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SIMUMARY »

The thesin reports bthe isolation of a herpesvirus from
two outbroaks of discasnc anong racing pigeons in the West of Scobland.
In both outbresks the infection seemed tu: he enzootic and was probably
naintained by healthy adult carriers. Thug, although esch flock
wos self-contained, the disesse recurved amiually in both lofte
over seVeral years and only involved birds of five b0 six weecks of
ages Clinlecal signs included serous conjunctivitis and rhinitis,
weakness and general malalse. Some birvds were dysproeic, probably
due to the presence of smell diphtheritic patches on the mucous
membrane of the larynxs. The moast conglbant post-morten finding was
focal hepatic necxrogiz, but renal necroglis was also noted in some
birds. DBDasophilic oy glightly eosinophilic intranuclear inclusions
were found in parvenchymal cel ls adjacent o the necrotic foel and
vere also noted occasionally in epifhelial colls adjacent to exudate~

coated ulcers in the pharynx and larynx.

Traminations for the ornithogls agent proved negative,
but small yhitish~cresm pocks were produced on the chorio-allantoic
membranes of ten-day embryonated hens' eggs inocculated with tigsue
sugpensiong Trom six birds and with g throat awad Lyom a seventh.

Embxyos beceme sluggish and often died agbout the £ifth day.

The pocks produced by all igvlates generally atinined




a manimum diameter of 1 mm. on the fourith day, but Gendritic
oxtonplons were somabimes presonts Intranuclear incluglong, typical c
those produced by horpesviruses, were prominent in ectodermal ocells
on the second day, bub diminighed in nwwber tTheroaftor and, by the
Fifth days were almost entively absent. TFoel 0Ff neevogle in the
embryonic liver could ofbeon Lo appreciatoed macrogeopically hy the
fourth day. Intranuelear incluslons were present in hepatic cella

ad jocent to those fool. Hepatic necrosis was a regulay finding in
embpyyos Inoculated by bthe yolkwgoce route and alao gomebimes ocourved
in embryos infected amnlobically, but the viwvus could not he

propegnted by allantoic inooculation,

ALl dgolates were cytopathoegenic in whole chick-~embiyo
culdures, the oytopathogenioc offect (C.PaBes) being characbeorized by
the esppearance of foel of rzound, refrpative cellsy some of which
wore conglderably swollens With concentrated inocula, the CaPolle
appeared within 24 hours and the monolayer was completely desirvoyed
by the fourth or £ifth dgy with relemss of virus into the culituree
fluida, Tho sgent was oybopathogenico in cultures of chick-~enbryo
kidnoy, echick-embzyo liver, chiclken kidney and pigeon kidney but did
not multiply in Hels cells, in Sbvain L cells or in primary cultures
of dog or calf kidney. The CaP.T. was egsentiglly the same in zll
avian cultures employed. In contrast bo the above findings, a slrain
of infeetious laryngo-tracheitis (T.L.T.) virus wes found o wroduce

small synoytia in the epltbelisl component of whole-—enbryo culitures



but no C.P.Te in Libroblasts. Ialtermedinte in ite effects was the
P=5 strain of plgeon [«N.I. virus leclated by Smadel et al. in 1945.
Thio sbraln, kindly supplied to the wrilter, produced smell syncytis
in the epithelial cowponent of wholeéembrya cultures and roundlng

of the fibroblasto.

All disolates produced plagues in whole-enbryo culiures
maintoined undser an agar overlay. These appeared on the second oy
third day and by the fouwth day, wverled in diameter fyom 0,5 mm. to
2 wme. Though tho largesdt did not inerease in size thereaftora.

Although "small-plaque® varianite were found bo be present, much of the
variation in placue-~dianetor was shown to be nonwgenstic in character.
A linear velationship was found to exist bobwoen plogue-count and
virus inpud and evidence was obhldained to indicate that the dlstrib-
ution of plaguesn Follows tho Polason cguation. Replicate assays of
atook virus gave approximately the same titre in cultures of differont
batehes, The vatio of plagque-~forming o pock-forming unite wes found
0 be around 1.9 to 1., Flagues wore also formed under methyleelluloso
the rolotionship botween plague-count and relative virus concentration
again belung linepwr, The plating-ezfficiency under methyleellulose

wes approximately double that wder pgar. About 50 per cent of the
virug abtbached t0o monolayers of wholewombryo cells in 995 winuwles bhub

adsorpiion woos not complete beforve the end of fthe sixbh hour.

The DA nature of the virus war demonstrated by inhibitlon



with bromo- and lodo-deoxyuridines. Dy means of the negative staining
bechnique of electron microscopy, the virion was shown Lo be Hypicazl
of that of the horpesvirus group, The virus wags sthoresengltive

and wep destroyed by exposure 0 a pH of 440. It was quickly
destroyed al 560G¢ but was welatively stable at 4° (e Antiserum
propared in rabbits against one of the aubthor's ilsolates was found

to neutralize the American P-4 glrvain ans well as three strains of
virug from the United Kingdome The virus appeared o be serologically

digbinet from that of XaleTe

b
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PREFACE.

The purpose of this thesis is threofold: (1) to wrepord
the isolation of a virus, hitherbo unrecognized in the United
Kingdom, from raging pigeons with a disease which, both in clinical
gigns and in post-mortem fecluresy bove a quite gbtriking rosome
blance o ornithosis, (2) to describe the means by which the virus
may he propagated in the laborstory and its infectivity measured
and (3) to domonstrate that the agent belongs to the horpesvirus

£TOUD

The virug wan discovered during an investigation into
the aetiology of two outbreaks of disease in which the alffeected
blxds weve dull, anorectic and disinclined to move and sometimes
ghowed small diphtheria-like lesions in the mouth or n slight
serous discharge from the oyos and nares. Dyspnoea oceasionally
ocourred ag a result of partial occlusion of the larynx by a
diphtheritic membrane. At autopsy, however, hepatitis was
gonoerally found to be the main lesion, though it varied very cone
siderably in peverity. In both lofts, the disease recurred

annually and principally affected birds of five to six weecks of age.

To those in medical or velerinary virologilcal
laboratories who occapionally examine pigeons in an attoumpt to
trace poseible sources of human peittacosis infection, the following

comnunication may not be without relevance,



HISTORICAL INTRODUCTION,

In 1943, an unusual outbreak of ornithosls was dog-
cribed in pigeons in Neow York State (Smadel of al.)s Sick birds
presented sligns of enteritis and, in somoe instances, of rospivatory
involvement, Six of thom wore subjected to detailed pathologiocal
and mlicrobiological oxaminaetion. The abnormalitics encouvntored
at autopsy varied considerably. In two of the birds, flecks of
Pibrin were found on the peritoneuvm and the liver was enlarged,
but quite the most strilking abnormality was focal pancroatitis
with opague, chalky areas which vesembled the lesions of fat necrosisg
of the human pancroas. In a further case, tho liver and spleen
were enlarged and mottled, the lungs wore congested and ocedematous
and the peritoneal cavity contalned sero«gelatinoid exudate which

in places adhered to the viscera.

Histopathological examination revealed that the liver
of all aix birds conteined foel whiech consisted of large mono-
miclear cells and lymphocytes and which oceurred mainly in the
periportal connective tigsuwe although, in some places, they also
extended iunte the parenchyma where they wreplaced hepatic cord cells
that had undergone necrobiogis,. Tocal noerosis was present in the
liver of each of the birds, the fool teing dismtributed rvondomly

within the lobules, 1In five of the birds, the spleen almo showed
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areas of cellular destruction which varied in both sige and number,
Vasoular congestion, hoemorrhages eondothelial hyperplasia and
diffuse infiltrptions of large mononuclear cellg wore also recorded.
Pancrealle necrosis wag found only in the two cases wvhich showed
grogn lesions of the organ and, in one of them, the lesiong
appeared o he recent gince the cellular outlines were still dig~
cernible and leuwcocytes weore quite absent. In the other ingtance,
aveas of complete destruction alterngted with those of neorobiotic
change and mononueclear as well as polymorphonuclear leucooytes were

pregent in the older fooi.

hlementary bodles, closely simllar to those seen in
gectlone of tispue from birds infected with the agent of pelttacomis,
wvepe found in the liver of five of the plgeonsy in the spleen of
pix and in the pencrveas from the two cases which showed necrosis of
that ovgan. Both parenchymatous cells and mononuclear leucocytes

wvere thersin involved.

An unugual feature of the disease was the presence of
large, eosinophilic, intranuclear inclusions of the herpetic type
in one or more organs 0f all six casese In the lliver of one of the
birds, they were 0 numerous that, in gome fields,y practically every
intact cell contained one. Moast of them occurved in parvenchymabous
cells but occaglonally they were to bhe found in the epithelial e¢ells
lining the small bille duecte and, rarely, they were apparent in

large mononuclear loucocytes. In the spleen, inelusions were



presont in the ecelles of the pulp and in those of the Malpighlan
vodiesy while in the pancroas they were vislble more often in the

igletn of Langerhans than in the acinar cella,

Primary intracerebral inoculation into mico of tissue
suspengions from five of the birds produced an illness that genorally
temminated fatallys After a few intracerebral pagsages in mice,
the agent rvepponsible for that disease became a0 exalbted in virulence
that the inoeulated mice died in from two to four dayse In pmears
made from the meningeg, elementary bodies were demonstrable by
Machiavello's method of gtainings, Although intraperitoneal inoculation
of infeotive material failed to produce death in micey typical LeC.Lle

bodies were to be found in the periltoneal ecxudato.

The tilssus-~gugpensions which proved infectious for
mice also produced pocks on the chorio-allantoic membranes of 10w
day~old embryonabed eggs. On the second or third day after
inooulation, the lesions were viaslble as tiny dew-drop structures
andy by the fifth day, had bocome larger and opaques Theoy contained
many cells rlch in elementary bodios. Preparations from the liver
and spleen of the wempining bird wleo gave rise to gimilayr chorio-
allentolc changes but were incapeble of establishing disease in
mices Morpeover, although elementary bodies were to be found in
the latter pocks, egg-passage material proved to be non-pathogenic

for mices



Histologically, the membyanes showed focal areas of
ectodermal hyperplasia together with infiltration of polymoipho-
nuclear and sononuclear leucoeytes into Tthe wnderlying mesodorme
Large lntranuclear inclusions of the herpetlc $ype were present in
the ectodermal cellg of all membranes infected with either pigeon
or ege-passage naterdal bult were ALfficult to find in menmbrances

inocnlaved with infeetive mouse Hlgsue.

Two mutually-exelusive hypothesor were put Lorward to
account for those findings, nemely: (a) cerbtain strains of the
ernithogis agent are chavactorized by thelr ability to preduce
intramuclear inclusions in Infected tissue under appropriate conw

ditions or (b) the dlsease was ceused by a mixture of two agents.

In 1945, g gimilar outhreak was deseribed in Ameriocan
amy plgeons (Smadel ot als). ﬁuring.the spring of 1942, the bizdg
coneernad bad been apparvently normal but sarly in the summer they
were jeinaé by 200 others from a neighbouring state. A number of
the newcomers were found to be slck and sevexal wers dead on
arvivel. Tllness centinued among the new plgeons but did not appear
in the origlunal stook wntil a mounth later when infecition aprosd
rapidly threughout the Flock. Many of the infeoted birds recovered
but some 300 succeunbed during the swnmmer and avtumn. The eplzociic
diminished in intengilty in November and, by the end of the yoars

the number of birds showing dlgease of any lkind had Tallen $¢ from
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15 to 20. Quarantine was then lifted and an eztensive interchange
of pigeons with other conbtingenlts took place. Over a period of
several months, most of the trained hirds wewre sent to othey units
and replaced by several thousand adolescent or young adult birds
from British sourcess The incidence of infectilon coatinued at a
low rate throughout the fiwst elght months of 1943, duwring which
period, as a xule, one oxr two dozen birds were involved at any one
time., By then the disease was linlted almost ontirely to young
birds from sixz weeks to three menths of age. In August, 1943, the
Virug Dlvision of the United States Army was asked to investigate
the nature of the disease which had become enzootic in the flock.

Blevon sick plgeons were subnitted for full investigation.

Clinteal signg included conjunchivitis, dyspnoea,
dlarrhoeay; dehydration and emaciation but go coneiderable wyas the
variation that a charvacheristic eclinical picture was not definablo.
The posi-mortem appeavances were equally varied and did not include
any featurs common 1o all cases. The sole polnt of special
intereat wan the presence of focal necyvosmis in the pancreas of one

bird-

Isolation of virus was attempted from the liver and
gpleen of all eleven cases. The tissue suspensions wore inoculated
onbo the chorio-allantoic membrane of embryonated egge and into

mice by the intracersbral route. Histopathologieal studies of
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livery, spleen, pancreas, pectoral musclo and kidney were also made.

The resulis of the mouse inoceulatlon tests showved that
Four of the bixds bhad bocome infected by the ovnithosie agente.
Tlague suppensions from two of thoge four cases produced pocks on
the chorio-allantoic membrane, as did similar suspensions from a
fifth bixzd, showm to be free of ornifhogls., Hiwtopathologleal
exanination of the mombranes revealed the presence of intranuclear
inclugions within the lesions. BSuspensiong from the other two
ornithosls cases did not evoke formatlon of pocks. Counversely,
the pock~forming agont was non-pathogenic for mics by the intra-
corebral roubes It was concluded,; therefore, that two microw
organisms were present in the flock and the one reaponaihle for the
pocks was a hitherto unrecogniszed virus. The latter was called

the pigeon intranuclear inclusion (T.H.Ta.) viruse.

The T.N.Ts virus apreared 40 bhe more closely asnoclatod
with lesions thoan did the ornithogle agent. Thus, hepatic necrosis
was found only in the three cases from which the virus had been
igolated, Respilratory sbnormalities were not present in elthor of
the cagoen of pure ornlthesis infection but one of the cagses of
mized infectlon ghowed conjunctivitis and dysprnoea. The latier
wag the main olivicsl migmiin‘th@ blyd which was golely infected
vith the virvs and, at post-mortem examination, btracheitlis was
found to be the principal lesion. Inlranuelear inclusions of the

horpetic type wore present in the liver of one and in the liver,



spleen and pancreas of two of the cases frowm which the virug had

heen isolated.

In addition to the large yollowish pocks on the ehorio-
allantoic membranes of l0-day embryenpted hens' ogge, the I.N.I1.
virus produced yellow-grey mreas of focel necromio im the liver of
the embryo. Intraperitoneal lneoculation into pigeons did not evoke
any sign of disesse but, after intracerebral administration, two
Plrds dled and a third became ill, Attempts be produce disgease in

rabbits and guinea-pilge wore unsuccespful.

Two years later an outbreak of ornithogis in plgeons
wae demeribed in Berkshire, Bngland (Hughes, 1947)e The flock was
a self-contained one founded on sbook imporﬁad from Ameriocs.
Affected birds did not manifegt any definitive c¢linieal signs but,
at poste-mertemn examinabion, focal necromis was congploucus in the
liver and spleen and indranuclear luncluslon bodles were to be found
at the edges of those leslons. The TeNels virug wap believed to
be present in ﬁha flock along wlth the srnithoglis sgent but altempbs

to imolate it wers not madea

Turther reports of I.Nul, virus infecbtion did not
appear until 1966 when Marthedal and Jylling deseribed a diseasc
of plgeons which was subsequenily shown te be caused by the I.W.I.
virus (Jylling 1967). The condition was first recognized in 1950

and accountod for three per cent of all capes of pigeon disensc



investigated by the Royal Velterinary snd Agricultural Collegs,
Copenhagen, during tho succeeding 1% years. Inltially, the in-
feotlon seomed to be limited to the moubth, pharynx and ocesophagus,
but it was later found to invelve the liver and other interwnal
organs. The diseass was generally seen in blxds of from one to

six months of age and seldom oceurred in older pigeons, The
elinical manifestations varied considerably in severity, some birds
merely showlng coxyza-like signs while, in other instances,
dysprnoes and snoring respiratory noises wore pronounced, Diarrhoes
and loss of condition also ocouvrred. Mortality ranged from an
inglgnificant level in some Tlooks t0 above 50 per cent in others,
the average amounting to between 10 and 1% poer cent of the total
number of birds hatched within one sesson. The duration of clinlical

signg varied from sevoral days o several veeks.

Examination of the oral eavity and pharynx rovealed the
prosence of groyish~yellow mucold exudate but the changes conw
sidered most characteristlo of the disease ocourred in the
gesophagus, wheve groyish~yellow or greyish-greon patohes of
diphtheroid nature were generally present and often involved large
areas of the mucosa, Similar but smaller leslons were recorded in
the mouth and pharynx of a high proportion of cases. Small grey
focl -~ pin-head in size -~ were sometimes noted in the liver while

tracheitis as well as enteritis was often observed.

The histopathology of the abeve disease was described
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by Jylling (1967). The earliest leslon in the cesophagus was a
ballooning and bydropic degeneration of eells in the stratum
Malpighii, intranuclear incluslons sometimes being reocognizable
thereins. Such necrosis resulied in the formation of wleers which
of'ten became covered by fibrinous and purulent exudates as
secondary bacterial infection was establisheds The liver contained
numerouvs focl of necrosis 0f eosinophilic character with vascular
congestbion and haemorrhage also congpiocuwous. Intranuclear
inelugions were prosent in both von Kupffer cells and in hepatic
parenchyme though they were most numerous in areas immedlately
adjacent to the neorotic focis 4 calarrhal, croupous tracheitis,
in yvhich foecal necrosis involved primarily the glendular parte of
the organ, wes also obgerved and typical inclusion bodies were to
be detected in assoclation with that lesion, 1In the lungsy the
pathological pioture was characterized by an interstitial pneumonia
in which proliferation of alveolayr epithelium was accompanied by
infiltration of lymphosytes into the interstiitium, Numerous foeil
of necrosis wero present in the spleen vhile hyperplasia of the
reticular cells was noted in localised areas. Degenerative
changos,y btogether with intranueclear inclugions, were to be found
in the epithelial ecolla of the renal tubules and lymphocytic

infiltration waps to be seen also,

In addition to thelr presence in the tlssues already

mentioned, incluaion bodles were deseribed as ocourring in alveolar



11

and bronchial oplthelivm as well as in cells of unspecifed type

in the spleon and pancreas. They were of the Cowdry Type A patiern,
eopinophilic in nature and surrounded by & clear "halo'., Tho
nuoleolus was generally pushed aside sgainst the nuclear membrane
to which beads of chromatin were sometimos attached. Ravely,
inclusions were found in multinuvcleated gient cells in the liver
and lung. Abtempts to demonsirate the presence of the agent of
ornlthosis by means of the comploment-Lization test were all
negative, but virus was isolated iln embryonated eggs inoculated
with a suspension of liver from an unspecified number of ocases.
Pocks appeared on the chorio-~allantoic membrane and focal neoropis
was to be found in the liver and spleen of the embryo. Hicrosecopic
examination of those lesions revealed the presence of intramiclear

ineluglions identical wlth those obseorved in the pigeon tissues,

Lehner gt al. (1967) demeribed a similar disease in
pigeons of from six weeks bo Tour months of age. Out of a Hotal
of 295 bixds bred on the premises, 31 died. Clinical abnormalities
were not detected in all of thospe cases butl some birds were inactive
and anorectlic for approximatbely one week prior bto death. Post—
nortem and histopathologleal examinations were carvried out on 14
cases, in oight of which the morbid process was found to he
characterized by focal necrosis in the liver, spleen and pancreas

accompanied by intranuclear inclusions.

The liver lesions veried from multiple, diserete, small
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fool of eosinophilic cellulary debrlis to quite masmive aveas of
neorosis, uoually baemorrhagic. Parenchymal cells at the pewiphery
of the necrotic foel an well as the occasional intaot cell within
the lesion contained sosinophllic intranucleur inclusious. In

gome colle, the inoluslion body reemed to £ill the entire nngleus
but, in the majority of themy there was a c¢lear 'halo' betweon the
incluglon and tho nuelear membrane, TFour of the bixrds had fooeal
necxopis of the pancreas and one had similar lesions in the spleen.
Ap in the liver, the necvotic foel were associated with eosinophilic
intranuelony inclupions. Albhough the presence of the latter
gtructures indicated that the discase wes ceused by a virusg, abtempts

to isolate tho agent were not mades

Concurvent with the piudies of Jylling (1967) and Lehnor
el als (1967) wore two investlgotions into n similar diseanse prow
valent in the United Kingdome Dxs Jo Be MoFervan of the Volorvinayy
Research Divieion of the Eerthern Ireland Ministry of Agyioculiure
isolated n virus from the pharyox of a pigeon with diphtheroid
lesions (personal communication)e. The agent, which gave zise o
intranucleay inclusions and pocks on the chorio-allentolc membranc of
10-day embryonated eges, wap supplied to the weiter who designated i1
Shrain Bl and carvied out further examination of it, the yesulis of
which will be described in suceesding pages of thig thesis. Part of

the author's own investigations, which form the bulk of the thesis,

have slready beem briefly veported (Cornwell ob ales, 1967).
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PART 1. AETIOLOGY AND PATHOLOGY.

SECTION Is NATURAL DIBEASE.

(1) INTRODUCTION.

Tyo outbrooks 0f disease were studied, one in Renfrey
ghive (birds of the 'H' series) and the other in Dunbartonshire
(birds of the 'M' peries)s Both oceurred during the summer of 1964,
chiefly involved pigeous of from one to three months of age and
lagted for about Hwo months. In camch loft, birds manifested
general malaise, dullness and inappetonhce, were roluctant to move
and tended to perch buddled togethers The solitary clinieal mign
common to the majority of cases was o mild serous conjunctivitis
though, in both flocks, e minority of affected birde possessed

small diphtheroid pateches in the mouth or pharynis

In both loftg, the disocese seemed to ba engootic,
recurring anntually in the young stocke In the firgt flock, the
original mource of the infecotion was unknown but in bthe second, it
was traced back to the accommodation of a stray pigeon. On the
day after arvival, the latter was found to have diarrhoea and was
immediately killed but, within two woeks, coryzs~like signs
developaed among the gtock and affected birds of all agess Since
then the dlgease has conbinued o appesr in young offgpring bred
on the premlses as well ag in birds of any age that were brought

ins DBecauge of the latter aftermathy the owner eventually
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abandoned the practice of buying in birde for breeding. It is
probable, therefore, that a reserveir of infection ls maintained
by the presence of adult carriers, Poesibly, maternal antibhody
may be conveyed to the young to afford defence for some weeks hut,
by the btime that birds are four to five weeks old, such protection
may have so wanad that infeotion acquired from adult cerriers isg

bayond rostraint,

(2) MATERIALS AVD MATHODS,
{a) Pathology.
(v) Dacteriology.
(o) WVirologye
(d) Bzseminction Ffor the agent of ornithosis.
Altogether, investigation wos made of:

(A) Tour carceses of birda‘whi@h died after serious illness (Nos, M-l
My M3 and Mmd )e

(B) One living bird with severs dysproca (Wo. H-1).

(C} Tour carcapes (Nos. M-H, -6, HeT and M-8) of birde whioh had
been killed by the owner because thoy seomed unwell though
the clinical details were not recorded,

(0) Seven living birds with mild serous conjunctividis oy rhinltis
aspoclated with slight maladse (Wom, He2, Hw3, Hed, HeH, He6,
He7 and H-8)s

(8) Throat swabs from twoe birds showing small amounts of clear

oculo-nasal digoharge and slight hypersemis of the pharynz



15

(NQE"J» H3w1 and HS""R)»
(F) Cortain tissues, Tixed in formal saline, Ffvom a bird (No, C-1)
from Cambridgeshire which had a marked cmnﬁuneﬁivitis as well

as indications of systemlc vpset.

(n) Pathologye Complete autopsy was conduoted in all appropriate
cases, and, for the purposes of histopathological study, pertions

of lawynx, btrachea, lung, heart, liver, wmpleeny ocesophagus, panoreas,
small intestine, brain and kidney were fixed in corrosive-formol

and embedded in paraffin wex. All subsequent seobions were stained

by haematoxylin and conli,

(b) Baeteriology. Bacteriological examination was carried out on
freshly killed birds, Blood-agar and MacConkey plates prepared
from the trachea, lungs, heart-blood, liver, spleen and intestine
wore incubated asrobically and anacrobically, as well as wndew

conditions of inovoased tension of carbonedioxido.

Bxamination was made also for the presence of Myco-
plasmata, for which purpose plates of Rdward's medium and tubes of
sloppy agar were inoculated with material fxom the itrachea and lungs
and incubated for Live days at 37°Cg Thereaftery the plates wore
exemined for the presence of colonies characteristlic of Uycoplasmata
and the contents of the tubes transferred to furiher plates of
Bdward's medium, which were incubated for flve days and examined

a8 bofore.
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(e) Vivelogy. Tn the earlier part of the work, virologiecal
inveatigation was limited to examination of suspensions prepared
from the lungs and trachea hul, in some cases, hepatic suspensions
alee were lnvestigated., Later a composite muspension was preparcd

from the trachea, lungs, liver and spleen of ecach case.

Pissues were maceveted in a moriar and pestle with the
aid of sterile pand, Sterile normal saline solution was added to
yield o 10 per cent sugpension which wae ‘then admixed with
penielllin and streptomycin to z final concentration of 200 units
and. 200 pg/ml., respectively, SBach suspension was inoculated onto
the dropped chorio-~allantolic menbrane of two l0-day embryonated
eggs in an amount of 0.2 ml. pexr ogg. Tho technique used was that
desoribed by Burnet and Faris (1942). The inoculated eggs were
incubated for four days atb 39p506.; and the membranes were then
eﬁaminedg In all cases, further passage was effected by vse of a
10 par cent suspounsion of the membrunes from the first passage.

I¥ the membranes of the second passage were nommal, thoe result was
voecorded as nogative bulb, 1L ony suggesilion of abnormality was
prasent, further passages were made uwntil the result vas

indisputable.

Throat-swabes were obtained by direct applicetion 1o the
palate of the bird vheveby as much muous was removed from the
region as possible. Tho swab was then placed into a vacwun flask,

packed with "dry-ice", and btransporbted to the laboratory where it
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waps lmmediately translerved to Tthe barrel of a 10 mls syringe along
with 1 mle of sterile nommal maline solution that contained the
ugual concentrabtion of antibioticss The saline solution was then
repeatedly oxpelled from and aspirated into the syringe as DPressure
was applisd %0 the.cotton~woe1 by the pigton of thé syriﬁgo. In
that way, the swab was thoroughly washed with the sgaline, which
latter was then used for the lnoculation of the dropped chorio-
allantoic membrane of two 1l0-day embryongted oggs, to an smount

of O0s3 mle por ogge Those membrancs found to have lesgions were
Pixed in corrvosive formol for 24 hoursy; for which purpose each
membrane was colled round a small glass rod to whieh it was held
by means of fine threade When the preparatlion had heen embedded

in paraffin-waxs the glass vod was wlthdrawn and thereafter

sectiong were cut and sbalned by haematoxylin and cosin.

(¢) ©Bxamination for the agent of ornithosiss A 10 per cent sus-
penglon of tracheay, lung, liver and spleon was prepared in slerils
nornal saline golution containing 200 ple of gbtreptomycin per ml.

The technique used for demonstration of the presence of the agent was
a modification of that described by Grist and Melean (1964), Six
young adull mice were incculated vwith the suspension, of which

009 mls was glven intracevebrally and 0.5 ml. intraperitoneallys

Ten days afterwards, the mice were gacrificed and the brain and
gpleon removed o provide smears which were then stalned by the

Jenner~Giemasa methed and by Macehlavello's technique and examined
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for the promence of clementary bodles. At the same time, a 10 pex
cont suspension was prepared from the above organs and inoculated
into a furbther six miece by the intracerchral and intraperitoneal
routes. After a further 10 days, the brain and spleen were romoved
and smears examined in the manner Jjust describeds A negative
diagnosis was recorded iFf evidemce of infeotion did not emerge after

the second passage.

(3) RESULTS.

(a) Pathology.
(b) Virology.
(e) O%her microblological examinations.

Bvidence of virus infection was found in a total of nine
capog, two isolations being made from birds of the He~series and five
from those of the M~series, withy in tuwo casee {(Nos., C~l and M«2),

a diagnosis that rested entively on the romults of histopathological
examination, The following account describes the findinga in thoso

nine casesa

(a) Pathologys The situations principally affected wore the liver,
the kidneys and the upper respiratory tract but case No, Ned
prosented a severs peritonitis that involved almost the whole of
the abdominal cavity and that was attended by adhesions betwecen the

liver, the airwsacs and the shdominal walls



Mpvre 1. Advanced hepatic nocromise. x 150,

Mguro 2. Tarly hepatlc necrosis with creacentic Crage

nents of nueleoar mewbrancs x 1,500,
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The most common lesion, present in gix birds, was a foeml
nearolizging hepatidtis, ths severity of which varied congiderably from
cass to casce The foel found in pigeon Nos Mwed were scattered throughe
out the organ and were generally cirveulay in outliney, up to 1 cmes in
dimametery yellow in colour and =0ft and dry in consistence, Histo-
pathological examination revealed that they were compogped mainly of
homogenous eosinophilic material (Figure 1), although the outlines of
bilew-duots and of major blood vessels wore pomelimes discernible
piidety the masa of necrotic tissue, Also present weve small foci of
accvosis that contained conmpicuous bicorn fragments of nuclesr mome
branes (Flgure 2). Other degenervating nuelei showed what was probably
an earlier stage of the same process, namely, accunulation of chromatin
at one sochbey, and almost fotal loss of staining affinity of the rew
maindeyr of the nucleay membranes Hoterophil loucoeyles and macyo-
phages werce prosent at the margin of lesions, the former being some-—
times numerouse The bile-~duets contalned much coll debris wvhile the
cappesule of the liver was coverod with Lfibrin containing many hotero-

phil corpuscles as well as smaller numbers of mucrophages.

Intranueclear inclusion bodies were to be found in
hepatic cells widely throughoud the organ but were most numerous
at ‘the periphery of the smaller necrotic focies In sitaining
voachbion, thoy varled considerably, some being pale pink, others
a dull purple~red,y and a few almost as bogophilic as the nucloar

membrave (Pigure 3), In most of the affocted cells, the cytoplasm



Figure 3« Bacophilic and cosinophilic intranuclear

inclusions in livers x 1,500,

Tigure 4 Lavge basbphilic inolugions oceupying thoe

wvhole of hepatic nuslois x 1,200,
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appeared normal and the nuclous renained vesicular with the
nucleolus pushed against the nuclear membrane where there was also
80Mme acoumu;atiou of chromatine Occasionally the nuclel were
shrunkon and exhibited marked margination of chrematin, while the
cytoplasm was intensely basophilics In those cases, the inclusion
body ocecupied almost the whole of the nuclous when 1t was surrounded

by a narrow or incomplete 'halo'.

The liver of cage No. M-2 was also extensively involved,
though the distribution of lesions was quite different. Small semi-
confluent fool of necronis « each geounerally affeoting & moere half
dozen cells -~ were goalbttered throughout the entlre organ. There,
tooy crescentic nuclear fragments were conspieuvous whils very
lavge numbers of intranuclear inocluslons were prosent throushoub
the whole of the surviving parenchymia. Generally, the inclusions
wers darkly basephilic and only the smallest ones were ghained a
purple colour. The largest ineclusions were inmpossible to distinguish
from the nuclear membrane and the nucleus thon appeared as & dense
basopbilic, oronated masg thalt projected into the oytoplasm at
many points (Figure 4), MNost inclusion bedies, however, were of
smooth outline and were separated from the nuclear membrane by a

distinet ‘halot,

A conspicuous Teature assoeiated with the destruction

of hepatic parenchyma wes hyperplaslia of the epitheliuwm of the



Figure 5, Iyporplagia of bile~duet epithellium. x 150.

Piguro 6. Fooal hopatie neerosigs =x 150.
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bilo~ducts {(Figure 5)» In seme places, the nowly formed ducis were
patent but, elsevhore, solid masses of epithelial cells wore prozent.
Although the sinusoids were sometlmes mavkedly congoested, leoucow
cybic aotivity was limited to the accumulation of emall numbers of

heterophlil loucocytes at the mergin of necrotic focl.

Foeal hepatic necrosis was found in pigeons Noge G-l,
Ml M3 and Me7 but not in any of these instances were the changes
comparable in severity with thome of tha two preceding cases. In
bizd Woe Celg such lesions wers numerous dbul small and had nod
advanced to the amorphous stage (Figure 6). In pigeon No, -3,
affectedl focl wvaried in aize and stiructure from honogohous
sopinophilic areas that involved several lobules to emnall introe
lobular focl consisbing of cells in various astages of disintegration.
In cese No. Mwl, the grester part of a lovbule was occasionally
involved and there wers small circumjacent foci present survounding
it but, an a rule, bthe lesions were small and widely spaceds The
foel in bizd Yo, M-7 wewe likewise minuto and scattereds Do
gonerative changes found in the lesions of all four bivds were
piniler to thosme already deseribed. Intvenuelear lnclusions were

prosent in the liver of each bird bul were r»ave in case No, MwTe

Multiple cream-goloured fool - approximately 2 mme in
diemeter -~ were present in the renal cortex of cases Nosm, M-l and

M3, Histopathologiocal examinatlon showed those lesions %0 be



Figuro 7. Advanced ronal neocwosiss x 150.

Flgurco 8. Pavly venal ncoxosiss 2 330
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areas of tubular necrosis in which complete disintegration of the
renal gbructure wap accompanied by haemorrhage from nearotic
blood-vesgels as woll as by infiltration of lymphocytes and of
smaller nunbers of heterophil lewocooytes (Figure T}» The inflame
natory cells were concentrated mainly at the borders of the negrotic
focl wherey also, surviving tubnles wvere found to contain casts
of coll-debrig. Mbroblasts aleo wero present at the margin of
some lesiong, a finding probably indicalive of the onset of
organizatbions, The presence of smaller focd consisting of dow-
geneyating renal cslls, macrophages and lymphocytes was also 1o
voaled by histopathologiocal examination (Figure 8)e« Intranuclear
inclusionsy aimilar to those alroady described, were found in
tubules at the margin of necrotic foci (Pigure 9)s  Although the
number of nephyons so affected was small, lnclusions were ofton

present in moed of the cells thoreine

Albhough excesplve lacrimablon was a conspicuous
clinical feature in most of the birds and mild serous ?hinitiﬂ Ve
also sometimaen prosent, overd lesions were found in the vespivatory
syetém of only five camess The outstanding clinical sign in
pigoon No. Hel wae gevere dyspnoeas The bird stood orouched with
tho neck éx%amdad and bthe besk open. Reppiration was forced and

was accompanled by stertorious gesping. AL poglb-moriem examination,



Tigre 9y Intranuclear incluslons in renal

tubuless x 1,5004

Maure 0. Lapyngesl uleets x 150
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the mucosa of the larynx was found to he coated by a diphbtheritie
nembrane which ceused partial oceclusion of the lumen of the orgen
(Figure 10). Small unlcers coated with adherent yellow-~brown capcous
material ocourred also in the pharynx and larynx of cases Wom, M-2
and M3, Iistopathological examination of the leslons in those
three birds revealed complete destmction of the epithelium together
with vascular engorgement and mononuclear infilityation of the sube
Jacent comnective-tissucs The surface of the ulcer was covered

with exudate containing cell debris and small numbers of macrophages.
In caso No. M-3, faintly eosinephllic intranuclear inclusions were
discovered in epidermal cells at the edge of the lesion, particularly

those of the basal layers.

A mederately severs tracheitls was presgent in case Noe M-l
(M.gure 11), though inclusion bodies were not detectables In placos,
loss of cilia wes assoclated with slight eplthelial hyperplasia,
while heterophil leucocyles were visible hetween individual
epithelial cells as well as within the lunen of the tvbe, The
mious-glands were almost totally desitroyed and the greatly
thilckened mucosa contsined acoumulations of macrophages and lymphod-

cytess Simllar changoes were Tfound in the bronchli of case Noe C-l.

(b) Virclogys The results of virologieal examinalions were as

followas



Uppere: nomaal pigeon trachesas
Figuroe 1ls . Both x 150
Iowers trocheltis, cauve Mo Hels
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Case number, Vizug isolated fromg
Hewl Componite of larynxy, trachea and lungs.
Hi3w? Throat swvabs
M1, Compoaite of trachea and lungs.
M-~3)
)
Mewd} ) ‘a3 .
) Composite of trachea, lungs, liver apd
1-T) gpleen.
&

Despite the presence of largo numbers of inclusions in
the liver of case No. M-2, all attempts at the iaulatiﬁn of virusn
from that bird proved unsuccessfnl, both via embryonated eggs and
by way of two young pilgeons, The latter werse inoculated intrae
poritoneally with the poeled tissue suspension but neither inclusions
nor lesions were faunﬂ.Wh@n the creatures wers sacrificed six days

later.

Numerous pocks appearod on chorio~allantolc membrones
inovenlated with the tissue-puspensions from casesn Hoge Mely M3,
Med and M«8 as well as with the extract from the throat swab
taken from case No. HE8-2. A central aren of thickening and opacity
davélap@d in the casp of membranes that received suspensions from
casos Nos, Hel and M7 buty when a second serlial passage was
e ffected, discrete pocks werse produced. Imbryonle death ofien

occurred about the fifth day after infection and yellow foei of



Pigure 12. Pocks on chorio-allantole mombranes % Ls

Tigure 13, Pocks on chordowallantolo menbrancs %X 2

Hotae the linear form of mome of 4the losiong.
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necrosis wore porceptible in the liver of slugglsh or of dead

embryos,

The pocks varied in morphology from discrete elrcular
yellowlish=vhite foel, that reached e sisze of about 2 mm, by tho
fourth day, to oval or linear lesiong vhich often coalesced Lo
produce yellowish aveas of cowma-like or irrvegular shape (Figurea 12
and 13)s They were distinctly slevated mbove the surface of the

membrane and a central orater wes discernible in many of thonm.

In membranes fixed and stained on the fouwth day after
infection, msmall numbers of weakly cosinophilic inclusions were
noted in epitheliasl cells at the periphery of lesions and were
similar in appearance to those 1llustretod by Smadel gt al. (1945)
in their description of theo pigeon I.N.I., virus, Novertholess, ale
though the number of pocks increased on passage, the inclusions wero
noveyr nunerowus in four or five-day old lesions and were somobimen divw
cernible only after prolonged searchs They stained pale pink or dull
purple but were nover brighitly cosinophilic (Figure 14). Marginal
acoumulation of chrometin was noticesble only in nuelei which
contained purple-~coloured inclusions. DBasophilic intranucloesr
inclusion hodles were alsgo to be found in parenchymatous oclls at

the periphery of necrotic focl in the embryonle liver.

(e) Other microbiological examinations., Hxominations fon

mycoplasmata and for the sgont of ornithosis proved negative in




Figure 4. Intrenuclear inclusions in the chopicwnllontoio

menbranos x 2,000,
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all tho sevenicen birds studled. Cultural exemination cccasionally
yielded a foew colonlen of various beobtoriay osge e c0li, a non-
haomolytle Lancefield-negatlve strepltococcus and a small none
motlle Grame-negative cooeco~bacilliue which falled bo ayvow on
MooConkey s medlum, did mot gplit vres and dld nod Towment glucose

or laclope, but there were not any uwniform bacterdological findings.

(4) DIsCUSYION.

Vizrug wasg deolated from geven oul of a total of 18
cames. Typleal inclumien bodies were encountered in the tiseunes of
only four of the birvde {(Mone Mel, w3y M-4 and ¥«7) £rom which tho
virue was vecoverad. Sinco all sitreing preodunced sipilar ineclusions
in the chorio-allentoic membrene of embryonated eggs, 1t seemed
probable that the virus respongilile fow the ineclusions in vivo

wan the same as thet grown in ombryonated ogsu.

In the more severe cames,; virus was digscovered in
orgons whioh showed obviousn lesions or 4o which oubtstanding clinioal
plens were related, Thug, cpoe ¥o. He-l wan sovorely dycpuoolc and
virug wae Ilsolated from a “poel" of laryni, lung and tvachos.

Caoes Boge =2, HMe3 and M4 had a modernie to soverc hepatitis and
inclupion bodles wore present in the liver of ench of them.
Inclugions were alge to be obgerved in the kidnoysm of cases Vose Med
gind M~3 in assgociation with focl of neewvsisse It 4o difficult to

avoid the conolugion that the viyue wues rvesponsible for those lesionge
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A1l attempts at the isolation of ths agent of ornithosis
wore unsuccepsful, Thug, none of the mice inoculated intrae
corebrally with tissue suspensions from the diseased pilgeons developed
signg of illuness and, when they were sacorificed ten days aflerwards
and suears of brain were oxamined, elementary bodies were nod
found, Simllarly, signs of illness did not atlend passage and
proparations of brain were again negablive, By contrash, Smadel
ab als (1943) found that primary inbracersbrgl inooulation of the
agent of ornithosis produced illness that geuerally terminated
fatally and, after a Tew passagess virulence was o0 exalted that
inooulated miee dled in Lrom two to four days. WMoreover, the same
workers demongtrated eolemontary bodies in tho tlesues of the
dlseased pigeons as well as in those éf the Inoculated mice vhereas,
in the prosent study, olemontary badies‘prOVad o be absent fyom
both species of animalsge That any false negabtive result obtained

ig, thevofore, unlikelys.

The elinical signs and posi-mertem feabures exhibitod
by affected birvds closely resembled those desceribed for ommithosinm
by Coles (1940), Meyer gt als (1942), van Vleten (1954), Davie
(1955), Fritusche gb als (1956) and Jansen (195%9). Thus, in hoth
diseages, conjunetivitis and respiratory sounds have beon manifest
clinleally and hopatitis found at autopsy so that Lt is lmpossible
t0 dlfferentiate the two infectlons on the grounds of either

clinical manifestations or morbid anabtomys. The statoment by Colos
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(1940) and by Jansen (1959) that, whonever a pigeon shows ovidencs
of conjunctlivitisy o caousal assoclation wiliih the agent of ornithosis
should at once be suspected, must now boe extended to inelude the
TeMels vivus as wells. Although differentianl diagnosis may bhe
effected by microbiologioal ér by perological examination, conw
Plrnabtion by histopathological procedure is esesential pince bLirds
may carry the agont of ovnithogis and not show any lesion othey

than slight splenomogaly (Meyer, 1965),.

Coertain yosults of the present investigation wore closely
pimilar to those obtained by Smadel et als (1945)s Thus, in the
one case of pure intranuclear virus infection deseribed by the
latter workers, dyspnoea and diphtheroid lesions ¢f the pharynx
were‘éppar@nt at clinical cxamination and tracheitis and foeal
hepatic necrosis were conapicuous at auwbopsy. Conjunctivitis,
dyspnoea, fibrinous peritonitis and hepatio necrosis were found in
one of the two cases of dual infoction (I.NaIe virus and ornithosis)
deseribed by the same authors, and fibrinous peritonitis and hepatic
and renal necrosis were present in the otherse Bach of those
abnormalities was noted in abv loant one bird of thoe preosent sovies.
Other similarities lay in the morphology and staining reaction of
the inolugions, in the non-pathogeniceity for mice of the American
and British strains of virus and in the ability of sach strain to
produce pocks on the choyio-pllantoic membrane ¢f embryonated cggs

ag well as yellowiagh foel of necrosis in the liver of the eonbryo.
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The only lesion descoribed by Smadel ot ales whioh was xnot observed

in the present investigation was fooal pancreatic neorosis.

The disecase described by the writer also resembles the
conditions roported ﬁy Harthedal and Jylling (1966), Jylling (1967)
and Lehner et ale (1967)s The Danish workers, however; found
cegophageal diphtheritic mombranes in a high proportion of their
cases, & finding wacounfirmed by other avthors, In the present
invostigation, diphtherpid legions were to he observed in the larynz
of threa cepes (Hml, Me2 znd Me3) and in the phazynx of two bivde
(Mwz and M=3), inclugions being aseociated with the necrotic
epithelium in one of thems Jylling (1967) likowise noted tho
cccurvance of ineluglong in carly lesions of the oesophagus and
MeFerran (100. olte) isolated the Bl strein from pharyngeal
diphtheritic membraness I% is probable, therefore, that tho ITeNelo
virus is eapable of producing diphbheria~like changes in bho
atratified squamoua eopithelium of the larynr end upper alimentary
syétems Prior to the investigetlons of tho above workens, the

caugation of such leslons wss commonly ascribed to Trichomonas

gallinae o o pigeon-pox viruse Lesbouyries (1935), who examined
a total of 7,226 pigeons and found diphiheritic membranes in no

logs than 2,534 of them, bolieved that Trichomonss was responsible

- for mosty if not all, disease of that type. That the protozoan may
be associatoed with puch lesions in the absence of the I.Wal. virus

has bheen established by the writer (unpublished observations) but,
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clearly, the converse is equally true since, in the present in.
vestigation, examination of smears for the presence of motile

trichomonads was negative.

Although serologieal comparison of all the straing of
TeWNeTe virns so far isolated has not yet been made, it is likely
that the infection deseribed in the United States, the British Isles
and Denmark is ceused by the same virus or by several closely-related
viruses. The condition may, therefore, be defined as a specific
columbine disease whioh varies both in severity and in the distribution
of leaions but which, in gravest form, is characterized by necrosis
of the liver, kidneysy pancreas and spleen, by conjunctivitis, hy
diphtheroid lesions of the pharyngo-laryngeal location and, possibly,
by inflamnatory changes in other parts of the respiratory system.
The isolation of virus from, or the demonsitration of typical inclusion
bodies in, pigeons obtained from Cambridgeshire, Northern Ireland
and two counties in the West of Scotland suggests that infection is

widely distriduted in the United Kingdom.

Finally, mention must be made of other avian virusen
productive of ecominophilic intranuclear inclusions and pocks on the
chorio-allantoic membrane of embryonated egegs and concerned with
diseasge of the respiratory system or livers The most imporbtant is
the virus of infectious'laryngbntracheiﬁis (ToLe's ) which primarily

atbtacks the respiratory system of the domestic fowl and pheasant.
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Boach (1931), however, found small amounts of the infective agent
b0 oecour in the liver and spleen of affected birds while Thorp and
Graham (1934) desceribod the presence of microscopic lesmions in the
liver and kidueys. Helmboldt and Prazier (1963) deseribed intva-
nuclear inclusions in the liver of chickens which were sufforing
from laryngo-tracheitism. By use of The negative-stalning techuique
of electron mieroscopy as described by Bremner and Horne (1959),
Crulokshank ot ale (1963) and Watreach et gl. (1963) dizolosed thatb,
merphalogically, the virus was closely similar to that of horvpes

simploex.

Andrewes (1964) has suggested that, although confirmation
has yet do be wreceived from electron micromcopy, various other avian
viyuses may belong to the herpesvirus gioup sinece %héy produce pocks
in embryonated eggs and inbranuclear inclusions gimilar o those of
ToluTe Whille one of those ageants was isolated by French (Androwes,
1964) from the blood of a seomingly normal pied cormorant (Phalacro-

gorax melancleuesos), the others have been obiained from cases of

hepatitis in vawxious avian spocles. Pachoco (1920, 1931) deseribed
o dlscose of parrots which was clinically similar o psittacosis.
Neerctlo foel were found in the liver and spleen of infeeted birds.
Rivers and Schwentker (1932) later showed the virus in question to
be productive of eosinophilic intranuclear inelusions. A discase
with a similar pathologloal appearance was noted by the presens

writor (unpublished observations) in rscently-imported parakeets in
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tho Weet of Scotland. Grsen and Shillinger (1936) roported a fatal

digease in wild horned owls (Bubo virginlanus) which was also

choaracterized by the proesence of fooal hepatic neocropis and coninow
philic intranueclear inclusions. Hore recently, Burtscher (196%)

gtudied a similar condition of owls which he termed hopatogplenitis

infectiosa strigorum (HeSeIeS4)s Virus was isolated from threo

cages and intranuvclear inclusions were found in asmvocietlion with
neerotic sreas in the liver and spleoen of a further eoloven birds.
Diphtheroid lesions or foei of necrosis were also observed in the
mouth, pharynx, oesophagus, glandular stomach, intestines, larymx,
lunge and kidneys but inclusions were not detected at any of those

piton.

The inter-—relationship of the pigeon I.Hels virus with
the above-mentioned agents is not clear. Beach (1931) inoculated
TalnTe virus intratracheally indto nine plgeons bul was unable to
produce any sipgug. of dlseases Sindlar fallure to demonstratoe
pathogeniclty on the part of thatl virus for the plgeon was experienced
by Brandly and Bushnell (1934) and Scddon and Hart (1936)s Tronch
(Andreves, 1964) failed %o infeet chicks, pigeons or parrots with
his cormorant vizuse At fivst glonce, therofore, it would secem
that ecach of those viruses has a narvow host range, vhich view is
supported by the finding of Green and Shillinger (1936) that their
owl virus wae transmissible o a screech owl (Otus) but not to a

barred owl (Steix). On the other hand, since the immune status of
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the experimontal birds was nol investigated prior Ho expercimental
infecgtion, it may well be that the non-appearance of lesions in

another specios was due to immunity resulting Ffrom previous infootion.

As Andrewes (1964) has remarked, the ability of tho
pigeon TeN,T. virus to pyoduce pocks in embryonated egegs and inbra-
‘auclear inclusions typical of the herpesvivus group suggents that
its provisional inéorparation within that group may not he inw
appropriate, but infommaition comcerning its morphology snud nueleic
ueld composition is essentlal Defore ite place is ulbtlmately
deotorminable, OFf more immediate import, however; is proof of the
pavhogenicity of the virvus for the pigeon together with an account

of the laboratery methods awvsilable for 1ts growth and assay,
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SRCTION ITs BXPERTMENTAL DISHABE.

(1) IFRTRODECTION

In order to fulfill the third of Kooh's Positulates,
resort wap had to intreperitonesl inoculation of +the virus into
young pigeons and day~old chickss Therveafier, the fluorescent
antibody technique was employed to determine whether, or not, the
distribution of virus antigen corresponded with that of any lesions

fortheoming in the experimental plgeons,

A supplementary experiment ianvolved direct introduction
of viruvs into the larvynx of pigeons with the object of proving thot
it was capable of evoking neerosis and uleeration of stratified

eplthelium and other lesions in the respirvatory sysbem.

(2) MATERIALS AND MUTHODS.

Hineteen pigeons, about cight weeks of age, woere ine
oculated intyaperitoneally with approximately 105 PoTela of the w3
strain of virus. The latter had been thrice possaged in embryonated
eges and five dines in cell cultures prepared from whole chicke
enbryos (see Part Threa). Eighﬁ nmore pigeons from the game mource
wowe kept as contwols. Additionally, six White Leghorn chicks were
inoculated intraperitoreally with a simllar doge of virus within

twelve hours of hatehing, while four more from the same batch of

egss wore maintained as controls.
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Inoculated pilgeons and chicks were killed by coervical digm
Jocation alt three, four, six and seven days alfter inoculation. Control
binds were sacrificed on each ocoasion. Portions of tissve taken from
all pigeons were fixed in mercurie chloride~formol and paralfin-wax

sectiong, out at six microng, were stalned by hacmalum and eosine

Immunofluorescence studies wewre carvied out on the pigeon
tlasues by means of hyperimmune serum to the Me3 stirain of T.N.T1.
virus prepaved in a rabbit by the method to he described in Part Throee.
The prepared serywumn served 40 provide the firsl layer of the indireet
method of the fluorescent antibody technique (Coons &t als, 1942)
while the second layer consilsted of goat anti~rabbhbiit globulin conw
Jugated with fluorescein ilsothiocyanate (Difco)s Before use, the
conjugate vas adsorbed for two hours at 4°C. with 100 ng. of pigeon

liver tissuve powder per 1 ml. of conjugates

Small portions of liver and pancreas were placed on the
gides of Pyrex tesbtetubeg, rapidly frozen in a dry-ice glcohol
mizture ab ~70° C. and storved at ~30°C. for later use. The blocks
were vemoved from the tubes when required, placed on chuocks in a
Pegrse cuyosbhat and cut at -20° ¢, into smections B«Qpa thicks, The
pectlong were flxed in acetone for 1% minutes and exposed to
the antiserum for 30 minutes in a moist chamber at room temperaturc.
They were then washed in phosphate~buffered saline (PuBeSs,
pH T41) for don minubes and, finally, washed again in P.B.S.

The stained sectionsg were then mounted in phosphate~buffered saline and
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examnined under a Relohert "Zetopan" fluorescence microscope

equipped with exciter £ilter UGL/L.5 mm., bapzier filter GG9/1 wnm.
and a darkground condenser, Control sections comprised (a) seébtions
of tissues from uninfected plgeons steined as above, sud (b) infected
ﬁiswues exposed to normal rabbit serum in place of the hypew

LMNUNG S50TUN,

Por fluorescence photomlcrography, a "High-Speed
Wickachrome” (160ASA) colour film was used. Black and white prints

were obtained from the colowr transparencles,

In the supplementary sxpeviment, five feral pigeons,
of unknown age and immuns atatus, wers inoculated by the inbraw
laryngeal route with approsivnataely 103 Poal'hUe oF strain HS-2,

The latter had been bthrice passaged in embryonated eggs and eight
tines in tissue-cultures, 411 five birds were sacxificed on the
silxth doy along with ten control birds obitalned from the sane
sources The larynx, trachea, lungs and liver were fixed, siained

with haemalum and eosin and exemlned as previously described.

(3) RESULPS.

The main post-mortem changes were found ig the pancreas,
liver and mesentery and consisbed of discrete white focal lesions
located in the pancrsas and liver btogether with a deposit of [ibrin

on the pesritoncal surfaces.
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Hiztological abnermaliltles are summarised in Table 1,
From which it may be seen that the commonest lesion was an aoube
pancreatitis. The latter varied from slighit mononuclear infiltration
o areag of Lrank necyonds assoclated with moarked sccumulation of
neutrophiles and macrophages (Pligure 15). These lesions wers
ggpecially prominent in the sub-capsular region of the organ. Large
cosinophilic intramvclear ineluﬁiﬂﬁs were Tound in acinar cells
adjacent to the aress of necrosis (Pigure 16), lividence of pancreaw-
titis was sometimes found in pigeons which did not manifest any

legions gt autopPsya

Hepatic lesions, consisling of foeal necrosis; were
progent in only thyee birds. In those animals, and in three other
cases ag well, intramuclear inclusions were sncountered in the

parenchymal cells,

Peritoneal changes were characterized by the presence
of a Tibrinous exudate with numerous mononuclear and hetevophilic
leucocytes, Lymphold hyperplesia was evident both in the spleen
and the intestline bub signilficant alteratlions were not detectable
in the other orgons of the body. By means of immunofluorescence,
specific viral antigen was demonsirated in many of the nuelei of
pancreatic acinar cells and also in those of a fuw hepetic cells.
Antigen was located either on the nuclear mergin or uwniformly
throughout the nucleus (Figure 1Y), but was not to be found in any

of the conitrol birds.



Tignve 195, Tonereatic necyvosis and pordtonitics = 15
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Gross and histopathological abnormalities were not
pragsent in any of the inooulated or control chiocks.

Multiple microscoplic foel of epithelial necrosis wore
detactable in the larynx of two of the five pigeons killed pix days
after intralaryngeal inoculation of the virus., Some foal extended

from the stratum germinativum into the wnderlying connective-

tiszua. Poth eosinophilic and basophille intranuclear inclusions
vere evident throughout all layers of the epithelium (Pigure 18 ),
Intranuclear inclusions were to be found in the liver of one of
these hivds but not in the lungs where, however, perivascular
accunulation of macrophages and lymphoeyles was prominent. 0Ono
large vessel showed a neovotioc vaseuwlitis, with invesion of the

tunica medlia by macrophages, and perivascular "cuffing" was somo-

times conspicuous even arouwnd the smaller arterioles. Similap
changes, again ocourring in the absence of inclusions, were found
in the lungs of one of the three inocunlated birds whioch did not
develop laryngeal lesions. The respiratory system of all ten

gontrol birds rvemained normnal.

(4) DISCUSSION.

The results presented proved that the Me-3 strain of
virus was pathogenic for pigeons after adminisitration by the intra-
peritoneal and intralaryngeal routes. The main featurces of the
experimental disease were pancreatitis, peritonitis and, in somo

cases, hepatic neoresis, Hosinophilic intranuclear inclusion bodies



Mouvo 6. Intravucloay inclusions in the poneveans, = 345004

Vigure 17+ Viral antigon in the pancreass = 24500
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and gpecific viral antigen were demonatrabted in, and adjecent fo,
those necwrotic arsas, findings which the wyiter congldered to be
of greater significance than would have beon atbachable to re-

isolation of the virus from the experimentally infeoted birds

Pancreatic noeovoslis was not observed in the spontancous
disease already described but was o prominent featuro in the e
perinental digeaso now under report, sse it had boen in soveral of
the netural cases described by Imadel b al. (1945) and by Lehnex
et ale (1967). Although pancreatiltis has been recorded in laboratory
animals cxperimentally infected with the virus of foot-and-mouth
dimease (Platt, 1956:1958) as woll as gccasionally in ansturel discape
(Venesuclon equine encephalitis, Kissling et al. 1956}, the
occunrence of the lesion is uncémmona The prominence of lesions on
the surface of the pencoress in the present investigation suggosied
direet poneilration of the organ by virus from the abdominel cavity.
The view that a similar sequence of evonts occurrsed in mice ine
oculabed intruperitmn&aily with the virus of hexpes simplex has

already been advanced by Beswick (1958),

Intranuclear inclusions wore rumerous in parts of the
opithellium adjacent to the laryngoal lesions present in bwo out of
the five pigeons employed in the supplenentary experiment. That
the lesions were produced by the pigeon L.Nel. virus {hus seems

geriain. Thelxr microscople size suggested that they were of racent



Piguro 18. Intrpnuclear inclusions in the lovynxe % 1,200
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origin. Moreover, in view of the total abmence of similar legions

in ten control pigeons obtained from the same source, they probably
resulted from the intralaryngeal introduction of virus six days
previouslys If that surmise is correct, 1t may be concluded that

the virus is capable of establishing lesions after topical

application as well as after direct inoeculation into tissues.
Similerly, the presence of intranuclear inclusmions in the liver of

one of these experimentally infected birds indicatos that disseminagtion

of virug may follow infection of respiratory or alimentary epitheliume



PART 1ls SUMMARY AKRD COUCLUSIONS.

Bvidence of L.Nele virws infoction was found in nine
plgeons suffering from an iliness elinically similar to ornithosis.
The virus was isolated from seven of the birds by way of the chorio
allantoic meumbrane of embryonated hens' oggs, where 1t produced
omally yellowish~vhite, crateriform pocks. Histopathological
oxsmination of thoso lesions sand of fool of necrosls in the embryonie
liver revealed the presence of intranunclsar inelusion bodies
identical o those seen in ftissues of the affected birds. Incluasions
wvere found in the liver of dwo further cases from which the virus
was not imolated. ALl attompts at the demonstration of the agent of

ornithosis were wnsucoessiul.

The maln chgngmﬁ found in the naturally-infected pigeons
were hepatic and renal necroslg, poritonitis and diphtheroid foel
in the pharyax and larynx. Bxperimentally, the virus produced pan-
erveatic as well as hepetic noorosis and peritonitis when administered
intraperitoneally, and necrosis of the stratified sguamous epitheliwnm
of the larynx in birds infoected by the intralaryngeal route, By
means of immunofluorescence, virus antigen was revealed in noorotic
foel within the pensreas of expervimentally-~infected plgeons, a finding
vhich oclearly demonntrates the pathogeniolty of the T.Wele virue for
that species. By contrest, the agent feiled to preoduce lesions in

day-old chicks. That i1t may play o pert in disecase of the domesiic

fouwl, thezefors, wmeems highly unlikely.
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PART 2, CGROWTH AHND ABSAY OF
VIRUS TN FMBRYONATED HGGEH.

(1) INPRODUCPION

The paueity of incluegions in chorio-allantoic membrancs
harvested four days after inocvlation guggested that higher yields
of virusg might be obtalnable al an earlier stage of the infection,.
Aocordingly, soerial studles on the development of the pocke wero
widertakens At the same time, indoulatian via the amnion, the
allantols snd the yolk-sac was invesgbigated in an effort to establich
the most effective roule of inoculation snd the optimal time for

horvestings.

The investigation olso provided tho means for comparison
of the pocks pmwduced by the pigeon I.NeIe virus with these formed
by the viruses of pigeon-pox and avian iufeoctlious laryngo-tracheitis
(I+LeTe) since it was folt that the morphology of the lesions might

prove a ugaful feature in the dAlfferentiation of the three viruses,

A further gln wag to determine whether or not virus
gould be accurately titrated by means of an enumeration asgay based

onn the number of pocks formed on the chorio-allantolc menbrance

(2) MATERTALS AVD MWTHODS.
A1l the ferbtile eggs wsed in the investligastion were

obtained from a single flogk of White Leghorn honoe
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(a) Methods of Inoculation. The chorio-allantoic membranes of
12~day embryonated eggs were inooculated with the Hel, HSw2, M3,

Hewdy P=5 and B=]l strains of pigeon I.N.I. virus.

The P~5 strain wvas obtained by courtesy of Dr. B. Be
Jackeon, formerly of Dr. Smadel's team, and was contained in material
conslsting of a freeze~dried suspension of infected chorio-allantoic
membranes from the 64th egg~passage, whioh had been held at -20°C. for
13 years. The B~l strvaln wes isolated and gupplied by Dr. J. Be
HeFerran of the Veterinary Resmearch Division of the Northern Ireland

Ministry of Agriculiure and has already been mentioned in Pawrt One.

Tor comparative purposes, oggs of the same age were ine
oculatod with the 102nd. egg~passage 0f the B.E.R. strain of avian
IeleTe virus, kindly supplied by Dx. T Ts We Jordan of the University
of ILiverpool Veterinary School as well as with a tissue~culture
adapted mtrain of plgeon-pox virvs provided by Mr. W. Baxendale of

the Wellecome Research Laboratories.

The method used for the inoculation of the choric~-
allantoic membrane was that recoumended by Westwood et al. (1957)
gince those workers cleimed that that technique produced the minimum
of damage to the embryonic and extra-embryonic tissues, and hence
provided greater uniformity of wesults. The main features of the
method may be summarized as followmse

(1) The eges are used on the twelfth day of incubation.
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(2) One inéi&ion is made in the ghell for the purpose of dropping
the membrane and a second for introdueing the inocowlum,

(3) The membranes are dropped with the aid of McIlvaine's
oitric.goid / di-sodium phosphate buffered distilled
water, 0,004 M., pH 7.2, (Clarke, 1928), hoated to 50°C.

(4) After the membrane has been dropped; oggs showing signs of
haemorrhage are discarded and the remainder veplaced in the
incubator at 37°C. for one to four hours prior to inoculation.

(3) The virus is suspended in McIlvaine's buffer at refrigerator

temperature and without the addition of serun.

Amniotic inoculation of 14- to 15~day cmbryonated eges
was carried out with pigeon T N.I. straing HS=2, w3, Meq and {7,

the method wsed being that described by Busby et al. (1964).

The allantoic cavity of 10-day eogge and the yolkwsac of
seven-day embryos were inoculated with strain M3, again according

to the methods ndvocated by Busby et als (1964).

In all cases, the virus subjected to study had been
passaged through chick embryo tissune~culture as described in Part

Thrée, the number of passages varying from three to fifteen.

(2) TGxemination of inoculated eggs. The embryos together with the
assocliated membrancs were removed from infected eggs at daily
intervals from the first to the fourth day following inoculation

by the chorlo-allantoic route and were fixed in mercuric—chloridee



57

formol for one day. Represenbabtive blocks wewre embedded in paraffine
wax and seclbions were stained with hsemalum and eosin as described

in Part One.

Two chorio-allantoic membranes, incoculated with
sufficient of the HE-2 stwain of virug to produce confluent pocks
and of wifoxm size and appearance as well as devoid of non-gpecific
lesions, were harvesded at daily intervals from the fiyst o the
fourth day after inoculation and stored at »40°C. for one to two
weals. The virus content of the membranss was then titrated by the

plague~agsay method described in Part Three.

Similar procedurcs were carried out in egegs inoculated
with the M-3 strain via the amnion, the allantois and the yolk-sne,
the details being as followsse

Tissuen for
Route of inoculation. Tigsues for histopathology. virus titration.

Amniotic Emnbryo Amniotic fluid.

Allanteic Chorio~allantolic membhranc. Allantoic Tinid.
Yolk-sao Embryo Yolk~azac wall.

In the case of egen ilnoculsted by the amnlotic and
allantoic routes, preliminary oxperimenite were designed to determine
the eflfeclt of the virus on the embryo and the content of vivus in
the flulde was not ascertained. In later studies, histopathological

examninations were nccompanied by titrations of virus. Bnumeraition
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aseays, based on the number of pocks produced, were met up with
fourfold and 0.5 logyp dilubtions of strains H-l and B-l. The counts
wore carried out on the third day of inocubation in order ho minimise

errvor resulting from the appearance of mecondsry focl.

(3) RESULTS.

All strains of pigeon T.NsIo virus produced identical
pocks. Hinute white focl appeared on the first and second day and
rapidly dncreasod In size and number uwntil the Ffourth day, by which
time they appeared as small, reised, whitishecream pocks (0.5~1 mm.
in diameter), often with a cenlral crater, or as linear exziensions
of larger creamwcoloured plaques which prohably resulied from
coalescence of smaller lesionss Those changes were accompanied by
thickening and opacity of the uninfected portions of the membranc.
By the third day the embryos had gencerally become sluggish, and

death often supervened on the fourth daye.

Pocks also appeared twoe days after infection with T.LeTe
and plgeon~pox viruses. Thoge produced by bthe former agent reached
a size of 6~8 mm, by the fourih day, whon they cccurred as large,
gircular, flat, groyish vlecers that were sharply demercated from
the surrounding wninfected tlassues The pigeon~pox lesions, on the
other hand, were digtinetly elevated above the surface of the
nombrone and wore not wlecerated, They possessed opaque white centros

which extended oubwards through various shades of whitish-grey to



Tiguro 19, Inmtranuclonr inclusions and eclodermal

hyperplasice x 530
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morge with the normal tissue. They were cironlar in shape and
fairly wniform in gige, approximately 23 mm. in diameter by the
fourth day. BLmbyyonic deaths were not observed in ogge infectod

wvith either virus.

Higtopathological examination of chorio-allantolc meme
branes, infected 24 hours earlier with the pigeon I,NeIa virus,
revealed focli of ectodermal proliferation in whioch intranueclesnr
inclusions were prominent in affectad epithaiium, which ranged from
six to eight celle in depth (Figure 19)s Most of the inclusions
were of basophilie type and oceupled the whole of the nucleus, the
chromatin being gathered into small clumps at the nuolear membrane
(Migure 20)s Othor inclusions were stained reddish-purple and were
surrownded by distinet 'halos?'y the nucleolus generally heing
located on the nucleoar membrane (Figure 21)s Such lesions were
unaccompanied by necrosis but, beloy some of theom, there was a zone
of gimilar thickness consigbing of macrophages, fibroblasts and
heterophll leucocytese Inclusion bodies were not to be found in
thoge arcas and hyperaemia was not evident, though heterophil leuco~
cytes were sometimes diffusely scattered in tho mesenchyme near the
lesiong. The endoderm showed slight hyperplasis in greas immediately
below the ecltodermal foel where the ocells were elongated with the
long axis al right angles to the surface; in most lnstances, these
hyperplastic zones wewre from two o four celles in thicknesse

Inclugiong were nover deltectable in endodermal cellgs



Pigure 20, Bagophilic lutranuclear inclusions ocoupying

the whole of the nucleuse =z 14200,

Figure 2l Tosinophilic Type A inclusions. _x 1,200,
: J : petiy
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gimilar changes were present 48 hours after infection
and were accompanied by small foci of necvosis at the centrs of
most of the pocks as well am by some degree 0f separation of the
hyporplastic ectodeim from the underlying mesenchyme (Figure 22).
Inclusion bodies were nuneroug. By the T2nd. hour, ﬁooks of three
difTerent giages of devVelopment were recognizable«. In the mogt
advanced fowvimy there was complete loses of ecloderm over large arveas
and the necrosis had extended into the memenchyme where ithe ine
flammatory gone containing heterophil leucocytes and mecrophages
merged imperceptibly with erythrooytes from damaged blood-vessels
and dobris derived from necroilc mesenchymal colls and loucooybess
Intranuclear itcluslons were present at all levels of the mosenchyme,
the eosinephilic type with Yhalos?! being the mosi prominents The
mesodern was congested and the endederm hyperplastices The latter
oceaslonally reoached approximately 40 cells in thickress buty in
momt instancos, was limited to n depth of four to eight cells;

inclusions were absenta

In less mature pocksy both proliferative and neerotic
changes were present, the lesion conglsting of a centrsl crater
surrounded by a zone of hyperplastle sctoderme Inclusiong, largely
of the eoginophilic type, were present in the epithelisl cells
bordering the ulcer and necrogle often extended into the supere
fleial part of the mesoderm where it gradually blended with a

highly cellular portion consisting of macrophages, heterophil




Plgura 22. . Voorosis of octodeym at conbre of pocks In-
filtration of leuctoytes into the mecoderms

x 1504

Flgure 23« Heorospis extending into mesoderm and bleonding
vith cellular infiltrations Note absence of

capillary "line's x 150,
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loucocybes and mesenchymal cells (Figure 23). The vemainder of the
negodern was congested and the endoderm attained three or four cells
in thickness. The most immature pocks were similer to those seen
during the 24~48 hour period; the ectoderm was hyperplastic and
contained inclusions, mostly of the basophilic type, while minowr

degrees of vacuvolation and necrosls werve prosent at the surfaco.

By 96 hours, the great majority of the lesions showed
extongive ectodermal necrosis and inclusions were less numerous.
The necrotizing process continued until, at 120~144 hours, the
membrane had been reduced 1o a hyperplastic endoderm, a mesenchynme
heavily infiltrated with leucocytes and emall remmants of ectoderm.
At that gtage, inclusion hodies were to be found only with difficeulty
and were almost entirely of the cosinophilic btypey well demarcated

from the nuclear membrane by a clear ‘halo’,

A fow, small, multinucleated synecytia, containing
inclugions and accompanied by slight proliferative and degenerative
changes, were present in the ectoderm of choriow-allantoic membranecs
inoculated 24 hours earlier with T.L.T. virus bmt, by the 48%h hour,
necrosis and inflammation weore advanced. At the latter time, there
was little evidence of ectodermal hyperplasla. Indeed, in some places,
the epithelium had entirely disappearved and, in others, it had been
reduced to a mass of necvotic tissus conbtalning macrophages,

nunerous heterophil leoucocoytes and a few epithelial cells, In less



Timare 24, Syneyiiun in octoderm of chorio-allantoic

nenbrane infooted with TaLeTe vimgs x 14200,

Tieure 25. Chorio~allantoic membrane infooted with ITeleTs
viruss Note fibroblaats at suxfaoce and rennants

of syneytia bolowe x 150,
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sdvanced lesions, the ectoderm was 8till largely intact but showed
vesiculation and infiltration by hetervophil leucocytes. Multi-
nugleated cells, in which all nuclei ocontained inclusions, were
also somotimes present in those parts of the epithelium (Figure 24).
All inclusions in each syncoytium were gonerally of the same typa,
either the large basophilic pattern ocoupying the whole nucleus or

the smaller, disorete, eosinophilic form.

Reactive changes in the mesonchyme uwnderlying the
ulcerated or necrotic ectodern ocourred ag ocarly as the 48th hour
and were a conspicuous feature of L.L.T. infection. A layer of
fibroblasts, occupying up e approximately two-Lfifths of the depth
of the mesoderm, iay immediately below the necrotic epithelial mass,
the outermest cells being orientatod parallel with the surface
(Tigure 25)« The fibreblustic tissue was separvated from tho
remainder of the mesodexm by & well-defined stratus vhich consisted
of budding capillaries, Tibroblasis and macrophages (Figure 26).

In gome areas, large numbers of fibroblasts, arranged perpendicularly
to the surface, were seen to extend upwards from the capillory loops.
Apaxt from the presence of small numbers of widely seattored
heterophlil leucocytes, the poriétion of the mesoderm below the
capillaries appeared normal. The endoderm was slightly hyperplastic
and varied from two to ten cells in depth. Inclusions were not
detectable in any tissue other than ectoderm. Similar changes were

proesent in chorio-allentoic membranes inocculated three to five days



Tigure 26. Chorio-~gllantoic membrane infected with LelaTe
virus. Uote complete destruction of the onto-

dorn and demoprecation of nownal mesodorm by o

woll-defined capillaxy "linets x 110,
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proviously with T.L.T. vivus but, as degtruction of ectoderm

advanced, the number of inclusions diminished.

Eetodermal hyperplasia was the outstanding feature of
chovio-allantoic membrancs inoculated with pigeon~pox virus and,
by the T2nd. hour after infection, degenerative changes had also
appearad, .At that timey, the ectoderm was up to 20 cells in thicle
ness and many of those olements exhiblted 'bhalloon' degeneration
whereby the surface of the epithelium became undulate (Figure 27).
Numerous swolleon, round, epithelial cells were partly or wholly
detached from the vemainder of the cctoderm which, in places, was
itself aseparated from the underlying mesenchyme, In some aroas, the
outermost portion of the mesoderm was separated from the remaindexy
by a line of budding capilleries end fibroblasts (FMigure 28),
though that feature was less well-developed than it was in membranes
infected with TaleTs virus. The endoderm was slightly hyperplastic

and varied from threo to five cells in depth.

Embryonic deaths were noled only in eggs infected with
the pigeon L.N.T. virus and never cccurred hefore the fourth day.
Histopathological examination of embryos likewlse revealed lesions
only in those eggs which had hoen inoculated with that agents.
Changes were limited bo the liver and spleen which usually contained
saveral minute, cream~coloured foecl that, mioroscopically, closely

resembled the necrotic lesions to be seen in the organs of pigeons



Figure 27« Chorio--allantoic membrane infected with pigoone
pox viruse. Hyperplastleo ectoderm with undulate

outline caused by “ballooning" of cells. x 150.

Pigure 28+ Choriow-allantole nembrane infected with pigeon—

pox virus. Note capillary "line%. x 110.
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suffering from natural L.V.Is infection. In hepatlc cells boward
the periphery of the lesions, basophilic and eoginophilic inelusion

bodles were present and were generally demarcated by clear 'halos's

The btitres of pigeon I.Nels virus (strain H5w2),
obtained from chorio-allantoie wembranes inocculated with sufficlient
of the agent to produce semi-confluent lesions by the fourth day,

woere as followsms

Doy One 6ad % 107 PoTaUs per momlbrance
Day Two 67 x 107 PuPeUe do. o
bay Throe 149 x 107 dos ’
Day Pour 1.0 % 107 A0« N

The resulis of amniotic inoculations were inconclugiva.
Preliminary work with four sbtraing of pigeon I.N.T. vivus (Mm3, [t} o
18, H5~2) suggowted that the method might be useful, in =0 much as
each strain of virug produced hepablc necorcais but in only one out
of threee eggs inoculsted. Typilcal incluglons were encountered in
localized arcas within the Yracheal epithelium of one of these
atbryos buby, in the other three insbances, they were dlscoverable
only in asgociation with the focl of hepatic necrosis. When,
however, bthe experiment was repeated with 12 eggs inoculated with
10% PP UL of the M~3 strain of virus, hepaitic necrosis was not to
be found in any of the embryos, and amniotic fluid harvested on the

third and fourth deys proved devoid of infective virus.
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Allantolc incculation off the M3 strain of I:N.I virus
also led to varying resulise Specific abnormalities were nol
detected in the chorio-allantoic membrane though proliferation of
the endoderm was occaslonally noted. Out of nine infocted ogas,
only one embryo showed hepatlc necrosis on the fourth day and the
titre of virus in the allantoic fluid was bub 5 x 10% PoP.U. per ml.
The pooled allantoic fluid from the remaining elght inoculabed eges

contained < 10 P.F.U, 0f virus on the Ffourth day.

Toold of neocrosgis appeared in the liver of embryos on the
glxth day following inoculation of tho yolkesace with strain ¥Ne3
and minute pocks were pressant on the chorio-allantolc membrane on
the seventh day. Lesions were not detected in the wall of the yolke
gac though small numbers of intranuclear inclusions were rocognizable
therein from the fourth day onwards. Titration of virus present in

the latter structure yiolded the following resultsi-

Day Three 4T x 103 P, T Us per yolkwsac.
Day Pive 1,0 x 104 do.
Day Seven 2¢1 % 105 do.

When attempts were made to establish an assay hased on
the relatlonship between the pock gounty and the relative cone
contrations of virus employed, 1t was found that very considerabloe
variabion exigied Trom ogg 0 88 in the nuwaber of legions produced

by a gingle dilution of wvirug. Two examples may be citedsw
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Vizug dilution. Noes of eggs. Pogkecounts, Mean pockw Coefficlont

counts. of variations
10D 11 355 Ty 94y 29,
10, 5, 28y 17, 2044 T2+40%
19, 15, 5.
10™° 10 ds Oy 24 2y 11y
39 Oy 225 3y 5o DHe? 12045

The gbandard deviation yas sometimes too great to support the
validity of the mean pud, fop thalt reason, it yas imposaible to
determine whether or not a littear welatiocnship exleted bebuyoen tha

mean pookecomntt and the welative virus concentrvation.

(4) DISCUSSION.

When chorio~gliantolc membrancs were inoculated with
sufficlent pigoon I.Wele. vizusg to produece confluent lesions by the
fourth day, the number of inclusions reached s marimal level on
the second and third days after infectblon. Theroaftery the muber
geradually declinsd ag progressively less eotoderm remgined to support
fuprther oyoles of virus multiplication. Thoge findings soxplained
the paucity of inclugions in membranes removed on the fifth day
(to which experietive veference was made in Parit One) and suggestod
that the optimal time for harvesbing misht be on the asccond or third
daye. That hypothesin woas confilomed by the rosulte of virus bitration
which showed that the groatest yield of virue (6,7 x 105 Pol'els)
was 0btainable from menbranes procured on the socofd dey and that

thereafter the concentration of virus dininisghed.
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Follovwing inoculation into the amniotic and allantoic
saos, bhe virus scemed to be capable of lnveding the cmbryc and
establishing a focal hepatitis though only inm a small proportion of
og¢ss The trifling amounts of virus present in the allantoic fluid
and the absence of inclusions in the endodermal cells both suwggest
that the allantols ls highly resistant to the virusg and that,
therefore, atbompts to intect the embryo by the allantoic route are
unlikely to sueceed. The solitary suceessiul endeavour may he
explained by comtamination of the ectoderm by the needle of the
syvinge, bthough it is posgible that the endoderm may be partially
susceptible in a small proportion of ecgsu. C(Congiderable fluctuation
in the yleld of I.LsTe virus released into the allaniolc fluid was
reported by Beveridge and Bumet {1946)s The voason for the variable
vesults obltained by amniotie inocgulation is difficult 4o account for
satisfactorily. The finding of inclugions in the trachea of one
embryo suggests that infecilon ocours dlrectly fvom the amniotic
fluidy rether than by accidental contomination of the chorion in the
act of dnoenlation. If that svimige be correct, the appareunt
regigtance of gome eggs may be explained hy the veslsitance of the
respiratory epitheliwn to the virus. Bumnet and Poley (1941) Ffound
that TeleTe virusg grew in the respiratory system of some embryon
but not in thal of others and smimilar variation in the susceptibility
of eplthelium may have obialned in the present investigation. The

only general conclugion to be dyawn is that nelther allantoic nor
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anniotic inoculation offers a satisfactory method for the propagalbion

of the virus.

The vesulits of the investigation under report differ
slightly from thome of Jylling (1967). The latter author stated
that inoculation by the allantolc rowbe produced the same changes
as were seen following infeciion of tho chorvio~allantoic membrane
and descelbed focal necrogis of the lungs, kidneys, gilzzazrd, intestine,
aud beart as well as plagues in the skin, none of which findings were
obgerved by the preseut writers. The difference in the digtribution
0% the neevotic fool is probably unimportant since Jyliing recorded
that the embryos usnally died in fyom gix to nine days after
inoculation whereas, in the work under reporlt, onbryos were seldom
egxamined after the Fifth day. Muyther difficulty abiends comparxlson
of the pocks produced by the sirains lsolated in the tuwo countrice
for Jylling gave hut the barest of detalls on the higbtopathology of
the lesiong. However, it would sgem thaty in both instances, a
characteristle feature of the poeks was the presence of necrosis

snd inflanmatory changes in the mesoderme.

fhe changes produced by the plgeon I.¥.1. virus are
gbrikingly similar to thoge caused by Pacheco's parrot wvirusm, Thusm,
Rivers and Schwentker (1932) reported that the embryos of eggs
inooculated with the latter agent died in three to five days and thatb

gmall white focl of necrosie were vislble in the liver, spleeon and
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kidneyse Histologlcal exaningtion revealced proliferation and
neorosig 0f the epitheliuwa of the chorion together with infiltraiion
of the wesoderm with leucogytes, Intranuglear incluglons were
present in the ectodernal oells of the pocks, in some 0f the louco-
cytes in the wnderlying megoderm and in focl of necrogls found in

the viscera of the embryo.

The morphology of the pocks inocited oun the chorios
allantoilc membrane hy the three viruses employed in the present
invesﬁigation served to provide a veady means of digbingulshing
between them. The loglong produced by I.L.Te vivusg wevre much larger
and appeared as sharply demavcated, grey ulcers. Those associated
with the two columbine viruges were cream~goloured and distinetly
elevated but, in the case of pox infection,; were distinguished by
the absence of cralbers and of elongated focl. In respect of the
embryo, alnommalities were observed only in eggs inoculated with the

pigeon T,Nelo viruss

Higtopathologicallys the peomé asgociated with the three
vizuses also differed widelye The two intranuclear agents produced
cavly necxosis but, wvherecas in the cage of the agent of I.L.,Te the
extent of that process was confined to the sotoderm gnd was bounded
by granulation-tigsue, the focl of destrucliion caused by the pigeon
TeWoTe virus were not go demarcated but extended into the degper

paris of the mesoderm. Thug, inclusions were abeent from tho
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mesedeorn in the former case bult were numeryous in the latter. Pigeon-
pox virus gave wrige o focel characterized by massive ectodesrmal
hyperplasia, the proliferative changes beling suceceeded by 'balloon!
degenerafion which seemed t0 occur gsimultaineously fthroughout the
affected parts of the epithelium, Granulatlen-tiseune was present
impediately heneath the ectoderm but was much less conspicuous than
that obgerved in lesions of IL.L.Te Multinucleated cells were found
in the membranes infected by T.L.Te virus but not in those inovculated
with either of the other two agenis. Both intranuclear viruses
produced identical inclusions which varied f£rom basophiiic 0

eoginophilic in type.

The groges and migrogceopic changes produced by LeL.T.
and by pigeon-pox virusges were c¢losely similar to those described
by other workews. Thus, DBurmelt (1934) reported that the pocks formed
By ToLeTe virus appeared to primarily represent the response of the
ectodermal epithelium 40 the presence of virus, with the development
of secondary changes in other layers. Inltial hyperplasia was
sugceeded by necrogis so that, by the fourth day, the ectodern had
lavgely digpappeared and had been replaced Ly oedematous inflammatory
tipsues Burnet (1938) and Glover (1939) emphasized the proliferative
nature of the pocks cauged by pigeon-pox virug; although the eclo-
derxm was often five t0 pix times the normal bthicknesms, abnoremalities

were not found in the embryos, mogl of wvhich hatched normallye.
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The easce with whiclh the pigeon I.W.I. virus could be
propagited in embryonéited eggs suggosted that an senumeration assay,
based on the number of pocks found on infected chorico-~allantoic
membranes, might prove a useful and statistically-acceptable method
of titration. When, howsver, the matler was investigated, it was
Found that the coefficient of variation forx the pook-counts produced
by 8 glven virus dilution was very largey generally over 60 per cent.
That finding is in accovdance wilth the resulis obtained by some
authors, studying certain other viruses. Thus, Penner and Mclntyre
(1956), working with the rabbii myxome virus, acoepted a wide
coefficient of vawxiation (up to 110 per cent) as an intrinsic defect
of the pock-assay. Amitage (1957) carried out a detailed statisbical
analysis of the vesults, bolth published and unpublished, obiained by
other workers and concluded that, in all cases, the variance in the
pock-~count produced by a given virus dilution was considerably
greater than thalt expected if the distributlon of virus particles
was of the Poleson form. Westwood gl al. (1957), however, found thatb
variation in the number of pocks produced by vaccinia virus could he
reduced 1o a level approaching that expected from the Poisson equation
by an improved method of inoculation. In the hands of the prosent
author, however, the latter technique did not seem to encourage
wniformity in the number of pocks formed by the pigeon T.NoI, virus,
The variation experieuced was not due to aggregation of virus

partieles since, ag will be related in Part Three, the same virusg
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dilutions produced plagues in cell~culture which were distributed
between culture-vemsels according fto the Poismon equation. Poseibly
ralagted to the high varviance pertaining bo assays carvied out on the
choric-ellantoic membrane wag the observation that some of the lesmions
vere of linear or comma-ghaped appearance, a phenomenon which
guggested that they might have been derived from more than one virus
particle. It was, therefore,; concluded that, although the embryonated
egg was satisfactory for primary isolation and propagation of the
virug, the preclsion of the pock-assay was insufficlent to allow

proper titration of the virus.

(5) SUMMARY AND CONCLUSIONS.

Inoculation ¢f the chorio-allantoic membrane was found
to be ¢ satiefuctory wethod of propagating the pigeon I.N.I. virus,
and optimal yields wore obtained on the second day. Smeller amounts
of virus were procurable by infection of the yolk-sac but other
routes of inoculatiocn proved unrelisble., The morphology and histo-
pathology of the poecks allowed a shayp distinction to be made between
the pigeon T,W.T. virue and the sgents of T L.T. and plgeon-pox.
The precision of the pock-agsay was found to be too low to allow

proper titrabtion of the virus,
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PART 3. GROWTH AWD ABSAY OF VIRUS IN TISSUE~CULTURE.

INTRODUCTION,

Although the embryonated egg had been found to provide
& satisfactory medivm for the isolation of the agent from diseased
birds, the inherent superiority of tissue~culture for more refined
studies, together with its greater convenience, lod to early in-

vestigation of iis suitability for study of the virus,

The preliminary aim of the present part of the thesis

wag o find o gystem of cell~culiure in which the pigeon I.H.T.

virue might propagate with the production of an easily-recognizable

cytopathogenic effect (CaPeEs). If that ond vere realized, the
following stuwdies were intonded to enauvei=-

1) Compavigon of the cytopathogenicity of the author's strains
with that of others encountered in the Britlsh Isles and in
the United States of Amerioca.

2) Investigation into the range of oells susceptible to the virus
in order to determine the comparative sensitivity of cortain
types of avian cell and to asceriain whether, or not, the
virus was able to multliply in roepresentative mammalian cells.

3) With special reference to baxonomy and differvential diagnosis,
a comparison of the CeP.%. of the columbine virus with that of
avian virvses relevant to the work under report, l.0.y TelsTs

virus by virtue of its ability %o produce intranuclear inclusions,
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and pigeon-pox virus because of its pbmsibl@ asgoclation with
laryngeal pseudo-diphtheritic membranca.
The foregoing studles, considered in BSection One, infra,

were hoped not only to assist diffevential diagnosis and define a
method most suited 40 propagation of the virus but also fto lead %o
the developmnent of a procedure of assay of the virus, a necessary
pre~requigite for further investigation., Section Two is concexrned
with the establishment of such a procedure and with the conditions

which govern its usca
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SHCTION Te GROWIH OF THE VIRUS.

(1) WMATERIALS AND METHODS.

(a) Culture vossols.

(b) uhole~chick~embryo monolayers.
(¢) Chick~gmbryo kidney oultures.
(&) Chickwombryo liver eultures.
(¢) Chicken kidney cultures.

(f) Pigeon kidney cultuves.

(g) Mammalian coll ouliures.

(h) Hedia.

(i) Vixus straine.

(i) Cytological studies.

(k) Infeotivity titrations.

(a) culture vesmsels. Cells were grown in d-oze flat medicine bottles
for preparation of virus stockoy in Lelighton tubes with cover-slips
for cytologiocal studies, and in roller tubes in stationary racks

for titration of viruge.

(b) whole—-chick-~ombryo monolayers. Cultuves were preparved from 10/12
day-0ld ogss by a method based upon the tochnigue of Dulbeceo (1952)

as modified by Postlethwaite (1960). After removal of the embryos,

the heade were discarded and the vemaining porbtions finely minced.

The tigsue fragments were then thoroughly washed with P.Be«Se, freec

of ealcium and maghesium lons, and tranasferred %0 a flask of werm
brypain solution which wae placed on a magnetic stiirrer in an in-

oubator at 37°C. After ten minutes, the cmde cell suspension was
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discarded and replaced by fresh pre-heated trypsin solution. After
45 minutes move at 37°C., the oell suspension was collected and
placed in a refrigerator. IFurther trypesin solution sdded to the
tissue fragmonts was collected after 30 minutes inecubation, The two
cell suspensions were pooled and contrifuged at 800 repems for ten
minutes. The sediment was washed once with maintenance medium and
then rosuapended in growih medium, A viable cell count was performed
by meang of 0.1 per cent drypan dlue and the cell suspension diluted
to provide the required concentration of cells. Tubes were seedod
with 1 x 106 colls in 1 ml. of growth medium and bottles with 148 x

107 sells in 12 ml. of medium,

(¢} Chick~embryo kidney oculturess The kidneys were removed from 19—
day emhryos and, after mincing, were washed thoroughly with P.B.S.
Pollowing a final wash in trypsin, the tissue fragments were suspended
in a flask of txrypsin mclutinn vhich had been warmed o 3700. The
flask was then immersed in a water-~bath at the same temperature and
the Tragments kept in motion by agltetion. The resultant cell suge
ponslon was collected at the ond of 5«10 minubtes and placed in the
refrigerators Presh healed trypsin solution was then added to the
fragnents and the process repeated. Normally, three rung of 5-10
minutes each were sufficient to break down the tissue and release the
cells. The first sugpension collected was discarded if it contained
a high proporbion of exythrocytes. Otherwlse, all eell suspensgions

were pooled and centrifuged at 500 repemes for five minutes. The cells



83

wvere wmesugpended in mailnbtenance medium, sedimented again at the same
epeed and Tinally diluted in growih medium. A viable cell count

was bthen porformed, and the oell conceutration adjusbted to provide

106 cells pexr 0,95 ml, 1 ml. amounts wvere then dispensed into Leighion

tubes containing ocoverslips.

(d) o©hickwembryo liver culbures. Such preparations were made by a
modification of the method described by Kaeberle, Drake and Hanson
(1961)s "The livers were removed from 17-day chick embryos and
trypoinlzed by the same method as that employed in the preparation of
embryonic kidney cultures. The cell surpensions weroc pooled and
centrifuged at 500 wv.pesm. for five minutes. The cells were then
wvashed once in maintenance medium, sedimented again in a gradusted
tube and resuspended in an amount of growth medium equal to 100 times
the packed cell volumes. The cell suspension was distribubted into

Leighton tubes, 0 a volume of 1 mls per tubec.

(e) Chicken kidnsy cultures. The method employed was that described
by Churchill (1965), Kidneys from a four-week-old chicken were
finely minced and the fragments washod thrvee times with PeB.S.

Tuenty ml. of trypsin golumion, preheated to 3700., were added to the
tissue and disaggregation pllowed to prooeed for five minutes at the
pame bemperature. The solutlion was then vemoved from the flask,
mixed with 1 ml., of oslf serum and placed in a rofrigerator. The

procosgs was repeated five or gixz times. Afber centrifugation of the
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cell suspensions at 500 r.p.m. for five minutes, the sedimented colls
were resuspended in growth medlium and a vigble cell count carried out.
The concenltration was then gdjusted to provide 4 x 105 cells pexr ml.
Tuﬁea were inoculated with 1 ml. and bottles with 12 ml. of the

sUspPenslona

(£) Pigeon kidney culivres. Kidneys were removed from young
birds and cultures prepared by the method uged for the chicken

kidneyse

(&) Memmalisn cell eulturess. Primary cultures of dog and calf kidney
colls were prepared according to the method desoribed by Cornwell et
al. (1965). HeLa and Straein L cells, roubinely maintained in the
department, were alse examined for their ability to support growth of

the virus.

(h) Media. TFor chick-enmbryo kidney and wholew~chick-cmbryo oculiuves,
growth medium consisted of Hank's balanced salt solution (NeS.S.)
supplemented with 0,29 per cent lactalbumin hydrolysate and 10 pew
cent ingetivated calf gerums TRegle's hasal medium with 10 per cont
tryptose phosphate broth, five per cont chick-smbryo extract and 20
rer cent inactivated calf serum was used for the oultivation ef chicke
embryo liver cellsy, while the same medlum minug chick-~ombryo extract
and with only 10 pey cent of calf serun gufficed for establisghment

of chicken kidney and plgeon kidney monolayerse
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Hank's B.S.3. with 0,25 per cent lactalbumin hydrolysate

vas employed for the mainbenance of cultures after inoculation,

Tor disaggregation of itissues, 0.25 per cent trypsin
(L ¢+ 250, "Difoo", certificd) in phosphote-buffered saline (P.B.S.),
free of caleivm and magnesiuvm long, was uvsed., A1l ombryos were

obtalned from White Leghorn eggs of the same gtrain.

(1) Virus sirains. DThird- or fourth-egg passages of slraing Hel,
HEw2y w3y Mwd, M~3 and Bel, and bthe 66th eogs passage of Smadel's

P=5 gtrain were selected for inoculation inte tissuwe-culture., In
pach case, bthe choric-allantoic membranes from the last egg passage
wore maceratbed in a Griffith's tube with mailntenance medium to

produce a 20 per cent suspension. After clarifiecation by centri--
fugation, 3 ml. amounts of each suspension were ineculated onto
monolayéys of whole~chick—ombryo cells groun in bobttles. After

three hours at 3?00., the inooculum was rvemoved, the cells weshed twice
with P.B.8. and Lfresh mainﬁehanee nmedium added. All cultures wvere

incubated at 37° C.

f'rom the second or thlrd passage onwards, the virus vas
harvested when the CoP.Be involved approxinately one-~third 4o one-
half of the monolaysre The cells were scraped from the glass
surface, resuspended in thelr own maintenance medlum and macerated
in a Griffith's tubes A 1 in 10 dilution of that fluid was employed

for passages Oocasionally transfers were made with infected oculture
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fluids only. Adsorpition time vavied from twe and one half to four

hours,.

Virue from the eleventh passage of sirain M3 in whole-
chick-embryo monolayers was transferred to cultures of chicken
kidney, chick-embryo~kidney and chick-embryo liver. Virus from the
fourth passage of gtrain M~4 was inoculated inlto oultures of plgeon-
kidney and chick-smbryo liver. Monolayers of pigeon-kidney were

also infected with the fourth passage of Smadel's stirain Peb.

A1l mammalian cultures employed in the investligation were
inoenlated with the eleventh passage of strain M«3 and thercalter
examined daily for a period of one to two weeks. In each case, an
inoculated culture was harvested on the third day and maceveted in
a Griffith's tube, The remultant suspension, clarified by centrie
fugation, was then transferved to aulitures of wholewchickw-embryo
cells whlch were maintained under observation for seven days for the

development of a typical cytopathogenic effect.

The 102nd egg paseage of the BREE strain of T.L.T. virus,
kindly supplied by Dre. Fo Te We Jordan of the University of Liver-
pool Veterinary School, was inoculated into cultures of wholewchlck
embryo cells and thence directly into monolayers of chick-embryo

kidneys chick-embryo liver, chicken kidney and pigeon kidney,

For comparative purposes, cultures of whole-chick-embryo
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cells were also inoculated with the Burroughs-Wellecome strain of
plgeon~pox virus, which is commercially available for the protection

of poultry ageinst fowl-pox.

(i) Cytologicel studies. Coverslip ocultures from Lelghton tubes
wvere washed in physiologleal saline, fixed in mercuric chloridem

formol for three hours and stalned by haematoxylin and eosin,

(x) Infectivity titrations. Pen~fold dilubions of virues were
prepared in Hank's BeB+3. Bach dllution was inoounlated into a
minimum of mix roller«ftube oultures, 0.9 mls por tube. %0 per cent

end-~points were calculiied aocordiﬁg $0 the method of Kavber (1931).

(2) nmsvLLs.

(a) Grouth of the virus in wholew~chiok-embryo cells and
comparison of the cytopathogenlc effect produced by
different strains.

(b) Comparison of the growlh and cytopathogenicity of tha
virus in differvent types of cell-culbure.

{(¢) Comparativeo studies wilth I.L.T. and pigoon-pox viruses.

{a) Growth of the virus in whole~chick~embryo cells and comparison

of the cytopathogenic effect produced by different strains.

All gtrains igolated by the author grew well in vhole-
chick~embrye eultures and gove rise to the same highly characteristic

focal cytopathogenic eflect.
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The earliest change to be seen in monolayers inoculated
with suspensions of infected chorio—allantolc menmbranes was the
appearancey on the third or fourth day after inoculation, of a few
small clusters of round, refractile cellss TWhen fresh monolayewrs
vere infected with suspensgions preparved from those cultures, a foeal
cylopathogenic effeet develoned on the second day. The focl en-
lavged and increased in number so that, by the fourth day, many had
rosched a size of 1 mme in diameter and appeared as circular, opaque,
greyish~vhite plaques when viewed by obligque illumination. In
subgegquent passages inltiated with undiluted lhnocula, the cyto-
pathogenioc effect was vigible within 24 - 48 hours and involved the
whole of the monolayer by the third or fourth day but,; when high
(10”4 op 10“5) dilutions of vizus were employed, tho changes remained

Pfocal in characters

The eytopathogenic effect was characterized by the
ogeurrence of clusters of round, refractile cells (Figuve 29), the
latter verying considerably in size, the largest having a diesnmeter of
approximately two to three times that of the smalleats. As cach focus
enlarged, 1t graduvally logt its compact cluster-like movrphology.

The refractile cells then formed the outwardly-eypandiung rim of the
legion, the internal portion congleting mainly of shrunken cslls end
gravular debris (Figure 30). With furiher enlargement, a clear space
pomebimes developed in the cenbre of the plague but the granular

debrigy which gave the affeclted area an amber hue, usually remained



Figure 29, Early focal oytopathogenic effoct in wholaw

chick-~embryo cultures. x 320.

Tigure 30, Late focus consisting mainly of granular

dehrias x 320,

o
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adherent to the glass for several days. In one ingbance, an infecited
culturey in wvhich the cytopathogenic offect had appeared on the
second dey, was kKept under obgervation for 14 days without macro-
geopically~vipible spaces being formed. Microscopical examination
of that specimen revealed the presence of a Tew fibroblasts, inter-
mingled with a small number of grahtwlar round cells and a large

amount of amorphous debris.

Obgervation of developing focel showed that the following
cytological events took places The earlisst change was swelling of
the infected fibroblast whereby the latter became navicular and
rofractiles Robraction of the cytoplasm at one or both poles
rendered the cell pyriform or leaf-lilke. Very fine strands of
cytoplasm were sometimes seen 10 protrude from the polen of affected
cells. As the procems continued, the cell became entirely spheriocal
and appeared bright, homogenous and refractile. Later, however,
the latter condition was logt as the ecell became increasingly

shrunken and granular.

In stained preparations, intranuclear inclusions were
to be noted in cells of normal shape (Figure 31) as well as in some
rounded ones and were o0f the same two type§'viaible in embryonated
ogesy namely, the basopbilic or amphophilic mass ocoupying the vhole
of the nuclews and the weakly eosinophilic Cowdry Type A inclugion,

surrounded by a clear 'halo!', the latter form gencrally being in the




Migure 3l. Intranuclear inclugions in infected wholow

chicle-ambryo culduress x 35,000,

Tiguve 32. Byneybiia in wholewohiclk-enbzye cnlbures

infeotod with strain P-5. = 320.
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majoritys In most of the round cells, particularly the smaller ones,
the nuclei weore pyknotic aund inclupion Wodies were not distinguishable.
Hany of the ceolls seemed 40 he binuecleate and some of the large

round ones noted in wngtalned cultures were found o possess three

op four nmuclei. Others contained a single nucleus partiaslly divided
inte two lobes by a transverse resbriction. In such nuelel, division

of the incluslon body was evident on vare Ocoasions.

Islande of epithelial cells were offten consplcuous in
whole~embryo cultures but they seldom became involved in the cyto-
pathic process until focli were well established among the Librom
blasts. Once infected, however, they manifested the same cyto-

logical changes gs did the latter cella.

The infectivity titres measured bebween the second and
the fourth days generally ranged from 104 to 100 TCIDsg / mle
Virug seemed to be readlly released from the cells and transfer was
oaglly asccomplishable with medium from infected cultures. Tor
example, culture-medium collaected on bhe second day from the third
passage of pbrain He4 contained 10449 TCIDgo of virus per ml.

compared with 105*6 TCIDgQ in the case of cells,.

In order to identify the cyltopathogenic agents with the
virug strains isolated in eggs, medium Lrom infected cultures was
inoculated onto the chorio~allantoic membranes of ambryonated gZgs.

Pifferent passage levels of the various straing vwere examined in
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that way, (e.gs first, third, eixth and ninth of strain Hel and
thivd, sixth and eleventh of strain M-3) and, in all cases, btypical
pocks appeared on the menbranes and hepatio necrosis was found in the
embryo. Hisbtological examinatlion of two~day-cld pocks and of liver
legions revealed the presence of numerous characoteristic inclusions,.
Susponsions of normal chowlo-allantoic membranes and of wholewchicke
embryo culiures falled to produce any oytopathogenic effect in tissue

oculture.

MeFercants Bl strain and Smadel's P-~5H shrain both
produced changes identical with those described sbove, The latter
virus, however, gave rime Ho an additional effect which clearly
distinguished it from strains isolated in dthe British Isles. Large,
irregularly-shaped areas of oytoﬁlaﬁm vere someftimes present near
the centre of a focus and moderate numbers of extremely large, round
cells were consplouous at the marging of the focl, while others were
40 Ve found fleating in the medium, In unstained monolayers, the
detached cells were seen 1o consist of a spherieal, granular body
embedded in a clear refractile mass of cyltoplasm. In stained
preparations, the large spherical cells proved to be small syncytia
containing 12 to 15 nuclei, within which latter basophilic or
eosinophilic inclusions were present, The irrvegularly-shaped areas
of cytoplasm were also found to be small syncytia but with pyknotic
miclei. Whether those structures had been derived from fibroblasts

or from opithelial ceolls was not always easy o establish but, in
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aole cases, they wore obviously of latiter ovigin (Miguxe 32).
culture medium collected on the second day from the fouxrth paseags
contained 1047 20IDgg 0f vizus per mls, compazed with 209*9 weIvgg
por mle dn the case of celllos, As with the other isolatesy the oybo-
pathogenic agent produced typieal pooks and inelusion bLodies in

ambryonatod afgse

(b) Comparison of the growbth and cytopathogenieity of the virus in

differant types of cellw~oulbure,

The virus was found to be cydopathogenic in all of the
avian ocultures examined but did not grow in any of the mammalian
pelle employed In dhe investigations The different dypes of avian
coll soomed %o vary in eusceptibility to tho virus bub the oytow-

pathelogy was essentially the same in gll.

Wormal cultures of chiockwenbryo liver consisied of lavge
inlonds of epithelial cells separvated from each othey by o notwork
of Pibroblastss The formor spread slowly over the glasw surface
and were numerically predominant during the flirvst two days buty by
the fourth day, a vigorous growbth of fibyeblamts halted further
extonsion (Piguwe 33)s Within 24 hours of the inoculation of virua,
& charvacteripgltic rounding of epithellal cells was observabhle pnd &
forv £ibroblasts wore also involwed. Tn atained prepovations,
noderabe numbars of typioal, eosinopbllic Cowdry Type A

inclusiong wewe to be found in eplthelial cells of normal shape,




Yiguro 33. Hoxmal ohlckeembryo liver cultuva,

ungtaineds x 150.

Tigure 34. Infoeoted chicke~embryo liver oculturg,

stained. x 150,
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(Figure 35)s The cytoplasm of the vounded epithelianl cells wag
intenzely hyperchiromatlc and the nuclel were shrunken and pyknotio
Or, in some cesagy reduged Lo basophilio fragments. Typioal
ingluslon boddes wewe not to Yo sgeen in thome sells bub wvere present

in gwollen fibroblontos

By 48 hours afier ineeulation, little remained of the
epithelial lelands. In gome placam; opithelial colls of novmal
shapey with olassiosl Type A inelusions, weve stlll distinguishaeble
hut were generally embedded in a mass of eosinophilic cellwdebripg
along with small nunbers of round cellse Many of the islends had
largely disappeared and youwnding of flbroblaste war 20w prominent
(Figure 34). Tzamination canrried out bobween the third and pixbth
deys rovealed widespread lnvolvement of fibroblasbte and, rarely,
tracen 0f eplithelicl islands. The general appoearance was Very similar
to thet seon duping the latey sbage of Iinfeotion in whole~owbryo oule
tures when the highly gravular cell-sheet, with maeh esll debrip

gbill adherent to the glassgy oxbibited fow olonr spPucos.

In chick-onbryo kiduney eultures, the oyiopathogenic
affeot wap chavactorizged by the appearange of round, refractile cells
concentrated round the edges oFf the cell-pheot and disteibuted singly
or in small clusters clsevhere (Figure 36), Many of those oells
coprrepponded in gize wlith the large round cells seobn in infeoted

vholawenbryo culiuress Intranuclear inslusgions were to bhe noted in




Figure 35. Intranuclegy inclusions in infeobted bl

enbryo liver cultuves % 1;500.

Fure 36. Cytopathopenin effect in chick-onbayo

kidney culture. x 1,200,



97



98

colls of normal chape but were not observable in the wound cells,

the nwelel of whioh were pyknotics Althousgh enall fool of guch pollp
rogularly sppesred within 24 hours of incenlation, fewey secondary
foel poemed 0 be produced in these monolayers bhan ooccnrred in
whole—amtbryo culiuvrss, the rete of progrespion of the oylopsthogenic

effoct belng nolticeably slovors

gtrain H-4 shoved tho same cytopathogeniciiy in pigeon
kidney culitures as it 4id in chicken kidney culdures but appeaved
0 ppread more quickly in the fovmers In boith types of man@lay@y?
a chavaoterisbie rounding of colls was obpervable within 24 houvrs of
infection. Ag in the ense 0f wholewenmbryo culiures, the round eells
varied onsiderably dn size but a higher proportion were of very
large type. Wany oeocurred pingly dbut, ocoagionally, they wore
present in a clugter rominlisgocent of a bunch of grapes.s Dy the thizd
dayy small civoular plagues with clear contres were diptlnguishable
with the naked-oyes Hioroseoplonl exapdnation at that btime revealed
‘the prosence mf'elumwé +3ig sweiléni_x@frawtila cells surrounding the

olear speeoss DY the ninth agy}IVirtuaily all the ocells of the

wh g

monelayer had begone infeotod mﬁ& wére debached from the glass.

EBranination of ghalned evlturps ghowed that the round
colls getierally contained one or two nuclel, rarely three or fours
There vas not any relationghlp bYotveon the size of & cell and the

nunber of nucled which 1t containeds Thup, some of the largest cells
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contalned only one nucleus whereoas some of the smaller ones
posgesged two. Intraauclear incluslons were someiimes vigible and
oocasionally were clearly demarcated by a wide 'halo' but,; morve
of'ten, closely lmpinged on the nuclear membrane. In most cases,

the nuecleolus was pushed aside against the latter but somebimes was
embedded within the incluslon. Hargination of chromatin, sometimes
cocurring evenly and, al others, irvegularly along %$he nuclear
membrane, was a comnstant feature while small, round, shrunken nuclei
as well as those of clavate and other irregular form, were often to
be seen. HRather granular, eosinophilie, intranuclear inclusions

were found in cells of normal shapes

Ia pigeon kidney cultures, sitrain P~5 produced a cytom
rathogenic effoct simllar to that induced by straln Me4, but,
possibly due to prolonged passage in embryonated eggs, the rate of

spread through the monolayer was noticeably slowsr,

Parallel tibtration of strain M-3 carried out in vhole-
embrye cultures, chick-embryo-liver cultuves and chicken kidney
oultures by means of the method of plague-asgay described in Seotion

Tue yielded the following resultss

Tho le-chi ok Chi ck~enbryo Chicken kidney
embryo cells. liver cells. cells,.
Infectivity .
titre. FoFals/ 10942 10445 102+4

mles Of virug.

Monolayers of Hela cells, strain L cells and primary
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renal culfures derived from the calf and the dog remained morpho-
logically normal effer inoculation and atbempts to extract infective

virus were unsuccessful.

(¢) Comparative studies with I.L.T. and pilgeon-pox viruses,
Both above viruses produced a cybopathogenic effect
which was readily distinguishable from that caused by the columbhine

agent.

In preliminary work with I.L.%Ts virus, a cytopathogenic
effect was observed in whole-chick-embryo cultures lnooculsted 24
hours earlier with a 1 in 50 dilution of macerated chorio-allantoic
membranes which had shown confluent poeks, The characteristioc
feature was the development, within small epithelial islands, of
muliinucleated syncybtia which, in unstained monolayers, were dig-
tinguishable by a highly refraciile cell membrane of uniform ciroular,
or ovoid, contour (Figure 37)s In come cases, the nuclel were seen
t0 be arranged in a ring or horse~shoe pattiern or huddled together,
By the second doy, detached synoytia wé&a manifest floating in the

culture fiunid,.

Intranuclear inclusions were found in stained monolayers
and varied consgiderably in size and in tinclorial reaction. Some
were of olassicnl, cosinophilic Cowdry Type A patterng others were
amphcphilib oy basophillic and ocoupied almoed the whole of the

nucleus without any surrounding halo. The inclusions of individual




Tieure 37s  Syncytis in whole-chick-gmbryo culture

infectod with TaleTe viruse x 150

Meure 38, Syneytin in ohickesnbryo liver culture
infected with TeLaTy virug. = 1,200,
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gynoytia were generally of the same type although wide differences,

ranging from highly eosinophilic Typs A to small, densely basophilioc
gstructures, were sometimes recorded. Hach syncyltium possessed from

12 to 40 nuclel,; depending on the size of the epithelial island,

By the fourth ox £ifth day afler Ilnfeoction, most of the syneytia had
disappearsd, though a few werse sometimes to be found as late as the

elghth day.

Degpite the formation of gyncytia in epithelial cell
iglandsg, a cylopathogenic effect was never to be observed in {ibro-
blasts. Thus, on the sizth day, cultures consigled of dense shecis
of apparently normal fibroblasts. On passage, the same changes
appeared in the epithelial islande but a C.PeBEs in fibroblasts was

never appreciable.

TeLeTe virus harvested on the third day of its fivst
passage in whole-chick-embryo cultures was employed for infection of
monolayers of chick~embryo liver, Multinucleated syneytia appeared
in the epithelial imlands on the day after infection and were of
two main patterns. The Tirst was generally highly vacuolated, hoad
an indistinet bordsr and conbeined up 0 approximately 100 nuclei,
the majority of vwhich contained cosinophilic inclusions (Pigure 38).
The second syncytial type was smaller with about 20 nuclei, oftoen
arranged in a ring, a more hyperchromatic cytoplasm, less vacuolation,

a disgtincet membrane and a rounded or ovoid contour.

o
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On the second day, most pf ‘the synoytia appeared de~
generate, the nuclei being shrunken and pyknotic and inclusions
difficult to see, By the third day, all that remained of the
epithelial islands was a shrunken cosinophilic mass, devoid of all
morphological details The place of the syncytia was occupied by
fibroblasgta and, by the fifth day, the culitures consisted of dense
sheets of normal f£ibroblasts with ocoasional syncytial remnants,

4 cytopatbhogenic effeet was not obmervable in the fibroblasts atb

any timea

Large multinucleated synoytla were formed in chicken
kidney ocultures infected with T.L.T» virus. Thoy appeared within
24-48 bours of inoculation end differed from those observed in
chick~ombryo llver culiturves in that they vere stellate, with numerous
elongated branches which imparied a lace-lilke appearance to affected
parts of the monolayer. By the fourth day, meny large spaces with
ragged edges had formed while, duriné the succeeding two or three

dayd, most of the remeining cells were dosiroycds

In chick~smbryoe kidney oculturee infected with LeleTe
virueg, typical syneyila were agaln produced bub the coytopathogenic
effect differed from that noted in the foregoing culiures in that it
gpread much more slowly. A few stellate syncytia (Pigure 39) were
to be secn on the second day bui, evon by the fifth day, 1little

further advancement had ocourred. A cytopathogenic effect was notb




Flgure 39. Stellate syneytium in chickestibryo kidney culture
infected with TaLeTs virus, x 150.
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obgerved in pigeon-kidney cultures inoculated with I.L.Te virus.

Pigoon-pox virus gave rise to swelling and rounding of
cells in whole-embryo culiures but the oytopathogenic effect was
readily distinguished from that coused by L.N.I. virus by the much
smaller aumber of cells involved at any one time. Infection spread
slowly through the monolayer and gpaces were formed as a result of
cell-daath but, even as late as the eighth day, approximately 50 per
cent of the cells looked normal. The large, swollen cells, so
characteristic of the cytopathogenic effect caused by I.N.T. virus,
were never observed., Infected cells were shrunken and did not
occur in well-defined clusters and neither intranuclear nor cyto=
plasmic inclusions werve detectable in stained monolayecrs. The nuclei

of the vound cells were generally reduced to basophilic fragments.

(3) DISCUSSION.

411 straing of plgeon T.Nel, virus isolated in eggs were
cytopathogenic in tissue~culiture. In each case, the coytopathogenic
agent was capable of produeing leslons in embryonated eggs, even
aftor 11 passages in cell oculture. Conversely, a 20 per cent
sugpension of chorio-allantoio membranes from uninoculated eggs was
non~cytopathogenic for whole—enmbryo tlssus cultures and extracts of
noymal monolayers did not give rise to pocks., Inclusion bodies of
similar appearance were found in infected cultures, infected eggs

end in the organs removed from diseased plgeons. Finally, the cyto-
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pathogenic agent produced typical changes in sheets of pigeon cells,
whereas TeL.Te virus had not any such effeot. Those findings strongly
suggest that the agenlt grown in cell«culture wos derived From that

present in the original plgeon tissues.

All strains of virus isolated in the British Isles
produced the same focal cytopathogenic effect, characterized by
swelling and rounding of cells, Smadel's Pwh glraing however, caused
the formation of multinucleated syucyitia in the eplthelial islands
of whole-ombrye cultures in addition %o elicliing the former change
in individual fibroblasts. That phenomenon, however, must not be
assumed 0 signify Tundamental btaxonomic difference between the
isolates. Both types of effect are typical of the herpesvirus group,
The virugses of bovine melignant catarrh (Plowright ob al. 1960), of
bovine memmillitis (Martin et al, 1966), and of T.L.Ds (Churchill,
1965) ave capable of producing large syncytia {containing 20-100
nuclei) whereas cytomegaloviruses (Smith, 1959) and ocanine herpes
virus (Cornwell et ala., 1966) cause founding of individual celle.
Moreover, a clear-ocut dividing line camnot be drawn between those
members of the group which provoke one effect and those which give
vise to the other. Both types of change may be seen in monolayers
infected with herpes simplex virus (Crandell, 1959), herpes B virus

(Redssig and Melnick, 1955), and pseudorabies viruscs (Tokumaru, 1957 ).

Diffevences in cytopathology may be dependenlt upon factors euch asg

the existence of varlants, the amouat of virus present in the
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iroculum or the passage-hlstory of the vlirus. Thus, a stable variant
of herpes simplex virus,.charactarizaﬂ by its increased ecapacity to
produce syuncytia, was separated from its parent strain by Hoggsn and
Roigman (19%59a) while Tokumaru (1957) described a gradual increase

in capability of the pseundorables virus to produce syncybtia during
the course of serial propagation in monkey-kidney cells., Accoxrdingly,
in the present investigation, the capacity of strain P~5 1o fomm
gyneytia possibly arose as a resvlt of melection of a variant during

prolonged passgage in the ochorio-egliantoic membrane.

The requiremenis of the virus were not rvestricted to one
partionlar type of avian c¢ells. Growth oacurﬁed in fibroblasts and
in difTeront Yypes of epithelial cell derived from the domestic fowl
or ‘the chick-embryo as well as in epithelial cells procured from the
natural hogte The cylopathology of the infectlon was essentially the
game in all those cultures, the differences being quantitative rather
than qualitativose The cells found to be most sensitive o the virus
wore Libroblasts dervived fyom the whole~chick~embryo, Hepatic
epltholial cells from the chick-embryo were almost am susceptible hut
chicken kidney oells were much more resistants Thuse, vhen titrations
were carried out in parallel in the thyee diffevent types of culturo,
the virus suspension employed was found to have a titre of 1092 p, 7, U,
/ mls in whole-embzyo cells, 104%2 P,7,U, / mls in monoleyers of

chick-embryo liver but only 102+4 p,m,U, / ml. in chicken kidney cells.
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The oytopathogeniciity of T.L.T. virus contrasted markedly
with that of the columbine agent., With the exceptlon of strain F-5,
the latter never produced the large synoytis so characieristic of
ToeleTe infection. Conversely, T.L.T. virus was non-pathogenic for
fibroblasts, Those differences were most marked in culitures of chick-
embrye liver which contained large nmumbers of both spithelial cells
and fibroblasts. The pigeon virus produced an early vounding of
epithelial celly and fibroblasts and caused extensive damage to both
collular components within two dayse Infection with J.LeT. vivus,
on the other hand, rapidly resulted in the formation of massive
epithelial syncytia which quickly degenerated but the fibroblasts
remained wnormal and continued to grow until they occupied the spaces
left by detached syncytis, The ability of I.L.T. virug o produce
gyneytia in chick-embryo kidney and in chicken kidney cultures has
already been reported by Wabtrach and Hanson (1963) and by Churchill
(1965), respectively., The specificity of I.L.T. virus in its
requirement for eplthelial cells may, possibly, be correlated with its
inability to infeet the memoderm of the chorio~allantoic membrane.
Churchlll (1965) commented on the wnsuitability of fibrobhlasts for
the growth of IT.L.Ts virus but the present investigation showed thatb
whole~embrye culiures may be employed for the propagation of the virus

provided that they contaln moderate numbers of epithelial islands.

- The cytopathogenic offect of the pigeon L.Noi. virus was

found to be very similar to that produced by the cytomegaloviruses.
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Thus, Smith (1956), employing cultures of human fibroblasts for the
propagation of the salivary-gland virus of man, descrxribed the
development of small, circular focl in vhich the cells were ene
larged, rounded or oveoid and move vefractile than normal. The foel
glowly increased in size and number, enlargement of a focus being
followed by degeneralion at the centre. The degenerating cells
became grznular and disinlegrated, leaving masses of dense refractile
granules, Similar vesulis abltonded the investigations of Smith (19%4),
Hartley et al. (1957), Black et sl. (1963) and Hartley and Done (1963)
into cultivation of salivarywglend viruses fvom the mouse, the
guinea~pig, the African green monkey and the sheep, respectively.
However, although tho pigeon I M.I. virus resembles the oytomegalo-
virvuses in its oytopathogenieity for fibroblasts, it differs from
them in its ability bto multiply in epithelial cells. Yack of cyto-
pathogenicity foxr cells of the latber type is a recognized feature

of salivery-glond virvuses (Plummer, 1967), though inclusions have
boen noted by Rowe et al. (1956) and Weller et al. (1957) in

apithelial cells lying adjacent to infecled flbroblasts.

The cytopathogeniclty of the pigeon I.H.I, virus also
bears some resemblance to that of varicella viruse The latter
produces foci of swollen, rounded, refractile cells in eplithelial
as well as in fibroblastic culitures, though syncytia may also develop,
particularly in monolayers of epithelial cells (Weller, 1964). The

wlcro~epldemiology of varicella infection, however, differs from
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that found in cultures infected wlith the columbine agent in that
infective wlrus particles are released from the ¢ell anly in the
most minute quantities (Wellew, 1964). In the present investigation,
the virus wasg Found o be relsased Into the culiture medium in
mnodervately large wmounts. Thus, o titre of 10499 TCIDRo / nil. was
found in the fluid harvested from culitures infected with the third

pagsage of strain Hed.

In conclusiony the columbine agent may be said to behave
in cell-culiure in a manner coneisbent with the idea that it is a

o

herpes virus but not in such a way as to suggest that it has a

special relatlonship with any single member of +the herpesvirus group.

(4) SUMMARY ARD CONCLUSIONS.

ALY gbraing of pigeon I.T.le. virus isolated in the British
Inles produced the same focal cytopathogenic ¢ffect in a variety of
avian cultures., Whole=chick~embryo culitures, conslasting largely of
fibroblastsy, appeared to Ve much more suscepbible than monolayers of
renal epithelium but wewre only slightly more sensitive than cultures
of'hapatic epithelial cells. OSmadel's Pw=H sgtrain produced small
syneytia in the epithelial component of whole~ambryo cultures and
caused rounding of individual fibroblasits, a pattern of behaviour
oxhibited nlso by varicella virus. Unlike the latter, however, all
sirains of the colunbine agent were released into the culture fluide

in infective forms The virus of I¢l.Ts was readily distingulshable
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gince 1t formed large syncytia in epithelial cells but failed to
grow in fibroblasts. Piligeon-pox virus was recoguizable by reason of
its lower cytopathogenicity and by the absence of intranuclear

inclusionse
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SHCTION Tu0s THE PLAQUE A3SAY.

(1) INTRODUCTION.

Since the c¢ytopathogenic effect was found to he of foeal
distribution after monolayers had been infeoected with high dilutlons
of pigeon I.N«l. virus and mailntained under liquid medias, plaques
produced under an agger overlay seemed to afford a convenient method

for the assay of the infectivity of virus guspensions.

The first plaque assay in animal virology was introduced
by Dulbecco (1952) and the method has sinco been applied to the
study of a wide range of mammalian and avian virusmess The general
aspects of the technique and the various factors essential to its
use have boen reviewed in detail by Cooper (1961la) and need not here

be discuasad,

The advantage of the plagque assay over the end-point
dilution method is largely one of sconomy. At the 50 per cent ond-
point, an average of two culdures are required to detect one in-
foctive particle. Half the cultures de not receive any but, purely
as a result of chance, some of the others recelve more than ohe
infective unit, Irom the Poimsonian distribution of particles, it
hag been calculated that the infected monolayers acquirey on averagoy
1438 particles eachs Thus, taking non-infected as well as infectaed

cultures into conpideration, the average number of particles which
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each one poceives is 0.69. One hundred cultures, therefore, are
necessary for the detection of 69 infegtious unite of vieus, if cach
is inoculated with an aversge of 1 TCID50. Sinee 69 plaques arve
agcurately countable in one overlay culture, the latter may be
regarded as statistically equivalent to 100 {tube culfures, incculated
with limiting dilutions and mainteined undex liquid medias By those
argumentes, Dulbeecco and Vogt (19%4) caloulated that one monkey kidney
wonld yield 15-30 Petwrl dish culturves, statistically equivalent o
1420024400 roller tubes, Thus, to abtiein similar cxacgtitude, the

plague method is nuch more economical in both cells and labours

The formation of plaques under an overlay of solid medium
ig also of importance in etudies on viral genoticsy since a clone of
vizus is thereby obiainable from a single plague. loreover, singe
plagues of particular gppearance may be assooiated with certain other
genetic markers, plague morphelogy has been used as a criterion in
the characterization and differentiation of a number of virusee.
Thus, Dohl et ele (1960) showed that five serologiocally-distinot
porcine enteroviruses caused the fermation of four different types

of plagues in monolayers of pig-kidney cells.

Because of the above advantages, investigations were
carried out in oxder to establish a satisfactory system of plague—

aspay for the pigeon T.N.I. virus.
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(2) MATERIALS AND METHODS.

(a) Potri dishee,

(b) Cell systams,

{¢) Infection of culbures.

(4) Agar overlay.

(e) tMethyloellulose overlay.
(£) Debection of plagues.

(g) Heasurement of plaque sizc.

(a) Petri dishes, 50 mms glass-plates {(Anumbra) and 50 mm. plastic

dishes (Faloon, Sterilin and Bsco, Grade AA) were employod.

(b) Coll systems. Whole-chick-~embryo oultures were prepared from
10-day embryonated eggs as has heen described In the previous ssction.
Beven million cells, suspended in % nl, of growth medium, were
pipetted into sach Petri dish., Monolayers were complote within 24
hours and wore used without further delay. MNonolayers of chicke
embryo liver and chick-embryo kidney, prepared as recorpded in the

preceding sectlion, wvere also employoed.

(¢) Infection of cultures. After vemoval of the growth mediuwm, the
‘cells were washed once with P.BeSe prior to inoculation. Virus
dilutions were made up in Hank's B.5.8: The volume of inoculum added
to each plate was 0.5 ml. To promoio attachument of viwvus, plates
vere incubated ald 3700. foxr four hours in an atmosphere of Tlve pep

cont carbon dioxide,

(4) Agar overlay. Tollowing adsorption of virus, the inoculum was
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vemovad and the oells washed once with PeBeBS. The overlay was
prepared by mixing 1.8 por ceut agar (Difco-Bacto) in delonised water
wvith an equal velume of double-gbrongth Rarle's B.8.8. containing
0,25 per cent lactalbumin hydrolysate and Live per cont inactivated

calf sorums The volumaé of overlay added to cach plate was 4 ml.

{s) Methylecellulose overlay. The method used for the preparation of
the overlay was that deseribed by Rapp gg.gi.(IQSQ), shough the
methyleelluloge was not washed with aleohol prior to use. One grgm
of the compound was suspended in 40 ml. of holiling watery autoclaved
and goolad to 40°C. An equal volume of double-strength Bagle's
medium, containing the usnal antiblotics, snd 20 nl. of horse serum
wore then added. The rosultanit suspenslon wes employed in precisely

the seme wey as the agar overlay.

(£) Detection of plaques. Plates were incubated at 37°C. in an
atmosphere of five psr cent carbon dioxide in alr for four days.
Initially, 1 mle of ovexlay, conbrining a 1 in 20,000 dilutlon of
neutral red, was added Yo each plate on the third day. Although

that procedure generally proved satisfactory, toxic affec%s sometings
ocourred and results were thus nullifieds The method was, therofore,
absndoned and r@placad by a conventional techuique of fixation and
stalning, as fellows: 3 ml. of mercuric~formol weve added o each
plate on the fourth day., After 5-24 hours, the fixative was docanted

and the agar separated from tho sides of the dish by means of a fine

.
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needle, following which the overlay was vemovable in one plece
without demage to the cellesheel. The monolayere wore then washed

in mothyl alcohol and stained by Lelshman's method.

(g) UNeasuvement of plague size, A plastic block, with aperbture just
wide enough do allow inserxtion of a Petri dish, was secured to the
matal plate located lumediately behind the lens casing of a Kershaw
"Daylight! strip projector, the slide-holder first being removeds

In that way, stained monclayere were projected onto a screen which
congisted of sevewral large pleces of graph paper, which were divided
into square inchesy esch sub-divided into small squaves 1/10 inss in
lengthe A Pelri dish with a 1 come, square mazked cul of the cell-
sheel was then inserted into the projoctor and the position of the
latter adjusted until the image of the 1 c¢m. line on the dish
occupied olght inches on the screen. The diameters of the plaques,
one at right angles to the other, were then recorded in terms of the
number of small ‘squares covered, The real dimonsions of the plaque
were ‘bthon caloulated, on the basls of eight small sguares on the
sereen being ocquivalent to 1 mm. Miscaloulatlon of one small square
introduced an error of only 04125 mme in the final calculation of

the plaque diemotoxr.
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(3) EXPERIMENTAL PROCEDURES AND RESULTS.

TXPERIMENT ONE: Production of Plaques under Agar,

The aim of this experiment wos to detemine whethor
plagues were producible under an agar overlay sad, if mo, to study

thelr morphelogy, slze and rate of development.

Foy the above purposes, whole-embryo oultures were
inoculated with ten-fold dilutions of strains of tigsue-culture-
adapted plgeon T.NeIs virus, Nog. H~1l, HS-2, Me~3, -4 and P-5, while
monolayexrs of chick-~embryc liver and chickecombryo kiduney cells wore
infected with dilutions of pirain M~3, Overlays of agar were added

and the plates incubated as already described.

Macroscopic plagues generally sppeared in whole~cmbryo
cultures on the third day but were rarvely appreciacble on the second
day. The larger ones were distinguishable without the aid of neutral
red or other staln and appeaved as greyish, opaque, circular foel

vhen viewed with oblique illumination agailnst a dark back-ground.

The plagues worxe clvoular oy slightly ovoid in ghape and,
prior to the Fifth day, were always sharply demarcated by a narroy
band of round oy swollen cells which stained very deeply with both
neutral ved and Leishman's stain (Figure 40). In some instances,

the intexioy was entirely clear mo that the plagues had a “punchod—

out" appearance but, usually, cell debrig renailned and was dlgtributed




Figure 40, Plaque~formatlon under agame X 244,

Figure 4. Pleques of “target-board” appearances X 19,
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in a vavriety of wayss, Thus, in the smaller plaqﬁem, the debrig,
comprised of cells at various stoges of dissgolution and stalned pale
lilac with Lolshman's gtain, ocoupled the whole of the area within

a deeply~coloursd peripheral ring. In larger plagues, the centre

was often oléar but the largest ones occasionally resembled a target.
board, with a central core of debris surrounded by a elear gzone

which was encircled by another band of debris that was enclosed by

a hyperchromatic border (Figure 41).

Plaques produced under agar in cultures of chilck-embryo
liver and chick-embryo kidney conformed in size and morphology with
those observed in monolayers of whole-embryo cellg thdugh, owing 1o
the strong affinity of the hepatlc epithelial cells for lLeishman's
gtain, the hyperchromatic border was less congpicuous in the liver
cultures. A small number of plagues had clear centres with cone-
sequent "punched-outh appearance bult the great majority conbained
debrisg yhich was loosely seattored in the central area but more

compactly dlsposed immediately inside the hyperchromatic rim.

The principal disedvaniage of cultures of embryonic liver
over thoge of the wholg-embryo was that a much gmalley number of
cultures was obtained from the seme quantity of eggs. A second
major drawback was that two types of cell were always present, the
proportion of epitheliagl colls sometimes varying conslderably among

different babtchoes of cultures. The islands of fibroblaste otained
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very woakly and, although easlily differentisble from the larger
plagues, were sometimes to be confused with the smaller ones unless
a colony miorosecope was useds Since culitures of chick-embryo kidney
were not producible in bulk and, as reported in Seobion One, secemed
less susceptible than monolayews of whole-embryo cells, the decision
wag made to standardige the latter type of culiture for all subsequent

O TR,

When it became clear that all the straing of virus
employed in the investigation gave rise to plagues, a further 30
plates of whole-~embrye culibtures were each inoounlated with approximately
50 PeTWaUe of pbrain M3 and overlaid with aggr in order to study the
rate of growth of the plaguess The plates were examined on the
third, fourth and fifth deys of incubation, ten heing deelt with
por daye. 'The number of plagues observed was recorded and their size
on the third and fourith days thon measured, for which purpose one

plate was stained on each occasione

The plaque-counts on successive days are shown in Tsble 2.
The number of plagues counted on the fourth day was about 50 per
cent bigher than that recorded on the preceding deyy is.0., on tho
third day, seboubt one~third of the plagues were 0f microscopie size
but, by the following day, they had enlarged sufficiently %o be seen
’ with the naked eye« On the fifth dsy, however, a diffuso non-

specific degeneration, a phenomenon occasionally encountered in

—
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TABLE 2
PLAQUE QOUNT PER DAY

Strain M-3, twelfth passage in cellecultbure

Nombex o y | Coofficw
Doy of Plague counta | Mean | Varisnoce Egigﬁiiﬁn ient of
plates ‘ variation
3 10 26, 28, 43, 29.9 | 26,59 HelhH L7 235%
24, 30, 29,
25y 30, 30,
36
4 10 3y 61y 42, 45.4 | £€8.58 9.25 20,385
59y 47, 48,
35! 37& 4ﬁﬁ
41
5 10 A0y 33, 36y | 5349 - - -
FL%, 20, Be¥,
30*9 30*s 36%9
39

# plates shoved a considorable loss in staining affinity.
HaBe Among the 20 plates examined on the third and fourth days,
in only five de the iadividual counts differ from the mean
by move than the standerd devietion and none excecds or
falls shoxrt of ﬁh§ nean by a value greater than twice the
stondard deviation po that both means are stetistically
aceeptables Vhen the "t% test io applied, the differenco

hetweon the two means is found %o be highly significent

(5]

(ﬂ%“ = 4‘639 P 0001)0




122

cultures maintained under agar for more than four or five days and
resgulting in losg of contrast between the plagues and the lightly-
gtaining degenerate monolayer, prevenied the making of an goouraste

count,

The gizes reached by the plagues on the third and fourth
days are shown in Table 3« The largest plague observable on tho
third day was 1.25 nme in dismeber, the smallest 0.5 wme and the
overall average diamelter 0,84 mm. On the fourth day, approximately
38 per cent of the plaques were larger than the maximum recorded on
the previous day, the largest reaching 2 mm, in diametor, or fouwm
times the width of the smallests The mean overall diameter was

1e11l mm,

In gize and rate of growih, the plaques described closely
resemble those produced by herpes simplex virus. Thus, Keplan (1957)
Pound that the plagues Fformed by the labter virus in rabblt kidney
cultures appeared on the second day but did not reach mazinal size
or number wntil the fourth or sixth day. By the fourth day, most
of the herpes plagueos had attained a diameter of 1~2 mm. but, unlike
the plagques produced by poliovirus, did not continue to inersase in
slize thereafter. NWot all herpesviruses, however, hehave in that
menmer. Thus, Keplan and Vatter (19%9) reported that pseudorabics
virue formed much larger plagues, 5-10 mm., in rabblt kidney cells

by the third day.

_»




TADIR 3
PLAQUH SIZI PER DAY

Straln M3, btwelfth papsage in coll-culture
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Plaque diameter Runber of plagques
in mme » Day 3 Day 4
0.500 5 3
0.625 2 4
04750 3 5
0,878 2 5
1,000 4 3
1225 3 2
1.250 3 3
1375 0 6
14500 0 3
1625 0 2
1.75%0 0 s
1.875 0 1
2000 } 0 1
Total | | 20 40

Hean plaque diemeter in nme 0.84 1.11

-
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The largest number of plaques allowable for assay purposes
in e single Petri dish has been calculated by Dulbecco and Vogt
(1954) fyom the average plaque size and the area of the eulituro-
veswel. The maximum number of non-overlapping civcles (N) whiech can
be accommodated on the surface of a disc of area A is given by the
aquations

A
0.86642

=

whero d is the root mean square of the diameter of the civelem. If
that formula is applied to the results of the present investigation
vhere d = 1,16 mmn. and the diaﬁet@r of the Petri plate is 50 mm.,

N is equivalent to 1685. As the amount of virus (V) added to a
plate is increased, the proportion of plaques formed from two ox
more infected cells in the same vicinity also rises, so that tho
higher the value of V, the greater wlll be the difference betwsen
the number of plaques initiasted and the number of observeble plagues

(P)e The quantity P is given by the equations

v
Pei(l~a K (1)

where ¢ is the base of natural logarithms and ¥ and V are as previously

defined,
Prom equation (i), Peolw- g(v)
o (41)

I d = 1el6, then N = 1685, as previously caleunlated. If 300 plague-

forming units (PeTFeUe) of virus are used te infeet a 50 mm. plate,

—
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then P = 1685 ~£§§§-

i

300

2.71828(E68J

1685

2471828 (0+178)

= 1685 - %g%%5

= 1685 = 1410

4

275

Thus, 300 P.PelUs of virus would give a count of 275 plagues, the
error due to overlapping being 3%% or 8433 per cent. Similarly, if
200 P,Pels were employed, the number of plagues observed would be
189, an ervor of five per cent, and if 100 P,F.U, were utilised, the
eount would be 97, and the ervor three per cents From those flgures,
it may be concluded that, if the vesulis of an assay are read on the
fourth day, bthe time at which the mean plaque diameter ia around

ledl mmey, and if the error due to overlapping is to be kept to five

por centy the maximal plaque count in a 50 mm. plate should not

execeed approximately 200.
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EXPRRIMENT Tu0: Abtempled Igolabion of Virus from Plaques and from

ALuTe

Certain eriteria, reviewed by Cooper (1961), arec essential

t0 the establishment of a gtatlistlcally-valid assay-systems-—

(1)
(2)

(3)

(4)

(5)

(6)

Monolayers should remein normal in the abasonce of virus.

The virus must be isolable from a plaque in far higher
congentration than from disgtant arcas.

A4 linear relationship must exis®d bebween the plague count
and the amouvnt of virus used %o infect the culture.

Plaques should be allocated among cultures of one bateh
accoyding to the Polsson dlsitribution, and the coefficient

. of variation of duplicate assays should approximate to the

theoretical velue expected from the total number of plaques
counted,

Plague formation should be inhibited by low concentrations

of specific antiserum bul not by normal serwn

Repeated assays of a virus stock should give the same titre
with cultures of different bateches.

The aim of the present and of succeseding experiments was to demon

abrate that, when the pigeon T.N.I. virus is titrated by means of a

plaque--agsay, the above oriteria are fulfilled.

Farly sxperinments indicated that plagues were not produced

in the absence of virus. In order to confirm the converse, attempts

wore made in the present experiment o isolate infective virus Ffronm

a number of plagues of varying size. By means of a Pasteur pipetie,
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& oylinder, takenr from the agar above a plaque amccording to the method
described by Dulbecco and Vogh (1954), was expressed into 2 ml, of
Hank's BeSeSe and the pipelie washed with the same solution. The
fluild wag frozen to ~4d)ceg thawed out and inoculated into a tubew
culture which was kept under observation For the appearance of the
specific cytopathogenic effect. Provided that the plagues examined
vers larger than approximaitely 1 mme in diameter, most attompts at
the recovery of virus from them wers successful, bub diffioculty wae
pften oxperienced in the isolation of virus from the smaller plaques,
pregumably because of the lessger amount of virus present therein
togather with the problem of aligning the pipette correctly over

such a small area.

In oxder to determine whether or not the virus was
capable of diffusing through the agar, cylinders wewre removed there-
from at distances of two, four and six mm, from the nearest plaque
and examined for the presence of virus, .A emall portion of agar was
aloo removed from the‘surface of the overlay (depth = 4 mm.)
immediately above a plaque and tested in the same manner, In all
those instances, hovever, recovery of virus was unsuccessful., It
may be concluded, therefore, that the present experiment not only
gerved to prove that plaques were produced by the virus but aluo,
by showing that the virus was unable to diffuse through the agar,

demongtrated the effectiveness of the latter in preventing the

appearance of secondary plaguess
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BXPERIMENT THREE: Linesrity of the RBelationship between Plaque~

Count and Virug Concentrabions

The demonetration of a llnear relationship between the
amount of virus employed and the number of plagues produced ig
ossentlsl for the esbablichment of a plague~azsay since 1t offers
experimental support for the hypothesis thalt one particle is sufficient
for the infection of & oell and therefore provides a velid method for
the computation of infectivity. Thus, Dulbecco and Vogt (1954)
showed that the number of plagues Lormed by poliovirus in monkey-
kidney cells was dirvectly proportional to the quantity of virus in
the inoculum gnd that the same relationship would not obiein if more

than one particle was necessary for the creation of a plague.

The object of the present experiment was to deobtermine
whethery or not, the number of plagues produced by the pigeon T.N.l.
virus was proportionszl to the virum concentrabtion employed. Initially,
plates of whole-sbryo cells were infected with ten~-fold dilutlong
of gbtrain H-1l (sixith passage ir cell culture). Thereafter, two-fold
dilubiong, ranging fron approximately 100 PeleUs %0 1 PeFaley were
employed. Similar experiments were conducled with strain Me3

(eleventh passage in cell culture).

The resulits of the first titration, in which ten~fold
dilutions of sgtrain H-l were used, are shown in Pable 4. As far as

the range of dilutions allowsy; the flgures indicate that the dosee
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TABIE 4
TITRAYEON OF STRALN el BY MEANS OF 9Bl-ROLD DILUIIONS

A Nvm’éer Number | " Caafficm
aivatson | o | of |uean |Vavtanco | 5000008 |sent of
' platcs | plogues voriation
w,
10 4 ALY Qomw | —_ —_— —_
fluend;
" .
10 4 iﬂmountﬂ- — — — —
v ablo
1077 ¢ Jlot, 20010 | 109 13075 | 20.65%
Wil g :)
10™ 4 o T 12,305 | 766 2477 27T
12

TABLE §
PITRATION OF STRAIN H~l BY MBANS OF TUO AND FPOURIOLD DILUTIONS

Relative Humbey | Numbow Stondard Coefficw
TLERE COLw of of Heon | Vavianco devintion iont of
contration pl&'tea plagues . variation
B 2 144y 125 | 1345 - — -
dar , 3 65p 60; 62 7&9 3065 4037%
61
' 2T 50,
55 .
iz 5 10, 14, 4.8 915 el 30&8}’1’;
15, 11y
8
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responge relatbtlouship is lineaye The resulte of titretions

employing two~fold dilutions of virug are vecorded in Tables 5 and 6.
The lineardity of the relationghip iz illustrated in Pigure 42 which
has been congibructed from the data sunplied in the latber two tables.
Pable 7 shows the numbers of plaques prodvced by two~fold dilutions
of gtrain Me3. Again, the doge-response relationghip is approximately
linear over the range of infectivity employed. The mean plagque -~
countes reporded in Tables 5«7 arve gtabistically-valid since
approximately 70 per cent of the individual counts differ from them
by less than the standard deviabion and only three (2.6 per cont)

doviate by move than twioce tho latter value.

Thus, in fouy titrationg, a linear relationship beiween
plagque~count and virue input was oblalned. That finding, confirzmed
by subsequent experience 1in assays based on two or more dilubiong,
demongtrates the validlty of the system for the meagurement of

infectivitys.
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TABLE 6
TITRATION OF STRAIN Hel BY MEANS OF TUHOSFOLD DILUTIONS

ks

Relative
ViTUS COnw
centration

Number
of
platos

Nunher
of
plagues

Hean

Variance

Btandard
devistion

Coeffitm

ient of
variation

16%

9

675,
594
48,
66,
41

A8y
51¢
48,
5Ly

50.56

79«32

- s

8496

1746455

%

12

24y
28,
&y
18,
29,
PRy

25,
26,
50y
20,
2%,
19

23.66

16.24

4403

17 0%

135, 12y

1y Yy

16, 15,

19, 1,

Gy 6y Ty
i1, 8

11.3

13439

560

2%

Be 24 Ts
5 Dy By
5y 34 6
Ty 16, &

6433

13,18

563

57 o 2655

iz

Ly dx Ly
4, 1y 2y
29 Oy 2
2y 49 )

220

1.82

1235

67 o 455
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LINEARITY of DOSE-~RESPONSE RELATIONSHIP

130
120

-b
- - d
- - -

MEAN PLAQUE-—COUNT
: D =

2 3 4 5 6 7 89 10N 12 13121 1
RELATIVE VIRUS CONCENTRATION




TABLE f

PLTRADION OF STRAIN -3 DY MEAHS OF TY0=-FOLD DILUTIONS

Bleventh passage in cell=ouliure

Relative
VIiTUR QOnw
centration

anhox

of
platen

Humbex
of
plagues

Moan

VYariance

Standawd
deviation

Joef?igw
iont of
varistion

16%

7

&1y
444
56

58, 57,
44y 38,

4643

T30

8454

184455

S

10

21,
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26,
26,
3y

23y
17
25y

2443

19444

B3
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13,
16, 9,

14y
14y
12,
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2L ¢ 575%
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B¢ 0o

7.0

6edR
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1495
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o
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BXPERIMENT FOURs The Polseon Digtribution of Plagues.

The experinent undey roport was intended to reveal the
degroo o which the allocation of plagues botween Petri dishes
conformed with that expeoted from the Poigson distribuition. The
work comprised m study of the relationghip between the actual and
the theoreticel distribution of plaques when (a) a large number of
plates was inoculated with limiting ailutions of virus and (b) when
the quantity of cultures employed was restricted to the smount mogt
likely to be umed routinely in the laboratory, il.es botwcen four and
12 per virug dilution. Thus, it was hoped that the favourable
gtatisticnl conditlons provided in the former pazrt of the investigation
would demensirate the frequency-distribution of plaques to be of the
Poiggon form, while the latter porbtion would show that, when the
results of a significant number of titrations are analysed, most of
the coelfficients of wvariation found to obtain broadly correspond

with thoge expected from theonye.

In order to obiain a curve of the frequency-distribution of
plaguesy 50 plates were inoculated with a limiting ailution of gtrain
Hwl, the mean concentration of virus being approximately 5 PoeFslUe por
plates The results are shown in Table 8 and may he analysed in the
following manner. If 100 plates are inoculated with an average of
m PeFeUe 0f virus, the number of plates (Pr) expected %o bear x

plagues leg given by the Polgmon diptribution as followss-

.




TABLE 8

PREQUENCY-DISIRIBULLON OF PLAGUES PER PLATE

Wumbor off plates with 9 plaques
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e mF e
Pr = < X 100 or Pr = X 100
x e xd

subgtituting the figures recorded in Table 8, where the moan plaque
count in %0 plates is 4.94; the nunber of plates expecbed to have

four plagues would he s~

4 4
4494 | 4w o
2,718284*94) % 41 X 100 57 X 100 17754

The number of plates expected 1o have Oy 1, 2, 3y ebcs plagues may
be gimilarly caleulated and, in that way, a histogram (Figure 43)

obtained., VWhen the aetual digtribution of plaques is compared with
the theoretical allocation,it is found that the former approximates
to the latter, il.e+y the allocation of plagues between Petri plates

followus the Polsson equation.

The coefficlent of vapiation ig glven by the exprossion
Jg;x 100 ywhere V ig the variance and m the mean. As Isaacs (1957)
hag shown, when distvibution of individuals follows the Poisson form,
the variance is equivalent to the mean. The expected coefficient of
varietion in a Polgeon distribution, therefore, ie given hy the

expression Jg-x 100, Thug, from any mean, it is poseible 40 caleulate

the coefficient of variation bto be expected if the allocation of

plagues was Polsgoniane. In bthat way, & graph relating the theoretical

coofflgiant to the mgan plaque count may be drawn.

In the smecond part of the experimenty the actual coeofficlents
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THEORETICAL DISTRIBUTION OF PLAQUES IN 50 PLATES

MEAN PLAQUE COUNT 4.94

NUMBER OF PLATES 4

NUMBER OF PLAQUES 10 11 12
ACTUAL DISTRIBUTION OF PLAQUES IN 50 PLATES
MEAN PLAQUE COUNT  4.94
I

NUMBER OF PLATES 4

NUMBER OF PLAQUES 10 11 12
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of variation wers caloulated from the individual plague~counts
produced by 43 different dilutions of virus (the average numbor of
plates used for each one heing 8.5) and plotted on a graph (Figure 44)
congtructed from the theoretleal values as demcribed aboves
Approximgtely 19 per cent of the resulis shown in that figure fall

on the curve drawn from the theoretical coefficients, while 23 per
cent fall short by a factor of less than 0.2% and another 14 per

cent exceed by a factor of less than 1,25. VWhen platos were infected
with move than about 40 P.F.Us of virus, the actusl coelficient of
variation tonded to surpass the theoretical vhercas, with smaller
amounts of virus, it was generally lower., In view of the small
number of Petri dishes sometimes employed, the degree of correspon-
dence is satisgfactory. Haed the number of cultures supporting each
mean been greatery the actual coefficiente are likely to have
approached the theovetical more closely. Thus, as has been shown,
when 50 plates were infected (Table 8), the mean and the variance
were almost identiecal (4.94 and 4496 respeotively), the coefficient
of variation thus corresponding to the theoretical value expected

fyrom the Polsgon dlstrlbution.
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EXPERIMENT PIVEs TInhibition of Plaque~formation by Specific Antiserun.

As a further test of the specificity of the plagues,
attemple wvere made to detevmine whebher, or not, thelr formgtion
could he prevented by inoubabion of the virus with homologous antbi-

serun prior bto inoculation of the cultures.

Antiserum wag produced in a rabbit by the following
proceedure. Aftexr 20 ml. of blood had heen ocollected o serve as a
control in subsequent neutralization tests, the animal wes inooulated
intravencously with 1 ml. of a suspension of the M~3 strain of virus,
prepavred as follows, Virus was veleased from the cells by treatment
in an Y.8.1. ultragonic disintegrator and was found o have an ine
Feobivity titre of 2 x 107 PoF.U. per ml. After clavification by
centrifugation, the suspension was digtributed into ampoules which
were sltored at ~4Q°C. Intravenous inoculation of 1L ml, was repeated
at approximalely weekly intervals for six weeks. Ten days after the

final injection, 20 nml. of blood were removed and the serum separated.

To determine whebther, or noit, anii-cell antibody wae
present in the serum, plate~cultures of whole-chick~embryo cells were
inoculated with pre~inoculation serum and others with post-inooulation
seyum, the volume in both cases helng 0.3 ml, por plate. After three
hours incubation at 3730-, the serum was removed and the cells
washeod slx times with P«BoBs The cultures were then challenged with

ten—fold dilutions of the ¥-3 mirain of virus and, after the lapse

L
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of four howrs 1o permit attachment of virus, preparations were
covered with agar overlay in the manner slveady describeds The
plagques were counted after four days of incubation and the numbors

compared. The results were asg folloyns

Pre~inoculatlion serum. Pomgt~inoculation serum.

Virus Number of Plaque Wumber of Plaque
dilution. plateon. oounbs. platos, counta.

1073 5 255 G0y 64, 3 40, 41, 51.

56, 68,

104 5 Ty 63 Ty Ty 2o 4 3y 5y 9y 4o
Titre caloulated
£rom hoth 1.1 x 105 PuF.Us/mls 846 x 104 P.P,U./ml.
dilutiong. ‘

In view of the possibility thal small traces of antiviral antibody
remained degplite washing of the cells, the difference in titre is
gmalle It may be concluded, therefore, that the serum dld not have
any significantly deleterious effect on the capacity of cellg to
adsorb virug or to ?rﬂduce a new generation of fully-lafeetive

parbticles.

Neutraligation tests were then carried oul with the i3

gtrain of viruss Tho mera were inactivated at 5608« for 30 minutes

prior to uge. Ton~fold dilutions of virug strain M«3 were mixed
wlth egqual volunes of @ 1 in 10 dilution of poglb-~inoculation serum
aocording o the "conslant gerum — varigble virus” methods. Tho same

procedure wag followed with ‘the pre-~immunigation serums. Tho
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songtdtuents of the mixtvres were allowed o react for one hour at
room temperature (23°C,) followed by 18 hours at 4°C. Each mixture
was then inooulated into a number of plate~cultures of wholemchicke
embryo cellsy 0.5 ml. per plate. Detalls of attachment time, agar
overlay, olc.y wore as already desoribed but the ocells were washed

twice with P.BeS» afbter renmoval of the inoculwin. Results were as

followas
Virus and pre~inoculation Virus and post-inoculation
SETUM. SerUn,
Virus Number of Plagque Number of Plague
dilution, plates. counta, pliates, counta,.
10} 3 A1l confluonts 2 A0, 27,
107 4 ALl NaPuCe 4 2, 2, 2, 2o
10™3 3 24, 3,y 29 5 0, Oy 0, O, O
10™4 4 4y 6y 45 4a 4 0y 0y O, Ou

PTitre Lrom
two dilutions 308 x 104 2¢45 x 102
P#FuUQ/Q&B mlm

Titwe in logro
PeFaUa/0s5 ml, 4457 2438,

The neuwtralization index, the difference bebtween the two titres, was
therafore 2,19 in respeet of the L in 10 dllution of pogl-inoculation

SO U

The above findings showed that antiserum bo the pigeon
TeNeIse virusy, free of demonstrable antl-cell antlbody, was producible

in the rabbit. The resulta also satliafied the £fifth of the six




143

criteria mentioned previously inasmuch as plaques did wot eppear when
the virus was incubated with homologous antiserum prior to inoculation
but did develop when the virus was mixed with serum taken from the

animal before immunizabion,




EXPERIMENT SIX5 Reproducibility of Reeults.

When sxperiments ave being conducted which necessitate
the titration of a virus puspension at intervals of a wesck or more,
and hence invelve the us@.of oultures derived from difforent inw
dividuals or groups of individualg, it 1s olearly neceesary to kvow
that such monolayers are uniform in susceptibility. The aim of the
progent experiment was, therelfoxe, to cowparse tho resulis ohialned
when sitocks of pigeon T.Neloe virus were titrated in cultures of

different batcheass

Replicate titeations of gtraing Hel and M-3 were carried
out in cultures of different lota and, for comparative purposes, in
ones of the same batchs Tn all gases, dilutions of sgtock virus
ware made up afresh for gach titrations The infeclivity titres
obtalned are recorded in Table 9, from which it may be scen thatb,
if any variatlon exisled in the sugoeptibility of culturas of
diffevent groups, the corrogponding divergence in titre is unlikely

10 excoed bthat avising from errors of dilubion.




TABLE 9

REPLICATR TITRATIONS
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(1) Diteation of virus in culdures of different babches

Vizun strain

Mire from firet

P.FoU, per ml.

aeeay

Titwe from seoond assey

PoIoUs por nle

iy

Bed 1,28 x 1&5 1,36 305
o3 .8? % m" 1461 2 m’
Tiw 1,72 & 1@5 | 1.84 % mo’

(2)

e

Pitration of viras in oulduwes of tho como hoboh

Tirus strain

1?:2. rot mms-w
P F.H. P m:i..

gemand fo¥trlai
P.E‘.U. pw ml.

Third ansoy
PolfalUs pow mis

.

2.68 10°

6443:10"

" 5
2405 = 30

8.24 = 107

1,10 x 10°

1,06 x 10°




EXPERIMENT SEVEN: Plaque-~formation uwnder Methylcellulose.

The experiments already woported showed that, when agar
was employed as the overlay, the plague-assay method provided a
convenient and statistioally-valid means of titrating virus. The
only disadvantage in the technigue was that non-gpecific degeneration
of cells somebimes ocourred. The present experviment was, therefore,
intended to vreveal whether, or not, equivalent or bebtter results

were obtainable whon methylcellulose was usged in place of agan,

Preliminary studies, carried oult with elbrains B=-l and
M3, showed that macroscopic plagues generally appeared on the second
day and conbtinuved to increase in size until, at least, the seventh
day when many had reached a diameter of 4 mm., A8 well as enlarging
more rapidly than those formed wnder agar, they also differed in
possessing a distinetly tesselated horder, Non-infacted cultures
maintained vnder methyleellulose remained free of non-gpecific

degeneration for at least a vesks.

To determine whetheor the dope~response relatlonship was
linear when methyleellulose wasg employed in place of agar, plates
of whole~cmbryo coells were infected with two~fold dilutions of
gtrain M=-3 and overlaid with the former material, The infected
ceulivres were incubated for four days and the plagues then counted.
The results are shown in Table 10, from whleh it will e seen that

the mean plague~counts were approximately proportional to the
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TABLE 10

TITRATION OF SURAIN Me3 RBY MIEANS OF MRUBYLCELLULOSE

Relativeo
virag cOYve
centyation

Number
of
plates

Munber
of

plaguen

Vean

Varianoe

Stondard
deviation

Coafficw
ient of
varietion

6Ax

8

All HePuCs

L

Bax

ﬁ?

16Ty 1554
128, 137,
134, 134,
123

156.1

ALL.5

2046870

Lox

63,
T4y
6T
59,

60,
Tls
69,
67

6740

40.29

Q. 4T

Bx

0y
21,
B3,
27

26y
28,
37

2Te4

a7.00

5420

18,04%

4x

17,

19,
19,
23y

12,
29y
22y
19

20.0

24429

493

24,4 645

Ty Dy Sy
12, 104
0, 106,
5

6441

29,795

s 50 5,
1, &0 5
4, 2

Sadt

2«55

474345

HePatlle = N0t posmible o

count,
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guantities of virus in the inocula and that the coefficients of
variation corresponded well with those expected from the Poisson

distribubtion.

The above findings indicated that a plague-assey oystom,
hased on the use of metbylcellulose, could provide a convenlent and
gtatistlcally-~valid means of {titrating the pigeon T.N.l. virus.
Nevertheleas, due to fear thal vibration might sometimes allow
localized disgemination of virus through fthe liquid oveilay, the
author considered that i1 would be safer 4o adopt the agor overlay
for all fuiture investigations. A non-~linear demgmrespohea relation~-
ship has Deen Gbﬁain?d wlth methylecellulose by Rapp gb al. (1959)
who found that the number of focl produced by wmeasles virus in Hep~2
cells rose more rapidly with increrse in virus concentration than

wag o be expected from the single~pavticle hypotheosis,




EXPERIMENT BIGHT: Relative Scusitivity of Differvent Methods of Assay.

The purpose of thoe experiment wnder veport was 10 COM-
pare the relative sensitivity of the following methods of titrationg
(1) Plaquo-assay with agar overlay.
(2) Plaque-assay with overlay of methyleellulosa.

(3) auantal (50 per cont ond-point) method porformed with
tubewoulturons

(4) Pock~ausays

FPor comparison of the plating efficloncy under the two
different types of overlay, four plates of whole-embryo celle wore
infeoted with a 1073 dilubion of strain M=3 and, after removal of the
inoculun four hours later, were covered with methylecellulose. TFour
further platoes, infected with the game dilution of wvirus in identical
mannery were overlaid with agaws The number of plaques present after

four days of incubation were ss followsge

Overlay, Number of plates. Plague count. Mean plague
count.
Agax 4 27y 29, 29, 33, 295
Methyleelluloge 4 61y 72, 50, 63, 6145

Thope resulits sugsest that, possibdly dve to unfavourable miero-
euavironmnental conditions obtaining under a melld overlay, some of
the infected cells are wnable to inltiate the formation of plaques

when covered by agal.

Tor comparipon of the TCID5Q, as determined by means of
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tubeeculitures, with the PelFels, ten~fold diluiions of a mbock of
gbrain Me3 (rvanging from 104 4o 10“8) were inoculabed into tubes of
whole-embryo cells, nine tubes being used for each dilution and the
volume of inoculum heing 0.5 mles per tubes Dilutions of 102 and
10”6 yero cimployed for the infection of cells grown in platesy five
of the latier being used for cach dilutlons the inoculum again being
0.5 mle An attachnent time of fouxr hours was allowed for Woth tuben
and. plates. Afber removal of the inooulum, beth types of culture
were washed twlce with P.Ba8¢ before the addition of meintenance
medium and ggar overlay, respectively., Prom the third to the sizth
day, all tubos wore exsmined every 24 hours and‘th@ numbers of those
showing CePelle wore recorded. In the case of tho plague aseay,

however, the counts ware made on the fifth day.

The time at whioh the CPEs was first detected in
inoculated tubes is shown in Table 11, while the plague~counts
produced by the same dllutions of virus are glven in Tablo 12. I%
ig highly probable that all infeocted tubes conbained foel by the
fourth day; thowe which werve positive on the fifth or sixth days,
but seeningly negetive carliery may have contained a single focus on
the fourth day which escaped detection a% that times Tubes found to
be pogitive six days after inoculation with dilutions of 10~T ana
10”8 contained one focus only. The titre per 0.5 ml, was 107’167
TCIDyo whereas that given by the plaque assay was 4.57 x 106 PelPelay

the ratic betueen the twd belng .21 4o 1. Since the platinge
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TADLE 12

TIIRATION OF SAWR VIRUS BY PLAGUE MIATHOD
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efflciency in tube~cnltures may differ from thalt in plates, it 1is
impossible to ascertaln the extent to which the obesserved ratio
bebueen the two unite of infectivilty depended upon the luabllity of
infec%gﬁ cells to produce plaques under agar. For gbatistical
reasons aloney, titres expressed in TCIDgp should be 1444 times higher
than those given inm PeTells since, as was stabed in bthe introduction
to the present section, at the 50 per cent anﬂ~@oint,kthe averagoe
number of partlcles per culbure (nou~infected included) is 0.69,

flegs 1 TCID50 is equivalent o 0,69 Pl U,

To ocompare the plague~forming unit with the pock-forming
ity the dropped chorilo-allantolo menbrenes of 10-day embryonated
gges wore inoculated with ten-fold dllutions of atrain M3, prepared
from the eleventh pasgage in cell~culture, the method of inoculation
being that of Deveridge aad Buinelt (1946). Petri plates of wholom
embryo cells were inoculated with a slngle dilution of virus

sugpension. The pame volume of inoculum (Oe% nl.) was used for eges

and pluatess The infected cultures were not washed peforg the addition
of the ovarlay but in other vespecls were handled as before. In
order %o lessen the risk of counting secondary pocks, three days of
incubation were allowed for both types of assay, after which time

the plagques were counted, the membran&&_remeved from the egges and

the number of pocks determineda

The results of the latter lnvegtigation awve recovded in



PAVLE 13

COMPARISON OF PLAQUESTORNMIIG AND POCK-FORWING UNITS

~ Rumbogp . Fumnber _
Virne v Pook : Plaque »
e ot R Moon of 4 Mean
dilution oges sounts platies counta
iy V oy e e R PR
1x10% | g 180, 135, | 1220 | = - -
o
1w | s 6y B 10 | » - -
10, 15,
12 . L
ax16? | W - ~ | 20 9, 6, | 8.1
9, 8,
10, 8,
65 3'
ix 19‘“4 7 '2; 2 0;71 - . -
G Oy
0, 1,
0 .
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Table 13, Comparison of the number of pocks produced by throe bon-
Fold dilutions of virus reveals a allght devistion from linesrity,
but the tltre of virus, as measured by the pock-~counting method,
clearly was of the order of 2 x 104 Po.F.U. per mls The titre
calculated from the plague-assay wag 3«24 x 104 PLeU, per mley O
epproximately 145 timos grealer than that determinable by the pocke
counting method. Had the wesulis been read on the fourth day, the
pumber of plogques would have been higher but 4% is possible that the

guantity of pocks mighlt also have been greater.

It may be coneluded, therefore, that calculation of the
50 per cent end-polnt in fube~cultures and plague-fommation uwnder
methyleellulose cach provides a sligbtly more sensitive meaneg of
titration than does the standard plague-assay method adoplted by the
guthors Ag well asn sonetlinmes causing degeneration of the monolayer,
the agay overlay sesmingly interfered with the ability of mone
infected cells to initlate plaquess Simlilax reasulis have oceagionglly
been reported by other workers. Levine end Shaypless (1959), for
exanple, found that the tiltye of GAL virus, as measured by the plaque-
asany, was only 10-50 per cent of that determined by the quantal
method.  Nevertheless; deospite these dvawbacks, the agar overlay wvas
deemad o provide the most accepbable method of assay in the prosent
investigation since, in addition Yo being more veliable than methyle
cellulose as a means of eliminading diffuslion of virus, il prevented

sloughing of the monolayer, an event which occurred not infrequently
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in cultures maintained under liquid mediae. The pock-zssay was
subjoot to grester variation than elther type of plague-assay and

was inferior to both in its sensiiivity to the wvirus.
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BEAPVRIVENT NIN®:s Rate of Attaochment of Viruse.

In previous sxperimenis, the time allowed for the
attachment of virus was around four houwys, vhich period was congidered
ample for adsorption of mogt, 1f not all, of the virus particles.

To determine the optimal esttachment-time and, thereby, establish a
standard procedurs for future assays, 1t was deemed essontial to
estimate the adsorption~rate of the virus. TFour experiments, cach
with a differont concentration of strain M3, were, thorefore,
carried oult to ascertain the amount of virus wvhich would attach to

monolayers of cells in a given time.

In the first experiment, the intention wag to employ
approximately 200 P.TFelUe of virug per plate in order 1o produce
statistically~optimal numbers of plagues in those Petri dishes in-
eubated for minimal periods prior to removal of the inoculun. Plates
of whole-embryo cells wore inooulated with the virus ass rapidly as
possible mnd subjected to inoubation at 370C., under guidance by an

automatlc timer, After five, 15, 30, 60 and 90 minutes and Iwo,

threeo and four hours of incubation, five to soven plates were taken
oub of the incubator and drvained of fluid. To reduce error from the
short delay bhetweon inoonlation and the commencement of incubation,
the plates removed afler five minutes were the last infected, those

taken out after 15 minutes were the penultimate inoecvlatsd, and so .

on. Folloving withdrawal of the fluid, the cells were washed twice
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vith PaBe8e befors being overlald with agar and incubated for four

daysce

Asg may be seen from Pable 14, the mean plague-count
produced by an attachment-time of four hours was approximately 250
instead of the expocted 200. Loss of pleques due to overvlapping,
therefore, almost certainly ocourred. The numbers of plagues likely
to have obiained in the zbsence ol overlapping are vecorded in Table
14, the adjustments being made mecording to the method described in
bxpoeriment One on the assumption that the mean plague-dismeter was
avound l.1 mme Initially, the plague-count increased very rapidly
buty after about 1H minutes, the rate of growth slowed down and then
proceeded at a uniform velocliy until the end of two to two and one
half hourss Thexealter, growth decreased during each successgive hour

though, eoven at the end of the fourth hour, it was continuing slowly.

When the edperiment was repeated with only approximately

30 PeTeUs of virus per plate, similar results were obiained (Table 15),
During the second hour of incubation, the proporbtion of virus
attaching to the cells (i.e« the fraction of that present at the

gtart of the sccond hour) was closely similar to that adsorbing

during the first hour, a finding which suggests that the rate of
atbnehment was exponential. Plgure 45, oconatructed from the data
given in Tablos 14 and 15, inmplies that the rate of attachment is

independent of virus-concentration though, since the plaque-countis




ADTACHIENY RATE WITH MIGH TTIERE INOCGULUM

TABLE 14
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Fumbeyp

Heon covyeatod

mgTQr 23®n

253

Mo Percontogo
ming of Plagque counts | Heon for ng fourw
* | plates - overlapping houx eouwnts
) 8 2G¢ 40, 32, 3540 5 15
3Ty 35, ?7
15 7 4y 53, 40, 46,3 A7 17.15
424 46*' 48, '
46
50 i 81, 82, 74, 7446 7 28,5
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81, 101, 89,
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126, lﬁlpllﬁl
120° 5 190, 167, 177¢| 17845 188 6946
174, 1ﬁﬂ' |
280 7 258, 208, 205,| 21844 233 8643
270y 253y 195,
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TABLE 15
ATTACHEENT RATE WITH LOW TIIRE INOCULUN

i

Pareentogo
Hean af fourw
hour combo

Pime Iquggam Flague
(hours ) ol ton oounts

1 9 0, &, 90 3649
15, By
10, B,
By By
8

2 10 iy 12y 1549 65,2
X7y 37,
15, 18,
164 12,
224 15

3 Q lﬁt 1ﬂ@ 30.9 85.5
25, 32;
1&’ Q?’
20& 1@,
26

4 5 25y 25y 244 100
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are oxprossed not as absoluie values bul as percentages of those
recorded after an adsorption-time of only four hours, the apparent
similapity betwoen the rates of attachment for the two different
virug-concentrations may not bhe entirely valids When the experiment
wag repeatod on two further occaslons, with measurements made at two,
throey, four, five and eix hours, it wes found that, in tho first of
those invegtigationg, the plague~counts produced by attachment-times
of four and five hours were 82 and 92 per cent of the total count
effected by an exposure of six hours, while in the second, the figures

wvore 89 and 97 per cent rospechively.

Kaplan (19%7) has shown thot the atltachmenterate of herpes
gimplex virug to rabbit-kidney cells is independont of virug cone-
contration, the ocurve of the attachment rate for 25 P.FuU. coinciding
with that for 100 P.I1U. The veogults of the present study point o
o simllar conclusion in rospect of pigeon I.W.I. virus, The curve
of virus adsorption obtained in the present investigation is similar
in sghape to those published by Kaplan (1957) for herpes simplex virus
in rabbit-kidney cultures, by Youngner (19%6) for vaccinia and
poliomyelitis viruses in monkey-kidney oultures and by Rubin ot al.
(1957) for Wewcasitle disease virus in chick embryonioc lung culturose.
Kaplan, for oxample, found that 50 per cont of horpes simplex virus
attached within 90 minutes, while Youngner reported that an
adsorption period of at loast six houvs was required for complete

attachment of wveceinia virue, In the present investigation, an
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almost analogous rate was found to obhtaine Thus, 50 per cent of
pigeon T.Nel, virus required gpproximately 95 minutes for adsorption,
but attachment of the remainder was lncomplete until, at least, the
end of the sixth hour. Hence, an adsorption time of not less than
six hours is ossentlal when accurate measurement of infectivity is
requiredy; esge in the debermination of the particlerinfoctivity
ratio or in experiments involving comparison between infectivity and
other properties of the virus, Vhen the infectivity of two
suspensions is under contrast, an attéchmenﬁ perviod as short as four

hours shouwld suificc.
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TAPERIMEWT TEN: Bffeoot of Washing the Monolayer before and after

Inoculation,

In the previous cxporiments, cultures weve washed once,
or twice, with P.B.S»-immediataly hefore inoculation and once after
romoval of the inoeuwlums, The object of the present investigation was
to dotermine the exltent to which those proceduves influenced the

plagque~counts

A total of 23 plate~culitures of wholowembryo cells were
employeds Afber the growth medium had been removed, six cultures
wore washed btwice wlth PaBeSe and then infected with approximately
60 PeTaU, of gbrain M-3. The remaining 17 cultures were inoeulated
with the same guantity of virus withoul prlor washings After
incubation at 3700. for four hours, the inoculum was withdrawn from
all of the platess 8ix of the sevontcen cultures mentioned above
were bthen washed btwice with P.Bs3e bafore they were covered with
agar ond the renpinder were similarly overlald withouwt proliminary
treatment with FPeBaSe. Aftor four days incubation, the number of

plagues was counted and the results comparcda

As will Do seen Tvom Table 16, the mean plaque~count was
highent in the group of pletes wvhich had heen washed before
inoeculation and was lowest in the bateh simlilarly treated after
vemoval of the inoculum. Thalt result accords with theory since

washing of the monolayew prilor to inocculation removes dead ox




FHE EFPRCT OF VASHING WuR

TABLE 16
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MOFOLAYER BEFORE AND ATER INFRCYION

Humbex

Procoduio of Plague counts Hean
pletes
Ho vaehes KA A¢ 59y 62, 6lel
Ody THy 81,
57 # §7! 5:’3 L
58, oh
Fuo washes prioy 6 Gly 6%y 'y 6848
to incculation 83, 61, 84
Pwo vashes efter 6 67¢ 634 52, 672

removal of inocoulum

ﬁﬂy tjﬁp 639
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unatiached cells to which the virus might othorwise adsorb, vhile
vashing of the cells after withdrawal of the inoculum may loosen
virug affixed to the cell-membranes The former procedure, therefore,
is likely to be assoclated with & high plague~count while the latter
treatment may lead to a lower oount than that encountered with utie
washed plales. 8Sellars and Stewart (1959), for oxample, found thatb
washing culture~vessels befors inoculation doubled the plating~

efficioncy of foot-and-mouth disease virusg,

When the "t" {test was applied to the megulis of the
present experiment, the offdet of washing was not clearly sube
stantiateds Thus, vhen the plaque-counts from plates washed before
inooulation were compared with those from uwnwashed vessels, "i" was
found 40 be 1LeB578 and P greater than 0,10 but less than 0.209 a
figuve of minor stetistlcal significance. Similarly, compavison of
the counts from dighes washed after wemoval of the inoculum with
those from unwashed plates revealed "t" 4o be 04858 and P greater
than 0420 but less than 0,50 is.es o difference again statistiecally

indefinito.

Prom the shove resulis, alight increage of plagque~count
may ocour if a plate is washed before inoculation but similaxr
treatment after removal of the inoculum has 1ittle, if any, influence
on the count. Hence, in future investigations, washing was restricted
$0 determination of {the abmolute titre of virus present in a sugm

pongion and was excluded from comparative tests of infectivity.
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EAPERIMONT BIEVENg Variation in the Size of Plagues produced by a

Viral Clone.

When micro~euvirommental conditlons are kept constant,
plaque norphology assoclated with o pariéicular sirvain of wvirus
generally remaing uwniforme. A cleoaw exception to the genetic stabllity
of the plague--characters spoecdific to a given strain of virus, howeven,
is the wide variablon of sgize zometimes experienced, which tendency
is not albterable by the employment of solocted viral clones. Such
non-genetic varietion has been described by Dulbecco and Vogh (1954),
Heiung and Melnick (1957) and Cooper (1961b) in relabion to various
onteroviruses and Buthala (1960) and Maopherson (1960) apropos of

GAL virus,

In Exgeriment One of the present investigetion, plagques
measured on the fourth day of incubation were found 4o be from
05 mme to 240 mma in dianmeter. Such variation may bave bheen due
Yo the existence of variants of diverse rate of growbth or may have
been of the non-~genetic type nentioned above. In quest of the
latber possibllity, thoe current oxperiment was desilgned to study

varlation in plaque-~sisge produced by a single clone of viruss

Plate~cultures of vhole-embryo cells were inoculated
with limiting dllutions of strain U~3. Afier incubation at 37°C. for
four hours, the inoculum was removed, the ocells washed three bimes

with P+BeSe and agar overlay added. In one plate, a single plaque,
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approzimately 0.8 mm. in diameter, appeared on the third day and
from 1t virus was extracted as desoeribed in Experiment One and
inoculated into a tube-culiture. In the latter, a typically focal
CePofle was evident on the second day of incubation and the new virus
stock 0 proocured was designated "Clone 1A®. The procees of cloning
was then repeated but, on this occasgion, all plates inoculated with
limiting dilutions of clone "1AM" were found to produce twe or more
plaques. Accordingly, "Clone 1B" wes prepaved from a vessel wvith
two plagues, the one selected for isolation being approximately 2 cm.
digtant from the othere A number of plate~cultures were then
inoculated with S50 PyF.U¢ of "Clone 1B, At daily intervals from
the second to the seventh day after infection, one culture was
removed from the inocubator, fixed and stained by Leishman's method,
The dimensions of the plaques were then measured as previously

described,

Plaque sizes boetween the seocond and seventh days are
vocorded in Table 17 vhich rhows that, whercas minimal and maximal
dimensions varied little after the third day, the mean dismeter did
not approach ite maximum until the fifth day. It may, therefore, be
concluded thalt a amall number of plaques attained maximum size on
the fourth day but that enlargement did not continue beyond the
Fifth day. The mean diameters encountered on ﬁh@ third and fourth
days were slighily greater than those recorded with uncloned virus

in Bxperiment Oney while the standard deviation was lowver gsge 0427 mme
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TANLE 17
SRER OF PLAOUERS PRODUCED BY ® CLOND 1B »

Doy | Nunber of h | I’;a;ue dimentions in mm, 3
plaguen neasured Binfmum Haxdmuw Hean
2 o 24 | é;ﬁﬂ 95@75 | 0;039.
3 AG Geﬁé 1 1;50 | O.éd‘
4 G 'ﬂ.’?ﬁ :ea;oé | 1425
5 33 0.875 2400 1.40
6 26 S5 o i.é’l‘} dad2
7 a7 “‘" 0875 2,578 148
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against 0.4l mme on the fourth day.

The resuliés of the present oxperiment clearly demonsbrate
the exisgtenco of counsiderable non-genetic variation in plague-
diameter. Comparison with those recorded in Experiment One also
suggests that part of the variaetion in plagque~size oexperienced with
uncloned virus may be genetic in origine. The mean diameter of
plaques produged by cloned virus alightly exceelded that associabed
wvith uncloned stock, c.g8e. 1»25 mme againet le.1l mm. on the fourth
daye When the "t" test 1ls applied to the figures, the difference is
found to be of moderate statistical significance ( "t" = 1,91,

P =20,05, P =<0,10 )u» An oven more important disbinction in the
hehaviour of the cloned and of tThe uncloned virus lies in tho patiern
of the frequency-distribution for the various sizes of plague seen
at any given time. In the present expewviment, it was found that,
whon the plaque~diameters measured on the fourth day were plotted
againet the proportion of plaques of each particular size, the curve

obtained had a single peak, ls.es it indicated that the relationship

between number and size followed a norymal distribution. In
Izperiment One, however, the corresponding graph had two peaks, which
charvacteristic suggested that the population of virus particles
congigted of two types, one of fasgt growth and the other of slow

dovelopmend.



EXPRRIMENT TWELVE: Thoe Genetic Origln of Variation in Plaque-diameter.

The object of the present eoxperimont was to determine
the exigtence, or otherwise, of @ variant productive of plaques

significantly emaller than those formed by other gonotypes.

Bight clones of virus (sbtrain B-l) were propaved by the
methods described in Experiment Two. In all instances, the pavent
plague selocted was less than 0.0 mme. in dismelber and the virus
isolated from 1t was vecloned at least once privr to situdy. Plaques
wvere measured Ly meaus of & mioroscope fitted with an ocular microw
meter, which was calibrated by use of a stage-micrometer of
araticular longth = 2 mme Plate~culbtures of vhole~embryo colls were
Infected with approximately 150 P.FoUs of cach clone and the
diamebor of pluques measured along twoe axes, one at right angles to
the other. To avold bias, the study was made of the first 50-T5

plagques obeerved in cach plates

Out of eight clones oxamined, seven produced plagues of
approximately the same siza as those formed by uwncloned virus (the
dimenpions of which were recorded in Experiment One)s The eighth
(»Clone X") &ave rise to focl which vere significantly emaller. The
following ascount comparos the plaques produced by '"Clone X" with
thoéa foxrmed by YClone Zhy which latter was representative of the

seven clones referred Lo aboves
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Both variante were vewcloned twlce. Iaoh produced
macroscopic foel wnder liguid medium wvhen firet isolated Trom the
regpective parent plague but, whereas those formed by v"Clone %" were
easlly recognigable with the naked eye on the thirxd days, those
induced by "Clone X" were barely discornible, even on the fourth
day (Figure 46). The same rosult obtained (1) whon virus €rom those
cultures provoked the formation of plaques under an agar overlay,
(2) when virus isolated from the latter focl was made to infeot
other cultures malntained under a liquid medium, and (3) when virus
from the latter cultures provided further plaques under agar, the

dimengions of which are recorded in Table 18.

The glges 0f the plaques produced by "Clone 7" were
clogely similar to those of the focl esbablished by uncloned virus,
the mean dlameter of each helng 0.80 mms and 0.84 mm. rospectively,
on the third day, and L¢12 and 1l.11 mms regpectively, on the fourth
days. Corvesponding figures for "Clone X" wore 0.52 mme and 0sT3 mne
gimllarly, the largest plaquos present on the fourth day were 2.080 un.
for "Clone 4%, 2.00 mm. for uncloned virus and only 1,01 mme for
nglone Xe The differences hetween the plaque~dlameters assoclabed
with each clone lg highly glgnifiocant statistloglly. Thus, wvhen the

dimensions of the fo¢l present on the third day are subordinated to

the formula for the standard ervor of the difference between two

9. €
mesns ( ?}r + iii where ¢ is the standard error of the mean
x

and N the number of measurements), the standard error of the differenco




Pigure 46« Plague-formation by clones % (upper) aund

% (lowor)e x 3.
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TARLE 18

31288 OF PLAQUES.

CLONEB & AND 2

Clone X Glone 4
Doy 3 | Humber of plaques mespuved 50 50
HUinimun dismeter 025 mme | 0435 num.
lean diameter 452 mme 0.68 I,
Haximun dlametex 0475 mme | 1445 mns
Day 4 | Numbor of plaques meapured 65 1%
Hinimum G,ﬁ.g;neitar . <)a3“_?_ 0% 0 Q37 mine
Hean diometer _ 0473 nma 1413 mme
2413 mm.

VMaxinws dianeter

1.00 mm,
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1s found to have a value of 00,1939 divigions of ithe micrometer~sucale.
The observed difference, again in divisions of that scale, between
the two means was 11.46, jsos 59«1 times groater than the maximum
difference resulting from chance. Analysis of like figures obitained
on the fourth day aleo denoted thet the diseimilarity in dimonsions
wae highly significant» The foregoing wesults, therefore, indicate
that variation in the size of the plagues produced by uncloned

virus ig partly due to genetic differences among virus particles.
!
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(4) SUMMARY AND COWCLUSIONS.

All gtrains of the virus produced small, round plaques
in cultures of whole—chick-embryo as well as in monolayers of chicke
embryo liver and chick—embryo kidney cellse. About two~thirds of
the focl were clearly visible to the naked oye on the third day.

The remainder hecame apparent on the following day, which was the
opbimal time for counting, when plague~size ranged Lrom 0.5 mm. to
2,00 mm. Enlargement generslly terminated aboul the Lifth daye.

"gmall-plagte® variants existed but much of the variation in size

was non-genstic in origin.

A linear relationship between the plaque-count and the
virug input was establisheds Evidence that the distribution of
plagques follows the Poigson equation was obtained by imoculating 50
plates with o single virus dilution and by comparing the actugl
poofficieonts of variatlion with the theoretical ones in 43 different
Yone-~dilution" titrations. The resulis of the latter situdy suggosted
thaty when eight or nine plates were used for cach dilution, the
coefficient of variation approached the level to he expected from
the Polsgon distribution, Repliocate assays of stock-virus gave
approximately the same titre in cultures of different hatches.
Plaque~formation wees inhibited by a specific antlgerum propared in
g rabbit but not by normal rabbit sexum, Those reosulis lndieate that

plagque~assay provides a statigtically-valid method for the computation
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of virus lufectivity. In ite gensitivilty to virus, the system wag
puperior to that based on the pock-count but wes inferior to the

50 per cent @ndﬁpoinﬁ meothod performed by means of tube~culbures.

When methyleellulose was omployed in place of agary the
growth of plaques occurred more repidly and continued for a longer
period of time. A linear relatlionship existed bhetween the plaque-
count and the concentration of virus., Thoe coefficients of variation
for the plague~gounts produced hy different dilutions of virus wore
slmilar to those to he expected from the Poisson distribuiion.
Plating-efficlenoy was approximately double that of plaque~ansay

with agar.

Approximately 95 minmtas wore reguired for hall of the
amount of virus present in an inoocunlum to affix to ecaells but attache
ment of the remainder was mot complete until, ab least, the ond of
the sixth hour. A sitandard adsorption time of four hours allowed
about 8% pox cantiof inoculatoed virus to enter the cells. Investi--
gations into the effect of washing the cellw-sheet before infection
and previous to addition of the overlay proved inconclusive but
alight increase of the plague~count may eusue when unattached cells
and pieces of cellular debris have been removed Lrom the culturo-

vessel prior to inocculations
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PART 4, CHARACTERIZATION OF THE VIRUS,

(L) INTRODUCTION

The fommation of Cowdxy Type A intranuclesnr inclusions
and the production of & focal cybopathogenic effect similar to that
caused by cytomegaloviruses suggesled an affinity on the part of the
pigeon T.Nels virus with the herpesvirus group. The work ebout to
be described was designed to elucidate those properties of +the virus

which would allow its uwnequivoeal incorporation within thet group.

The system of claseplfication adopted in the present
investigation is thot originally proposed by ILwoff, Horne and Tournier
(1962) and later recommended by the International Subcommittes on
Virue Nomenclature (1963). According to that scheome, %oxonomy should
rest ons

() The chemical nature of the nucleic acld,

(b) The symmetry of the nucleooapsid.

(G) The presence or abgence of an envelope,

(@) In the case of viruses with cubioc symmetry, the number of
COPSOME IO,

Additional characters deemed digtinetive of the virion have been
recommended for classifiocation and are used for that purpose in the
present investigaiion. They include the sensitivity of the virus to
ether and its stability or labllity under acidic conditions, both of
which phenomona are genetically steble (Hamparian, Hilleman and Ketloxr,

1963 ).
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In addition to providing data of taxonomic imporbance,
the investigations about b0 e deweribed were inbended to supply
information on the thermo-rvesistance of the virvse and on its
serological relationship with TilLeTe virus. The opportunity was also
taken to determine whethory or not, the virus was endowed with
haemagglutineting capacity, though 1t was recogniszed thut the labter

characterisbtic is not a feature of the herpesvirus group.
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(2) ANTIGENIC RELATIONSHIP OF STRAINS.

(1) TIWPRODUCTION,

The inforxmation already presented revealed very close
gimilarities in tho propertios of the various isolates. ALl formed
the typioal Cowdry Type A intranuclear inclusion and gave rise to
ldentical lesions in cnbryonaited eggs. Morsovar, all produced the
pame, highly-characterigtic type of cyltopathogenic effect in cell-
culture. Those Tindings strongly suggested that each of the straing
helonged to ono viral genusy, though it was appreciated that some

antigenic differences might oxiat,

At the commencement of the prosent part of the ianves-
tigation, tho writer realized that a detailed study of more than one
strain of virus was not feagible. At the same time, it was felt thut
it might prove advaniageous, purely on grounds of btemporary con-
vonience, to be in a position to carry out examinations with strains
other than that appointed as the "type-strain®., The author thereforo
conaldered that an essential pro-roquisite to the pursult of ‘taxonomic
gtudies would be to demonsirate a serologleal relationship among
those strains of virug which he might wish to employ. As far as he
is aware, such a relationship exiets only among viruses which posscas
the same fundamental structure. Thus, in studies of the physilecal
and chemical structure of the virion, it is possible to substitute

one striin of virus for another if evidence of their mutusl serological
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identity has already been obtained.

When two viruses have a soluble antigen in common, as in
the case ol the G antigen of the influenga A viruses oy the WP
antigen of the pox viruses, an antiserum prepared sgainst ohe of
them may give a positive reaction with the other in complounent-
Pixation or precipitation tosts but a negative result in the
neutralization tests For that reason, tho latter serologioal
procedure provides the most sensitive index of antigenic similaryity.
The primary aim of the present experiment was, thevefore, to determine
whother, or not, an antigerum capable of neutralizing the "typow
atrain', M«3, had a similar offect on the HS«2, Bl and P~5 strains
of virusge. Confirmatory evidence was sought in fluorescont antibody

toests carried out in cselleoculture.

(2) MATERIALS AND METHODS.

Initial efforts to produce an antiserum in cockerels

having falled, an attempt was made t0 produce antiserum in a rahbit,
which aninmal was presumed o be free of antibody to the agent as
well gs sultable for lntravenous inoculation and ecasy recovery of
bloods The methods employed to that end and the satisfactory degreo
of noutralizabion observed with tho homologous virus (strain Me3)
were described 4in Part Three, Bxporiment Five. Crogs-ncutralization
tests were then carried out with the P~5, HS~2 and B-1 atrains of

virus. In each oase, len-fold dilutions of virus were mixed with a
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1 in 10 dilution of rabbit immune sorum and incubated at 37°C. for
one hour Followed by oxposure at 4°C. for 18 hours before inoculation
into pletes of whole-chick~embryo colls. Controls consisted of the
same dilutions of virus incubated with a 1 in 10 dilution of normal
rabbit serum. Details of the attachmont time and plagque-assay vore

as veported in Part Three.

For fluorescent antibody studies, coverslip cultures of
whole-ombryo coells were infeoted with approximately 107 PeFals of
cach of the four' etrming of virus. 24 hours after incculation, the
coverslips were removed from the Leighton tubes, fixed in acetone
at 4°Cs for 10 minutes, and divided into two lots, one of which was
treatod wlth immune rabblt serum and the other with normal serum,
both of whioh had heen adsorbed overnight with a tissuwo~powder
prepared from a fowl-liver. Uninfected monolayers were also piained

with each of the sevras After 30 minutes in a moigl chamber ab 3760¢,

the coverslips were washed thoroughly in P.B.Be, stained with goat
anti~rabblit globulin conjugated with Lluerescelin lsothiocyanate
(pifco Laborstories, Detvoit, Michligan) and examined by mesns of a
Redchoxrt " Zetopan " fluorescence mioroscops, as described in Part
One for the examination of tissue~sections from experimentally-

infected birds.

(3) ©BESULTS.

As reported in Part Three, Experiment Mive, a 1 in 10
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dilution of the rabbit M3 antiserum had a neuwtralization index of
219 againsgt the homologous strain. Against the other strains, the
neutralization indices were as follows:

P-5 2.01

Bwl 1.94

HS’”Q 1 ” 38 L]

By the use of M3 gntiserum in tho indirect fluorescent
antibody technique, viral antigen was detacted‘in the nueclel of
cells infected with heterologous isolates (P=5, B«l and HS-2) as
well as with the homologous strain. Pluorescence was of two main
typoes though intermediate sbages were often to be found. In the first,
the stainlng reactlon was intense throughout the whole of the nucleus
(Figure 47) but, sometimes, btho nuclear membrane was appreciable by
reason of its greater brillisnce. In the second, fluorescence was
rostricted %o tha nuclear mombrane (Figure 48). Both patierns of viral
digtribution were found in all infected culitures but Lluorescence

was not manifest in infected ocultures gtained with normal serum or

in uninfected culbures treated with immune serum.

(4) DISCUSHION,

M~3 antiserum in a 1 in 10 dilution was found do have
moderate neutralizing activity againet the P~5 and B-l strains as
well as against the homologous virus, the neutrallzstion indices being

2.0, 1494, and 2419y respectively., Although vreciprocal crossw




Pipure 47. Virue antigen stained by fluorescent-antibody in

nucleus of Tibroblast in vitrvo. x 2,000,

Pigurs 48,  Vieus anbigen consontrated mainly at nueloar

mombrancs  x 23000,
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neutralization bestsy with P=5, Bwl and H3«2 antisevs were not
carried oul, the author considers that the resulis fulfil the main
purposs of the invesftigation and confiyxm thal the Mw3, P=5 and Bl
gtrains ave very closely relateds Those agenls may, therefore, be
pubsltituted for epeh other in studies pertaining to the {type of
micleic acid, particle moxphologyy ether sensitiviity and resistance

to acid on the part of the viruse.

The rosulis indicated that M-3 antiserum had a noticeably
lower newtralizing index against the HUS~2 strain bthan against the
othew strainsy but diffevences in the degree of antigenic rvelationship
exhibited by the four sitrains ave notv properly assessable by the
mathods uped in the pregsent Investlgation. In orxder to demonstrate
fine antigenic differences hebween, for exemple, the Pw5 and M3
straing, it would he necessary bto compare either the rvate of

nontralization of each etraln with homologous and bheterologous antl-

gerum or the neutralizatlion slope constructed from the sorum titres
obtained from a numbey of " constant virus-varieble serum!" tests
carried ont with different concentrations of virus, The formey method
vas omployed by MeBride (1959) to differentiate botween mincr "within
type" variants of poliomyelitis viruss Cexmichasl (1962) used both
procedures to distinguish two stralns of canine hepatitis (ICH) virus,
Antiserum neutralized the homologous virug more quickly than i+t did
the heterologous one and theo neutralization slopes of the two strains

with homologous antisera were quiite diffevent, Os4 and O.Ts Experimenis
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of that type are clearly requived if the queostion of minor antigenioc

Aifferences among straing of plgeon T.Nel. virus 1la to be rezolveds
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(3) WUCLEIC ACID COMPOSITION.
(1) INTRODUCTION,

Since Cooper (1961c) propomed that viruses be divided

into two main groups, the riboviruses and the deoxyviruses, various

techniques have boen employed to determine the type of nuclele acid
forming the core of the viruss They include (a) digestion of virus
preparations with ribonuclease and deoxyribonucloase (MeAllister ot
aley 1963), (b) treatment of infected tissue~culibures with halogen
derivatives of deoxyuridine (Lam and Athertoun, 1963), (o) elcctron
microscopy of virus particles stained with uranyl acetate and lead
hydroxide (Smith and Melnick, 1962) which reveal DNA and RNA
respoctively and (&) various histochemical methods {MeAllister ot ale,
locw gite, Mayor and Diwan, 1961), such as the Foulgen method for
DNA and acrlidine orange for RNAes On account of their simplicity, the
second and fourth of those methods woere chosen for the purpose of

the investigation wader repori.

Inhibition of the growth of herpes simplex virus in
Hela cells by means of 5-fluoro~2'-deoxyuridine (FUDR) was firsth
demonstrated by Newton and Tamm (1959)s Salzman (1960) demonstrated
that the same compound prevented the growth of vaceinia virus, but
1% was soon recognized that the inhibitory effect did not extend %o
the veplication of RNA viruses. Horrmann(1961), for example, reported

that, although 5-l0do~2'~deoxyuridine (IUDR) and S-bromo-2'-decoxy-
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uridine (BUDR) suppressed plagque formation by veccinia and herpes
viruses, they were without effect on Newvastle discase and West Nile
virugses, both of which contain RNA., More vecently, however, Bader
(1964 ) fourd that BUDR inhibited the multiplication of Rous sarcoma
virug which, seemingly, regquires the participation of DNA at an carly
gtage in the growth oycle. Although similar resulits were obbdained

by Thormar (1965) for Viena virus, it is generally agreed that the
halogenatod deoxyuvuridines do not adversely influence the multiplication
of RNA viruses (Appleyard, 1967)., It mey, therofore, be safely
concluded that inhibition by those compounds is strongly suggestbive
of the presence of DNA in the virus core. That contention is
especially true when the inhibitory offeet is weighed in conjunction
with other similarities between the agent wnder oxamination and a

virug knouwn to contain DHA.

Although the Cowdry Type A inclueion body is a recognized

foature of herpesvirug infection, it represents merely a terminal

stage in the infective process. Crouse eb nl. (1950) emphasized

that the carliest inclusions produced by herpes simplex virus in
chorio-gllantoic membranes differed considerably from those of the
classical type A in that they were basophilic, Feulgen-positive and
complefely £illed the nucleuss As the pocks developed, the inolusions
became eosinophilic and Feulgen-negative and were separated from the
nuclear membrane by a cleary 'halo's. A similar sequence of evenis

was deseribed by Watrach and Hanson (1963) in studies on tho
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cytopathology of T.L«Ts virve in chick~eombryo-kidney tissue-culiure.
Betwoen 12 and 36 hours after infectlon, tho nuclel of infeeted celle
vere fllled to capacity with basophilic DlVA~containing material

which was indistinguishable from the nucloar membrane. During the
succeeding 36 hours, the inclusions gradually bVecame separated from
the nuclear wmenmbrane by o clear gone and there wag concurrent loss of
basephilia as well as a reduchion in the intensity of the Teulgen
roeaction, By the 72nd. houry meny of the ineclusions were eosingm

philic and Feulgen-neghtive.

The above changes may signhify fundamontal processes
common to the growih of all herpesvirnses. Barly increase of nuclear
DWA, ag revegled by the Feulgen reaction, is most likely to be due
to the replication of vival DNAs Couversely, lack of staining
affinity for acridine orange implies the absence of RNA synthesisg.
The essoclation of Feulgon-positive, acridine orange-negativey nueclear

material with basopbilic inclusions occupying the euntire nucleus,

followed by the appearance of PFeulgen-negative type A inclusions,

may be regorded as strong evidence of herpesvirus multivlication,

(2) MATERIALS AND METHODS

TUDR and BUDR were obtalned fyom the Sigma Chemical
Company and thymidine f£rom Britishk Drug Houses, Ltd, Difficulby wos
experienced in ddssolving the deoxyuridines but gatisfactory rosults

vere eventually obtained when the compound was added to a small volume
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of medium, proheated to 37°Csy and then thoroughly agitated in an

Mew uwltrasonic dipintegrators

The effect of IUDR and BUDR on the multiplication of the
virus was investigated in five cexperiments, the details heing as

followss

txperiment 1. To test the inhibitory efficacy of deoxyuridine on a
known DNA virus, culitures of chick-embryo-liver cells were infected
with TeLleTs virus and, afler they had been washed in P.BsSe following
removel of the inoculum, wewo divided into three groups, namelys

1. Those in whick 20 pg. IUDR/ml. was incorporated imto the
maintenance medium,

2e Those in which the maintenance mediuvm contained 20 pg.
IUDR/mls + 200 pgs thymidine/ml.

3¢ Those covered by maintenance medium onlys.

The media were removed daily and replaced with fresh solutions of
appropriate type. Those rocovered at 48 hours after infecbtion were

aggayed in whole~embryo cultures for thelr virus conbent.

Experiment 2. Theo proceduro of Bxperiment 1 was repeated with the
Me3 strain of pigeon I.N.T. virus, but with the quantities of IUDR
and thymidine inoreased to 50 pg/mla and 500 pg/mle respectively and
an amoﬁnt of virus oqual to 1.8 x 103 P.T.Us por plata~-culiure. At
24, 48 and T2 hours after infoction, the celluvlar fraction of the

cultures was harvested and the virus content titrated by the plague~
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agosay methods

Bxperiment 3« In thieg ilunvestigation, three parallel plaque-assays
of strain M«3 were carrvied oult, the agar in the first coatéining
50 pgs TUDR/mley that in the sccond incorporating 50 pe. IUDR/ml.
and 500 pge thymidine/ml. and that in the third beoing without

supplement.,

Experim@nt 4¢ (Cultures of whole~eombryo cells were cach infected with
1.8 % 10% PuTeUs of opbrain Me3 and, afboer removal of the inoculum,
wore washed thorvoughly in PeBeSe before the addition of novmal
maintenance mediums The latter was removed foxr virus agsay 24 hours
later and repluaced by IUDR in a concentration of 20 pg./ml. and IUDR
plus thymidine inr concontrations of 20 pg./ml. and 200 pg./ml.,
rogpectively. Again, control cultures were mainbained in mediun

without any supplement. A% the 48%th hour, the fluids wewre withdrawn

for vivus aspaye

Txperiment 5, The inhibitoxry effect of BUDR was studied in culiures
infected with the HS-2 gtrain of virug and maintained in the prosence
of 30 pg. BUDR/ml. Those preparations were examined daily for the
presence of (PE and harvested on the fourth day for assay of virus
content (cells and fluids btogether). Unitrested infected cultures
were similarly investigated but reversal of inhibltion by use of

thymldine was not attempited.
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For cytochemiocal studles cpverslip—cultures of wholew
embrye cells were infecbed with the M-3 strain of virus. At 6, 22
and 30 houvs after inoculation, media were removed and the monolayers
washed sgix times with P.B.3s preparstory to fixation in corrvosive-
formol fox 18~36 hours. The cultures were divided into two Eroupsy
one of vhich was treated with DNAases Both lots were then stalned
nd examined under & Relochert ' Zebopan ' fluorescence microscope,
AY LI L AULSOEUO Y D OULEel LVOCIMLL QUG V) UL LAY Sl vabisay \..Lywij
and exawmined under & Relchert ' Zetopan ' fluworescence microscope.

The samc methed was employed for the study of chovio-allantolic

membranecs fixed two days after infection with the M«3 strain of virus.
¥

(3) BESULYS.

Typioal syncytls were present on the second day in chicke-
embryo-liver cultures infected with T.L.T. virus. The changes wers
progressive andy by the fourth day, had involved the whole of the

epilthelial component of the menolayers. Identical alterations,

procecding alt the same rate, ocourred in infected cultures maintained
in the presence of IUDR and thymidine. By contrast, bhoith infected
and uninfected cultures treated wiih TUDR remained morphologleally
normal over the four~day period of observation, DThe guantities of
virus prosent in the culfture fluids harvested on the second day wewve

as followss

Content of modium Titre of virus TCID50/0.5 ml,
Virus alone 102¢75
IUDR 0

TUDR + thymidine 102423
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Numerous characteristlic fool were present on the second
day in whole-embryo culitures infeocted with 1.8 x 103 P,F.U. of the
M=3 gtirain of pigeon IT.N.l. virms. The changes were progressive and
the entire monolayer became involved by the £fifth day. Identical
vopults were obbained with infeoted cultures maintained in the
presence of IUDR and thymidine, bul monolayers trented with IUDR
alone remalned morphologiocally normal, The guantity of virus present
in the cells on the first, second and third days are recorded in

PTable 19 and illustrated grophically in Figure 49.

Incorporsgtion of JUNR in the agar overlay reduced the
nuwnber of mature plagues by over 200 times (Table 20) but several
hundred minute, punctiform focli were present in the 10~% dilution
and from 10 to 30 occurred in the 10™2 dilution. The minute izo
(less than 0.4 mm.) of the foei made grosg counting difficult since
they were generally impossible to differentiate from cell eclumps,
Those oxamined wnder the microscope were seen to coonslet of rounded
or swollen hypervchromatioc cells end cell debris and appearved to
represent immature plaques. They were entirely abseut in cultures

inoenlated with higher dilubions of the virua,.

Wumerous small focl were present 24 hours after inoculation
of cultures with 1.8 x 104 P.P.U. of virus, The addition of IUDR ak
that time did not prevent extension of the CPE to virbually the whole

of the monolayer by the 40th hours The amount of virus present in the
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EPFRGT OF LUDR OF YIRLD OF VInUS (BaPirIMBEG 2)

Time

Titro of viwwe In log,, PFU./ul.

o) || vm | Ve
* 4401 P15 546
46 6410 172 4497
72 54l 4447

Lo 36
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Inhibition Of Viral Multiplication By Use Of IUDR

Virus control

Reversal of inhibition
IUDR +Thymidine

I

1

W

N

Titre In Log,, PEUS/mi.

Inhibition By IUDR

—
1

07 T2 24 'y 74

Time (hours)




TABLE 20
EFFECT O TUDR OF ‘MHE PLAGURCGOUND

Content

Virus Humber ITesn

of dilution of Plague-counts plaques

overloy ‘ plates count

Mo addition 10° 5 Os Lo 3y 148
(Viruo control) By 2

TUDR 1{3*1 5 4 T 6.6
Ty B

10™2 5 Op 1s 24 0.8
. i, O

0" Y 0, Op O, 0
Oy, ©

TUDR # 10”7 5 20, 29, 25, | 26.2
%hymg\dine | 25, 19

| g0 5 2, 2 2 2.0
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culture-Llulds was,; however, cousiderably roduced by the procedure,

ap may be seen from Table 21.

In eulitures infected with strain [S-2 and maintained in
the presence of BUDR, a CPH appeared on the sccond day bul consisted
merely of a few widely-scattered, round, vefractile cellse. The
latter increased in number durlng the succeeding two days but, in
mogt cases, remained surrvounded by normal Tidroblasts. Multicellular
fooi of infection were few in number and were comprised only of a
pmall knot of calls. In contrast, many focl were present on the
thivd dsy in infected (control) culbures and an exbensive, confluent
CPE was manifest on the fourth daye Cultures maintained under BUDR
and harvested on the fourith day contalned 2.6 x 101 PeFslle of virus
per mle whereas in control oultures sampled at the same tlme,

440 x 103 P.WU. of virus per ml. were found %0 occurs

Iunfected coverslip culitures stbained by the Tluorescent

Feulgen method contained varying nunbers of cells with brightly

Fluorescent golden~yellow nuclel. They were only ravely to be seen

in eultures fixed as early as six hours after infection but were
numerous in those examined at 22 and 30 hours. The whole of the
nucleus was involved and diserete inclugion bodles were not detectable,
Ag the foel developed, the Peulgen~pogitive nuclel tended to oecur
arounnd the expanding margine and many of ithe remaining cells contained

dull green intranuclear inclumions, clearly soparated from the nuclear

e e




BRFECT OF IUDR O YIGBLD OF VIRUS (BXPERIVENT 4)

RABLG 21
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Time

Titre of virus in log,, PaFoUas/ml,

(hours)  Vizwe Viyue Virug + TUDR
mn‘»;mﬁ, + TUDR + Thymid_:!.ne
94 41-92 5 -04 802
48 490 2,92 454
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membrane. Tranination of further infected cultures etained by
haematoxylin and eosin suggested that the {luorescent golden nuclei
revealed by the Foulgen method corrvesponded with those which were
almoat entirely occupled by bagophilic materials. Converselyy the
non-fluorescenty green, intranmrclear inclusiona appeared to be
identical with those stalned by eosin. The same impression was
gained from a gbudy of serial sections of infected chorio-allantolc
nembrane. Thusy where swollen basophilic nuclel were numerous, large
fluorescent PFeulgen-posliive nuclel also ogcurred whiley, in those
areas wanere clustors of eosinophilic incluslons were present, groups

of Teulgen-negative inclusion bodles were also o be found.

In infected coll-oultures trested with Disase, Feulgene

poaglitive materlal was not encountered.

(4) DISCUSSION,
The concentrations of IUDR employed in the present in-

vestigation did not produce any microscoplcal evidence of cellular

danmage and coverslip-cultures stalned with hasmatoxylin and cosin
remained normal in appearance. DButhala (1964) reported that gross
cellulary aucleayr or mitochondrial alteratlons were not to be noted
in rabbit kidney cultures when TUDR was used in concentrations bhelow
1001pg./m1¢ and that feytotoxiclty was not acute below 1000‘pg./m1.'
In experiments with T.L.Ts and herpes simplex viruses growing in

¢hick-embryo kidney cultures, Tannock (196%5) applisd IUDR in
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concentrations of up t¢ 1000 pg./mlo but did not describe any
evidence of toxicity. Indeed, after treatment with IUDR at levels
of 100 pg./ml. and 1000 pg./ml. those cultuves #till seemed eble to
support the growth of a mubant of herpesn simplex viruc, resistant to
the action of IUDER. On the other hand, Persechino and Orfei (1965)
voportoed that, whereas the use of 100 MG of IUDR per ml, led to
vacuolation, bogether with inersased granularity and gome muclear
changes in bhovine embryonic kidaney cultures, SOIPgn per ml. wag HNonNe
toxice The concentrations of TUDR employed in the investigation
under report were probably not of an ordsr sufficlent to derange the
metabolism of resting cells. In the absence of toxiecity and im view
of the finding (Buthala, 1964) that 100 uge/ mla. of IUDR did not
complotely arrvest multipllcation of pseudorabies and herpes simplex
viruses, the levels of inblbition attained in the present investigation

furnish prima facle evidenece that the inhibitory action of the come

pounds was selecbively directed against repllcation of the virus

under examinagtlons

The investigations under report showed that LUDR in con-
centrations of 20 and 50 pg/mla prevented the formatlon not only of
pigeon L.N.T. virus but also that of IL.L.T. virus. Since the
inhibitory effect of TUDR on the growth of the latter microbe has
already been demonstrated (Tannoek, 1965), it seems reasonable to

conclude that the columbine agent should be classed as a deoxyvirus.

In Experiment 2, the incorporation of 50'pgq of IUDR into each ml, of

S RS Sy
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modium served Lo reduce the maximal titre of plgeon TeNeI. virus from
6010 logyp PaFala to 1.72 logyg PoTelUs par ouliure, a decrease come
parable wilth that obtained by Tannock (1965) in rospect of TeLeT,
viruss The gddition of thymidine counteracted the effect of IUDR to
the extent of mllowlng the maximal tltze of virus o reach 4.97 1og10
PuTolUa por culture, te.es Te3 por cent of thet produced in untroated
cultures, While that figure is lowy corresponding measuremenis made
at other times in the multi-step growih cycle, such as 28 per cent

ab 24 hours and 11¢5 per cent at T2 hourg, bear comparison with the
15 per cent vecovded by Roimman gt a2l,(1963). Moreover, the quantity
of virus present in cells malntained under IUDR plus thymidine and
harvested at the end of 48 hours was 1782 times greaber than thab
conteined in cells kept under IUDR alones The efficacy of thymidine
in veversing the effect of IUDR indicates that the 4inhibition brought
about by the letter substance resulted from 1ts ability to substitute
for thymidine and was not attributable to genetic alﬁeraﬁion of the
eells Interestingly enough, under an agar OVGrla%,thymidine soemad

to entirely abolisgh the inhibitory effect (Exporiment 3).

Although the mweher of typioalg nature plagques was reduced
by incorporation of IUDR inte the agar overlsy {(Experiment 3),
nmerous fool barely visible {0 the naked eye were prosent in the
10"“"1 dilution and microscopic examlaation showed them te be plaque~-
like in appearance. The view that they represented plaques was

veinforced by the finding of ldentical foel, to about one-btenth the




202

number, in the 102 dilution. WNevertheless, even if allowanoce is
made for thoge focl, it is cleax that the concentration of IUDR
employed reduced the plague-count as well as th: mean plaque~diamebens
Porasechino and Orfel (196%), working with infectious bovine rhinoe
tracheltis (IoBeRe.) virus in bovine embryonic kidney cultures,
reported thalt, wherecss the use of 50 e of TUDA pexr ml, completely
supprassed plague formatlion, the application of the compound in
concentrations of 10 and ?O‘ng/mle allowed & small nunbor of undepe
slzed placues to develop. Puthala (1964) recorded that complete
suppression of plaque~formation by herpes slmplex virus cccurred under
agar containing as 1little as 1 pge of TUDR per ml. and that, when
ampllor amounits were employed, plagues of weduced size developed, the
mean dismeter dlminlebing in proportion with increase in drug
conecentration. While the results of the present investigation are
gualitatively similar to thoge of the above workers, the degree of

inhibltion achileved was considevably less.

The development of a small number of placves as large as

1 nmy in &iameter in plates infected with the 10} ailution is
Aifficuld Yo interpret. The possibility that they arose from selection
of a mutant virvus resigbant to IUDR seems unlikely because such did

not seem to ogour under liguid media. Thus, in Fxperiment 24 vhe

titre of infective virus in treated cultures declined contilnuously
over the three~dsy period of exemination, That ouly a very small

proportion of cells were rendered incapable of forming new virus also
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appesrs lmprobable, if only because in Bxperiment 2, the CPH was
completely provented by the compound, Moreover, in DUxpeviment 5,
BUDR seemed 1o hinder extension of the (PE from the initially in-
focted cells. Rouwnd (presumably infeotod) cells occurred singly ov
in very small clugsters bul iypical expanding focl never developad.
4 similar obsorvabion was made by Rawls eb al. (1964) in giudies of

the iuhibition of varicellas

The oybtochemical vesulis corrogpond with thoese of Crouse
eb ale (1950) for herpes simplex and of Watrach and Hanson (1963)
for Teke.Te Basophilic intranuclear inclusiouns, occupying the whole
of the nucleus, were prominent in situations and at times when there
wag a marked lnorsase of DNA throughout the nuelevs. (onversely,
eosinophilic type A incluslons were generally Feulgen-negative,
though intermediate shages were momebimes found. The round cells

goen in infected tissue-culiures ravely contained demonutrable DA
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(4) MORPHOLOGY.

(1) INPRODUCTION.

The informgtion already presented on the nucleic acid
gomposition, the inclugion body development and the chavacter of the
CPE sbrongly suggested that the plgeon I.N.T. virus might belong to
the herpesvirus groug. In order, therefore, to provide further
information on the agent's place in viral taxonomy, studies of the

rorphology of the virion wore undertaken,

By use of the negative staining technique of electron
mieroscopy (Brenner and Horne, 1959), Wildy et al. (1960) showed
the virus of herpes simplex to congist of a polyhedral core, a
capsid of icopahedral shape composed of 162 hollow, clongated,
polygonal capsomeres, and an envelope of varying size and shape
surrounding the nucleocapsid. TFollowing the work of Wildy et al.
(1960), a number of viruses of human and gnimal origin have been
apgigned to the herpesvirus group on the basis of their very close
struotural similarity with herpes simplex virgs, those mogt periinent
to the present investigation being the virus of avian I.L.T. (Watrach
et al. 19633 Crulckshank et al. 1963) and tho human cytomegalovirus

(smith and Rasmussen, 1963).

(2) MATERIALS AND METHODS.

The M~3 strains of pigeon I.N.I. virus was grown in
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vhole-enbryo cultures and harvested on the second day after infeation.
Culitures were frozen and thawed once to remove the cells from the'
walls of the container and 500 ml. of the pooled cell suspenaion

were homogenized for two minutes in an MSE uwlirasonic digintegrator
at an emperage of 1.5 After clariflecation of the orude suspension
by centrifugation at 3500 repem. for 30 minutes, the virus was
concentrated by rotation at 20,000 rep.m, for 30 minvies in a Spinco
11 preparative ultracentrifuges All but one of the pellets ware
rosuspended in an equal volume of distilled water and a loopful of
the suspension Tansferred to a carbon~coated copper grid whioh was
then iaverted over & drop of 2 per cent phosphotungetic acld adjusted
to a pH of 6,0 with normal potassium hydroxide. After approximately
five soconds, the grid was transferred to a Siemens Tlmiskop eloctron
microgeope and examitied at instrumental magnifications of 40,000 with
double condenger illumination. TFor estimation of the particle/
infoctivity ratio, the other pellet was resuspended in 2 mle. of Hank's

BeSeSe and 0.1 mls of the preparation mixed with 0,1 ml. of a

sugpenglon of latex containing 1.2 x 109 spheres per mlsy 0.1 ml. of
a 2 per cent golution of phosphotungstic acid and one drop of 0.1 per
cent bovine serum albumen. The mixture wes examined in the eleotron
microscope as described above and the number of virus particles
accompanying 60 latex apheraw wag comnted. The infectivity of the
remainder of the virus suspension was meapured by the plaque-assay

method.

b
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(3) RESULDS.

Humerous virug partlcles with, or withoui, an envelope
were observed, those of naked type being in the majority. Although
the prepavation contained a conaiderable amount of cell debris, the
characteristic appearance of the virions rendered ithem ocasgily ro-
cognigable, Detalled examinations were made from photographs of

fourteen partlcles taken at vandonm.

Three main structurel components were appreciated, the
corey the capsid and the envelope. The envelope was proesent in only
two of the 14 particles photographed. One virion (Figure 50) was
devodd of & core i.g. "empty" and three (rigure 51) were partially

£filled with phosphotungstic acid, l.o. "seni~cuptyn.

The region normally occupled by the cove was clearly
demarcated by the capsid in the case of ‘the particle entirely filled
vith the phosphotungstate (Figure 50). IV was hexagonal and measured
150 K betveen opposite sideg and 875 A between opposite anglebe
Tdentical values were obtained for two of the “memi-empty" particles

buty, in the inslance of the third, the distance between opposite sides

vas 825 As

In moet cases, the capsid appeaved hexagonal, euch edge
measuring 475 & # 25 8. I% had an overall diameter of 1000 § + 50 %
and congisted of olongated, hollow and regularly-~disposed capsomeres.

The dlameter 0f the latter lay between 75 and 100 E and the axial hols




Feueo 50, Fapty virion. x 240,000,

Figure 5ls Somi-enply vivion. x 240,000,
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between 25 ﬁ and 40 K. At one border of the capsid, the elongated
form of the capsomeres was somebtimes more readily appreeciable and
their length was found to be between 100 L and 125 Ka Many of them
appeared 0o be angular, a Teature indicative of polygonal form.
Thoy were separated from each other by a disbance of approximately

R
25 ha

The capsomeres were arranged in a highly ordered patbtorn.
When orientation yas favourable, equilateral triangular facets were
clearly recogunizable on the surface of the capsid (Figure 52)y a
feature indicative of threo-fold symmetrye. In the latter figure,
the capeld is viewed along an axis of two-fold gymmetry, so that,
whereae the twe Tacets stand oul prominently with their capsomeraes
only diverging slightly from that axis, other facebs are sharply
inelined 0 the plane of view and, thug, quickly disappear Trom sighl.
It was, therefore, pomelble to count the number of capsomeres avound
the periphery of each facelt. The ftotal ~ 12 « indicated that there
were five capsomeres along each odge, l.ee shared with the adjolning
faceie The central area of each facet contains threo capsomeres. In
Tigure 53; o capsomere ilg Lo be seen enclosed by five othorp. Those
Features indicated that the capesid posscoses 51312 symmnetry and takos
the Torm of an lcosahedron., Trom the formula, applicable to copsids
of that type of symmetry, 10(n«1)3 + 24 where n ropresents the number
of capsomeres along each adge, the total number of capsomeres in the

particle is Ffound to he 162.




Figure 52+ Complote nucleocapeids x 40040004
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Flaure 53« Particlo showling exig of five~fold symmotry.
X 4.00,0&0-
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Figure 54. Entive virions = 400,000,
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Since only two photographs weve taken of enveloped
particles, it is impossible to give a full description of the size
and structure of the envelope. 1In one particle, the envelope was
"ballooned" gt one pole and disrupted at the other. Smooth in out-
line and seemingly homogeneous in structureg it varied from 403 to
2953 in thickness and had a minumum diameter of 28004. That of tho
soecond partlcle (Migure 54) was more regular in shape, appeared
heterogeneous in structure with occasional fine projectlions, wvarvied

in thickness from 503 to 1503 and had a maximum diameter of 2300§.

The number of pariicles present in 1 ml. of the virus
suspenaion prepared for estimation of the particle/inf@uﬁivity ratio
wag approximately 1 x 1010. A conpldervble amount of cell debris was
present whereby some of the virus particles may have been obsoured.
Tt is unlikely, however, that the true number of virions present
exceeded the recorded aumber by a factor of more than twos. The in

fectivity titre of the same suspension was 9.9 x 106

PeFels / mle ’
80 that the particle/infectivity ratic wes not less than 100031l and,

probably, not greater than 2000:l.

{(4) DISCUSSION.

The particles revealed by elecliron microscopy were present
in large numbers and were of highly characteristlc appearance, entirely
consigtent with that of virlons. The capsid was made up of equilateral

triangular facetls, a feature indicatlve of a regular polyhedron.

| _
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More precisely, the hexagonal profile of the capsid and the exislence
of points of five-fold symmetry showed it to be lcosahedrals. Wheve
orientation was favourable, a group of three capsomeres was seen to
occupy the centre 0F each facets It was apparent, thorsfore, thatl
five capsomeres were present along the edge shaved by adjoining
facets, and that the total number of capsomeres in the virlon was

162 ~ the number characterisilc of the herpesvirus groupe Other
characters denoting membership of that group were the presence of
envelopes in a minority of particles, the hollow and elongated form
of the capsomeres and the average diameder of the capsid, 1000 3_503

ag compared with 1050 i_lOﬁ_far hevpes simplex virus (Wildy, et aley

1960) and 1075 + 254 for T.L.T. virus (Watvach ot al., 1963)s

Other virus-~like particles were not obeerved in the
preparation. Thusg, although homoagenates of non~infected tissue
cultures were not examined, the demonsiration of 1érge numbers of
typical herpesvirues partiocles in highly infective suspensions of a
virus, which almogt cortainly contalined DNA and which was knoun 4o
Ve ether~sensitive {see later) and capable of producing characteristic

herpotic dlnclusions, may be regarvded asg evidence sufficient to

identify the particles with that virus,.

The aim of the present investigation was to confivm that
the pigeon I.Nels virus bhelonged to the herpesvirus group ralther

than to provide a definitive description of the fine structures of
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the virion, the number of particles photographed being insufficient
for the latter purpose. HNHevertheless, within the limitations ine
posed by the small number of paritlcles measured, the dimensions
recorded Ffor the various viral components are clopely sgimlilar to
those of the corresponding consitituents in otﬁer membérs of the
group, as may be seon from Table 22. Dublety does exist, howsver,
gs to the morphology of the envelopes Wildy et als, (1960) found
that periodlce protuberances, about SOwIOOE in length and spaced gt
intervals of about 50&, were present on the surface of the envelope
of herpes simplex virus, while Walrach et als, (1963) described a
series of mimilar but smgller projections in T.L.T. virus. In
Figure 54 of the present investigation, fine spikes appear to be
present on the surface of the envelope but the clarity of the
photograph does not allow a more procise description of the structures

o be mades

Duo to the presence of cell-debris which may have obscured

some viwvicns,; the particle counts wers not precises Nevertheless,

Judging from the relative distribubtion of cl lwdebris and clearly
visible virus particles, it seemed uanlikely that the count undor-
eptimatod the true value by a factor of move than three. Probably
slso, the infectivity titre was greater than that recorded since, as
was related in Part 3, Secition 2, ithe sensibtivity of the standard
plague—assgay is inferior to that of other methodn of titration in

cellwculture. It may be concluded, thercfore, thalt the parvticles

e
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infeotivity ratlo lay around 3 logyo wal¥ssy it wae almost covtainly
much greaber then 2 logyy and considerably less than 4 logyg units,

is svchy 1% contrastn sharply with that obtamined by Smith and
Ragmuspen (1963) for human eytomegalovirus (6-8 logyp wnids)s In

the lattev oage, the high ratio corrvelated with the total absenes

- of particlee with complete cores whereas, it the pregent investigetion,
viviong with complete oores proved o be 1ln the majority. Smith
(1964) found that envelopes are essentlal to the infeotivity of

horpes simplex vizus bud, although the proporition of enveloped
perbicles was not high in the work under weport, it was not
-pufficlently low to aseount fox the Falrly high particle 3 infoctivity

ratio.
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(5) RESTITANCE.

(1) INTRODUCTION,

Studies on the. resistance of the pigeon [JN.I. virus
t0 chemical and physiaal agonis were designed firstly, to provide
further information of taxonomic interest and, secondly, to furnich
particulars of value in the aborage and handling of the virus in

the laboratory.

The significance of etherwsensitivity and of aﬁid~1ability
in the taxonomy of viruses hag alreedy been emphasized. Hamparian
ot als (1963) roported that herpes simplex and varicella virusos as
well as the human cytomegelovirus were inactivated at pH 340 and
WO re sens@ﬁive to gther, Similar results have bheen oblalned with
other herpesvirusesy casgey that of infectious bovine rhinotracheitls
(Griffin gt alsy 1958) and that of feline rhinotracheitis (Willer
and Cracdell, 1962). It is appavent, however, that thormo-vesistance
varies considerably within the group. Thus, Kaplan and Vabter (1959)
reported that, vwhoroas 28 per cont of the infectivily of a msuspension

- . . N [}
of pssudorabies virus remalned after exposure to 44 G. for five

hours, only 0,014 per cent of herpos simplex virus suwrvived such

treatment.

(2) WATBRIALS AND LTPHOD3.

The method uged for the study of ether-sensitivity was

4IlIIllIIIIIII----'-""""’
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that deseribed by Androwes and Horstmann (1949)s 041 mls of pure
anaesthetic ether (May and Baker, London), free from demonstrable
peroxides and aldehydes, was mixed with 0,5 ml. of the Hel strain
of viruss. The mixture was placed in & screw-cap botile, bound with
adhesive tape to reduce evaporat$on and the vessel then held ot
4°C. for 24 hours along with another bottle containing virus suge
pengion only. At the end of that perdod, the ether-treated wvirus
sugpension was poured into an open Petri dish and left at room
temperature for 10 minutes to sllow evaporation of the ether.
M™trations of treated and conirol suspensions were then carriecd oul

in wholewembryo oultures in the manner proviously reported,

Tests of acid-lability were carried out by the methods
described by Tyrrell and Chanock (1963)s The pH valuesz obitained in
the present investigation, however, proved somewhat different from
those recorded by the sbove authorsm, Thus, when 9 parts of Bagle's
mediuvm without sodium bigarbonate were mizxed with 1 part of virus
suspension (strain M-3), the rosultant pll was 4.0 instead of 3.0 as
expected., Similarly, when one part of 0.1 M. sodium cltrate ~ citric
aeld bulfer at pH=4.0 was mixed with an equal part of the game virus
gugpension, the pH obtained was 4.8 ingtead of S.Q. All pH values
were measured in an MeSeB. pH meter and were cheoked with pH indicalor
papers (Whatman - BeyD.Hs)s Controls consisted of the following
niztures e

(a) 9 parts Dagle's medium with bicarbonate + 1 part virus; final
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pHm'? - 6 °
(b) 1 part 0.5M phosphate buffer + 1 part virus; final pH=T.2.
All mixtures were held at voom temperatuve for three hours and then

titrated in the usval waye

The rate of thermal inactivation was moagsured under the

following conditiongs=—

Temperalurce Time. Btraine.
56°C. 5 minutes )
507G 30 minutos HG=2
37°Ce 1y 2y 3y 4y 5 B~1

15 and 23 hours
4°Co 208 days Hg»2
~40°Ce 10 days HEm2
-40°Ce 21 days Dl
-40° Cs 25 days M3

Stocks of virus employed for those studies were grown in whole-
embryo cells maintained in Hank's BeS.S5. containing 0.25 per cent
lactalbumin hydrolysate but without any serums The agent was re-
loased from the cells by maceration in a Griffith's tuboe and the
resultant suspension was clarified by centrifugation gt 1500 rep.i.
for ten minutes and then dispensed into smpoules. All sanples were
titrated by means of the plague~assay method immediately after the

rospective period of treatment.

To determine the effect of glow freezming and thawing,
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gtrain B~l was subjeoted %0 three cycles of that treatments The
virug suspension was divided into four parts, one of vhich was
titratod immediately and the remeinder wag placed in a deep~{recaze
cabinet at -40°C. Approximately 30 minutes was allowed for the
temperature of bthe three samples to reasch naOoc., wheroupon they
were romoved and thawed out at room temperatures. One was then
titrated and the other two returned to c¢old atorages The process
was repeatod until the last sample had been frezen and thawed three

timome.

finally, in oxrder to detervmine whethevr, or not, ultra=-
gonio treatment of cultures would release virus from infeoted cells
without simultancously inactivating much of the viius already precent
in the culture fluid, the folloying procedure was carried outs A
sugpension of cellsz, infected with gtrain B-1l and containing a large
amount of extracsllular virus, wae divided into five portions, one of
which was tliraled immediately, and the remainder aftor exposure 1o
ultraéonic vaves in gn MeSelts ult&ascnic disintegrator, ragisfering
a maximum current of 1% ompsey for periods of 30 seconds, one minute,
two minubtes and three minutes duration, regpeetively. The tubes
contalning the cell suspensions were immersed in lce %o dissipate the
heat generated by the ultrasonic waves and so leave the virus une-

impaired.
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(3) RESULTS.
Phe virue was found to be highly sensitive Lo ether,
infectivity Falling from 548 x 105 PyFaU./ml. t0 5.5 x 101 P.F.U./ml.

in 24 hours at 4°Ce

The coffects of three hours exposure to acld at 4°Cs were

as Follownsm

Suspension Titre in PyFeUs/ml,
pH 4.8 pH Te6 pH 4.0 PH Ta2
1 2.72 = 104 4.18 x 104 - -
2 - - 1.2 z 10} 2,01 x 109

The rates of thermal inactivaetion are shown in Tables 23
and 24. Virus was rapidly destroyed at 56°C. but had a half~iifo of
approximately 15 hours at 37°Ce It was preserved well at 4°C. buib
varying results were obtained at «40°Ce Two cycles of glov freeming

and thawing had little offect on infectivity, as the following figures

demontgtrates
Initial titre Residual titre
PtFoUc/mlo PiFﬁUQ/ml‘
One oycle 3+2 x 109 8.0 x 104
Two cyoles o 2.04 x 107
Three cyoles " 5.65 % 104

When suspensions of infected cells were exposaed to ultra-




TABLE 23
THERMAL INACGTIVATION
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Virus | Initdel titre | Final titre
Remporature | oan | P B0/, oFaUs/mle T4ne
O - ‘ % I b .
| 856 G, Hews | 4466 z ;lﬁ 1.80 2 10 4 mim;tm
50°¢, HEiw2 3416 x 2ot 9465 % 193 30 ninuten
570, Bad), 495 % 207 168 x 10° | 29 houxn
e o e B s WL e
Py LD % 4 KT - .
47¢C, HSwf )41‘3 x A} 10,3@ x 30 308 doays
0%, |mez | 406 230" | 5.6 x20% | 20 aoye
" mes | 1.52x30° | 2.40 x 20" | 25 aawe
" 2,00 % 10°

Bad

9490 x 307

| Z1 dayn
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gonic waves, the cells were rapidly broken up and intracellular virus
released. After approximately half a minute of such treaiment,
however, the rate of inactivation of extracellular virus exceeded the

rate of release and the titre fell. The details were as followss

Duration of treatment (minutes). Titre in P.F.U,/ml.
0 1.2 x 102
% 8.3 x 107
1 346 x 107
2 244 % 102
3 6.6 x 104

(4) DISCUSSION.

The experiments reporied above showed that the virus was
gther-seongitive and gcid-labile and thus provided confirmation of its
membership of the herpesvirus group, Infectivity was only slightly
impairved at pH=4.8, but was almost totally destroyed at pH=4.0.

The relationship between pH and the rate of inactivation of herposm
viruses has not been often mentioned in the evailable literature
but the virus seoms to be rapidly destroyed at a pH of 4.0 and
fairly stable at pH=6.0. Griffin et al. (1958), for example, found
that the titre of infectious bovine rhinotracheitis (I.BsR.) virus
£611 from 1055 to 10%*7 in ten days at pH=4.4 and from 1065 to
103*5 in 15 days at pH=5.0 but remained at the original level after

25 days at pH=6.0, The results of the present investigation suggesi
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that the pigeon I.NsI. virus is less sensgitive than I.B.R. virus to

pH=5,0 but that both agents are equally labile at pH=4.0.

The work under report suggested that the virns vwas amongest
the most thexrmostable 0f the herpesvirus group. That obgervation
may not be entirely valid inasmuch as the virus suepensions employed
were undiluted tissue-~culture preparations which, though clarified
by centrifugation and free of serum, almogt certainly contained hogtm
cell material which may have exerted a protective effeoct on the
viruss The reason for the procedure adopted in the present in—
vegltigation was the need to oblain Informgtion on the stability of
the virue under the conditions in whioh 1t was grown, harvested and
preserved in the laboratory. UWevertheless, since similar methods
have been employed by other workers gsg., Oriffin gt ale (19%8),
comment on the thermostability of the plgeon virus relative to that

of other members of tho herpes group is not without wvalue.

At 56°C, the titre foll from 4466 x 103 P.F.Us/nl. to

1.5 x 20* PyF,U./ml. in five minutes, a rate of destruction comparable
with that which Griffin et al. (1958) found to obtain with I,BaRe
virus, in which instance the titre dropped L£rom 106‘5 TCIDBQ to

102*2 TCID50 in three minutes, the proportion of virus inactivated
being 99.7 per cent compared with 999 per cent in tho present ine
vestigation. At 50°Cs the columbine virus was very much moreo stable

than at 56°Cey 30.6 per cent surviving en exposure of 30 minutes
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duration, Comparison of the thermoresistance of the virus with that
of other herpesviruses at 50°C. is diffioult, since few Flgures have
been published, but Hull and Wash (1960) stated that 30 minutos

exposure at that temperature » did not kill " herpes B virus,

At 37°C. the titre fell by 2348 per cont during the
gocond hour but remained almost statie fory, at least, the next three
hourse After 1% hourm, it had been reduced to 49 pery cont of that
originally presents The half-life at 37°Cs would therefore, scem
t0 be avound 1% hours. By compavigon, the half-life of certain other

herposviruses recorded in the literature is as follows:s

LeBsRo 37° Ca 10 hours gtovens and Groman (1963)

Canine herpes virus 36° ¢ 5 & Carmichael et als (1965)

Herpes simplex virue  37%Ce 3 0 Parnham and Newbton (1959)

" " " n I Seott ot ale (1961)
Human cytomegalovirug 0 1 hour Krugman and Goodheart

(1964)

Papudorabies 44° Ca 2% hours Kaplan and Vatter (1959).

The informagtion available, therefore, would indicate that the pigeon
virug is amongst the mogt heat~resgistant of the herpesviruses yeb

gircountored.

The shape of the curve of inactivation at 37°C. differs
from that reported for other herpesviruses. Farnham and Fewbton (1959)

found that the infeotivity of herpes slmplex virus wap destroyed
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according to a fivst-ordor veaction whoreas Kaplan (1957) as well
ags Hoggan and Roizman (19591h) found a pronounced shoulder in the
curve, In the present investigation, the rate of inactivation was
appreciably greater during the First two hours than at subsequent
times (Pilgure 55)s The reason for the early decrease in titre is
unknown but it was possibly due to the elimination of highly-

thermolabile variants ox partibles already partially damaged.

Weller and Hanshaw (1962) reported that pools of human
cytomegalovizus stored i sealed ampoules in dry-ice varied in
stablility. The presont investigation rvevealed that stablility of the
columbine virus ab ~4OOG, likewise varled congiderably but, since
each neasurement was made with a different strain of virus, the
poaslbility that the variallons were abttributable to strain differences
cannot be ignored, At «40?9. only 2.5 per cent of the infectivity of
strain B-l gurvived for 21 daye whereas up %o 1% per cent of the
infectivity of strain M3 remained after 25 dayss The apparent
instability of strain B-l at ~40 C» is not correlative with ite
resigtance at 37 C» At 406-, the viebility of the vivrus was well
maintained and storage at that temperature thus appears 4o be a more
gatlafactory method of preservation than does maintenance at ~40° Ca
A somewhat similar result was reported by Stoker snd Ross (1958) who
found that the HFIM sirain of herpes simplex virusg remained stable
at 4°C. for one month whersas storage at —QOOC. reduced ites infec-

tivity by more than ten times inside two weeks. By contrast, Plummer
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and Lewis (1965) sbowed thet the human cytomegalovirus was Very much

less regisbtant at 4°C. than at 22°Ce

Although Krech and Lewls (1954) reporied that samples of
herpos B virus frogzen at -20°C. and «70°C. logt approximately 99 per
cont of thelr infeotivibty afteor one oycle of freezing and thawing
and Rowe et ale (1956) end Weller et al. (1957) recorded similar
findings in respect of the human cytomegalovirus, the results of tho
present investigation indicated that instability at ~40°C. was not
dg@ simply to that treatment. Thus, one exposure to slow freeuing
and thawing reduced the titre by only four times whlle a second cycle
increased the infectivity to 63.8 per cent of the original, That
rige was presumed to be due to disruption of infected cells with
resultant release of virug. After a third cycley, the titre fell to
1746 per cent of thet present at the commencement of the experiment,
a much smaller reduction than that found 4o occur in virus suspensions

gstored at =—40°C.

Although titration of the infeclivity of virus suspensions
before, and after, lyophilization was not carried out, the efficacy
of that method of preservation was well demonstrated by the discovery
reported in Part One that lyophilized virus of strain P-~5 remained

viable after storage atb ~20°¢, for thirteen years,

The present investigabtion showed that the pligeon I.N.T.

virueg was inactivated by ultrasonic waves and that such digruption
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of infected cells mugt not be prolongsed if virus me released is to
remain viable. Similar resulis were obtained by Kaplan (1957) in
raespect of hevpes simplex viruss Provided that the mate of ine
activation of cell-assoclated virus is minimal, J.e. very low
compared with the rate of release, the optimal time for twreatment is
likely to depend upon the ratio of intraocellular to extracellular
virue. Whers the proportion of the latter is alvoady high, the amount
of virus which can be released from the cells is resiricted and ine
activation of freec virus bocomesn the critical factow., Conversely,
when the proportion of cell-asgoclated virus is very high, ultra-
gonic disruption may be considerably protracted before the amount

of inactivated virus comes 10 exceed the quantity relecased.
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(6) HAEMAGGLUTINATION,.

(1) INTRODUCTION.

The fallure of herpesviruses {0 agglubinatec red cells in
the standard haemagglubtination test has long Yeen wrecogniged
(Andr&wes,'l964; Kaplan, 1966). A number of reports from Lastern
Burope, however, refor +to the occurrence of hmemagglutination under
cortain conditions. Thus, Shubladze gl als (1960) asserted thet
gome strains of herpes simplex virus agglutinated goose erythrocyten
provided that the pH lay between 5.2 and 6.8, vhile Semerdjiov (1962)
descoribed agglutination of hovse and guinea-pig red cells by the
virus of equine rhinopnewmonitis, particularly after treatment with
formalin, Tokumaru and Scott (1964), however, tested 40 strains of
herpes simplox virus for their ability to agglutinate goose ocells
but failed to find any evidence of that aetivity. McCollum gt al.
(1956) found that horse erythrooytes were agglutinated by extracts

of hamster tlssues infected with the virus of oquine rhinopnoumonitis.

Such haemagglutination was not prevented by the serum of convalescent
horegaes but was inhibited by the serum of horses hyperimmunized with

infected hamster tissue,.

As far as the writer is aware, the forvegoing claims
have not been confirmed by other workers and the inability of a
horpesvirus o haemagglutinate continues to be regarded ag a

characteristic, if negative, feature of the groups. The present
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investigation had the aim of detevrmining whether, or not, hacm-

agglutination wase to be achioved with the plgeon IL.Nels viruse.

(2) MATERIALS AND METHODS.

Togts wore carried out with the B-l, M~3 and H~1l strains
of virus, the infectivity titres of which lay between 5 and 6 logyg
PoPoUs/mle Two-fold dilutions of viral suspensions were made up
with PesBeZe in perspex haemaggluitination platezgy 0.3 mls per cup.

1 per cent suspensions of pigeon, goose, fowl, guinea~pig, rat,
rabbit and horse red bhlood cells were prepared in P.BsSey and 0s3 ml.
amounts dispensed into the cups containing diluted viruses The pH
levols of the mixbures wore messured by means of litmus papers
(Whatman - BDH) and wore found fo be between 6.7 and T«0. Bach test
vaa done in triplicate so that one plate was incubated at 3708., one
placed in a refrigerator at 4°C. and the third maintained at room

temperatures All plates were examined after 30, 60 and 90 minutes.

The experiment was repeated with goose red cells cupe
pended in phosphate huffer of pH=5,5 The final pH, accoxrding to

the indlcator paper, was approximately G.0.

(3) RESULTS.
Haemagglutination yas not observed with any of the cells
or at any of the temperaturcs omployeds Aunto~agglutination of »rat

erythrocytes ocourred when they were mized with virus dilutions of

—7
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1 in 16, or aboves

(4) DISCUSSION.

The work of Semerdjiov (1962) on equine rhinopneumonitis
virus and that of Shubladze et als (1960) on agglutination of cells
by herpes simplex vlirus had suggested that haemagglutination might
be achieved with the pigeon I.N.Ie virus iT columbine or goose cells
weve omployods The results, however, showed otherwise. Hence, the
only conecluslon to be drawn is that the ingbility of the wvirus to

hasmagglutinate accerds with memborship of the herpesvirus group.
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(7) ANTIGENIC RELATIONSHIP WITH ILT VIRUS.

(1) INTRODUCTION.
The objeets of the work about to be reported were to
discovers

(a) If antiserum %o tho M=3 gtrain of virug haed any noutralizing

activity against three straing of J.L.Te. virus mnd

(b) If antiserum prepared against two strains of L.L.Ts virus
had any similar capacity againgt the M~3 strain of pigeon
ToNeTls viruse

Experiments were carried out in collaboration with Mr. We

Baxendale of the Wellcome Research lLabormtoriec,

(2) MATERIALS AND METHODS.
Croge-neutralization teste were performed with the M-3
isolate and with threge strains of T,L.Ts virus. In all cases, the

“yarigble virug - congtant gerum® method was employed.

In the first series of tests, a 1 in 10 dilution of rabbit
antigerum prepared againgt pbtrain M-3 was mixed with ten~fold dilutions
of tho BsEsHe atrain of IT.L.Te virug, After incubation for three-
gquarters of an hour at 37°C. followed by a similar period of exposure
at room temperature, the mixtures were inoculated into tubes of whole~
chick~ombryo cells, four tubes per dilution of virus. The pame pPro=-

codure was repeated twice, but with 1 inm 10 dilutions of normal
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calf-gerun and antiserum agalnst the BeBele strain of T.L.Te virus in
place of ¥~3 antigerum. The B.B«Hs antiservm was kindly supplied by
Dre o To We Jordan of the University of liverpool Veterinary School.
The criterion employed in the assessment of the presence or absence
of infeotive virus in virug-gsrum mixtures was the development of

typicaly; multinucleated syneytia in epithelizl islends of the cultures.

The neutralizing capacity of tho BeE«Es antiserum against
the H~3 gtrain of pigeon I.Nele. virus vas then examined. Ten-fold
dilutiong of virus wore mixzed with a 1 in 10 diluiion of the antiserum,
The time allowed for noutraligation was the same as in tho tesis with
YoeLoeTs virus but the mixtures wore inoculasted into plates of whole-
enbryo cells and surviving virus titrated by meons of the standaxrd
plaque~assaye The test was ropeated with a 1 in 10 dilution of

normal calf~gerum in place of the I«L«Te antiserum.

At the Wellcoma Research Laboralories, several young hens
were inoculated with thé M=-3 gtrain of virus and, along with unw
inoculated controls, weve challenged threoe weeks later with a
virnlent gtrain of T.L.Te virug. Altempts were also made to produce
antibody to the columbine agent by intratracheal injeotion of ten
pullets followed by intravenous inoculation of four of Hhem three
and six weeks laters When plague-inhibition tests were carried out
in cultures of chick~embryo liver cells, it was found that serum

from three of the heng given multiple inoculations of virus contained
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antibody, the neutralization index in cach case being slightly greater
than le4s Plague~inhibition tests were then performed wlth one of
the M~3 antisera, an antiserwn againgt L.L.T. virus (I.L.T.-2 strain),
M~3 virus and two streins of TeleTe virus (T LoTe-l and I.LeTe=2).

The agents wore mixed énd incubated as alroady described but culbures
of ohickwegmbryo liver cells were employed so that both viruses could
be titvated by the plaguewassay methods DBaxendale (1966) reported
that higher plague=-counts wero obtained with IT.LeTw virus in those

cells than in cultures of chicken kidneys

(3) ReEsuLTS.

Cropg-neutralization tests with M-3 antisorum and the
BuBeBe gbrain of T.L.Ts virus falled to demonstrate any antigenic
pimilarity bVelween the two virusess The titre of virus in the test
omploying a 1 in 10 dilution of ToLeTs antiserun was 109¢3 1¢Tngo/
0s5 ml. vhile the corresponding flgures for virus incubated with g
1 in 10 dilution of normal calfwserum and with a like dilutioniof
-3 antigerum wore both 104427 10IDgH/0.5 ml. Tork with M-3 virus
and DeTsT» antiserum showyed that there was little, if any, neutral-
ization of the former by the latter, the titre of virus incubated
with tho antigerum being 2.7 x 104 PsF*U./Q.f} mle 0f Virusegerum
mixture compared with 6.5 x 104 P.F-U./O,S mls. for virusg incubabed

with normal calf serum.

Birde inooculated with strein M-3 at the Wellcome Remesarch
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Laboratorios and challenged with I.+L«Ts virus three weoks later
developed clinical signg of TeLsTe which were of severity akin to
thoge shown by the controls. Three 0f the four birds given multiple
inoeculationsg of strain M-3 developed a low level of antibody to the
virus and samples of sera possessed neutralization indices of slightly
greater than leds Normal fowl sera did not have any neoutraligzing
aobivity, One of the three sera was then used in a crossw
neutraligation test, with resulte as followao:

FWeutraligation Indicess

Antigerum, Virus.

M3 Il L1 T2
Mi~3 1.2 0.4 046
1L Dw2 0.9 240 240

(4) DISCUSSION.
The findings were indicative of slight erosg-reaction
betweon the M=3 strain of pigeon I«NsI, virus and the Wellcome TeleTe=?

virug since the neubtrglization indices of TeLsTe~2 antigeorum were

0¢9 againsgt the columbine agent and 2.0 againgt the homologous viruse
The degree 0f cross-neutralization exhibited by the fowl M~3 anbti-
gserum ig diffioult to assess becausey although 1t had a very low
neutralization index againgt TeleTe=2 virus (0.6), that against tho
homologoug gtrain was only le.2, 8Since the neubtralizastion index of

normal fowl serum wag O in vespect of all three viruses, tho above



figures nay be regarded ms evidence of a minor antigenlce relationship.

On the other hand, they are not such as to invalidate precise dlge

tinchtions.

The cross~neutralization test with ths BE,E. sbtrain of
Tele®e virus provided more definitive resuliss A 1 in 10 dilution
of BeFEelle antiserwn bad the high neutralization index of 375 against
the homologous virus but one of only 0.38 against strain M—3.
similarly, ¥-3 antiserum had an index of O sgaingt the B.E.Bs strain
compared with that of 2,19 agalunat the homologous vizuge Clearly

then, the two viruses were antigenically unrelated.

Strain M~3 seemed to be of low immunogenicity to the
domegtic fowls Only threes oub of four bilrdis glven three inooulations
of virus developed nsutrallzing antibody and the titre in all cases
was lowe lMoOoreover, sixz birds in receipt of a single intratracheal
injection faliled to produce antidbody, possibly because virus was
unable to replicate. The antibody levels of the inoeunlated birds
subsequently challenged with I.L«Te virug were not measured buty from
the other results, it seems unlikely that the one inooulation of
strain M-3 ywas sufficient to have stimulated the production of anti-
body. Whether or not birds vhich develop antibody after mulitiple
inoculationg of the virus are rendeored resistant to challenge with
TeLeTe virus has yet to be determined. As is well-known, puppies

vaceinated with measles virug become resigtant o the antigenically
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related canine distemper virus (Slaoter and Murdock , 1963). Prosent
evidence, however, does not denote an association, antigenic and
otherwice,; between th@ two avian herpes viruses compgrable with that
which obtaing between the viruses of measles and canine distempers
Tiven if that relationship did exist, the usefulnoess afAthe eolumbine
agent as a hoteretyplo vaceine agalnst I+L.Ts would be severely

limited by the need to adminigter it by multiple incculationg.

It must be emphasized that the experiments recorded above
were conducted with only one straln of pigeon L Nels virus. Although
~3 antiserum has already been shown Lo neutralize the B=l, P=5 and
Hg=2 gtraing of columbine agent, it is possible that antiserum
againgt, for cxample, strain B~l might not neuilralize strain M=3.

The present investigation does not, therefore, purport to have
explored the entigonic relationghip of ITLeTe virug wyith the pigeon

IToWeIe virus but only that of the former with one strain of the latters
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(8) SUMMARY AWD CONCLUSIONS,

Inhibition of virel multiplieation by deoxyuridine and
demongtration by Feulgen sitaining of an early increasse in the amount
of DNA in the nuclel of infecied ceollsg indicated that tho nucleic
aoid of the pigeoon I.W.Tl. virus existed in the fonm of DNAs 'The
nucleoocapsid wap lcosahedral in sghapey, with a mean dlameter of 100 1ple
possessed 162 holloyw, elongated capsomeres and was somebimes ohw
veloped, Infectivily was destroyed at a pH of 4.0 and by treaiment
with ether. Thogse resulis clearly show that the agent bhelongs to the
herposvirug groups Veulralization tests indicated That the gstrains
oxguined by the author wewre closely related antigenically but the
agent was serologleally ﬂistinguishable from TeLaTe viruse All

attonpts to demonsitrate haemagglutination were unsuccessfuls




241
FINAL DISCUSSION,

The handhook on cage-birds published by the British
Votorinary Assoclation stabtes that insuffiocient is known about
Smadeolts IL.NaTse virus to justify its inclusglon in the ligt of pgents
affecting pigoons in the United Kingdoms The present contribution,
howevery has revenled the existence of a closely related virus in
various parts of the country and has clearly demonsirated 1bs
paﬁhogeniait& for she plgeon. Leboratory methods suitable for its
growth and aspay have been pregented and proof of ite place within

the herpesvirus group has been established.

The incidence of infection ls as yet unknown and future
“work will be requirved 40 determine whether the disease is prevslent

in feral as well ap in domesticated pigeonss There igy, howevVery

some clroumstential evidence to suggest that the virus may be widely
dissemingted in flocks of the latter fype. In & personal communication
to the author, Mrs Re He Axworthy of the Standard Laboratory (Poultry
Diagnostic Laboratory)y Reading, stated that he had observed a

digease of pimilar clinical and pathological charmoler on many

ogcaaions. Bxamination for the agent of ornithosis was carried out

paveral times but with negative resulis in each cames According do
the handbook referred to sbove, outbreaks of dimease of unknown
setiology but distingulshed by the appearance of coryza-like clinical

pigns have occurred in widely-separated parts of the country during
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the pant deocades The condition, to which various names have hoen
aprlied, w.gs "eyo—cold", ®"roup" and "coryza®, alffeclts plgeons of

up to one year of age and is seemingly conbagiouss Once recovery

hag taken place, birds ere seldom affected againe TEnquiries mado by
the aunthor in Renfrewshire and Dunbaritonshire elicited the information
that "eye~ecold" is a common disease of young birds whioh sometimes
has a high mortality and which may be assoolated with the presconce of
amall, yellowish~brown excrescences in the mouth and throat. Sinco
these features were oharaeteriatic‘of the dlscase described in this
theslisy the two conditions are poseibly synonymous, However, as the
agent of ornithosis ocan be isolabted from the ccular discharge of
pigeons with conjunctivitis (Monreal, 1958) and the protozoan

Trichomonas gallinge is known %o be productive of diphtheritic

membranes, furither investigation is obviously required before the
relative importance of the three organisms in the setiology of

pigeon disease can be properly assossed,

Apart from those basic physical and chemical characters

which denote mombership of the herpesvirus grounp, the three most

definitive features of the pigeon YL.NeXs virus were its affinity for
fibroblasts, its release from tho infected coll in vitro and the
relatively high degrec of thermal vesiptance which 1% exhibiteds In
rospect of the firgt of those properties, it resembled the cyto~-
megaloviruses though, since 1t grew well in epithelial cells of

hepatic origin snd, to a legsor extent, in those derived from vonagl
’ ]
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corbox, Lthe similarity was linmlted. 7The agent was akin to most
mombers of the herpesvirus groupy e.#. herpes simplex vircus and murine
cytomegalovirus, in being released into the culture~fluid in large
amounts and thus differed from the ceusal orgaenism oL herpes zogber,
the herposvirus isolated by Churchill (1957) from cases of Marek's
disease and the human gytomegalovirus, all of which may be success-

fully passaged only by bransfer ol infeobed cellse

The columbin@Aagent spemed to differ Hundamenially fyom
I+LeTe virus in its abllity to grow in fibroblaa%s gnd in its groeater
invasiveness both in vive and in ovo. In tigsue-culiure and in the
chorio~allantolc membrane, T+L.Te virus remained restricted to
epithelial cellms Limitation of the latter agent to the resplratory
system of the domestic fowl may, therefore, Ye correlmtive with ite
inability to muldlply in cells of mesodermal orxigin. If that suwmise
~is correcty those other avian viruses productive of hepatic neecrosis
and intranuclear inclusions may be more closely related to the
columbine agent than to I.L.Ts virug. In the absonce of information
on the cytopathogenicity of those agents, speculatlion is premature
but 3t is congelvable that fubture work will allow the division of the
avian horpesviruses into two sub-groups, one comprising I.L.T. virus
and the other conplsting of agents gapable of growhth in eslls of

divorse origin.

In order to seek out those aspects of plgoon T.Nels virus
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"

infection which could e explolted %0 groatest advenltage in fulure
worky, the present investigation was intended to cover the subject
on as broad a basls as possibie, For that reagon, pursuit or
elaboration of certain findings was not possible in tho time avail-
ables The task of fubure work will be not only to £111 the gfaps
loft by the present contributlon, partlicularly with cegard to the
ineldence of infection and the serological relationship hebween
sbrains, but also to extend the depth of the iuvestigation by
gomparison of the base rabios of the vival DNA wibth those of other
herpesvirugen and by exzamination of viral clones for reduced

pathogenicitys
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