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ABSTRACT 

This investigation uas undertaken to determine uhether or not 

adenoviruses or reoviruses could be recovered from domestic hens in 

Nevr Zealand. Using cul turcs derived from neonatal chicken kidney
. 

tissue 30 cytopathic agents vrere recovered from domestic hens. 

Electron microscope examination follm.;ing staining by sodium 

phosphotungstate shoHed that 2 5  of these agents had the morphology 

of adenoviruses and the remaining 5 agents vlere morphologically 

indistinguishable from reoviruses. 

Some selected strains of adenoviruses and reoviruscs vrere 

subjected to physico-chemical tests and it was found that both 

groups of agents were u.11affected r .. y chloroform and the replication 

of adenovirus strains, but not the reovirus, vras inhibited by IDU. 

These results provide confirmatory evidence for the identification 

of these agents as avian adenoviruses and reoviruses. The avian 

adenoviruses like the analogous mammalian agents l'rere found to have 

diminished thermostability in the presence of 1 . ON Ca
++

. 

Cross-neutralisation tests shov,red that four serologically 

distinct adenovirus strains 1vere recovered nnd 1 6  of the remaining 

adenovirus isolates were assigned to one or other of the four sero­

types. All 5 reoviruses were assigned to one serological type on 

the basis of neutralisation tests. 

A preliminary scrUlil survey for neutralising antibody to the 4 

adenovirus serotypes showed that antibody to one or more of these 

viruses was present in a high proportion of flocks of domestic fowl 

in the Manavmtu district of New Zealand and antibody to two of the 

serotypes vras particularly common. 

This v1ork represents the first report of the recovery of avian 

adenovirus and reovirus from domestic hens in New Zealand. However 

their clinical and pathological significance remain to be investigated. 
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I N'l.'RODUCTI ON 

Virology is 1)ecoming an increasingly important field of study 

as far as domes tic hens are concerned. With the advent of more 

in t ensive production me thods , requiring a high population density 

of bir ds, an ideal situation is created for the survival and spread 

of viruses. The pathologica l  and economic importanc e of avian 

1. 

viruses, however varies from cow1try to country so to place the present 

study in perspective, the groups of viruses YJlOI-m to infect domestic 

hens are listed in 'rable 1 .  This table also lists the diseases known 

to be caused by t hese agents; ho1·r the viruses are commonly propagated 

in the laboratory , and 1rhet hcr or not they are believed t o  be pres<mt 

in N evJ" Zealan d . 

At the initiation of the pres ent work it was clear that the study 

of viruses of the domestic hen population of New Zealand had to be 

limited for practical reasons to one, or a t  the most to a few virus 

groups. The choice of the groups to be j_ncluded in this study 1-ras 

partially gov erne d by the fact that inoculation of err.bryonated ec;gs 

was the only technique fully exploited for the study of viruses of 

domestic hens in New Zealand , although ce ll culture techniques are 

necessary to isolate some agents. Ho•,reve r ,  since cell cultures are 

capable of propagating a relatively large range of viruses (see Table 1 )  

i t  vras decided t o  furthe r l imit the present study t o  non cell-associated 

agents giving a r eadily identifiable cytopathic e ffect in cell cultures , 
and to concentrat e  on agents infecting the alimentary and re spiratory 

tracts. Since the virus causing infectious laryngotracheitis (ILT) 

can be studied by egg inoculation techniques, it also was excluded from 

the present study. 

The above considerations, in conjunction with the lcnowledge that 

adenovirus and reovirus infections appear to be widespread in domestic 

hen populations of other countries, led us to concentrate on determining 

whether or not adenoviruses and reoviruses 1vere present in Nevr Zealand, 

and, if present, to make at least a preliminary assessment of their 

prevalence. 

Several groups of vmrkers in overseas countries have published data 

dealing \vi th the isolation and characterization of adenoviruses and reo­

viruses of domestic hens; this work is reviewed below. A consideration 

of the relationship of these two virus groups to diseases of the domestic 

hen is included in the final discussion. 



Table 1 : 

2 .  

Viruses known to infe ct domestic hens, including the diseases 

they cause , how the agents are commonly propagated, and whether 

of not they are present in New Zealand .  

Present in 

Virus group Disease Gro1·m in Neior Zealand 

Myxovirus 

Paramyxovirus 

Corona virus 

Poxvirus 

Enterovirus 

Herpesvirus 

Herpesvirus 

Leukovirus 

Reovirus 

Adenovirus 

Parvovirus 

FoNl plague 

Newcastle disease 

Infectious bronchitis 

Fowl pox 

Avian encephalomyelitis 

Infectious laryngotracheitis 

Marek's disease 

Sarcomas , leukoses 

Uncertain 

Inclusion body hepatitis , 

others uncertain 

Unknown 

eggs no 

eggs , cell cultures. no 

eggs yes 

eggs yes 

eggs yes 

eggs , cell cultures yes 

cell cultures yes 

cell cultures ye s 

cell cultures yes 

cell cu.l tu res yes 

cell  cultures no 

a .  this applies with certainty only to strains of classical virulence 

b .  McCausland , 1972 

c .  established in this study 

d .  has not yet been detected in New Zealand , but no systematic 

investigation has been made . 

a 

a 

b 

b 

b 

b 

b 

c 

c 

d 



3. 

Isolation and characterization of avian adenoviruses 

In retrospect it now seems clear that the first agent related 

(or identical ) to adenoviruses of dome stic hens was isolated in 

1949 in the United States by Ols on ( 1950) from bobv1hite quail . The 

flock of birds from which this agent 1·ras recovered had a res piratory 

dis ease des cri bed as bronchitis , vvhich caused up to Bo% mortality . 

In 1956 another agent vms isolated from bobHhit e  quail, from a farm 

reporting up to 7CJ/o loss e s  due to a respiratory disease, and 1-ms found 

(Du Bose �t al . ,  1958) to be s erologically relat ed to the agent isolated 

by Ols on (1950 ) .  ltJhen inoculated into embryonated eggs , both these  

"quail bronchitis" viruse s  caused  diminished grovlth of the embryo 

("dwarfing" ) ,  or embryo death. 

Yates  and Fry (1957 ) isolated a number of agents from domestic 

hens. The agents could be s erially passaged in embryonated eggs 

and kille d the embryos. Since there was no apparent dis ease 

associated 1-1i th the source of any of the agents , these  agents v1ere 

designated as strains of "chicken embryo lethal orphan" (CELO ) virus , 

"orphan" being the term vlhich by tradition was applied to any agent 

which did not cause any apparent pathological condition in its host 

in natural conditions. 

Yates  and Fry ( 1957 ) also found that CELO virus 1ms serologically 

related t o  the quail bronchitis virus is olated by Olsen (1950) ,  but 

serologically dis tinct from the viruse s  of Newcas tle dis ease ,  infectious 

bronchitis , laryngotracheitis , fowlpox and avian encephalomyelitis . 

Burke e t  al. ( 1959a ) recovered  agents from cloacal mvabs of both 

dis eased and healthy dome s tic hens . The agents gave cytopathic effects 

in chick kidney (CK) cel l  cultures ,  and were called avian enteric cyto­

pathogenic viruses. In a further s tudy of a pro totype strain of virus 

(designated EV89 ) selected from their isolates, Burke and eo-workers 

(1959b) reported a serological re lationship_ (by neutralisation t ests ) 

bet,veen their prototype EV89 and avian encephal omyelitis virus, and 

incorrectly concluded ( see below) that EV89 could be the avian 

encephalomyelitis virlis. 

In 1961 Taylor and Calnek (1962 ) tested a number of cloacal swabs 

from domestic hens for the presence of cytopathic agents, using chick 

embryo kidney cell cultures. They recovered agents giving two different 

kinds of cytopathic effect (CPE ) :  one was characterized by rounding and 
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increased refractility of the cells , and the other was characte rized 

by the formation of s yncyt ia . Serological classification by 

neutralisation t ests of all  the agents resulted in the establislTinent 

of a large number ( 1 5) of ill defined groups , in \'Thich all the agents 

giving the syncytial type of CPE were assigned to one group , and one 

of the other groups 1>1as found to be antigenically  indistineuishable 

from CELO virus. 

In 1 962 Sarma and Pomeroy (1 962) reported is o lations of viruses 

from caecal tonsils of chickens . They referred to their isolates as 

"enteroviruses" ,  and two of them (A66 and A82) vrere studied in some 

deta il ,  but the conclus ion drawn vms simply that the hro isolates vrere 

"s trains of the same virus , and differed from other viruses of poultry 

animals and man" . 

The first sugges tion that any cytopathic agent v;hich v;as isolated 

from domestic hens might be grouped with the adenoviruses , vms made by 

Burmester �t al . (1 960) , who investigated some of  the properties of a 

virus originally thought to be a causative agent of  avian lymphomatosis . 

The virus 1oTas found to resemble the human adenoviruses in morphology,  

chemical characteristics , s ite of replication in the cell ,  and heat 

s tability; thus it vms suggested that this cytopathogenic agent be 

referred to as Gallus adeno-like (GAL) virus . 

In  1 962 ,  after a numbe r of s trains of cytopathic agents given the 

designation "GAL" virus were recovere d ,  Sharpless (1 962) investigated 

the serological relationships of these GAL �irus isolates , and on  the 

basis of cross-neutralisation tests , divided them into four serological 

groups which vrere called GAL 1 

was later (see belm'l) shown to 

Davies and Englert (1 96 1 ) 

to 4. However this serological grouping 

be incorrect. 

studied the morphology of GAL virus by 

negative contrast electron microscopy. They reported that the virus 

particles had an average diameter of 86 nm, and each particle had a 

total of 1 62 capsomeres ,  whereas human adenoviruse s  were slightly smaller 
( 60-80 nm) and had 252 capsomeres per particle . Nevertheless  they 

suggested that their results supported the conclusion that GAL virus 

should be grouped with the adenoviruses . 

At the same time , MacPherson et al . (1 96 1) also studied the fine 

structure of GAL virus by negative contrast e lectron microscopy, and 
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their interpre tation was that like mammalian adenoviruses, GAL virus 

had 252 capsomeres, but the y  suggested that these  capsomeres resembled 

the capsomeres of herpesvirus and polyoma virus rather than those of 

mammalian adenoviruses, because the capsomeres of GAL virus were "hollow 

and e longated". 

In spite of the apparent differences behreen GAL virus and the 

mammalian adenoviruses, bo th groups of workers (Davies and Englert , 

1 96 1 ; ��acPherson e t  al . , 1 960 ) inclined to the vievr that GAl, virus 

should be assigned to the adenovirus group . This conclusion however, 

was not generally accepted at that time, not only because of the 

confusing morphological findings, but also because it 1vas generally 

as sumed that all adenoviruses had a common antigen v1hich could be 

detec ted by gel precipitation and complement fixation tests 

( Ginsberg, 1 962 ) . No common antigen hmvever was detected between 

GAL virus and the mammalian adenoviruses. 

The first  detailed s tudy of CELO virus vras carried out by 

Petek et  al. ( 1 96 3) , 1vho f ound CELO virus shared many 1Jiological and 

physico-chemical properties with the marrrmalian adenoviruses . 'rhey 

also concluded from electron microscope observations of thin sections 

that CELO virus most likely did not belong to the RNA-containing 

enteric group of viruses  a lthough it vras well known that CELO vj_rus 

was frequent ly found in the alimentary tract of birds . 

Further isolations of viruse s  from the alimentary tract of domestic 

hens were reported by Khanna (1964) in Hungary . All iso lates were 

recovered from cloacal swabs, and the agents were called avian entero­

viruses - a t erm applied e arlier by Sarma and Pomeroy ( 1 962 ) , but 

which vras probably only intended to indicate that these agents were 

is olated from the alimentary tract of domes tic hens . 

Khanna divided his isolates into five serological types, and the 

type most frequently isolat ed was s erologically.identical to avian 

enteric cytopathogenic virus strain EV89 (Burke e t  al . ,  1 959b ) mentioned 

previously ( see  above ) . 

Meanwhile  studie s  of the morphology of CE.LO virus using negative 

.cont�ast electron microscopy showed this agent to have 252 capsomere s  

and a diamet er of 73 nm (Dut ta and Pomeroy, 1 963 ) . This finding add�d 



further >veight to the conclus ion that CELO ,  l ike GAL virus , should 
be grouped vTi th the mammal ian ade noviruses . I t  should be no ted 
tha t up to this stage a pparently , nobody had dete rmine d if there was 
a serological relahonship be hwen CELO virus and any of the strains 
o f  GAL virus, even thoue;h it had bee n  suggested that both could be 
classified as adenoviruses . 

Japane s e  workers in 1 963 (Kavmmura and Tsubahara , 1 963) found 
a partial antigenic relat ionshi p be hreen CE LO and a strain of GAL 
(no t indicated ) by agar gel preci pitation tes ts ,  but this work , l ike 
muc h of the other work done in Japan on avi an viruses , 1.;ras to go 
a ppa rent ly unnoticed for a number of years . 

6. 

Probably the main rea son i•rhy investigators , a part from the 
Japanese , vrere reluctant t o  group these avian adeno -li kc viruses with 
the mamma lian adenoviruses vras the abs ence of a common anti gen . Apart 
fro m this , properties such as s ize , morphology, heat stability in the 
pre sence of various cations, chloroform sens it ivity and s ite of virus 
re plicat ion, all favoured the conc lusion that GA L, CELO and related 
age nts sho uld be regarded as avian adenoviruses . 

In 1 968 i n  the United States Burke e t  al .  (1968) reported  a 
c omprehensive s tudy of the pro perties of a nwnber of agents isolated 
fro m domestic hens but not ye t ass igned to a virus group. These . 
age nts inc luded CE LO ,  the 4 strains of GAL virus ,  "enteri c v irus " EV89, 

and a latent virus recovered from s pontaneously degenerating chicken 
k id ney cell cultures . All dis played propert ie s  typical of adenov j_ruses 
( Table 2 ) and foll mving the publ icat ion of this data it has been 
increasingly acce pted that avian adenoviruses c on stitute a legitimate 
v irus group and the requirement of Ginsberg (1962 ) that adenoviruses , 
by definit ion, have a com mo n  ant igen with standard mammalian strains 
has been dro pped ( Wildy 1 97 1 ) . 

I t  should be pointed out , however ,  that avia n  adenoviruses have 
an antigen in common (Burke et  al . ,  1 968) although this antigen is 
s erologically unrelated to  that found in the mammalian agent . 

C l ar ification of avi an adenovirus serolo gy. 

Init ially there was s ome confus ion over the s erological relat ion-
ship of the adenoviruses of  domestic hens in the United States . S ome 
of the results  of early serological classif icat io n  have been dis cussed 
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Table  2 : Comparison of properties of avian adeno-like viruses 

and mammalian adonoviruses . 

l'lammalian Avian 

Nucleic acid type DNA DNA 

E ther/chloroform stability stable stable 

Stability at pH 3 stable stable 

Size 60-80 nm 70-85 nm 

Morphology icosahedral icosahedral 

Number of capsomeres 252  252 a 

Stabilized by monovalent but not 

divalent cations at 50°C yes yes 

Intranuclear inclusion bodies in 

infected cells present present 

a. for CELO and a strain of GAL only - none of the other avian 

strains examined .  

a 
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b riefly above , but it was not until 1 968 that I3urke et  al .  (1 968) 

show·ed that most  of the s trains of avian adenovirus that had been 

is olated and studied in the United States vrere serologically related 

to either CELO or GAL 1 , by neutralisation tests.  It  also became 

apparent from this vlork that the s trains most  commonly isolated in 

the United States , as wel l  as in Hungary (Khanna , 1 964), belonged to  

the "CELO serotype" . 

HO\'lever, as early as  1 964 in Japan 1 1 1 s trains of avian adeno­

viruses. had been recovered from domes tic hens (Kmramura et al., 1 964) 

and neutralisation tests divided these strains into 8 distinct 

s erological types.  Again , of thes e  8 serotypes, the most  frequently 

iso lated (38 . 8%) >-ras the CELO serotype (designated " Ote" by the 

Japanese) . At 9 . 9% , GAL 1 (SR48) vras the fourth most  frequently 

isolated of the 8 serotypes . Complement fixation and agar gel 

precipitation tests revealed an antigen common t o  all the 8 serotypes . 

In a comprehensive investigation of the serological r0lationships 

of  avian adenoviruses recovered from domestic hens, McFerran e t  al. (1 972) 

in Northemireland, confirJlled the serological results of the Japanese 

workers . Furthermore, McFerran �t al . ( 1 972) recovered 1 67 avian 

adenoviruses  from  domestic hens in Northern I reland and shm·:ed that 

they could be divided into  7 serological types . Six of these sero-

types were closely related to the Japanese s trains, but the remaining 

s t rain was readily distinguishable in cross-neutralisation tests from  

the Japanese prototypes . They therefore concluded that at least 9 

s ero types of avian adenovirus had been established ,  viz . GAL 1 , CELO 

and 7 others . 

Unfortunately , no rational numbering system has yet been accepted 

for avian adenovirus serotypes;  however Table 3 shows the present 

designations and synonyms for the nine established serotypes of avian 

adenoviruses. 



Table 3 :  Avian adenovirus serotypes: designation of prototype 

strains in the United States , Japan and Northern 

Ireland . 

Unite d States a 

Designation in: 

b Japan 

CELO 

GAL1 

a .  Burke e t  al . (1 968 ) 

b. Kawamura et  al.  (1 96 4) 

c. McFerran et  al . (1 972) 

Ote 

SR-48 

KR-5 

TR-22 

YR-36 

SR-49 

TR-59 

CR- 1 1 9 

c Northern Ireland 

1 1 2  

685  

506 

340 

75 

58 

764 

9 . 



Reoviruses of domestic hens 

Taylor and Calnek (1962 ) reported the isolation of five 

cytopathic agents from cloacal svmbs taken from domestic hens . 

These agents  gave a syncytial type of CPE in chicken embryo kidney 

10 .  

( CEK ) cell cul tures . All 5 isolates were assigned t o  one serological 

type by neutralisation tests , and antiserum to  the 11prototype11 s trc;,in 

did not neutralise infectious bronchitis virus or ILT virus , nor did 

it  inhibit haemagglutination by Ne1'1"castle di sease virus . Although 

no further tes ts were carried out , it novr seems likely , on the basis  

of CPE , that these 11enteric cytopathic11 agents vlere reoviruses . 

Kavmmura et al . ( 1 965 ) reported the isolation of 77 agents , 75  

of which were from the alimentary tract and the remaining two were 

from the trachea of domes tic hens. All 77 agents gave a syncytial 

type of CPE in CK cell cultures and they were assigned to 5 dis tinct  

serological types by cross-neutralisation tests . 

Each prototype s train 1'1"as examined -vri th res pect to a number of 

biological properties . These properties are listed in Table 4 and 

are compared -vri th the corresponding properties of the mammalian 

reoviruses as described by Wilner (1 964 ) . 

On the basis of the overall similarity of the avian agents to 

the mammalian reoviruses Kmvamura et al . ( 1 965 ) proposed that these 

agents should be classified as avian reoviruses . 

In 1 96 5 ,  in the Uni ted States , Dut ta and Pomeroy (1 967 ) isolated 

an agent from chicks vri th severe cloacal pas ting. Negative contras t  

electron microscopy revealed the double layered nature o f  the virus 

particles , consisting of an inner cor� and an o uter shell , like 

mammalian reoviruses . The average diameter of virus particles was 

reported to  be 60 nm which is significantly les s  than the generally 

accepted figure (70-80 nm) and the number of capsomeres has not been 

determined. However , because of  morphological similarities of this  

avian virus to mammalian reoviruses and some other common properties 

such as ether resistance and thermostability , 'it was sugges ted (Dutta 

and Pomeroy 1965) that their agent should be considered as an avian 

reovirus . 

An investigation of  the nature of the 11Crawley agent 11 ,  originally 

isolated by Fahey and Crawley ( 1 95 4) from the respiratory tract of 

chickens with chronic respiratory disease , was undertaken many years 

later by Petek et al . (1 967 ) . The agent was found to be s table to  

a pH of 3 .0; its growth was not inhibited by IDU; and it  caused the 

formation of cytoplasmic eosinophilic inclusions in infected CK cells . 



Table 4: Com1)arison of s ome properties of avian reoviruses and 

mammalian reoviruses . 

Mammalian Avian 

1 1 . 

reovirnses a b reoviruses 

Nucleic acid type , determined by 

s ensitivity to IDU 

Ether/chloroform stability 

Stability at  pH 3 . 0  

Overall particle diameter 

Morphology 

Presence of inner core and 

outer she l l  

Number of capsomeres 

Cytoplasmic inclusions in 

infected cells 

a. Wilner (1 964) 

b .  Kmvamura e t  al . (1 965 ) 

RNA 

stable 

stable  

70-77 nm 

icosahedral 

pres ent 

92 

present 

RNA 

s table 

s table 

70-82 nm 

icosahed.ral 

present 

92 c 

present 

c. not unequivocally e s tablished for either mammalian or avian 

strains at that time 



Electron microscopic  examination of thin sections of cells 

infected vri th the "Crmdey" agent revealed particles with a 

structure s imilar to that  of human reoviruses .  Differences 

between the "Crawley" agent and mammalian reoviruses in the type 

of CPE produced  and in haemagglutinating properties were noted, 

but since the more fundamental properties of  the "CravTley" virus 

'l'l'ere shared vri th mammalian reoviruses, Petek et al . ( 1 967 ) 

1 2 .  

suggested that the "Crawley" virus be grouped with the reoviruses . 

In  retrospect, therefore, it may be concluded that Fahey and Crawley 

( 1 954 ) were the first to isolate avian reoviruses . 

In 1 969 three agents vrere recovered (Deshmuk:h and Pomeroy, 

1 969a ) from 7 to 10 day o ld chicks.  These chicks , like those from 

which Dutta and Pomeroy ( 1 967 ) isolated a reovirus , also shovred 

cloacal pasting .  Further investigation of the properties of the 

three agents vras undertaken (Deshmukh and Pomeroy , 1 969b ; 

Deshmukh, Sayed and Pomeroy, 1 969 ) ; and these >'l'orkers reported 

that the three viruses displayed the following properties :  

(a ) Theycontained RNA , as determined by IDU and BDU 

sensitivity , and RNase and DNase tr-eatment . a 

(b ) They did not exhibit diminished heat s tability in the 

presence of Mg++ (unlike mammalian adenoviruses ) . 

( c ) The particle diameter deteTmined by ultrafiltration was 

50 to 1 00 nm .  

( d) They were s table  in the presence of chlorofoTm or  ether .  

( e ) They were related to human reoviruse s  1 , 2 and 3 as shown 

by haemagglutination inhibition, complement fixation ,  

serum-neutralisation and agar gel precipitin tests . b 

a .  Note : the authors claimed that the infectivity of virus preparations 

was diminished by exposure to RNase, but vms unaffected by 

DN:ase .  They apparent ly assumed that the virus could be 

penetrated by t hese enzymes which cons equently could diges t  

their nucleic acid . 

b .  Note : these results have not been confirmed ,  and are not 

generally accepted. 



On the basis of the morphology and physico-chemical 

properties of these three agents, it VTC,).S suegested  that they be 

classified  as reoviruses , and , in spite of the claimed serological 

relationships with the marnmalian re ovirus es , they were regarded as 

"avian'' reoviruses . 

In 1971 (McFerran et al. , 1971 )  reported the isolation of 

reoviruse s  from domestic hens in Northern Ire land . 'l.'hese  agents 

were identified as reoviruses by negative contrast electron­

microscopy , and by this s tage the structure of reoviruses vras 

sufficiently well established and dis tinctive to allow identifica­

tion of the agents by morphological criteria. 

As can be seen from the above synopsis of the literature, 

reoviruses  of domes tic hens have not been investigated  in detail . 

However , it  is clear that they have frequently been recovered 

from dome stic hens , usually from the alimentary tract . The 

most comprehensive s tudy vms made by Japanese  investigators 

(Kavmmura et al . ,  1965 ) , and as a resul t of their "1-rork it is 

now accepted that there are 5 distinct serological types of 

avian reovirus. Unfortunately these  serotypes have not yet 

been compared s erologically with mo st of the re oviruses  iso lated 

in other countries .  

13. 



MATERIALS AND METHODS 

1. Chick Kidney (CK) Cell Cultures 

14. 

Kidneys 1,.rere removed aseptically from thre e  0 to 2 day old  

chicks and chopped finely 1-.ri th scissors into Earles based ;.rashing 

solution (EWS ,  see Appendix) . The chopped kidneys were vmshed 

twi ce in E \IJS , shaken vigorously to facilitate fragmentati on and 

dispersal of the tissue, and transferred int o  20 ml of 0.1% trypsin 

soluti on (see Appendix). The suspended tissue fragments vrore then 

further di spersed by s tirring at 37°C using a magnetic stirrer and 

external magnet . 

minutes. 

Dispersal of the cells was completed after 30 

The cells were then centrifuged at  BOg for approximately 5 

minutes in graduated conical glass cent6fuge tubes and resuspended 

in 10 ml of gro1,.rth medium ( HTC , see Appendix) . The resuspended c el ls 

were centrifuged at 80 g for exactly 5 minutes, the supernatant f luid 

was removed , and the packed  ce ll volu�e (PCV) was noted. The cells 

were then suspended in 500 times their volume of fresh HTC medium 

saturated with co2 . 

The ce ll concentration ;.ras also estimat ed using a haemocytometer, 

although this procedure was only used as an additional check on c ell  

concentration . 

The cell sus pension was dis pensed in aliq_uots using a Cormrall 

pipette,  which was s terilized by autoclaving at 5 p . s . i .  for 5 minutes .  

The volume of  cel l  suspension added to each type of  culture container 

vms as follows: 

tubes (16 x 125 mm screw cap culture tubes ) 

glass petri dishes·(45 mm diame ter)  

bottles (160 ml screw cap milk dilution bottle s )  

0.7 m l  

5 ml 

15 ml 

Tubes  vmre placed in a rol le r drum, vrhich vlaS placed on a roller 
0 apparatus , left undisturbed at 37 C for 24-48 hours , and then rol led . 

Petri dish cultures were incubate d  in an atmosphere of 5% co2 in air. 

Bottles were incubate d  at 37°C. 

Monolayer cultures forme d about hvo days after seeding , and at 

this s tage HTC medium was replaced by maintenance medium 



15. 

saturated Hi th co2 (EaM, see Appendix) , using a Conmall pipette , 

and the follovring volumes : 

tubes 

petri dishes 

bottles 

1 . 5 ml 

5 ml 

20 ml 

Monolayer cultures persisted intact for 7 to 8 days without 

a further . change of the medi uJn. 



2 .  Virus Isolation 

( a )  Post mortcm specimens 

The following tissues or specimens taken from healthy and 

diseased birds , were used for virus isolation :  

1 6 .  

abbreviation used 

lung 1 

trachea T 

�ntestinal contents I C  

caecal contents cc 

caecal tonsi l  CT 

spleen s 

bursa of Fabricius B 

kidney K 

pancreas p 

liver LV 

heart H 

oviduct 0 

All material was ground with acid-1-mshed  sand using a pestle 

and mortar , to which a small amount ( 1 -2 ml ) of standard diluent 

( SD ,  see Appendix ) was added .  The diluent contained 1 000 units/ml 

of penicillin and 1 000 ug/ml of streptomycin . SD was then added to  

the ground material to give an approximately 1 0%  suspension .  

The suspended tissue was centrifuged a t  4000 g for 2 0  minutes  
0 at 4 C .  The supernatant fluid vras then either inoculated into cell 

cultures immediately , or s tored at -40°C ( the l011est available 

temperature ) unti l  culture tubes were available . 

( b )  Swabs from live birds 

Cloacal and tracheal swabs ( CS and TS respectively) were taken 

from healthy and diseased birds . The swab ends were broken off into 

bijou bottles containing SD medium as used for post mortem tissue . 

The bottles were shaken vigorously , the swabs removed ,  and the 

resulting suspensions treated as described for P . M . specimens . 



( c ) Inoculation of specimens into cell cul tures 

1 7 .  

With all types of samples ,  0 .  2 ml of the final suspension 1-ras 

inoculated into duplicate cell culture tubes ,  the tubes were rolled 

at 37°C ,  and examined for cytopathic effects ( CPE ) daily for seven 

days . 

made . 

If no CPE appeared a further " blind" passage of 0 .  5 ml 1va. s 

After incubating for a further seven days the original sample 

l>las regarded as negative if no CPE vms observed. \'Jhen a CPE was 

observed ,  the supernatant was passaged into several fresh culture 

tubes to prepare a small pool of virus . This pool I'Tas stored at 

-40°C until required for typing or further  characterization . 



3 .  Virus identificati on by ele ctron microscopy 

1 8 .  

vlhen a virus was isolated , i t  ivas given a further passage into 

a culture tube , l·lhich was incubated , with rolling , until most of the -

monolayer had degenerated . Any fragments of monolayer s till  

adhering to the glass 1vere s craped off , and the cell deln·is vms 

sedimented by centrifuging at  500 g for 1 0  minutes . The supernato.nt 

fluid 1-m.s then comple tely reHJ.oved with a Pasteur pipette , leaving a 

pel le t  of cell debris , to  v;hich 1 t o  3 drops of deionized water were 

added .  Note : the volume added \vas adjusted according to  the 

amount of sediment . The suspension vras then frozen and tha1>red to 

lyse  any intac t  cells . A drop of the lysed cell  suspension was 

place d  on a slide , 2 carbon coated EM grids 1-rere placed carbon side 

down on top of the drop ,  removed after a fevr minutes , and blo tted 

by touching only the edge of the grids . 'rhe grids were then air 

dried ,  floated carbon side down on a drop of 5% sodium phospho­

tungstate ( pH 6 . 5 )  for a fe1>r seconds , removed ,  blotted gently at 

the edge , and allo"\,red to dry . 

Grids v<ere examined in a Phi lips Er-1 200 electron microscope ; 

photographs of particles were taken and printed so as to  give a 

final magnification of 200 , 000 . Agents vrere i dentified on the 

basi s  of their size and s tructure . 



4 . Production and s tandardisat i on of reagents for serological 

typing of virus isolates 

( a )  Production o f  an tisera to  isolates 

1 9 . 

An isolate was "biologically purified" by passaging t hree times · 

at limit dilution . The isolate vms inoculated into severa l culture 

tubes which were incubated at 37°C  until about 50% of the cells had 

degene rate d . riiedium plus cell  debris was then harves t ed and pooled .  

Aliquots o f  the pool were dispensed into bi jou bottles and stored a t  

-40°C . This mate rial vms thawed when required , and inoculated into 

a rabbi t according t o  the following irr_rnunization schedule : 

days 

0 

7 

1 4  

material inoculated 

1 ml of 1 : 1 mixture of Freund ' s  

c omplete adjuvant and virus 

suspension 

1 ml vi r us suspension 

1 ml virus suspensi on 

site of inoculation 

intramuscular ( both 
hind legs ) 

intramus cular (all  

four legs ) 

intravenous ( ear ) 

Rabbits v.rere bled 1 0  days after the final inoculation , and 

s erum was stored  in 2 ml aliquots at -20°C .  

( b )  Virus s tandardisation f o r  ne u t ralisat i o n  tests 

Virus vms inoculated  into s everal cell  cul ture tube s 

incubated at 37°C . When about 2CP/o of the cells shov1e d a 

supernatant was removed , pooled and s tored at -40°C in 1 

and 

CPE the 

ml aliquots . 

For quantal titration of the virus pools serial tenfold di lutions of 

virus ( usually from 1 0- 1  to  1 0-7 ) were made , and 0 . 5 ml o f  each 

dilution was inoculated into each of 4 culture tubes , rolled at 37°C,  
and the cultures were examined for the next 6 days for the appearance 

of CPE . Titres were calculated using the method of Kae rber ( 1 93 1 ) .  

( c ) Antiserum titration 

Antiserum to be  titrated was thmved ,  inactivated by heating 
0 

a� 56 C for 30 minutes , then dilu ted  in SD in serial two-fo ld 
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s teps from 1 in 1 0  to 1 in 40 , 960 .  The volume used \ms 0 . 6  ml . 

An equal volume of homologous virus was added to  each tube in the 

dilution serie s .  This virus ;-ras previously diluted t o  give an 

estimated titre of 200 TCID50/0 . 5  ml : thus each tube in the 

dilution series then contained an estimated virus titre of 1 00 

TCID50/0 . 5  ml , and the antiserum had final  dilutions ranging 

from 1 in 20 t o  1 in 8 1 , 920 . 

0 The virus-serwn mixtures \vere then incubated at 37 C for one 

hour , then tvw 0 .  5 ml aliguots of each dilution were inoculated 

into duplicate culture tubes , which vfere then rolled at 37°C and 

examined for the appearance of CPE for the next 6 days . Serum 

titres ,,re re calculated using the me thod of Kaerber ( 1 93 1  ) . As 

a control , the virus sus pension diluted to give an estimated t itre 

of 200 TCID50/0 . 5  ml vms further diluted by a factor of tlvo with 

inactivated pre-inunune rabbit serum ( arbitrarily diluted 1 :  1 000 ) , 

and incubated for one hour at 37°C .  Tenfold dilutions of the 

mixture v,rere made , and inoculated into culture tubes as in 

4 (b )  to check that the actual virus titre agreed vlith the 

calculated value . 

Provided this control titration showed a titre of 30-300 

TCID50/0 . 5  ml , the corresponding antiserum titre was regarded 

as valid .  



5.  Serological typing of virus isolates and selection 

of prototype s trains 

2 1 . 

Virus isolate s  were assigned to a group by negative contrast 

electron microscopy ,  and isolates "I'Ti thin each group , i . e . 

adenoviruses and reoviruses ,  'ivere further assigned to serological 

types using neutralisation tests  described belovr .  

Antiserum was initially prepared t o  one " purified"  i.s ola t e  

from each group , ti tred as described above ( 4 ( c ) ) and diluted in 

SD to a concentration corresponding to 20 times the endpoint titre 

as estimated against the homologous virus . This dilution of anti­

serum was mixed with an equal volume of a 1 0- 1 and a 1 0-3 dilution 

of each untyped isolate of the same virus group . The serum-virus 

mixtures and controls ( in which the serum vras replaced vlith SD) 

were incubated at  37°C for one hour , and two 0 . 5 ml aliquots from 

each of the tvro mixtures and tvro . controls were inoculated into each 

of two CK culture tubes and rolled at 37°C .  The cultures were 

examined daily and the results  recorded when one or other of the 

control tubes showed a clearly defined CPE . 
An isolate vras regarded as being of the same serological type 

as the prototype s train when an unequivocal delay was detected in 

the time of appearance of CPE in the presence of the antiserum vlhen 

compared 1vi th the control cultures . 

Follovling this typing procedure , one untyped i so late was 

randomly selected , passaged three times at limit dilution , and 

used  t o  immunize  a rabbit .  This ne'iv antiserum was t i  tred using 

the homologous virus , and use d  to type the remaining isolates . 

This procedure was repeated until all the isolates were assigned 

to serological types . The strains of virus used  to produce 

antisera for typing were regarded as prototype strains . 



6 .  Cross-neutralisation tests with prototype strains 

After the selection of prototype strains , each antiserum 

was titrated against all of the o ther virus prototypes as 

described below : 

1 .  Serial tvw-fold dilutions of each antiserwn ;.rere made , 

ranging from 1 : 1 0 t o  1 : 40 , 960 

2 2 .  

2 .  0 All sera were inactivated by heating at 56  C for 30 minutes . 

3 .  To each tube in one of the dilution series an e qual quantity 

of the appropriate virus was added .  Thi.s virus was 

previously diluted to  give a final calculated titre of 

1 00 TCID50/0 . 5  ml 1-rhen mixed with the antiserum . 

4 .  All virus-antiserum mixtures were incubated at 37°C fo r one 

hour , then duplicate CK culture tubes l·rere inocu�ated  1-ri th 
0 0 . 5  ml of each of the diluti ons and rolled at 37  C .  

5 .  The tubes w·ere examined daily ,  and any CPE l·ras recorded .  

Endpoints 1·re re calculated provided the control ti trations 

of the respective virLill es contained 30-300 TCID50/0 . 5  ml . 
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Flo1-r diagram of procedures for typing viruses  and cross­

neutralisation tests 

Virus isolation : 

arbitrarily designated type A ( et c )  
I 

-.J� 
Virus " purification" by three 

passages a t  limit dilution 
i 
I 

..V 
Production of virus pools 

J. 
Pool 1 ( of type A )  

Contained cell debris and 

supernatant . Aliquots stored 

at -40°C for rabbit inoculation 

.....V 
Antiserum production 

~ Standardize antiserum 1::. 

1 

.._,/ 

Pool 2 ( of type A )  

Supernatant fluid only . 
0 Aliquots stored at -40 C 

..,y 
Titrate virus pool 

Test  for ability to neutralise new isolates 

i 

.J.-
Isolate not neutralise d :  

called type B ,  and new anti­

serum t o  type B prepared . 

...V 
Cross-neutralisation tests , 

usir.g · antisera to types A ,  

B etc . 

0-
Isolate neutralised :  

i . e .  it  is type A 



7 . Further characterizati on of  virus isolates : Physico-Chemical tests 

( a ) Chloroform s ensitivity 

This vms determined by the method of Feldman and vlang ( 1 96 1 ) . 
. 

24 . 

Cell-free virus suspension was mixed 1·rith 5% of its volume of chloro-

form and shaken at room temperature for 1 0  minutes ,  centrifuged at 1 00 . g 

for 1 0  minutes to sediment the chloroform , and the supernatant \vas 

titrated as previously describe d .  

A preparation of the same virus suspension Hi thout chloroform 1-ms 

also shaken and centrifuged ,  and titrated as a control . 

( b )  IDU sensitivity 

Presumptive evidence for nucleic acid type vras obtained by 

investigatin� the effect of 5-iodo 2 deoxyuridine ( IDU) on virus 

replication , as described by Salzman ( 1 960) . 

After the formation of monolayers in culture tubes ,  HTC medium 

was replaced with maintenance medium 1vhich contained no serum . This 

assured the depletion of the supply of free thymidine . After 24 hours , 

the maintenance medi urn 1tras removed , and 1 000 TCID50 of virus was 

inoculat ed into  each tube , and at the same time fresh maintenance 

medium containing 1% calf serum plus the follm.,ring amounts of IDU 

and thymidine vras added : 

2 tubes 

2 tubes 

2 tubes 

IJIM only ( controls ) 

m1 plus 1 0-4M IDU ( 35 u�/ml ) 

MIJ.l plus 1 0-4M IDU plus 2 x 1 0-4M thymidine ( 50p.g/rnl )  

The cultures were incubated with rolling at 37°C until the controls 

showed an uneQuivocal CPE . All cultures were then fro 2en and tha1-red 

and the extent of virus replication 1vas determined by quantal titration . 

( c ) Effect of  cations on heat stability 

The effect of Na� Mg
++ 

and Ca
++ 

on the heat s tability of the avian 

adenoviruses and reoviruses vms determined as describe d  by Wallis , 

Yang and :r.�elnick ( 1 962 ) . 

The follo1ving s olutions were prepared in deionized  distilled vmter 

and sterilized by autoclaving : 

NaCl 4M 

MgC12 2M 
CaC12 2M 
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Equal volumes o f  virus and the appropriate solution , o r  

s terile water i n  the case  of the controls , were mixed in ampoules 

which 1wre then scale d ,  and completely submerged for one hour at 

The ampoules ��ere then opened and the contents assayed by 

quantal ti tration . 

For one virus preparation , the titrations of  the fol lowing 

mixtures vrere made : 

virus in  distilled water (no heating ) : initial control ( r e )  
virus in distilled water  ( heated. 50°e one hour ) : final c ontrol ( Fe )  

virus in 2M Na+ 

} H1 Mg++ 0 virus in all heated at  50 e for one hour 

virus in 1 M  ea++ 



8 .  Screening tests for  neutrali sing antibodies 
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Sera to be examined for the presence of  neutralising anti­
bodies to each of the adenovirus serotypes isolated in this s tudy 
1vere diluted 1 : 6 in SD and inactivated by heating at 56°C for 30 
minutes . To 0 . 6 ml of each diluted serum an equal volume of  virus 
suspension was added . ThG virus added 1-ms previous ly diluted  in 
SD to give a final calculated t i tre of 1 00 TCID50/0 . 5  ml . 

The virus-serum mixtures vrere then incubated at  37°C for one 
hour , · and hw 0 .  5 ml aliquots  of eo.ch mixture '"ere inoculated into  
duplicate CK culture tubes ,  vrhi ch were rolle d  at 37°C and examined 
daily for the appearance of CPE . At the same time , a control 
titration of the virus suspension was mad e ,  and the resul ts of the 
serum neutralisation tests vre re regarded as satisfactory provided 
the controls  indicated that the virus titre was within the range 
of  30-300 TCID50/0 . 5  ml . 

This procedure vms repeated for each of the adenovirus 
isolates characterized in this study . 

A number of posi ti. ve sera 1-rere also titrated ,  as des cri bed 
in "Na terials and �1ethods 4 ( c ) "  except that the final serum 
dilutions tested ranged from 1 : 20 to 1 : 640 , instead of 1 : 20 to · 
1 : 8 1 , 920 . 



9 .  Staining CK monolayers 
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CK mono layers �.,re re grovm on coverslips in pe tri dishes , which 

were incubated at 37°C in an atmosphere of 5% C02 in air . Cultures 

were inoculated l'l i th virus at the time of replacing growth medium 

(HTC ) 1·1ith maintenance medium ( Ea�1 ) . The monolayers were examined 

daily for the appearance of CPE ; v;hen a CPE \vas clearly visible 

the coverslips were processed by the following me thod :  

( 1 )  The maintenance medium was removed from the pctri dish , and 

the cells were vmshed �vi th PBS and fixod wi th either methanol 

or 1 0% formol saline for 5 minutes . 

( 2 )  The fixative 1-ras removed and the cul tures 1vere vrashed again 

wi th PBS . The coverslips were placed in Khan tubes and 

s tained for 24 hours wi th Giemsa ' s  s tain diluted 1 : 75  

in tap water . 

( 3 )  The stained preparations vrere rinsed in tap water and 

dehydrated by \'lashing twi ce with acetone ; then a 1 : 1 

mixture of acet one and xylene , followed by two washes in 

xylene . The covers lips vrore mounted in Depex . 



RESULTS 

1 .  G rm·rth of chick ki dney ( CK) c e l l  cultures 

28 . 

One f a c t o r  e s s enti a l  for t he produc t i on o f  s a t i s fact ory c e l l  

mono laye rs i n  tubes vrhi ch vm re n o t  individua l ly " ga s s e d ' ' , wa s that 

the grovi'th mediwn ( HTC ) and maintenanc e  medium ( Ear1 ) should b o th be 

satura t e d  with co2 before use ( Clarke , 1 973 ) . \"Jhen HTC medi l..J.m not 

ful ly satura ted v1i th co2 i•ms us ed to mak e  up the se eding s us pen s i o n , 

mono laye rs did not d eve lop ; and v:hen EaM me diwn f o r  maintenan c e  was 

not satura t e d  1vi th co2 before us e the c e l l s  rounde d  up , and the mono­

layers degenera t e d  vli thin 1 -3 days . 

HoHeve r ,  the ma j o r  problem t o  be ove rcome in the produc tion of 

go od c e l l monolaye r s , v1hi ch coul d  be maintaine d f or a lone enough 

pe ri o d  of time t o  propaga t e  virus e s ,  was t o  produce an initial s e e di ng 

sus pens i on of the righ t  concentrat i o n . Since the m e tho ds des c ri b e d  i n  

t h e  l i t e ra ture ( s e e  Di s cuss i on ) f o r  the prepara t i on o f  CK c e l l  c u l ture s 

vary i n  many details , i t  was ne c e s s a ry to s tandardi z e  on a c onvenient 

and reproducib l e  t e chni que sui t ab l e  f o r  the availab l e  equipment . 

I n  the fi rst a t tempt , CK mono lay ers i>�"e re produc e d  in tub e s  s e e d e d  

a t  the f o l l owing diluti ons o f  packed c e l l  volume ( PCV) i n  gro-v;th me dium : 

1 : 50 
1 :  1 00 
1 : 200 
1 : 300 

I n  a l l  cases , c omple te monolayers form e d  vri thin tvro days , but they 

were uneven ,  due to the high dens i ty of the " ce l l  c lumps " ( s e e  Plates 

1 t o  3 ) .  Furthe rmo re , c e l l s  c ont inue d to d ivide after the growth medium 

had be en re pla c e d  wi th maint enance me di urn, vri th the re sul t  t ha t  mono laye rs 

quickly be came mul t i-laye re d and , as a result , be came d e tache d f rom the 

gla s s  surfac e . 

Aft e r  initiat ing a number o f  cul ture s , using d i luti ons in t h e  range 

o f  1 : 400 to 1 : 700 i t  was f ound tha t a 1 : 500 di lut i o n  of pack e d  c e l l s  in 

growth me dium gave the most satisfactory res ul ts , i n  t e rms o f  the 

pro p o r t i on o f  tub e s  ( about 95%) wi th s a t i s fact o ry mono l ayers . At a 

dilution of 1 : 600 m ono layers t o ok l onge r t o  deve l o p ,  and in 1 0- 1 5% o f  

the t ub e s  mono lay e rs di d n o t  f o rm a t  a l l . 



Throughout the duration of  the experimental work ,  the 

concentration of the seeding sus pensions •·ms checked by counting 
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cell clumps i n  a haemocytometer .  Provided the time of trypsinization 

and the time and speed of centrifugation 1vere not varied ,  a 1 : 500 

dilution of packed cells in gro>vth medium gave counts of 1 3 , 000-

1 5 , 000 clwnps per ml . I t  was concluded that seeding cell suspen-

sions of the right concentration could  consistently and more 

conveniently be prepared without the use of a haemocytometer .  

P lates 1 ,  2 and 3 shovl the appearance of  the c ell clu.'llps or 

" tubules" , as well  as single (kidney) cells and erythrocytes in the 

haemocytome ter .  Although outgrowths did occur from the single cells , 

development of monolayers appeared to be due mainly to  the grovith of 

c ells from the periphery of c ell clumps . 

2 . Virus isolation and identification by ele ctron microscopy 

Spe cimens to  be screened for the presence of cytopathic agents 

were inoculated into culture tubes which were rolled at 37°C and 

examined for the next 6 days for cytopathic effects  ( CPE ) . vJhere 

no CPE l·vere observed , supernatant fluid  was given a further " blind" 

passage , and if no CPE were observed after a further 6 days , 

spe cimens were considered negative and discarded . 

From a to tal of  1 50 pos t mortem samples taken from the 

Department of Veterinary Science at Massey University , and 44 
m-rabs taken from live birds in commercial flocks in the Manm-ratu 

dis trict , 27 cytopathic agents were recovered .  Of  these , 65% gave 

a CPE after initial inoculation of the sample  into culture tubes ,  and 

the remaining 35% gave a CPE which was firs t  detected following the 

"blind" passage . Three distinct types of CPE were observed : 

(a ) cells rounded up and became slightly more refractory 

than uninfected c e lls ( Plate 4 )  

(b ) cells became vacuolated ,  then after a further 24-48 
hours they s tarted to round up as in (a ) ( Plate 5 ) .  

( c ) cells became s lightly vacuolated and developed a granular 

appearance .  They then fused t o  form large irregular 

syncytia (Plate 6 ) ,  which after a further 24-48 hours 

degenerated to leave c obweb-like processe s attached to 

the glass surface .  



Plates 1 ,  2 and 3 . 

Kidney t i s sue ,  from day old chi cks , dispersed by tryps in . 

The di s persed t i s s ue vms c entri fuged and the pe l le t  re sus pended i n  

500 times i ts vol��e o f  growth medium . The resus pension is viewe d 

in a haemocyt om e t e r  and c ons i s t s  mainly o f  f ragments o f  kidney 

tubule s ;  e rythro cyt e s  and a fe�or individual kidney c e l ls . The 

kidney cells may be dis tinguishe d  from e rythrocytes because they 

appear granular and s pheri cal . 

This sus pens i on corre s ponds t o  the c oncentration of t i s sue 

use d  t o  seed t ube s , pe tri dishe s  or b o t t l e s  for the production of 

monolayer culture s . 
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3 1 . 

Plate 4 .  Chick ki dney c e l l  cul ture showing f o c i  o f  c e l l  

rounding fo llowing inoculati on with avian adenovi rus 

type A .  CPE caused by t ypes B and C a re indis-

tinguishable from that i l lus trated . 

preparation x 1 00 .  

Uns tained 

Plate 5 .  Chi ck kidney c e l l  culture showing foci of vacuolated 

c e l ls , following ino culation with avian a denovi rus 

type D .  Uns tained preparation x 100 . 



32 . 

Plate 6 .  Chi ck kidney ce l l  cul ture showing the formation of 

a syncytium ( dumbe l l  shaped object in the cent re o f  

the micrograph ) fol lowing ino culation wi th avian 

re ovi rus . Smaller degene rat ing cells a re als o s e en 

s cat t e red throughout the mono laye r . 

preparation x 1 00 . 
Unstained 

Plate 6a . Unino culated chi ck ki dney c ell culture . C ompare 

with plate s 4 ,  5 and 6 .  Unstaine d preparation 

. X 1 00 .  



All a gen t s  were examine d by nega t ive-contra s t  e l e c tron 

m i c ro s c o py .  Plate 7 is the best e l e c tron m i c r ograph o b tained o f  

part i c l e s  wi th a denovi rus - l ike morpho logy and s i z e . The par t i c l e  

repre s en t e d  i n  P l a t e  7 i s  c l e arly hexagonal in out line , has a 

diam e t e r  o f  about 80 run ,  and tri angul ar faces may b e  disc e rne d .  

S u ch agen t s  a r e  i nd i s t ine;ui s hable i n  morpho logy from the mwnma l ian 

adenovirus es as de scri b e d  by Horne ( 1 962 ) . 

3 3 .  

Plate 8 i s  m o re typi cal o f  wha t  vms usua l l y  seen i n  the e le c t ro n  

micro s co�e us ing the di agno s ti c  method des cribed f o r  negative s taining . 

N o t e  that mos t of the part i c l e s  have b e en pene t r a t e d  by the s tain and 

s ome parti c l e s  a re pa rtly b roken ; howeve r ,  s uc h  s t ruc ture s are s t i l l  

d i s t i ngui shable f rom agent s  o t he r  than those of the adenovi rus gro up . 

Agent s  having this adenovirus morpho l ogy gave r i s e  to a CPE in CK 

c e l l  cul t ures of the types descri b e d  in ( a ) or ( b )  above . 

The s e c ond , and only o the r ,  type of virus par t i c l e  i s o la t e d  i n  

c e l l  cul t ures during this s tudy i s  i l lus t rated i n  P l a t e  9. Thi s  

part i c le has a n  inner core and a n  out e r  she l l  s tru c ture . 'l'he ave rage 

diame ter of the c o re was f o und to be 46 nm ,  and the ave rage overa l l  

diam e t e r  of the pa r t i c l e s  \vas 72 nm .  

Repo r t e d  me asurements o f  hwnan re ovirus e s  ( types 1 ,  2 and 3 )  vary 

from 60 to 77 nm for the ove rall diame ter and 32 t o  46 nm f o r  the core 

diam e ter ( Loh et al . 1 965 ) , so the agents i s o l a t e d  in thi s s tudy having 

this mo rpho l o gy and s i z e 1-rere cons i d ered to be memb ers of the avian 

re ovirus group . 

All agen ts wi th re o v i rus morpho l o gy gave rise t o  t he syncytial 

type o f  CPE ( des crib e d  i n  ( c ) above , and see Plate 6 )  i n  CK c e l l  

cultures . 

Table 5 lists the viruses isolated in this s tudy , and inc lude s 

the s ource o f  e ach i s o l a t e , the disease ( i f  any) o f  the b i r d  from 

whi c h  the material was t ak e n ,  and the group to whi ch the virus belongs , 

as determined by negative contrast e le c t ron microscopy .  

Taking into account those agents , samples 1 9 ,  23 and 24 , whi ch 

ultimately ( see  results o f  IDU sensitivity test s )  were found to  be 

mixtures , a total of 25 adenoviruses  and 5 reoviruses vlere recovered 

from the 1 94 specimens s creened . However ,  in many cases more than 

one specimen was taken from a bird . 



1 94 s pe cimens ( o r  part s of s pe c imens - s e e  Tab le 5 )  were 

taken f rom a t o tal of 95 di s eased and he a l thy birds . Twent y­

eight percent of these bi rds were found to b e  infe c t e d  by e i ther 

an adenovi rus , a re ovirus , o r  by b o th types o f  vi rus . 

34 . 



Plate 7. Avian adenovirus type A negatively s taine d with s odium 

phos photungs tate . The two particle s shown are no t penetrated 

by s tain , and are apparently staine d  on one surface only . S ome 

of the triangular fa ces can be dis cerne d .  X 200 , 000 . 

Pla te 8 .  Avian a denovirus type B negatively stained wi th s o dium 

phos pho tungs tate . This mi crograph is typical o f  the types o f  

s truc tures s een when impure preparati ons o f  avian adenoviruse s  

are examine d routine ly for identi fi cati on purpos e s . Many 

parti cles are partly broke n ,  and partly pene trate d  by s tain . 

One parti c le ( top right ) is fully pene t rated by s tain , and 

individual capsome res are s e en in profi le . Note the abs enc e  

o f  an inne r she l l . X 200 , 000 

35 . 
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Plate 9 . Avian reovirus negatively stained with sodium phospho-

tungstate . All particles are penetrated by stain . The particles  

are spherical in  outline , and have an inner layer of  capsomeres 

whi ch appears as a narrow unstained ring . x 200 , 000 . 

Plate 1 0 .  Mixture of adenovirus and reovirus negatively s tained with 

sodium phosphotungstate . One penetrated reovirus partic le is 

present ( top right ) , and it can be distinguishe d  from the adeno­

virus particles ( lef t ,  top and bottom ) because of the presence 

of an inner shell . x 200 , 000 . 



Tab l e  5 

This t a b l e  lis t s  the vi rus group t o  whi ch each i s o la t e  was 

as s igne d ;  the specimens f rom whi ch i t  \·m s re c ove re d and the 

pathol ogy , if any , of the b i rds from vlhi ch the s p e c imens vre re 

t ake n . The a s s ocia t i on , i f  any , b e h-re on the o b s e rved l e s i ons 

and the vi rus i s olat e d  remains to be es tabl ishe d .  Note tha t 

i s o la t e s  vre r e  o c casi onal l y  re cove re d f rom heal thy birds and some 

w e re re covered from bi rds wi th l e s i ons caus e d  by n o n-viral agents . 

a .  See Ma t e rials and Me thods , s e c t i ons 2 ( a ) and ( b ) for 

abbrevi a t i ons . Whe r e  more than one type o f  mat e ri a l  i s  

lis t e d  under " s ource " ,  this m e an s  that a l l  types lis t e d 

were g round and p o o l e d  before t e s ting. 

b .  Sample 2 4  was found by e le c t ron mi cros c opy t o  contain a 

mix t ure o f  part i c l e s  wi th adenovi rus and reovirus morph o l ogy 

( Plat e  1 0 ) .  Only part i c l e s  wi th re ovi rus morphology were 

ini t i a l ly det e c t e d  i n  negatively s tained pre pa rati ons f rom 

sampl e s  1 9  and 2 3 ; ho1-reve r t he s e  sample s w e re la t e r  f ound 

to c o n tain a mixture of adenovi ruses and r e ovirus es ( s e e  

Res ul t s , IDU sens i t ivi ty : re ovirus e s ) . 



Table 5:  Viruses recove red from dome s tic  hens using 

CK cell cultures .  

Isolate number 

2 ,  3 

4 

5 

6 

7 to 1 1  

1 2  

1 3  

1 4  to 1 6  

1 7  

1 8  

1 9  

20 

2 1  

22 

23 

24 b 

25 

26 

27 

a Source 

CT , C C , I C  

CS 

C T ,  C C , IC  

" 

1 1  

CS 

CT , cc , IC , 

B 

CT , cc , IC , 

1 1  

CT , cc , IC  

1 1  

1 1  

" 

CS 

" 

" 

K 

CT , cc , IC  

cc  

T 

T 

Pathol ogy 

Acute form of Mareks disease , 

and heteralds i rarus 

Laying hen , s light 

respiratory signs 

Dead bird.  Congestive heart 

failure 

Endoparasite infections 

(histomoniasis , capillaria ) 

Staphylococcosis (arthritis , 

hepa ti ti. s , s epticaemia ) 

None 

Staphylococcosis (arthritis , 

hepatitis , s epticaemia ) 

11 1 1  1 1  

Infectious bronchitis 

( respiratory and kidney ) 

Necrotic ente ritis 

None 

" Pullet disease " 

1 1  1 1  

Necrotic  enteritis 

None 

11 

11  

11  

1 1  

"Sudden drop in egg 

production" 

37 . 

· Virus group 

adenovirus 

reovirus 

adenovirus 

1 1  

1 1  

1 1  

1 1  

11  

11  

" 

reovirus and 

adenov irus 

reovirus 

adenovirus 

11 

reovirus and 

adenovirus 

" " 

adenovirus 

1 1  

1 1  



3 . Serological classification of viruses recovered from 
Nevl Zealand domestic hens 

( a )  Adenovirus typing 

38 .  

Preliminary serotyping divided 2 0  o f  the 2 5  adenoviruse s 
isolated into 4 different serological types . The remaining 
5 adenovirus is olates do not be long to serotypes A .  B ,  C or D ,  

and have not yet been studied in cross-neutralisati on tests . 
Table 6 shows the dis tribution of the 20 isolates vri thin 

the 4 serological types ,  and also gives the relative frequency 
of isolation of each adenovirus serotype . 

Having divided the adenoviruses into 4 groups by the 
preliminary typing , cross-neutralisation tests were undertaken 
to confirm that the serological 1 1 prototype 11 strains a:r·e distinct . 

The results of these cross-neutralisation tests , using the 
4 adenovirus prototypes ( A ,  B ,  C and D )  and their antisera , are 
sho-vm in Table 7 .  The loviest antiserum dilution used in the 
cross-neutralisation tests was 1 : 40 .  Concentrations greater 
than this were toxic for the cell cultures because of the 
presence of anti-chi ck cell antibodies ( s ee r,�aterials and JIIe thods ) . 

No cross-neutralisation was observed beh1een the 4 types . 
Hence these tests confirmed the result of preliminary typing which 
indicates that these 4 isolates were serologically distinguishable . 

All of the adenovirus isolates belonging to types A ,  B and C 
gave a CPE of the rounding up type ( Plate 4 )  described above , while 
type D adenovirus ( of 1<1hich isolate 1 7  was the only member) gave 
CPE of the vacuolating type ( Plate 5 ) . One of the untyped adeno­
virus strains ( isolate 9 )  also gave rise to the vacuolating type 
of CPE . Typing tests showed that this strain did not belong to 
the A ,  B ,  C or D serotypes but it has not yet been investigated by 
cross-neutralisation tests . 

( b) T�ping of reovirus isolates 
Isolate 23 was arbitrarily selected as the prototype reovirus 

strain , and used to produce an antiserum .  This antiserum had a 
relatively low neutralisation titre of 1 60 ,  possibly because the 
concentration of antigen used in the rabbit inoculum was low : thus 
when titrated in CK cells , reoviruses grew to a titre of only 1 03 · 5 

- 1 04 TCID5�0 . 5  ml , whereas the adenoviruses invariably grew to  
titres of  1 06 

- 1 07 TCID50/o . 5  ml , and in  their case , s era with 
high antibody titres were consistently produced ( see  Table 7 ) .  



Table 6 :  Results o f  typing adenovirus i s o lates . 

39 . 

The relative frequency of recovery of each type and the 

p�ovis i onal designation of each s e ro type is also shown . 

Provisional Re lative frequency 

designat ion Othe r isolates of the of i s o la ti on of 

I s olate No . 
a 

o f  s e rotype same s e ro l ogi c al type s e ro type 

A 

5 B 3 , 7 ' 8 ,  

6 c 1 2 , 1 3 ' 

1 7  D 

a .  i s o late numbe rs a s  in Table 5 . 

none 5% 

1 5 ' 1 6 ,  2 1  3 5% 

1 4 ' 1 9 ' 22 to 27 5 5% 

none 5% 

An adenovirus i s o late was picked a t  random , purified by 

pas saging three times a t  limit dilut i on , and us e d  to prepare an 

antiserum . This antiserum was t e s t e d  for its abil i ty t o  

neutralise the remaining adenovirus i s o late s . Of thos e  not 

neutralised , one was pi cke d at random , and the above pro ce s s  

r epeated unti l  20 adenovirus isolates were assigne d t o  four 

s erological t ype s . 



Table 7 :  Cross-neutralisation tests betvJeen 1)rototype strains 
of avlan adenovirus . 

Antiserum titre 

Virus Anti A Anti B 

A 5 ' 1 20 a 

B 70, 000 

Anti C 

c 40, 960 

40 . 

Anti D 

D 1 0 , 240 

a .  indicates serum titre of less than 40 

Each virus prototype was added to a twofold dilution series  of 
each antiserum, incubated for one hour at 37°C and then each 
dilution was inoculated into CK culture tubes .  Inoculated tubes 
were incubated at 37°C and examined for CPE for 6 days . Serum 
titres were then calculated using the method of Kaerber ( 1 93 1 ) .  



The antiserum to reovirus 23 ( diluted 1 : 80)  nevertheless 

neutralised the o ther four reovirus isolates ; thus all 5 

reovirus isolates vmre assigned to one serological group . 

C onsequently no cross-neutralisation tests between reovirus 

isolates vrere performed .  

4 .  Physico-Chemical tests 

( a )  Chloroform sensitivity 

4 1 . 

Avian adenoviruses and reoviruses were titrated before and 

after exposure to chloroform in standard conditions ( see 

Materials and Methods ) .  A poxvirus was included as a positive 

control . The results are sho-vm in Table 8 .  Titres indicate 

that the infectivity of avian adenoviruses and reoviruses was 

unaffected by chloroform treatment , whereas the poxvirus ( pigeon 

pox , obtained from TVL , Wellington ) was sensitive to chlorofo rm .  

Stability to  chloroform is a knovm property o f  the avian adeno­

viruses (McFerran et al . 1 972 ) and reoviruses (Deshmukh and 

Pomeroy , 1 969b) . 

( b )  IDU sensitivity: adenoviruses 

Replication of all four prototype strains of adenovirus 

was compared in the presence and absence of 5-iodo 2-deoxyuridine 

( I DU) . As a contro l , the ability of thymidine to reverse any 

inhibition caused by IDU vms also tested .  

The results are recorded in Table 9 .  In all cases the 

yield of infectious virus in the presence of IDU 1vas less  than 1 %  

of the contro l  value ( in the absence of IDU) , and the presence of 

thymidine completely reversed the inhibition . 

This  finding is  consistent with the conclusion that the four 

prototype s trains ( A ,  B ,  C and D) are DNA viruses . 

( c )  IDU sensitivity: reoviruses  

Isolate 23  ( see Table 5 ) , selected t o  be  the first reovirus 

prototype , was " purified" by passaging three times at limit 

dilution , and used to prepare an antiserum for serological typing . 

While the antiserum was being prepared,  the purified agent was 

tested for  its sensitivity to IDU, and was found to be s ensitive . 

This initial result was inconsistent with the conclusion ( based 

on morphology) that it was a reovirus ; consequently , the "purified" 

agent was re-examined by negative contrast e lectron microscopy ,  

and found t o  have adenovirus morphology . Since it  was known that 



42 . 

Table 8 :  Stability o f  avian adenoviruses and reoviruses in the 

Untreated 

Chloroform 
treated 

presence of chloroform .  A n  avian poxvirus vras 
included as a positive control . 

Adenovirus 
( Type A)  Reovirus 

3 . 25 a 3 . 5  

3 . 2 5 3 . 5  

a .  titres are expressed as log1 0  TCID50/0 . 5  ml . 

Pigeon 
Poxvirus 

3 . 0  

< o .  5 

A mixture of cell culture supernatant fluid containing virus , 
plus 5% of i ts volume in chloroform , vras shaken at room temperature 
for 1 0  minutes , centrifuged at 1 00 g for 1 0  minutes to sediment 
the chloroform , and the supernatant was subsequently titrated  to 
assay the surviving virus . 



Table 9 :  Replication of avian adenoviruses  in the presence 

of I DU. 

Adenovirus 
A B 

Controls 4 . 75 
a 

6 . 5  

1 0-4M IDU 2 . 5  2 . 5  

1 0-4M IDU plus 2 X 1 0-4 

thymidine 5 . 0  6 . 5  

a .  ti tres expressed as logs 1 0  TCID
5 0

/0 . 5  ml 

serotype 
c 

5 . 0 

2 . 25 

5 . 0  

43 . 

D 

4 . 0 

1 .  7 5  

4 . 0  

Virus vms allowed t o  replicate i n  CK culture tubes containing 

no IDU ( controls ) ,  IDU or IDU plus thymidine, until the controls  

showed extensive CPE . All cultures were then frozen and thawed ,  

and the virus titre was assayed by quantal titration . 



44 . 

one o ther specimen had originally c ontained a mixture of 

adenovirus and reovirus (number  24 , from electron microscopy -

see Plate 1 0 ) , it seemed likely that the spec'imen from which 

the prototype reovirus vras isolated and "purified" ( i . e .  isolate 

23 ) also contained a mixture of hvo agents ,  and that during the 

course of passaging at limit dilution ,  the reovirus had been 

diluted  out , because , as noted before , reoviruses do not 

repli cate to as high a titre in CK cells as the adenoviruses . 

I t  1•ras also found that during the course of purifi cation of an 

agent from sample 23 the syncytial type of CPE initially 

observed ( at the screening stage ) gave way to  the rounding up 

type of CPE , but it 1·ms initially assumed that this change in 

CPE could be due to  a process of adaptation of the reovirus to 

grmvth in CK cells . Hov1ever ,  in retrospect , it  seems likely 

that this phenomenon -vms actually due to the loss of the reovirus 

from a mixture of adenovirus and reovirus in the original sample . 

To re cover the reoviruses free of contaminating adenovirus , 

first passage material ( stored at  -40°C )  from the five specimens 

knm·m to contain reoviruses was further passaged up to five times 

in the presence of 1 0-4rvr IDU .  The remaining transmissible agents 

were observed by negative contrast electron microscopy . In  all 

five '' purified" preparations , only particles wit h typical reovirus 

morphology were then detected .  

The prototype ( 23 )  >vas then re tested for IDU sensi ti vi ty , 

using the same method as for the avian adenoviruses . The 

results  are shown in Table 1 0 . The replication of the virus 

was not inhibited in the presence of IDU.  This result indicates 

that this prototype s train is an RNA virus , which is consistent 

v1ith the conclusion (based on morphology) that , follmving 

purification , it is a reovirus . 

( d )  Heat stability of avian adenoviruses and reoviruses  

in the presence of various c�tions 

The s tability of two adenovirus prototypes ( B and c) and 

the reovirus prototype to  heat  ( 50°C for one hour) in the presence 
+ ++ ++ of Na , Ca and Mg >vas tested by the method des cri bed . The 

results  of these tests are shown in Table 1 1 .  



Table  1 0 :  Replication of the prototype strain of avian 
reovirus in the presence of IDU. 

Controls (no IDU) 

1 0-4
M IDU plus 2 x 1 0-4 

thymidine 

Virus titre 

4 . 0 a 

4 . 25 

4 . 25 

a .  virus titre expressed as logs TCID50/0 . 5  ml . 
1 0  

45 .  

Virus was allowed to replicate in CK culture tubes containing 
no IDU ( controls ) ,  IDU and IDU plus thymidine until the controls 
showed an extensive CPE . All cultures vrere then frozen and thawed ,  
and the virus titre was assayed by quantal titration . 
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Table 1 1 : The effect of cations on the heat stability of 
avian adenoviruses and reovi ruses . 

Adenovirus 
Type B Type e 

Reovirus 
( prototype strain) 

re b 6 . 5  a 6 . 0  

Fe c 6 . 75  6 . 0  

2 . 0M Na+ d 6 . 5  6 . 0  

1 . 0M ea++ d 2 . 0  1 . 0 

1 . 0M Mg++ d 6 . 5  6 . 0 

a .  titres expressed as logs 1 0  Tern50/0 . 5  ml 

3 . 5  

2 . 75 

2 . 75 

2 . 5  

2 . 75 

b .  r e  = initial contro l ;  virus titrated without heating 

c .  Fe final control : 0 virus titrated after heating at 50 e for one hour 

d .  virus was titrated after heating for one hour at 50°e in the 
presence of the i ons indicated .  



\'li th adenovirus prototypes B and e the results indicate 
that : 

47 . 

a .  There is no drop of titre follov.ring heating vTi thout the 
addition of cations so both B and C prototypes are s table 
at 50°e for one hour . 

b h dd t f th + ++ d h 0 . T e a  i -ion o ei er Na or  Mg cauBe no c ru1ge ln 
ti tre as compared vrith the controls ( re or Fe ) , i . e .  
both prototypes are s table to heating in the presence of 
Me++ or Na + . 

++ c .  I n  the presence of 1 . 0M ea , the surviving fraction of 
both prototypes follm·ring heating , �v-as less than 0 . 01 % ; 
i . e .  both B and e were markedly destabilized by heating 
for one hour at 50°e in the presence of 1 . OM ea

++ . 

Kawamura et al . ( 1 964 )  also found avian adenoviruses  to be 
des tabilized by heating in the presenre of ea++, but not l'1g++ ; 
whereas other investigators (Yadav et  al . , 1 974- ; McFerran et al . ,  
1 97 2 )  reported that avian adenoviruses were destabilized at  50°e 
by both ea++ and Mg++ ( see Discussion ) . 

The results of heating the prototype s train of reovirus 
shov1ed the f ollOiving : 

a .  A drop in titre occurred after  heating the control 
preparation at 50°e for one hour . This indicated that 
the reovirus strain , although i t  could not be called heat­
labile ,  when compared for example with herpesviruses 
(Wallis et al . 1 962 ) , is less heat stable than the avian 
adenoviruses tested in this study . 

b .  The heat stability of the virus was not significantly 
++ ++ + affected by the addition of ea , Mg or Na . 

5 .  Screening sera from domestic hens for neutralizing ru1tibody 
to  avian adenoviruses . 

Three sera from each of 1 6  flocks of domestic hens housed in 
the southern half of the North Island were screened for the presence of  
neutralising antibodies to each of the four avian adenovirus serotypes 
(A ,  B , e and D)  . The sera were screened at a dilution of 1 : 1 2 .  

Results of these tests are recorded in Table 1 2 .  All sera except 
those in flock 1 ( see Table 1 2 ) had antibodies to at least two of the 
adenovirus serotypes . It  is concluded that adenovirus infections occur 
frequently among New Zealand domestic hens . 
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Table 1 2 :  Results  of screening sera froin domestic hens for the 

presence of neutralising antibody to avian adenoviruses , 

Types A ,  B ,  C and D . 

Virus used in neutr-alisation test 

Flock No . Type A Type B 

a 0/3 
b 0/3 

2 1 /3 3/3 

3 0/3 3/3 

4 0/3 3/3 

5 0/3 0/3 

6 3/3 3/3 

7 1 /3 3/3 

8 1 /3 2/3 

9 1 /3 3/3 

1 0  0/3 1 /3 

1 1  1 /3 3/3 

1 2  0/3 3/3 

1 3 1 /3 3/3 

1 4 0/3 3/3 

1 5 1 /3 3/3 

1 6  0/3 0/3 

a .  number of sera which were positive 

b .  number of sera tested 

Type C 

0/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

Type D 

0/3 

3/3 

3/3 

2/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 

3/3 



An indication of the prevalence of infection by a particular 
serotype of a virus may be given by : 

49 .  

(a ) The proportion of sera vli th antibodies to that serotype 
( b )  The relative frequency o f  is olation of that virus serotype . 

from rru1dom specimens . 

Table 1 3  gives a comparison of the proportion of sera positive for 
each of the 4 adenovirus serotype s \vi th the relative frequency of  
isolation of  each serotype . Type C -vms the adenovirus serotype most 
frequently isolated in this study , and it 1-ras found that a high 
proportion of flocks had antibody to this type . Hovrever ,  an equal 
number  of flocks had sera positive for type D adenovirus , Nhich was 
one of the leas t frequently isolated serotypes . 
this "anomaly" are considered in the Discussion . 

Possible reasons for 

One serum from each of 1 3  of the 1 6  flocks from vlhich sera were 
taken and screened for neutralising antibodies to all 4 adenovirus 
serotypes , vms titrated to find the titre of antibody to  type C avian 
adenovirus . The dis tribution of these titres is recorded in Figure 1 .  

The geometric mean serum titre was calculated to be 1 60 .  

6 .  Staining of CK cell cultures 

Satisfactory staining of infected and uninfected CK monolayers 
was obtained ,  using coverslip preparations Hhich were fixed for 5 minutes 
in either methanol or 1 o% formol saline . The fixed preparations vrere 
stained for 24 hours vri th Giemsa 1 s stain diluted 1 : 75 in tap water .  

Plate 1 1  i s  a micrograph o f  Giemsa stained uninfected CK cells 
fixed vli th 1 o% formol saline . 

Plates 1 2  and 1 3  are micrographs of Giemsa stained adenovirus 
infected CK cells . Nuclei of  infe cted cells are enlarged ,  and 
contain inclusion bodies .  All four serotypes of avian adenovirus 
isolated in this study gave ris e  to eosinophilic intranuclear 
inclusion bodies in CK cells . 

When reovirus was inoculated into coverslip preparations of CK 

cell cultures and incubated at 37°C in petri dishes , syncytia did not 
develop to the same extent as was observed in rolled culture tubes . 
However ,  relatively small syncytia were detected when the preparations 



were s tained ( Plates 1 4 ,  1 5 ) and typically contained 5-1 0 nuclei . 

Nuclei of syncytia appeared to be enlarged ,  but otherwise they 

looked normal . Cytoplasmic eosinophilic  inclusions were 

occasional ly seen in these syncytia . 
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Table 13:  The proportion of sera positive for each of the 4 

adenovirus serotypes compared >vi th the re la ti ve 
frequency of isolation of each serotype . 

5 1  . 

Avian adenovirus serotype 

Percentage of flocks with one or 
more sera positive ( three 
teste d )  

Relative frequency of isolation 
of each adenovirus serotype 

A 

5o% 

B c 

81% 94% 

35% 5 5% 

D 

94% 

5% 



Figure 1 . 

Number 
of 

s era 

5 

4 

3 

2 r------.-------.-------+------�------� 

50 1 00 200 4-00 800 

Serum titre 

Distribution of the titres of neutralising antibody 
to avian adenovirus type C in a small sample of 
randomly selected positive sera . 
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Plate 1 1 .  A typical area of a chick kidney cell monolayer . 
Giemsa ' s  s tain . X 200 . 

Plate 1 1 a .  Part of an island of e pi thelial cells in a culture 
of chick kidney cells . Most cultured chick kidney 
cells were more fibroblastic in morphology ( Plate 1 1 ) . 
Giemsa ' s  stain. x 300 . 
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Plates 1 2  and 1 3 . Chick kidney cell cul tures inoculated with avian 
adenovirus type A .  Infected nuclei contain one or several 
eosinophilic inclusions of different size . Giemsa ' s  stain . 
X 300 . 
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Plate 1 4 . Chick kidney c el l  culture inoculated wi th avian reovirus . 
Two relatively large syncytia are present . 
X 300 , 

Giemsa ' s  stain . 

· . 

• 

Plate 1 5 . Chick kidney cell culture inoculated with avian reovirus . 
Note the presence of cytoplasmic inclusion bodies in the 

syncytium . Giemsa ' s  stain . x 400 . 
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DI SCUS SI ON 

1 • Pro duction of chi ck ki dney ce_ll cul tur.e s . 

At the initiation of this s tudy i t  1·ms clear that i t  -vras 

ne c e s sary t o  pro duce chick kidney c e l l  c ul tures free of c ontruninc. ting 

viruses , and in particular , fre e o f  cytopu.thic agents . Othe r  worke rs 

confront ed I"J"i th the same problem have us ecl ki dneys from b i rds of vary­

ing ages , vi z .  chi ck embryos near the point of hatch ( 1 8 - 2 1  days ) , 

ne ona tal chi ck s  ( 0  - 4 days old ) , and young birds 2 - 1 0  �oreeks o ld .  

The obvious advantage of us ing bi rds 2 - 1 0  -vro eks o l d  i s  that 

they have bigger kidneys , so that the s ame amount of lci dney tis sue 

can be obtaine d from fewer birds . H01·mve r ,  the ma j o r  dis ad.vantage 

of using o l de r  b i rds is that the risk o f  contaminati on of the kiclney 

by a cytopathi c agent i s  high , WLle s s  the b i rds are maintained in 

i s olation unti l they are used .  N o  fac i lities we re available for 

this purpose during the c ourse of this inves tigation . Ho1'1'eve r ,  in 

one instance , be caus e of a lack of ne onatal chi cks , kidneys w e re 

obtained from a 6 week old bird ( vrhich had not be en kept in i s o l at i on ) , 

and the cul tures prepared from thi s  kidney tis sue were found t o  

degen erat e s pontane ous ly ,  and the cyt o pathi c agent was found t o  be 

an adenovi rus ( i s olate 25 ) .  

Thus two a l t e rnatives remaine d ,  viz .  the use of e i ther chick 

embryos near the point of hat ch , or neonatal chicks . Initially 

kidneys \·Tere taken from 1 9  - 2 1  day o ld chick embryos for the 

preparation of c e l l  cultures . Since cytopathic agent s  are not 

normally egg t ransmitt e d ,  the ri sk o f  contamination of cultures 

prepared from embryoni c kidney was l ow .  However ,  i t  was no t e d  that 

the kidneys of a 1 - 2 day old chick were much larger ,  and easier to 

remove , than tho se of a chi ck at t he p o int of hatch . For t hi s  

reason , and a l s o  be caus e i t  vms relative ly easy t o  keep chi cks in 

i s o lation for up to four days afte r  hat ching , ne onatal chicks were 

use d  as a source of kidney mat e rial for cell cultures for the 

remainder of the inve s tigati on . No s pontane ously o c curing CPE 

were obs e rved in any of the c e l l  culture s prepared from kidneys 

taken from e i the r chick embryos o r  neonatal chi cks s o  contaminant 

viruses did not pre sent a problem during the c ourse of thi s work . 



A number  of different methods for the preparation of chick 

kidney cell cultures have been described in the literature ; 

houever some of them included Nhat appeared to  be unne cessari ly 

complicated operations , such as straining trypsinized kidney 

tissue through s terile gauze to remove m1vmnted material ( Burke 
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e t  al . ,  1 959a ) .  rrhis parti cular step was avoided by allov<ing 

large tissue fragments ( if they were present) to settle out of the 

suspension follov1ing trypsinization , decanting the superna tant 

into conical glass  centrifuge tubes and spinning to sediment the 

remaining cells and cell clumps to alloH removal of the trypsin . 

I t  -vras noted that there -vrere two c ri tical requirements for 

the production of satisfactory cell cultures in scre1·r topped tubes 

with an atmosphere of air : 

( a )  Both grow th medium (HTC ) and maintenance medium ( EaM) 

were saturated uith c o2 before use 

( b ) The seeding chick kidney cell suspension had to be 

standardized uithin narrow limits . 

Provided the above requirements uere met ,  cell cultuie 

monolayers lasted for 6 t o  7 days in maintenance medium without a 

further change of medium . Although this period is not particu�arly 

long it  vras adequate to  allo·w· the isolation and assay of many cyto­

pathic agents . 

2 .  I solation of cytopathic agents 

During the process of  virus isolation from a large number of 

c linical specimens , i t  is obvious ly necessary to  avoid cross 

contamination during handling . Cross contamination can most easily 

occur if the medium in inoculated culture tubes is changed during the 

incubation pro ces s ,  so for that reason medium uas not renewed in this 

s tudy. This allo-v1ed the maintenance of inoculated cultures for no 

longer than 7 days . 

Unfortunately many c linical specimens . particularly faeces and 

faecal swabs , uere toxic for cell cultures and in most  cases  the 

monolayers 1fere not maintained for a l ong enough period to allo-v< the 

development of a recognizable CPE particularly in the pres ence of  

• 



non-specific ( toxic )  degeneration . This problem was circum-

vented by gj_ving all apparently negative specimens a " blind" 

passage follovring incubation for 7 days or until the monolayers 

had degenerated . 

for cel l  cul tm·es . 

Passaged material was rarely if ever toxic 
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The results  clearly indi cate that it  is  advantageous to give 

specimens a " blind "  passage , since 35% of all the isolates pro duced 

a detectable CPE only after one passage . I t  could be argued that 

one blind passage may not be enough to detect a high proportion of 

cytopathic agents . However , in a similar study undertaken in 

Northern Ireland it -vms found (McFerran �t al . , 1 97 1 ) that 96% of 

all isolates were re covered ei ther in the initial culture or after 

one blind passage . Furthermore , it vms no ted in the present 

study that virus i'lhich caused a CPE only after blind passage , tended 

nevertheless , to give a marked CPE after 2 to 3 days ' incubation of 

passaged material , which suggests that much virus replication 

normally occurred even in the absence of a detectable CPE �'his  

in turn suggests that more than one blind passage should in most 

cases be unnecessary for the re covery of the type of agent s vrhi ch 

were investigate d  in this study . 

3 .  Identification of virus isolates by negative contrast ele ctron 

microscopy. 

Agents giving a transmissible CPE were examined in the electron 

microscope , and re cognizable virus partic les v1ere detected in all 

cases , usually at the first attempt . In fact the ease with vrhich 

virus particles  I'Tere detected was unexpected , since the technique 

used involved nei ther purification nor concentration of the virus . 

In re trospe c t ,  the ease of visualization of the agents was 

probably due to the fact that only reoviruses and adenoviruses were 

recovered , and both of these agents replicate well in cell cultures , 

have a distinctive morphology , and are large enough to be seen easily . 

The routine identification of unpurified viruses in the electron 

micros cope is a well established technique in diagnos ti c  veterinary 

virol ogy (McFerran et al . ,  1 97 1 a ) , and depends on variations in the 

morphology of different virus groups . However,  in dis tinguishing 

virus groups by this method , absolute cri teria , e . g . number of 

capsomeres in icosahedral viruses , are no t applied , since routine 



electron micrographs rarely resolve particle morphology in 
suf'fi cient detail as to be adequate for that purpose . Neverthe­
les s ,  there are some routinely applicable objective criteria for 
dis tinguishing virus groups , including particle , capsid or 
nucleocapsid diameter ,  presence or absence of  an envelope , and the 
morphology of individual capsomeres . 

It  turned out , hovrever, that all of the agents detected in 
this study consisted of naked capsids v1hi ch measured beh1een 70 

and 85 nm in diamster . The hro types of  virus parti cles seen in 
the electron microscope vlere nevertheless distinguishable on the 
basis of morphologi cal characteristics . 
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The type mos t  frequently soen often had a distinctive hexagonal 
( or sometimes pentagonal ) outline (Plate 8 ) . In so me electron 
micrographs triangular faces could be discerned ;  and the average 
particle diameter was 80 nm . This type of particle was 
morphologically indistinguishable  from mrunmalian adenoviruses ,  as 
des cri bed by Horne ( 1 962 ) ,  and v1as thus classified as an avian 
adenovirus . Supporting evidence for this c onclusion , viz . 
inclusion body formation and the physico-chemical properties of the 
virus , are discussed elsewhere . 

The second type of virus particle , 1·rhich -vms detected less . 
frequently than the adenoviruses , could be distinguished from them 
by the presence of an inner capsid appearing as a continuous ring 
46 nm (mean ) in diameter .  This ring ( Plate 9 ) , was visible only in 
penetrated particles , but since most virus particles were penetrated 
by stain , this pres ented no problem . 

Particles of this morphology were indistinguishable from mammalian 
reoviruses ( Loh e t  al . , 1 96 5 )  and since i t  has already been established 
that ma mmalian reoviruses are morphologically indistinguishable from 
avian reoviruses (Kawamura e t  al . ,  1 96 5 ;  Petek e t  al . ,  1 967 ) ,  i t  i s  
concluded that the isolates  recovered i n  this investigation with the 
morphology described above represent isolates of avian reoviruses . 

Recent work on the structure of "reovirus-like" mamma:}.ian 
viruses has established that these agents , although similar in 
morphology to mammalian reoviruses , can be divided into two or 

· possibly three different groups on the basis of morphological 
differences .  Thus the name "Diplornaviridae" i s  now frequently 
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applied t o  the fam i l y  of double-s tranded RNA " reovirus-like "  agents ,  

alt hough this family has no official s t atus ( Vli ldy , 1 97 1 ) .  Thi. s 

group of double-stranded viruses  o f  mamma lian origin has been 

subdivided :i.nto reoviruses  and orbivi ruses  by s ome authors . 

Jav1e tz , l·�elni ck and A del  berg ( 1 972 ) dis tinguish orbi viruses  from 

reoviruses by the l arge doughnut -shape d cups omeres ( as seen end on ) 

\fuch orbiviruses have , but 1·lhi ch a re absent from reoviruses . 

The re is al s o  the pos sibili ty of a thi rd group of mammalian 

agents wi thin the diplornaviruses , viz . agents seen in the fae ces 

of children and neonatal calves suffe ring f rom a cut e diarrho ea . 

Fleue t t  e t  al . ( 1 97 4 )  stated that " judging from publishe d mj c rographs , 
the calf and human viruses  als o differ in m o rphology from the 

orbiviruses" . Thi s di s t inction as yet appears to be based on 

sub jective criteria . Neve rthel ess , the name " rotavi ru s "  vias 

suggested by Flewet t  et al .  ( 1 974)  for this  type o f  part i c le . 

�:he situation is  fur the r confus e d , since in an e a r l i e r  report 

Bishop e t a l . ( 1 97 4 )  desc ribed the agents detected in the faeces of 

children suffering from a cute gas t roenteri t is , and c l a s s i f i e d  them 

as orbiviruses . However, these agents are mo rphologically indis­

tinguishable from thos e later described by Flewett et al . ( 1 974 ) . 

Happily , the agents i s o l a t e d  f rom domestic  hens in this  

inves tigation , and d e s c ribed a s  having reovirus morphology ,  are 

clearly distinguishable from both orbiviruse s  and those  agents 

detected  in f a e c e s  of chil dren and neonatal calve s . The ma j o r  

dis tinguishing feature of  the avian agents is  the clearly defined 

inner capsid structure with a mean diameter  of 46 nm .  Thus when 

these agents are classifie d  as avian reoviruses in this work , the 

term is applied in its  narrmv s ense , and does not include orbi viruses  

or rotaviruses . 

4 .  Serological typing of isolates by neutralisation tests 

Norrby ( 1 97 1 ) has suggested that the method of choice for the 

serological classification of adenoviruses i s  the neutralisation 

tes t ,  and although this suggestion was made in relation to mammalian 

adenoviruses , it  s eems to have been general ly applied t o  avian 

adenoviruses (Kawamura et al . ,  1 964 ;  Burke et al . ,  1 968 ; McFerran 

e t  a l . , 1 972 ) and this approach vms adopted in the present s tudy. 



The same approach to  the c lassificatio:r'1 of avian reoviruses has 

also been used (Kawamura et  a l . , 1 965 ) , and 1vas likmv-ise applied 

to the typing of those  agents isolated in this s tudy vJhich Here 

classified as avian reovirus . 
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It  would have been desirable in this study to have obtained  

prototype strains of  adenoviruses and reoviruses from overseas to  

prepare antisera ,  s o  that the results of serotyping of isolates 

wou�d be directly comparable with those of overoeas -vwrkers . 

However ,  since the importation into New Zealand of veterinary 

viruses ( or even s era ) not already knmm to be present in the 

country is rarely allmred ,  especially vlhen the laboratory concerned 

has no adequate isolation facilities , it proved necessary to  proceed 

with this study vJi thout the standard antise ra . 

The alternative me thod is to arbitrarily establish local 

" prototype " strains of each serotype , which can ultimately be 

sent overseas for typing with standard sera . This approach has 

been taken in the present study, but the final typing of the local 

prototype strains has not yet been accomplished . 

The results of  cross-neutralisation tests ( Table 7 ) demonstrate 
that in the present s tudy 4 serotypeR of ad enovj rus have been r ecovered 

in New Zealand . Similar studies reported by overseas workers 

(Kmramura et al . , 1 96 4 ;  Burke et al . , 1 968 ; NcFerran et al . ,  1 972 ) 

show that there is a total of 9 avian adenovirus serotypes .  Some 

of these serotypes shovTed lovr level one way cross reactions in the 

neutralisation tests , whereas others did not .  

As is evident from Table 7 the 4 prototype strains isolated in 

New Zealand are serologically distinguishabl e  and exhibit no detectable 

cross reactions in neutralisation tests . 

In the present study 5 agents remained untyped ,  although they 

were tested with the 4 prototype antisera , so it seems evident that 

at  least 5 serologi cal types of avian adenovirus have been recovere d .  

In  preliminary -vmrk ( Green , unpublished results ) an antise rum prepared 

to a fifth adenovirus , that was not neutralised by the 4 prototype 

antisera ,  neutralised  two of the 4 prototype strains at a high leve l . 

Thus although the first 4 pro totype strains established were c learly 

distinguishable , the situation must be inve stigated in more detail 

before a fifth serotype is unequivocally established .  



Serological typing of the reoviruses isolated in this s tudy 

was done in conditions which were not optimal because a prototype 

antiserum 1-lith a relatively high titre >vas not obtained .  I t  wou�d 

have been preferable t o  have an antiserum vTi th a titre of at least 

1 000,  particularly vrhen cross-neutralisation tests are used to  

establish ne\v prototype strains . 

However ,  since the prototype antiserum neutralised all 5 
isolates as efficiently as it neutralised the homologous virus , i t  

is unlike ly that more than one serotype o f  avian reovirus has been 

recovered in this s tudy . Hence the problem of  performing cross-

neutralisation tests wi th lo1v ti tre antiserum did not arise . 

5. Physico-chemical tests 
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Physico-chemical t ests seem to have been developed  initially in 

relationship to virus c lassification , but are also used as an aid to 

the identification of viruses routinely isolated in diagnostic 

laboratories . Such tests  are undoubtedly o f  value in s ome 

circums tances , e . g . viruses 1-rhich requi re an envelorJe for their 

infectivity can be dis tinguished from naked viruses by their 

sensitivity to lipid s olvents . 

The prototype strains of isolates recovered in this s tudy were 

tested for their s ensi ti  vi ty to chloroforr.J ,  and \·:ere fou..YJ.d to be 

resistant to  it (Table 8 ) . This result is  c onsistent wi th the 

conclusion based on electron microscopy that the isolates were either 

adenoviruses or  reoviruses . 

Apart from tests for  essential lipi d ,  one of the most useful 

physico-chemical tests as a routine aid to virus identification is t o  

es tablish the effect of IDU on  virus replication . The recognition of  

RNA viruses which ( due to reverse transcriptase ) are inhibited by  IDU 

may appear to  invalidate · the use of I .DU as a me thod of establishing the 

type of nucleic acid c ontained in a virus . However,  all RNA viruses  

inhibited  by  IDU are enveloped ,  whe reas the agents is olated in this 

study are not envelope d ,  and there is no known exception among the 

unenveloped  agents to  the rule that  IDU inhibits DNA but not RNA viruses . 
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Consequently the agents studied in this investigation could 
be classified as RNA or DNA viruses on xhe basis of IDU sensitivity , 
taking into account the fact that they vwre unenvel oped , as 
determined by chloroform sensitivity and electron microscopy . 

Thus the three aids to viruB identification , �z . e lectron 
microscopy , chloroform stability ,  and IDU s ensitivity , all played 
an important part in reachinc; the conclusion that all the agents 
vlhich were isolated from Ne1:1 Zealand domestic  hens are either adeno-
viruses or  reoviruses . 

Investigations of the effect of cations on the heat stability 
of some agents have sh01m that mammalian adenoviruses and reoviruses 
could be dishnguished ,  since divalent ions ( 1 . m� �1g++ and Ca

++
) 

increased the thermolabili ty of adenoviruses ( lvallis , Y ang_ and 
Melnick , 1 964 ) . These results , hovrever ,  do not necessarily apply 
to the avian agents : thus Kmvamura et al . ( 1 965 ) found that Mg++ 

s tabilised reoviruses to the effect of heati ng ,  but the virus titre 
vms not increased ,  and in one instance was s lightly decreasGd  
fol lo1ving heating . As  can be seen in  Table 1 1  , in  the present vwrk 
it  vras found that Hg ++ did not increase the heat stabili ty of the 
prototype reovirus , which exhibited a similar  response t o  the mos t  
sensitive of the strains tested by KEnmmura �t al . ( 1 965 ) . It  is 
concluded that in the present state of knowledge , heat stability is 
of less value than some other methods used in the identification of 
avian reoviruses .  

Avian adenoviruses however ,  are desta bilised by 1 . OJ'II Ca ++ 

(Km·lamura et  al . ,  1 96 4 ;  McFerran et  al . ,  1 972 ) , as are the mammalian 
agents (Wallis , Yang and Melnick , 1 962 ) ,  and in the present study , 
results ( Table 1 1 )  are consistent with this conclusion . However , 

the effect of Mg
++ 

is variable : KawQillura et al . ( 1 964)  found that  
1 . 0M Mg++ did not  destabilise avian adenoviruses , whereas McFerran e t  al . 
( 1 97 2 )  found that �'Ig ++ destabilised avian ad.enoviruses , but to a lesser 
extent than did Ca++ . Our results agree with those of Kawamura et  al . 
( 1 964 ) ,  but since different isolates and probably different serotypes 
were tested by each group of workers , it is  likely that the response 

+t of avian adenoviruses to heat in the present of Mg is  h�terogeneous . 

The general agreement that only 0 . 00 1  to 0 . 0 1%  of the infectivity 

of adenoviruses  survives heating at 50°C for an hour in the presence of 
1 . 0M Ca++ whereas 1 0 - 1 0o% of reoviruses survive under the same 



conditions means that this technique could be used to isolate a 

reovirus from a mixture of adenovirus and reovirus . 

I n  this context it is rel evant to reiterate that in the 

present vrork a " purifie d  reovirus " ini tially identified as a 

reovirus by electron micros copy gave an anomalous result in IDU 

sensitivi ty tests , which led to a re-examination of the virus in 

the electron micros cope , whi ch in turn le d t o  the conclusion that 

a mixture of viruses 1vas present in the original specimen , only 
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one of vrhich vras seen in the first  electron rnj_ croscopic examination . 

6 .  The prevalence of adenovirus and reovirus infe ction of domestic  

hens in Nevr Zealand . 

a .  Adenovirus 

The work report e d  in this thesis Has undertal<:en primarily to 

find if avian adenoviruses and re oviruses could be recovered from the 

domestic hen populati on in NeVT Zealand . However ,  since 25  adeno-

viruses 11ere recovered from 95 birds , most of which did no t have 

pathological lesions vJhich were likely to have been caused by vi ruses , 

and could therefore be regarded as almost a random selection of the 

domesti c  hen populati on , i t  is concluded that adenoviruses are 

probably widespread in New Zealand . 

IrnmunHy to adenoviruses is type specific ( Davis et  al . , 1 973 ) 

and s ince at least 4 serotypes have been identified in the present work ,  

it  i s  like ly that birds may be repeatedly infected wi th a series of 

serologically dis tinct adenoviruses . 

Before discussing the results of serum neutralisation tes ts , it  

is relevant to note that non-specific neutralisation of avian adeno­

viruses by normal chicken sera has not been reported , and repeated 

testing of sera from SPF birds for their ability to neutralise  adeno­

viruses  has given negative results ( Clarke , personal communication) , s o  

it i s  conc luded that the serological survey detected genuine antibody , 

even though non-specifi c  neutralisation of s ome virus es by s ome sera 

may occur , e . g .  polioviruses  are neutralise d  by bovine sera (McFerran , 
. 
1 962 ) . 
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Apart from virus isolation additi�nal evidence that 

adenovirus infection is  common in birds in NeH Zealand "V:ras 

obtained in a small serological survey , in which the ability of 

sera from domestic hems to neutralise all 4 adenovi rus serotypes 

��as teste d .  From Table 1 2  it  v1as concluded that neutralising 

anti bodies to all 4 adenoviruses serotypes v1ere present , and that 

antibodies  to adenovirus serotypes C and D 1vere common . 

It  was noted that although type D adenovirus ,,ra s one of the 

types least frequently isolated ,  neutralising antibodies to this 

particular type were found to be very comrnon . The obvious 

explanation for this is tlmt infe ction of domestic hens in the 

s011thern half of the North Island by thj s particular adenovirus 

serotype vms common a short time before attempts 1vere made in 

this investigation to recover avian viruses . 

b .  Reovirus 

Five strains of  reovirus were isolated in this inves t igation . 

Four of these came from a single flock , and all  5 1vere assigned to 

one serological type . Since the total number of isolations was 

small , i t  appears that reovirus infections in New Zealand domestic 

hens are less common than adenovirus infections . It  is  vvorth 

recording that other investigators have also isolated reoviruses 

from dome stic hens less frequently than adenoviruses (McFerran 

et al . ,  1 97 1 ) .  

Ho"Vlever ,  it must be stressed that any conclusions regarding 

the prevalence of reovirus based on the present work must be regarded 

as tentative because the scope of the investigation was very limi ted ,  

and did not include a s erological survey . 



7 .  Clinical and pa tho l ogi cal significance of avian adenoviruses 

and reovi rus es . 

( a ) A denovi rus e s  
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Unt i l  about ten years ago , fevr if a ny i nve stigati ons had been 

made concerning the as s o ciation of adenovi ru s  infection vri th disease 

in the dome s t i c  hen . C l emmer ( 1 964 )  experime ntal ly infe c t e d  one­

day- o l d  chi cks with a s t rain of adenovirus , and noted that " as is 

c ommonly the case >vi t h  human enterovi rus inf e c t i on ,  ove rt s igns of 

disease 1·re re absent " .  The t e rm  " en t e rovirus " was appl i e d  in the 

broad sense of the word , meaning a virus re c overed from the 

a l imentary trac t .  

Five years l a t e r  B e rry ( 1 969 )  repo rt e d  tha t  expe rimental 

i nf e c t i on of laying hens vri th CELO vi rus caus e d  a drop in e gg 

produ c t i on of approx ima t e ly 1 Cf/o,  whi ch las t e d  f o r  three vleeks . 

A drop in eggshe l l  qua l i ty was a l s o  report e d  in this inve s tigation . 

Cook ( 1 972 ) c onfi rmed the finding of Be rry ( 1 969 )  that the 

e gg production of dome s t i c  hens expe rimental ly i nf e c t e d  >·l i th CELO 

virus dro ppe d by 1 o% ( f o r  about hm 1veeks ) , but she found tha t egg­

she l l  qua l i ty ,,ras no t affected .  

From the point o f  view o f  hi s t o pathol o gy , by far t he m o s t  

charac t e r i s t i c  l e s i o n  knovm to b e  caus e d  b y  an adenovi rus i s  a 

c lassi cal disease o f  dogs , vi z . canine hepati t i s . It i s  o f  

particular intere s t  the refore tha t there is a d i s ease o f  bro i le r  

chi cks vJhi ch resembles canine hepat i t i s  i n  that it  is chara c t e ri z e d  

by the pre s ence o f  int ranuc lear i ncl us ion bodies in the livers of 

affected birds . The disease was described by Hemboldt and Frazier 

( 1 963 ) , and nine years l ater Pettit and Carlson ( 1 972 )  cal led  the 

disease inclusion body hepatitis ( IBH ) , and recovered an unidentified 

cytopathic agent from the livers of affected chicks . These  workers 

also reported tl�t broilers with IBH suffered up to 7% mortality. 

Young et al . ( 1 97 2 )  also reported a severe outbreak of IBH 

in Northern I reland , affecting a large numbe r  o f  3 to 5 week old 

broiler chicks , and resulting in a mortality of up to 5%. An 

adenovirus , which was found to  be the most frequently isolated sero­
type in Northern Ireland , was recovered from affected birds ( Clarke , 

personal communication ) . 

A year later ,  vlinterfield et  al. ( 1 973 ) experimentally infected 
three-day-old and four-week-old chicks with an adenovirus they had 

previously isolated from a domestic  hen suffering from IBH ,  and 
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produced the disease in the birds , which they ha d inf ec t e d  by 

int ravenous , intratracheal , eye drop and subcutaneous inoculati on . 

They v1ere al s o  able to recover the vi rm> from vari ous tissues of 

the s e  birds , includine; the liv e r . In the same investigation , 

vlinterfield e t  al . ( 1 973 )  reported that the agent involve d  was 

s e rologi ca ll y  related to CELO vi rus . 

Wells and Harric:;an ( 1 974 ) v1 e re also able t o  pro duce I BH in 

s even-day-old chi ckens , by intravenous and intraperi tonea l  ino cula­

t io n  with an agent describe d as having typical adenovirus morphol ogy .  

Unf o rtuna tely , the se rol ogi cal relati onship of this ae;en t vJi th o the r 

avian aden ovi rus es 1-1as n o t  inves tiga ted . 

Al though it seems fairly ce rtain that adenoviruscs can cause 

IBII in dome s t i c  hens , it must be noted that t he disease has not ye t 

b e e n  produc e d  in birds expe rimentally infe c t e d  under fi e l d  conditions . 

Further vm rk is neces sary t o  establish the natural condi t i ons under 

which adenovi rus infe c t i on will caus e IBH in dome stic hens . 

Apart from canine hepati tis , another vrel l es tablishe d dis ease 

syndrome a ss o ciated vri th adenovi rus infecti on is a cute respi rat ory 

dis ease (ARD ) , in military recrui t s . The c ri ti cal factor he re seems 

t o  be the crmrding toge the r of young susceptible hosts . This 

si tuation may have an epi demi o l ogical paral l e l  vri th the current 

prac tice of housing hens in crovrded c onditions , so it vrould s e em 

reasonable t o .  l o ok for an association be hJeen avian adenoviruses 

and respira t o ry dis ease . Reports in the l i te rature not infrequently 

mention that the hens f rom vrhi ch adenovirus e s  have be en re c overed 

have been s uffering from s light respiratory signs , but nobody has 

c on cluded that adenoviruse s  are definitely asso ciated wi th res pirato ry 

d i sease in dome stic hens . For example , McFe rran et al . ( 1 97 1 ) noted 

t ha t  adenoviruses 1vere re c overed wi th a higher frequency f rom birds 

wi th respira t o ry dis eas e than from birds ;v-i thout any respiratory signs . 

However ,  more inves ti gation , both in lab o ratory and fiel d  

c onditions i s  required in order t o  e s tablish t h e  role o f  a denovirus 

i n f e ction in respiratory d iseases o f  the dome s t i c  hen .  

A t  present,, i t  may be conclude d  that a lthough the mos t  l ike ly 

resul t  of exposure of hens to avian adenovirus e s  i s  the e stablishmen t  
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o f  a n  inapparent i nfe c tion , adenoviruses can in some circums tanc e s  

caus e I BH ,  and probably can a l s o  cau s e  drops in egg pro duc t i on , and 

pos s ib ly also cause respi ra t o ry s i gns . The po s s i b i l i ty that o ther 

patho logi cal condi t i ons may also be c aused by adenovi rus e s  canno t be 

rul e d  out unt il the s e  agen ts have been s tudi e d  in m o re detai l in 

fie l d  and labora t o ry condi tions in vari ous count ri e s  ove r  a c ons iderable 

pe r i o d  o f  time . 

( b )  Re ovirus es 

As ye t no we l l  define d d i s eas e has been unequivo cally shovm to 

be a s s o ci a t e d  with re ovi rus infe c ti on of dome s t i c  hens . 

Pe tek e t  a l . ( 1 967 ) reported that the " Crawley agen t "  ( an avian 

reovirus ) >m s origina l ly i s o l a t e d  by Fahey and C ravlley ( 1 95 4 )  frow 

chi ckens w i th chronic respi rat ory di s eas e . Dut ta and Pome roy ( 1 96 7 ) ,  

and De shmuld1 and Pomeroy ( 1 96 9 a ) i s o lated avian re ovirus e s  from chi cks 

wi th s evere c l oacal pa s ting . Howev e r , no s u c c e s s  with reproduc ing 

e i ther of these signs by e xpe rimental inoculati on of chi cks vri th avian 

re ovirus es has been report e d .  

I nfe cti ous bursi t i s , als o cal l e d  Gumboro di seas e , has be en 

reporte d to be caus e d  by an avian re ovi rus ( Petek and TJJandel li , 1 9 68 ) . 

Ho>v e ve r ,  Lunger and 1·1ad dux ( 1 972 ) repo r t e d  tha t the i nf e c t i ous burs a l  

agen t  ( IBA ) >vas probably n o t  a reovi rus , and they sugge s t e d  i t  m i gh t  

be c la s sified as a pic ornavirus , in s pi t e  of i ts s i z e  ( 60 nm diam e t e r ) . 

More r e c ently , Luk e rt and Davi s ( 1 974 ) i nve s t i gat e d  s ome of the 

prope rties of an i s olate o f  IBA ,  and sugge s t e d  i t  should b e  clas s i f i e d  

a s  a di pl ornavirus . 

Obvi ous ly furthe r inve s t i gati on i s  required befor� i t  i s  

e s tabl i shed if a reovi rus i s  t he causat ive agent of i nf e c ti ous bu�s i ti s .  

I t  has a l s o  been sugge s te d  that " re ovirus c oul d be the causat ive 

agent o f  an i l l-defined syndrome called ' pul l e t  disease ' . " (Andrm-J"es 
and Pereira , 1 97 2 ) . I t  was interesting ( Re s ul t s , Tab l e  5 )  tha t  reo­
viruses were isolated in this investigation from birds tentatively 
diagnosed as having " pullet di sease " .  However ,  s in c e  the clinical 
picture is so i ll-defined ,  no conclusion can be dravm from this . 
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A s i de from poss ible d i s e a s e s  caus e d  by re ovi rus infe c t i on of 

dome s t i c  hens , it has been s ugg e s t e d  that re ovi rus e s  could b e  the 

cause o f  inf e c t i o us ent e ri t i s , o thenris e  knmm a s  blue c omb , in 

turkeys ( Dees e t  a l . ,  1 972 ) , nnd possibly the caus e of a disease 

1vhich re s u l t e d  in up t o  30% mortal i ty in turkey poul t s  but ne ver­

the l e s s  ,,ms no t a s s o c i a t e d  vli th any gro ss l e s i on s  ( Simmons �t al . ,  

1 972 ) . 

H oweve r ,  in the s e  la s t  two cas e s  the pi c ture is j us t  as 

confus e d  as v1i t h  re ovirus infe c t i on of dome s t i c  hens , ancl no 

ex trapo lation can b e  made f rom one to the o ther t o  he l p  clarify 

the s i tuat i on . 

I t  is conc l ude d tha t avi an re ovi rus es have no t be en shov.rn 

t o  be the cause of any w e l l  defined di sease of dome s ti c hens -

a s i t uB t ion whi ch is ana l ogous t o  that o f  mamma lian reovirus e s . 



APPENDIX 

1 .  Phosphate buffered saline and mineral salts ­
PBS (pH 7 . 5) 
Soln . A NaCl 8 . 0  gm 

KCl 0 . 2  gm 

Na2HP04 . 1 2H20 2 . 9  gm 

KH2Po4 0 . 2 gm 

Dist .  H20 800 ml 

Soln . B CaC12 . 6H20 0 . 1 9 gm 

Dis t . H2o 1 00 ml 

Soln . C MgC12 . 6H20 o .  1 gm 

Dist .  H20 1 00  ml 

1 000 ml PBS consists of 800 ml Soln . A ,  1 00 ml Soln . B ,  
1 00 m l  Soln . C .  

2 . Trypsin solution ( 0 .  1 %) 

70 .  

Trypsin 
PBS 

1 gm ( 1 : 250 Difco trypsin) 
1 000 ml 

Final solution is s terilised by filtration through 0 . 22 p filters . 

3 . Earle ' s  based solutions 

( a )  Earle ' s  stock solution 
NaCl 
KC1 
Mgso4 . 7H20 
NaH2Po4 . 2H20 
Glucose 
CaC12 . 6H20 
0 . 4% Phenol red soln .  
Dis t .  H20 up to 

68 gm 
4 gm 
2 gm 

1 . 4 gm 

1 0  gm 

3 . 94 gm ( dissolved  separately) 
25 ml 

1 000 ml 



(b ) Earle ' s lactalbumin s olution - LaE 

Stock solution (above ) 500 l 

Dist . H20 4500 ml 

7 1 . 

Earle ' s  working solution 

To 500 ml of working solution is added 25 gm lactalbt@in hydro-

lysate ; the rest of the working solution is  dispensed  in 

360 ml amounts ,  and all  medium is autoclaved , after 1·rhich 40 ml 

of the lactalbumin hydrolysate solution is  added to each 360 ml 

amount of Earle ' s  Norking solution . 

LaE . 

( c ) 4 . 4% bicarbonate buffer 

NaHC03 
0 . 4% Phenol red soln . 

Dist .  H20 to 

S terilised by autoclaving . 

( d ) Earle ' s  maintenance medium - EaM 

Final solution is called 

22 gm 
1 2 . 5  ml 

500 ml 

( all components are already sterile , and are added 

aseptically ) 
LaE 400 ml 

4 . 4% bicarbonate soln .  

Foetal calf serum 

Antibiotics 

( e ) Earle ' s  based diluent - SD 

LaE 

Foetal calf serum 

Antibiotics 

20 ml 

1 0  ml 

penicill in and streptomycin , 

both to final concentrations of 

1 00 units ( or pg ) per ml . 

400 ml  

1 0  ml 

as for MJif 
Used  for all  dilutions of  viruses and sera ( called  standard 

diluent , SD ) . 

( f )  Earle ' s  based washing solution - EWS 

LaE 

Antibiotics 

400 ml 

as for MM 
Used for washing chick embryo kidney tissue immediately after 

removal from chick . 



4 .  Hanks solutions 

(a ) Hank ' s balanced sal t solutions 

Soln . A NaCl 

KCl 

1 60 gm 
8 gm 
2 gm 

72 . 

IvigSO 4 . 7H2 0 

MgC12 . 6H20 

CaC12 . 6H20 

2 gm (dissolved separately ) 

5 . 5  gm 

Dispensed in 250 ml amounts , autoclaved • 

. 
Soln . B Na2HP04 . 2H20 1 .  2 gm 

KH2Po4 
1 .  2 gm 

Glucose 20 gm 
0 . 4% Phenol red soln .  50 ml 

Dis t . H20 to 1 000 ml 

Dispensed in 250 ml amounts , autoclaved . 

(b ) Hank ' s  working solution - LaH 

Soln .  A 250 ml 

Soln .  B 250 ml 

Dist .  H20 4-500 ml 

25 gm lactalbumin hydrolysate added to 500 ml 1wrking solution . 

The rest  of  the 1vorking s olution is dispensed in 360 ml amounts ,  

and a l l  medium is autoclaved ,  after \vhich 40 ml of the lactalbumin 

hydrolysate solution is added to give each 360 ml amount of Hank ' s  

working solution . The final solution is called LaH. 

( c ) 1 . 4% bicarbonate buffer 

NaHC03 
0 . 4% Phenol red soln . 

Dist . H20 to 

Sterilised by autoclaving . 

( d ) Tryptose phosphate broth 

Tryptose 

Glucose 

NaCl 

Na2HP04 
Dis t .  H20 

S te rilised by autoclaving . 

7 gm 
1 2 . 5  ml 

500 ml 

20 gm 

2 gm 

5 gm 

2 . 5  gm 

1 000 m.l 



( e ) Hank ' s  grow·th medium - HTC 

73 . 

' 
(all c omponents already steri l e , and are added aseptically ) 

5 .  Giemsa s tain 

LaH 

1 . 4% bicarbonate soln . 

Calf sermn 

Tryptos e phosphate broth 

Antibiotics 

Giemsa ' s  stain ( Gurr ) 

G lycerin 

400 ml 

20 ml 

50 ml 

50 ml 

as for ]VJ]\1 

3 . 8  gm 
250 ml 

Methanol 250 ml 

The se are mixed and heated  for one hour at 50°C ;  cooled and 

filtered  (lfuatman No . 1 ) . 

Immediately before use the concentrated s tain is diluted  with 

tap water.  
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