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introduction

Duck rearing Is a popular rural occupation in India, 
particularly in the states of West Bengal* Assam, Andhra 
Pradesh* Orissa, Kerala, Tripura and Jammu and Kashmir.
The topography, climatic conditions and the presence of 
brackish water areas in Kerala are highly congenial for the 
rearing of ducks. Consequent to the implementation of 
various developmental plans for the improvement of poultry 
industry, better layers and meat producers have been 
evolved among the duck population also. It is well established 
that this industry could also contribute to the rural economy 
to a considerable extent. Due to the managemental and 
rearing practices followed by majority of the duck farmers 
like the out door rearing, movement of the flocks during 
harvesting seasons and summer months to paddy fields and 
available perinneal water sources of different areas of the 
state, the ducks get exposed to infectious agents and thus 
easily infected with various pathogens especially viruses.
Much emphasis has not so far been given to the study of 
viral diseases in ducks except for duck viral enteritis 
and duck virus hepatitis. Moreover, the information on the 
susceptibility of ducks to various avion viral infections 
±9 scanty. «.

Avian influenza viruses have been isolated from various 
species of birds. These reports have also described the



circumstances under which the isolation of these viruses 
were made and also the clinical aspects of the associated 
diseases. Ducks are reported to be quite resistant to 
influenza virus which were virulent for turkeys and chicken, 
(Slemons and Easterday, 1972; Alexander, 1982a) and they 
generally showi«£ undetectable inapparent infections.

A distinguishing feature of influenza virus type A 
is its variability and the capacity to change from relatively 
harmless virus to one that can cause fatal disease in the 
same or different species. It periodically causes epidemics 
in man, pigs, seals, turkeys, chicken and a variety of other 
species of birds. This virus can undergo frequent antigenic 
variation and it is possible that a less virulent strain 
became highly pathogenic as it was reported in 1985 outbreaks 
of avian influenza in Pennsylvania, United States (Webster, 
1984).

A vast reservoir of influenza viruses exists in the 
wild bird fauna throughout the world. In this ecosystem 
the virus circulate in various antigenic and pathogenic types 
and new virus variants most probably arise by the process 
of recombination. A total of 13 different H subtypes and 
9 N subtypes of influenza virus have so far been described 
(Russell and Edington, 1986) and representative of all these 
different subtypes have been isolated from birds particularly 
from aquatic species such as ducks, geese and gulls (Webster, 
1984).



There are only fev; reports on the isolatJ.cn of Influenza 
virus type A from birds in India (Rao et alt 1979 and 
Man junath and Malllck, 1977).

In Kerala during the first half of 1985 and 1987, there 
was a mortality of 15 to 20% among ducklings of each hatch 
at Government Duck farm, Niranam, during their first six weeks
of life. These birds exhibited respiratory distress, droppl-

»

ness, occulonasal discharge, swollen eyelids and oedema of 
head.

Materials collected from ailing as well as dead birds 
revealed the presence of influenza virus type A from both 
1985 and 1987 outbreaks (Sulochana et al; 1987) . Sera collected 
from the recovered birds also had Hi antibodies when tested 
against one of the isolates.

Though ducks are considered as resistant to influenza 
virus type A infections* Higgins (1971) reported three out
breaks in ducks associated with this virus where in .he 
could observe 20 to 100% mortality; influenza virus have 
also been reported to Induce poor immune .response both under 
natural and experimental Infections as these birds failed to 
show rise in HI antibodies, though Mcriulty et al. (1985) 
observed development of HI antibodies in the absence of 
clinical symptoms. Thus jfche reports on the pathogenicity 
and immunogenicity of influenza virus type A in ducks are 
conflicting. The observations made by Sulochana et al. (1987)



indicated that this virus was associated with the outbreaks 
of respiratory tract infection causing 90 to 100% morbidity 
and 15 to 20% mortality among ducklings below six weeks of 
age, during 1985 and 1987 at Î ranam Duck farm, Kerala. Hence 
it was felt worthwhile to take up a detailed study on the 
characterisation, pathogenicity and immunogenicity of seme 
of the Influenza virus type A isolates from the above out
breaks so as to get a better understanding about this 
infection and to suggest suitable control measures.
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REVIEW OP LITERATURE

Avian influenza virus infections occur in a variety 
of wild and domestic birds. The first avian influenza 
described was the fowl plague by Perronclto in Italy in 
1878 (Stubbs, 1959), The filterable nature of the infect
ious agent of this disease was reported in 1901 by Centanini 
and Savonussc and it was Schaffer in 1955 who identified 
fowl plague virus as a type A influenza virus.

The virulence of avian influenza virus is extremely 
variable. Some virus can be nonpathogenic as to produce no 
readily detectable signs of illness in a flock, while others 
may cause slight drop in egg production, sign of respiratory 
disease, sinusitis, diarrhoea, oedematous head and cyanotic 
combs and wattles or mortality upto 100% as in the case of 
fowl plague virus; A/Chicken/ Scot 1 and/59 j A turkey/Englanc/SSj 
and A/turkey/0nt/7732/66 (Beard, 1976).

1 . incidence
a) Chicken.

Avian influenza causing fowl plague in chicken was 
first reported in 1927 in Dutch East Indies, It was studied 
in detail by Moses et al, (1948). In 1949 a virus designated 
as W virus was isolated from chickens in Germany and was 
considered to be a variant of fowl plague virus but did not 
cause high mortality (Dinted and Bakes-, 1950; Rott and 
Schaffer, 1960).



Since 1959fl Infections of domestic fowls with Influenza 
virus have been rare# in 1959 an outbreak of a virulent 
disease was reported in chicken in Scotland and the causative 
agent was isolated and designated as h/chicken/Scot1and/59 
(Pereira et al; 1965) „ Isolated outbreaks of avian Influenza 
causing mild clinical signs _in chicken had been reported in 
France in 1979 aid 1980 - subtype H9N2* Italy in 1980 - sub- 
type H5N2 and Belgium in 1978 - subtype H11N6 (Meulemans 
et als 1979; Bennejean, 1982; Petek, 1982)• An outbreak of 
fowl plague was reported in Australia during 1975 (Turner, 
1976), The influenza A virus isolated from this outbreak was 
subtyped to be H7N7. Similarly two outbreaks of influenza 
infections in chicken have been recorded from Alabama in 
1975 by H4N3 subtype ( Johnson and Maxfield, 1976; Johnson 
et al: 1972) and Minnesota in 1979 of the H6N1 subtype 
(Halvorson et al; 1980).

Osidse et al. (1979) reported in flue re a outbreaks at 
two poultry farms in USSR with a hitherto unknown type of 
avian influenza, virus which had neuraminidase of human 
influenza virus* They have also demonstrated antibodies to 
human influenza strains (A/Hangkong/68; 2/port Chalmers/73; 
A/Tokyo/75 and A/Victoria/75) indicating that the birds 
contracted the infection from man* Similar observations on 
the transmission of influenza virus infections from farm 
personnel to chicken was also made by Shablouskaya et al.(1985).



The reported Infections of poultry since 1967 in USSR were 
identified to be due to haemagglutinin subtypes H3, H4, H6 

and H7 (Osidae et al; 1979) •
A lethal outbreak of aviaa influenza with subtype H5N2 

was recorded in April 1983 in Pennsylvania (Buish et al; 1984) 
which was controlled by slaughter of affected flock and 
strict quarantine in the nearby flocks.

An acute avian influenza characterized by sudden onset 
of depression, sinusitis, cyanosis and moist rales among 
broiler breeds in a multi-age chicken farm was reported by 
Barr et al. (1986). The mortality was about 75% in one of 
the four sheds. Bacteria resembling Haemophilus paragalli- 
narum was isolated from sinuses. There was a positive reaction 
to Mycoplasma and Newcastle disease virus (NDV) antibodies 
as well as high Haemagglutination inhibition (HI) titers to 
infectious bronchitis virus. Tests for HI antibody to NDV 
and avian influenza confirmed the presence of avian influenza 
antigen.
b) Turkey.

The first influenza type A virus infections in turkeys 
was recognized in Canada in 1963 (Laig et alt 1965), The 
birds from which the Isolations were made were showing 
respiratory and other signs of disease with marked drop in 
egg production. The virus isolate A/turkey/C an ada/6 3 was



identified to have the antigenic subtype H6N8 (Lang and 
Wills, 1966), A highly virulent disease of turkeys in 
Norfolk was reported in the same year by Wells (1963) and 
the isolate from the outbreak was designated as A/turkey/ 
England/63 (H7N3).

since then influenza virus infections of turkeys have 
been reported from many countries. The viruses were mainly 
associated with respiratory disease, egg production problems 
and elevated mortality rate i Ole sink et al; 1967; Lang et al. 
1968a; 1968b, Papparella et al; 1969; Smithies et al: 1969;
Allan et al: 1970; Kendal et al; 1971; Alexander aid Allan,
1982; Pomeroy, 1982; Lipklnd et al: 1982). The antigenic 
subtypes reported from turkeys in England were H6N2 ( turkey/ 
England/66); H3N2 (A/turkey/England/69); H7N7 (^turkey/ 
Scotlano/70); H5N2 and (A/turkey/Engl and/N28/73); H6N2 ( V  turkey/ 
England/110/77) (Alexander,,19823. The most frequently 
isolated combinations in turkeys in United States were H1N1,
H4N9, H5N7, H5N1, H6N1, H6N2, HSN8, H6N7, K7N7 and H9N2;
H6N1 being the most frequantly isolated combination (Bfehl et al; 
1979).

In the history of avian disease in Minnesota, the 
outbreak of turkey influenza involving 140 flocks and 2,000,000 
birds was the most extensive and costly (Bahl et .ale 1979).

. Influenza virus infections in Italy were first reported 
during 1966-67 and the viruses isolated from these outbreaks



belonged to subtype H10N2 (Franciosi et a].; 1981). Isolates 
between 1973 and 1979 were of H6N2 subtype, the one isolate 
of 1977 was of H10N2 (Franciosi et al: 1981).

McNulty et al. (1985) isolated an Influenza virus sub- 
type H5N8 from turkeys with disease showing 30% mortality.
c) Captive and free flying birds other than water fowls.

In an epidemic Involving several ccannon terns (Sterna
ihi run do) in South Africa in 1961 a virus was Isolated and 

later on identified as influenza A virus, iy'tem/s.A£ricc/1961 
(Becker, 1966), It had antigenic relationship with chicken/ 
Scot/1959 and was considered as a variant of the same strain. 
These observations indicated the possibility of spread of 
infection between sea birds and domestic poultry.

Mandelli et al. (1969) reported an outbreak of type A 
influenza virus infection in domestic quail with a mortality 
rate of 45%. Similarly Nardelli et al. (1970) reported the 
isolation of 24 strains of influenza A virus from an outbreak 
of respiratory disease in 13 quail flocks in Northern Italy 
with 15 to 80% mortality during 1965-68. During this out
break young birds were mainly affected. In many outbreaks 
of Influenza in domestic poultry, spread from wild birds 
have been considered as the most likely mehaniem of primary 
Infections (Higgins, 1971; Bahl et al; 1979).

Slemons et al. (1973) reported Isolation of 15 type-A



influenza viruses from 12 different species of exotic birds 
imported to USA. All the isolates were antigenically related 
to ^Mynat^Mass/71 (Hav4Neg2).

Influenza virus isolations were reported from Psittacine 
birds such as parrots* cockatoos and parakeets (Me Ferran 
et alt 1974# Alexander et alt 1974) and starlings (Lipkind 
et al; 1979)•

In 1980 Chemetsov et al. isolated a new influenza virus 
Vtern/Aktyubins/77 (Hav4Neq2) from black terns while moulting. 
Five of the 86 serum samples tested also had antibodies to 
the isolate..

From an epidemic of depression* diarrhoea and anorexia 
In a flock of 60 day-old budgerigars Imada et al. (1980) 
Isolated influenza A virus from all the three specimens unsed 
for virus Isolation.

Xiipkind et al. ,(1981) reported Isolation of avian 
influenza virus from rockpartridges (Alec tar is qraec.a). The 
isolates were designated as A^rockpartridge/Beit/70/81 (H7N2)
and Vrockpartridge/Biet/9+VBl t117151 These isolates did
not kill chick embryos in 96 hours.

Daulbaeva et al. (1981) isolated 66 haemagglutinating 
agents from 357 wild birds belonging to 55 species* of 
which 19 were antigenically related to influenza type A. Two 
strains were H1N1 subtypes and the remaining 17 were Hav2 
Nav5 subtype.

10



During 1979 in Southern Kazakhstan, 36 influenza type A 
Viruses were isolated from 750 wild birds (Sayatov et al;
1981) • Twenty nine of the 36 strains had the antigenic 
formula Hav2 Nav5.

Tautaswasdi et al# (1984) isolated avian influenza virus 
for the first time in, Thailand from an ornamental silver 
Thalpheasant which had died suddenly without showing clinical 
symptoms though the other birds were showing dullness# 
anorexia, and greenish diarrhoea*
d) Duck9 and other water fowls*

Walker and Bannister (1953) isolated a virus from duck- 
longs with central nervous system disease in 1952 in Mannitoba, 
Canada. The virus was later on identified as influenza type A 
(H10N7)by Mitchell et al. (1967) □

Koppel et al. (1956) described a fatal mass infection in 
ducks aged 10 to 21 days. The birds were showing severe 
sinusitis with the involvement of lower respiratory tract. 
During this outbreak out of 3,000 ducklings 1,250 succumbed 
to the disease, An influenza type A virus (Duck/C 2 echo Slo
vak! a/56) was isolated from this outbreak.

Franco et al. (1958) Isolated a strain of influenza A 
virus from lungs, nasal discharge and brain of ducks died 
of acute respiratory disease in Slovakia. This isolate was 
studied in detail and designated as A^auatis/Kosice/56 
(Blaskovic ot als 1959).

11



In Great Britain Roberts (1964) reported isolation o£ 
influenza virus type A, JV/ducfc/Eng/SG (H11N6) from the sinus 
and air sac material of ducklings showing respiratory distress 
and oedema of the head. During this outbreak though the 
morbidity rate was very high mortality was very low and the 
affected birds recovered without any treatment. Again in the 
same farm, six years later a similar outbreak occurred but 
with a different H subtype; 2/duc}j/En g/6 2 (H4H6). Similar 
association of influenza virus with chronic respiratory 
disease in duck was also reported in USA, Czechoslovakia and 
Britain (Vrtiak et -al; 1966).

Prokofeva and Tsimokh (1966) studied in detail the 
viruses isolated from duck influenza between 1960 and 1964 in 
Ukraine and reported that the isolates were related to type A 
influenza virus but distinct from the Kosice 1956 duck strain 
and English strain of duck origin.

The first outbreak of duck influenza in Yugoslavia was 
reported by Paukovic et al. (1969) in a farm near Zagreb,
The influenza type A virus isolated (ducVYUgoslavia/446/66) 
was serologically related to an influenza virus isolated 
from quail in Italy and to virus N from fowls in Germany.

Hwang et al. (1970) reported an outbreak of respiratory
\

disease in domesticated muscovy ducks in which 10% of the 
10 week-old birds died. The main sign of the disease was 
sneezing. The influenza type A virus isolated was distinct

12



from the fowl plague vixus, English and Czechoslovakian 
duck strains (V F?; VducV^gland/62 and V^ucVCzech/56) • 
Sera collected from this flock two months after the outbreak 
and those from other species such as turkeys and geese had 
antibodies to the isolate. However, turkeys and geese did 
not show any clinical signs. The authors suspected wild 
ducks and geese which mixed freely with the domesticated 
clucks as the main source of the epomitic of Influenza A 
outbreak,

In an outbreak of Illness in a large duck farm in 
Germany Schettler (1970) reported about 20% mortality among 
ducklings of 2 to 3 weeks of age. Influenza type A virus, 
isolated from this outbreak was less virulent and hence it was 
concluded that additional factors might have involved in the 
outbreak of the disease,

First report of Isolation of influenza A virus from 
domestic ducks in Hongkong w^s made by Higgins (1971). From 
nine outbreak of the disease affecting ducks, influenza A 
viruses were isolated from three cases. The outbreaks were 
acute and characterized by sudden onset, rapid spread, high 
morbidity and mortality. The symptoms reported were malaise, 
anorexia, diarrhoea, wasting, occulonasal discharge, para
plegia and decrease in egg production with increased proport
ion of soft shelled eggs. The course of the disease was 
2 to 3 weeks from the onset of symptoms until complete 
recovery of survivors.

13



Tanyl (1972a) Isolated Influenza A virus designated 
Duck/Hungary/1/70 which cross reacted with serotype 6, 
h/ turkey/W1 scon sin/66, from respiratory systems of ducklings 
dying at 2 to 4 weeks of age in a flock of 20*000 birds.
Prom a similar outbreak another strain of the virus desig
nated DucVHuugarY/2/7Q, antigenically related to Duck/England/5£ 
and Buck/England/62 was also isolated (Tanyi. 1972b).

Eisengarten et al. (1973) Isolated h aem agglu tin at in g 
agents which were later on didentified as influenza A virus, 
from three weeks-old ducks in a fattening flock. The birds 
were sick and were exhibiting swelling of the cranial sinuses 
which contained yellowish cheesy secretion and gelatinous 
greyish exudate and respiratory disease.

Cloacal and tracheal swabbing from 159 migratory water 
fowls of different species shot by hunters in Delaware and 
Maryland, United States revealed influenza A virus in four 
cases (Rosenberger et alg 1974).

Five avian influenza virus strains isolated in the USSR 
were characterised antigenically using specific antisera to 
the isolated subunits (Webster et al. 1974). Throe of the 
five isolates had the characteristics of Vduck/Ukraine/63  

(Hav7 Neq2), and the remaining two viruses possessed Hav7 
Nav2 surface antigens - a combination that has not been 
reported previously. The authors speculated on the origin 
of the latter subtype as a recombination of A/duck/Ukraine/63

14



(Hav7 Keq2) and A/tern/3, Africa/61 (Hav5 Nav2) •

Bahl et al. (1975) during their attempts to isolate 
type A influenza viruses from migratory waterfowls among 
Mississippi flyway reported that four of the 60 tracheal 
swabs from migratory mallard (Anas platvrhynchos) yielded 
type A Influenza viruses though none of the 124 serum samples 
from either mallards or wood duck (Aix anonsa) contained 
detectable precipitating antibodies to Nucleoprotein (NP) 
antigens of influenza type A virus. Tanyi et al. (1976) 
reported unilateral/bilateral sinusitis in a group of 1 to 7 
weeks old ducklings and oedema of the head in adult birds.
The incidence was 15 to 50% with a mortality rate of 10.6% 
among the ducklings. Influenza A viruses were isolated from 
the sinus discharges of the affected ducklings. Cloacal 
swabs from 829 feral ducks were screened for the presence of 
Influenza A virus by Webster et al. (1976) and reported 
isolation of three strains.

Shortridge et al. (1977) during their studies on Isolat
ion and characterization of Influenza viruses from avian 
species In Hongkong screened 588 samples including 304 cloacal 
and 284 tracheal swabs. They reported thirteen different 
influenza A viruses from 24 isolates. Viruses possessing
five different avian haesnagglutinin subtypes (H10, H4, H5,

!HS and H3) in combination with seven different neuraminidase 
subtypes (Nl, N5, N6# N8, N2# N3 and N9) were isolated from

15



ducks (6 nos) end chicken (1). Haemagglutinln end neura
minidase combinations of seven of the Isolates (H1QN1,
H10N5, H4N2, H3N2, H3N6, H3N3 and H3N9) were not reported 
previously. All these new combinations were from ducks 
except H3N9 which was from chicken.

Twenty four isolations of influenza virus A reported 
by Bahl et al, (1977) were from the tracheal swabbings of 
apparently healthy mallard ducks. None of the 60gient Frank 
gulls (Larue plpixan) and 65 giant geese (Branta cardadensia) 
gave any positive isolations.

Nerome et al. (1978) isolated 22 strains of influenza A 
virus from caged birds that had been imported to Japan from 
India and Thailand and had died during transportation to 
Tokyo. These isolates were grouped into two subtypes - H3N8 
and H4N6. The former was related to iVducl^tfkraine/1/63 
and the latter to /y'duc]</Czeciy'56.

Webster et al. (1978) reported replication of Influenza 
virus A, isolated from the cloaca of naturally infected feral 
ducks in the lungs and in the cells lining the intestinal 
tract of feral and domestic ducks and were found in high 
concentration in the faeces. They have also seen that the 
virus retained its infectivity in faecal material for atleast 
30 days at 4°C and seven days at 20DC. Duck influenza virus 
was more stable to low pH than human strains and was viable 
for 30 days in nonchlorinated river water at 0*C and for
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four days at 22°C. The susceptibility o£ ducks to Infection 
with human and avian strains and the possibility of trans
mission to .animal species through water supply made the 
authors to think that ducks are Important In the ecology 
of Influenza viruses.

Haemagglutinating agents isolated from the cloaca and/ 
trachea of all the 15 wild mallard ducks found dead at 
Tanahim, Israel were studied In detail and identified as 
Influenza type A virus iVmallard/Tanahlny'79 (HavlN2)
(Lipkind et al; 1979). The Isolate was antigenically iden
tical to the virus isolated from an outbreak on a nearby 
turkey farm. Hence wild birds were suspected in the disse
mination of influenza virus.

Kida and Yanagawa (1979) isolated Influenza virus sub- 
type Hav7N2 from 20 wild free flying ducks in Hokkaido in 
japan which cross reacted with Asian influenza virus H2N2.

In a study involving cloacal and tracheal swabs from 
235 resident and 396 migratory ducks in Miyagi perfecture, 
Japan during 1977-78, 26 influenza A viruses were isolated.
Of these 26 Isolates, 12 were antigenically related to avian 
strain P/duch/Albert5^35/76, though neuraminidase antigens 
were different. The neuraminidase antigens in these isolates 
were N2 and N3. It was suggested that avian influenza A 
viruses among feral ducks may be isolated in various combinat
ions of haemagglutinin and neuraminidase. Weisser (1979)
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Isolated 15 haemagglutinating agents from 1027 cloacal swabs 
from 957 birds of various species* Eight of these isolate® 
were identified as influenza A virus and were from mallard 
and tufted ducks. Yamane et al. (1979) opined that the 
various subtypes in wild duclcs are due to genetic rec<xnblnat—
ion*

Hinshaw et al* (1979) studied in detail the method of 
transmission of influenza A virus, their extent of antigenic 
diversity and continued circulation from year to year. Cloacal 
samples from 2046 waterfowls trapped on 16 lakes in Vermillion 
River country, Alberta, Canadgj ducks trapped 30 to 60 mefeer 
from the shore in water 0.6 to 1.0 meter and water collected 
three metp£ of the trap and the faecal samples collected from 
the shore were screened for the presence of influenza A virus. 
All the three types of samples revealed influenza A virus, 
though most frequently. (26%) from the cloaca of healthy 
mallard ducks. Unconcentrated water samples and droppings 
from the shore also yielded the virus. Their isolates compri
sed 18 different antigenic combinations of H and N. The 
predominent subtypes were the one which were also isolated 
from the water and faeces and included HswlNl, Hav7 Neq2 and 
Hav4 Navi. All the major H and N subtypes of human strains 
were represented among these ducks isolates. Antigenic 
counterparts of these duck viruses (Havl Nav2; Hav7 Navi;
Hav4 Neq2 and HavS Nav4) have been associated with disease
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outbreaks in domestic avian species in North America. From 
their observations the authors considered wild ducks as the 
natural reservoir of most if not all influenza A viruses 
disseminating the infection through water. Contamination 
of water supplies with faeces of Infected yet healthy feral 
ducks offers a raechanisn for maintaining a wide variety of 
influenza viruses within the duck population and for intro* 
ducing these viruses into other species (Hinshaw et al; 1979). 
From cases of respiratory disease of ducks aged 5 to 30 days 
in which 64% of the affected ducks died. Saidov (1979) 
reported isolation of new hybrid variant of human influenza 
virus (//dueV'Tashkent/207/77) •

shortridge (1980) reported isolation of orthom§xovirus 
from domestic poultry in Hongkong between 1977 and 1979. '
Hie observed an overall frequency of isolation of Influenza 
virus 10.3% and 2.3% for poultry originating from Southern 
China and Hongkong respectively. Out of the 141 influenza 
virus isolations, 135 were from dicks.and the Isolation 
rate in ducks was twice as high from cloaca (12.1%) as from 
trachea. The surface antigens of these isolates were in 
39 different combinations of neuraminidase and haemagglutinln 
and were related to seven reference haemagglutinln and six 
neuraminidase subtypes.

Kocan et al. (1980) Isolated nine type A influenza 
viruses from migratory and wintering ducks in Oklahoma
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during 1976-77. These isolations were grouped into three 
(Havl Nav2; Hswl N1 and Hav6 N2) by subtyping. Proof for 
transmission of influenza virus from wild ducks to sentinel 
birds on the same lake could not be obtained by the authors. 
Between 1976 and 1979* 106 strains of Haemagglutinating 
viruses were isolated from cloacal swabs taken from wild 
ducks in the Bay of Somme River in France (Hannoun and 
Davaux, 1980). Most of these isolates were influenza viruses 
belonging to four haemagglutinin (Havl* Hav6, Hav7 and Hswl) 
types and five neuraminidase (N2, Nav2, Nav4, Nav5 and Neq2) 
types* On analysing the migrating habits of some of the 
species of birds the authors opined the annual exchanges of 
virus strains. From the high rat© of virus isolation and 
the recovery of more then one subtype from a single specimen, 
it was thought that recombination had actually occurred under 
natural conditions.

Hinshaw et al. (1980a) during their survery of feral 
ducks for orthomyxovirus and Paramyxovirus from 1976 to 1978 
in the Vermillion area of Alberta, Canada, have shown that 
influenza A viruses are present year after year in apparently 
healthy ducks. It was most frequently isolated from mallards, 
pintails and blue winged teals each year, though not restricted 
to these species. They have recorded 1262 isolates of 
Influenza virus A from 4827 ducks, but the incidence was 
lower in ducks migrating through Tennesee. The virus isolates



i 1 ' ' 1belonged to 27 different combinations of H and N subtypes.
It was also stated that the virus subtypes in ducks varied 
from year to year but six of the 27 subtypes were present 
every year. The predominant subtype changed from Hav7 Neg2 
in 1976-77 to Hav6 N2 In 1978 indicating antigenic drift in 
avian influen2a.

Hinshaw et al. (1980b) demonstrated genetic reasortment 
between influenza A viruses both in natural and experimental 
infections in ducks. They observed that seven per cent of 
the cloacal samples collected fron Canadian feral ducks 
contained two or more antigenically distinguishable influenza 
virus indicating mixed infection.

Eighteen strains of avian influenza type A virus were 
Isolated from cloacal swabs from water birds and song birds 
at four different sites in Hungary and tracheal and cloacal 
swabs from imported birds. Out of the 18 isolates, one was 
from a mallard and other 17 from birds imported from Senegal. 
Nine of these 18 subtypes corresponded to ;\/duck/England/62

1 « i ,

five to duck/Eng/56 one to ^/duds/Engl a n d / 5 6  in h a  

to chicken/Brescia/1902 in NA. Two others to duck/Eng/62 
in HA and Quail/Italy/65 in NA (Stunzer <gt al;198Q),

Influenza A, virus antigenically related to swine 
influenza (Hswl Nl) was reported to have Isolated from 
adult mallard in Southern Germany (Obtis and Bahmann. 1980). 
which was serologically related to A/duck/Albert^/3 5/76.
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During an investigation cm respiratory diseases and 
high mortality on a commercial duck fattening farm between 
August 1979 and March 1980, ten influenza A viruses were 
isolated by Alexander et al. (1981). These isolates were 
characterized as Hav6 N2; Hav4 Navi, Hav4 N1 and Hav4 Neq2
subtypes by HI and NX tests. It was also reported that

\all these isolates were nonpathogenic to six week-old 
chicken.

During a surveillance of ortho and paramyxoviruses of 
lower animals and birds to elucidate the natural history 
and ecology of influenza viruses, Smithka and Maassab (1981) 
reported isolation of an avian influenza A virus V ’ducV’
Michigan/77(Hswl Nav2) fran 100 cloacal samples collected 
from migrating water fowls during 1977 hunting season in 
Michigan, Though the virus could be isolated from the 
respiratory and intestinal tract of experimentally infected 
chicks, the virus caused only subclinic a 1 infection in them.

From December 1979 to April 1980 migratory waterfowls 
of several species wintering in San-in District of Western 
Japan were surveyed for influenza A virusfTsubokura et al-. 
1981). A total of 27 influenza A viruses of two subtypes 
Havl Neql (11) and Hav6 Neq3 (16) were isolated from 90 
faecal samples from whistling swans. They had also isolated 
13 similar viruses 11 of them with surface antigens Havl Neql 
and one Hav6 Nav5, from 245 faecal samples of black tailed



guile. Two viruses of Havl Neql were from four tufted 
ducks* These authors ales observed a correlation between 
sampling date, incidence, aid antigenic subtypes of the 
virus.

Bondreault and Lecomte (1981) isolated 357 influenza 
viruses from 2293 cloacal samples collected fran ducks and 
other wild birds. Seven H and six N subtypes in 18 different 
combinations were found and a comparative study on these 
isolates with the previous isolates indicated a change in 
subtype from year to year and place to place. These authors 
speculated that the large reservoir of influenza A virus 
circulating at the same time in ducks may be involved in the 
appearance of new subtypes in other species including man.

Markwell and shortridge (1982) during their monthly 
examination for influenza viruses for a period of one year 
on two farms in Hongkong reported that the incidence was 
high of subtype H3N2 a virus antigenically related to 
pandemic Hongkong strain. They could isolate this virus 
monthly throughout the year from faeces or pond water or 
both indicating a cycle of water borne transmission. They 
have also reported isolation of the same subtype one to two 
years after last sampling thus indicating the persistence 
of the virus in the flock.

From 14 of the 278 migrating wild ducks in Hokkaido 
between 1978-80, il influenza A viruses were isolated
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(Mikami et ̂ lj 1982). Seven of the 11 Isolates had the 
surface antigen H10N3 and three of their isolation had no 
antigenic relationship to the 26 previously, known strain 
of avian, swine, equine and human Influenza virus.

Shandhu and Hinshow (1983) reported the isolation of 
126 influenza a  viruses of 11 different antigenic subtypes ■ 
from two to five weak-old ducklings and the water used by 
the ducks for drinking and swimming.

Sinnecker et al. (1983) isolated 351 influenza viruses 
from the trachea/cloaca of 3344 apparently healthy ducks, 
gulls, swan a, terns and geese and fran unconcentrated water. 
They were of 14 subtypes. The haemagglutlnlns were mainly 
related to avian HA-114, followed by human H2 and swine Hswl. 
The neuraminidases were Identified as avian, equine and 
human types. The isolation rates were 10.7% in feral ducks, 
one per cent in other feral birds and 38% in Pekin ducks. 
The isolation ratio was a little higher from cloacal (75%) 
than from tracheal swabs (70%). It was also reported that 
8.2% of the Pekins had dual infection•

Turek et al. (1983) reported isolation of eight 
influenza A viruses fran 269 cloacal swabs from wild ducks 
shot at their autumn migration in Czechoslovakia during 
1978-81* The most frequently isolated subtype was H4^6. 
Repeated isolation of this subtype during their five year 
period of study suggested its permenant circulation in
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wildlife. One of their isolates was identified as subtype 
(H3H8N6 Hav7 Neq2 Navi) which is considered as a result of 
mixed infection with two subtypes with an ldentifical H 
but different N,

Halvorson et al. (1983) Isolated a total of 213 influenza 
viruses and identified them to consist of 26 subtypes frctn 
ducks. The weekly influenza virus Isolation rate varied 
between 0 to 24,4%, It was also noticed by the authors that 
the weekly infection rate of ducks at the monitoring sites 
was well correlated directly with the arrival of wild ducks 
at these sites,

Turek et al. (1984) Investigated the possible circulat
ion of influenza A virus in sentinel domestic ducks during 
October 1981 to May 1982 during which they isolated a strain 
of influenza A virus subtype H4N6.

Tracheal and cloacal swabs from apparently healthy 
mallards, gulls, shear waters aid terns in Newzealand were 
screened by Austin and Hinshaw (1984) for the presence of 
influenza A virus. Seven influenza A viruses belonging to 
three antigenic subtypes H4N6; H1N3 and H11N3 were isolated 
from mallards. They considered Importation of poultry and 
game birds as the source of infection in Newzealand.

Influenza type A virus which had the haemagglutinin (H4) 
of a subtype that had high pathogenicity for chickens in USA
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was isolated from whistling swan in San-in District,
Western Japan (Gtsuki et al, 1984). cn experimental infect
ion of four week-old SPF chicken inoculated intraperito- 
neally it was found to be nonlethal for chicken.

Halvorson et al. (1985) studied the effect of season 
on the incidence of influenza A virus in sentinel ducks and 
domestic poultry in Minnesota* Fran their four year obser
vation they concluded that the onset of infection among 
ducks was similar each year occurring in late July or early 
August* Though the incidence in turkeys was also seasonal, 
usually the onset was six to eight weeks after the detection 
of influenza in sentinel ducks* They attributed this to the 
increased waterfowl activity associated with fledging and 
congregation in the later summer and early fall presence of 
vectors, low temperature, cooler environmental temperature 
and prolonged reservoir through ground water contamination* 
They have also opined that ducks are not only a natural 
reservoir of influenza virus but also have a seasonal 
infection that appears to be related to the seasonal out
break in domestic turkey, and in migrating waterfowls and 
in other species including humans*

I*u et al. (1985) reported Isolation of influenza A 
virus, VducVTalwarv^ (Hav6 Nl) from a severe outbreak 
of respiratory disease:) in a farm with 800 ducks in the 
spring of 1972 in which 600 of two to four week-old ducklings
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died. Because the farm was near a river where migratory 
waterfowls gather, these birds were suspected as the source 
of infection for domestic ducks,

Seroprevalence of Influenza A virus in Indonesia had 
been studied in detail (Ranohardjo et ale 1985), Thirty 
eight per cent of the 410 domestic fowls, 18% of 656 dome* 
stic ducks, 19,8% of 101 cockatoos, 9,3% of 86 native fowls 
and 3,8% of 26 muscovy ducks were found to have antibodies to 
type A influenza virus,

Aini and Ibrahim (1986) isolated 20 haemagglutinating 
agents from 96 cloacal swabs taken at randan from apparently 
healthy broiler ducks. Fourteen of them were identified as 
influenza A virus, Nine of this 14 had H3N6 as their surface 
antigens while the remaining H4N6 as their HA and NA, Inf lum
ens a A virus subtype H4N6 was also isolated from two to five 
week-old mallard ducklings which were suffering from the 
upper respiratory tract infection and sinusitis. The affected 
birds were reported to show sneezing and conjunctivitis 
along with massive swelling of the infra orbital sinuses.
The authors also reported that they could isolate duck 
hepatitis virus from these birds and the mortality was 
attributed to a mixed Infection with this virus and influenza 
virus*

Fieury et al. (1986) reported an acute disease in ducks 
in two separate but closely situated farms. On one of the
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farms the disease was seen In three week-old duckling 
and In the other In 13 week-old ducks* In both cases the 
clinical signs consisted of conjunctivitis* tracheitis 
and sinusitis. The subtype of influenza A viruses isolated 
was Hll W9* Experimental infection of newborn duck with 
this isolate did not induce any detectable clinical effects 
Op histopathological changes. They have also isolated 
duck plague virus from some of the affected birds. Alexander 
and Gough (1986) reported a similar association of influenza 
virus and duck enteritis virus.

Hinshaw et al. (1986) isolated influenza A virus H5N2 
from wild birds primarily ducks in the same geographical 
area where there was an earlier lethal H5N2 avian influenza 
outbreaks. Thera were 13 antigenic combinations of which 
only one belonged to H5N2 subtype. Though this isolate 
was antigenically related to the lethal H5N2, genetic and 
antigenic analysis revealed that it was quite distinct from 
the virulent H5N2. None of their isolates though capable 
of replicating in chicken produced any disease.

Alexander and Gough (1986) analysed the conditions 
underwhich influenza virus isolations were made in Great 
Britain during January 1982 to July 1985. Of the 12 avian 
influenza viruses with low virulence for chicken 10 were 
obtained during the periods of migration of wild birds.
Six of them were from commercial ducks reared in Norfolk,
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two from turkeys and the other two Isolates from chicken.
Six of the seven isolates from Norfolk were H4 subtype 
which was Indicative of maintenance of the virus on contnercH 
duck farms. The difference in the neuraminidase subtype 
in combination with the same H type (H4) suggested repeated 
introduction of the same H type by migratory waterfowls.

Cloacal swabs collected, from 166 wild free flying 
ducks shot by hunters on the Pacific £lyv;ay on the I shikari 
river in Central Hokkadido revealed 10 haemagglutinating 
agents {Mikami et al; 1987). Four of the 10 agents were 
from each of the mallard and teal and the remaining two 
from Shoveller species. Six of the JjO were subtypes H3N8, 
H4N6 and HSN2 while the remaining four were paramyxovirus 
PMV»1 and PMV-4, two each.

otsuki et al. (1987a) reported isolation of eight 
influenza A virus from 354 faecal samples of. whistling swan 
from 1982 to March 1983. None of the faecal samples from 
261 black tailed gulls, 113 pintails and 10 mallards were 
positive for virus isolation. Of the eight isolates from 
whistling swans five belonged to human pandemic subtype 
H2N2, two Isolates to fowl plague subtype H7N7 and the 
remaining one to subtype H4N6, in a similar study during 
November 1983 to March 1984* Otsuki et al. (1987b) screened 
a total of 1052 faecal samples from 450 whistling swan*
362 pintails and 240 blacktailed gulls. These birds were
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winter migratory birds flying from the USSR or Northern 
China and staying in Shimane and Tottori Perfectures in 
San-in District of West Japan, A total of 40 influenza 
virus A was isolated 11 from whistling swan, 28 from 
pintails and one from black tailed gulls. The Isolates 
from whistling swan belonged to subtype H5N3 and H10N4, from 
pintails H2N2 and H1QN4 and that of black tailed gulls to 
H13NS. Prom November 1980 to April 1981 only two strains - 
H13N1 and H11N6 subtypes were isolated from 465 faecal 
samples from pintails. All the 255 samples from whistling 
swan and 625 black tailed gulls were negative. During the 
winter of November 1981 to March 1982, 17 viruses were 
isolated from 1156 faecal samples. Fourteen of them were 
from 459 faecal samples of whistling swans <10 H4N3, 2 H1N6 
and 2 H3N8), Two viruses H13N3 and H13N6 subtypes were 
isolated from 425 faecal samples from black tailed gulls.
A strain belonging to H1N3 subtype was isolated from 30 faecal 
samples from mallards lout all the 242 samples from pintails 
were negative (Otsuki et al. 1987c).

Otsuki et al. (1987d) reported that four strains of 
influenza A virus subtypes H7N7, H2N2 and H5N3 isolated from 
whistling swans and pintail ducks replicated in the respira
tory tract of mouse and produced antibodies without causing 
clinical symptoms or gross lesions following intranasal 
infection.



e) Incidence in India*

Reports of Influenza A virus Isolations in India have 
been rare* Rao et al, (1979) isolated this virus from ducks 
in Tirunelveli area of Tamil Nadu* They reported that some 
of the ducks of the flock died suddenly about a week before 
their collection of specimen from the remaining birds. How
ever, their isolation was from an apparently healthy bird.
The isolate was designated as ducV^dis/78/1114 (Hav4N2). 
Manjunath and Mallick (1977) also reported isolation of 
influenza virus from birds in India.

Sulochana et £l, (1987) isolated influenza A virus from 
two to six weekold ducklings duripg an outbreak of respirat
ory disease in Government Duck farm, Nlranam, Kerala charact
erized by droopiness, malaise, occulonasal discharge, swollen 
eyelids and oedema of the head. Some birds also had paralysis* 
The mortality rate ranged between 15 to 20% though in one 
hatch and it mounted upto 80%. 0£ the 31 Isolates during
early 1985 outbreak 10 were subtyped and found to belong to 
subtypes H9N2(9) and H9N3( 1) . Prom a similar outbreak in the 
same age group of ducklings in the same farm isolations were 
also reported during early 1987. The subtypes identified 
during the 1987 outbreak were H3N2 and H9N7 (Sulochana, 1988* 
Personal communication).
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2* Characterisation
a) Thermostability.

Influenza A viruses are considered to be temperature 
sensitive* They get inactivated at 56°C for 30 minutes 
(Merchant and Packer* 1967$ P apparel la et al: 1969) •
Lang et al. (1968$ reported that the infectivity and haemo- 
gglutinatlng activity of //turkey/On tario/6 213/66 were 
destroyed rapidly by heating at 56°C but at lower temper
atures the HA activity was more stable than infectivity.
They have also found that their strain was relatively thermo
stable under laboratory conditions* Buxton and Fraser (1977) 
reported that influenza viruses are inactivated at a temper
ature of 55°C for one hour or in 10 minutes at 60°C. However* 
Homme and Easterday (1970) found that influenza A/turkey/ 
Wisconsin/66 took six hours at 56°C for inactivation. Accord
ing to Jawetz et al* (1981) infectivity of influenza virus 
is destroyed by heating at 50°C for a few minutes unless 
stabilized by 1M Mgso^.
b) pH stability.

pH stability is another criteria used for grouping 
viruses* Lang et al* (1968^ observed that the infectivity 
and haemagglutinin of A/turkey/Ontario/6213/66 was labile 
at low pH (pH 3*0) but were unaffected in the alkaline range 
of pH seven to eight, similar observations were made by 
Jawetz et al. (1981)* Influenza viruses were found to be
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labile to pH 3,0 when held at room temperature for a period 
of on© hour (Papparella et al, 1969s Buxton and Fraser, 1977) 
but were relatively stable at pH seven to eight (Buxton and

iFraser, 1977). Webster et al, (1978) found that duck influ
enza viruses were more stable to low pH than human strain 
and thus can multiply in the intestinal tract.

c) Haemacrolutinatlon.
It was Hirst In 1941 who first showed that Influenza 

virus can agglutinate chicken red cells. Later on It has 
been found that all strains of influenza virus agglutinate 
erythrocytes of chicken, guinea pigs, human and many other 
species. Haemagglutinating property of an influenza A virus 
isolated from dicks with respiratory disease was studied in 
detail by Frano and Kapitancik (1959). They have reported 
that their isolate agglutinated human, guinea pig, horse, 
dog, cattle, sheep, rabbit, cat, mouse, hedghog, ground 
squirrel, fowl, duck, goose and pigeon RBC at 4°C, 20°C and 
37°C.

Safonov et al. (1964) have reported that fowl plague 
virus agglutinated erythrocytes of sheep, horse, cattle, 
man, fowl, pigeon, guinea pig, rat and mouse. Focmlna and 
sokkar (1966) while studying the efficacy of various methods 
for differentiation of Newcastle disease virus and fowl 
plague virus have reported that the latter agglutinated red 
cells from guinea pig, horses, guinea fowls, fowls, ducks.

33



turkeys* x*hite mice* sheep* horses* rabbits* cattle and 
dog but not pigeon.
d) Propagation in cell cultures.

Because of the extensive use of embryonated eggs* cell 
cultures have not been routinely used for the study of 
influenza viruses particularly avian influenza viruses.

Negroni and Tyrrell (1959) studied the morphological 
changes on tissue cultures of epithelial cells infected with 
influenza A virus. In cell cultures of calf kidney cells 
Infected with various strains of influenza A virus the cells 
appeared rounded and vacuolated. They have also reported 
that the cytoplasm of the infected cells were disintegrated 
or deformed by the presence of bubbles followed by the 
fragmentation of nucleus and cytoplasm. The percentage of 
cells that were destroyed varied upon the concentration of 
the virus. In high multiplicity of infection many of the 
infected cells survived well* while in low concentration 
rounding and fall out of cells were such faster. Cytppathlc 
changes were also rapid and extensive when serum was omitted 
from the medium and when the cultures were rolled and 
rocked. Degenerative changes such as granulation, vacuo- 
lation and disintegration of the cytoplasm of infected cells 
in which the nucleus shrink to become Pyknotlc followed by 
complete disintegration of the cells was also reported by 
Jennings (1967). Cytopathic changes produced by avian
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influenza virus A/turkey/Ontario/7732/65 in chicken fibro
blasts have been described by Narayan et al, (1969). He 
could observe complete disintegration of cell layer within 
24 hours* Increased granulation of the cytoplasm with 
rounding and opacity of cells due to avian influenza virus 
h/turkey/Ont arlo/6213/66 was reported by Rouse (1967),

Niven et al, (1962) and Campans and Dirrmock (1969) 
reported that the cytopathic effects of influenza virus in 
culture consisted of rounding and eventual detachment of 
cells. While Kopp et al, (1968) and Campans and Dlmmock 
(1969) observed dense cytoplasmic inclusions with periodic 
striations under electr&icro scope, Cytoplasmic inclusions 
which appeared to contain RNP have also been described by 
Ter Meulen and Love (1967),

Influenza type A virus was propagated in mallard duck 
tracheal organ cultures by Kocan et al, (1978), They have 
reported cytoplasmic Vacuolation, nuclear swelling and 
sloughing of the epithelial cells following infection,

Gharagozlou and Samadiesh (1980) studied the patho
genicity of two avian influenza viruses T/Califomia / 
MeleagriuzV64 (HavS Nav5) and T/Califomis/5142/66 (Hav4 Nav2) 
in different cell cultures such as chicken embryo fibroblast, 
lamb embryo kidney and calf embryo kidney cells. Chicken 
embryo fibroblast cells were found to be the most suitable 
for both the viruses followed by lamp embryo kidney cells.
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They have also observed a close correlation between the 
virus concentration In the Inoculum and CPE In all cultures 
and T/Callf/5142/66 more cytopathic than T/Calif/Meleogriu23/66.

Rott (1985) used cell cultures-chicken embryofibrolasts- 
to differentiate Pathogenic strain of avian influenza virus* 
from non pathogenic ones. He observed that non pathogenic 
strains produced HA In cell cultures only In the presence of 
trypsin. Similarly plaques were also produced only when 
trypsin was incorporated in the overlay medium.

3. Experimental infection
Moses et al. (1948) studied the pathogenicity of a 

fowlplague virus isolated from an outbreak of natural disease 
in chicken in Dutch East Indies. Following experimental 
infection the virus attained high titers in. blood which 
persisted until death. During the period of clinical 
disease* the virus was recovered from the liver* spleen* 
kidney and brain. They have also evaluated the effect of 
various routes of inoculation of adult birds on. the in fee t- 
ivity and lethality of the virus. The minimum lethal dose 
was essentially the same for all routes of inoculation 
(I/Vt s/C* I/P* l/C). However, larger amounts of the virus 
possibly H8> times as much were required to produce disease 
by intradermal or intratracheal route and about 1000 times 
by instillation in to the conjunctiva. For effective
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Infection It was found to be necessary to introduce the 
virus beyond the outor epithelial barriers of the chicken 
and minimum lethal dose for chicken and chick embryos were 
the same.

prokofeva et al. (1953) in their studies on experimental 
infection of ducks with influenza type A virus reported that 
the infected birds excreted the virus in the faeces for two 
weeks and had serum neutralizing and Hi antibodies for four 
to six months* Similarly, ducklings from eggs laid by the 
infected birds also had specific HI antibodies up to 1*160 
when they wore two days of age which later on declined.

Belitzkll (1966) studied the aetiology of respiratory 
disease of ducklings by simultaneous inoculation of five to 
ten day-old ducklings with influenza virus and mycoplasma.
He observed that when these two organisms were given simul
taneously there was typical symptoms of respiratory disease 
with high mortality but the proportion of infected and dead 
birds reduced and the time taken for the appearance of the 
disease was also delayed when only one of the two agents 
was given*

Experimental infection of chicken with tern virus 
(Vtern/South Africq/51) and chicken virus (Vchickery'Scot/59) 
by Becker and Uys (1967) have shown that the former produced 
acute clinical disease with a higher mortality rate by 
intranasal, conjunctival or intramuscular infection* It x*as
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also reported that In spite of the close antigenic relat
ionship between these two subtypes they could differ
entiate the tern virus infection and chicken virus infection 
from the duration and symptoms of clinical disease the 
tissues of choice for virus isolaticn.

Narayan et al. (1969) reported that influenza virus - 
h/turkey/Ontario/7732/66 which was antigenically related to 
chicken/Scotianand tern/South Africs/61 viruses was 
highly pathogenic for chicken and turkeys but did not produce 
any clinical disease to ducks, geese or pigeons.

Experimental infection of turkeys with V^urkey/
Wi scon sin/6 6 have shown that both exposed and incontact 
birds excreted the virus for a period of 23 and 31 days 
respectively (Homme et al; 1969). It was also possible to 
isolate the virus routinely in the presence of circulating 
HI antibodies. A consistent correlation between cold stress 
and clinical disease was also observed by them. They found 
that the birds subjected to low ambient temperatures deve
loped much more severe disease that became chronic with low 
antibody titers and shedding the virus for a long period.
It was also reported that when the disease was in apparent, 
acute and self limiting, there was an early high level of 
HI antibodies, where in, the clinical symptoms were milder 
and the birds recovered rapidly.

Slemons and Easterday (1972) studied the host response
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differences among turkeys* ducks* pheasants and pigeons to 
influenza A virus (Hav5Nl). The pheasants and ducks were 
resistant to infection While turkeys manifested severe signs 
of disease that, terminated fataly. Though considerable anti
body response was noticed in pheasants and quails the response 
was poor in ducks. They have also noticed that the case and 
regularity of virus recovery varied between species. Very 
high HI antibody levels to influenza A virus in pheasants and 
quails with low levels in ducks and geese have also been 
reported by Easterday (1975),

Bahl and Pomeroy (1972) studied the Pathogenicity of 
a turkey influenza A virus (iy'turkey/Minnesotc/BF/72,
HavS Neq2) by experimentaly infecting Franklin gulls (Larus 
pipixan) and mallards (Anas platvrhvchos), Both the species 
did not show any clinical signs of the disease but tracheal 
shedding of the virus persisted for 24 days after infection 
in gulls and six days in mallards. Though HI antibodies ware 
demonstrated in the inoculated gulls the levels ware low and 
erratic in ducks.

Alexander et al, (1978) carried out a detailed study 
on the pathogenicity of four avian influenza virus for two 
week old fowls* turkeys and ducks by intranasal administration. 
The strains used were V£o>d./Germ any/34 (HavlNl) the Rostock; 
A/FPVl/Dutcb/27 (Havl Neql)-Dutch; Vfowl/Victorisy^S 
(Havl NeqlAustralian and iyparrot/Uister/73 (Havl Ml)-Uleter.
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They have found that the Rostock, Dutch and Australian 
strains were pathogenic for fowls, turkeys and ducks.
Though the clinical symptoms manifested in these three 
species were identical in most cases, ducks had milder 
inflammatory reactions. Paralysis was also noticed in them 
The duration of illness due to these strains were also 
different. Infection with Rostock strain took only 24 to 
40 hour to kill the hirds while Dutch and Australian 
strains took 6 and 15 days respectively. Differences 
between these strains were also observed in the duration 
of virus excretion. Ulster strain was non pathogenic to 
all the three species of birds. However, virus could be 
Isolated from than till the 22nd day following infection. 
They have observed that virulence of influenza A virus to 
any specific host has not related to the surface antigens 
of the virus as, of the four strains studied the most 
pathogenic was Rostock virus which had identical HA and 
NA antigens (HavlNl) of the completely avirulent ulster 
virus. Similar observations were made by Webster et al. 
(1976), Allan et al. (1977) while pafchotyping 13 avian 
influenza virus isolates have opined that virulence may 
be the only reasonable criterion for assessing the serious
ness of any influenza isolate, Alexander et al. (1978) 
considered extreme variations in results between species 
of birds, strain of virus and mode of Infection as the 
difficulties encountered in assessing virulence of a



particular Isolate*

Westbury et £^.(1979) studied the pathogenicity of 
three. Australian fowl plague viruses for chicken* turkeys 
and ducks* strain FPV-l and 2 were pathogenic for chicken 
and turkey as it induced clinical disease and mortality 
upto 25%* The morbidity and mortality in chicken and 
turkeys Infected with these two strains were essentially 
the same* However* no clinical disease or death were 
recorded in ducks, strain FpV-3 was apathogenic for all 
the three species. From the Infected birds viruses were 
isolated from pharynx* cloaca and heart blood* It was also 
noticed that transmission of the virus from exposed to the 
contact chicken* turkey and ducks and rate of transmission 
Varied between species. Ducks were more nadily infected 
than chicken aid turkeys. They have also found that the 
virus excretion through cloaca persisted for a longer 
period exphasizing the importance of cloacal swabbing for 
virus isolation attempts particularly in birds that do not 
develop clinical disease. The serological response of 
chicken and turkeys to Infection with the three strain was 
greater In chicken and turkeys than In ducks* some even 
failing to develop detectable levels of antibody tin til day 
33 of infection when all the chicken and turkey developed 
significant titers within 21 days and persisted upto day 85. 
From the results obtained the authors emphasized the use
fulness of serological screening of chicken and turkey as a
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system of surveillance of influenza virus infection and 
opined that in ducks it must he combined with virus 
isolation*

White Pekin ducks were experimentally infected by 
Various routes with five subtypes of Influensa A virus.
Of these, only influenza virus of duck (Zy'ducJy'Hokkaido/
5/77 Hav7N2) and Budgerigar (/y'budgerigar/Hokkaido/1/77- 
Hav4ftavl) origin replicated in the intestinal tract of 
ducks and shed the virus in high titers for a period of 
six to seven days, and rarely up to 21 days in the faeces 
(Kida et als 1980). However, there was no clinical signs 
of the disease and scarcely produced any detectable levels 
of serum antibodies. It was also reported that the exposed 
ducks became resistant, to secondary infection but became 
susceptible from the 46th day onwards. This secondary 
infection was usually followed by rapid appearance of high 
titers of antibody.

Podchemyaeva et al. (1981) studied the pathogenicity 
of influenza virus and their recombinants for ducks by 
experimentally infecting one to two month-old ducklings 
in tr an as ally with 10 avian and mammalian influenza viruses 
and nine recombinants, Though the infected birds were 
excreting the virus through cloaca none of them showed any 
clinical symptoms • They have also established contact 
transmission of the virus as there was an increase, though low,
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In HI antibody titers. Similarly Shandhu and Hinshaw 
(1983) also reported that none of the ducklings that were 
experimentally Infected with two different antigenic sub- 
types of Influenza virus (Hav3Navl and Hav6Neq2) produced 
any clinical signs.

Differences were demonstrated In the transmlsslbillty 
of two strains of avian Influenza virus possessing the 
same surface antigens (Westbury et ali 1981). They found 
that ^ducly'Victorla/VS (H7N6) spread quickly and Infected 
all incontact chicken where as Vchlcken/VictoriV75 (H7N6) 
spread slowly and failed to Infect all the incontact chicken 
though both strains were Isolated from the same locality 
about the same time,

Austin and Hinshaw (1984) infected ducks with two of 
their Influenza virus Isolates from mallards and reported 
virus excretion In their faeces for a period of 12 days 
following infection. They have also observed failure in 
reinfecting the ducks with the homologous (H4N6) strain 
but not with a different subtype (H11N3).

McNulty et al. (1985) Inoculated turkey Influenza 
virus V^turkey/Ireland/83 (H5N8) In to juvenile and adult 
turkeys, chicken and ducks and reported 100% mortality in 
chicken aid turkeys. No clinical symptoms were observed 
in inoculated ducks, thogh they picked up Infection as 
evidenced by the development of HI antibodies against the virus.
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Forman et al. (1986) examined the ability o£ an 
influenza virus (H7N7) isolated from an outbreak of disease 
in chicken in Victoria, to cause disease in chicken, tur
keys and ducks by experimental inoculation of five to six 
week-old broilers by intravenous and intranasal routes; 
and five week*old turkeys and ducklings by intravenous 
route. The virus was highly pathogenic to chicken and tur
keys Inducing 100% mortality with or without showing clinical 
symptoms such as oedema and cyanosis of skin of the head 
including comb and wattles and paralysis in some cases. How
ever, none of the ducks shotted signs of illness and cloacal 
samples taken three weeks after inoculation showed no evid
ence of virus. The HI antibody levels were only Is20 even 
after four weeks of infection. Though transmission of infect-

iion occurred from inoculated chickens to those in direct 
contact, chicken separated by a distance of three meter 
developed neither clinical disease nor antibody to the virus.

Alexander et al. (1986) assessed the pathogenicity 
of eight avian influenza virus of H5 subtypes for chicken,

t

turkeys, ducks and quails. Clinical signs, death, virus 
excretion and immune responses were the parameters included 
in their study. Among the strains utilised A/chicken/ 
Scotland/59 (H5N1); V fceEir/soufch Africa/61 (H5N3); b/turl<&y/ 
Ontario/7732/66 (H5N9); A/chic ken/Pennsylvania/1370/83 (H5N2); 
vturkey/Irel and/83 (H5N8) and A^^uck/irel and/l 13/84 (H5N3) 
vjere highly pathogenic for chickens and turkeys while



A/turkey/Italy/Za/80 (H5K2) and Vchichen/Penn sylvan! 1/83 
(H5N2) ware of low pathogenicity. A/chicken/Scot1and/59 
was more pathogenic for chicken than turkeys while Vturkey/ 
Qntario/7732/66 was more pathogenic for turkeys than chicken. 
Other strains showed little difference in their pathogenicity 
for these two hosts. None of the viruses were found to be 
pathogenic to ducks. Only J/duclv'*E,elan^84 and turkey/ 
Ireland/83 produced consistent serological responses in 
ducks. However# intra-muscular infection of ducks with 
Vtem/South Africa/6* and turkey/Xtaly/80 produced HI anti- 

 ̂bodies in some birds. Oily these strains could be reiso
lated from the ducks. Quails were comparatively resistant 
to strains which were highly pathogenic to chicken and 
turkeys. It was also observed that the rate of contact 
transmission varied considerably with both the hosts and the 
virus and various combinations of these.

Tashlre et al. (1987) have found that when a strain 
of influenza A virus nonpathogenic to quails (//turkey/ 
Ontari^/7732/66) was passaged several times in quails it ' 
produced a fatal generalized infection This was thought 
to be due to a change in proteolytic clevahility between the 
original and adapted viruses leading to a faster multi
plication of the virus at the site of infection.
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MATERIALS AND METHODS

1. Influenza virus
Influenza type A viruses, isolated toy the Department 

of Microbiology during the first halves of 1985 and 1987 
from ducklings stationed at Government Duck farm, Niranam 
and showing oc^ulonasal discharge, swollen eyelids, oedema 
of head and respiratory distress were utilized for the 
present study. The isolates used for detailed investigat
ion were A/(3uc'k/Inci±a/l/85 (H9N2); designated as CDN from 
1985 outbreak, P/auok/ln61a/2/B7 (H3N7), &/ducfyXnd±s/7/87 
(H3N2) and Vduck/India/14/87 (H9N7). The latter three 
isolates were designated as DT3; T19 and lgl respectively 
and were from the 1987 outbreak. These isolates were from 
the cloaca; throat swab; tracheal swab and lung tissue 
respectively. Isolate number one, two and four were from 
dead birds while T19 was from an ailing bird. All these 
Isolates were maintained at -20 °C in wet state at their 
8th, 3rd, 4th and 4th passage levels respectively, on 
receipt they were passaged once in nine day embryonated eggs 
by the allantoic route of inoculation. The allantoic fluid 
collected from these infected embryos and distributed in 
small quantities in screw capped vials and stored at -20*C, 
were used throughout this study.

2. Hen eggs
Hatching eggs from white leghorn/Austrowhite breeds



received from the University poultry farm were incubated 
in a bacteriological incubator at 38,5’C till the 9th day 
for allantoic route of inoculation. For preparation of 
chicken embryo fibroblasts they were incubated at this 
temperature till the 11th day.

3. Chicks
Day-old unvaccinated male chicks received from the 

University Poultry farm were used for assessing intra
cerebral pathogenicity index or reared till the 6th week 
for intravenous pathogenicity index.

4. Duck eggs
Duck eggs purchased from the local market and incu

bated for 10 days as in the case of chicken eggs were used 
for allantoic route of inoculation to study their suscepti
bility to the above isolates.

5. Ducklings
, Ducklings (Desi/White Pekin) used for this study ware 

received from the ICAR Duck Scheme, Mannuthy.
6. Medias and Buffers

a) Tryptose Phosphate Broth (Tpb).
Ready-made media purchased from HI media, Bombay was 

reconstituted as per the manufacturers instructions and 
sterilized by autoelaving at 15 lbs pressure for 10 minutes.
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Antibiotics such as Penicillin (500 XU/ml) and Streptomycin 
(500 uq/ml) were added to the medium before it was used for 
collection/dilutions of specimens for virus isolation (Tpb-A) .
b) Hanks Balanced Salt Solution 1QX.

48

Sodium chloride 80.0 gm
Potassium chloride 4.0 gm
Na2HP04. 2H20 0*6 gm
MgS04# 7H20 2.0 gm
im2Poi 0.6 gm
Glucose 10.0 gm

The ingredients were dissolved completely one by one 
In 800 ml of double glass distilled water.

(ii) CaCl2 0.7 gm
Double glass distilled V7ater 100 ml

(iii) NalC03 3.5 gm
Double glass distilled water 100 ml

(iv) Phenol red - 0.4 gm of Phenol red (HDH)
mixed with small quantity of tf/20 NaOH to form a paste and 
then diluted to 150 ml using double glass distilled water*
The pH was adjusted to seven with N/lQ NaOH and finally 
made up the volume to 200 ml.

The solutions were autoclaved separately at 10 lbs 
pressure for 45 minutes when cool 100 ml of (iv) was added 
to (1) and the (II) was added to the mixture to make 1000 ml
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and stored at 4°C with one ml of chloroform.
c) Calcium Magnesium Free Phosphate Buffer (CMF-PBS) pH 7.5 IPX.

All the components were dissolved one by one in 1000 ml 
double glass distilled water, distributed in 100 ml quantities 
and sterilized at 10 lbs pressure for 45 minutes cooled and 
stored at 4®C.
d) Trvosin.

A 0,2 per cent trypsin (li250 Difco) was prepared in 
calcium Magnesium free buffer, sterilized by f literati on 
using seitz filter pads.
e) Antibiotic solution.

A mixture of Benzyl penicillin and streptomycin sulphate 
was prepared in sterile double glass distilled water. One 
ml of this solution when added to 100 ml of cell culture 
medium/buffer gave a final concentration of 200 XU of 
penicillin and 200; Mg of streptomyciiVml. This mixture 
was stored at -20°C.
f) Citrate phosphate buffer pH 3.2.

The stock solutions A (0.1 M solution of citric acid)

NagHPO^ 2H20

« y ° 4

Sodium chloride 
Potassium chloride

80.0'Jgra
2.0 gm 
8.5 gm
2.0 gm



and B (0B2 M solution o£ dibasic sodium phosphate) were 
prepared In double glass distilled water. Then 37.7 ml o£ 
stock solution A was mixed with 12.3 ml of solution B and 
diluted to make a total volume of 100 ml.
g) Phosphate buffer pH 7.2 and pH 9.0.

0.2 M solution of monobasic sodium phosphate (Solution A) 
and 0.2 M solution of dibasic sodium phosphate (Solution B) 
were prepared as stock solution. 87.7 ml of solution A was
mixed with 12.3 ml of solution B and diluted to make a total 
volume of 200 ml for pH 7.2. For pH 9.0, 8.5 ml of phosphate 
buffered saline was mixed with 1.5 ml of 0.1 N sodium hydroxide. 
Both the buffers were sterilized at 15 lbs pressure for 15 minu
tes.
h) Tris-Barbiturate buffer pH 8.6.
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Barbitone sodium 9.9 gm
Tris (hydroxy methyl aminomethane) 17.7 gm
Sodium azide 0.3 gm
Distilled water 2000 ml
pH adjusted to 8.6 with IN Hcl.

i) Cell culture growth medium.
Hank* s balanced salt solution, IX was supplemented with 

0.5% 1 act albumin hydrolysate and 0.15% yeast extract and five 
to seven per cent calf serum. Antibiotics at the rate of 
200 IU of penicillin and 200 vUg of streptcraycin/ml were also



added. Before adding serum and antibiotics the medium was 
sterilised by autoclavlng at 10 lbs pressure for 45 minutes.
J) Maintenance medium.

Same as above except that the serum concentration was 
reduced to one to two per cent.

7. Serum
Blood collected aseptlcally from cross bred bull calves

• \was allowed to clot at room temperature In a slanting position 
and then transferred to 4*C for better separation of serum. 
Next day, serum was transferred into a clean sterile flask, 
filtered through seits EK filter pads, inactivated at 56cC 
for 30 minutes on a water bath, checked for bacterial conta
mination and stored at -20*C until used.

t ' '3. Red blood cells for haemagglutination
a) Chicken RBC.

Blood from the wing vein of cockrela was collected 
in Alsever's solution. It was centrifuged at 1000 rpm for 
10 minutes. The suspended RBCs were washed twice in normal 
saline and resuspended in fresh normal saline to get a 
0.5% concentration for plate haemagglutination test, t’or 
rapid spot test a higher concentration <1 to 2%) of red 
cells was used.
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b) Red cells fran other species.
Blood from the jugular vein in the case o£ bovine, horse, 

goat and sheep; the earvein of rabbit, the heart of guinea
i

pig; the inner can thus of eye in mouse and rat and the cubital 
vein of man was collected in Alsever's solution. The other 
steps were the sane as in the case of preparation of chicken 
RBC,

3. Collection of specimens
a) Cloacal and throat swabs.

Cloacal and throat swabs were collected from 20 ducklings 
showing clinical symptoms similar to as reported during the 
1985 and 1987 outbreak at the duck farm, Nif'hanu These swabs 
were brought to the laboratory on the day of collection itself 
on ice and then soaked in Tpb-a at the rate of one ml per swab. 
In the laboratory they were stored at -2G"C until they were 
used for thick embryo inoculation.
b) Tissues.

Tissues such as liver, spleen, lung and brain from four 
dead birds- were, collected under asepblde conditions in to 
sterile vials. They were brought to the laboratory immedi
ately and cultured on various bacteriological media and then 
soaked with Tp&»A and stored at — 20®C until used.
c) Serum for antibody titration.

Blood was collected into small test tubes frcm the
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ischlatic vein of ducklings and allowed to clot at room 
temperature. Then it was transferred to 4°C for better 
separation of serum.

10. Processing of specimens
a) Cloacal and throat swabs.

Swabs soaked in TPB-A and stored at -20 °C were allowed 
to thaw at room temperature. The swabs were then squeezed 
against the wall of the test tubes with sterile pipettes. 
Separate pipettes were used for each specimen to avoid 
cross contamination. The fluid expressed from the swab 
were centrifuged at 2000 rpm for 10 minutes* The clear super- 
natent fluid was separated and incubated at 37 °C for one 
hour before it was inoculated in to the allantoic cavity of 
nine day embryonated chicken eggs.
b) Tissues.

At the time of use the tissues were emulsified in Tpb-A 
with the help of a Tenbroeck tissue grinder and sterile 
silica gel to obtain a 10 to 15% (W/v) suspension. This 
tissue homogenate was then cleared, separated, incubated and 
used for chick embryo inoculation as in the case of cloacal 
and throat srabs.

11, Chick embryo inoculation
The viability of nine day-old embryos was checked and 

the aircell marked. The air cell region was sterilized with
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tincture of iodine and a hole was made using a dental 
drill, about 0.5 to 1 cm from the margin of the aircell 
towards the centre.

One in ten (l/1̂  dilution of the virus was prepared 
in TpB-A and 0.2 ml was inoculated in to the allantoic 
cavity with a tuberculin syringe fitted with a 20 gauge 
needle. The hole was then sealed with paraffin and incu
bated at 37°C. Candling was done at every 24 hours and the 
embryos that died after 24 hours and those did not die 
after five days were chilled at 4°C to avoid contamination 
with red cells while harvesting.

12. Harvesting of allantoic fluid
The air cell of the embryonated eggs were disinfected 

with 70% alcohol. The air cell region was cut and removed 
with a sterile scissors. The shell membrane and chorio
allantoic membrane were removed and allantoic fluid was 
collected aseptically with sterile pipettes. The fluid 
from each embryo was tested for haemagglutinating activity, 
using 1 to 2% chiclcen REC by spot agglutination test. The 
fluid which gave positive haeraagglutination test was stored 
at —20°C in five ml quantities.

13. Characterization
a) Identification of HP antigen.
i-Preparation of Nucleoprotein (NP) antigen.

Nine day-old embryonated eggs were inoculated with the
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four strains of influenza A virus mentioned above. The 
chorioallantoic membranes were collected 24 hours aftefr 
infection. They were rinsed in Phosphate buffered saline 
(pH 7,2) drained to remove excess fluid and ground in a 
pestle and mortar with some sterile sand. It was frozen 
and thawed three times and centrifuged at 1000 rpm for 
10 minutes. The supematent formed the NP antigen.
^Preparation of antiserum to HP antigen.

Antiserum to one of the strain (CDN -V^cV^ndia/1/85- 
H9N2) was prepared in rabbit by subcutaneous inoculation 
with one ml of the antigen mixed with equal quantity of 
Freund's complete adjuvant. A second dose was given 10 days 
later but without adjuvant. Fifteen days following the 
second injection serum was collected from the rabbit and used 
to identify the NP antigen from other three strains.
^Inmunodif fusion •

0.7% agarose was prepared in eight per cent sodium 
chloride buffered to pH 7.2. Three ml of this was poured 
on to precoated microscopic slides. After the agarose 
was set, wells having four mm* diameter were cut in a 
circular pattern about four ran. apart. The central well 
was filled with antiserum against NP antigen of strain CDN. 
While peripheral wells were filled with the various NP 
antigens. The slides were Incubated in a humid chamber at 
room temperature and the results were read after 48 hours.
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Electrophoresis was performed in a Toshniwall electro
phoresis chamber. Three ml of 0.8% Agarose in Trisbarbiturate 
buffer, pH 8.6 was poured on to microscopic slide. On settl
ing of agarose, 3 ran diameter wells were cut slightly towards 
the cathode. After initial electrophoresis antiserum trough 
was cut in between the antigen wells and filled with NP anti- 
serum. The antibodies in the serum will react with electro- 
phoresed viral protein showing specific lines of precipi
tation.
b) Embryo Infective Dose 50 (EXP 50).

Serial ten fold dilutions of the viruses were made in 
Tpb-A. Each dilution was then inoculated at the rate of
0.2 ml each into nine day embryonated eggs using three eggs 
per dilution. The eggs were incubated at 37°C„ candled 
dally and examined as described above. The allantoic fluid 
from each embryonated egg was tested for haemagglutinating 
activity. The embryo infective dose was calculated as per 
the method of Reed and Muench (1938),
c) Haemaqqlutlnatlai (Poultry Biologies. 1963).

Two fold dilutiaB of the viruses were made in normal 
saline in perspex haemagglutlnatlai plates. Equal quantity 
of 0.5% washed chicken RBC was added to each dilution. RBC 
control was prepared simultaneously. The plates were 
incubated at room temperature for 30 minutes. The readings 
were recorded after the red cells in the control wells had 
settled.
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The haemagglutination tests using red cells from 
bovine, horse, goat, sheep, rabbit, guinea pig, mouse, 
rat and human were done as described above*
d) Thermostability.

Chickembryo propagated virus was distributed in one 
ml volumes into sterile screw capped vials and were sub
merged in a waterbath at 55 ®C, one vial each at various 
intervals of 5, 10 and 30 minutes were transferred to -20*’C , 
The untreated and sample that was kept at 56 °C for 30 minutes 
were assayed for infectivity as described above for EID 50*

The virus samples exposed to 56°C at various intervals 
were tested for its haemagglutinating activity and compared 
to that of the untreated sample,
e) pH Stability.

One in ten dilutions of the viruses were made in citrate 
phosphate buffer (pH 3 .2) and phosphate buffer (pH 7.'.2) and 
9,0 and kept at room temperature for one hour. After this 
period virus titrations were made in nine day-old embryo
nated chicken eggs, in 0.2 ml quantities using three eggs 
per dilution. The untreated sanples were also titrated 
simultaneously. Post inoculation incubation, candling and 
harvesting were done as described earlier.

r The viruses treated with citrate phosphate buffer (pH 3.2) 
and phosphate buffer (pH 7.2 and 9.0) were also tested for 
HA activity and they were compared to that of the untreated

57



sample .
£) chloroform sensitivity (Feldman and Wang* 1961),

Two ml of the allantoic fluid frcm chick embryos 
inoculated with the various strains of influenza A virus 
was mixed with 0,1 ml of chloroform and kept at roam temper
ature for 10 minutes with intermittent shaking. After this 
period it was centrifuged at 800 rprn for 10 minutes. The 
chloroform then appeared at the bottom of the tube* above 
this was an opaque interphase layer covered by the clear 
supematent fluid. This supernatent fluid was removed and 
used for titration of HA activity and infectivity as described 
above.
g) propagation in chicken embryo fibroblasts.
1) Chicken embryo fibroblast cultures (Cunningham,. 1966).

Eleven day embryonated chicken eggs were selected.
After cleaning the shell at the air cell region it was cut 
with a sterile scissors, the shell membrane and chorio 
allantoic membrane were torn and the embryo was lifted with 
a force's and transferred into a sterile petridish containing 
CMF-PBS with antibiotics. The head, limbs and visceral 
organs were removed and the embryos were transferred into 
large centrifuge tubes and chopped into small pieces. It 
was washed twice with CMF-PBS and transferred Into a trypsi- 
nisation flask and washed again in the CMF-PBS containing 
0,2% trypsin. Fresh trypsin was added at the rate of 25 ml 
per embryo. Teflon coated magnetic stirring bar was added
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and stirred on a magnetic stirrer for five minutes. The 
supematent was poured off, and washed with trypsin. Fresh 
trypsin was added and then kept for trypsinizatlon for 
20 to 30 minutes. The resulting cell suspension was 
filtered though a double layered muslin cloth. The filterate 
was centrifuged at 800 rpm for 8 to 10 minutes* discarded 
the supematent, resuspended the cells in growth medium 
and recentrifuged. Likewise washing of the cells was 
repeated thrice and finally resuspended in growth medium 
containing five to seven per cent serum to get a final

5concentration of 5 x 10 cell/ml*
The above cell suspension was seeded into test tubes 

at the rate of one ml per test tube, closed tightly with 
rubber stoppers and incubated at 37 eC in slanting positicn. 
When a satisfactory monolayer was obtained (usually within 
24 to 48 hours) it was used for studying the cytopathic 
effect.
2) Virus Inoculation.

Tubes with satisfactory monolayers were selected, 
poured off the growth medium and the monolayer was washed 
with maintenance medium. To this a It 10 dilution of the 
virus was added at the rate of 0.2 ml per tube and incubated 
at 37*C for ore hour to facilitate adsorption. At the end 
of this period the inoculum was poured off, washed with 
maintenance medium and incubated at 37°C. Control tubes
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were similarly treated except that instead of the inoculum, 
0,2 ml of the maintenance medium was added. At twenty four 
hour interval the tubes were examined for CPE under an 
inverted microscope.

After six days of incubation or when the Cpe was 
evident the monolayers were frozen at -20°C and the cells 
were disrupted by rapid thawing at 37*C. This rapid freezing 
and thawing was repeated for two more cycles and then centri
fuged at 2000 rpm for 10 minutes. The HA activity and the 
Infectivity of the supernatant was determined.
h) Pathotvpinq.

1) Mean death time at terminal dilution (MET).

Serial ten fold dilutions upto dilution 109*0 of the 
viruses were prepared in Tpb-A. The last five dilutions 
were inoculated into nine/day embryonated eggs by allantoic 
route at the rate of 0.2 ml per embryo. Ten embryos were 
used for each dilution. The eggs were incubated at 37°C 
and candled at 12 hour intervals and the death time of the 
embryos were noted. The mean death time was calculated 
using the formula given in poultry biologies, 1963.
2) Intracerebral Pathogenicity Index (ICPI).

Ten, day-old chicks were inoculated intracerehrally 
with 0.05 ml of 1/10 dilution of viruses in normal saline. 
Five, day-old chicks were kept as control, after inoculating
0.05 ml of sterile normal saline intracerehrally. The
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chicks were observed fear 20 days for the development of 
disease or death. The neuropathic index was calculated 
by scoring factor zero for normal* one for diseased and 
two for dead. The sum total of all the factors was divided 
by the total number of observations.
3. Intravenous pathogenicity index (IVPI).

Eight, six week-old chicks were Inoculated with 0.1 ml 
of 1/10 dilution of the embryo propagated viruses subcuta- 
neously. They were observed for 15 days for the development 
of clinical signs* paralysis or death. The factors for 
each observation was zero for normal* one for clinical 
signs* two for paralysis and three for death.

14. Pathogenicity and Immunogenicity
Influenza A virus strains CDN (VducVZndiVVQES-HgNZ) 

from 1985 outbreak and lgl (A ducV^ndi^/14/87-I©N?) from 
1987 outbreak were examined for their pathogenicity to 
ducklings of various age groups.
1. Experiment I.

A total of 25;day-old ducklings were used for this
study. Twenty of them were divided into four groups of

8  5five each. Group A received 10 * EID 50 of the influenza 
virus strain CDN both by oral' and cloacal route. Group B 
and C received the same dose of the virus by oc«ulonasal
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and subcutaneous routes respectively. Ducklings in group D . 
served as uninfected control. To study the transmissibi- 
lity of the virus five age matched uninfected ducklings 
were introduced in to group A, two hours following infect
ion •
2. Experiment II.

The number of birds, their groupings, strain of the 
virus, routes and dose per bird were the sane as in experi
ment I except that one week-old ducklings were used for 
this experiment, 1

3. Experiment III.
Same as in experiment I and IX but two week-old duck

lings were used, to study the pathogenicity. The contact 
infection studies were carried out by keeping ducklings 
along with group C.
4. Experiment IV.

A total of 43, one-week-old ducklings were used for 
this study. Twenty eight of them were divided into four 
groups of seven each. Birds in group A infected with 
influensa A virus strain lgl at the rate of 10^*^ Eid 50/ 
bird by oral route. Group B and. C were Infected with the 
same dose of the virus by oceulonasal and cloacal routes 
respectively. Birds in group D served as uninfected 
controls. Transmissibility of this strain was studied by
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keeping five, age matched uninfected ducklings each, along 
with all the three group of infected ducklings.

In all the experiments, following infection different 
groups were kept separately and extreme care was taken to 
avoid cross infection.

.They were observed twice daily for the development of
clinical symptoms or death. Cloacal and throat swabs were

21collected at g, 6, 7, 10, 14,and 28 days of infection, for 
virus isolation as described previously. Sera from the 
birds in all the experiments were collected at weekly inter
vals till the 4th week and subjected to haemagglutination 
inhibition test for detection of antibodies.
5) Antibody titration.

Immune response to the above strains was detected by 
HI test using the corresponding virus as antigen.

Beta procedure of HI test was employed throughout the 
study. After ascertaining the HA titer of the virus, four 
HA units of the virus was prepared in normal saline. Serial 
double fold dilutions of the serum were prepared in normal 
saline. Each of these dilutions was mixed with 0.2 ml of 
four ha units of the virus and incubated at room temperature 
for 30 minutes. After this time 0*4 ml of 0.5% of suspension 
of washed chicken RBC was added to each well and mixed. 
Simultaneous virus and RBC controls were also set. The HI

63



antibody titer was taken as the highest dilution o£ the 
sera in which there was complete Inhibition of HA.
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Table 1. Influenza A virus strains used for the present 
study. «>

SI .No. strain. Antigenic Passage Source/ Infectl- 
subtype number year of vityIsolat- titer. Ion

1. CDN 
&/<3.uclt/Iiuila/ 1/85

2. DT3, VdU c V Indi^'2/87

3. ¥19, VtfucVZndle/ 
7/07

4. lgl, ^?ducH/lndla/ 14/87

H9N2

H3N7

H3N2

H9N?

8 Cloacal 108*5/0*2 ml swab/1985

Throat 108 * 25/0.2. ml

4
swab/1987
Tracheal
swab/1987Tracheal I05*^/0«2uinl

Lung 
tissue/1987108*5/0.2 ml
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Table 2. Treatments of day-old ducklings v/ith influenza A virus strain CDN (i^ducl^lndis^l/85—H9N2),

Group Number of Virus strain Route Dose per
ducklings birdused

Grovip A 5 CDN 0 + CS 10® *5 EID 50
(Five uninfected ducklings were Introduced 2 hours following infection for contact infection)
Group B 5 CDN ON 108,5 EID SO

Group C 5 CDN SC 10®# 5 EID 50

Group D 5 .. Control • •

chCS - Oral and cloacal swabbing 
ON - Ocoulonasal 
SC « Sub cutaneous
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Table 3. Treatments o£ one week-old ducklings with
influenza A virus strain CDN ( Vlndie/ 1/85 - H3N2).

perGroup Number of Virus Route Dose/birdducklings strain
used

Group A 5 CDN OfCS ‘ 108*5 EID 50
(Five age matched ducklings kept for 
contact infection)
Group B 5 CDN ON IQ8*5 EID 50

Group C 5 CDN SC 108*5 EID 50

Grpup D 5 •. Control . •

O+CS - Oral and cloacal swabbing 
ON - Occulonasal 
SC. - subcutaneous
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Table 4* Treatments of two week-old ducklings with CDN 
(A/duck/Iudici/1/85 — H9N2) .

Group Number of 
ducklings 
used

Virus
strain

Route Dose per bird
-- — — — —

Group A 5 CDN 04CS 108#5 BID 50

Group B
i

5 CDN ON 108,5 EID 50

Group C 5 CDN sc 108*5 EID 50
(Five age matched ducklings kept for contact infection)
Group D 5 * • Control

O+CS - Oral and cloacal swabbing 
ON - Octtulonasal 
SC - subcutaneous
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'Table 5. Treatments of one week-old ducklings with
Influenza A virus strain lgl (V duck/Indla/ 14/87-H9N7).

Group Number of Virus Route Dose per
ducklings strain birdused

Group A 7 lgl o 108*0 EID 50

Group B 7 lgl ON 108*0 EID 50

Group C 7 lgl CS 108,0 EID 50

Group D 7 . • Control •.

To group A, B, c week old ducklings (five each) were Introduced two hours following Infection for contact infection.

O — Oral
ON - Ocfifulonasal
CS - Cloacal swabbing
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RESULTS

1. Virus Isolation
Rone of the cloacal and throat swabs (20 each) collected 

from ducklings showing respiratory disease during the early 
half of 1988 revealed viral isolations by allantoic route 
of inoculation of nine day-old embryonated chicken eggs. The 
tissues collected from four of the dead birds were also 
negative*

On bacteriological examination though organisms such as 
Coliforms, Staphylococi and Streptococci were Isolated from 
some of idie samples, ho further studies were carried out on 
these isolates?

2. Chick embryo propagation
Influenza virus strains CDN, DT3, T19 and lgl multiplied 

very well In nine day embryonated chicken eggs by allantoic 
route.of Inoculation, killing the embryos in two to four days 
time. The HA titers of the infected allantoic fluids were 
1*64, 1:128, 1*64 and 1*256 respectively for CDN, DT3, T19 
and lgl (Table 8). The infected embryos were usually 
congested. Some of them also showed petechial haemorrhages 
with cranial ecchymosls. No specific lesions were seen in 
the internal organs except that the liver was dark red in 
colour. The chorioallantoic membranes though appeared slightly 
oedematous and congested were free from any pock lesions.



Infectivity titers of the infected allantoic fluid
8 5of the four viruses were CDN — 10 * EID 50/0*2 ml*

DT3 - 108*25 EID 50/0o2ml; T19 - 105'75 EID 50/0.2 ml and 
lgl - 108#5 EID 50/0.2 ml when calculated by the Reed and 
Muench (1938) method (Table 6).

3* Propagation in duck embryos
The four strains of influenza virus could be well 

propagated in 10 day embryonated duck eggs too by allantoic 
route of inoculation.

The virus killed the embrpos in two to four days time 
as in the case of chicken eggs* There ivas no specific 
lesions either on the embryos* chorioallantoic membranes 
or in the internal organs. The Hh titers of the allantoic 
fluids from infected duck embryos were ls32, 1*64, 1*32 and 
1*64 respectively for CDN, DT3, T19 and lgl; while the 
corresponding infectivity titers were 107*5, 107*25* 105*° 
and 107#0 EID 50/0.2 ml (Table 7).

4. Identification of NP antigens
a) Agar gel precipitation test.

When antiserum to NP antigen of strain CDN, produced 
in rabbit and absorbed with normal CAM extract was diffused 
against NP antigens of CDN, DTg, T19 and lgl, a clear and 
thick and another faint Precipitin lines were formed against 
all the antigens. Both the lines of different strains 
joined each other indicating identify of the respective 
antigens- the NP antigens and MP antigens thus confirming 
that they all belong to the influenza virus type A (Pig. 1).
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. One additional line each was also seen against the homo
logous antigen GDN and strain lgl.. This line was very 
faint and not well defined as In the previous case,
b) Inimanoelectropharesis.

Immunoelectrophoresis of NP antigen of the four 
isolates reproducibly gave a characteristic tripple line 
pattern as shown In Fig, 2. The lines were seen near the 
point of application slightly towards the anode.

5, Thermostability
Data on thermoinactivation of the various strains are 

presented in table 6. It was observed that the lnfectlvity 
of all the four strains x/ere completely destroyed by heating 
at 56*C for 30 minutes. There was a gradual reduction in 
the HA, titer when tested after five minutes and 10 minutes 
exposures followed by a complete loss in 30 minutes time.

6. pH Stability.
Results of stability of the viruses at various pH levels 

are shovn in table 6. It is seen from this table that the 
infectivity and haemaggiutinins ware unaffected at pH 7,2.
At pH 3 „2 all the four strains lost their infectivity 
eventhough the HA property was not considerably affected 
except In the case of strain lgl where the HA titer was 
brought down to 1*16 from 1*256. At pH 9.0 there was marked 
reduction Jjb HA activity and slight reduction in infectivity.
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Table 6* Thermostability, pH stability and chloroform sensitivity of influenza A virus 
strains CDN, DT3, T19 and lgl.

Effect of temperature Effect of pH Chloroform
. 56°C for 30 minutes sensitivityOCX'SuLn — —  -■»—«-— —  4 H f — — * — — ̂ _______________ _I — ■ ■ ■ ■ t w w w  I __

HA titer Infectivity __  gH_3.2____ pH 7.2 _pH.9.0__
titer ha infect- HA infect- ha Infect- C 7

C T C T vity vity vity

CDN(//dUCk/ 8 5  9 5  6 5  9 5India/1/85-H9N2) 64 0 10 0 32 0 64 10 32 10 * 10 0(256)
DT3 ( j/duclv ' o oc 9 5 6 5 9 95
Indis/1/87—H3 N?) 64 0 10* m* 0 16 0 64 10*'*  4 100 * 5 10**Z 0(32)

T19 (//ducfc/India/ / c 75 5 7  4. 5 5 757/87- H3N2) 128 0 10 * 0 32 0 64 10 * 8 10 * 10 * 0(64)

lgl (A/dUCl</Indi^ g  c  g  e  5  7 5  9 Q14/87 - H9N?) 512 0 10 0 16 0 256 10 * 8 10 10 #U 0(64)

C - Control T - Treated



Table 7. pathotyping of Influenza A virus strains*

N o ! s t r a i n s

ha titer
Chicken Duck embryo , embryo propaga- propagation tion

Character!sties
ICPI IVPI MDT * BID 50/0.2ml

Chick Duckembryo embryo

1. CDN (V<3ucVIndie/l/85-H9N2) 64 32 0.325 78 hours 108,5 107*5

2 DT3 (A/ducVIndia/1/87—H3N?) 128 64 0.66 0 76.8 108-25 107#2S

3. T19 (VducVIndia/7/87-H3N2) 64 32 0.00 72 hours 105*75 105*°

4. lgl (A/ducVIndie/14/87-H9N?) 256 64 0.163 76 hours lo8*5 107*°

-4if*
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7. Haemagglutinating property

All the four strains agglutinated human 0, A and B* 
cattle* sheep* goat* rat* mouse* horse* rabbit* guinea pig* 
and chick red blood cells.

8. Chloroform sensitivity
All the four strains of influenza A virus studied were 

sensitive to chloroform when treated at five per cent level 
for 10 minutes at room temperature (table 6) indicating that 
these viruses are enveloped.

9. Propagation in chicken embryo fibroblasts
Primary chicken embryo fibroblasts were grown in Hank's 

balanced salt solution supplemented with 0*5% 1actalbumin 
hydrolysate, 0.15% yeast extract and five to seven per cent 
calf serum. Satisfactory monolayers were formed in 24 to 48 
hours. Morphologically the cells were more or less spindle 
shaped and in areas of high density were oriented with their 
long axis parallel to one another. It was also noticed that 
when the cell density was high the monolayer pealed off very 
easily and were unsuitable for virus inoculation.

Infection with the four strains of the influenza A vitrus 
did not produce any marked morphological changes of the cells 
even after six days of Incubation. However, monolayers infected



with strain CDN produced rounding of cells randomly in 48 hours 
which further extended throughout the monolayer by 96 hours.
Cytopathic changes were minimal even after three passages of 
the other strains.

The cell culture fluids from the infected monolayers 
collected after repeated freezing and thawing were positive 
for haem agglutination test and when inoculated into nine day 
embryonated eggs, embryo mortality was noticed indicating virus 
multiplication. The infectivity titer of the cell culture fluid 
was also lot? for all the strains. It was 106*̂ , l04Cand
10S*5 EID SO /0.2 ml for CDN, DT3, T19 and lgl respectively.
On further passage in CEP cultures the titer of CDN increased 
to 107-75 EID 50/02 ml.

10. Pathotyping

a) Mean death time.

The mean death time fear strains CDN, DT3, T19 and lgl were 
78 hours, 76.8 hours, 72 hours and 76 hours respectively 
(Table 7).

b) Intracerebral Pathogenicity Index.
Intracerebral pathogenicity index was studied by inocu

lating 10, day-old chicks with 0.05 ml of 1/XQ dilution of each 
strain. The results obtained are presented in table 7„

Day-old chicks inoculated intracerehrally with influenza A 
virus strain CDN were normal during the 1st day. On the 2nd day
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two chicks showed clinical signs and were dead by the 3rd 
day. All the remaining, eight chicks were normal throught 
the period of observation* The ICPX was calculated to be 
0*325.

Three chicks inoculated with strain DT3 were dead on the 
1st day itself followed by another one on the subsequent day. 
The remaining seven chicks were normal till the 6th day when 
one chick became sick and started showing clinical signs and 
died on the 7th day. All the other chicks remained normal 
till the end of the observation period of 20 days* The ICPI 
calculated for this strain was 0*66.

All chicks inoculated with strain T19 remained apparently 
normal throughout the period of observation and thus the ICPI 
was 0*002

Chicks that received strain lgl were normal during the 
1st day. One chick became sick with clinical signs of 
drowsiness* weakness and was in sleeping posture. Another 
bird was also found dead on the 3rd day. All other remained 
normal till the end of the observation period and the ICPI 
was calculated to be 0.163 (Table 7).
c) Intravenous Pathogenicity Index.

This was studied in six week-old chicks. None of the 
chicks inoculated with the above strains showed any clinical 
symptoms or death and appeared normal till the end of the
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observation period. However, HI antibody response was noticed 
in chicles receiving all the four isolates Indicating virus 
infections. The IVPI was calculated to be zero (Table 7).

11. Experiment I
i

Day-old ducklings infected with strain CDN by oral route 
did not show any specific clinical symptoms. Virus Isolations 
were made regularly from 5th day onwards till the 10th day.
The Isolation rate was 50% on the 5th, 33*33% on 7th and 16*67% 
on 10th day. Two of the birds died suddenly on the 4th day. 
Specific lesions were not seen on postmortem examination. How
ever, virus could be Isolated flora the tissues of both the 
birds. On the 12th day two more birds died with signs of 
droopiness and discharge from the eyes. Petechial haemorrhages 
were noticed in the internal organs. The bird that died on the 
13th day also showed the same clinical signs. Tissues from 
all the three birds revealed incluenza A virus (Table 8). The 
pathogenicity index was calculated to be 1.19 (Table 20).

The ducklings that were kept along with this infected 
group to study the rate of transmission remained negative for 
virus excretion till the 4th day. On the 5th day tracheal 
samples from one of the five birds was positive for the virus. 
Tracheal excretion of the virus continued till the 10th day 
while in one of them cloacal excretion was evidenced on the 
12th day also. The incontact ducklings died at different
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periods - one each on 7th, 10th, 12th, 13th and 14th day.
None of these birds revealed any clinical symptoms. However, 
virus isolations .were made from the tissues of the birds died 
on 7th, 12th and 13th day, but not from the one each died 
on the 10th and 14th day.

Birds in group B picked up infection as virus could 
be isolated from the 3rd day of infection onwards. One 
bird was found dead on the 3rd day of infection- c^Droopiness 
was the only clinical symptom shown by this bird. Though post 
mortem could not reveal any specific lesions virus could be 
isolated from the tissues. The remaining birds died on the 
4th, 8th, 10th and 11th day. They were showing droopiness, 
diarrhoea, discharges from the eyes and ruffled feathers. 
Except from the one which died on llth day, virus could be 
isolated from all these birds. However, cloacal and throat 
samples collected from all these ducklings before their 
death did not reveal the presence of the virus (Table 9). 
Pathogenicity index was found to be 1.15 (Table 20).

In group C sudden death withat any symptoms or lesions 
was observed in two birds on the 4th day. The remaining birds 
died on the 5th (1 no), 7th day (1 no) and 9th day (1 no) of 
infection. These ducldings were showing symptoms such as 
respiratory distress, nasal and eye discharge and were in 
sleeping posture. Virus isolation were made from all the 
birds except from the one which died on 9th day. Postmortem
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Table 8. Experimental infection of day—old ducklings with CDN (//duck/In di a/1/85—H9N2)
by oral route*

Time of No* of collection/ birds observation scree— 
(in days) ned

Virus isolation
CS TS Tissues

Clinical
symptoms

Morta
lity

Total No. 
of isolat
ion/total No.examined*— — —

HI anti
body 
titer

0 5 0/5 0/5 • « • o 4 4 0/10 ND
5* 0/5 0/5 • 4 ♦ • 4 4 0/10 ND

3 5 0/5 0/5 • • • • 4 4 0/10 ND
5* 0/5 0/5 • • • • 4 4 0/10 ND

4 4 4 

m 4

• • ♦ V 2/2 No specific symptoms/ lesions 2 birds died
2/2 ND

5 3 2/3 1/3 • e * • 4 4 3/6 ND
5* 0/5 1/5 • « 4 m 4 • 1/10 ND

7 i 2/3 0/3 • • • * 4 4 2/6 05* 0/5 1/5 1/1 No specific symptoms 1 2/11 0
10 3 V3 0/3 m 4 • • 1/6 ND4* 1/4 1/4 0/1 No specific symptoms 1 2/9 ND
12 • • * 4 • 4 2/2 Discharge from eyes, droopiness

2 2/2 ND
3* 1/3 0/3 1/1 1 2/7 ND

13 • 4 • 4 • 4 1/1 Discharge from eyes droopiness
1 1/1 ND

.14
• • 

• •

• 4 * • 1/1 4 « 1 1/1 NB
1* • 4 • • 0/1 No specific symptoms 1 o/i ND

* contact birds CS — Cloacal swab TS — Throat swab ND - Not done



Table 9# Experimental infection of day-old ducklings with CDN by ocdulonasal route.

Time of No# ofcollection/ birds observation scree- (in days) ned. CS

0/5

Virus isolation
TS Tissues

Clinical Wort a- Total No. HZ anti-
symptoms lity of isolafc- bodyion/total titer No. exami-

0/5 0/10 ND

3

4

5 
8

10

11

0/5 0/5

0/3 0/3

2/1 Droopiness 2

1/1 Slight dia- 1 . rrhoea and ruffled feathers

1/1 Droopiness 1diarrhoea and discharge from the eyes 1/1 . Same as 1above
0/1 No specific 1clinical symptoms

1/11

1/1

0/6

1/1

1/1

0/1

ND

ND

ND
0

ND

ND

CS - Cloacal swab TS - Throat swab ND - Not done
CD



Table 10. Experimental infection of day-old ducklings with CDN by subcutaneous route

Time of No. of Virus isolation Clinical Mort^ Total No. HI anti-collection/ birds -------------------    symptoms lifcy of isola- bodyobservation scree- cs TS Tissues tion /total titerin days ned No.

0 5 0/5 0/5 .. .. .. 0/10 ND

3 5 2/5 1/5 .. .. 3/10 ND

4 .. .* .. 2/2 Sudden death 2 2/2 NDNo specific symptoms were shown5 3 0/3 1/3 1/1 Respiratory dis- 1 1/7 NDtress, nasal and eye discharge, sleeping posture
7 2 1/2 1/2 1/1 Sane as above 1 2/5 0

9 ,, .. .. .. Died suddenly, 1 0/1 NDNo specific symptoms were shown

CS — Cloacal swab TS - Throat swab ND — Not done
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lesions revealed by these birds were minimal (Table 10). 
Pathogenicity index was 1*51 (Table 20).

None of the birds in all the four group that survived 
even beyond seven day of infection did reveal any specific 
HI antibodies.

12. Experiment II
One week-old duckling infected with influenza A virus 

strain CDN by oral route did not show any clinical symptoms 
or death till the 4th day. One of the five ducklings died 
on the 4th day of infection and was showing droopiness, 
ruffled feathers and slight diarrhoea. Postmortem examinat
ion did not show much of the lesions except mild petechia© 
of the proventriculus. The virus could be isolated from the 
tissues of this bird. All the remaining four birds were 
apparently healthy throughout the observation period. Virus 
isolations from the tracheal and cloacal samples collected 
from these birds are shown in table 11. The virus recovery 
from these two samples was made at regular Intervals from day 
3 to 14. On the 3rd and 5th day, the isolation rate was 10056 
from both cloacal and tracheal samples. However, the number 
of isolations decreased thereafter as Isolations could be 
made only from 50% of the cloacal swabs by day seven. Cloacal 
shedding of the virus continued till the 14th day and all 
the birds were negative by the 21st day. Isolations from the 
tracheal samples could be, made only for a short period up to
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Table 11. Experimental infection of one week-old ducklings with influenza A virus strain CDN
(VducVIridia/l/85-H9N2) oral route.

Time of No. of collection/ birds observation scree- 
(in days) ned

0

3

5

7

10

14

21

28

55*

5*
45*
45*
45*
45*
45*
45*

Virus isolation
CS

0/50/5
5/5

5/5
4/45/5
2/43/5
1/4,0/5
2/40/5
0/40/5
0/40/5

TS
Clinical 

— — — symptoms • Tissues (pooled)

Mortality

0/50/5
5/5

3/5
4/40/5
0/40/5
0/40/5
0/40/5
0/40/5
0/40/5

one bird died on 4tb day with aroopinesB,ruffled featheri diarrhoea

Total No. HI anti
of isola body
tion/total titer
No.exami range
ned ---- — ------- ■■ "

0/10 00/10 0
10/10 ND

3

8/10 ND
8/8 ND

- 5/10 ND
2/8 l:4-li8
3/10 1:4—1:8
1/8 ND
0/10 ND
2/8 1:16-1:64
0/10 1:64-
0/8 1:4 -1:8
0/10 1:16
0/8 1:4—1:8
0/10 0

_ _ _  ________

CS - Cloacal swab TS - Throat swab ND - Not done
* Contact birds oo



the 5th day and all the samples were negative thereafter. 
Pathogenicity Index was 0*36 (Table 20).

All the pre inoculation serum samples were negative 
for HI antibodies. In infected birds, though low an antibody 
response was noticed from the 7th day onwards and the range 
was 1*4 to 1*8. An increase in titer ranging between ltf6 to 
1*64 was noticed by 14th day:. But by the 21st day the antibody 
titer showed a marked reduction and remained steady till the 
28th day (Table 11)•

The virus spread from the orally infected ducklings to 
the incontact birds was evidenced by the virus isolation frcm 
these birds.' However, neither clinical symptoms nor mortality 
could be observed. Virus could be regularly isolated between 
day three and seven. The rate of isolation was 80% on day 
three which was reduced to 50% by the &th day and only 37.5% 
on the 7th day. Positive isolation could be made from the 
tracheal samples only on the 3rd day, though cloaca! isolations 
were possible till the 7th day. Afterwards virus isolation 
attempts ware not successful. Like the infected ones specific 
HI antibodies could be demonstrated from day seven onwards.
The titer gradually increased and peak titers were obtained 
by the 14th day followed by a gradual decline.

Birds infected by the oc^ulonasal route showed no clinical 
signs or death throughout the observation period. But virus
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Table 12. Experimental infection of one week-old ducklings with influenza A virus strain
CDN (V<3ucl</Indi3/l/85-H9N2) by oceulonasal route.

Time of No. of collection/ birds observation scree- 
(in days) ned

Virus isolation
CS TS Tissues

Clinical
aymptons

Morta
lity

Total No. HI anti-
of i sol at- bodyion/total titerNo. examined range

0 5 0/5 0/5 « • « • • * 0/10 0
3 5 3/5 4/5 * * • • * • 7/10 ND
5 5 3/5 V 5 • * • 9 • • 4/10 ND
7 5 0/5 1/5 • • • « 1/10 Is4 - ls8
10 5 0/5 0/5 • • • ■ « • 0/10 ND
14 5 0/5 0/5 • ♦ V • \« • 0/10 1:32-1:64
21 5 0/5 0/5 ■ * « • » * 0/10 1:8 -1:16
28 5 0/5 0/5 • « • • • * 0/10 1:8

CS - Cloacal swab TS - Throat sv;ab ND Not done
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Table 13. Experimental infection of one week-old ducklings with influenza A virus strain
CDN (A/cluc}v'Inî a/ V ’85-H9N2) by subcutaneous route*

Time of collection/ 
observation (in days)

No. of birds screened
Virus
CS

isolation
Ts Tissues

Clinical
symptoms

Mortality Total No* of isolat- ior/total 
No.examined

HI anti
body titer

0 5 0/5 0/5 • 4 • 4 0 • 0/10 0
3 5 3/5 3/5 0  0 4 m. ♦ 4 e/io ND
5 5 3/5 5/5 •  * 4  0 0 • 8/10 ND
7 5 5/5 5/5 + • • one bird 10/10 I? 16
10 4 2/4 0/4 • * •  • died. 

0 0 2/8 ND
14 4 0/4 0/4 • • 0  4 0 • 0/8 ls32
21 4 0/4 0/4 ♦ 4 • 0 '0  • 0/8 1:8
28 4 0/4 0/4 4 * • 4 •  0 0/8 0

CS — Clascal swab TS - Throat swab ND - Not done



could be isolated between day three and seven following 
infection. The isolation rates were 70 % on the 3rd day;
40% on 5th day and 10% on 7th day. Specific HI antibodies 
were first observed on day seven with a range of Ii4 to 1*8,
By the second week on increase in HI titer could be observed 
(1*32 to 1:64), This was followed by a decline in the titer 
aid it was only It8 by the end.of the 4th week (Table 12), 
Pathogenicity index was 0 (Table 20),

From the subcutaneously infected week-old ducklings virus 
isolations were made from the 3rd to 10th day• The isolation 
rate increased from 3rd to 7th day and 100% isolations could 
be made on the 7th day, Cloacal and tracheal samples collected 
on day 14* 21 and 28' were negative. One bird that died on the 
7th day with signs of respiratory distress* nasal discharges 
and rales had petechial haemorrhages in the proventriculus and 
myocardium, similar changes were also noticed in the subcutis. 
Virus was isolated from the tissues of this bird. Pathogenicity 
index was 0.27 (Table 20).

The HI antibody titer of pooled serum was Is 16; ls32 and 
1*8 respectively for day 7, 14 and 21. It was absent on day 
28 (Table 13).
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13. Experiment III
Experimental infection of two week- old ducklings with 

influenza A virus strain CDW by oral route did not show any 
clinical symptoms or mortality throughout post inoculation 
observation period of 28 days. Virus isolations were made fro© 
the claacal samples between 3rd to the 7th day of infection. 
However, the isolation rate decreased from 60% on the 3rd day 
to 20% on the 7th day. Tracheal isolations were possible 
only on day five and seven and Isolation rate was low compared 
to cloacal samples. It was 40% and 20% respectively for day 
three and five. The antibody response was low compared to 
the week-old ones that received the virus by the same route, 
only 1:8 on the 7th day 1:4 on 14th and 21'st day and absent 
by day 28 (Table 14)*

Ducklings in group B that were infected with the virus 
by ocoulonasal route behaved the same way as in the case of 
group A. Cloacal sample from three of the five ducklings were 
positive for the virus on day and seven. Tracheal
isolations were possible from the 3rd day onwards till the 
7th day. Later on the birds were found to be negative.
Sera collected and pooled from the birds in this group had 
titers 1:16; 1:8 and 1:8 on day 7, 14 and 21 respectively.
Wo antibodies could be detected on the 28th day (Table 15).

The results of infection of birds in group C are pre
sented in table 16. It is seen from the table that none of
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Table 14. Experimental infection of two week-old ducklings with CDN by oral route

Time of No. of collection/ birds observation scree— (in days) ned

Virus isolation 

CS Ts Tissues
Clinical
symptoms

Morta
lity

Total No. of i sol at— ior/total No. examined

HI anti
body 
titer

0 5 0/5 0/5 • • 0/10 0
3 5 3/5 2/5 • • • • 5/10 ND
5 5 4/5 1/5 • • • 4 5/10 ND
7 5 1/S 0/5 • « • • 1/10 1:8
10 5 0/5 0/5 • • 0 • 0/10 ND
14 5 0/5 0/5 « « • 4 0/10 1:4
21 5 0/5 0/5 • • • 0 0/10 1:4
28 5 0/5 0/5 • • • 4 0/10 0

CS - Cloacal' swab ts — Throat swab ND —• Not done
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Table 15.- Experimental Infection of two week-old ducklings with CDN by oceulonasal route.

Time of No. of 
collection/ birds observation scree- ( in days) ned CS

Virus isolation 

TS

0 5 0/5 0/5
3 5 0/5 2/5
5 5 3/5 0/5
7 5 2/5 2/5
10 5 0/5 0/5
14 5 0/5 0/5
21 5 0/5 0/5
28 5 0/5 0/5

Tissues
Clinical
symptoms lity

Total No. of isolat
ion/total No. examined

HI anti
body titer

0/10 0
2/10 ND
3/10 ND
4/10 1*16
0/10 ND
0/10 l*G
0/10 1*8
0/10 0

CS - Cloacal swab TS - Throat swab ND - Not done



Table 16. Two week-old ducklings with CDN by subcutaneous route

Time of No. of Virus isolation Clinical Morta- Total No.
observation (in days)

screened CS TS Tissues symptoms lity of isolation/total No.examined
0 5 0/5 0/5 4 ♦ 4 0  4 0/10

5* 0/5 0/5 • 4 4 0 4 0/10
3 5 1/S 4/5 • 4 4 0 5/10

5* 3/S 0/5 « 3/10
5 5 2/5 1/S • 0-0 3/10

5* 1/5 1/S • 0 0 4 0 2/10
7 5 0/5 3/5 • 4 0 4 4 3/10

5* 1/5 1/S 0 2/10
W 5 0/5 0/5 o • 4 0/10

5* 0/5 0/5 • 0 0 4 0 0/10
14 5 0/5 0/5 4 0 0 .4 4 0/10

5* 0/5 0/5 4 0 4 ,4 0 0/10
21 5 0/5 0/5 • 0 0 0 4 0/10

5* 0/5 0/5 * 0 4 * 0/10
28 & 0/5 0/5 4 -4.0 4'4 0/105* 0/5 0/5 4 e 4 4 0 0/10

CS - Cloaca! swab TS - Throat swab ND -- Not done
* Contact birds

HI anti
body titer
00
NDND
NDND

1:4-1:16
1*4
NDND

1:4 - 1:8 1:4
0
0
00

voto



the birds showed either clinical symptoms or died of infect
ion. However, virus could be isolated from the cloacal sampl
ings from the third to the 5th day. Tracheal samplings gave 
positive isolations up to the 7th day and thereafter both 
tracheal and cloacal samples were negative. The immune response 
of the birds to the virus was very low. HI antibody titers 
were very low between It4 to It 16 on 7th day which declined 
by the 2nd week (ls4 to lt8) and became undetectable by the 
3rd week onwards*

None of the ducklings that were kept along with these 
infected birds to study transmissibility of the virus did 
showed any clinical symptoms or mortality. However, contact 
infection was evidenced from the positive virus isolation 
from the cloacal sampling from day three to day seven and 
from tracheal sampling from day five and seven. None of the 
incontact birds were positive after this period. Antibody 
response was also very poor as the HI antibody titers never 
increased more than It4.
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14. Experiment IV

One week-old ducklings infected with influenza A virus 
strain lgl (H9N?) either by oral, occulonasal>cloacal routes 
did not show any clinical disease and remained apparently 
normal throughout the period of observation. However, virus 
isolation were made from the cloacal as well as tracheal 
samples from day three and seven. None of the samples collect
ed after this period showed the presence of virus. The HI 
antibody titers in group A were also low compared to the 
age matched ducklings infected with strain CDN and the 
titers were 1*4; ls8 and Is4 respectively on day 7, 14 and 
21 and were negative on day 29. HI antibodies could not be 
demonstrated in group B and C (Table 17, 18 and 19).

None of the incontact birds kept along with group 
A, B and C either had clinical symptoms or any indication 
of infection as none of the samples collected from them

jgave positive virus isolations. In addition, the sera, 
from these birds were also negative for HI antibodies 
throughout the period of observation.



Table 17* Experimental infection of one week-old ducklings with Igl (A/duck/lndls/ 
14/07-KDir?) by oral route.

HI ant:
bodytiter

Time of No. of collection/ birds observation scree- 
(in days) ned

Virus
CS

isolation 
Ts Tissues

Clinical
symptoms

Morta
lity

Total No. of isolat
ion/total No. examined

0 7 0/7 0/7 4 4 0 * -4 0 0/14 0
5* 0/5 0/5 0 0 0 0 0-4 0/10 0

3 7 2/7 1/7 0 0 0 « 0 0 3/14 ND
5* 0/5 0/5 0 0 0 4 0 0 0/10 ND

5 7 4/7 3/7 0 4 4 0 0 0 7/14 ND
5* 0/5 0/5 4 0 0 4 0 4 0/10 ND

7 7 0/7 2/7 4 0 0 0 4 0 2/14 1:4
5* 0/5 0/5 0 0 4 0 0/10 0

10 7 0/7 0/7 0 0 0 0 0 0 0/14 ND
5* 0/5 0/5 0 4 0 4 0 4 0/10 ND

14 7 0/7 0/7 0 0 • 0 4 4 0/14 1:8
5* 0/5 0/5 4 0 0 4 4 0 0/10 0

21 7 0/7 0/7 • 0 • 0 • 0 0/14 1*4
5* 0/5 0/5 4 4 '0 ■ 0 0 0/10 0

28 7 0/7 0/7 0 4 0 4 4 0 0/14 05* 0/5 0/5 4 # 0 0 0 0 0/10 0

CS — Cloacal swab TS — Throat swab ND — Not don©
* contact birds
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Table 18. Experimental infection of one week-old ducklings with lgl (A/duck/Tnd±£/14/
87-H9N?) by occulonasal route.

Time of No* of collection/ birds observation scree— (in days) ned

Virus isolation Clinical Morta-
CS TS Tissues symp ^

Total No.
of isolation/total 
No .examined

HI anti
body titer

0 7 0/7 0/7 • # * • 0/14 0
I5* 0/5 0/5 • • • • 0/10 0

3 7 3/7 2/7 • * • » 5/14 ND
5* 0/5 0/5 . • * • * 0/10 ND

5 7 2/7 1/7 • • t • 3/14 ND
5* 0/5 0/5 . « • • • 0/10 ND

7 7 V7 0/7 ■ • * • 1/14 05* 0/5 0/5 * * • • 0/10 0
10 7 0/5 0/5 e • • • 0/14 ND

5* 0/5 0/5 * • t • 0/10 ND
14 7 0/7 0/7 • • • • 0/14 05* 0/5 0/5 0/10 0
21 7 0/7 0/7 • • ■ * 0/14 05* 0/5 0/5 • • *  * 0/10 0
28 7 0/7 0/7 it

11 11 3
11

0/14 05* 0/5 0/5 0/10 0

CS — Cloacal swab TS - Throat swab I

ND — Not done .
* Contact birds
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Table 19. Experimental infection of one week old ducklings with Igl (V^ucVlndia/14/87-
H9N?) by cloacal route

Time of No. of
collection/ birds observation scree-

Virus isolation 
CS TS Tissues

Clinicalsymptoms
Mortality

Total No. HI anti— 
of isolat- body 
ion/total titer

(in days) ned No. examined
0 75*

0/70/5 0/70/5 ft ft ft • 
* • ♦ •

0/14 0 0/10 0
3 75* 2/70/5 0/70/5 ♦ • « ft

• * • ft
2/14 ND 0/10 ND

5 75*
2/70/5 0/70/5 ft ft • ft 

ft ft ft ft
2/14 ND 0/10 ND

7 75* 1/10/5 0/70/5 ft • ft ft 
-ft • ft •

1/14 0 0/10 0
10 75* 0/70/5 0/70/5 ft • ft ft 

• • • ft
0/14 ND 0/10 ND

14 75*
0/70/5 0/70/5 • « * ft

• * ft ft
0/14 0 0/10 0

21 75* 0/70/5 0/70/5 ft ft ft • 
ft • ft •

0/14 0 
0/10 0

23 75* 0/70/5 0/70/5 • • ft •
• • • ft

0/14 0 
0/10 0

CS - Cloacal swab Ts — Throat swab 
* contact birds

NO - Not done <0



Table 20. Pathogenicity indices in various routes of infection.

Experiment Strains Oral Occulonasal subcutaneous cloacal

j CDN 1.19 1.15 1.51 • ■
22 CDN 0.36 0 0.27 ..

H I  CDN 0 0 0
IV lgl o o 0 O.

\DCO
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DISCUSSION

Influenza A virus has been isolated from domestic ducks 
as early as 1953 in Canada (Walker and Bannister, 1953) and 
1956 in Czechoslovakia and England (Koppel et al; 1956).
Since then large number of influenza A viruses have been 
isolated from domestic ducks in other countries. Though 
ducks are generally regarded as refractory to influenza virus 
many isolations are reported from apparently healthy birds. 
Hence, they can be a source and possible reservoir of avain 
influenza (Lang, 1982; Alexander, 1982b; Lipkind et al: 1982). 
With the increasing importance of the duck industry their 
role in disseminating the infections to other avian species 
is of interest and it is supposed that they are the origin 
of the new pandemic human influenza virus (Profeta and 
Palladlno, 1986).

1. Virus isolation

Influenza virus could not be isolated from the cloacal 
and throat samplings from 20 ducklings between the age group 
of two to six weeks suffering from respiratory disease. 
Sulochana et al, (1987) and sulochana (1988) could Isolate, 
influenza A virus -from 31 out of 88 and 17 out of 54 samples 
respectively during 1985 and 1987 outbreaks. These isolations 
were from the same age group of ducklings and from the same 
farm and manifesting similar respiratory disease as reported



during 1988 outbreak from which the present specimens were 
collected. Successful isolation of the causative agent 
depend on various factors, hang et al. (1972) reported that 
during their studies on an outbreak of influenza virus

0infection in turkeys they could isolate only a single 
strain even after several attempts. Moreover, during the 
present study the specimens as were not collected repeatedly 
at intervals during the outbreak; it was done in 1985 and 
1987. This is quite important as infected ducks excrete 
the virus generally for a short period of six to eight days 
as shown by experimental infection studies (Alexander et al; 
1978). The time of collection of the specimen ;as also

/not ideal for virus isolation. The information about the 
outbreak of the disease was received too late and by the 
time the samples were taken* two weeks have elapsed. By 
this time the virus shedding might have decreased consider
ably. Another possibility is the cyclical emergence of the 
virus as indicated by the failture in Isolating the virus

4 ' (

during 1986 (Sulochana, 1987). Moreover, slightly deviat
ing from the procedure of Sulochana et al. (1987) and Sulochana 
(1988), the samples were passaged only once in chickembryos 
using a single embryo per sample. According to Sulochana et al. 
(1987) a sample can be considered negative only after three 
blind passages. Fazekas de StGrowth and White (1958) opined 
that selection of chickembryos for influenza virus isolation is 
quite important as it has got the disadvantage of being
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nonhomogenous and embryos with an allantoic pH below six 
will not support the multiplication of influenza viruses.
The collection of samples only during the terminal phase 
of the outbreak, nonhomogenous nature of chickembryos, 
lesser number of chickembryos used per sample and single 
passage of the samples might be the probable reasons attri
butable for the failure in the present attempt to isolate 
the virus.

2. Propagation in embryonated 
chicken and duck eggs

Influenza virus strains CDN, DT3, T19 and Xgl multiplied 
very well in nine day embryonated eggs killing the embryos 
in two to four days time. The HA titers of the allantoic 
fluids were 1:64, 1:128, 1:64 and 1:256 respectively. The 
HA titers of the chorioallantoic ^membrane extracts were 
almost same as that of . the allantoic fluid.

The lesion s noticed in the embryos were congestion and 
petechial haemorrhages with cranial ecchymosis. Lang et al.
(1965) reported similar observations in chickembryos Infected 
with an influenza A virus isolated from turkeys, Lang et al. 
(1968b) also observed dark red skin of the embryos, petechial 
haemorrhages on the head, congestion of the muscles and 
punctifom haemorrhages particularly on the sternum. In the 
present study lesions were mild or absent probably because 
of the low virulence of the strains used in this study compared



to the highly virulent virus (Vturkay/C anada/7 732) of 
Lang §t al* (1968 b)« However8 similar to their findings 
the CAM of infected embryos were slightly oedematous and 
congested without any pock lesions*

Except with strain T19 the in festivity titers were high
being 108*5 BID 50/0„2rnls 108*25 BID 50/0.2ml; 105,7S BID 50/

8 50,2ml and 10 * EID 50/0,2 ml respectively for CDNf DT3, T19 
and Igl, It is seen from the table 7 that though DT3 and 
T19 were isolated from the 1987 outbreak and having the 
same HA type^ the infectivity titers of the latter were 
always low. This type of heterogeneity within the seme 
antigenic subtypes have also been observed with human strains 
(Luzvanina et als 1986)*

Infected duck embryos did not show marked lesions except 
slight congestion of the whole embryo* As against this 
Lu et al. (1985) reported extensive haemorrhages of the duck 
embryos Inoculated with duck influenza virus (A/duc3y,Taiv;an/72) • 
Their isolates were also from cases of respiratory disease 
among ducks* It is difficult to attribute this to the high 
virulence of the isolate as they have not mentioned about the 
virulence index of their isolate; but probably due to strain 
variation.

3* Identification: of NP antigens
Influenza virus possess two antigenically stable type 

specific internal antigens the nucleoprotein and the matrix
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protein tPereira et als 1965; Hana and Hoyle, 1966; Schild 
and Pereira, 1969; Schild and Dowdle, 1975), Influenza A 
virus form a homogenous group sharing common np and HP antigens. 
Typing of new influenza virus isolates are being done either , 
by complement fixation or agar gel diffusion test. Since comple
ment fixation test is complex and time consuming Agar gel 
precipitation test is usually employed using extracts of 
infected chorio_al 1 antoic membrane (Beard, 1970) or acid 
precipitate of infected allantoic fluid (Dowdle et al; 1974) 
as the antigen against type specific NP antisera.

In this study the HP antiserum was prepared against NP 
antigens of isolate CDN which was identified earlier as a 
type A influenza virus (Sulochana et al; 1987). The formation 
of a well defined line of precipitation by strains DT3, T19 
and lgl which was identip&l to that of the homologous strain 
CDN confirm the identity of all the four strains as influenza A 
virus. The second line which was also common for all the four 
isolates probably represents MP antigens as separation and 
purification of NP and MP antigens were not done during this 
study. Dowdle et al. (1974) reported that CAM extract from 
infected embryos contains both NP and MP antigens. The 
possibility of non specific lines was avoided by adsorbing 
the NP antiserum with normal CAM. Moreover no precipitin line 
was seen when NP antiserum was diffused against extracts from 
normal CAM, Beard (1970) reported that extracts of CAM from
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influenza virus Infected embryos as an excellent source of 
NP antigen for serological tests with avian and mammalian 
sera* Beard and Heifer (1972) also opined Agar gel precipi
tation test as a suitable method for typing influenza virus*
But Dowdle et al*. (1974) considered anti MP test as more 
sensitive than anti HP due to the abundance of this antigen 
in the virion. Moreover the time required for MP precipitin 
line is much less as this antigen is of higher molecular 
weight and migrate more rapidly than HP antigen in agarose 
gels. The additional line seen with CDN and lgl probably 
represents the H antigens as these two strain s possessed the 
same H antigen*

Imrramo-electrophoresis of CAM extracts of influenza A 
virus infected eggs reproducibly gave a characteristic tripple 
line pattern* This shows that there are atleast three cationic 
antigens that migrate towards the anode. These three antigens 
showed only slight difference in their rate of migration* 
Freidlin et al* (1935) invnunoelectrophoresed influenza antigen 
prepared in a similar manner, reported in this study against 
antisera from naturally infected turkeys which were positive 
by Agar gel precipitation test. In contrast to Tris-barbi
turate buffer used in this study these workers used phosphate 
buffered system pH 7.7. They have reported excellent resolution 
of viral proteins in this system and reported various advant
ages such as conveience, cheapiness and easy availability 
compared to the barbital buffer system*
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Infectivity and HA property of all the four strains 
studied were lost by heating at 56°C for 30 minutes suggesting 
that these two properties are thermolabile. Similar findings 
of inactivation of influenza A virus were also reported by 
Merchant and Packer,(1967), Papparella et al. (1969) and 
Lang et al. (1968a, 1968b) * Lang et al (1968a) also observed 
that at lower temperatures the HA activity was more stable 
than infectivity. Incontrast to this, Hoirtne and Easterday 
(1970) reported that their isolate of influenza A virus from 
turkeys (A/turkey/W±sconsin/66) took six hours at 56 °C to 
get inactivated, while Jawetz et al. (1981) reported loss of 
infectivity at 50°C in a fevr minutes time when not stabilized 
by 1M MgS04. Marked reduction in both HA and Infectivity 
titers of duck influenza virus at 56°C for 30 minutes was 
also reported by Lu et al. (1985), but unlike the findings 
in the present study there was no complete loss of HA or 
infectivity. Differences in thermostability of haemagglu- 
tining of different strains of influenza A virus has also 
been reported by Lang £& aL. (1968b) and according to them 
this quality is more characteristic of an Individual strain 
than a differential feature between pathogenic and non- 
pathogenic strains.

5 pH Stability 
The observations made during this study indicated that
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the infectivity of all the four strains was lost when they 
were exposed to pH 3*2 for a period of one hour at room temper
ature . Though only a slight reduction in HA activity was 
noticed with strains CDN, DT3 and lgl a marked reduction in 
titer was a feature with T19. Papparella et al* (1969),
Buxton and Fraser (1977) and Lu et _gl. (1985) also recorded 
similar findings, Lang et al. (1968a) observed .that both HA 
and inf ectivity of A/turkey/Qntario/6213/66 were labile at 
pH 3*2 but not affected in the alkaline range of pH seven to 
eight* In this study also it is seen from table 6 that the 
infectivity and HA property were unaffected at ©lightly 
alkaline pH 7,2* A marked reduction in HA and slight reduction 
in infectivity was noticed at pH 9*0* Unlike the observations 
made during this study Webster et al. (1978) reported that 
duck influenza viruses were more stable at low pH than other 
influenza virus Isolates particularly human strains* This 
discrepancy in the observations made in this study and that 
of Webster et al. (1978) could not be explained as they have 
not mentioned about the pH level at which they have seen a 
better stability of duck influenza virus* but can be attri
buted to strain variation*

i6. Haemagglutinating property
Red cells from a variety of species such as cattle, sheep,

goat, guinea pig, rabbit, rat, mouse, chicken and human 0,A and 
B were agglutinated by all the four strains studied* The
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ability of influenza A virus to agglutinate red cells from 
a variety of species have also been reported by Frano and 
Kapitancik (1959); Safonov et â . (1964), Formina and Sokkar
(1966) and Lang et al. (1968a)

7. Chloroform sensitivity
Chloroform sensitivity is usually done to find out 

whether a virus is enveloped or not. Envelopes are lipo
protein in nature and are sensitive to lipid solvents like 
ether and chloroform, in which case infectivity is completely 
lost or grlately reduced.

The chloroform sensitivity of influenza viruses had 
already been demonstrated by Papparella et al (1969) and 
Lang et al. (1968a) and various other worker®. Complete 
inactivation of the strains when treated with five per cent 
chloroform indicate that all these strains are enveloped.

Chloroform was preferred to ether because of its polarity 
as a lipid solvent, since it is heavier than ether and can 
be easily separated by centrifugation. Moreover, chloroform 
is as effective as ether (Feldman and Wang, 1961).

8. Propagation in chicken 
embryo fibroblast

of the four strains propagated in monolayer cultures of 
chicken embryofibroblasts, only strain CDN produced marked 
cytopathic effect characterized by rounding of cells which
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extended to the whole of the monolayer by 96 hours* The 
other three strains DT3» T19 and lgl did not produce marked 
CPE even after six days of incubation* Multiplication of 
the virus in cell cultures was evidenced from the HA activity 
and infectivity of the cell culture fluid after repeated 
freezing and thawing. However, the HA and infectivity titers 
were low compared to those with chick embryo passaged virus* 
Rott (1985) used chicken erabryoflhroblasts to differentiate 
pathogenic and non-pathogenic strains of avian influenza virus* 
It was reported that non pathogenic strains produced HA in 
CEF cultures only in the presence of trypsin while with the 
virulent strain trypsin produced a rise in the HA titer*
During this study effect of trypsin on HA activity of infected 
cell culture fluid was not attempted and hence cannot be 
coranen&ecl-I

Marayan et al. (1969) observed complete disintegration 
of cells in 24 hours of infection by avian influenza A virus 
(Vturkey/Ontario/7732/65) in CEF cultures, while increased 
granulation of cytoplasm with rounding and opacity of cells 
was reported by Rouse (1967) with the same strain* Rapid CPE 
in CEF cultures by this virus compared to the virus strains 
used in the present study could probably be due to the highly 
virulent nature of the virus b/t,ur'k.ey/Qntcir±o/773 2/65 used 
by Rouse (1967) and Narayan et al. (1969),

Negroni and Tyrrell (1959) while studying the CPE in
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tissue cultures of epithelial cells infected with influenza 
virus observed that the percentage of cells destroyed follow 
ing virus infection varied upon the concentration of the 
virus. At high multiplicity of infection many of the cells 
survived, while in low concentration the CPE was much faster.
In contrast Gbaragozlou and Saroadiesh (1980) observed a close 
correlation between virus concentration in the inoculum and 
production of CPE. Failture of CEF monolayers to show marked 
CPE following infection with duck influenza virus isolates 
could probably due to high multiplicity of infection used in 
this study. However, swelling and rounding of cells were 
observed with one of the strains - CDN. Lu et al. (1985) 
observed rapid Cpe in 24 hours of inoculation of a duck 
influenza virus in chicken embryo kidney cells where the cells 
began rounding and pealed off within 30 hours of inoculation. 
They have also demonstrated multiplication of the duck influenza 
virus in various cell lines of epithelial origin. Lavrentieva 
et al. (1986) reported that two influenza A viruses of the 
same antigenic makeup and indices of virulence for humans 
showed different characteristics in their replication in 
human embryo kidney (HEK) cells, human embryo lung (HEL) and 
chicken embryo kidney (CEK) cell cultures. The highly 
virulent strain A/Victoria/35/72 (H3N2) reproduced intensively 
In HEK and HEL cells Irrespective of the dose of inoculum 
while the moderately virulent virus A/Bangko}/:i/79 (H3N2) 
replicated well only in the presence of trypsin. However, in
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CEK cells the rate of multiplication of both the virus 
remained the same even after addition of trypsin* These 
authors also observed a marked reduction in the virus titers 
when the infected monolayers were incubated for more than 
72 hours from 106*° EID 50/ ml at 48 hours to 3*2 x 103*°
EID 50/ ml at 72 hours, HA activity was also demonstrated 
by then in 48 to 72 hours of infection* The above reports 
show that influenza A virus prefers epithelial cultures 
compared to fibroblast cells for their multiplication and 
different strains differ in the degree of cellular changes 
produced following Infection*

9. Pathotyping
Classification of influenza A virus is based can the 

type and subtype specific antigen (WHO 1980), In this classi
fication it is seen that several virulent strain are placed 
in different antigenic subtypes and isolates placed in the 
same antigenic subtype may be virulent or avirulent. This 
shows that there is no relationship between antigenicity 
and virulence* Hence it has become necessary to adopt some 
measures by which the virulence of the isolates can be 
detected and measured. Allan et al* (1977) suggested the 
use of intracerebral Pathogenicity index (ICPI) and intra
venous Pathogenicity Index (IVPI) in day-old and six week- 
old chicks respectively for assessing the virulence of 
avian Influenza A virus isolates, as in the case of NDV,



Based on these criteria NDV is grouped into lentogenic, 
masogenic and velogenlc strains. Lentogenlc strains rarely 
kill day-old chicks, masogenic strain kills all the chicks 
within a period o£ 8 days and velogenlc strain kills all the 
chicks at a faster rate. The ICPI for the above types of NDV 
are 0.1 to 0.2, 0.8 to 1.5 and /1.5 respectively. In this 
study the ICPI for CDN, DT3, T19 and lgl were 0.325, 0.66,
0*00 and 0.163 respectively. If these values are analysed 
based on the criteria given for NDV, it is seen that none of 
the four strain is virulent o£ possess lentogenlc character, 
when the values of ICPI were compared DT3 seems to be most 
virulent of the four followed Jay CDN, lgl and T19. CDN and 
lgl have the same H antigen (H9) while DT3 and T19 possess 
distinct but same H antigen (H3). Between CDN and lgl, CDN 
is more virulent and in the second group DT3 is more virulent 
than T19. This is In aggrement with the findings of Beard 
and Easterday (1973) and Allan et al. (1977) that strains 
having the same H type may differ in their virulence. Alien 
et al. (1977) opined that though virulence indices may be a 
better guide in determining the seriousness of an influenza 
virus isolate than antigenic relationship with other influenza A 
virus, the wide variation in host response to infection and 
the possible contribution of other organisms to the disease 
should also be considered.

Mean death time, another criteria used for pathotyping
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NDV was also used in this study. In the case of NDV the 
values for veiogenlc, mesogenic’ and lentogenic strains 
were 24 to 50 houre, 60 to 90 hours, and over 100 hours respect
ively. On this basis, the influenza virus strains studied 
are to be grouped with the medium virulence type (72 to 78 hr s.) 
as against the evaluation based on' ICPI. The mean death time 
reported for highly virulent A/turkey/Ontario/773 2/65 'was 
28.2 and that for moderately virulent V  turkey/C an ade/6 213 
was 51.8 hours (Lang et al* 1968b). In their study the 
lethal and points were identical to infectivity and points as 
virus could not be demonstrated from those survived after 
six days. In contrast to this, in this study the embryo did 
not die at higher dilution but showed the presence of virus 
by HA activity indicating that the lethal and point and 
infectivity end points were not the same. According to Lang 
<flt al. (1968b) the practice of applying the method of Patho- 
, typing of NDV to influenza A virus will not work as one of 
the highly virulent strain A/fcurkey/Ontario/7732 behaved as 
a veiogenlc strain in chick embryos while another strain 
(fl/turkey/Canada/6213) though behaved like a veiogenlc strain 
in chick embryos was more a lentogenic strain in its patho
genicity to chicken. Thus the method of pathotyping cannot 
be transposed directly to avian influenza virus.

Id. Pathogenicity and Xinnunogenlclty 
Number of repots have indicated a significant variation
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in the pathogenicity of avian influenza virus and variation 
in the susceptibility to this virus by different breeds/ 
species (Narayan et, si; 1969; Siemens and Easterday, 1972; 
Allan, et ̂ 1; 1977; Alexander et al; 1979). Ducks have been 
shown to be remarkably resistant to influenza A viruses 
which were virulent for turkeys or chicken (Alexander et alt 
1978; Westbury et al; 1979; Forman et al; 1986).

During the present study pathogenicity of influenza A 
virus - one strain each from 1985. and 1987 outbreaks of 
respiratory disease among ducklings below six weeks of age 
was studied in ducklings of various age groups. Different 
routes of inoculations were also attempted* Both the strains 
used in this study had the same H antigen (H9).

Strain CDN (jy'ducty'Indi0/l/85-H9N2) was found to be 
pathogenic to day-old ducklings. Hundred percent mortality 
was observed in those received the virus either by oral, 
occulonasal or subcutaneous routes. The mortality was noticed 
in 3 to 13 days time. The time taken for death of all the 
birds was only nine days in group C that received the virus 
by Subcutaneous route followed by 11 days in group B and 
13 days in group A. In all the three groups sudden death 
was noticed In most cases without showing marked clinical 
symptoms except discharges from the eyes and nostrils, 
droopiness, slight diarrhoea, ruffled feathers and mild 
respiratory distress in some cases.
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In orally infected birds virus isolations were made 
from the cloacal and tracheal samplings before death. Cloacal 
shedding was noticed till the 10th day while tracheal sheddigg 
was evident only upto seven days. The percentage of iso
lation from the cloacal samplings was also higher compared 
to the tracheal samples. These findings emphasises the 
importance of cloacal samplings for influenza virus Isolation 
particularly when the birds are not showing clinical signs. 
Similar observations were also made by Westbury et al. (1979) 
and Shortrldge (1980).

Virus isolations were made from all those ducklings 
died with or without showing clinical symptoms except in one 
case each from group B and C • Lack of marked clinical 
symptoms in most cases might be due to the acute nature of 
the disease Indicating high susceptibility of day-old 
ducklings to this virus.

Among the three routes of inoculation, subcutaneous 
route was more effective as all the infected ducklings died 
in nine days time compared to 11 and 13 days by occulonasal 
and oral routes respectively. The pathogenicity indices 
calculated for various routes of infection were 1.19s 1*15 
and 1.51 respectively for group A, B and C (Table 20). This 
again shows the high susceptibility of day-old ducklings 
particularly when given subcutaneously. Moses et al. (1948) 
evaluated the effect of various routes of inoculation of
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adult hirds on the infectivity and lethality of the virus.
They found that though the minimum leathal dose was essenti
ally the same for all routes of inoculation (I/V, S/C, l/P$ I/C), 
larger amounts of the virus (about 10 times) were required 
to produce the disease by intradermal or intratracheal route 
and 1000 times by occular route and for effective infection 
it was necessary to introduce the virus beyond the epithelial 
barriers of the chicken.

The age matched ducklings kept along with group A to 
study the transmissibility of the virus also died in 7 to 14 
days time. As in the case of the infected group, clinical 
symptoms were milder or even absent. However, virus could 
be isolated from cloacal and throat samplings before death 
and from the tissues after death. This shows that influenza A 
virus strain can be transnitted horizontally from the infected 
ones to the incontact birds and suggest that oral and or 
respiratory infection might be the natural route of infection.

One week-old ducklings were quite resistant to the same 
virus when given at the same dose rate and by the same routes.
No clinical symptoms were noticed till the 4th day. One of 
the five ducklings that died on the 4th day of infection and 
was showing ruffled feathers, drojppiness and slight diarrhoea. 
Virus could also be isolated from the tissue of this bird.
The remaining birds were apparently normal throughout the 
period of observation. However, virus shedding was evident
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from both cloacal as well as tracheal routes from day 3 to 14 
In group A; 3 to 7 in group 3 and 3 to 10 in group C . Virus 
isolation from the cloacal and tracheal samples indicates 
that the virus multiply in the lungs and cells lining the 
intestinal tract as suggested by Webster et al. (1978). it 
is also seen that cloacal samples were positive for a longer 
period compared to tracheal ones indicating the persistence 
of the virus in this system. This indicate the possibility 
of its transmission through contaminated water.

The low pathogenicity index of 0o36; 0.00 and 0.28 
respectively for group A, B and C also indicate the resistance 
of week-old ducklings to strain CDN.

The infected ducklings showed an antibody response to 
the virus from day seven onwards. The initial titers were 
low ranging between 1*4 to Is 8 only. The titer increased 
later on by the 14th day it ranged between 1*16 to 1*64. This 
peak titer later declined and was only 1*4 to 1*8 by the end 
of the 4th week, similar range and pattern of antibody 
response was also noticed in the incontact birds. It is 
seen from table 11 that virus isolations were possible even 
when a satisfactory level of HI antibodies were detected in 
the serum. Isolation of influenza A virus in the presence 
of antibody has also been reported by Homme et al. (1969) •

Neither clinical symptoms nor mortality was observed 
in two week-old ducklings that received the virus by different
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routes. However virus infection was established from the 
positive virus isolations from day three to seven from 
both cloacal and tracheal samplings. The antibody response 
detected was low compared to the weefe-old ones. Absence 
of clinical symptoms and low antibody titers in the serum 
of duck: experimentally infected with *ydueVHo^aido/5/7 7 
(Hav4N2) and A/budgerlgar/Hokkaido/1/77 (Hav4Navl) was 
observed Kida et al. (1980)* Similar findings were also 
reported by Podchomyaeva et jal* (1981) and snandhu and 
Hinshaw (1983) •

The contact ducklings kept along with group C birds 
behaved the same way as the infected ones as virus could be . 
isolated from both cloacal and tracheal materials. Similarly 
antibody response was also detected in them.

iThe results obtained during this study indicate that 
immunogenicity of influenza A virus is very poor. Moreover, 
the antibody response when it occurred was only for a short 
period and declined very rapidly* Poor immune response of 
ducks to influenza virus has also been reported by other 
workers. Siemens aid Easterday (1972) reported that when 
considerable antibody response was noticed in pheasants and 
quails the response in ducks to the seme strain was very 
poor. Similarly Easterday (1975) also reported high HI 
antibody levels in pheasants and quails with low levels in 
ducks and geese.' Absence of. clinical signs of the disease
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with tracheal shedding for a period of six to eight days 
after infection with low and erratic levels of HI antibodies 
have been observed in ducks by Bahl and Pomeroy (1977); 
Westbury et al. (1979); McNulty et al. (1985); Forman et al. 
(1986) and Alexander et al.(1986)

Because of this poor immune response of ducks to 
influenza A virus, Westbury et al. (1979) opined that the 
system of surveillance of influenza virus infection in ducks 
must be combined with virus isolation.

One week-old ducklings infected with strain lgl having 
the same H antigen but isolated during 1987 outbreak did not 
produce any clinical symptoms or death. The infected birds 
remained apparently healthy throughout the period of obser
vation. However, virus isolations were made from the cloacal 
as well as tracheal samplings from day 3 to 7. Antibody 
response was observed till 21st day in those birds which had 
received the virus by oral route only while birds in other 
groups remained negative.

None of the incontact ducklings kept along with the 
infected groups picked up infection as neither virusnor anti
body could be detected in them. This shows the poor trans- 
missibility of strain lgl compared to CDN, Westbury et al. 
(1981) also reported differences in the transmissibility of 
strain of influenza A virus possessing the sane suirface
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antigen. The variation in the virulence of strains of 
influenza A virus with the same surface antigen observed 
in this study is supported by the observation made by 
Beard and Easterday (1973) and Allan ■ et al, (1977),





SUMMARY

Influenza virus strains Isolated from ducklings 
showing respiratory disease were characterized and their 
pathogenicity and immunogenicity were studied. The strains 
used were Vduck/Indl y  1^85 <H9N2)-CDN; yduck/India/2/87 
(H3N?)—DT3; A/duck/Indi s/7/87 (H3N2)-T19 and A/ducVlndia/
14/87 (K9N?)-lgl. All four strains multiplied very well 
in nine day embryonated chicken eggs. The embryos died in 
two to four days time with congestion, petechial haemorrhages 
and cranial ecchymosis. The infectivity titers were 
108'5 EXD 50/0.2mlj 108*25 EID S0/0.2ml; 105*75 EID 50/0.2 ml 
and 108*8 EID 50/0.2ml respectively for CDN, DT3, T19 and 
lgl while the corresponding HA titers were 1:64; 1:128;
1:64 and 1:256.

Infected duck embryos did not show marked lesions and 
the infectivity titers were IQ7*8, 107*28, 108,8 and 107*8 
EID 50/0.2 ml respectively for CDN, DT3, T19 and lgl.

All the strains were thermolablle and got Inactivated 
at 56*C in 30 minutes* The infectivity and haemagglutinating 
property were unaffected at pH 7.2, but at pH 3.2 complete 
loss of infectivity was noticed. However, HA property was 
not considerably affected except in the case of lgl where 
in the HA titer was brought down from 1:256 to 1:16. At pH 9.0 
there was slight reduction in infectivity and marked reduct
ion in HA activity.



All the four strains were sensitive to chloroform at 
five per cent level indicating the enveloped nature of these 
strains. All of them agglutinated red cells fran a variety 
of species such as cattle, sheep, goat, guinea pig, rabhit,ĥ se. 
rat, mouse, chicken, and human 0,A and B at room temperature.

In chicken embryo fibroblasts marked cytopethic changes 
were not seen when infected with strains DT3,T19 and lgl.
In CDN infected monolayers marked cytopafchic effect character
ised by rounding of cells extending to the whole of the 
monolayer was observed by 96 hours.

. * t

Agar gel precipitation test was conducted idLth UP
t * •

antiserum to NP antigen of CDN and NP antigens of DT3, T19 
and lgl. Two lines of precipitation which were identical 
to the lines formed by the homologous strain indicated withe 
identity of all the four strains as influenza A virus.

I i » Z

Similarly Immunoelectrophoresis of CAM extracts of
i i t •

influenza A virus infected embryos produced a feripple line 
pattern with all the strains confirming the observations 
made by Agar gel precipitation test.

* ! IThe intracerebral pathogenicity indices were 0.325,
< ,

0.66, 0.00 and 0.163 respectively for CDN, DT3, T19 and 
lgl while the intravenous pathogenicity indices were 0.00 
for all the strains. The mean death time of the strains 
varied between 72 to 78 hours, being 78 hours, 76.8 hours,
72 hours and 78 hours respectively.
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Pathogenicity and immunogenicity studies were carried 
out in day-old, one week-old and two week-old ducklings with 
strain CDN and in one week-old ducklings with strain lgl.

Strain CDN was found to he highly pathogenic to day-old 
ducklings both by oral, occulonasal and subcutaneous routes 
causing hundred per cent mortality. The pathogenicity 
indices were 1.19, 1.15 and 1.51 respectively for Group A,
B and C. Among the routes of inoculation, subcutaneous route 
was more effective as evidenced from the pathogenicity index. 
Contact infection was also established in this case.

In one week-old ducklings the pathogenicity indices were 
0.36 , 0.00 and 0.29 respectively for group A, B and C indicat
ing the resistance of this age group of ducklings. Here 
also the incontact ducklings picked up infection as evidenced 
from virus isolation and antibody estimation.

Though lov;, both infected and incontact birds showed 
HI antibodies from 7th day onwards. By 14th day of infection 
the titers ranged between 1*16 to 1*64 and then declined and 
remained steady by the end of the 4th week.

In two week-old ducklings neither clinical symptoms 
nor death was observed. However, infection was established 
by virus isolation and antibody titration. The HI titers 
ranged between Is 4 to Is 16. The Incontaet ducklings were 
also positive for virus isolation and antibody response.
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One week-old ducklings Infected with strain lgl did 
not produce clinical signs or death. Virus isolations were 
made from cloacal and tracheal samples from 3rd to 7th day. 
But no antibody response was observed except in birds that 
received the virus by oral route. None of the incontact 
birds picked up infection as they did not reveal virus 
excretion or antibody response*
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abstract

Ducks are generally regarded as resistant to influenza 
virus infection. During the early halves of 1985 and 1987 
influenza A viruses were isolated from cases of respiratory 
disease causing 15 to 20 per cent mortality in two to six 
week-old ducklings at Government Duck Farm, Hiranan, Four 
strains of the virus ( A/ducI^/lndi^/l/^S (H9N2)-CDN; A/duck/ 
India /2/87 (H3N?)-DT3; VduclVZndia/7/07 (H3N2)-T19 and 
A/ducV^ndia/14/87 (H9N?)-lgl) isolated from these out
breaks were studied in detail with particular reference to 
their characteristics, pathogenicity and immunogenicity•

The strains were propagated in nine day embryonated chicken 
eggs by allantoic route of inoculation. All the four strains 
multiplied well killing the embryos in two to four days time. 
Though characteristic lesions were not present, the embryos 
v/ere slightly congested. The chorioallantoic membranes 
showed moderate congestion and oedema but no pock lesions, 
Infectivity titers were 108* EID 50/0• 2ml; 10 Ero 50/ 
0,2ml; 105#7S EID 50/0,2ml and io8*5 EID 50/0.2ml respect
ively for CDN, DT3, T19 and lgl. The corresponding HA titers 
vjere 1:64, 1:128; 1:64 and 1:256.

The strains also multiplied well in duck embryos but 
no specific lesions were seen either in the embryo or on 
the chorioallantoic membranes. The infectivity titers 
were low compared to the titers obtained in chick embryos.



All tlie strains were inactivated at 66*C in 30 minutes. 
They lost their infectivity at pH 3*2 while HA property was 
not considerably reduced except for lgl. At pH 7.2 both 
Infectivity and HA property were not affected. But infect
ivity was slightly affected, and HA property was markedly 
reduced at pH 9.0.

The viruses were chloroform sensitive and agglutinated 
red cells from cattle, sheep, goat, guinea pigs, horse, 
rabbit, rat,mouse, chicken and man <0, A and B groups).

Chicken embryo fibroblasts infected with strain CDN 
produced cytopathic effects characterised by rounding of 
cells affecting the whole monolayer In 96 hours. The 
remaining three strains did not produce any CPE. In all the 
four cases virus infection was evidenced as the cell culture 
fluid gave haemagglutinatian. The infectivity titers of 
these fluids were 10^*^ BID 50/0.2 ml, 10 " BID 50/0.2 ml, 
104*0 EID S0/0.2 ml and 105#5*E2D 50/0.2 ml respectively 
for CDN, DT3, T19 and lgl.

Two ccsmion antigens possibly the type specific MP and 
NP antigens were detected in the CAM extracts of embryos 
infected with these strains by agar gel precipitation and 
Immunoelectrophoresis.

Mean death time for these strains calculated according 
to the method adopted for NDV were 78 hours, 76.8 hours.
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72 hours and 76 hours respectively for CDN, DT3, T19 
and lgl, while the ICPI in day-old chicks were 0*325,
0*66, 0.00 and 0*16 and XVPI 0*00 in all cases.

Pathogenicity and immunogenicity studies were carried 
out in day-old, one week-old and two week-old ducklings 
with strain CDN and in one week-old ducklings with 
strain lgl.

Strain CDN produced hundred percent mortality in day 
old ducklings that received the virus by oral, occulonasal 
and subcutaneous routes. They died with no marked clinical 
signs except droopiness, discharges from the eyes, slight 
diarrhoea and ruffled feathers in some of them. The patho
genicity indices were 1.19, 1.15 and 1.51 respectively 
for group A, B and C. The ducklings that were kept to 
study contact infection revealed cloacal excretion of the 
virus till 12th day, though tracheal excretion stopped
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by 10th day. None of the birds in all the four groups 
that survived seven day of infection did reveal any speci
fic HI antibodies.

I n  one week-old ducklings no clinical symptoms were 
observed. Virus could be isolated from cloacal and throat 
swabs before death and from tissues of dead birds. The 
pathogenicity indices were 0.36, 0.00 and 0.2$ respectively 
for group A, B and G . In ̂contact ducklings picked up
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infection as indicated from virus isolation and antibody 
titration•

Both infected and incontact birds showed HI antibodies 
from 7th day onwards. By 14th day the titers reached peak 
level ranging between e£ 1*16 to 1*64 followed by a decline 
and remained steady through out the observation period.

The two week-old ducklings did not show any clinical 
symptoms or death. But they revealed tracheal and cloacal 
shedding of the virus. The HI antibody titers never increased 
beyond la 16. None of the incontact birds either showed 
clinical symptoms or death. Positive virus isolation could 
be made till the 7th day. Antibody response was also very 
poor and HI antibody titers never increased beyond 1x4.

One week-old ducklings infected with strain lgl remained 
apparently healthy throughout the period of observation. 
However, virus Isolations were made from cloacal and tracheal 
samples from 3rd to. 7th day. In birds that received the 
virus by oral route, HI antibody titers were 1*4, 1*8 and 
1*4 respectively on 7th, 14th and 21st day and nil by 
28th day. In other two groups the birds did not reveal 
HI antibodies till 28th day.

None of the incontact birds in all three groups showed 
clinical symptoms, death or any other indication of infect
ion by the virus. In addition the sera from these birds 
were also negative for HI antibodies.
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