the centre o f the a i i  c e ll  

to  penetrate both the sh e ll and sh e ll membrane. A 

drop o f  s t e r i le  sa lin e  was placed on the hole on 

the side  o f  the egg and the fib re s  o f the sh e ]1 

membrane were gently separated apart. Just below
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th is  hole, an a r t i f i c i a l  a i r  c e l l  was created, 

oy applying negative pressure w ith  a rubber tea t , 

onto the ho le  made in  she a i r  c e l l .  A fte r  check­

ing the fa ls e  a i r  c e l l  by candling, 0.2 ml o f  the  

inoculum was dropped onto the C.A. 4* Both the  

openings were sealed  w ith  melted p a ra ff in . The 

eggs were gently  rotated  fo r  a couple o f  times, to  

spread the inoculum over the en tire  C.A.w. under 

■oho fa ls e  a i r  c e l l .  Control eggs were s im ila r ly  

treated  except that 0 ,2 n l o f  s t e r i le  sa lin e  was 

used in  p lace o f  the inoculum. A l l  the eggs were 

incubated a t  36-37°C. in  a horizontal position , 

w ith  the fa ls e  a i r  c e l l  upwards. The eggs weae 

candled every morning and evening. Embryos that  

d ied  before  24 hours were discarded. Tho ombryoo 

shat died a f t e r  24 hours, end those a liv e  a f t e r  

seven days, were kept a t  4 °c , be fo re  the c.A.M. was 

harvested.

( i i )  A llan to ic  cav ity  inocu lation  (B isha l et a l „  1974)

The position  o f  the a i r  c e l l  and the embryo, 

o f  11-12 day ombryonatcd eggs, was marked. A fte r  

d is in fe c t in g  the a i r  c e l l  region w ith  tin ctu re  o f  

iod ine, a hole was d r i l le d  a t th is  position , and 

0.2 ml o f  the inoculum was Introduced into  the 

a lla n to ic  cavity , w ith  the help o f  a tubercu lin
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syringe and a 22 gauge needle, The hole was ihen 

sea led  w ith  welted p a ra ffin , and the eggs were 

incuoaued at 36—37 °C . in  an upright position .

Control eggs were a lso  s im ila r ly  treated  w ith 0.2 

ml o f s t e r i le  normal s a lin e . A l l  the eggs were

examined d a i ly . The embryos that died a f t e r  24

hours, and those a liv e  a f t e r  seven day3, were 

tran sfe rred  to  the re fr ig e ra to r .

b ) Chick embryo inocu lation

Ten to  eleven day-o ld  chick embryos were ino ­

culated, both by C.A.M. and a llan to ic  cav ity  methods.

The procedures adopted fo r  inoculation  were the same 

as that described  fo r  duck embryos.

C o llection  o f  C.A.II. and a lla n to ic  f lu id

Eggs, p rech illcd  fo r  a minimum o f  fou r hours a t 4°C.

x/ere d is in fec ted  a t  tho a i r  c e l l  region . The sh e ll at th is

portion  was cut, flipiaad open, and the contents o f the eggs 

were poured out, taking care not to remove the C.A.U.

Using s t e r i le  forceps, the C.A.f-i. which was attached to 

the 3 he ll membrane, was separated out; tran sfe rred  to  a 

P e tr i d ish  containing sa lin e , and spread out fo r  examina­

t io n .

A ft e r  removing tho sh e ll over tho a i r  c e l l ,  the 

s h e ll  membrane and the C .A .h . were sheared o f f  w ith  a
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forceps, and the f lu id  was co llected using a Pasteur 

p ipette . Trie a llan to ic  f lu id  thus co llected  was stored  

in  sm all v ia ls ,  at -20 °c . fo r  further stud ies.

c ) Duck embryo fib ro b la s t  cultures

Twelve to  fourteen day-old erabryonated duck eggs, 

a it e r  d is in fection  o f  the a i r  c e l l  region, were cut 

open with care, to remove the embryo, leaving a l l  the 

contents back w ithin  the sh e ll. The embryos so removed 

wero transferred  to a P etri dish containing C.M.P-P.Q.S. 

with 200 l.U . o f  p e n ic ill in , 200 micrograms o f  strepto­

mycin and 50 units o f  mycostatin per ml. The head, limbs 

and interna l organs o f  the embryos were removed with  

utmost care. The rest was minced w e ll with sc isso rs , 

and washed twice w ith C .n .f -P .B .S ., followed by two 

changes o f  C .d .P -P .B .S . containing 0.25 percent 

trypsin . The minced tissues were then transferred  to 

a trypsin i2ation  fla sk . Prewaraed (37°c) 0.25 percent 

trypsin  so lution  was added a t the rate  o f  25 ml per 

embryo. A te flon  coated magnetic s t ir r in g  bar was 

added and s t ir re d  on a magnetic s t i r r e r  fo r  f iv e  minu­

te s . fo llow ing th is  period, the supernatant was 

poured o f f ,  and washed w ith  fresh , prewar®ed trypsin  

to  remove any cytotoxic factors i f  present, fresh  

trypsin  was again added and s t ir red  fo r  30-45 minutes.



This d ispersed c e l l  suspension was f i l t e r e d  uhrough 

a double layered s t e r i le  muslin c loth . The f i l t r a t e  

was centrifuged a t  100 x g fo r  ten minutes, d isca r­

ded the supernatant, and resuspended in  growth medium. 

The process o f  trashing was repeated tw ice. At the 

end, the pe llettod  co lls  were resusoended in growth 

medium, a t the rate o f  15 ml per embryo.

The above c o ll  suspension was soedeo into s t e i i le  

te s t  rubes a t  the rate  o f  one ml per tube end incu™ 

bated a t  37°C. A sa tis fac to ry  monolayer was usually  

obtained the next day and was used fo r  v iru s iso la ­

tion , t it ra t io n , o r  neutra lisation  te s t .

Inoculation

Tubes with sa tis fac to ry  monolayers were selected, 

poured o f f  the growth medium, and the c e ll  layor was 

washed with maintenance medium. To th is , the stock ino - 

culun o f  e ith er DPV-N o r  DPV-K was added at tho rato  o f  

0.2 ml per tube and incubated a t 37°C, fo r  one hour, to  

f a c i l i t a t e  adsorption. Following th is  adsorption period, 

the inoculum was poured o f f ,  washed again with mainte­

nance medium, replaced w ith one ml o f  fresh  'l.il. and 

incubated a t  3?°c. Control tubes wore s im ila rly  treated  

except that instead o f  the inoculum, 0.2 ml JI.M. was used. 

At 24 hour in te rva ls , the tubes were examined under the
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microscope fo r  rhe evidence o f  cytopathic changes 

( c .p .n . ) .

The C .P .B . was studied, both in  sta ined  and 

unstained preparations* C overslip  cu ltures inoculated  

w ith  the is o la te s  were sta ined  e ith e r  by Giemsa o r  

haernatoxyl in -eos in  sta in ing  technique*

Stain ing teenniquos

Coverslip  cu ltu re  tubes se lected  a t  various  

in te rv a ls  were washed th r ice  w ith  serura-free h .B .s .s .  

f ix e d  in  methanol fo r  about 24-43 hours, and stained w ith  

Giemsa sta in  fo r  30 minutes. A fte r  th is  period, the  

covers lip s  were washed fo r  a couple o f  time3 in  d i s t i ­

l l e d  w ater, d ried , mounted in  D .P.X . and examined under 

the microscope.

Anooher set o f  cove rs lip  cu ltures were fixed  Jn 

ten percent formol sa lin e  fo r  ten munutes, and stained  

in  Mayer’ s haeraatoxylln and 0.5 percent eosm .

T itra t io n  o f  in fe c t iv ity

S e r ia l ,  ten -fo ld  d ilu t io n s  o f  the is o la te  wore 

prepared in  the maintenance medium. To previously  washed 

monolayer cu ltu res, 0.2 ml o f  each d ilu t io n  wan added, 

using three tubes per d ilu t io n . A fte r  an adsorption  

period  o f  one hour a t  3? °c . 0*8 n l o r  II. H* was added to
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nek© up the volisne to one ml and again incubated. Tea 

tube3 were examined every 24 hours fo r  cytopathic 

changes. The tissue  culture in fective  dose 50 was 

ca lcu lated  a f t e r  96 hours, by the method o f  Reed and 

Huench (1933).

pH s t a b i l it y

The pH s t a b i l i t y  o f  dilambur iso la te  (DFV-u) and 

known duct plague v iru s  (DPV-K), tvas studied according 

to the method described by Rasmussen (1969),

Ten percent d ilu tion s o f  DFV-b and pf-V-x  were 

prepared in  c it r ic  acid-phosphate b u ffe r  (pH 4 .7 ), P .B.S. 

(pH 7 .2 ),  and p»B*s. (pH 9 *1 ). These mixtures were 3.ept 

a t room temperature fo r  four hours and th e ir  pll rechecked. 

The samples were then neutralized e ither with 1 N socium 

hydroxide o r  1 H hydrochloric ac id . Til a degree o f  inac­

t iv a t io n  was determined by inoculation o f  these samples 

onto D .E .P. c e ll  cultures, a t  the ra te  o f  0,2 ml per 

tube.

Thermostability

One in  ten d ilu tion s o f  the iso la te s  DFtf-SJ and 

DPV-K were heated a t 56°c* fo r  30 minutes, and rap id ly  

cooled to -20°C. Their in fe c t iv ity  was determined by



-  35  -

.inoculation  onto D .E .F . c e l l  cu ltu re s , a t  tho ra to  o £

0 .2  .al o c r  tube .

Chloroform  s e n s i t iv it y

The in ic c to d  t is s u e  c u ltu re  f lu id  was n ixed  v o l l  

w ith  chloroform  in  the r a t io  1»05 (5%) and was shalccn 

in te rm it te n t ly  fo r  ten  n in u tes . At the  end o f  chic scritd , 

the m ixture was cen trifu ged  a t  100 x  g f o r  ven n inutes  

to  sep a ra te  the  cn loroform . The c le a r  supernatant f lu id  

was collected and in o cu la ted  onto D .n.j?. c o l l  cu ltu res , 

to determ ine i t s  in fe c t iv r c y .

S e n s it iv ity  uo b -io d o -2  aooxyurid ine (TodR)

The method d esc ribed  by Hath ec a l .  (1971) uai 

fo llo w ed  in  t h is  case . Tn c  re g u la r  median u l  D . J . i .  

cu ltu re s  was poured o£r, the monolayer was veshea and 

rep laced  w ith  medium contain ing  100 ^icrograrns par m3 of 

XUdR. Control tubes were a ls o  boot w ith  Lhe sano nedium, 

but v/rthout the drug. A l l  the tubes "were incubated sit 

37°C . f o r  fo u r  hours, and then in ocu la ted  w ith  0 ,2  m3 o f  

c ith e r  DFV-w o r  DPV-K. A known R .-i.A . v iru s ,  Newcastle  

d ise a se  v iru s , was a ls o  in o cu la ted  m  one sane manner.

The tubes were examined d a i ly  f o r  cytopat i±c cnungca. 

Absence o f  C .P .C . in  the presence o f  the druy, can-ascd  

to  that o f  con tro l ru bes , was taken, as an in d ic a t io n  o f
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in h ib it io n  o f  v i r a l  m u lt ip lic a t io n -

Ha arnagglutm ation

IW c -fo Id  d i lu t io n s  o f  the -cast samples (t is s u e  

c u ltu re  passaged and o r ig in a l  samples o l  DPV~t and 

V:.V~".) L e re  nade in  p iy o io l> g ic a l s a lin e , in  Persoex  

hacnagylutina-cion e la te s -  To O.S n l  o£ theso  d i lu t io n s  

in  each v e i l ,  added 0 .5  ml each o f  0 .5  percent ch ic -on  

R .3 .C . f-jey  u are  mixed w e l l  and l e f t  a t  roe-1 tempore cure . 

Readings were node a f t e r  Uie con tro ls  had se c tied , u su a lly  

a le e r  45 to  60 m inutes.

3erun n e u t ra lis a t io n

Two aGparaue seat sore  along w ith  one con tro l serum, 

xjere te s te d  a g a in st  both bPV-iM and LtV»»< s t r a in s .

s e r i a l ,  tw o -fo ld  d i lu t io n s  o f  the ocra  m  r a in -  

tenance medium, were mixed w itn  equal q u a n t it ie s  o r  e ith e r  

UPV-N o r  DFV—K samples, each contain ing 100 t c id 50 net  

0.1  m l. Those serum -virus m ixtures x;ere m cuoecod e t  

37°c« to r  o re  hour, the re s id u a l in fe c t iv i t y  o_ these 

m ixtures was dctcctea  in  D .t .p .  c o l l  cu ltu re s , by inocu­

la t in g  th ree  tubes pe r  d i lu t io n .  The v iru s  co n tro l tubQ3 

rece ived  100 ICia^Q o f  the  re sp ec tiv e  sam ples. A l l  eta  

tubes wore incubated a t  3 7 °c . and examined d a i ly  ro r  1 he
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evidence o f  cytopathic changes. Readings were made 

when the v iru s  contro l had shown sp e c if ic , d is t in c t  

C.P.E .

Gel d if fu s io n  t e s t

Agar g e l was prepared in  double d i s t i l le d  water, 

w ith  one percent D ifco Noble agar end 3.S ijercent sodium 

ch lo rid e . The te s t  was ca rried  out on ord inary  micros­

cope s l id e s , which were cleaned w ith methanol and coated 

w ith  one percent Noble agar in  d i s t i l le d  w ater. The 

s lid e s  were placed on a p la in  su rface  and poured two and 

a  h a lf  ml o f  n e lted  agar, w ith  the help o f  a f iv e  ml 

p ip e tte . A fte r  about three to  f iv e  minutes, the s l id e s  

were gently  tran sfe rred  to 4°G. fo r  proper s e t t l in g  of 

agar. A fte r  about ten minutes time, w e lls  were cut on 

the agar, w ith  a diameter o f  three mrn and a d iffu s io n  

distance o f  f iv e  mm between the antigen and antiscnm « For 

each antigen, three w e lls  were cut, two surrounding a 

cen tra l one. The agar from the w e lls  was removed by 

vacuum sucking. The cen tra l w a ll  was f i l l e d  w ith  e ith er  

DPV-N o r  DPV-K (both c e l l  cu lture passaged and o r ig in a l  

samples were te s ted ), and the periphera l w e lls  w ith  the 

two d if fe re n t  se ra . While f i l l i n g  the w e ll, carc was taken 

not to trap  a i r  bubbles a t  i t s  bottom, so as not to  in h ib it  

d iffu s io n  o f  antigen and antisorum into the agar* Those
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s lid e s  were incubated in  a moist chamber at 37°C . and 

examined a t  intervals* u n t il 96 hours* fo r  the presence 

o f  any p rec ip it in  lines*

Pathogenicity studies

Buck p lagu e -lik e  v iru s s tra in  from kilerribur (BFV-n ) 

and known stra in  o f  duck plague v iru s (DPV-K) were esiarai- 

ned sor th e ir  pathogenicity to duckllnga aged one to six  

weeks* in  two separate t r i a l s  (Table V i la  and b ) .

Experunent-I

A to ta l o f  twenty ducklings were divided into  

three groups* groups A and, B containing eight eacn* and 

group c fou r. Group A was given stra in  BPV-m, both by 

irtram uscular and o ra l routes, 0.5 ml each, while group B 

received DPV-K a t  the same dose and through the sano 

routes. The control group C was inoculated with spleen  

extract from normal duck. The three d iffe ren t  groups 

were housed separate ly . S tr ic t  attention was given not 

to cross contaminate* w h ile  attending the b ird s.

Cxperim e n t - l I

Twentyfive ducklings that were employed in th is  

experiment* were divided into three groups-A* B and C. 

Groups A and B contained ten ducklings each, and group C
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contained f i v e .  Groups A and B rece ived  DPV-H and DPV-k  

re sp ective ly#  through the same routes as mentioned p r e ­

v iou sly#  but in  double dose.

In  both the t r ia ls #  the b ird s  w ere observed d a i ly  

f o r  development o f  ducn p la g u e - lik e  d is e a s e . A l l  dead 

and su rv ived  b ird s  w ere necropsred and examined.





RESULTS

Virus Iso la tion

a ) Duck embryo inoculation

Eleven to twelve day embryonatea duck eggs ino­

culated with extracts o f  spleen ana l iv e r  o r spleen 

alone, from two weak o ld  ducklings died o f  experi­

mental in fection  with duel; p lagu e -lik e  disease, did 

not show any sp ec ific  lesions e ither on the e .A . Cl. o r  

in  the embryo. Although some o f the embryos died within  

f iv e  days fo llow ing in fection , no sp ec ific  lesions could 

be detected. The a llan to ic  f lu id  and C.A.-M. extracts 

were a lso  haanag.jiutination negative, lo u r  b lind  

passages were done with the C.A.M. extracts into fresh , 

eleven day o ld  embryos, but no sp ec if ic  lesions could 

be detected.

riowever, when DPV-N spleen extract was inoculated, 

the embryos and the c .A .il. were high ly congested, f iv e  

days fo llow ing inoculation. When extracts o f  these 

membranes were inoculated onto duck embryo fib ro b la s t  

c e lls , characteristic  cytopathic changes were produced 

(Taole I ) .

A l l  the embryos inoculated by the a llan to ic  parity  

route, e ither with EPV-M o r  DPV-N, remained normal.
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b ) Chick embryo inoculation

Ten to eleven day o ld  chick embryos inoculated  

e ith er by C.A.H. o r  a llan to ic  route, w ith oho same 

inoculum as above (BPV-n and dpv - n ) ,  d id  not show any 

sp e c if ic  lesions o r  haemagglutination.

c) Use o f  c e l l  cultures

Primary duck onbryo fib rob las ts  grown in  Hank's 

medium containing 0.5 percent lactalbumin hycirolysatc,

0.2 percent yeast extract, and 12 percent c a lf  serum, 

had the morphological features o£ f ib ro b la s ts . The 

c e lls  were more o r  le ss  spindle-shaped, with acido­

p h i lic  cytoplasm that sometimes contained small vacuoles 

and few granules. The nuclei were cen tra lly  olacedj 

more o r  le ss  ova l in  shape, and stained lig h t  blue with  

haenataxylin. They had one o r  two, sometimes more, 

n u c leo li. A complete, usually  dense monolayer was 

formed w ithin 24 hours (F ig . 1 ).

In in fected c e l ls ,  the G.P.E. produced by HPV-'j 

and DPV-K, were more o r  le ss  the same.

In unstained preporahiois, there wa- rounding o f  

ind iv idual c e l ls ,  which were d istribu ted  at random As 

the neighbouring c e lls  were a lso  involved, there were 

aggregations o f  the rounded c e lls  (P ig . 2 ). These
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changes were v is ib le #  24-36 hours fo llo w in g  in fe c tio n  

and f i r s t  appeared along the periphery o f  the nono­

la y e r . By about 72 to  96 hours# these aggregated c o l ls  

had sloughed o f f  from the  g la s s  surface# leav in g  holes  

on one remaining monolayer.

Heematoxylin and eosin  sta in ed  preparations# o f  

both 1Fv-21 and DPV-K had marked b a so p h ilia  (F ig . 3 ) .  

Syncytium formation was le s s  frequent. There was 

n ecrosis  ox the a ffe c te d  rounded c e lls#  which on deta ­

chment# l e f t  on ly  c e l lu la r  d e b r is . Heavy cytoplasm ic  

g ran u la tion  was seen in  most cases (F ig . 4 ) .  Some o f  

•chose c e l ls  showed both eo s in o p h ilic  and b a so p h ilic  

stru c tu res , w ith  a halo around# in  t h e i r  nucleus and 

cytoplasm . In some cases# elongation  o f  the c e l ls  bo 

form b r id ge s  across the  holes# were a lso  seen (F ig . 5 ) .

T it ra t io n  o f  v iru s

The v iru s  samples DFV-N and DEV-K# ’./ere quanti­

tated  on duck embryo f ib r o b la s t s .  The t i t r e s  o f  both the  

samples were ca lcu la ted  according to  tne ra echo cl described  

by Reed and Muench (1933). Tne i n i t i a l  n it re s  o f  theses 

samples wore 10 and 10 * respective ly#  fo r  DFV-N and

DPV-K. On fu rth e r passages in  th is  same system# an increase
7 5 3 25in  t i t r o  was observed fo r  both# being 10 * and 10 * .
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Resistance to  physical and chemical agents

1. pH s t a b i l it y

The s t a b i l it y  o f  cr-V-Et and DPV-K stra in s V7as 

tested at three d iffe ren t  pH values, namely, pH 4.7,

7.2 and 9.1 (Tabic XX).

Tne resu lts  obtained showed that DPV-SJ was les3  

susceptib le  to pH 4.7 than DPV-K, whoro tho t i t r e  o f 

the former was 7 o r  more, w h ile  that o f  the la t te r  was 

reduced to  below 5. Complete inactivation  o f  both the 

samples was observed, when they were exposed to  pH 9,1 

fo r  a period o f  four nourB. However, both the stra in s  

were unaffected at pH 7.2 (Table I I  and P ig . 6 ) .  Tho 

pH sen s it iv ity  was evidenced from the fa ilu re  o f  these 

samples to produce sp ec ific  C .P.E. in  B .5 .F . cultures, 

compared to  untreated control samples.

2. Thermostability

Although a marked reduction in  t i t e r  was noticed, 

there was no complete Inactivation  when a I s 10 d ilu tion  

o f t issu e  culture passaged DFV-d was subjected to 56°C. 

fo r  30 minutes. Unaer tho sane circumstances, DPV-K 

was completely inactivated (Table I I I ) .
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3« Chloroform s e n s it iv it y

S e n s it iv ity  to  l i p id  so lvents and thereby the  

presence o f  an envelope# o f  these two stra in s#  was 

stud ied  by exposing than to  f iv e  percent ch lo ro fom  

f o r  a period  o f  ten minuses. The re s u lts  shown in  

t a b le  IV in d ica te  tha t there  was complete in ac tiva tion  

o f  both the s t ra in s . A l l  the D .E .F . c e l l  cu ltu res  

inocu lated  w ith  chloroform treated  samples# remained 

as normal monolayers# while# untreated v i r a l  samples 

produced C .P .E .

4 . N u c le ic  ac id  type

Pretreatm cnt o f  D .E .F . c e l l  cu ltu res w ith  100 

micrograms o f  5 -iodo~2-deoxyurid ine (xO'dE.) in h ib ited  

the  re p lic a t io n  o f  both DFV-N and D iV -x . Such an 

in h ib ito ry  e f fe c t  was not observed when -chey were  

grown in  untreated con tro l c e l l s .  A Known R. i.A . 

v iru s — New c a s t le  d isea se  v iru s — inocu lated  in to  lUdR 

tre a ted  c e lls #  m u lt ip lied  as i t  was in  untreated c e l ls ,  

in d ic a t in g  that the i s o la t e  DPV-N, l ik e  duck plague  

v iru s  DPV-K, a lso  contained D .N .A . as i t s  nuc le ic  ac jd  

(T ao le  XV).

H aanegylutination

There was no haemagglutxnation when DPV-u and

DPV-K, e ith e r  in  t is s u e  cu ltu re  passaged o r  o r ig in a l form.



were tested with 0.5 percent chicken erythrocytes in  

normal sa lin e  (Table V ) .

Serum neutra lization

Tho readings o f  the serum neutralization  tests  

were made when the v iru s control tubes had shown marked 

C . p . E, — usually  9S hours follow ing in fection , neutra­

lis a t io n  was indicated by the absence o f C .P .3 . in tubes 

inoculated w ith virus-sertm  mixtures.

Neutralization  tes t  with serum-a (co llected  from 

ducks vaccinated w ith chicken embryo adapted D.P. vaccine  

and then challenged with DPV-k), and DFV-N, had a serun 

t i t r e  o f  22. (The antiserum t ito ra  were expressed as the 

rec iproca ls o f  tho serum d ilu tion s, representing che 50 

percent end points against 100 TCIDgg o f v i r u s ) . On tlio 

other hand, when tho serum was tested against uFV-J., the 

t i t e r  was 4? (Table V I ) .

On treatment o f  DPV-N and DPV-K with serum-b 

(co llected  from ducklings vaccinated with D .P. liv e  v iru s  

vaccine, and challenged with spleen extract from f ie ld  

cases), the serum t ito r s  were 11 and 45, respectively  

(Table V I ) .

Gel d iffu s io n  tes t

Gel d iffu s ion  te s t  in  one percent Noble agar.



employing sera  obtained from vaccinated ducks that r e s is ­

ted challenge w ith  DFV-K, d id  not produce any p rec ip it in  

reaction  when tested  aga in st c ith e r DPV-n o r  DPV-K.

Experimental in fection  

Ssperim ent-I

This experiment was designed to  determine whether 

the m ateria ls  received m  the laboratory  did contain vJable  

agent that could produce d isease  w ith  symptoms and lesion s  

s im ila r  to  those produced In the f i e ld .  The symptoms and 

le s ion s  produced by the f i e ld  s t ra in  DfV-N, was compared 

w ith  those produced by a known duck plague v iru s  s tra in , 

DFV-K.

Group A guG^lings o f  th is  group 'were given

the o r ig in a l inoculum o f DPV-n, both by o ra l and in tra ­

muscular routes, a t  the race o f  0.5 ml per each route 

(Table  V i l a ) .  Unlike the contro ls (F ig . 7 ) a l l  the eight  

in o cu la te - b ird s  became s lugg ish  from 2d hours onwards..

They showed weakness o f  the limbs, drooping wings, and 

greenish diarrhoea, w ith  s o i lin g  o f  the c loaca l region .

The b ird s  p re ferred  to s i t  w ith  th e ir  b reast  touching uhe 

ground (F ig , 3 ) .  When forced to  Piove, they d id  so only 

with h es ita tion , w ithin 06 nours, a l l  except one duck­

lin g  had d ied . The duckling that survived day f iv e , was

s a c r if ic e d .
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On post-mortem examination, one o f  the ducklings 

had characteristic  in te st in a l petechiation. K eratin i- 

sation o f  g izzard  mucosa was seen in most cases. She 

l iv o r  had mottled appearance. Petechiation o f the l iv e r ,  

Sometimes w ith  white streaks o r  white apoos, wore a lso  

observed. In some b ird s , i t  was dark rod in colour, or 

had dark red patches. The spleen a lso  had dark-reddish  

patches *

V irus iso la t io n  t r ia ls ,  from spleen extracts o i  

some o f these birds* were successfu l.

Group B
The eight ducklings in th is  group had received the 

o rig in a l inoculum o f dfv- k, a t  tho same dose and by -che 

same routes, as in  group A. They showed more o r le ss  

sim ila r  symptoms and lesions as shown by b iros in  the 

above group. The symptoms were scon from 24 hours a fte r  

inoculation. Sluggishness, weakness o f  nhe limbs, droop­

ing wings and greenish diarrhoea, were characteristic  

(P ig . 9 ). In th is  case a lso  the b ird s preferred to s i t  

with th e ir  breast touching the ground. A l l  the b ird s died  

within 48 to 96 hours.

At necropsy, the lesions seen were s im ila r to 

those o f  b ird s an group A. Here a lso , kerauinlzation o f  

gizzard  mucosa was seen, along with mottling o f l iv e r  3nd
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dark red sp leen  (F ig . 10 ).

Group C
Birds in  th is  group were inoculated w ith normal 

cud', sp leen ex tract. One o f  them died by f i f t h  day.

Shis dead one and the remaining l iv e  b ird s on necropsy, 

d id  not show any sp e c if ic  le s ion s .

Experiment I I

The in fe c t iv iry  o f  the stra in s  a f t e r  passage in  

c o l l  cu ltu res , was investigated . Here again the birds  

were grouped into  three— A, B and C, where A and B 

received s tra in s  DEV—N and DFV-K respective ly . The 

th ird  group that received only uninfected t issu e  cu lture  

medium, formed the contro l. The dose and routes or inocu­

la t io n  were as given in  ta b le  V l lb .

Group A
Of th is  group or ten b ird s  that had received  

DEV-H, nine died w ith in  f iv e  days, w h ile  one survived day 

f iv e . Among those that died w ith in  f iv e  days, three d id  

not show any marked symptoms; the other s ix  showed symptoms 

such as greenish diarrnoea and weakness o f  the limbs, 

fo llow ed by death. The one duckling that had survived, 

remained symptomiess upto day 14th, when i t  developed 

greenish  diarrhoea and weakness o f  limbs, and died by 

day 17th.
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At necropsy, m ostly tho l l v o r  was dark rod In 

co lour, w ith  £aint grey patches. One 01 the b ird s  had 

u lce rs  i r  the g is s a ra  mucosa. Another bard  showed 

s l ig h t ly  ra ised , i r r e g u a lr  shaped w h ite  plaques on the  

a n te r io r  tw o -th irds o f  oesophageal mucosa. Snc d u e llin g  

than was s a c r i f ic e d  on day 1?th showed lo c t lm g  o f  the 

l i v e r  and w h it ish  fo c i on the g iazaro  musculature {F ig . 1v) .

Group D
B irds o£ th is  group sta rted  to show synotoms o f  

the d isease , two days fo llow in g  in fe c t io n . Tnay occcrpa 

in a c t iv e  and ocgan to  show green ish  d iarrhoea . By aay 

f iv e , a l l  o-cccpt two hau d ied . the two ducklings that  

nad su rv ived , c m unuoa to  bo no r i a l  unto day 13th, when 

symptoms such as green ish  diarrhoea and weakness o£ the  

limbs developed, fo llow ed  by death on day 15tn.

On post-morccm examination, tnerc, were u n ite  

streak s, end s l ig n t  petech iation  on the r iy n t  lobe o f  

the l i v e r ,  tn some b ird s , the i i v e r  was r a le  and i ic 

h eart showed p in -p o in t haemorrhages on the ryoeard ltn .

U lcers  were present on the <->ucosc o f  ^he gxznord. o  

othex- cx>ecific le s ion s  were observed m  res t  o f tne o r ja is .

Group C
Of the f iv e  con tro l o irdo , one died oy day f iv o , 

showing s l ig h t  petech iation  on l i v o r .  Wo s p e c i f ic  les ion s
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w e re  o b se rv e d  m  r e s t  o f  th e  o r g a n s » A l l  th e  o th e r  

c o n t r o ls  t h a t  s u rv iv e d  u n t i l  d ay  17t n ,  d id  n o t  show eny  

S jx - c i i l c  le s i o n s ,  when tney w e re  s a c r i f i c e d .



A



DISCUSSION

The high ly contagious d isease o f ducks that 

occurred in  Kerala, from A p r il 1376 to January 1977, was 

suspected to have some v i r a l  aotio logy, because vaccines 

against b ac te r ia l organisms such as Pasteurella  Spp,

Iso lated  from these cases d id  not protect the b irds from 

contracting the disease* Moreover, the a ffected  b irds  

had the symptoms and lesions suggestive o f duck plague 

and the b ird s  vaccinated w ith D.P. vaccine resisted  

challenge with spleen extract from f ie ld  cases, which 

k i l le d  unprotected ducklings. In addition, experimentally  

in fected chickens fa i le d  to produce any d isease, (Hair, 1976). 

A sp e c if ic  v i r a l  aetio logy fo r  d isease conditions in  

domestic ducks and other waterfowls with the symptoms and 

lesions s im ila r  to that observed during the 1976-*77 

outbreak was described by Baudet (1923)? DeZeeuw (1930) 

and Bos (1942). Bos (1942) described a d is t in c t v ir a l  

aetio logy  fo r  these conditions and named the disease  

*duck p lague’ and the agent, duck plague v iru s . He also  

demonstrated that th is agent was an tigen ica lly  d is tin c t  

from Newcastle d isease v iru s . Jansen (1961? 1964b) and 

Mukerji et a l . (1963) found that the agent responsible  

fo r  these conditions in  ducks could best be iso lated  fron
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tho spleen and l iv e r  extracts o f  affected birds, by 

inoculation onto the C.A.'I. o f 10-14 day o ld  embryonated 

duck eggs. They found that the infected embryos would die  

with characteristic  lesions such as extensive haemorrhage,

4-10 days following inoculation.

Duck or chick embryo inoculation

During the present investigation, v irus iso lation  

t r ia ls  were nade by inoculating spleen extracts from fie ld  

cases (DPV-K) onto the C.A. 12. and a llan to ic  cavity o f both 

duck and chicken embryos. Embryos which received BFV-N 

by the C.A.n. route died, showing severed congestion. 

Although sk a lin sk ii and Borisovich (1969) were successful 

in propagating D.p. v irus in  the a llan to ic  sac of both Guck 

and chick embryos, our attempts to propagate the virus by 

these procedures were unsuccessful. Jansen (1961) and 

rlukerji et a l»  (1963) a lso  found that chick embryo was 

unsuitable fo r  primary iso la tion . The rep lication  o f the 

virus on the C.A..:. o f duck embryos was confirmed by 

inoculation into the D .D .f. c e l l  cultures.

A reduction in v ia b i lit y , or in su ffic ien t concen­

tration  o f the agent, was suspected fo r  the fa ilu re  o f 

DPV-M to produce death with sp ec ific  lesions. DPV-M fo r

C .A .'3. inoculation was prepares from a dead duckling kept
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in  the frozen stere at -20°C- The frequent power fa ilures  

that occurred during this period might have affected the 

v ia b i lity  o f the agent. Although four blind passages 

were done, i t  could not either revive the agent or increase 

i t s  number to a level su ffic ien t enough to produce specific  

lesions and death o f the embryo. Dardiri and Breese (.1974) 

found that suspensions o f tissues from ducks suspected to 

have died o f D.P. did not produce any spec ific  lesions or 

mortality in inoculated duck embryos. These suspensions 

also fa iled  to produce any death in week old ducklings. 

However, birds developed antibodies to D.P.V. 21 days 

a fte r  inoculation. These reports by Dardiri and Breese 

(1974) indicate that specimens containing v iab le  D.F. virus  

need not always produce lesions or death either in embryos 

or in  the susceptible ducklings. Hanson and W ill l3 (1976) 

also reported that a l l  the ir attempts to iso la te  the 

causative agent during an outbreak o f D.P. in Alberta, in 

embryonated duck eggs and primary cultures o f duck and 

chicken kidney, were unsuccessful.

Cytopathic effects

Viruses o f the same group usually produce more or  

less sim ilar changes in the same kind o f c e lls  and some™ 

times even in different c e ll types (Hoskins. 1967). tfoIf 

et a l . (1976) described the cytopathic changes o f D.P.
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virus as pyknotic rounding o f -the affected c e lls  and its  

subsequent aggregation to form small# grape—lik e  clusters. 

The C.P.3. observed in duck embryo fibroblasts infected 

with either DPV-M or DFV—K were also sim ilar to those 

described by Wolf et a l .  (1976). The changes described 

by Wolf et a l . (1976) and those observed during the present 

investigation# were tho characteristic changes produced by 

herpes viruses in c e ll cultures (Jonnings, 1967; DarJmgton 

and Granoff, 1973) suggesting that# lik e  D.P. virus, the 

iso late  DPV-N could also be a herpes v irus.

Marked basophilia o f the cytoplasm was one o f the 

characteristics observed in haemataxylin-eosin stained 

preparations. Wolf et a l . (1974) a lso reported the 3ame 

observation and suggested that the a b ility  to induce marked 

basophilia in infected c e ll cultures was a strik ing feature 

o f D.P. v irus. There was also a marked difference in the 

granularity o f  the cytoplasm o f control uninfected cello  

and c e lls  infected with DPV-N or DFV-K* This extreme gra­

nularity due to the coagulation o f c e ll co llo ids (Jennings, 

1967) might have resulted from some toxic factors. The 

po ssib ility  o f serum factors acting as a toxic substance 

was ruled out by using various catches o f serum at various 

concentrations. Moreover, no such e ffect was noticed when 

the same sera wore used fo r  growing c e ll cultures such as 

foeta l bovine kidney, foetal ovine kidney or chicken embryo
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f ib ro b la s ts , which were in fected wich m arcrials suspected 

fo r  parainfluenza-3 anti Hew castle  disease v iru s (suloehana, 

1977). Hence th is  increased granu larity  is  thought to be 

due to  the a f t e r  e f fe c t  o f  an interaction  between D .u .r .  

c e l ls  and v iruses o f  DFV-IJ o r  DEV-K. Hess and D ard iri 

(1968) and D ard iri (1969) demonstrated eosinophilic  

granu lar inclusions in  P .P . v iru s infected chicken and duck 

embryo c e l l  cultures, as early  as 12 hours fo llow ing in fe ­

ction* These inclusion bodies described fo r  D.P. virui in 

chicken embryo and duck embryo c e ll cultures were not 

detected during the present study. This could probably  

be due to  the fa ilu re  to se lec t  in fected c e l l  cultures at  

shorter in te rva ls . However, inclusion body-like structures  

were seen m  the nucleus o f some o f the infected c e lls ,  

although, i t s  iden tity  was not connrmed. Ho mention cbout 

the inclusion  bodies was a lso  made by Wolf et a l , (1976), 

in  th e ir  comparative study on the s u it a b il it y  o f primary 

D.D.ff. c e lls  and a duck fib ro b la s t  c e l l  lin e  CC£i-141 in 

the propagation o f D .p. v iru s .

V irus t it ra t io n

During the course o f  th is  present investigation, 

the f ie ld  iso la te  DEV-N and the known duck plague v irus  

DFV-K were t it ra te d  at various in te rva ls . Early t it ra t io n s ,  

done fo llow ing two tissue  culture passages, showed tissue
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culture in fective  dose 50 as 105 and 106 ' ^  fo r  DPV-K 

and DPV-K respectively. On further passages, an increase 

in t i t e r  was observed with soth the stra in s. This 

increase in  t i t e r  could probably be due to the adaptation 

Of the new iso la te  to D.E.F. c e ll  cultures. She lev; t it e rs  

o f DFV-K could be attributed to i t s  long term preservation  

at -2Q°C.

pH s ta b il it y

Sensitiv ity  to  pH is  one o f  the c r ite r ia  that o u td  

be employed fo r  grouping a newly iso lated  virus into a 

particu lar group. Rapid inactivation o f D.P. v irus at 

pH 3 and 11 was reported by Hess and D ard iri (1950). I unst 

(1968) a lso  found a tonal inactivation o f th is virus when 

i t  was exposed to pH 3 fo r  a period o f 3 hours at 4°C.

Tne resu lts presented hero on the e ffe c t  o f pH 4.7,

7.2 and 9.1 on DPV-N and DPV-K have shewn that uhe former 

was unaffected at pH 4.7 and 7.2, but was completely 

inactivated a t  pH 9.1. Strain  DFV-K d iffered  from DFV-H 

in  that a marked reduction in i t s  t i t e r  by about 3 log 

was observed when i t  was exposed to pH 4*7 fo r  a period o f  

4 hours at roctn temperature. Hot/ever, pH 7.2 and 9,1 had 

the sane e ffe c t  on both the stra in s. Although the results  

showed that DPV-n behaved more or le ss  lik e  DPV-K and other
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stra in s  o f  duck plague v iru s  (Leibovitz# 1971a)# the 

former was more re s is tan t  to  pH 4*7# compared to  the 

la t te r *

Therm ostability

Complete inactivation  o f  D .p . V irus a t  56°C. was 

reported to  occur in  ten minutes. Shis observation o f  

Hess and D a rd ir i  (1968) d if fe re d  from that o f  Kunst (1963) 

in  that the la t t e r  found that i t  was necessary to  subject  

the v iru s  to  56°c» fo r  30 minutes# fo r  i t s  complete 

in ac tiva tion . When a IjIO d ilu t io n  o f  t issu e  cu lture  

passaged samples o f  DPV-i-5 and DEV—K were a>:pos«_d to S6<:iC. 

fo r  30 minutes# i t  was only the dpv-k that was completely 

inactivated# w h ile  there was only a marked reduction in  

t i t e r  o f  DPV-N.

The nature o f  the suspending medium was reported to  

have a considerable in fluence on the su sc e p t ib ility  o f  

v iru ses  to temperature. Presence o f  extraneous substances 

sucn as proteins could protect them from tne e f fe c t  o f  

temperature. Since the v iru s  suspension used in  th is  

study was in  the form o f t is su e  cu lture f lu id  containing  

6 percent c a l f  serum# i t  was d i f f i c u l t  to  compare the heat 

inactiva tion  stud ies reported oy other workers, because 

there was no descrip tion  on the nature o f  v iru s  suspension 

used in  th e ir  stud ies.
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Chloroform sen s it iv ity

Chloroform sen s it iv ity  o f an unknown v irus is  

usually  done to find out whether i t  i s  enveloped or not. 

Envelopes, being derived from the host c e l l  membrane, are  

lipoprotein  rn nature and are sensitive  to l ip id  solvents 

such as ether and chloroform, whore th e ir  in fe c t iv ity  is  

e ither completely lo s t  o r  greatly  reduced. Herpes v iruses, 

containing considerable amount o f l ip id s  in  th e ir  envelope, 

ere sonsitive  to chloroform (Roizman and Roane, 1963).

The chloroform sen s it iv ity  o f D.P. v irus had already  

been demonstrated by Kunst (1960) and Hess and D ard iri 

(1968). The complete inactivation o f  DPV-N and DPV-K 

when treated  with f iv e  percent chloroform indicate that 

l ik e  DPV-K, DFV-N is  a lso  an enveloped v iru s .

The chloroform was preferred to  ether because o ' 
i t s  p o la r ity  as a l ip id  solvent. In is  a lso  more hcevJor 

than ether and can be e a s ily  separated by centrifugation . 

Moreover, chloroform is  as e ffec tive  as ether (Feldman 

and Wang, 1961).

N ucleic acid type

Certain halogeneted deoxyuridines such as 3 iodo - 

2 dcoxyuridine, could in h ib it  the rep lication  o f D.n.ft. 

v iruses, due to th e ir  e ffe c t  on D.N.A. synthesis (Prusoff, 

1972). But they do not have any e ffe c t  on the
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m ultip lication  o f R.w«,». v iru ses. Kunst (1968) found thou 

the rep lication  o f D .P. v irus ana tho development o f C.P.E. 

could toe inh ib ited  by XUdH. Uuliko in  control untreated 

c e lls , DPV-K and DPV-K fa i le d  to  produce any C. P.2 . in 

c e l ls  treated  with iUcR a t  the rate  o f 100 micro3rams/ml. 

However, no e ffe c t  on tne m ultip lication  o f a known R. UP.. 
v iru s , lies'/castle disease v iru s , was observed when i t  was 

grown in  drug treated c e l ls .  Prom these observations, i t  

was concluded that lik e  D .P. v iru s, DPV-n i s  a lso  a herpes 

v iru s .

I-Iaemagglutination

s im ila r  to the observations made by nokerji et a l .  

(1963) and Jansen (1961? 1964b), the f ie ld  iso la te  DFV-H 

and the known D.P. v iru s  DPV-K, fa i le d  to produce any 

haemagglutination reaction, when tested  w ith 0.5 percent 

chicken R .B .c. a t room temperature.

Serum neutralisation

Leibovitz (1975) recommended serum neutralization  

te s t  fo r  tho se ro log ica l id en tifica tion  o f D .P. v iru s ,  

sera from b ird s that were vaccinated with D .P. vaccine 

and that had res isted  challenge wivh v iru len t D .P. v irus  

DPV-K, not only neutralized the homologous stra in , but 

a lso  the f ie ld  iso la te  DPV-N. However, the antibody t i t e r
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to  DPV-i'J was on ly  50/= o f  -chat to the homologous s t r a in ,  

se ra  from b ird s  vaccinated  w ith  the above vaccine  and 

r e s is t e d  ch a llen ge  w ith  the f i e l d  is o la t e *  a ls o  neutra ­

l i s e d  both DPV-K and DpV -n . But the antibody t i t e r  to 

DPV-N was on ly  25% o f  that to  nPV-K. Although the  

n e u t ra liz a t io n  t e s t  in d ic a te  an a n tig en ic  re la t io n sh ip  

between LPV-N and DPV-K, the c ir fe re n c e  m  serum t ite j-s  

su ggest an an tiy en ic  d if fe r e n c e  between these  two s t rc in s .  

I f  t h is  i s  so , the reports  o f  Jansen and Kunst (1064a; 

1967b) th a t  the s t ra in s  o f  D .p . v iru s  is o la te d  from 

v a r io u s  p a rts  o f  the w orld  a re  lm m unologically id e n t ic a l ,  

have to  oe reeva lu ated .

She te n ta t iv e  d iagn o s is  made p r io r  to  the s ta rt  

o f  t h is  experiment and r e s u lt s  presented m  t h is  th e s is  

suggest th a t  DPV-N i s  in d is t in g u ish a b le  from duck p lague  

v i r u s .  However, th ere  a re  o ften  com plaints from the duck 

breeders  th a t the aucK p lague  vacc in e  now used in  the  

f i e l d  coes not g iv e  an expected p ro tection  a g a in s t  the  

so c a lle d  duck p la g u e -l ik e  d ise a se  and tha t they do get  

the d ise a se  m  t h e i r  vaccinated  f lo c x , but to  a reduced 

ra te . This in d ic a te  tha t che D .p . vaccine  i s  not g iv in g  

complete p ro te c t io n . This could probab ly  be due to  une 

p o s s ib le  a n t ig en ic  v a r ia t io n s  as suggested  from the se/t^n
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n e u tra liz a t io n  s tu d ie s . I f  i t  i s  so# i t  i s  a contra­

d ic t io n  to  the observations inaoe oy Jansen (1958) and 

D a r a ir i  and Hess (196o ).

Although the re su lt s  presented hero were re p ro ­

d u c ib le , d e ra ile d  c ro s s -n e u tra liz a t io n  and cross 

p ro tec tion  te s t s  have to  be made berore  any d o rm ice  

conclusions a re  made.

Ihe  beta procedure, employing consuenu v iru s  

vary ing  serum concentration , was p re fe rre d  because t in s  

procedure requ ires  on ly  sm all amounts o i scrum and can 

be  te sted  w ith  low t i t e r e d  v ir u s .  lorcover, i t  i s  a l ,o  

e a s ie r  to  corneare sere, u itn  low t ic e r s  (H icchner, et i l . ,  

1975).

Gel d if fu s io n

Aithougn c e l l  cu ltu re  ex trac ts  o f  avian  h e r -e s  

v iru s e s  such as M arek 's d isea se  v ir u s  and turkey herpas 

v iru s  w ere reported  to produce p re c ip it in  l in e s  in  g e l  

p re c ip ita t io n  te s t s ,  no sucn observations could be made 

when duck p lague antiserum  was te sted  a g a in s t  DPV-K or  

LFV-N. She d i f fe r e n t  antigens o f  M erck 's d isea se  v iru s  

th a t b rin g  aoout suco a reaction  a re , the s o lu b le  

supem atent an tigen ; c e l lu la r  antigen  and sk in  an tigen . 

(Bulow and B iggs, 1975). Daring th is  p resen t study i t
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t r a t io n  th a t  was used  as th e  a n t ig e n . The absence o f  any 

p r e c ip i t in  l i n o s  e i t h e r  w ith  DPV-K o r  LPV-h cou ld  p ro b a b ly  

b e  oue to  th e  absence  o t  any s o lu b le  a n t ig en s  o r  i t s  lack  

o r  s u t n c i e n t  c o n c en tra t io n , so  l a r  tn e re  i s  no r e p o r t  

on th e  use 01 a g a r  y e l  p r e c ip i t a t io n  t e s t  w ith  D .P .  

v i r u s .

exp erim en ta l in fe c t io n

D u ck lin gs  abou t th e  ago  o f  1 -6  weeks In re c teu  i ; i t h  

sp le en  e x t ia c t s  o f  e i t h e r  DPV-N o r  DPV-K, showed some o f  

the  t y p i c a l  symptoms o r  D .p . a l t e r  an in c u b a t io n  _ e r io d  

o f  24-48 h ou rs , fo llo w e d  by death  in  48-72 h o u rs . In 

dom estic  ducks, Jansen  (1964b) rep o rted  an in cu bation  

p e r io d  o f  3-7 aays ana d eath  in  1 -5  aay s , fo l lo w in g  the  

o n se t  o r  symotoms. fn e  symptoms o e sc r ib e d  by im ikerji 

a t  a l . (1 9 6 3 ), Jansen  (1 9 o l; 1964b), H a l l  and Simmons 

(1 9 7 2 ), n e ib o v it z  (1971a) and P ro c to r  e t  a l .  (1 97 5 ), such  

a s  p ro fu s e  g re e n is h  o ia r rn o e a , w ith  marked s o i l i n g  d th e  

c lo a c a  and th e  su rrou n d in g  re g io n  and nervous symptoms 

c h a ra c te r iz e d  by weakness o r  th e  le g s  and oroopxng w ings  

w ith  t y p i c a l  p o s tu re  o f  th e  b r e a s t  touch ing  the  yrouriG, 

w ere  o b se rved  c u r in g  th e  p re se n t  experim en ta l in fe c t io n  

s t u d ie s .  Ih e  cucks th a t  d ie d  d u r in g  th e  ou tb reak  m  

K e ra la  ; e re  a ls o  d e sc r ib e d  to  nave the  some symptoms
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(Karr, 1976).

Ine su rv iv a l o f  e tew b ird s  in  yroup A and 3 

beyond aay f iv e , might be cue to tho presence o f  

m aternal an tibod ies , as reported by Toth (1963), whore 

he found that ducks w ith  high t i t e r s  o f  n eu tra lis in g  

antibody coula provide pass ive  protection  to  th e ir  o f f ­

sp rin g , rrorn in fe c tio n  w ith  v iru le n t  v iru s  fo r  a period  

o f two weeks.

The le s ion s  o f  D .p . described  by variou s workers 

such as petech iation  throughout the body (Baudet, 1923; 

Bos, 1942; Jansen, 1961; 1964b; rfukerji et al. , 1963; 

Jansen and Wanraenhove, 1965; Ic ib o v it s , 1971a; H a ll and 

Simmons, 1972), were a lso  reported among b irc s  that c iad  

during the 1976-'77 outbreak in  Kerala (h a ir , 1976). 

Although experimental in fe c tio n  o f  ducklings a id  not show 

a l l  the symptoms m  a l l  the b ird s , some o f the b ird s  did 

show petech iae in  the l i v e r  and heart m usculature. Except 

in  one case, there was no oeteeh ia l haemorrhage and u lcers  

in  the in te s t in e . The d ip h th e r it ic  changes on the oeso­

phageal mucosa, described ay Jansen (1961; 1964b) and 

n e ibov ltz  (1971a), were present only in  b ird s  inrecteci 

w ith  EtV-N. Moreover, le s ion s  which s p e c i f ic a l ly  appeared 

curing the 1976-'77 outbreak m  K erala, sucn as thickening  

o f  the g iz za rd  mucosa, sometimes w ith  necrosis o f  the



-  64 -

g izzard  musculature* were a lso  a featu re  in  some o f  the 

oucklings in fected  w ith  BPV-M.

Leibov itz  (1971a) and Le ibov itz  and Hwang (1968a; 

1963b) reported the in fluence o f species* age* sex* 

su sc e p t ib ility  and stage o f  in fec tion  on the lesion s  

produced by D .p . v iru s . Leibovitz  (1971a) found that 

although in  young ducklings ind iv idu a l les ion s o f  the 

oesophagus were le s s  frequent* sloughing o f  the en tire  

mucosa was not uncommon. I t  was a lso  reported by him that 

t is su e  haemorrhages were le ss  in  young b ird s  and in  those 

below f iv e  weeks o f aye, card iac and m esentric haemorr­

hages were uncommon. This would probably explain  why 

such symptoms were ra re  in  the experimental b irds* which 

were on ly 1-6 weeks o f  age.

Tne propagation o f  DPV-N and DPV-K in  D .E .F . c e l l  

cultures was confirmed by in fec tin g  oucklings, w ith the 

in fected  t is su e  cu ltu re  f lu id  a f t e r  freezing  end thav,ing 

i t  fo r  three times. A l l  the b ird s  that received e ither  

DPV-N o r  DPV-K, d ied  w ith ty p ic a l symptoms o f  D .P . except 

three from group B. Although these three b ird s died  

without showing symptoms o f D .P . they had the les ion s  

suggesting the acute nature o f  the d isease . Moreover, i t  

i s  not necessary that in  a l l  cases o f  D .P . a l l  the s/mptoms 

need be present (i>nyaer et a l . ,  1973; Mont a l l  et a l . *  1976).
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DPV-N and DPV-K

Prom the observations made curing the present 

in v e st ig a t io n , DPV-N i s  found to  be in d is tin gu ish ab le  

from the known duck plague v iru s  DPV-K in  va riou s  chara­

c t e r is t ic s  (T ab le  V ) .  Both produced s im ila r  C .P .D . rn

D .E .F . c e l l  cu ltu res , were inactivated  w ith  chloroform, 

m u lt ip lic a t io n  was in h ib ite d  by lUbR and produced 

s im ila r  symptoms and le s io n s  in  experim entally in fec ted  

duck lin gs. In  add ition , DPV-N was n eu tra lized  w ith  

antiserum to  DPV-K.

L e ibov itz  (1971a) reported that an i s o la t e  which 

f a i le d  to  m u ltip ly  in  chick embryos, but d id  so on the

C.A.M. o f  10-14 day o ld  duck embryos; produced characte­

r i s t i c  C .F .E . in  L .E .F . c e l l  cu ltu res ; got in ac tiva ted  

w ith  cnioreform/ the m u lt ip lic a t io n  o f  which was in h ib ited  

w ith  IUdR; and proaucea c h a ra c te r is t ic  symptoms and le s ion s  

o f  duck p lague in  experim ental ducklings, could be iden­

t i f i e d  as duck plague v iru s .  S ince DpV-ii f u l l f i l s  these  

requirements, i t  s tro n g ly  suggests that DPV-N i s  duck 

plague v iru s .

The d iffe ren ce s  observed w ith  pH and thermosta­

b i l i t y  in  comparison w ith  d pv - k and the low serum t i t e r s  

o f  DPV-N, might be due to some s t ra in  v a r ia t io n . I f  th is  

i s  so , i t  w i l l  exp lain  the incomplete p rotection  a flo rded
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by the D .P . vaccine now used in  the i i e ld .  This coulo 

be overcome i f  vaccines are  prepared from the f ie ld  

is o la te *

Besides vaccination , other measures sucn as 

re s tr ic t io n  o f the movement o f in fected  b ird s  and keep­

ing the unaffected su scep tib le  population away from the 

contaminated environment, w i l l  help to a tta in  complete 

protection .
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Xn Kerala, during the period from A p r i l 1976 to 

January 1977, there occurred heavy m orta lity  in  ducks 

due to  a d isease  w ith  ch arac te r is t ic  symptoms and 

les ion s o f  duck plague (D .P . ) .  The fo llow ing i s  a 

summary o f  the re su lts  o f  an investiga tion  carried  out 

on the iso la t io n  and characterisation  o f the a e t io lo g ic a l  

agent.

Three d if fe re n t  samples— from a duckling a ied  o f  

experimental in fection  and kept frozen a t  - 20°C . (:opv ~M) ; 

from an a i l in g  adu lt duck brought from an affectto . flock  

m  Nilennour (d fv -N ) and a known v iru len t  duck plague v iru s  

s tra in  (DPV-K) received from the Veterinary B io lo g ica l 

In s t itu te , iMannuthy, were included in  the present study.

Attempts fo r  v iru s  iso la t io n  were made in  10-14 

day -o ld  ouck em bryos-either by the ch o rio -a llan to ic  

msnbrane (c .A .M .) o r  a lla n to ic  route o f  inoculation-and  

in  10-11  day -o ld  chicken embryos, employing the same 

routes o f  inocu lation . Only duck embryos inoculated by 

the C .A .n . route showed signs o f  v iru s  m u ltip licetion j 

as evidenced by the death o f the embryo w ith  ty p ica l 

haemorrhagic le s io n s .
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In duck embryo fib ro b la s t  (D.E.F.) c e l l  cultures* 

DPV-N and DPV-K produced s im ila r  changes* characteristic  

o f  those described fo r  duck plague v irus* The .important 

changes observed in  the infected monolayers were the 

rounding and clumping o f c e lls , marked basoph ilia , cyto­

plasmic granulations and la t e r  on, destruction and slough­

ing o f  the monolayer* On t it ra t io n  in th is system, 

although the in i t ia l  t it e r s  o f both DPV-N and DPV-K were 

only 10^ and 10®*^* respectively, on la t e r  passages i t  was 

found to increase and reached upto 10^*^ and 10^*

stud ies on the physico-chemical characteristics  

also  suggested the c lose resemblance o f DPV-N to  the duck 

plague v iru s  DPV-K* Observations were made with chloro­

form sen s itiv ity , inh ib ition  with 5-iodo-2 deoxyuridino 

and haemagglutination. Tney were completely inactivated  

with 5% chloroform: m ultip lication  was inh ibited with S00 

micrograms o f  lUaR and they did not show any haemaggluti­

nation reaction with 0.554 chicken R.B.c.

However, aifferenc.es were observed between the 

f ie ld  isolate,DPV-N and known duck plague v iru s  DPV-K.

On exposure to 56°C. fo r  30 minutes, a marked reduction 

in  n ite r  was only seen w ith DPV-N, w hile DFV-K was comple­

te ly  inactivated . S im ilarly , although the e ffe c t  o f  pH

7.2 and 9.1 on both the stra in s was the same, DPV-N was
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more r e s is t a n t  to pH 4.7 than DPV-K.

N e u tra liz a t io n  t e s t s  anpioyiny sera* from u iro s  

vacc in ated  w ith  D .P . vaccine* and re s is t e d  ch allen ge  w ith  

e ith e r  DPV-K (a ) o r  sp leen  e x tra c t  from f i e l d  cases (hi 

have shown th a t  a lthough both the s t ra in s  DFV-N and 

DPV-K were n eu tra liz ed , the  serum t i t e r s  obta ined  w ith  

DPV-1 was about 50% to  25% o f  th a t shown by DPV-K.

Attempts to  o e tec t  any so lu b le  an tigen s by g e l  

p re c ip ita t io n  t e s t  were not su cce ss fu l.

Experim ental in fe c t io n  o f  1-5 w eek -o ld  duck lin gs, 

eitht-r w ith  the sp leen  e x tra c t  o r  t is s u e  c u ltu re  passaged  

m ate r ia ls  o f  DPV-N and DPV-K, practiced s im ila r  symptoms 

ana lesions#  that were c h a ra c te r is t ic  o f  duck p lague and 

those de sc r ib ed  fo r  tne duck p la g u e -l ik e  d isea se  outbreak  

m  K e ra la . Prom tnese  observations* i t  i s  s tro n g ly  

suggested  th a t  the  outbreak  o f  a duck p la g u e -l ik e  d isea se  

wnich occurred in  K era la  during A p r i l  1976 to  January ly77 , 

was due to  a v iru s  m o is t in g u isn a b le  from th a t  o i  due];, 

p lagu e .
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Table I .  Irj v itro  propagation o f f ie ld  iso lates DI-V-M; DPV-N and known
duck plague virus tPV—K.

Systems used DPV-M DPV-h DPV-K

1 D—CAIS 

2i x - i r

CE-CAM3

CD—A

L E i5

NT

NT

NT

NT

+

1. Duck anbryo -  c h o r io a lla n to ic  membrane; 2. Luck embryo -  a l la n t o ic  

cav ity ; 3. Chick embryo -  c h o r io a lla n to ic  membrane; 4 . Chick embryo — 

a l la n t o ic  c a v ity ; b . tuck embryo f ib r o b la s t s .

+ = P o s it iv e ; = N e g a t iv e ; NT = Not te s ted .

•f

+



Table I I .  E rfact ox pH on the v ia b i l i t y  o f f ie ld  iso la te  LPV-N and known
duck plague v iru s  DPV-K.

pH LPV-N DPV-K

4 .7  7 .2 5 *  < 5

7 .2  7 .5 0  3

9 .1  —  —

C o n tro l 7 .5  3 .25

lo g  TCILgg/G .2 m l. —  = Com plete in a c t iv a t io n



Table I I I .  L f ie c t  o f  temperature on the v i a b i l i t y  o f f i e ld  is o la te
bPV-h ana Known duck playue v iru s  3tJ8in DPV-K.

rj
56 C f o r  30 m in u tes  5 -

U n t re a te d  5 .5  6 .2 5

*  noy TCXDsu/ 0 . 2  ml 

-  =  Com plete in a c t iv a t io n .



Table XV. Chloroform ana XUdR sensitiv ity  o f fie ld  Iso la te  Ll-V-N
and known duck plague virus LPV-K.

Treatment BPV-h DPV-K

5% Chloroform

100 m icrogrems o f
lUdR “

Untreated c o n tro l 7 .25 3

*  Log TCID5C/ 0 .2  ml 

-  =3 Complete in a c t iv a t io n .



Table V . Xn v itro  characteristics o f f ie ld  iso late DPV-N and known
duck plague virus DPV-K.

Characteristics DPV-N DPV-K

Ihennostabllity
(56 C. fo r  30 minutes)

No complete 
inactivation

Complete
inactivation

Sen sitiv ity  to  pH 

pH 4.7

pH 7.2

pH 9.1

So reduction in t i t e r

Unaffected

Complete
inactivation

A reduction in  t i t e r  
by 3 log .

Unaffected

Complete
inactivation

Chloroform se n s it iv ity  

Ha emagglutination

Sensitive

Negative

Sensitive

Negative

Type o f  nucle ic acid  (Based on the 
e ife c t  o f  ZUdR on m ultip lication ) DNA DNA



Tab le  V i. s e r o lo g ic  comparison o f  f i e ld  i s o la t e  DPV-b and
known duck p lague v iru s  DPV-K.

3era from birds vaccinated and
Virus (lOu TcIl 50) _________________________    Control

DDV-M DPV-K Lcrum

DPV-M 2 2 * 11

DPV -K  45 45

* Antiserum t ite rs  were expressed as the reciprocals ox the 
scrum dilutions, representing the 50/s end points against 
100  c c x d 50 .

— =x L e g s  G iv e .



Table V ila . Pathogenicity o f spleen extracts of DPV-N and DPV-K.

V iru s
No. o f  Route and 
bxras cose o f  
inocu— inocu­
la ted  la t io n

Incufoa- No. o f  No. w ith  No. w ith  
tion  b ird s  c l in ic a l  D .P . 

period  d ied  d isea se  le s io n s
Symotoms & le s io n s

Group-A
(DPV-N)

Group—B 
(DPV-K)

I/M and 
o r a l  0 .5  
ml each

24-48
hours

S luggishness, weakness o f  
lim bs, green ish  d iarrhoea, 
petech iation  and white  
spots on l i v e r

Weakness o f  lim bs, g ree ­
n ish  d iarrhoea , m ottled  
l i v e r  and dark  red spleen

Group-C
(C on tro l)

3/M and 
o r a l  0 .5  
ml each 
(normal 
sp leen  
ex trac t)

*  Intram uscular.



Table V llb . Pathogenicity of duck embryo fibroblast passaged DPV-N
and DPV-K.

Virus

Group-A
(DP7-N)

no. o f  
b iro s  
inocu­
lated

10

Grouu-B
(DPV-K)

Group-C
(Control)

10

Route and 
dose o f  
inocu­
la t io n

I/M and 
orc.1 ,
1 ml each

Incuba­
tion

period

24-48
hours

NO. Of
b ird s  d ied

No. wild: No. With
c l in ic a l  d . p . 
d isease  lesion s

Symptoms
Sc

le s ion s

1/M and 
o ra l,
1 ml each

1/li and 
o ra l, 1
ml each 

(uninfected  
t is su e  cu l­
tu re  f lu id )

24-48
hours

10
(n ine b ird s  
d ied  by day 
f iv e  and 
the remai­
ning one by  
day 17 ).

10
(e igh t b iro s  
died by day 
f iv e  and the  
other two by 
day 15).

10

10 10

Weekness o f  limbs, 
greenish diarrhoea, 
dark red l i v e r  w ith  
fa in t  grey patches, 
plagues in  an te r io r  
2/3 o f oesophageal 
mucosa, w h itish  
patch on g izzard  
musculature.

Weakness o f  limbs, 
greenish diarrhoea, 
petechiation  on 
l i v e r  and, pin­
point haemorrhages 
on myocardium

* Intram uscular.
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ABSTRACT

An u.nvestigatxon %as c a r r ie d  out to  iso la te /  

c h a ra c te r is e  and id e n t ity  the  agent re sp o n s ib le  fo r  th 3 

outbreak  o f  duck p la g u e -l ik e  d ise a se  in  audits in  K era la .

Specimens ( l i v e r  and sp leen ) from f i e l d  cases, 

w ere processed  f o r  v iru s  is o la t io n  and were inocu la ted  

in to  e ith e r  developing duck o r  chick embryos, by chorio ­

a l la n t o ic  (C .A .M .) o r  a l la n t o ic  c av ity  method. V iru s  

is o la t io n  was p o s s ib le  on ly  by e .A .rf. in o cu la tio n  o f  

auck embryos and was confirmed by in o cu la tio n  o f  the

C .A .ii. e x tra c ts  in to  auck enbryo f ib r o b la s t  (D .E .F .) c e l l  

c u ltu re s .

The cytopatn ic  changes produced by the f i e l d  i s o ­

la t e  DPV-JS; i t s  physico-chem ical c h a ra c te r is t ic s  such 

as s e n s i t iv it y  to  chloroform  and 5 -io d o -2  deoxyund iner  

and the  e f fe c t  o f  exposure to  v a rio u s  pH va lu e s  such as 

4 .7 . 7 .2  and 9 .1 . were compared w ith  th a t  o f  a known 

auck p lague  v iru s  CPV-K. rece ived  from the V e te r in a ry  

B io lo g ic a l  in s t i tu t e . Kannuthy.

In  D .E .F . c e l l  cu ltu res#  the cytopath ic  changes 

produced by 30PV-J and DPV-K were rounding and clumping 

o f  c e lis #  w ith  c h a ra c te r is t ic  o a so p h ilia  and g ran u la tion



of the cytoplasm. Although the in it ia l t ite rs  o f both

BPV-N and DPV-K were only 10^ and 1 0 ^ *^ , they increased
7 5 3 25to 10 * and 10 ’ respectively, on fu rther passages.

The f ie ld  iso la te  DPV-N and the known duck plague 

v iru s  DPV-K were sen sitive  to 5% chloroform, with com­

p le te  inactivation  in  ten minutes. S im ilarly , both the 

stra in s fa ile d  to m ultiply and produce cytopathic changes 

in  c e lls  treated  w ith XUdR, at the rate  o f  100 micrograms 

per ml. However, d ifferences were observed in  th e ir  

therm ostability and pH se n s it iv ity . Although DPV-K was 

inactivated completely a t  56°C. in  30 minutes, BPV-N was 

only p a r t ia lly  reduced in  t i t e r .  BPV-N was a lso  found 

to be res istan t, when both the stra in s were exposed to 

pH 4.7, fo r  a period o f  four hours a t room temperature. 

But both were unaffected a t  pH 7.2 and got inactivated  

a t pH 9.1. Both the stra in s a lso  fa ile d  to  produce any 

haemagglutination reaction with chicken R .B.c. or preci­

p itation  reaction in  agar ge ls .

Although duck plague specific  antiserum neutra­

lised  homologous strain DPV-K and the newly isolated  

strain  DPV-N, the serum t ite rs  obtained with the la tte r  

was only less.

Expemental infection studies have shown that



one to six week-old ducklings were equally susceptible 

to DPV-N and DPV-K, either with the spleen extract or 

with tissue culture passaged sample. The symptoms and 

lesions produced in both cases, were similar to those 

described for duck plague and also to those seen during 

the disease outbreak in Kerala.

The virus that caused an outbreak of duck plague­

like disease in Kerala is  found to be indistinguishable 

from that o f duck plague. It  is  also strongly fe lt  that 

the lack of complete protection of birds vaccinated with 

duck plague vaccine is due to a possible strain variation 

between the classical duck plague virus DPV-K and the 

virus as i t  occurred during this outbreak. However, it  

needs thorough in vitro cross neutralisation and in vivo 

cross protection tests before any definite conclusions 

can be made on the strain variation of duck plague virus.


