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SUMMARY

SfudiéS'were performed on two types of infection of‘tﬁleost

fish where viruses have been observed by electron microscopy:

3

erythrocytic infections in the Atlantic Cod (Gadus morhua) and

the Common Blenny (Blennius phoi;gd and lymphcystis diseasge. .

Searches were made for new. isolations of these infections in
British coastal waters and on shores chiefly in the viéiniﬁy of
Plymouth aﬁd Aberysfwyth. In the absence of disease symptoms,
the blood of fish waslscrgened for the presence]of viral-incl-
usion bodies by standard haematological methods.

PEN in cod was found in the North Sea and inm the Coltic Sea
off southern Eire, thus extending the prevfous distribution-data‘
from the Atl;ntic-coastal waters of Nprth‘America. The blqpﬁy'
infection was also found in new sites on shores in the ficin-
ity of Plymouth. Moreover, the cytologyrof thgsg infections-
was as had been previously described.

Collection data for the PEN infectidns showed an inversex-
relationship of infection incidence with age for cod sample
populations but no correlafion was found for blenny sample
populations. In addition, no external diseaée symptoms were
observed in either typplof infection.

Concerning the recognitioﬁ of the blenny infectioh,
observations from maintaining blenniés suggested the length
of the natural infection migﬁt be inversely related to teﬁp-
erature; noﬁ-experimental longevities are quoted in this connect-
ion. The degree of infection in individual fish was estimated
by light microscopy and the estimates for both'erythrocytic

infections cover the range 1-60% infection.
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Attempts were made to propagate:thg‘viruées in vitro using
fish cell and organ cultures. Primary cell cultures were origin-
ated from tissues of the Blenny, Flounder, Plaicé and Dab using
the protocol in the literature for marine fish.cell culture.
Vigorous cell outgrowth was observed in the flounder cﬁlturea
and in these the time to confluencé_was 6n1y13-5 days. However,
established secondary cultures could not be derived from tissues
of either species. Plaice and dab cultures were used for virus
inoculation but the virus from the blenny infgction and lympho-
cystis virus could not.be propagated. . -

,Organ‘cultu£es were set up using skin blocks fron the
Flounder. With tris-buffefed maintepance medium such cﬁlturea_
maintained histologiqal integrity for 15 days. Howevgf. one

trial inoculation with lymphocystis virus showed no integration

~or multiplication of the virus in the tissue.

In connection with attempts to induce the blenny infection,
the effect of high temperature -in the Blenny was in&estigated.
The infection was not induced over a 9 day holding period but
lytic effects on the erythrocyte nuclei were observed. The effect
of the drug acetjlphenylhydrazine (APH) in the Blenny was also
investigated with the aim of reproducing itsreported action of

anaemia induction and ensuing erythropoiesis. Marked anaemia

-

was produced but not erythrOpoiesia; However, this result could

not nesessarily-ﬁe interpreted as the effect of APH alome.

The viruses were identified and characte;ized with emphasis
on their mophology, using ultrathin sectioning, negative staining
and shadowing methods. It was concluded that the virus from the
Blenny and lymphocystis virus conform to the structural measure=-
ments in the literature but negative staining indicated that both
viruses displ&y unique core structures. These are discussed in

the light of the knowledge of other DNA virus cores. The position




3
of these viruses is further considered with respect to their

classification in the virus family Iridoviridae.
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INTRODUCTION

(1)'Fiéﬁ Diseases

Observations 6f fish diséases manifested &s tumours have
been made since mediaevalftihes as MawdesieyJThomas (1972) pointed
out gnd the aetiology of fish tumours has-reqently?received‘attén-l
tion. To date, dise;ses in fish are known to be c&usedfby a whgle
range of orsanisms 'and interest has grown in the diseases of
economic fish on account of the heavy morfﬁlities that '‘can accom-
pany disease (Amlacher, 1970; Roberts & Shepherd; 1974). This Has:
been,pérticularly true of-the fish viral diseases and ihe modern
study of fish virology has grown up over the lést jwenty years,

starting with the first isolation of a fish virus in 1957. °

"Recent reviews of the subject in English by Wolf (1966 & 1972)

have contributed fo a wider diésemination of the litepature than
formerly by thélreviews in German (Schaperclaus; 1969). Wolf (1976)
moré_recently reviewed fish viral diseases in North America and
research at one of the most active laboratories, the Eastern Eiah '
- Disease Laboratory, U.S.A. The progress that this subject has made
can be judged from the remarks of Wolf (1976) that "the fish viruées
have moved from a position of being scientific oddities to one of
being recognised by virologists as part of a continuum 9# animal
viruses®,

The diseases of both marine and Preshwater fish where viral’
aetiology has been firmly established are summarized (Table 1).
It is seen that all the causative viruses, with the exception of
the virus of IPN, are classifiable within the maiﬁ groups of animal
viruses; thus 3 rhabdoviruses, 1  iridovirus, 2 herpesviruses and
one possible reovirug are listed. In addition there are maﬁy fish
viruses reported by electron microscopy where viral isolations have

not been performed,




Pable l: The. diseases in teleost figh where viral aetiology has
' been established. i -

DISEASE

Infectious

' Haematopoietic
Necrosie

(1HN)

Spring
Viraemia of
Carp (SVC)

Viral -

Haemorrhagio
Septicaemia

(vES)

Infectious
Pancreatie
Necrosis.
(1PN)

Lymphocystis
Disease

Channel Catfish
Disease
(cCp)

"Winthrop
Rainbow Trout
Disease™

FISH

Oncorhynchus

nerka ..
iSdckeye_
Salmon)-

Cyprinus

carpio
(Tae' Carp)

SalmoA

airdneri
‘Rainbow

trout)

Rainbow
trout &
many -~ .
salmonids

96 specias
of marine to
fresh water
fish

Tctalurus

unctatus
EChannel

Catfish)

_Rainbow

Trout

’

PRINCIPAL -
SYMPTOMS

Necrosis
of kidney
& pancreas

Peritoni-
tis, _
enteritis,
haemorrhage
& oedena

Renal & -
visceral
haemorrhage

Pancreatio
necrosis

Skin -
nodules &
tumours

QOedema &
necrosis
of kidneys
& other
viscera

Darkening,
exophthal=
nmia,

FIRUS

Rhabdo~

Rhabdo-

Rhabdo-
Reo=
atypical

Irido—

Herpes—

Herpes-

haemorrhages,

anaemia.&
oedena’

REFERENCE -

Amend, Yasutake 
& Mead (1969)

Fijan et al.

(1971)

Zwillenberg,
Jensen &
Zwillenbprg:

- (1965)

Mose & Gravell
(1966)

Holf, Gravell
& Malsberger

(1966)

Fijan, Wellboran
& Naftel (1970)

Wolf (1976)




Beseérch investigations of fish viruées require much the same
methodology as for other animgl viruses. Tissue culture me£hoda - '
are uséd widely and cﬁltured.cells‘have largely replaced experi- ;
mental fish hosts for virus prepagation though the latter are
required for pathogenicity trials and immunplogical studies, Several
established fish tissue Eulture lines are available and thesé are
propagated in the temperatureirange of 15;2900, reflecting a i
ceiling temperature for-ouitured fish celis naturally lowef tﬁan , r
that for cultured mammélian celle. Although most isolated fish - . :
viruses have been propagated in cultured fish cells, it has been ‘ L
shown that fish viruses can exhibit a wide host range in tissue
culture. Thus Clark and Soriano (1974) showed that the viruses of

VHS, SVC & IHN were replicated in a variety of reptilian and mammal-

ian cell lines e.g., WI-38 (human) and BHK 21 (hamster) and the temp=
erature optima of these viruses in mammalian cells were the same as
. those'in poikilothermic vertebrate cells. Likewise, viruses of

homeothermic mammals exhibit a wide host range in {issue culture and

it has been shown that one fish cell line can support growth of 10
out of 13 such viruses ({Solis & Mora, 1970).

Recent expansion of knowledge on fish viruseg has taken plac;
in different geographical centres reflecting the widespread practice
of fish farming and stocklng in many dlfferent countries. SVC in @
Carp was first 1nvest1gated by Fijan in Yugoslavia (F1Jan et al., _ ?
1971), the principal viral diseases of salmonid fish have bean . :
researched Eince 1957 in the U.S.A. and the range of diseases in ‘ %
:farmed trout has been investigated in Denmark {Chiistenaen, 19723
Jérgensen, 1972).

At present the nu;ber of isolations of viruses from freshwater

fish exceeds that from marine fish, reflecting the greater ease of :

sampling the freshwater environment and the graater resources
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directed to the serious virus diseases of economic freshwéter fiSh.'
However, as Sindermann (1969) has pointed out, there exist very
large gaps in the knowledge of the natural diseases of marine
organisms, including fish and their virus diseases, particularly
concerning the role of disease in the overali ecolozy of marine.
communitiesn,

The area of study in thié thesis is gonfined to thrée virus
infections in marine fish, The first is lymphocystis disease with
proven viral aetiology which is associated with clear disease
symptoms (Table 1). Lymphocystis is studied here in marine flat-—

fish hosts viz. the Plaice (Pleuronectes platessa), the Flounder

(P.flesus)‘and the Dab (Limanda limanda). The other two are

infections of blood erythrocytes, which elicit no external disease
symptoms and concerning which the viral aetiology is not proven.
The second is Pisoine Erythrocytic Necrosis (PEN), reported in a .

variety of marine fish and studied herein the Cod (Gadus morhua )

and the third is a similar but distinct infection in the Common

Blenny (Blennius pholis) termed simply 'the blenny infection'.

The general biology of the fish hosts will be described briefly
and the different types of patholosy geen in diseased fish outlined,
prior to giving a detailed account of the diseases and infections

under study.

(2) Biology of marine fish hosts

2(a) The Cormmon Blenny

The Commén Blenny or Shanny is an intertidai shore fish of
length up to 15 cm with green skin blotched with black (Plate 1b).
The arrangement of ;nternal organs for identification is shown in -
Pig. 1.

Its habitat.is the rock pools and streams of rocky shores and

it feeds on barnacles encruéting the rocks as well as polychaete

1



Plate 1
(b) Part of the cod catch on RV 'Explorer', lst December 1975.

(a) The Common Blenny, a large male from a rocky shore collection.










10
worms and algae in the pools (Qasim, 1957). Breeding is seasonal,
mature females depositing a layer of eggs on.the shore in the Spring.
Fertilized eggs develop on the shore and tﬁe young larval =stage .
hatches in the Summér td spend a feeding and growing‘stag; in the |
sea. The post-larval stage then returns in mid-August to the shore

where the adult life is spent.

2(b) The Flatfish - - -

The Plaice, Flounder and Dab are flatfish differently adapteﬁ‘
for life on the sea bottom. In.particu}ar the skin colour of each
varies according to the nature and colour of tﬂé substratum on which
it lies, but each species can be distinguished by shape, form and
colour, The;species are fouﬁd up to 30 cm length; their habitats
being sandy coastal sediments ___whilst that of flounder includes
‘also the sediments of estuaries., All species lay planktonic eggs
which hatch into young larval stages on the sea bottom, the mature !
fish eventually spawning in deeper waters. The arrangement of |
internal organs in the Plaiﬁe is drawn in Fig, 2 for identification,

2(c) The Cod o i

The Cod (Gadus morhua L.) is a large fish of economic importance

and is found up to 1 m in length and 10 kg weight (Plate 1b). The
gkin is green—yellow in colour and the Cod shows a prominent sensory
barbel on the lower lip. It is carnivorous and undertakes extensive

migrations associated with its search for food and for its breeding

grounds {Harden Jones, 1968).

(3) Patholomy of Fish Diseases
As Wolf (1972) pointed out disease symptoms do not necessarily
accompany virus infections in both freshwater and marine fish. Thus

different types of infections must be classified according to.the
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degree and time course of associated disease and it is possible to
draw up‘three states of infection from the documented examples.

‘Firsfly, there is a state which produces overt symptoms of \

disease and may be 'lethal e.g. IHN in salmonid fish. Secondly, there .

is a state where the infection is latent Fhere being no visible
symptoms and ‘this has béen termed the 'céyrier state!, IPN in ﬁrook
trout is an overt disease but adult fish have been shown to be
symptomless carriers as a result of expos&pe to Qrevious infection
(Wolf et al., 1968; Billi & Wolf, 1969). Thirdly, there is a state
where no disease symptoms are known but vwhich is associated with.an
orphan virus e.g. Epitheliocystis in the North Anerican Bluegill
(Lempomis macrochirus) (Hoffman et al., 1969). This is termed the
asymptomaticicondition. The essential difference between £he latent
and asymptomatic status is that in the former, disease‘symptoms'may
be evoked by the effect of stress or an environmental change on the
host, whereas in the latter, symptoms are not known to be inducible.

Clearly this classification cannot be too absolute‘as-thg
determination of the type.bf pathology depends on the amount of
evidence available on the association of sypmtoms with'the diseaaéf
agent, There is also the diffiéulty in using this classification |
that the real symptomé of diéease may not have been recogniéed.‘ In
other words a virus may havé been isolated from fish by tissue culture
and seen by electron microscopy but s&mptoms of d}sease may not have
been correctly investigated. They could be purely physiqlogical in
nature and not externale

The examples quoted of latent and asympfomatic infectipna are
those of freshwater fish but in marine fish there are few well
studied examples of these distinct situations, However, investiga-
tion of the Grunt Fin /gent (GFA) in the marine blue-gtriped Grunt

(Haemulon sciurus) suggested that GFA may be an orphan virus

representing the asymptomatic condition (Ciem, Sigel & Friis, 1965) .

C e e e e e
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Thé”agent waé iso1ated froﬁ'degénerative fdcus‘yhich developed at |
the sixty fifth passage .in an established grgnthell Fulture and the
supernatant fluid from fhis cultufe gave a cytopathic effect in both
primary grunt and established goidfish fin cells. A plaque aséay'
was developed using this isoiate‘and‘the increﬁse in infected cells
with infection conformed to the normal viruslgrowth curve suggeéfing .
a virus. Furfhe;more electroﬂ microscopié éxamiqafion of the sedi-
mented supernatant revealed ovoid particles of 100-150 nm diameter.

Diseases in fish may also give riseito the symptoms of tumour
formation or abnormal growth. There is é good de%l of informafion
on tumours in marine fish and the extensive reviews of Mawdesley-
Thomas (1972) and Harshbarger (1969 & 1972) describe a range of
different types and beations. Both natural benigm tumours gnd
rapidly growing neoplasms have been observed in a variety of tissueé.
Equally, the causes of tumour formation are.varied»since therg are
several proven examples of viral aetiology as well as dietary
aetiology (Ashley, 1970) and there is growing evidence that environ-
mental carcinogens may be important.

The fish tumour virﬁses form a somewhat heterogeneous group, of
which some examples are mentioned here and were noted in the revﬁe;
of Wolf (1972). Lymphocyatié'virus is fhe‘best known of this group

(see part 4) which may also include, as possible members, viruses

isolated from lymphosarcoma of the Northern Pike (Zsox lucius) and
papilloma of the Buropean Eel (Ansuilla anguilla). _However; the
establishmeﬁt of viral aetiology is rarely_ciear cut. For some
diseases the evidence is at the level of electron microscopic
observations only while for others thefe is additional proof of
virus transmission in vive and in viire according to Koch's postu-
lates, |

Studying lymphosarcoma in northern pike, Mulcahy & O'Leary (1979)

showed that preparations_ﬁf'tumour tissue filtered at 220 nm transmitted

i
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'the4infection to two recipients and four controels injected with
filtered healthy tissue were uninfected up to 144 days after.
Mortality took from 6 to 24 weeks for onset, the haemafopoietic
organs being the principal target. éonstegard (1976) studiéd the
aetiology and epizoojiology éf the disease-in northern pike and a

related species the Muskellunge (Esox masquinongx). He was ablé

to derive neoplastic cells in vitro from tumour tissues  of the
ﬁuskellunge‘and maintain'these for up to 3 years. However, no
transformation of normal célls wag found on cocultivation with the
neoplastic cells or on inoculation of extracts, infectious in vivo.
Although cell-free transmission in vivo was recorded in both species
of Esox, in agreement with Mulcahy & 0'Leary (1970), Sonstegard
concluded that the aetiology was mt proven. Typical C-type virus
particles were also reported by Sonstegard (1976) within lesions
and Papas, Dahlberz & Sonstegard (1976) characterized these particles
further. Homogenised tumour material sedimented on a sucrose gradi-
ent gave a band of reverse transcriptase activity at the same density
as a characterised mammalién.RNA tumour virus. Electron microscope
examination of the particles in this fraction showed the two con-
centric membranes typical of a‘mammalianvtype-c fumour virus, -
Interestingly, the reverse iranscriptase activity of the particles was
maximum at 2060,'rather thén the normal maximum of 35%;for C-type
viruses, 20%c being the usuél summer maximum temperature:for the
Northern Pike. However, despite the isolation of this wvirus, the
aetiology of the infection remains equivocal.

"Cauliflower disease' or oral papillomatosis in the Buropean
Eel is also associated with a virus. Deys (1969) inferred that
particles were seén in tumours by electron microscopy and Pfitzner
& Schubert (1969) isolated a virus from diseased young eels in
tissue culture. Wolf & Quimby (1973) later reported that a virus

could be grown and plaqued_in FIM cells from the Fathéad Minnow
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(Pimephales promelas) and Wolf (1972) commented that his own studies

showed virus in some but not'all of the éffeqted specimens, Schwangz-
Pfitzner (1976) descfi£ed virus isolation from the blood of diseased
. eels by passage in RTG-2 gonadal -cells of the Rainbow Trout and alse
in FHM celis. However, the disease could not be induced in eels with
cell culiure-passaged virus, papilloma extracfs or blood from afféc-
ted eels. Similérly, Deys (1976) reported that although virus was
found in the tumour, induction and iransplantation could not be
demonstrated. Afdifferenfivirﬁs isolate from eels was iistédv

by Fenner (1976) as a possible rhabdévirua.

There is much suggestive information that implicates artificial
chemicals and pollutants as diréct or indirect causes of fish tumours
(Brown et al., 1973). The increase in the number of recorded fish
tumours may reflect an increase in the number and carcinogenic
efficacy of pollutants but certainly does reflect alsé a heightened
interest and search.

In the North East Irish sea it was reported therg was a‘simul-
taneous occurrence of three kinds of skin lesion in large plaice and
dab over 250 mm length,viz.,ulcers, lymphocystis and fin damage
(Perkins, Gilchrist & Abbott, 1972). It was suggested that the
lesions could all be linked to pollutants, especially polychlori-
nated biphenyl compounds, ;cting as irritants when the fish burrow
in sandy sediments. Shelton and Wilsen (1973a) howevery refuted
this suggestion on the-grounds that a 1atef survey revealed a lesser
incidence of lesions and fin damage in the same area. They remarked_
that cyclical changes in infection incidence were common in the
area and these were.more likely associated with ﬁhelteréd-conditions-
and variable salinity rather than an increase in pollutants.

Chemical carcinogens are,Present in sea water and their distribu-

tion, levels =znd potential hazards have been reviewed by Kraybill




'(1916). Moreover, as‘Stitch-&‘hcton'(IQIG)-remark;fish tumours have

i

a possible use in monitoring carcinogens in the marine environment.

However, further investigation will be needed to show how the known

chemical carcinogens, the tumour viruses and the environment interact

.t0 cause tumours in fish.

(4) Details of the Diseases and Infections under study

(a)} Lymohocystis disease

(i) Ceneral/Historical

Lymphocystis diseése was first described in flounder and plaice
as multiple tumours by Lowe (1874). It is characterized by the
development of small whitish nodules on the skin and fins (Plates
2a & 2b) and these may be found singly or as confluent ciusters;
Woodcock (1904) believed the nodules to be sporozoa and named the

organism Lymphocystis johnstonei. This provoked some,contro#ersy

among‘students of this disease as to the proof of the sporozoan
identity and in the Paradise fish (Macropodus) it was even suggeéted
that the nodules were fish ova (Zachieche, 1910). However, the
studies of Weissenberg coniinued over 50 years, established the view
that the nodules were greatly hypertroihied host connective tiaau;
cells.(Heissenberg, 1914, 1920L He.produced histological and *
éytological evidence qf thé growth of.the cells in experimentally
prqduégd tumours, examined éeriodicali&. The observation that the
cells contained Iarge.nuolei, nucleoli and Feulgen—postivé cytoplas-
mic inclusiéns was therefore explainediwholely a8 a consequence of
cellular hypértrophy. The seme interpretation was fhen given to the
disease in a wide range of freshwater and seawater fish frqm Europe
and North America e.g, in the Flounder (Caussen, 1917) and in the

Orange Filefish (Ceratacanthus schoepfi (Walbaum)) (Nigrelli &

Smith, 1939). The latter authors observed that lesions were not

confined to the-s8kin but were found also in the spléeny Qvaiy and -

16
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Plate 2 . \
(a) A plaice lightly infected with'iymphoqystig showing a tumour on |
the anal fin., It also éh¢ws.avgrowth'on the jaw (arrow) with o '

darkly pigmented overlying skin. Ocular side.

(v) As above, abocular side. Lo o . |
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gastro-intestinal'tract_ The disease is: also feporded as ococurring
in the New York Aquarium, where outbreéks were commonest at the
height of the Summer (Nigrelli, 1940). Nigrelli & Regeieri (1965)
produced an excellent refiew of tﬁe spontaneous and experimgntally
induced cases of the disease, |

Successful transmission experiments were reported by a numbér
of authors but Weissenberg was the first to suggest the disease was
caused by a virus and obtained experimental prOQf'fhat the infectious
azent passed bacterial filters (Heissenberg, 1951), Experimental -
evidence of the viral nature of the'disease was also obtained by
Wolf (Wolf, 1962; Wolf & Carlson, 1965),

Walker (1962) first reported the fine structure of the virus

from the Walleye {Stizostedion vitreum vitreum) and Walker &

Weissenberg (1965) described the composition of the lymphocystis
cell in different fishes studied by light and electron microscopy.
Wolf, Gravell & Malsbersger (1966) reported the first isolation and

propacation of lymphocystis virus in vitrs; virus from the Bluegill

was propagated in monolayer cultures from both the Bluegill and the

related Largemonth Bass (Micropterus salmoides). Bluegills inocuf
lated with cell~-pagsaged virus then de;eloped the disease and the
results fulfilled Koch's postulates.

Lymphocystis diseaselis wideépread amongst teleost fish and
Lawler, Ogle & Donnes (1977) recently/iisted 96 species as hosts of
fhe spontaneous disease., Other aspects of lymphocysiis are discussed

here under ecology, cytopathotogy and propazation and morphology.

(ii) Ecolozy

Lymphocystis disease has been found in fishes from a wide range
of gengraphical areas and fron freshwater, brackish and marine

environments, It is reported in freshwater fish in several continents
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and is found in the Walleye from Worth America and Russia. It was
also reported in the ﬁaﬂt African lakes on the tails of cichlid fish
(faperna, 1913).' It is reported in sea water fish fro; the Pacifio
and Atlantic coasts of North America and around the shores of Great
Britain in specific 1ocali£ies. Templeman (1965) reported an out-

break in the Americen plaice (Hipposloscoides platessoides) on the

Grand Bank off eastefn North America and Shelton & Wilson (19735)
reported the disease incidence in pleuronectids in the Northern Irish
Sea and in Rye Bay. | |

Natural infection is thought to start with an abrasion or out
of the skin surface. This could occur through penetration by~an
ectoparasite, through occasional damage by external objects or by
abrasion in combat fighting and mating. Nigrelli believed the firat>
alternative that parasitic copepods, protozoa or leeches could trané-
mit the disease. McCosker (1989) reported transmission associated

-

with combat display in the Califormian qunny (Hypsoblennius

jenkinsi); lesions were noticed to correspond with the wounds inflic-

ted during territorial combat at spawning.

The affect of the disease on the fish is a general debilitating:

one causing a loss in weight znd the camouflage is spoiled in the
worst cases making the fish more susceptible to predation, However,
Nigrelli & Smith (1939) remarked that fish haviné had external signs
of the disease and recovered, survived well in the New York Aquarium
suggesting that the disease is rarely fatal in the absence of natural
predation.r

The host response may exert an influence on the course of
lymphocystis infection and in this connection <here is much evidence
that fish can mount an effective immune response to invading micro=
organisms but this is temperature-dependent, a3 reviewed by

Avtelion et al, (1973). Ruscell (1974) found *hat the sera of

naturally infected plaice and flounder showed precipitatiﬂg antibodies
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to homologous lymphocystis antigen. Since 80% of the sera gave-a -
precipitation reaction and since this test is fairly insensitive, it

was inferred that the concentrétion of antibodies was prdbably fairly

high,

(iii) Cytopatholosy ‘& Cytochemisiry

1

Virus infecteé cells enlarge enormously to a diameter of over .
1 mm, resu1¥ing in one of the largest known anihal cells. The nucleus
and nucleolus enlarge in propﬁrtion to the cytoplasm (Plate 3b): mat—
ure cells are surrounded by a hyaline capsule (Plate 3a) and,proﬁi— _
nent inélusions are present in the cytoplasm. Weissenberg coﬁcluded
the inclusions ;rose de 2222 from the cyfoplasm and not via the
nucleus and_fhus agsociated the inclusions with the virus effecting
the cytological changes.. ‘

Preliminary electron microscopic studies of lMcCoy, Edwards &
Walker (1970) indicated that particles enter the cell by phago- -
cytosis and are uncoated within cytoﬁlasmic vacuoles, Uncoating was
found to be associated with the fusion of small vesicles with the“
vacuoles and a marked increase in the elect?on—density of fhe vacuo-
:135. It was therefore suggested that lysosomél enzymes, contained
within the Golgi-types vesicles, are responsible for'uhcoating.

Recently it has been reported in the Walleye, that tumours of
both lymphocystis and dermal sarcoma (WDS), with‘distiﬁcti#e
cytologies,'éan be found on the same fish.andfcgg'Bé}cpnfluent
(Yamamoto gi al., 1976). By electron microscoéy, it was observed that
the cell types of the itwo kinds of tumouf were asaociated with dis-
tinct virus particles and the distribution of each virus was limitedl
to the characteristic cell type. In the case of WDS this was a
possible RNA virus of 135 nm diameter. |

The cellular changes of 1ymphocystis are accompanied by changes

in cytochemistry.
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Thé inclusion bodies have‘been‘ﬁhown by cytochemical staining
and autoradiogrdphy to be DNA-containing and thus are téken to be

'sites of viral replication (W;Iker, 1965; Sigel, Beasley & Launer,
1966; Pritchard & Malsberrer, 1968; Midlige pers. comm.,).- ﬁalkerl
(1965) confirmed this in lymphocystis ceils of the Walleye using
acridine orange (A0) and Feulgen stains and Sigel, Beasley & Lauhpr
(1966) daid so using AO in infected tissue cultgre cells, Pritchard
& Malsberser (1968) showed the capsule was positive for the Periodic-
acid-Schiff (PAS) reaction indicating its content of acid muco-
polysaccharides and this fact was confirmed by Héwse & Christmas
(1970).

Chénges in cell synthesis also take place but to date there is
no complete account of the biochemical composition of lymphocystis
cells ahd no reportéd work on factors that inhibit celi divisioﬁ_or‘
prevent cell lysis. Pritchard & Malsberger (1968) showed the total
compbsition of the cell was proteins, histbnes, DNA, RNA and poly-
saccharides. Lopez et al., (1969} réported that there was no
accumulation of protein, DNA or RNA in infected éells in vitiro,
although increased rates of DNA and RNA synthesis were detected;
Wolf (1972) commented on this work that "it seems likely .cievves’
that accumulation must occur and that the data would reflect that
change if they were reported in terms of product synthesized pexr
cell"”, These studies also did not descriminate between vifal and
cellular nucleic acids. However the later abstract of Lopez et al.
(1970) reported virus infection correlated with an increase in total
DHA synthesis. In this case'the‘base analomue 6 mercapto-purine was

used for inhibiting virus growth.

(iv) Propagation

Lymphocystis virus from the Bluegill has been passaged in vivo

and the cytological course of the disezse described (Wolf, 1962; Wolf

i e e e e fim
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& ‘Carlson, 1965;lDuanr & Wolf, 1966). In agrecment with the results

of in vitro propagation, there was a fall in the recoverable'virua
titre till 6 days post infection (p.i;).then e sharp rise in titre
of 2 to 3 logarithmé up to 15 dayslp:i. with a plateau till 28,

There are many pub;ished records noted by Nigrelli & Ruggieri
(1965) of the experimental transmission of lymphocystis in freshwater
fish and Roberts (1976) has also reported transmission in the Plaice.
For plaice held at 10%, the skin lesion first appeared after a month,
it developed slowly over 3/4 months and.there were demonatrable
levels of serum antibody and cell-mediated immunity prior to its
termination. Réberts (unpublished) has also performed transmission
of flounder lymphocystis and cross—infection between plaice_and

flounder. Plaice/flounder hybrids as well were found susceptible to

‘virus from both fish but the Turbot (Scovhthalmus meximus) was ﬁpt.'
The early experiments of ﬂeissenberg and the observation of Nigrelli
& Smith (1939) also suggested that cross-transmission was only
possible between closely related genéra.

Lymphocystis virus from the freshwater Blueéill has beenvpropa-

gated in vitro in monolayer cultures from the Bluegill and the

related Larzemouth Bassl(Micropterus salmbides) (Volf et. al., 1966)
and this enabled studies to proceed on the structure and maturation of
this virus-::::i::: isolate (Midlige & Malsberger, 1968; Zwillenberg
& Wolf, 1968). To date the virus isolates studied here, those of the
marine pleuronectids of British waters, have not been propagatéd in
vitro, However, the virus from the marine Grey Snapper (Lutjanua
griseus) has been propagated in established GFS cells derived from
‘fin tissue of the marine blue-striped Grunt (Lopesz et al., 1969),
Indeed, this ié the only lymphocystis virus isolate from a marine
fish to have been isolated in vitro ard the GF-1 cell line jhe only

established line derived from a marine fish that is available from

a commercial tissue culture supplier. By contrast there are many more
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established lines derived from freshwater fish e.g. FIN & RTG cells
(section 3). | '

The methods used byzdifferent_authors,for the establiéhment of
monolayer';ell cultures from marine and‘ffeshwater fish‘habg in com-
mon similai.requirements for the dispersion and growth conditions of
the cells and tissues (Table 2)} However, tiséues from the mafiﬁe
grunts required a high sodium chloride concentration of approximately
0.2 i for growth (Clem et al., 1961; Clem et al, 1965). The recommen~
dations of Wolf & Quimby (1969) for marine fish monolayer cell
cultures also employed the medium formulation of Clem et al. (1961)

and gave additional details of the require& aseptic techniques.

Table 2: Conditions for the establishment of monolayer cell cultures
from marine and freshwater.fish and the growth time to.
confluence of cultures,

' i

MARINE FRESHWATER (As adults)
YTellow-striped Blue-striped Sockeye Salmon Atlantic Salmon
FISH Grunt Grunt : (Oncorhyndrus (Salmo salar)
(H. (H., sciurus)  nerka .
flavolineatum) ‘ o
Clem et al. dlem, Sigel Fryer, Yusher Nicholson &
REF, (1961 & Priis & Pilcher Byrne
(1965) - (1965) (1973)
TISSUE(S) Ovary, Heart Fin Embryo - Heart, Liver,
TAKEN & Gillcover ' : Kidney & spleen
DISPERSION Trypsin Trypsin Trypsin Trypein
CULTURE  Bagles MEM Fagles BME Basles MEM,BME Eagles MEM
MEDIUM 0.219M NaCl 0.196H Hall 0.116ﬂ Nall 0.14M NaCl
- CULTURE '
TEMP.(OC) 20-22.5 20 18 20
S 10-28 7-10 7-28 14-28
Lo -

MEN = Minimal Essential Medium . ' -
Bif7 — Basal Medium .
(1) - Primary culture (2°2) - Secondary culture
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‘Buccessful explant cultures have also.been derived from marine -
i . A}

fish, Clem et al, (1961) found cells from grunt tissues grew well

in a mediﬁmrdésigngd basically for mammalian cells, Fufther, Townsley,

Wrircht &‘Scott-(1963) obtained vigorous cell growth from explants in -

& basic sali-unad justed mammalian-iype medium. Several marine fish
were tried including the Atlantic Cod and tissues from many différent

organs gave gdod cell growth,

(v) Morghologz_-
Lymphocystis virus is broadly spherical in outline and is
thought to conform to the icosahedral symmetry of spherical viruses
described by Caspar & Klug (1962). However, there existis no report
of the doublé shadoﬁiﬁg proof of this symmetry for the virus (Hilliaﬁs
& Wycoff,/1946). - -
The/virus is amongst the largest known spherical viruses,
different authors quoting the particle diameter by section as 130~
250 nm (Table 3). As Kelly & Robertson (1973) emﬁhasized, it is not
known whether this variation in sizes reﬁresents differeqt strains
of the virus in the respective hosts. Another possible reason for
reported variation is that authors do not state whether or not the
diameter was measured between the apices. Siﬁce‘the secfiohed outline
is polyhedral there can be ‘variation in measurement. By negative -
staining the>particle is often reporte& as larger than by thin section
e.g. up to 300 ﬁm‘diameter (iwillenbarg & Wolf, 1968) (Table_4);

Thin sections show the virus is composed of an inner core and

an outer bilaminar shell or capsid with an electron-lucent gap between,.

Negative estaining confirms this arrangement and also reﬁealsAsomd

detail of the structural units of the capsid. Zwillenberg & Wolf

.(1968) commeénted on "an ordered array" of morphological units in

-collapsed virioﬁs but this was difficult to discern from their

electron micrographs. Howeﬁer, Midlige & Malsberger (1968) reported




Table 3:

Virus genera

& species

Iridovirus
iype
speciea
Tipula
iridescent
virus)

Iridescent
virus

Iridescent
virus

Iridescent
virus

Other::
- probable
gZenera

African’
swine fever
virns

Amphibian
icosahedral
viruses
(type Frog
Virus 3)

Icosahedral
" Frog Virus

Gecko virus

Lymphocystis
viruges

Abbreviations:

Hoat

Various
insects

Octopus
vulzaris
{(Octopus)

Nereis

diversicolor

(Ragworm)

Entamoeba

histolytica
iAmoebai

Sus scrofa

Tgaine also
wild pigs &

hogs

Rana pipiens

(Frog)

R. pipiens

Gehzra
variegata
zGeokoj

Many spp.
of fish

ds ~ double straznded

-acid

MW-130/ .
160x10°D

(das)-DNA

de=-DNA

ds-DNA
130x10D

DNA

Bize

(=)

130-
180

100~
140

8o

175~

215

130

280~
380

220

130~
250

p.a. = paracrystalline
array
c.m. — cellularmembrane acquired

symm, =

met

MW = molecular JWeight

; of yirus
outer/inner

Morgholbgz_

p.a. C.m,
L ]

+': -

(+) -

? ?
-+

+ +

() -

symn.

s/s
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Iridoviridae; summarized information for viruses from differen®
hosts, after Fenner (1976).

Reference

Bellett,
(1968)

Runggef
et al.

{1971)

Devauchelle
& Durchon

(1974)

Mattern,
Hruska &
Diamond

(1974)

Hess (1971)
Cozgins
(1974)

Granoff
(1969)

Bernard
et al.

{1968)

Stehlbens
& Johnston

- (1966)

Kelly &
Robertson

(1973)
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comparisons with lymphocystis virus,

(vi) The fomily of viruses: Iridoviridae

Many viruses have been described in a ransge of hosts including

both vertebrates and invertebrates, which show the common features of

icosahedral symmetry, replication in the cytoplasm and virion DNA.

The amphibian viruses with these properties were first termed
Icosahedral Cytoplasmic Deoxyriboviruses (ICDVs) by Granoff (1969)-
and fhe abbreviation was used to ehcompass the range of_simiiar
viruses.

The ICDVs were then coliectively reviewed.by Kelly & Robertson
(1973). Lafer the group was renamed the family Iridoviridae by the
International Committee for Taxonomy of Viruses (ICTV), the stem-
irido~- being taken from the word iridescent (Fenner, 1976). Thé'ICT&

clapsification included in this family as species: 19 types of

iridescent viruses of insects, reviewed by Bellett (1968), Chironomus

iridescent virus (Stoltz, 1971) and iridescént viruses of the Octopus

(0ctopus vulegaris), a polychaete annelid (Nereis diversicolof) and an

amoeba (Entamoeba histolytica). Liste@.as probable members of the_
family were the following: African swiﬁe-fever virus (ASFV) from swine,
revjewe& by Hess (1971), ICDVs of amphibians.including_frog virua 3
(FV3), 'gecko virug' from the reptilian lizard-like gecko and
)ymphocystis virus from fish (Table 3).

Complete biochemical characterizatioﬁ is avzilable for oniy the
insect Iridovirus species and FV3 but these‘viruses show some common
characteristics (Fenner, 1976). The virion is large'containing about
1500 capsomeres, a single structural unit membrane is associated with
the core and the virion contains many proteins and aeveral.enzymes.
The genome is a single molecule of dpuble stranded DNA of molecular

weight 130-160 x 166D and mﬁltiplication of the virus occurs only in

‘the cytoplasm.
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Variation between Iridovirus species ig found in the particle
.diémeter, in the degree of virﬁs assembly durihg multiplication and
in the presence of an additional cellular membrane.

The range of particle diameter is from 80 nm for the amoeboid
virus V301 to 330 nﬁ for the frog virus of Bernard,Cooper & Mandell
(1968), the majority of insect iridescent Qiruses Being intermediate
in sigze at i30 nm, Enormoué numbers of particles ;re found in inseci_
Iridovirus —infected cells and this fact combined with suitaﬁle surface
structure for regular close packiﬁg,'leads to a paracrystalline array.
This is not observed on the whole in ithe replication of %the lgrge .
Iridovirus species from vertebrates, although Walker & Wolf (1962)
remarked on crystalline lattices in lymphocystis cells from the
Bluegill,

’ ASFV ana the amphibian icosahedral viruses show an external
. membrane or envelope but lymphocystis virus does not. This is known
to be acqu;red by budding of the cell membrane around single particles
and thgs process therefore effects virus release (ﬁreese & de Boer,
1966). The presence of the envelope accounts for the lipid in the
virions of ASFV and for its ether sensitivity. Although the insect
Iridovirus species show no envelope, some of them show a small liSid
content but this is thought to be contained internally rather than
externally (Kelly, 1973).

Although the ICDVs can be conveniently classified together as
a group, there is evidence from serolosy and nucleic acid homology
studies that this is a large assemblage of viruses, many of which
outside the insect iridescent sub-~group are unrelated. Bellet & Fenner
(1968) thus demonstrated by DNA-DNA hybridization methods that PV3
was unrelated to a group of insect iridescent viruses and each éf
these were also dissimilar to different poxviruses. Kelly & Avery

(1974) similarly showed PV3 was unrelated to iridescent viruses

2, 6 & 9 by DNA-DNA hybridization techniques and by analysis of
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~wirion proteins. They therefore Buggestad!“rejection of thelproposal*
that FV3 and-¥hesa iridescent virusas-should be classified tozether",
Serological .comparisons h#ve pointed to other dissimilarities: FV3
‘was ‘unrelated to bluegill lymphocystis virus and to ASFV (dame &
‘Dardiri, 1969), LTL virus of R. pipiens wau unrelated to bluegill
iy{nphocystis virus (Clark et al., 1969) and various amphibian ICDVs _
were all dissimilar to Tipula iridescent virus (TIV) (Kaminski et al.,
1969).

The genus Iridovirus‘.shows icosahedral symmetry externally.and
the core is generali& spherical. Electron microscopic sfudieslof two
speciéa, Tipula iridescent virus (TIV) and Sericesthis iridesceht
virus {SIV) have revealed aspects of the virus construction (Wrigley,
1969 and 1970). ﬁy using different methods of virus breskdown with
negative staining it was found the outer icosaheﬂral surface of the
particles showed morphological sub~units in close~packed hexagonal
array. It was also found that complete breakdoun resulted in the
appearance of triangular, pentaronal and linear fragments, These
structures led Wrigley to propose a model structure for SIV in which
these fragments make up the facets, apices and edges of an
tcosahedron of unknown skew. It is an interésting comparison that

although ASFV, lymphocystis virus and the larger icosahedral viruses

of vertebrates have been studied by negative staining, the breakdown

fragments noted by Wrigley have not been seen.

4(b) Erythrocytic Infections of Fish & Other Vertebrates

(1) General/Historical

The infections under study, PEN in the Cod and the blenny
infection are Af interest to the virologist on account of their
probable viral aetiology but they_were first discovered by parasito-
logists @uring searches for blood protozoa.

Ridgway (1956) recorded granular material in the cytoplasm of
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fi;e& red blood cells from several ‘salmonid species, namely Chinook

salmoﬁ (Oncorhymehus tshathscﬁa),'Sockeye salﬁon (Oncorhynchus nerka)
and Rainbow trout. Gardner & Yevitch (1969) later reported non-
-apeoific cytoplasmic_inclusions-in thé red cells of three species of
killifish (Pundulus 8D.); these were seen only in wet films and not

~in fixed smears. Laird & Bullock (1969), in a paper féporting a

variety »f marine fish protoﬁda from blood, noted an unusual necrosis
of‘ihe nuclei in red bloqd cells; This involvéd‘a-marked fragmentation;
granulation and 1ysis'of the nucleus, and was associated with a promi-
nent cytoplasmic inéiusion in infected cells, It was most common in

Atlantic cod from the coast of New Brunswick, Canada, bubt was also

found to a lesser extent in the Sea Snail (Liparis atlanticus) and

the Longhorn Sculpin (Myxocephalus octodecimspinosus). These authors

coined the term 'Piscine Erythrocytic Necrosis' (PEN) for the massive
destruction of the red cells they noticed.

Halker (1971) reported electron microscopic evidence of the viral
nature of cod PEN and this was confirmed by Appy, Burt & Morris (1976).
Walker & Sherburne (1977) reported on ultrastructure further and gave

data on the incidence and distribution of cod PEN.

PEN infections like that in cod have been‘reported from other
seawater and anadromous fish. Sherburne (1973) described by light

L

microscopy PEN in the Atlantic herring, (Clupea harengus harengus)

and electron microscopic studies have shown that this infection is
viral (Phillipon, Nicholson & Sherburne, 197T; Reno et al., 1978).
Sherburne (1977) described the first record of PEN in the blood of an

anadromous pelagic fish, the Alewife tAlosa pseudoharenggg).

Other intra-erythrocytic infections of fish, amphibia and reptiles,
gonie previously described as protogoa, have been fsudied by electron
microscopy and cytoplasmic viruses observed. Thus particles have been

geen in Immanoplasma lesious from erythrocytes of the Dogfish

(Scyliorhinus canicula)(iohnston, 1975), in Toddia lesions of a frog
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(Sousa & Weigl,.1976) and in erythrocytes frOm-tha Léopard‘Fiog,-‘
(Rana Eigiens)'(Bernard et al., 1968); In the last example, the.frogg
had been irradia%ed 3 days beforc the examination of blapd‘huf the
aﬁthors;mention the results of Schmittner and Bali (unpublish;d).who
found'virus in the erytﬁrocytes of unirradiated frogs.'

| An 1nfect10n similar to PEN, here termed the blenny infection,
was reported by Johnston & Davies. (1973) in the erythrocytes of the
- Blenny at Aberystwyth. By light microscopy, a promlnent cytoplasmlc
inolusion was noted 1n wet filme and fixed smears but by contrast to.

PEH-no-nuclear_invdyement or lysis was observed. The infection was

described as 'Pirhemocyton-like'! on account of its resemblance to

the parasite Pirhemocyton tarentolae. P. tarentolze was named after

the host in which it was first found and described as a protfozoan viz.

Tarentola mauritanica, a gecko from North Africa (Chatton & Blanc.

19214). Stehbens & Johnston (1966) reported ultra-structural evidence

that Pifhemocyton‘in the Australian ggcko (Cehyra variesata) was a
viral and hot a protozoan infection and this was the first proof of
viral identity in the PEN-type infections of vertebrate‘erythrocytés.
Cytological and u1tra—s£ructural evidence alsq strongly sugéested
the blenny infection was caused by a virus (Jéhnston & Davie;, 1973).
| 'Béside§ these 4 hosts, PEN has been recorded in 10 other genera
of fish from the Atlantic coast of North America and 5'spebies‘have

- 1
been listed as possible hosts (Walker_& Sherburne, 1977). In total
16 PEN positive species have been described from the North American
coast and the‘Blenny is the only host to be deséribed,from the
fritish islas (Johnston & Davies, 1973). .
'LLLIE%%%%§¥Tbn incidences ziven by Walker & Sherburne (1977) vary

from 3% for the Tautog (Tautosza onitis) to 93% for the Sea Raven

(Hemitriptorusvamericanus). The largest samples,about 100,no doubt
give the most accurate mean incidences but the records for cod PEN

¢learly show some geographical variation (Table 5). 1In the survey of



- O

Table 5: Infect1on 1nc1dences reported in‘wild caught Aflantie ood,

ocommon blenny, alewife and herring.

Host | gite Population Sample Cells infected  Ref.

gize . (%
C%) : ]
Cod St, Andrews 20,0 5 e Laird &
- - to Kent Island ‘ Bullock
Cod St, Andrews. 11.1 18 10 Walker
¥.B., Cenada ' L | (1972)
Cod Boothbay 13.8 116 99 Walker &
harbour, Maine, (max. ) 'Sherburne -
U.S.A. - C - (1977)
Cod Nantucket 16.0 256 - "
Shoals to )
George's Bank
Cod Passamaquody 6.5 523 398-90 Appy &
Bay, N.B., : (mature) Burt
Canada 0.5-18.5 (1975)
_ 7 (immature)
Blenny Aberystuyth 24.1 58 60-80 Joknston
- HWales, U.K, ‘ & Davies
_ (1973)
Alewife Damariscotta 56.1 991 €0.17 Sherburne
Mills, Maine, (pre- . (1911) '
'U.S.A. spawning) :
. 10.5
(post-
spawning)
Herring Maine & 4.0 201 6-90 Sherburne
New Brunswiek . {mature) (1973)
! Coast 1-90 -

(immature)
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-cod PEN by Walker & Shorburne (1977) approximately half of the
:stétiong vere negativé and half poéitive in the lafgeat sample. ﬁo'.
correlation of the infactionlwaé recorded with the sex or total:
length of the fish but on.Georgé's Bank there‘wﬁs a higher incidence
at depths of 55 m. With respect to the age of fish, Sherburﬁe (1977)
found that PEN in the Alewife was predominant in prespawning.édult
fish, less common in postspawning adﬁlts and abssnt>in juveniles,
The difference in incideﬂce was suggested mighf-be attributable to
an activation of a lgtent infection during the spawning_runa

In other aspecfs of the general ecology e.g. the natural'transé

mission, the affect on the host and the infectivity of the virus there

is little or no available evidence for the blood infections.

(iii) Cytopatholoay

Infected red cells are distincuished by the presence of a baso-
philic cytoplasmic inclusion body around which may be present a cloud
of granules, the actual virus particles. In cod erythrocytes this
measures 0,3=1.5 pm diameter, it is round, compact and Feulgen-
positive confirming DNA content (Walker & She;burne, 1977). In the
Blenny the inclusion measures 1l-4 pm diam., often it is surrounded
by a lightly gtained 'halo' and sometimes there is more than one per
cell (Johnston & Davies, 1973). Thé inclusion is shown by electron
microscopy to be viroplasm i.e, the matrix of viral precursors
accounting for the DNA content. In herring, the inclusion was report=!
%&\as 1.3-3.3 pm diam. according to the type and stage of infection
(Sherburne, 1973). Two types of inclusion have also been reported
in infected herring erythrocytes by Reno et al. (1978). The type I
inélusion was circular, electron dense, measured 1.5 um, was clearly
associated with virus particles and was not membrane bound; this

therefore corresponded to the viroplash of other PEN infections.

The type II inclusion was distinct to type I, It was not directly
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”)virus—associated; measured {0,5-3 pm diam,, was electron-lucent and

'waé surrounded‘by‘muitiple m;mbranea. |
VPEN*infectioné also-involve Varyinéldegrees of marsination of

the nuclear chromatin and its fragmentation, In cod erythrodtyes

p;cqosis.and vacuolation of the nucieus is marked in early stasges

of infeqtion though the nuclear membraﬁe is intact (Walker & Sherburne,

1977). Frasmentation of the nuclqus then fesults in a staining

pattern of‘dense chromatin blobs. All étages‘of infection were_fecord—

ed; early with nuclear lesions but no apparent inclusion.and late

-
-

.Wwith advanced lesions and viroplasm. 1In the Blenny by contrast, these
kinds of nuclear changes have not been described.

PEN in the Alewife shows similarity to PEN in cod (Sﬁerﬁurne,
1977). It was notéa that the charac%eristic nuclear distortion
was present without a visible cytoplasmic inclusion but that when
present inclusions were more often found in the cells at the initial
stage of infection.

PEN in Atlantic herring involves similar but distinctive
changes to cod PEN (Reno et al., 1978). Firstly, the red cell surface
was irregularly lobulated; secondly, margination of the chromatin
vas typical;-thirdly, occasional intranuclear'inclusions were seen
by light microscopy and corresponding intranuclear granular masses
by electro;-microscopy; fourthly, infected cells showed "conspicuous
e€lectron-denge zgranules" which were thought to be ribospmes. Rare
Iémellar b;dies with dark and light bands at full repeat of 100 nm-
were also noted near and within the inclusion and Walker & Sheffurne:
(1977) noted the same bodies in cod PEN. The detection of intra-
nuclear inclusions Reno et al. susggested micht indicate some nuclear
involvement in replication of the herring PEN virus,

The desree of infection of erythrocytes in smears has been

quantified by a number of authors (Table 5). Walker (1971) noted

8 104 level of infection for cod PEN and Walker & Sherburne (1977)
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“reported a range of 1-99%, mature red cells being ﬁredomfnantly,

infected. For the George's Bank sample the highest deszree of

infection w;s\fdund amongét the heaviest.infeciéd sample.‘-Similafly,
a wide range of level ‘of infection was noted by Appy & Burt (1975)
for cod PEN and_a wide range of 7—9&% has -also been noted for_
herrlng PEN (Sherburne 1973; PhlllﬁPon et al, 1977) In contrast,

PEN ‘in the Alewife was recorded at very low levels of less than

' 1%;

'(iV)‘ wﬂ . ‘ .

No PEN inféction'has been propagated in vivo and passage df the
blenny infectisn has not been reported in detail although Davies (1973)
described one. experlment demonstrating passage on inoculation of '
infected blood. 1 survivor of 2 fish’injected developed the infection
and 2 control fish remained uniﬁfected. Tﬁe infection first appeared
in the peripheral blond at 8 days p.i., it showed a maximum level of
infection'atl30 days p.i. with 50% of red cells infected and tﬁereaffér.
the level declined, the infection disappearing by 67 days p.i.

_ Neither PEN infections nor tﬁe blenny infection have heen

propagated in vitro. |

The similar intra-erythrocytic infections of reptiles and

amphibians viz, Pirhemocyton and Toddia, have been transmitted experi-

mentally by inoculation of infected blood and the experimental

reports have been cataloéued by Johnston (1975). For Pirhemocyion

in a lacerfilian hest,. transmission has been achieved nst only by
inoculatiﬁg infected bloqd directly but also by inodulaiing homo=
genates nf a mosquito which had previously fed on infécted animals.
For both infections the prepatent or latent period has béen recorded
55.5—6 days at the least and in the case of Toddia, inter~ and

intréspecific transmission has been performed by -intraperitnneal

‘inoculation of infected blood.

i
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(v) Morphology

I. Electron microscopy of the viruses from cod and herring PEN
and the blenny infection has shown:some‘ﬁroad similarities but
other specific differenceg between.the viruéés..

‘Three common characteristics wefe revealed, Conplete and
inéomplete paerticles were found in the matrix of an inclusion body
and/or a viroplasmic body. The virionlcapsid was bilayered;lfor cod
PEN (Appy et al., 1976) and the blenny infection this was Shoﬁn’from
thin section and for herring PEN by negative staining. The capsid
was separated from iﬁe electron-dense core by.an electronlucent gap.

Distinguishing cheracteristics were alse shown. The particle
diameters of viruses varied; in thin section, from 145 nm for herring
PEN, 200=-300 nm for the blenny infection to 310-360 nm for cod PEN.
Rare lamellar bodies found within or near the ﬁiroplasm-were noted
in cod PEN (Walker & Sherburne, 1977) and herring PEN but not in
the blenny infection. The cytoplasm adjacent to the inclusion bodies
in blenny infection and cod PENl was electron-lucent but by-contrést
this was not noted in herring PEN, Various core morphologies have

been repwted; in cod PEN a uniformly electron-dense core was noted,

—

in the blenny infection an internal cable—liké structure was indicated .

and in herring PEN a doughnut shape was suggested from the clearly

discerniblé light centre of the core.

The similar "ICDVs . from Pirhemocyton infection (Stehbens &

Johnston, 1966) and erythrocytes of the frog R. pipiens (Bernard et al.,

1968), show particle diameters in the same range as those for the PEN
~ viruses, 200-240 and 280-380 nm respectively. However, in these
‘infections, the authors observed a particular association with cyto-
plasmic membranes, which has not been observed in PEN infections.
. Empty vesicles and flattened membrﬁnous gacs surrounded the particles

in Pirhemocyton infection and trilaminar membranes encircled the
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‘particles in R. pipiens erythrocytes. It was suggested that both

mem’bré.ne systems might be functionally associated with virus ‘matura-

t io:_l‘o




~ AIMS OF THE STUDY S .

The objeéfives are éet out according to the section

headings ofjthg thesis as follows: =
(a) . Ecologx | | _

(i) To extend the distribution data for 69’.1 PEN,. the blenny ,
infectibn an&‘lymphocystis disease,»usi#g standard |
haematological methods for the recognition of the blood

erooinfections) furthermore, to ascertain the p;evalen?él
of infection within sample pophlations and to éorrélaée
prevalence-with the age of fish sampled and the sampling
location; | | o

(ii)Usiﬁg light and electron microscepy, to estimate the
dégree of iﬁfection in individual fishj;

(B) Propagation

(i) To attempt to find suitable in vitro procedures for
propagating the vi;uses of thg bl;nny infection and
lymphocystis disease and to make use of suitable
procedures;

(ii) In connection with attempts to explore the possibility

of propagation of the blenny infection in vivo, to

determine the effect of two factors in the Blenny-on

the ;ount of red blood cells and their morphologx viz.:
APH administered by intra-peritoneal injection and
' temperature increase;

(C) Morphology

To examine the vifuses of the blenny infection and
lymphocystis disease by electron microscopy, in order

to clérify the morpholgy of these viruses and to provide

information which is useful to their classification.



‘Plymouth and on the shoie at Aberystwyth. One collection waé also

MATERIALS

l, Live fish and hlood samples

1(a) The Blenny Blennies were caughf on many rocky shores near
. . - P

made at Roscoff, Firistere, France on the shore in front of the
Biological S@Ation {Plate 4). -

- Phe method of collection varied according to the natufe'of the
rock pqo} andbits size. In shallow pools found.én rock ledges and
in small streams on these ledges caused by the ebbing ti@é, blenﬁies
were cauzht by hand/éimply by liftiné stones. In large pools with
few crevices or stones the fish were caught with a large net, 1In
rock pools with a stony bottom and crevices the pool was empfied as
far as possible and an ;naesthétic used to release the fish i,.e,.
5 ml of 20% solution of quinaldine in acetone mixed thoroﬁghly.

The fish were transported from the shore to the laboratory in
sgawater without the uée of an anaesthetic. No mortalities resulted
when the duration of transﬁort to the aquarium was short i.e. up to
3 hr.- For longér periods of up to 48 hr the fish were held in sea-
water in a_large plastic tank providing a high surface area to volume
ratib, and the seawater was changed every'12 Ar. -

Blennies were maintained in plastic ténks in seawater girculated
and filteréé-over charcoal., They wers féd a ration of crayfish meat
every 2 days and in the absence of temperature regulation the wat;r
tempergturé was in the range 12-18% . Temperature regulation from
8—24°C was provided by the use of a cooling unit or an aquaiium heatef.
1(b) Cod Cod were caught by fishing with a 48 ft otter—trawl of
small mesh cover drawn at 4 knots, on board cruises of the research
ﬁessels_RV 'Sarsi#‘ (BA, Plymouthj and FRS 'Explorer' (DAFS, Aberdecn)
(see Table 6). The 1oqation of the stations wérked is shown for the

Celtic.Sea (Plate 4) and for the North Sea (Plate 5).
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Plate 4

Sample-sites for the hlennylinfection on‘éhores?outsidevthe Pljmouth.l

" area (P) and those for cod PEN in the Celtic Sea: 2 uninfected cod

~ were also caught on the Jones Bank, western English Caannel -(no%

Bhowg). ‘Numbers denote the fish infected an@‘examined;







e e o

- Plate 5

Sample stations for ocod PEN in the North Sea off northern Scotland,
‘Higher numbersidenote the fish infected and examined. Lower num- -
L bers denote station nos. AP — Aberdeen, FI - Fair Isle. Station 58

was actually north of the position shown. Offshore contour is

fathoms,
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‘pack, .This did not result in significant vieible red blood cell
lysis. The samples were then stored af'0-4°C for 4 days before .

_processing.

1(c) Flatfish-and Bluegill Flounder and plaice trawled from

ocoastal waters-nea; Plymouth were obtained from the Marine Biolo-
gical Associatian,'Plymoufh. Flounder, plaice and aab t;awled‘from_
fhe Torbay area were kindly donated by Mr. B. Maddox of ICI laﬁofa-
tories, Brixham, Bluegills were also donated by Mr. Maddox.
Flatflsh were ma1nta1ned in 01rcu1ated aerated meawater at
10—15 C-and blueg1lls were kept in aerated tap water at room tempera—

ture.

2. Lymphocystis

Most of the material was obtained By other persons and it
originated from either the North East Irish Sea or the River Ythan,
Aberdeenshire., Both whole fish and individual lesions were recelved
_and the different materials collected are termed isolates 1 to T
(Table 7). Infected flounder and plaice obtained from the Min. of
Ag. & Fish , Food office at Fleetwood were caﬁght by tfawl at #pproxi—
mately 30 fathoms. The data for the fish collected by bBr P. Russell
were described by Russell (1974). Isola¥; 7 waé a lyophiligzed
preparation of lesion material from the Bluegill and was kindly donated
by Dr. K. Wolf of the Eastern Fish Disease Laboratory, U.S.A.

Infected plaice and dab (isolates 1 & 2) were caught first. hend
by trawl in Cé:digan‘Bay at 10=13 fathons depth approximately 5 miles
due west of Aberystwyth. |

The materiais were transported to Plymouth as follows. Living
infected plaice and dab from Cardiéan Bay were carried in séa water -
for 15 hr and held in tanks overnight. The lesions were then

.dissected out and used'immediately. Infected plaice and flounder



of the materials used refer to those in Table 7.
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from Pleetwood were stored at -20°¢ at Fleetwood in sealed polythene

-begs and then transported for up to 3 days in a 'Thermos' canister

packed %ith ice. All the lesion areas were then dissected out as

soon as possible, labelled and stored at -20°c. Individual tumour

lesions of plaice and flounder, from Dr P. Russell at Glasgow were

transported on dry icerfor up to 40 hr. and then stored at -20°C.

3. Virus Tnocula The methods are detailed here for the preparation

N . : N L. . o ) § e ——
of 1nocg1a used in in vitro propagation attempts — for the

viruses of lymphocystis and the blenny infection. The isolate numbers

U —

(a) Lymphooystis virus _
Isolate 3i 2 inocula were prepared for use in experiment 1, (Table

'20). Inoculum 1 was prepared using the procedure in method B (isolate
3i- in vivo experiments) then the supernatant was further clarified"
by sedimentétion at 700g for 5 min. Inoculum 2 was prepzred by
filtering 1 ml of the above clarified supernatant on a 'Millex' disc
of 220 nm pore size.

Isolate 3ii Inoculum 3 was prepared as follows: 0,48z of cells was-

homogenlsed in 2.5 ml 0.1 M phosphate buffer pH 7.5 and the homogenate
flltered through four tlmes thickness dressing muslin. & O 5 ml

aliquot of the filtrate was layered on a 10-40% w/v sucrose -gradient
made up in the same phosphate buffer. The gradient was cent;ifuged
firstly at 32,260g for 2 hr and secondly at 43;3005 for 2 hr. The
refractive bands were collected frém the gradient manually‘and the
virus sedimented from suspension by centrifugation at 95,000g for
2 hr. The pellet was then resuspended in 0.2 ml 1% ammonium
acetate. The prepargtioh.was examined in the eiectron microscope

at this stage to establish sufficient purity and concentration of
virus., The suspension was diluted 20 times in salt-—ad justed Yanks

washing solution and filtered on a 'Millex' membrane of 450 nm pore

sise.






Isolate 5 Inocuiuﬁ 4 was prepareé-frém 0.05g: of tumour material
homoéenised in 20 vol; FHM maintenance medium. The homogenate was
gedimented at 700g for 10 min for clarification and 0.4 ml super-
natant wés filtered.through a 220 nm 'Swinnex' membrane. The membrane

was flushed with the medium giving 1 ml of inoculum.
The inoculum for organ cultures was prepared from this isolate
but the homogenate was filtered through a 450nmMillipore filter.

(b) Blenny erythrocytes

i} Infected erythrocytes for inocula were fragmented to release the

- wvirus, Different methods were used as follows:
3 : wild uninfected
E . Expt 1. Red blood cells fromkinfected and controlkfish were taken
separately to 0,5 ml 4% TSC, sedimented at 600g for 5 min. and then
immediately lysed by the addition of 1 ml distilled water. The -

resulting lysate was asitated and filtered through a 450 nm !Swinnex'

membrane, giving approx. 0.5 ml of filtrate(See Bib p.107 & Table 16 p.108),’

Expt 2. One inoculum was derived from SOnicated-erythrocytes and
another from haemnlysed erythrocytes. Approx. 0.1 ml blood was taken
from an infected fish, suspended in 1.4% saline and the red blood cells

ooy sedimented and resuspended in 2 ml of FHM maintenance medium. A

1 ﬁligiiquot was sonicated with an ﬁitf;;oni;_ﬁisintegrafb;_ét_;ﬁhﬁiﬂhdﬂh_
amplitude and frequency calibrated to give compiete cell 1lysis.
The suspension of red cellgﬁosts was then filtered through a 450 nm
'Swinnex' filter. Another 1 ml aliquot was centrifuged and 0.5 ml

. distilled water added to the cell pellei. 0.5 ml 2X maintenance

- medium was added to the lysate and this filtered on a 450 nm 'Swinnex!'

membrane¢ See Bib p,107 and Table 16 p.108 e




(4) Preparation of APH for intra-perito;xeal injection.
. APH ‘wasA dissolved in sterile 1.4% saline to give 1Img/__ml.

Each fish was-weighed and the volumes for injection were cal-

culated as given in Table 23 . to give doses of 0.1 mg &

0.2 mg per 10g body weight (see Appendix p. 177).



SECTION A

" “ECOLOCY OF THE INFECTIONS:

k9
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METHODS

(1) Identification of the Infection in the Blenny

ﬁlood sméars and organ imprints were used to establish whetherr
inoclusions were.present in the red blood cells.

Fish were anaesthetized uging either MS-222 or benzocaine. A
2mall amount of blood - — was then taken from the caudal vein
using a élass micropipette of approximately‘O;Z mm bore. Sﬁears
were made 1mmed1ately ‘by spreading (Dacie & Lewis, 1975). They

air dried,
were routinely/Tlxed in methanol for 5 min , . dried, stained 20

min.. in 10 X dllutigﬁ of Giemsa stain in buffer and differenfiated
in buffer up to 10 sec. |

Imprints from the spleen and kidney were prepared and stained
eithér by the methoa of Klontz (1972) or that of Ashley and Smith
(1963) as.given below.

Smears and imprints were observed for 10 min by light microscopy

at a convenient objective magnification of X40,

(2) Methods for staining orzan imprints

A. Method of Klontz (1972)

1. The organ was cut in half and the face to be used dried with
Whatman No, 1 filter paper. Twelve ;mprints were made by toﬁching
the-fac;‘to alcohol-cleaned slides.

2. The slides were fixed in methanol 5 min and air dried.

3. They were overlaid with 2 ml Leishman stain for 3 min, and an
equal vol. of a2 10 X dilution of Giemsa stain added to give a
metallic sheen., This was left for T min. Thé slides were then

‘waghed in tap water and air dried.

B. Methods of Ashley and Smith {1963)

1. Imprints were fixed in fumes of 40% formaldehyde.

2. Glass slides, imprint side up, were covered with a stock solution
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3. An”equél volume of phosphate buffer (pH 6.5) was added for 5'min.
-The stain was mixed with the buffer by gently blowing on fhe stain.
4. Slides were then warhed with distilled‘wa£er and dried.
5. Giémsa'stain’diluted in buffer was added and the slides stained 20

min - and finally warhed in distilled water.

(3) Fluorescent stazinins of blood smears

(4)

(5)

A fluorescent compound, which binds readily to DNA, was used to

‘demonstrate DNA-containing cytoplasmic inclusions, It was 4%=5-

diamidino-2-phenylindole (DAPI) (Russell, Newmén-& Williamson, 1975).
2 infected and 2 control blood smears from the Blenny were fixed

and dehydrated by the method of Randall and Disbrey (1965), then

ptained in a solution of DAPI at 0.1 ug/ml in Sorenson's buffer

pH 6.0 for 15 or 20 min. The smears wefe obgerved in a fluorescent

microscope at 280 nm wavelength of ultra-violet light.

Method of estimating the number of infected erythrocytes in smears

For coﬁnting, a round coverglass was made to fit in the eye-piece
of a binocular microscope and on this were ruled squares with black
ink of 2.5 nm®. This allowed four squafes to be viewed at once. o
A total of 500 cells was counted on each smear for eétimation of the

proportion of infected.

Isolation of the Infection in the Cod

The blood smears from the samples of 249 North Sea and 10 Celtic
Sea fish were fixed and stained using the routine described in Methods
(1) for the Blenny. The infected smears were determined and the

respective blood samples isolated.



RESULTS - o v
The results in this section centre on‘the-30qlogy of the virus-
infections and deai with their recognition and geogréphical distribu-

tion, the distribution of the virus'in'the*host and' the symptoms of

the infection. These are subheaded sections Al to A4.

‘Al Recognition

The recognifion pf the blood infections wag complex sinég they
are symptomless whereas lymphocystis disease does presént,external
synptoms. Recqgnitggn_of the blemny infecfion and PEY in cod’w#s
thus subjective in the sense that the particular apbearance of infected B
smears had to be.recogniéed by the observer. Thereforé,obsefvationé

_of how staining affected the recosnition of the infections and defails

of the time course of the natural infections are mentioned here.

Al(a) Recosmition of the Blood Infections

(1) The blenny infection

The normal blood smear from the Blenny showed the range of cell
types typical of telepst fish blood (Plate 6). A range of sizes and
types of erythrocyte was seen varying from‘mafure (m) with a low
nucleus to cytoplasm ratio to immatﬁre (mg—midd}e polychromatic)
with a higﬁ’ratio. Léucoéytes were very sparse but fusifofm
thrombocytes (thj were observed more commonly, often in clusters,

'_The blenny infection was ciearly distinguished by byt;plasmic
inclusions in erythrocytes, measuring 1-1.5 pm across (Piatésr7a &‘7bd
arrowed). They were seen either close to the nucleus or at the
periphery of the cell. When near the nucleus, the inclusions were
sometimes difficult to distinguish from small knob-like extensions

bf the nucleus.

~'The best staining results for the blenny infection were found
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‘Plate 6

Normal bloed film, Common Blenny, Giemsa's stain; X 1024, Erythro-

cytes of different stases of maturity are seen (m — mature, mp =

- middle polychromatic); also a fusiform thrombocyte (th).






Plate T

 (a) & (b). Blood £ilm, Common Blemny, no. 29 (l4th May 1975),
Giemsa's stain, X 1024. Infected 'erythrobj'tes show a small spheri-
" eal body in the cytoplasm (arrows).
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by gsing the Giemsg slow étainipg method"of;Busby; House and
Macdonald (1964) which is.specifically recommended - for staining -
viral inclusions énd elementary bbdieé. Erythrocytes stained in
. this wéy-showed_not only the usual cytoplasmic incluéions but aléo .
qccasiopally a féintly'stained circle or fhalé; around the inclusion
(Plate 8b = arrow) and fine granules of 0.3 - 0.5 pm close to it
(Plate 8b). Smears stained by the standar@ method for 20 ﬁin at room
témperature, rather than overnight at 3700, nevef showed these granules.

‘The inclusions were stained with the fluorescenﬁ compound DAPI
which is specific féf DHA. Their brizht sreen fluorescence confirﬁed
that DNA is localized at the inclusion, no cytoplasmic fluorescénce
being seen in control smears. At a stain concentration of 0.1 pg/ml,
the cytoplasmic flgsrescence, by contrast to the nuclear flusrescence,
was brightest when the staining time was 20 ﬁin. DA content was also
confirmed by staining with acridine crange using the method of
Randall & Disbrey (1965).

The infectisn in the Blenny rarely involved lysis or breakdown
of the nucleus but a few smears were seen where vesiculation and.
granulation of the nuclei was observed (Plate 8a)}. In these the
nuclei of the red cells closely resembled the vesiculated nuclei of
cod red cells showing PEN. The proportion of cells infected in a
smear varied from 3-60% the upper range 36-60% being quite common.,
Inclusions were consistently observed more frequently in mature
erythrocytes than in immature ones though this observation was not
quantified. However, inclusions were never seen in leucocytes.

In respect to recosnition, twn observations suzgested the length
of the ﬂétural infection was inversely related to the temperature of
maeinienance. Firstly, for 3 naturally‘infected fish collected at
Aberystwyth, transported to Plymouth and maintained in tanks at 20° c,

at a first check 14 days after identification only 2/3 were lnfected

and a2t 19 days none of the 3 were infected. Secondly, holding
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Plate &

T (a) ‘Blood film, Common’ Blenny, Giemsa's stain, X 820. Erythro-
' ' -oytes show cytoplasmic inclusions typical of infeoted films;
these cells "and those without inclusions also show nuclear ’
fragmentation (arrows) ; ; . ; T
.kb) Blood film, Common Blenny, Giemsa's stain using a slow staining
moethod, X 2560, Two of four infected cells show granules

aroﬁnd'the inclusion body and in one cell the body is circled

by a halo (arrow). ‘ ‘ ' .
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infected fish at a regulated temperature of 12 C or below success= - .

fully preserved the infection- for at least 60 days.

i

dther observations were mﬁde as follows. Wild caught
blennles malntalned in aquarlum tanks at 'a density of dwellrng- o
greater than that in the natural habltat, showed the 1nfect1on
in the laboratory under artificial conditions but could then

o &
lose the infection in up to 11 days at 18;20001

» : ' _
zExperiments involving variation in the density of dwelling

of fish were carried out under a current Home Ofice license

"concerning The Cruelty to Animals Act,1879.)

(ii) PEN in cod

The recognition of .PEN in cod was more distinect than.that of
the blenny infection,

The infection was observed entirely in mature erythrocytes and
not in leucocytes or thrombocytes. It involved a breakdown of the
nucleus and changes in the cytoplasm, in particﬁler the presence of
a Giemsa-staining inclusion body. This was roundﬁmeaseriné 0,6~2.,0 pm
diameteﬁ and was found in a variety of positions in the cytoplasm
(Plate 9a)., In 5/18 positive smears examined, only the nuclear lesions
were seen whilst in the other 13 both nuclear lesions and an 1nclu51on
body were observed (Table 8). The Ievel of infection seen varied from

{1-50% of erythrocytes infected.
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" Plate 9
Blood film, cod, no.-4.(Cel;t‘;ic' Sea), Giemsa's stain.

i ‘ (a) X 1024. " Small spherical inclusions are seen {arrow) and the
| nuclei of some infected cells show fragmentation to two ares ' N

or half-moons (centre).

(b) X 820. The nuclei of some infected cells (arrowed) at an early

atége of infection show a central vesicle.
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- Table 8: Estimated levels of infection in PEN cod smears and the
' types of lesion pattern seen.( X = presence)

Slide Fo.. 4 Mature rbe Cytoplasmiec Nuclear.

i infected inclusion = lesion only
- 153 2-5 : X X
143 - 1=5 ' X X
24 ¢1 . X |
194 10
43 1 o X
T4 1-5 X
76 <1 o X
184 el X »
16 10-20 X X
224 . 5-10 X
248 5=-10 X X
82 - 5-10 X
211 1 X
199 1-2 X X
192 _ 40-50 X X
195 20 X
232 10-20 X "X
40 <1 X X
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T Obagrﬁaticnibf the -positive smears gave thé strbng'impression

S

that the type of cytoloéy seéﬁ was carrelated with the'stage‘of
1nfect10n. In early stages tﬁe nuclel of" 1nfected‘cells clearly -
Bhowed vesiculation (Plaxe 9b) and granularity (Plates 10a and 11b)
and,at later stages showed fracmentasion (Plaie‘lObD; The break—

downlpatterné of the nuclei were varied.. A typical configuration

seen at early stages of infection was two facing arcs or half-moons

(Plate 9a) whilst later in infection round granules (Plate 10b)

were seen as well as_lobular granules connected by 'tails! (Plgte‘lla);

,"'

A1(b) Recommition of lymohocystis disease
The lymphocystis—diseased flatfish were typical with respect

to the distribution of the infec¢tion over the skin, The characteris—

~ tic enlarged cells and warty tumours tumours were seen most commonly-

on the fins, the fin margins and the anal spine (Plates 2a, 2b).
Variation in the degree of inféction and the size of the cells was
also seen, Plaice and flounder from Fleetwood (isolates 3 &-4) both
showed very heavy infections. Both large old necrotic tumours,
measuring up to 1 cm‘diameter,ﬁand:small nevwly formed lymphoqystis
cells were seen, By contrast, plaice and dab-caught in Cardigan
Bay showed a relatively low level of infectiqn and only small cells
of approxim;fely 1 mm diameter, - .

The disease may be found in commercial catches; as evidence
of this an infected fish was foﬁnd in a purchased batch of plaice tyét‘
originated from Fleetwood (Plate 2). Interestingly a darkly pig-

mented growth was observed on the lower jaw of this fish (Plate 2a

arrowed).

A2 Collection Data on the Infections

Efforts to locate the infections and to .seek new sites gavé

new information which is subdivided in this section under geographical
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Plate 10

- (a) Blood film, cod, no. 153 (North Sea),'Giemsa's‘stain; X 410.
Early stage infected cells (arrowed, e) ahow'inclusionswdnd"
the nucleus in that to the far rizht shows frasgmentation.
Late stage infected cells (arrowed, 1) show subdivision of
the nucleus. '

(b) Blood film, cod, no. 194 (North Sea), Ciemsa's stain, X 820. ) o
'.Late stage infected erythrocytes show fragmentation of the

. nmucleus o round granules (arrows).
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Plate 11
Blood film, cod, no. 194 (North Sea), Giemsa's‘stain;

{a) X 1024. PFragmentation of the nucleus of infected ‘erythrocytes

~ Tesults in lobular granules ;connec:ted by 'ta.i‘ls' in this smear. -

(t‘b) X 2560. The nucleus of one infected erythirocyte shows increa~

sed granularity and another shows fragmentation.
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distribution and the correlatidn'of‘infection‘fates'with age of ‘the"

fish, The data are limited mostly to the Blenny as fhe survey of

-~

_PEN‘in cod was essentially only a preliminary one.

I

A2(a) Georraphical distribution

411 of the material-from the bioéd infections was collected
first hand as described in the Methods. This involved making use
of the established infection at Aberystwyth and also extendihg the
search to Devon and Cornwall in the cése of the blenny jnfgctﬂon

but for PEN in cod ééllecting trips for new isolations had to.be made.

. Most of the lymphocystis material was obtained from the MAFF office

at Fleetwood and these fish had been trawled from the N.E. Irish

Sea, One collectioh was also trawled in Cardigan Bay off_kbe#ysfwyfh.

(1) The blenny infection

Collections in August 1973 and July 1974 confirmed that the

infection was present in the shoreline population from College Rocks?

y

Aberystwyth, as the discovery of Johnston & Davies (1973) had shown.

However, there was considerable advantage in finding a source of the
infection close to Plymouth for ease of keeping fish alive duping
transit to the agquarium and so a search was Aade in the Plymouth
‘area. Infected fish were found on 9 shores in Devon and Cornwall
{Fig. 3) in addition to the data for Aberystwyth.énd the mean infec-—
tion rate for the total of T1l7 fish collected vafied from 2.4 to
204 (Table 9). The total sample for each shore in the table
represents in some cases more than one collection and the numbef
caucht varied widely from 4-70.

The records of collection clearly showed differences in the
infection rate between sites and it waslinteresting to determine
whether differences in the infection rate between sites could be

explained purely by random sompling i.e, that there existed an equal










B Burgh Island

Bo Bovisand

C Challaborough

HB Hey brook Bay
M Menabilly Bay
P Picklecombe Fort

Po Polkerris

Q Queener Point
R Rve'nney Rocks
Ra Rame Head

S  Seaton

W  Wembury

‘Wh Whitsand Bay
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Table 9: i@éileotion data on the‘blqnny‘infeotion.

Site

WALES
Aberyetwyth

FRANCE
Roscoff,
Finistére

DEVON & CORNWALL
Basgy Point

- Bovisand
Burgh Island
Challaborough

Heybrook Bay
Menabilly Bay
Pioklecombe Pt.
Polkerris

Queener Pt.
Rame Head
Renney Rocks
Seaton {C'wall)

Hembury
. Hembury Point
Whitsand Bay

194

24

45
112
33
35

36
41
25

26
14
14
21

40
26

22

17

13

-0 0K

¥ looo

&

° Mean infection -

Ko. taken No. Infected Site

HMEMD RO

Score rate (%)
+ 6.4
- 0

- 0
+ 3.3

o+ 5.6
+ 2.4
+ 4-0 "
+ 11.1
+ 3.8
- 0
- 0
+ 4.8
- 0
- 0
- 0
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prbbability of catching infected fish on different shores. On

‘this hypothesis the distribution of the infected fish in mamples

fremﬁthe population would be exﬁected to approximate to the

Poissonian digtribution of & discontinuous variable as long as the
probability of finding the infected individuals was low and the sample
8ize reagsonably lérge and of éonfined range, Using only the large
samples in the range 20-33, the average infection rate was calculated
as 4.5% so the hypotheéis might be expected to apply to these data.
The small vaéiation in sample size could be ignored as a plot of

sample size against infection rate showed no positive or negative

~ ecorrelation,

The data were arransed to show actual class fequencies, using.
figures from the 1§rge samples only, and these were compared with
the hypothetical frequencies according to the Poisson formula, to
give a value of chiz. Applying the important limitation of summing

low hypothetical values to give a value of § and above, chi2 = 1,35

and p)0.5; or zt least 50% probability that the observed deviations L%

occurred by chance. However, if the limitation on small hypothetidal
numbers were ignored and the fréqﬁency classes treated individually
p30.005 i.e, a very low probability?g.S% that the deviations occurred
by chance. In this calculation, it was clear that one frequency
class wherevi=6, relating to the collection at Challabofough, contribu-
ted 98% of the deviation., If this sample were omitted, p was then
calculated at 375§, much the same result as for the amalgamated
comparison,

Clearly, the outcome of this comparison is that the observed
deviations occurred by chance and that the probability of finding
the infection was equal on most shores but that this conclusion did
not apply to the site at Challaborousgh, which was collécted only

once znd where the incidence of infection was the hirhest found,

Blennies were collected from the shore at Aberystwyth on 7
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_ ocoasions-and §:perience sgggested that the'distribution.of‘ﬁhgf'fw'“$¥
inféction on the shore might be patcﬁy'or-non-random. Thﬁs College.
Rocks close to the pier were more reliable for findiné the ihféction
than the shoreline closer to the harbour, termed 'dastle Rocks"(Fig.
4). No infected fish were found in one large samble of 65 from 'Castle
Rocks' whereas 13 were found out of 129 in six collections on Cbllege

Rocks, the respective mean infection rates beins O and 10.1% (Table

10). There Was not enough data to show whether frequency classes

Table 10. Collection data on the blenny infection at Aberyétﬁyth

Site Date Nos. taken Infected o
T Nos, (%) Mean (%)
Colleze Rocks 8/8/13 41 6 14.6 ‘ é '

" " 2/5/74 11 0 0 } 10.1,-:*
"Castle Rocks"  23/6/74 65 4) 0 - ©
College Rocks  22/7/74 19 0 0 -

oo 23/7/14 23 3 125 ) 45,14

noooe 24/1/14 24 2 8.3 :

" " 9/9/15 11 2 18,2
College Rocks TOTAL = 129 13

‘ — — #* taken -
Castle Rocks 65 0 together
GRAND TOTAL = 194 13

for collections on Colleze Rocks conformed to the Poissonian dist-
ribution. In addition the gsample gige throushout the 6 collections

varied greatly and thig would limit the wvalue of an analysis.

(ii) PEN in cod

PEN in cod was féund for the first time in British coastal waters.
it was discovered at a single station in the Celtic Sea off southern
Eire in May 1975 and also at several stations in the North Sea off
northern Scotland in December 1975-(P1ates 4 & 5). The location off
Eire was 5I°O9.6'N 07057.7‘W and the trawl was at 55 fathoms depth

over sandy gravel.
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18/249 cod were found infected in the North Sea and /10 | )
infected in ihe Celtic Sea, 2 cod being taken in the_ﬂesterﬁ Englisﬁ
E Cﬁanﬁel and 8 in the earlier sample. The data fdr.the North‘Sea
showed a range of 1nfect10n rate which varied from 1 4 to. 28.0% in
the 6/13 Btatlons sampled where 1nfected fish were found (Table 11).
The 1nfect1on~;nc1dence in only three station samples could be regarded
as reliable i,e. nos., 5,33 and 58 as at these stations the sample
. Bigzes were greater than 20, - The mean infection rate for these
stations averaged 8.9% dompared to T.3% for all-the station samples.
The‘OAtch in eagh North Sea trawl was-extremely Variable as the
purpose of the cruise was a pre-recruit'survey of demersal fish and
‘not primarily a-cruise for cod, Thus samples handled varigdlfrOm
2-72, the latter being the largést'at Sfation'5zin.the- Mbray Firth
and this represented only 20% of the total catch., Thirty baskets of

ocod were caught (Plate 1b) but only six could be handled as the blood

of cod began to clot after three hours on the deck,

(1ii) Lymphocystis disease

Lymphocystis nodules were found on plaice and dab on at least
1% of the fish canght in Cardigan Bay in Octoﬁer 1973, They were
caught by trawling approxiﬁately 5 miles due_west of hherystwyth
harbour and at 10-13 fathoms depth. |

However, lymphdcystis was not seen on 100‘p1aice ahd dab taken
in trawls from the western English Channel during a research cruise
.éf RV 'Saréia' in May 1975.

A2(b) Infection rates and the are of fishs Blenny and Cod

The data for the Cod and the Blenny were treated so as to
determine a correlation of the infection incidence with age. Indices

of fish growth related to age were used for this purpose. The blenny



Table 11:

Date

"November — December 1975.

Trawling Deoth (fm) Map

28/11
- 28/11

29/11

30/11
50/11
1/12
-3/12
4/12
'4/12
5/12
5/12
-6/12

6/12

Station

65
63
32

29

11

33
45

35
36

56

58

37
40

67

45

22 . -

30
60
5
12
T0

60

T2

58

Reference

57 00'N
00°53.5'W
STOOOFN
01 44'W
58°47'N
01 04'H

59 05.5'N
02%09'%

58°11,8"
02°49-w

57 54'N
03°15'W

582261y
0051y
58:46'N
00°%30 W
59917°N
00°58.5 '
58 51'N
00°58'E

- 58%39'N

01°11'

60°05,5'N

00°40'W

60:42.5'N
- 00%39'W

D15tr1but1on data for cod PEN in the North Sea,

‘r”’i
-5 X
Lt -

Infected

Nos.
Caught Nos.
14 0 0
8 0 0
1i 0 0
5 0 0
1 2 28.0
72 1 1.4
2 0 0
24 1 3.9
13 1 7.7
13 0 o
14 0 0
5 1 20.0
61 12 19.T
TOPAL TOTAL MEAN
=249 =18  =7.3

08 % Jear Group :'

0/1
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suggested that in the Blenny the infection rafé;deviatedllittle‘from
tﬁe méan value, 4.5%. It seemed to véfy-with the sample'sizelfor'
each yéar group and this assumption was tested by applying chi-
squared for‘significance of deviation of the two sets of year group
data from the mean infeétion rates, respectively 4;5% for the Blemny
and 7.3% for cod. For the Blenny, chi-squared=2.86 atifulwgiviﬁg
p20.10, It was quite likely therefore the ngll deviation from the
mean was due fo random gampling and the effect of samﬁle size. For
cod, chi—squared =16.2 at £f=2 giving p(d.OOl. It was‘extremeiy
unlikely therefore éhe deviation was.randOm, rather it showed bias

. towards positives in year groups O and 1,

A3 Eggree:ofqviggé infection

The level of infection could be estimated from ultrathin section
evidence, Lymphocystis isolate 3ii showed virus particles closely
spaced throushout the cytoplasm although ordered semi-crystalline
array was.not observed (Plate 12z). By contrast, particles were seen

in blenny erythrocytes only in a discrete area of the cytoplasm and

the maximum number seen in one section was ten (Plate 13a).

Limited evidence from tﬁe electron microscopic examination
of the tissues of one wild caught fish suggested the blenay
infection might be distributed outside the circulating Slood.
Thus in one wild caught infected fish sacrificed three days
after capture, the spleen and liver showeﬁivirus particles

present in erythrocytes (Plates 13a, 1ha & 14b) but particles

were not observed in the kidrey.
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Plate 12

Electron micrographs, sectioned lymphocystis isolate Bii.Cplaicé).

(a)

(b)

Six-gsided and five-sider. profiles are seen (arrows 6 & 5) and

particles at top centre show internal threads.

-Hexzagonal capsid outline in mid-planar sectisn. The electron-

dense core occupies most of the internal space.
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‘Plate 13

. BElectron micrographs, erythrocyte; aedtioned splaéﬁ of a naturally
infected blenny.

(a) Virus particles are situated in an area of fine granular cyto- =

plasm; which is bordered by a row of eleotrpn—dense granules

20 - 30 nm diam. (arrows).

(b) The area of granular material containing the virusrparticles.
Different staining patterns of the virus core are seen (label-
led 1, 2 & 3). T
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Plate 14

\

{a) Electzon micrograph, sectioned liver venule, naturally infected

(v)

blenny. The lumen contains an erythroocyte with cytoplasmic

- particles and the wall consists of inner indistinct intima énq

media layers and an outer advehtitia layer of_collagen fibrqs

(ar?bw)Q '

"Electron micrograph, erythrdcyte, sectioned spleeh of a natura- .

1lly infected blenny. Cyteoplasmic particles. of 200 «250 nm

diam., are seen in an area of more electron-dense material,
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A4 Effects on the host ' o ' k . '

Observations and limited cqllection daté indicated that the

blenny infection and PEN in the Cod were not correlated with poor -

‘general conditions of the fish. Howevéi, by contrast some lympho-

oystis—diseased fish bore a larsge number of ethparasites:and were

in poor general condition, bafticularly when heavily diseased.

A4(e) The Blenny infection

Infected blenniés showved no external s&mptoms of disease. With.
respect to their respiration, P. Milton of,Piyﬁouth Poljtechnie (pers.
domm.) showed that the ozyéen consumption of an infected blenny was
the same as that of an uninfected one. The methods used Here-fhose
of Milton (1971); fish:were starved for 12 hr and aéclimatized»for 2 hr

to the dark conditions in which the oxygen uptake was measured.

A4(b) PEN in cod |
The ranges of length and weight of infected fish were within the
ranges of these measurements for the uninfected fish and did not

suggest the infected fish were in poor comdition (Table 13).

-However, in year classes 1 and 2 the rangeé of weirht and length

of the infected fish were at the lower end of the range for the
uninfeéted. A condition index; such as weight/length3, was not

ctlculated for the reason that the weirshts were measured to the
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'~ Table 13: Parametera of s1ze for cod at dlfferant ages correlated

with PEN L
E Height range (lb)—o_j Lerigth ‘range (em)t0.5 - o
Year group = PEN#ive PEN=ive PEN$ive - PEN—ive
0 1-2 1-5 33-42 33-54
1 1-6 1-10 = 33-59 ', 30-76
2 (8) 315 (12)  ~ 50-84
3 (14) 5-22 (83) 62-96 .
4 - 11-27 - 78-103
5

- 11-23 .- 16-102

(Brackets indicate a single. record only)

nearest pound on a torsion balance, so such an index for comparison )

of the smaller fish in particular would have been meaningless,

Ad(e) Lymphocystis disease

lLymphocystis-diseased fish bore a large number of ectoparasites,
especially the flounders in which the copepod Lepeophtheirus pectoralis
(Muller) was found behind the pectoral fin but aléo over the entire
surface of the skin., Many hundreds were observed on the fins and
gills of infected floundefs sent from Fleetwond but interestingly the
parasite-was also seen on the skin of healthy-flounders obtained from
the MBA, Plymouth, The parasites wefe removed from those flounders

used in transmission experiments.



DISCUSSION . -8

Recosnition

| —————ep———

The blood infeciions were recognised by the same screening

method as that of previous authors (Laird & Bullock, 1969; Johnéton

& Davies, 1973) and the same clear cytological changes in red blood.
cells of the Blenny and the Cod could be recogniséd.

In several ways, the cytological picture of the blenny infection

differed to that described by Johnston & Davies (1973). Firstly,

the range of diameter of the inclusion was smaller being 1-1.5 pm
rathér than 1-4 pm éﬁd secondly the level of infected erythrocytes
was from 3-60% compared to 60-80%. Thiédly, it was found that the
appearance of the infection depended on the type of staining method
used, Thus using the slow staining method of Busby et. al., (1964),.
which involved inchbation at 3T°C overnizht, a cloud of fine granules
was resolved clogse to the inclusion bodies, whereas‘this was never
seen when the standard fast method was used, performed at room
temperature, Fourthly, some occasional infections were obserﬁed where
the nuclei were clearly vesiculated and lobated (Plate 8a) the infec~-
tion involving a greater desree of nuclear lysis than described by
the previous authors,

Partial explanations can be offered for these differences. An

‘important factor to be considered is that Johnston and Davies (1973)

reported only blood infections from the Blenny collected at
Aherjstwyth whereas the remarks here refer to all the localities
examined. This might explain why the Abérystwyth infection in 1971
ahowedisuch a high level of infection and a great range of inclusion
size, as characteristic of the local infection. However, the data
here also included a total of seven collections made at Aberystwyth

in 1974 and the high level of infection was not observed. Regarding

the difference with staining methods, it is most likely that the manner

of staining does affect the ‘resolution obtained, as material from the
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pane specimen was used for both fast and slow methods.

" It is difficult also to know if the nuclear lysis observed in

several cases is a natural and cdncoqitant part of the infection.

It could be that it is an unusually late stage of infection and then

-1t closely resembles PEN in cod. However, it can only be 'said to .

approach the advanced nuclear degradation seen in PEN,'and cannot

be equated with it. The limited nature of this evidence and the fact

that the nuclei in normal blenny erythrocytes are sometimeé séen-with
strands »f chromatin aththei; edges, w&uld also favour the diséssocia—
tion of the two infections.

Fluoreacence staining of the smears with DAPI p}ovided eviéenqe,
additional to that with acridine orange, that the inclusions‘and‘hence
the wvirus particles, contain DNA., Green fluoresceﬁce with acridine
orange cannot be regarded as being truly indicative of DNA in some
viral infections (Kasten, i967), but it is probable that DAPI is a
more feliable stain for DNA, as Russell et al., (1975) recommended
its use with cell cultures for the detection of cytoplasmic DNA due to
contaminants, where an absolute specificity for DNA ﬁas reqﬁired.
Purthermore, in uninfected control blenny smears no cytoplasmic
fluorescence was seen indicating that no comp;unds other than DNA
could have been stained.

The ob;ervation of the spontaneous ﬁﬁcurrence of the blenny
infection‘in captive fish suggests that it mighf be induced as a
result of conditions of stress including increased temperature. This
obgservation is interesting in relation to indirect evidence from PEN
infections that stress faétors are correlated with increased incidences
of infection (Sherburne, 1973; Sherburne, 1977). In the Atlantic
Herring for éxample the incidence of erythrocytic degeneration, shown

later to be PEN, increased rapidly in captive fish held for 2 weeks

at 16°c, from 6.6% to 96% of herring. The collection data on wild

_céugh% fish also showed that the infection was recorded only at a



- . -

sé§water'%emperaturé‘of IE:BOQ and above, with”onelexceﬁtiqn I
(Sherburne; 1973). Iﬁ“thelAIewife, distribution‘data on the inci-
dénce of“?EH'sgéégéted that stress factors of spawning migration
micht be causal, since the infection was found predominantly in
pre-spawning adults (Sherburne, 1977). ‘Although the evidence for
induction of the blenny infection was fortﬁitous the likely factors
in the possible induction of the bienny infection resemble those for
PEN infections mentioned above. |

The circumstantial evidence gaihed in following the—bfogress
of the natural blenny infection in the _iaboratbry would suggest. the
tiﬁe course of infection is dependent on stress factors including
temperature extremes and possibly other environmental variables.
However, the evidence for hiszh temperzture clearance of the blenhy
infection camot be corroborated with similar evidence from PEN
infections,

fhe tentative suggestions from this kind of evidence should be
qualified by saying that it is not strictly experimental and is
therefore of limited implication., However, the main point is that
recognition became unreliable upder artificial conditions due to
unresulated complicating factors. Blucidation will regquire firstly
the correlation of ambient temperature with infection inciden;es to
give clear‘écological data and secondly p£oof of the experimental
role of temperature under conditions of reduced stress i.e.-mainten-
ance'in’glass aquaria at low density.

The light mi&roscope description of PEN in pod from the east
American coast has been noted by a numper of authors (Laird &
Bullock, 1969: Walker, 1971; Appy et él;?T%alker & Sherburne,v1977).
Each have described a common cytology in infected cells; namely an

early stage where the nucleus shows vesiculation with a pinkly-

staining inclusion body clearly visible, a middle stage where the



nuoleus_appearsllobulated, the 'orests' or 'arms' connected by

a ‘
fine strands andLlate staze where the nucleus is frasmented in up

to 6 small granﬁles. All these cytological fipurss were recognised
iﬁ'smearé“?;Bm iﬁfected cod taken in Brifish waters and it can be
concluded thét the infection examined is definitely-PEN-

The,}evéi.ﬁf infection in blood cells ranged from {1—5q%énd was
very comparable to that in the blenny infection;3-60%. However,
Walker & Sherburne (1977) noted the range of level of infection in
the Cod from ( 0.01-9%%.

The compositioﬂ'of the inclusion body was suggested at the light

" microscope level, . In smears of PEN prepared by S. Sherburne of

the Fisheries Research Station, West Boothbay Harbour, USA,‘,
examined at high magnification ;n Walker's laboratory, a cloud of
particles could be clearly resolved around the inclusion body..
Groups of granules were described by Laird & Bullock (1969) and
Walker & Sherburne (1977) concluded fhe granules were virions and
the inclusion body was viroplasm i.e. a multiplication and maturatipn
site.

Particles were not seen at this resolution in my own smears of
PEN from British waters. Obviously a number of factors could have
accounted for thisle.g. resolution of the microscopes, differences
in staininé'methods, differences in stage of infection and possibly
real differences between the infections.

At this level there is a need for cytochemiczl staining of PIMN,

.. 8%

firstly to identify whether the inclusion body and the particle cloud

contain DNA and secondly to map the distribution of this staining at
various times after infection. There would be the difficulty to
overcome of distinguishing the inclusion body from nuclear granules
by fluorescent staining. Barly infections would be most relevant or
an experimental system in which no nuclear lysis were involved. The

need for histochemical. staining has also been mentioned by Reno
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et gl.{.(1978)lin discriminating the two inclusion types in PEN~

_ infected herring erythrocytes.

Recognition of lymphocystis disease was complicated by factors
that are discussed hereie;g;,should féeshly infected nodules or older
tumours be used for extracting the virus?

fStgdies on the course of the disease in the Bluegill have shown
that maturation of the infected cell, with accumulation of virus
particles, takes 28 days (Wolf, 1962) and this result has been corro-
borated by in vitro studies (Midlige and Malsberger, 1968). After
tﬁis timg the cellsJQr nodules degenerate and the effective vir&s
conceﬁtration declines. It is reasonable to infer that the &iffgrent
gtages of infection, observed in the flatfish received-ffom Fleétwbod,

i.e. individual nodﬁlqs ranging to large necrotic tumours, probably

contained different concentrations of virus particles. No direct

evidence, in the form of a quantitative estimation of particle numbers

was ﬁvailable to test this hypothesis but this would merit further
investigafion.

Cytological confirmation of the lymphocystis condition in flatfish
was not used. This was an error in view of the number of reports of
skin tumours in flatfish caused possibly by viruses other than
lymphocystis or by environmental factors. For example, Wellings and
co-workers have described three hyperplasic skin lesions in
pleuronectid species from the Californian coast of North America ,
namely angioepithelial nodules, polyps and epidermal p;pillomas
(Wellings, Chuinard & Cooper 1967; MeArn et al., 1968).

lymphocystis infected fish can also bear other lesions with
which the true lymphocystis tumour might be confused. For example,
ulcers have been describedvon lymphocystis infected flatfish from
British waters (Shelton & Wilson, 1973b). A dermal sarcoma {WDS)

was described in the Walleye (Walker, 1958); this tumour can be found -

on walleyes with lymphocystis and the two tumours may be confluent
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I(Yamamétd gj%él.l'l976); It ﬁasinotéﬁ th;t in gome fish the two
jumou;s‘could be pecogniéed e;ternally,-the=1ymphocystis tumdﬁra-_
béing irregular in siie and shape.while the dermal sarcomas ﬁere

_ paler and more spherical. However, their'c&to}ogies wer9 cIear1y
distinet, sections. of WDS showing.a disorganised arransement of cells
in a ﬁumoﬁr mass, WDS has also been associatgd with a possible RNA
virus of 135nm diam., smaller than lymphocystis virus.

Aithough'this finding of confluent tumours in the Walleye raises

ettty

‘the objection of Tmixed T~  viruses in the tumour sample,

other groﬁnds favoufsthe conclusion that the tumours sampled on flat=-
fish were lymphocystis. Thus confluentvbs haslnot been recorded on
flatfish of British waters, the tumours on_flatfish from Fleetwood
were not recosnised externally as mixed in type and the virus from:

ultrathin .
these tumours ianection was the typical dimension of lymphocystis’
virus.

It was intereating to find a lishtly infected plaice in a batch
for sale. Selection in nature against the disease probadbly operates
via the grossly reduced cryptic colouration of infected fish but
fishing probably exerts a selective advantage as heavily infected
fish are usually thrown back. The additional handling ;nd netting

of such fish no doubt also contributes to the spread and maintenance

of lymphocystis disease.

Collection Data

The collection data dgscribed indicate that the blenny infection
is distributed outside Aberystwyth shores and the regularity of
finding it at 5-10% incidence suggests it is at the level of an
edtahlished infection. Clearly soms patchiness occurred in the dis-
tribution data” but the statistical treatment clearly showed this
vas expiained by random sampling and differences between the total

numbers of fish caught on different shores.
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Preliminary‘conclusionn can be dfawn from the colleétion'data .
on cod PEH-éndfcomparfson!madé with the results of Walker & Sherburne
(1977). L

The daté showed that the infectionlwas present in cod in the .
North Sea off northern Scotiand at a mean level of 7.3% and this e
very comparable to the infection rate in the Blenny, 4.5%. By. .
contrast, Walker & Sherburnc (1977) foﬁnd higher mean incidences
in cod from three sites off the North-American coast (ll—lé%),_

Since the stations were widely distributed, it could be Gonclu-
ded that the infec%ﬁon was not localized since the furthest stations
vhere the infection was found (5 & 58) were separated by appro;imately
180 miles (Plate 5). Likewise the station samples of Walker & °
Sherburne were widelylspread.

The data for the North Sea collection showed variation between
individual station samples in commoﬁ with the results of Walker &
Sherburne (1977). Under half of the station samples gave positives
(6/13) compared to 12/25 for the George's Bank collection of Walker
& Sherburné. However, some samples gave incidences abova the mean,
| e.2.12/61-19.7% and 2/7-28%; similarly, Walker & Sherburne found sam-
ple 'incidence up to 44% (11/24). PEN was,fo;nd in station sampleé
taken in depths of 22-75 fathoms and therefore it was,not possible
to_corrobo;ate Walker & Sherburne's finding of a higher incidence
at 55-m on the George's Bank..

In view of these neﬁ;gepgréphical,records, detailed surveys of
the North Sea and Celtic Sea would provide useful information i.e,
for PEN not only in cod, on account of its economic importance but
also inlother1::E§E:‘demersal = _ fish ﬁhich. are predated
by ood.and thus {ransmit PEN. The surveys wouid require large
samples and closely spaced trawling stations, say on a grid of 10

mile squares. It would also be interesting to compare the incidence

of PEN in cod from offshore waters i.e. more than 60 miles from the



qqéstliﬁe, to that in cod from nearshore waters, as evidence from
t;gging gtudies at Aberdeen‘sﬁggests that there are discrete_ch.
stocks in the ngarshore and offshoré, between which theré is little
interchangé of individuals (Dept. Asz. Fish.. Scotland - Dif. Fish.-
Res. Rep., 1970). |

Igmphocystis disease is now recosmised in marinre fish taken
outside the north-east Irish Sea. For example, Shelton & Wilson
(1973b) described a 10.5% infection of flounder in Rye Bay and it
was therefore not surprising to find it in Cardigan Bay in plaice and
dab though.at a leséér level. Since it was not observed in flatfish
trawled on sandy banks but in exposed waters, elg; the JonesiBank,
western English Channel, it is likely that the disease is somehow
enhanced in sheltered waters and bays. The reason for this correla-
tion is necessarily speculative ; sharp-edged gravel in sediments
could cause abrasions of the skin permitting infection and thé shel-
tered conditions permit the survival of sloughed lymphocystis cells

in the sediments,

Infection rates and age

In short, data from the Blenny did not show correlation but data

DL
from cod did, since first and second year groups were predominantly

CeT
affected. }n other words the mature fish are not so susceptible to
infection, a possible reason being that they gain active immunity to
the infection after or during the second year. Appy & Burt (1975)
recorded the same trend since cod over 70 cm length i.e. of the third
year, were not found positive whereas the infection was predominant
in the first and sccond year groups. They also found the average
proportion of red cells infected was greater in young fish than old

i.e. 47% versus 9% and suggested that either heavy infections are

fatal to youns cod or that the causative arent of PEN subsides with

increasing age. By conirast, Walker & Sherburne (1977) noted no
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Begxes of virus intectin

The ultrathin section evidence gave the strong impression that
the blenny infection:andllymphocystis attain diffareﬁt‘quantitative
levels of infection. In the Blenny, where.ten or 80 particles were
observed in the ocytoplasm in section, this could represent no more
than 100-200 particlec within the area of viroplasm,' This assumes
that the inclusion area is approximately 2 pm diameter and the best
ultra-thin section of 60 nm thickness. If the virus is of 2004250 nm
diameter then approximately 10 rows of stacked‘partiéles could ﬁ;
arranged together. By contrast, lymphocystis ﬁirus achieves enormous
multiplicity of infection, this observation being corroborated widely.
Thus in thé:bluegill fibroblast cell line, it has been shown that
the infected cell contains 105 virus particles (Wolf et al., 1966)
and in the'Sunfish virus particles have been reported as beihg in
erystalline array, evidence also of high concentration (Walker &

Wolf, 1962).
Effects on the host

The blenny infection and cod PEY were'entirely devoid of external
signs and in this respect they resemble the majority of infections
of erythrocytes in amphibians, reptiles and fish where icosahedral
particles have been identified, However, some associations with
signs have been recorded. Walker (1971) mentioned that "one of
the fish with PEN was meribund", though it was not implicit that this
was as & consequence of PEN. Fletch and Karstad (1968) also reported

that the Garter Snake (Thamnophis sirtalis), which showed an unclassi-

fied intra-erythrocytic parasite was examined as a result of lethargic
behaviour and mortality. Sherburne (unpublished deta) also mentioned

in Walker & Sherburne (1977) that PEMN-infected cod are usually darker

. than non-infected in wild and captive specimens. Degpite the absence



‘90 -

of exteinal symptoms in most PEN infections metabolic and physiological

e e e e

symptoms must’ - - exist and it will be necessary

tO'examinelmany #hysiological and biochemical parameters of infected
blood. |

The effact of lymphocystis on the host is a generalidebilitating
one as desériptioﬁs in different hosts have shdwﬁ'(ﬂeissenberg, 1965).

Ectoparasites, e.z. L. pectoralis were observed on lymphocystis—

diseased flounders but their presence on fish without ijmphocystis

woula suggest that ﬁhis infestation precedés lymphocystis and not
vice versa; however, the two infections may not be linked causally.
The role of stress in the causation of lymphocystis disease has not
been elucidated and as Sniesko (1974) indicated this is an important
factor that should be investigated in the natural and artificial
gituation.

With respect to lymphocystis in reared fish, it has been shown
by Anderson and Conroy (1968) that lymphocystis can occur in
experimental attempts to raise flatfish and this may indicate casual
infection by means of either infected sea water or food. In view of
this- possibility, with concomitant losses of éxperimental fish stocks,
it would be interesting to examine a wide range of chemicals which

might inactivate the virus,

The discussion of recognition of the blenny infection and PEN
in cod poses the question of the relatedness of these infections and
indeed of all the infections of this type described in erythrocytes
of vertebrates. Statements on relatedness should ultimately be
grounded on a thorouch knowledge of the course of viruq infection
in vitro but at the ecological level a recommendation on a working

nomenclature can be made. I feel therefore that comparison of the
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blood . smears from the Blenny and Cod warrants. the term PEN for cod
es originally coined by Laird & Bullock (1969) but that PEN ‘should

not be used for the‘bienny infection, as advanced necrosis of the

nucieus has nevér Béen-observed. ﬁowever, it may be that further study

of the infections wiil show thare to be.d-greatér-range of cytolégical
configurations and these distinctions‘foolhard agd fast. As |
Sherburne (pers. comm.) has mentioned, "althoush we intially thought-
that a visible cytoplasmic inclusion was associated with a chéragier—

istic nuclear pattern it is now evident that some cod have only the

oytoplasmic inclusion wifhout the characteristic nucleaf pattern or

vice versa."

At the cjtological‘level, there is good reason for thinking
that lymphocystis disease is dissimilar to both the blenny infectien
and PEN in cod,fsince in 1ym§h§cystis very unusuzl hypertrophic
changes of the cell are involved with massive accumulations of cellu-

lar DNA and RNA in the absence of cell division (Lopez et z2l., 1969).
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ATTEMPTED PROPAGATION OF THE VIRUSES
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(3)

METHODS : : o 93,
b

Method for-treatment with APH-to ‘produce’ anaemla in the Blenny

(Grasso, 1973).
9 leh werae accllmatlsed to the tank conditions by holding at

room temperature for 3 days prior to inoculation. Each fish was
welihed and. inoculated with a suitabie volume of an aqueous solution
of APH to givo.a dose of 0.1 mg or 0.2 mg per 10 g body weight,

respectively dose 1 & 2.-- 3 fish were inoculated at each dose and 3

"also with sterile seline as controls, The dese for experimentals

was repeated on day 1. A sampie of blood wés_taken, a blood smear
made from each fish at day 4, 8 and 12 and the red blood cell count
measured by the method of Korzhuev (1962) using a diluting pipette
and a counting chamber with a Neubauer ruliné.

In smears.mature erythrocytes were distinguised from immature
ones by eye on the basis of the staining pattern and also the nuclear-—
cytoplasmic ratio. Thus the cytoplasm of mature red cells stéins
light blue whereas that of immature cells stains dark blue.” The
nuclear-cytoplasmic ratio is greater in immature cells than mature

cells also and the cell shape is generally round and not bval.

Maintenance of blennies at elevated temperature

6 blennies were screened as uninfected. 3 fish were held in 1 cu.
f+t. of seawater at 9.5-—12.500 and 3 in the:same volume at 24.500. A

blood sample was taken for a smear on two occasians from each fish.

Inoculation procedures for tissue & cell cnliures

Expt 1. 0.2 ml amounts of both the unfiltered and filtered lympho-

oystis inocula were used (respectively inocula 1 & 2 - sae Materials).
_ to be inoculated

The medium was taken off the cellsAand 0.2 ml of lymphocystis inoculum

or 0.1 ml of the erythrscyte inoculum added carefully over the semi-~

confluent cell sheet. The flasks were incubated for 40 min at room

temperature, fresh maintenance medium added and returned to 15°C.

Expt 2. 0.2 ml of lymphocystis inoculum 3 (see Materials) was added

.to one flask and 0.2 ml of Hanks balanced salt solution to another



(8)

a8 a oontrol., The flasks were incubated 1 hr at‘lSqC and maiﬁtenance

e <

medium then added. o - | | -7
EZRE_A' 0.5 ml lymphocystls inoculum 4 (see Materials) was added’to S
the cell sheet, gently ar1tated left on at room temperature (20—25 C)
for 1 hr , after which maintenance med1um was added. 0.3 ml of erythro-
oyte inoculum and 0.2 ml of control inéculum was added.to 2 other flasks
and these incubatéd‘for l-hr at 20°C, after which maintenance medium |

was added.

Preparation and maintenance of skin organ cultures

(i) The flatfish were anaesthetiséd by immersion in a lethal ﬁose of ;
benzocaine in seawate? which. was 2-10 g per litre of seawater. They
were then killed with a blow to the head.

(#1) The mucus was removed from the surface of the skin as far as
possible by washing in seawater.

(iii) The skin surface was gently wiped with a 'Mediswab' anti-
bacterial pad to.reduce surface contamination.

(iv) Blocks of skin 3 mm square and apprﬁximately 3 mm thick were cut
with a sterile scalpel blade.

(v) The skin blocks were washed 3 times for SzminA each in 'Hanks
washing solution' with 3 times the normal concentration of antibiotics.
(vi) Pine s;fatches were cut on the base-Qf the cuiture dishes to
form a grid platform. The skin blocks were éarefully sited on the
grids, and tris-buffered maintenance medium added to cover (see
Appendix). The dishes were contained in unsealed boxes; incubated

at 15°C and the medium changed every 2 days but not harvested.

To assess the maintenance of the cultures the skin blocks were
then processed by conventional histological techniques, The skin
ﬂlocks were processed for light microscopy as follows., The blocks
were washed in PBS and fixed in 10% neutral buffered formelin at

least 24 hr. They were then dehydrated in an automatic tissue
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processor (Bucke, 1972 - Appéndix’Ii), infi
' ' negative _ ' ) _
for 30 min 'underﬁpressure and ombedded in fresh paraffin wax.

" 3 S .r_. ﬂs

. ltrated in 5§°dﬁm.pi‘w%x:
Sections‘weie cut on a sledre m;groiome_and siained‘with Héematoxylin
end- Fosin, ‘ |

Skinlblocks were processed:?or;élection‘microscopy as in Method C
of Seétidn C with the exceptiﬁn: that:the iimesifdr embedding differed
asvfolloWS: | |

1:3 resin/ethanol mixture —2 hours

2/3 " n n — overnight
Pure resin _ " ——24 hours
Pure resin ' ——24 hoﬁrs

A hard resin mixture was also used i.e. ERL 4206 12g, DER T35 4&,

NSA 23g, S-1 0.4 ml.

(5) Inoculation of organ cultures

24 hr after the explanting of skin blocks to dishes, the

skin surface was lightly scarified with a scalpel blade, the

maintenance medium was removed and 0.2 ml of -an inoculum pre-

pared from lymphocystis isolate 5 gently overlaid on the surface
of each skin block. The inoculum was incubated 30 min. at room
temperature and then sufficient medium added to cover each block,

In one experiment 6 dishes containing 3 skin blocks each

.were go inoculated and 6 dishes left as uninoculated controls.

41 experimental and control dish were sampled on day O and at days:
5, 10, 15, 20 & 25 post-inoculation. The skin blocks were then
processed for light and electron microscopy as described in

Methods (4) ‘'Preparation and mAintenance.......cultures!.
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(6) Basic procedure for preparation and maintenance of firh primary cell
cultures

| The method used was based on the recommendations of Wolf & Qﬁimby

(1969).

) kilied vith a blow to the head.,

(1) The flsh was anaesthetised and& -. It was then bathed in

1% *Chloros’ solution 15 min , dried and the skin swabbed with 704

ethanol.

(ii) The internal organs were dissected out as follows, The pectoral
fin was cut off from one side and the body wall was cut vertically
behind the shoulder)girdie. A circular cut was continued around the
edge of the body cavity and the skin flap removed cleanly without
touching the internal organs.

for cell culture such as the gonads, spleen and liver ffable 14)
(iii) The organs useful. K were then teased out and washed three times
in 'Hanks washing solution' with high antibiotics after which they

were weighed,

(iv) The tissues were minced finely with scissors and the tissue

fragments treated with trypsin three times to give individual cells
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‘ahd.cell.clumps for culture. iO vol, of:6.25%"trypsin solutioﬁ were

added to the minced tissue and incubated 30 min. at I5°C with stirring.
The large tissue pieces were allowed to settle and ‘the supernataﬂt ‘
decanted and discarded} The remaining tissues were trypsinized twice
and the trypsin solutions kept.
(v) The cells were removed from the action of trypsin by sedimentation
at 100 g for 10 min and resuspended in growth medium using a volumetric
dilution of 1/100 to 1/400.
(vi) The cells were dispersed in suspension and 25 on’ culture flasks
seeded with 5 ml ali&uots. At the time of seeding 2 ml aliquots of
the growth medium were incubated at\}?oc as contamination controls,
The flasks were observed every 2 days and;a note kept of the
type of cells growihg and their dezree of confluence. The pH of the
medium was checked and if too acid adjusted io near neutrality by
loosening the culturé flask caps under sterile conditions., Contamina-
tion was also monitored and if a flask showed cloudy medium an attempt
was made £o recover the cells, The medium was immediately removed,
the cells treated for 1 hr with growth medium with twice the normal
ooncentration of antibistics and neomycin or kanamjpin added to the
medium at 2550 pg/ml. Gentamycin at up to GO pg/ml wés also used,
When cells attained 75~90% confluence they were passaged at
1/2 or 1/3.ratio, 0.2 ml of frypsin/veQéene solution was used to take
the cells off the plastic and, if required, the flask surface scraped
with a small 'rubber policeman' held on an anrsled Pasteur pipette.

The cells were suspended in 10 ml growth medium and seeded to new

. flasks.
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\R,ESULTS .

This section records‘attémptslto'proﬁagaté'lymphocystis
virus and the blenny infection by cell culture (B1) and organ
;ﬁlture (B2).  Experiments relating to the induction 6f the
:blenny infection Areldescribed (B3) viz. the gffect of high
temperature and APH in the Blenny, APH having been shown to
cause anaemia in the newt Triturus cristafus (Grasso, 1973).

Bt Cell culture

Attempts were ﬁ;de to dgrive primary cell cultures from
thélBlenny (9 trials) and also from different flatfish, with
the object of propagating both the virus of the blenny infection
and lymphoéystisisirus. The results describe the attempts to derive

primary cultures under methodology (B2a) and the negative inoculation

results using these cultures (B2b),

B1{a)Establishment and maintenance

Standard techniques for the dispersion of.tissue and the culture
conditions of Clem et éi. {1961) were used to derive cell cultures
from the Blenny, Flounder, Plaice and Dab (Table 14).

For plaice and dab cultures ovaries alone were invariably selected
for the derivation of cells and ideally immature ovaries. For
flounder, it was possible to make a comparison of ovarian and non-
ovarian tissues for growth. Thus 3-5 days was the normal time to
confluence for cultured cells from immature ovary, whereas minced
tissues of the testes or a mixture of organs such as the heart, spleen
and liver did not give rise to a vigorous outgrowth of cells and

confluent cell growthi was not reached.



99

‘ The cells)obsérved‘in'priﬁary culturés were mostlyjfib:oblast in N
- type, especially those from dab (Plateg‘l5'& 16),‘a1th0ugh clusiéféﬁ
of epithelial-like_celis‘were observed in miied‘cell-type cu1ture§
fr&m the Bleuany. Cultures derived from mature ovaries of dab also
showed egos in which the nuclei were clearly seen (Plate.l6é).
The pattern of cell growth was similar for cell cultures from
i ' different fish though the growth rate varied. Qells grew out from
‘ islands of tissue framents or cell clumps and a confluent celi-sheet
1 was eﬁentually formed. The growth time to confluence varied from 3—5
| days for flounder cultures, up to 14 days for dab and plaice and 28
~days for blenny. |
_ All the culturés derived were short-lived and no established
secondary cultures were originated. Cells from flounder were not
passaged, some cell cultures from the Blenny were passaged at mpst
once and celis from plaice and dab were passed at most three times,
using a 1/3 splitting ratio. Only the dab and plaice cells were ;
therefore used for inoculations. |
An important limiting factor in the development of these cultures
was contamination. Bacterial contamination was common in the four
different trial cultures and in some cases this could be removed
permanently by the use of broad spectrum antibiotics such as kanamycin
and gentamycin, However, if these compounds were used for over 6vdays
the cells stopped growing., PFungal contamination was particularly
} prominent in the flounder culture and this took the form of a fan-
like branching thread composed. of oval cellfD It grew in the culture
despite the presence ofqm§costatin in the medium at 50 pg/ml.
A more detailed gtudy to establish cell cultures from different
organs of the Blenny was undertaken. Many variables in the dispersion
-of the tissues and in the growth conditiona affected the results

|

!

|

‘. . _ @® This yeast was most proTably a species of Monilia (family Moniliaceae
| -Fungi Imperfecti)
\
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Pable 14:

Organs
taken

Method of
dispersion
& temp.

Crowth

time to
confluence

(days)
Cell type
Contaminants

Hedium

Abbreviations:

Blenny

Gonads¥ heért,
spleen & liver
(see Table 15)

Mincing, o
Tryp. 15=20C

28%

Fibro. &
epith.

Bacteria
{gram -ive
cocei),
yeasts

MEM-E
15% FCS
0,206} NaCl

MEM-E
FCS

(RS
fod

" Flounder

fmmature‘ovaryf

testis, ovary &

spleen
Mineing o
Tryp. 15 C

35"

Fibro.

Branching
yeasts esp.

MEM-E
104 FOS
0.206M NaCl

Tryp. = trypsinization
Fibro.- fibroblast
epith.- epithelial

Plaice

Mature &
immature
ovary

Mincing .
Tryp. 15°C

14

Fibro.

Some
bacteria

ag
flounder

Ofigination-of primary cell cultures from marine fish.

Dab

as left

ag left
11-14
Fibro.

Some

bacteria

as
flounder

ied

Fagles Minimal Essential Medium + Earle's Salts
Foetal Calf Serum
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Plate 15

| Direct light micrographs; living primary culture of-fibroblast—like
' ‘ovary cells from dab, 7 days after seedlng, X 200. ~ Photographs by -
. courtesy of Mrs. F. Prioce,

(a) Islands of closely-packed cells are seen at the left and lower
edges. These attached soon after seeding. Crowing dividing
cells are seen centrally,

(b) An island of closely-packed cells is seen (upper left) with

scattered growing cells elsewhere.

(o) Islands of condensed cells are seen at the upper right and
 lower left.







Plate 16

Dirgctllight'miqrographs, living primary culture of fibroblast-like
ovary cells from dab, 7 days after seeding, X 200. Photographs by

»courtesy_of‘mfs; ¥. Price.
(a) Eggs with vieible nuclei are seen clumped in this culture.

(b) Areas of refractile cells confluent with growing fibroblast-
Tlike cells., o

. (e) "an area of almost confluent growing cells.

-







0L

achieved (Table 15). Cultures no. 2, T and B‘gave~the best, results
. i

ihough no‘single factor was correlated with this promising grpwth.

In two variations of the standard techni&ue in culture fe. T,
it was found that large frasments of tissue and cell qumps‘prn;ided
the best sfarting conditions. One (UT) was derived from untrypsinizedl
tissue fragments and the other (P) from tissues trypsinized nbrmally
and a pellet of released cells dispersed. Culture no. 8 was also seeded
w1th an aggregate of pelleted cells rekmsed by trypsin and yielded
growing cells of fxbroblast type. |

Some variationﬂtried with methods of diépersion gave some indica-

tion of optimum conditions. In no. 1, trypsinization was done at 37%

‘twice for 40 nin qéch while for the other attempts 15°C or‘20°C was

the usual temperature and trypsinization was done three times for
15 min each. Cell growth was very limited in no, 1 and also very
variable for all other attempts so no conclusion could be drawm from

the effepf of temperature of dispersion. In no. 7 and no. 8, the

* yolume of trypsin used varied from 25 to 100 vol. of the tissues,

whereas in all other cases it was 10 vol, The larger volume éafe
reasonably good results so it‘is probable the:;olume of trypsin used
is not important.

The tp;al viable -.cells liberated we£e estimated in three culture
attempts by the trypan blue dye exclusion test, The cell yield
ranged from 3.6 x 109 -1l.3x 1010 cells per g. of_tiésue as sfart-
ing material, showing that as much as 1010 per g was obtainable,

Por seeding the cells, experience showed that makingz a volumetric
dilution.from the final cell pellot was more practical than counting
cells before seeding. In practice it ﬁas found from visual inspection
that the desirable higher seeding.concentra£ion was achieved by the
first method. Thus for no. 7 in particular a volumetric dilution to

100 vol. of the cell pellet was successful in 2 out of 5 variations



Pable 15 - -Different procedures for the derivation of nine priﬁary*ce%i”‘¢3

cultures from the Blenny.

1
ORGANS ov
USED
DISPERSION M
METHOD . Tr2x
- 31
40min

4

CELL YIELD NC

(cells per
g tissue)

GROWTH
CONDITIONS: 6
SEED CONG'N 2x10
{cells/m1)

TEMP(°C) 15

NO. FPLASKS 12
SEEDED

ADD ANTI- -
BIOTICS

BUFFER b

GROWTH

RESULTS:

CELL TYPE ep.&
fib.

FLASKS 2/10
SHOWING
GROWTH

GROWTH TO -
CONFLUENCE

(days)

CONTAMINA-  d7-40
TION 48-100
(% flasks)

Abbreviations:
P - bicarbonate
d - days
ep. — epithelial
fib,- fibroblast
f. = filtered
ht - heart
imm = immature
liv - liver
neo-~ neomycin

62107 13x1

' CULTURE_NO.
2 3 4 5 6
spl, ov ov oy ' ov&kt.
-~ ov, (imm  +eggs (imm) OR
E & mat) : ht,
' : liv
‘ & spl
M M MM M
Tr3x Tr3x Trizx Trix Trix
zoéc 1530 1530 1530_ 153C
15min 15min 30min 30min 15min

f £

0’ ne 4x10° NC

4—9g 0.332 Vailt 2-1g0 VdilT
x10 x10 x100- x10 z100-
400 1000
23 15 15-25 15 15-22
12 12 T 10 12
- - 1¥neoc- 1¥nec- -
b t/n b b b
fib * - ap .& - h fib .
fib,
4/12  of12 1/1 0/10 1/12
-4 - - - -
d3=-25 d2-20 d4-100 d2-20 d15=66
ag-25

mat = mature

M - mincing

NC = not counted

oV - ovary

P - pellet fraction

8 = supernatant fraction

8 - sedimentation

gpl - spleen

. 8

{05

.

9
ovyt ov,t ov,t
wre M
Monly Trgx Tréx
Other 15°C 15°C
M . 15min 15min
'Trgi
15°C
15min
8yp/s
NC ‘NC RC
S&P VdilT VailT
vdil? x100 x100
x100
15 15 15
12 1 5
b b b
fib . fib. -
2/6 1/1 05
8-0/6
20-30 = -

47-100
t/h - TRIS-HC1
Tr - trypsinizatios
t = testis
UT - untrypsinized

Vdil- volumetric
dilution
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of the procedure. However, in no. 2, vhere cells were counfed,_
growth ocourrcd only at the lowest dilution, (4 x 106/m1) |

‘Bmall mocifications to the medium produced no:improvements in
the growth rate. A change from bicarbonate to tris-HC1l buffered
medium (no. 3} oﬁviated the need for gassing the flasks; the pH of
the medium was then well maintained but even before the presencé of
contamination cell growth was poor. The addifion of human serum
(2.5%) similarly was ineffective in stimulating growth.

The best growth results were obtained with cultures derivé&ifrom -
gonadal tissue, as with the flatfish, but other mixed internal organs
were used. In culture no. 2, spleen, testis and ovary were used with
fair crowth i.e. 50% of cells attached to the plastic with some flasks

showing growth to confluence, whereas in culture no. 6. the heart,

spleen and liver were used and these gave poor cell attachment and

" no growth, Neither ma{ure nor immature ovaries give rise to the

vigorous growth that was sbserved using flounder material.‘ Ripe
ovaries containing eggs were used in no. 4 but the eggs appggrgﬁ not
to subdivide and were not susceptible to the action of trypsin.
Contamination with these cultures was algo a problen. 4/12
no, 2 culture flasks showed semi-confluent fibroblast-like cells at
48 hr after seeding and confluent monpla&ers at 3 days. However,
at the same time heavy bacterial contamination was found in three of
the flasks growing cells and a fourth later succumbed. These
contaminants were broadly typed as gram-positive -and negative cocci
and could be cleared with kanamycin sulphate at 50 pg/ml. The cells
were then split but lost viability and could not be passed again,
In two culture atiempis no. 4 and no. 5, the incorporation of neomycin
in the washing salt solution and in the growth medium also produced

no marked reduction in contamination,

P



B1(b) Inoculations

Dab and plaice cell cultures were inoculatgd with preparations
of lymphocystis virus isolates Bi;'3ii'and 5 and infected blénny
ery‘thro'cyte’s in experiments 1, 2 & 3 (Table 16 & Methods no. 4).

Lymphocystis gave a conclusive result in one case only i.e.
no. CPE up to 24 ti‘ays- post inoculation in experiment 2 since in the
first and third contamination was found at § days after inoculation.

Infected blenn&_erythrocytes also gave na definite CPE up ;o
10 days éfter inoculation in experiments 1 and 3 for extracts
produced by cell lysis and sonication.\‘Lysed control red cells also

gave no CPE,

107 -
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Table 16 . Virus inoculetion of marine fish cells

Expt. Mo, Cells ... .  Inooulwi, . . . . .. |
used Origin Preparation Result
: - ete. ' 1see Haterials
" I also)
(1) - Dpav s}
: Young  Isolate 3i ' :
Ovary Inoc. 1 - Unfiltered No CPE:
: 5 — 6 days p.i.
" Inoc. 2 - Filtered noooon -
L Blenny r.b.c.— infected No CPE
. : 10 days p.i.
" - control noow
(2) Dab -1C
Young Isolate 3ii ) .
Ovary Inoc. -3 - No CPE
. S 24 days p.i.
Control - ) LA
(3) Plaice LC - antibiotic No CPE
ovary treated 5 days p.i.
Isolate 5 B
Inoc. 4
Blenny = infected, No CPE
r.b.c. sonicated 10 days p.i.
& filtered
" infected, noow
lysed &
inoc.=inoculum : filtered

IC = lymphocystis
r.b.c. = erythrocytes

-



i B2 1-0:santcu1-!:ure_ - < e e e e e -1 e
.« .. {a).Establishment and maintenance ' o '

Skin blocks from the‘Flounder could be maintained in tris-—
buffered maintenance medium for 15 days as an organ culture with-a
change of medium every 2 days, Eiamination Yy light and eléctfon
microscopy after processing showed that the dermis was intact over
the muscle layers but frequently the epidermis was absent or dis-
integrated. Bacterial contamination was found in the cultures at
15 days after preparation and by 20 days approximately %0% of the
culture dishes were contaminated,

(b) Inoculations

Examination'ofnéections of inoculated skin blocks by light
microscopy showed no histological changes typical of lympho-
cystis virus such as cellular hypertrophy in the dermis.
Furthermore, by electron microscopy of the same material,lympho-
cystis virus was not observed in any of the blocks maintained

up to 15 days. After. 15 days maintenance contamination was

observed as evidenced by turbid medium of low pH and the cultures

could not be used for viral identification.

B3 The effect of hish temperature and APH in the Blenny

" The éf{ect of high temperature on the Blenny was initially
investigated with the aim of inducing the infectionjyas Sherburne
{1973) had reported a correlation of the incidence of PN in herring
with increased temperature. An unequivocal result was not produced
but a miscellaneous effect of high temperature on the red bleod cell
nuclei is repor{ed. |

The effect of APH vas investigated with the aim of reproducing
the anaemia caused by the drug (Grasso, 1973) and then trying to
inoculéte anaemic fish with infect;d erythrocytes in the ensuing

phase of erythropoiesig. It was not possible to establish the



Lo
infection in this way as fish mortalities were experienced but a

" feature of the responée in the Blenny to APH is reported.

B3(a) Hirsh Temperature

At 3 days after exposure to 24.5°C no inclusions were seen in
the red blood cells of éxpérimeptal fish nor in controls at low
temﬁerature. (Plates 17a & b). One divided ﬁucleus was noticed in
the smear of an exposed fish (Plate 1Ta, arrow). At 9 days, blood
films of exposed an@ cohtrol fish did not show inclusionsnbdt in
one gmear of an exp;sed fish the outline of many e;ythrncytes.was
unusﬁaliy fusiform and many of the nuclei were distinctly fragmented

B

(P1ate 18Db).

B3(b) APH

6/9 fish inoculated died by 4 days after the first injection,
these being all small fish under 10 g weight. -Qne survivor was left
in each group in'the weicht range 20-40 g and it‘was possible to
take'blood for an erythrocyte count and for a smear up to 12 days after’
inoculation.

The erythrocyte count declined over the:12 day duration of

4 4

sampline from 200-250 x 107 to 40 x 104 per cu. mm (Fig. 7), each

value being the averare of twn counts on two separate blood samples
inoculated with saline
from each fish. The red ce11 count of the control/also declined but
unevenly. From the start of the experiment, the control and experi-
méntal fish did not feed recularly although given rations every two
days. The dose 1 fish and the conirol fish then died at 15 days p.i.
No erythroid precursor (EP) cells were seen in smears of the
inoculated blennies from day 4 to day 12. IHowever, the proportion
of immature red cells increased with the tihe after inoculation and

this increase was greater for the experimentals than the control

(Table 17). Moreover, the increase was comparable for dose 1 and 2 fish.
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' * Plate: 17 .

. Blﬁodvfilms, Common Blenny, Giemsa's Btain; X 1024.

P o (a) Exposed 3 days to high temperature (24.500); One divided

- nuoleus is seen (arrow),

“(b) 'Control; exposed 3 days to 12°C. The commonly seen protozoan -

, parasite Haemogresarina bigemina infects one cell (arrow), ly-
| ‘ing close to the nucleus.
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Plate 18

Blood films, Common Blenny, Giemsa's stain, X 1024.

1

-(a) Control, exposed 9 days to 12°¢. No inclusions ere seen.

{Fine specks are dust).

(b) Exposed 9 days to high temperature (24.5°C). Approx. half

the erythrocyte nuclei show fragmentation.

of
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Table 17.. The proportion of immature and mature erythrocytes in
smears from the Blenny after treatment with APH,

|

|

|

| - oo Cells counted
| Dose Days (After Immature Mature % Immature -
| . -
| .
4
\
|
|
|
|

Level Treatment )
(mz/10g body wt) 4 3 270 1.1
0.1 ' 8 40 320 11.1
(dose 1) 12 100 149 40,2

4 ' 21 463
0.2 8 22 176

4

1

{dose 2) 12 95 143 39
2

3

3

Control 4 12 506
| (saline - 8 18. 487
© inoculated) R P 46 347 - 1




DISCUSSION -

. Passage in cell culture attempts

The results in preparing cell, cultures would suvgest that the
cell monolayer technique of Clem et al. (1961), in conjunction with
the recommendations of Wolf & Quimby (1959), lé‘sultable for tissues
from different marine fish viz; the'Blenn&, Fléunder,-Plaice and Dab.
Experience showed that the continuity of the cultures started was
hindered by contamlnatlon and this IacL of contlnulty beyond'thlrd
passage certainly prevented the establishment of secondary cultures.
No recommendations can be made as to the most:preferable flatfish
species tn be used but »f those tried the cells frpm the Dab habpened
to survive for the longést.

These rémarks should be qualified by emphasizing that the pesults
of the hethodology section were nbservatiomsrather than eiperiments,
as there were no true controls of the trial cell and tissue cultures.
The conclusinna are therefore suggestive rather than affirmative,

In a few ways the observations on methodology corroborate previous
studies. "All the media used for monolayers wefe salt-ad justed i.,e.
at 0,206 M NaCl and though there were no controls at the level of salt
tonicity for mammslian cells i.e. at 0,14 ﬂrﬂa01, it is possible additional
salt was an absolute requirement for growth. Similarly, Clem et al.
(1961) reported that the use of additional salt was negeésary for the
long term establishment of marine fish cells and Wolf & Quimby (1969)
supported this for cells in primary culture, By contrast; Townsiey,
et al. (1963) recorded cell proliferation from a;variety of explanted
tissues of marine fish in a mammalian type medium, unadjusted for salt.
Webb (1975) found that cells grew out from explants of external tissues
from two species of goby,'in both salt-ad justed and unad justed media,

but cells grew out from explants of internal tissues only in gnadjusted



media.,lﬂebb therefore made the apposite suggestion that-the:dependenég'
.ﬁh‘qdditionéllsalt of‘tissues in xiigg i's related not only jo.the.
nature of ﬁhe tissue, and consequéntly its degree‘qf c9ntact‘wifh

salt water but also the natural habitat of the fiShi  This is a
plausible hyﬁothesis thaf cannot be verified from the results here.
Supporting evideﬁce will have to be obtained by exahining the iﬁ;g}iig .
growth characteristics of cells froﬁ internal and exﬁerpai tissues
in-both stenohaline and euryhaline fish. |

The observationg from blenny and flounder materiai suggesfedlthat":-
the ovary was the ﬂ;st-tissué for starting primary cultures, quf 
& Quimby (1969) made -a similar recommendation from experience of
freshwater fish, advocating the use of oviduct tissue in particular.
Since the oviduct d;es not contain germ cells, it is likely fhe
_ connecfive tissue, common to both, is valuable for starting‘groﬁth.'

Limited experience of handling fish cells indicated that con-.
tamination, possibly direct from fish material, was a major threat
to the establishment and continuity of primary cultures. Wolf &
Quimby (1969) recommended the use of penicillin and streptomycin‘at
normal dopge with temporary use of other bfoad-spectrum antibiotics
such as kanamycin. They sucgested fingi shouid be suppressed with
mycostatin at 25 IU/ml. By contrast, the more modern antibiotics
gentamycin EBiocult) and fungizone (Squibb Ltd) could be recommended
since with fish cells they gave better sterility though no cont;olyed
studies were perfofmed. Enhanced antibiotic characteristics of
gentamycin have also been reported in mammalian cells (Schafer et gl.;
1972).

The inoculations pérformed showed that lymphocystis material |
and preparations of infected erythrocytes from the Blenny did not gzive
recognisable'cytopafﬁic effects ih cells from dab and plaice but:

_ jndicate the need for more trials with these isolates, It would also

be worthwhile to observe the cells over 2 minimum period of 30 days.
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The maintenance and grouihrof fish cell cultures has furthered

‘tﬁe propagation anc characterization of the freéhﬁ;tef fish Yiruaes
but by'éohtrast relativeiy few cell lines-have been developed from
marine teléost fish. Wolf & Quimb& (1969) noted 4 marine fish

cell liﬁes; 2 of these from grunt species were established lines but
only one GF-1, was an available cértified cell line. This paucity
of established cell lines explains in part_the undeveloped chara&teri-
gation of marine fish viruses. Thus whereas lymphocyétis from the
Bluegill has.ﬁeen propagated in centrarchid fish cells (Wolf et gl.,
1966) and 1ymphocysti; of marine snappers has been propagated in |
grunt GFS cells (Lopez et al., 1969), the virus from flatfishlof
British waters has not. For these marine isolates of Iymphocystis,
the approach of empléying primery and establiished cultures of con=
nective tissues cells should prove profitable. For the erythrocytic
viruses however, it may be more salient to use blood culture methods

already used in fish chromosome techniques (Ojima, Hitotsumachi &

Hayashi, 1970).
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Oigan cultdre

The maintenance of large skin explants in mammalian—type
tissue culture ﬁedium with the addition of only sodium chloride
indicates the methods used for establishing mammalian 6fgan cultures
u;gg.human embryonic trachea, are éssentially applicabie to fish
tissues,

The partial disintegration of skin blocks before 15 days could
héve been due to several factors. Firstly, it is poésible that
bacterial cqntaminants repressed by the antibiotics, or fungi from
soﬁrce material, coﬁ&a have been responsible. Secondly, handling
dufing processing could be suspected of damarzing the epidermis in
particular. Thirdly, it is possible that an actual‘sloughing of
the epidermis took place. D, Simpson of Plymouth Polytechnic (pers.
comm.) found that skin blocks from the Blenny maintained as abb;e also
sloughed the epidermis durineg a 10 day period, though the dermis was
well pfeserved. Hence it is likely that the epidermis is in any case
very poorly preserved by organ culture, In addition, light abrasion
of the skin during sterilization swabbing would probably serve to
damage many cells.

To my knowledge there is no published account of the establishment
of skin organ cultures, rather than tissue explants, from marine teleost
fish. D. Siﬁpsoh (pers. comm.) found thaf larze skin explants;from
the Blenny could be maintained in culture up to 18 days with histolo-
gical integrity of the dermis. Similar maintenance media to the onel
used here were employed, Simpson found that both tris— and bicarbénate—
buffered media gave adequate maintenance of the skin blocks and the
addition of sodium chloride to the media gave improved growth.

The-negative result in the inoculation attempt should not
be interpreted as a definitive result in view of'the>stated condition
of the cultures particularly after 15 days post-inoculation.

Clearly there is a need for controlled experiments to determine
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the critical factors for infection';ggvitrd‘e;g;‘degree'of
scarification of the erithelium required, tima and temperature

p——

of inoculation etc. In view of some 7. _ ‘success with main-

tenance of skin blocks in vitro the technique would seem to be

a promising ome for studying cellular changes occuring during

in vitro growth of lymphocystis virus.




‘Phe effect of hirh temperature and APH in the Blenny

A temperature rise to=24°C‘d1d-ﬁo£ ev&ke‘inclusions in erythro-
cytes of the exposed fishat 9 days afterlfemperaphrg'elevétionAapd
."the cpntr@lsnmaintaiped below 12°C}wgre also neggtive. However,
it 15 not necessarily valid to comclude that the infection could

“not be induced by temperature stress since the trial period was

—

However temperature stress did evoke the‘divisign of'erythrocyte

nuclei in 1/3 fish. Similarly, Sherburne (1973) noted abnormal .
red cells with segmé%ted nuclei in many short-term captive herring.
These cells did not show inclusions and the abnormal fﬁrms were ‘observed
only in fish held at higher than normal seawater temperatures of. up
to 20.5°C.' Interesiingly other causes of this sort »f change have\
been described. For example in coho salmon the granulation of erythro-
cyte nuclei was ascribed to diétary deficiency (Smith, 1968).
Although the cause of the chaﬁge noticed is uncertain, the m&st
probable éxplanation is that it was caused by one form of stress and
that‘a virus was not implicated since a nuclecar change was not usually
seen with virus infection,

< The fish injected with APH developed anaémia and there was an
overall increase in the proportion of immature red cglls in smears
but it couia'not be demonstrated that thé.anaemia was caused by APH,
It should be pointed out also that thelperc;nt. of immature‘gells was
calculated from # red cell count in one regidﬁ only of the smear.
This may have introduced variability in view of the normal variation
of thé proportion of cell types with smear region i.e, 'head' to 'tail’.
It is uncertain why 6 small fish died up to 4 days after inoculation.
This may havé been due to a rapid anaemic affect of the drug but more
likely to a haemorrhage caused by inoculation.

" Since the control as well as the experimental fish showed a fall

in the red cell count it is probable that anaemia was caused by poor

\
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feeding rather than APH. Inhibitory influences on erythropoiesis
i ‘ by food deprivation have also been shown in the Red Paradise fish

(Macropodus opercularig) (Heinberg, Siegel & Gordon, 1973). However,

at 12 days after inoculatinn, an erythrapoietic effect was indicated
by the increase in immature erythrocytes in smears of experimentals,

despite the prior absence of any distinctive erythroid precursor (EP)_

i cells as seen by Grasso (1973) in the newt (Triturus cristatus), It

is possible that Ef cells of the type described by Gfasso are not

a normal feature of erythropoiesis in teleosts, |

This approach ;és not follﬁwed up and the anaemic fish not used

for passage of the blenny infection as they were in such poor cnndi-
tion. The approach may prove profitable for experimental passacge,
if the fish can be well maintained under reduced stress during the
anaemic phase, since a patent indﬁction of erythropoiesis seemed

possible. Alternatively, it could be fruitful to examine other means

of direct induction e.g. u.v.— and x- irradiation,
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- SECTION C

VIRUS MORPHOLOGY



' METHODS = T

(1) Processing and embeilding methods for electron microscooy (e.m.) ‘

rDifferent methods pf fization, dehydration, and embedding were
used for both lymphocjstis material_and-different tissﬁes from-fhe
Blennf. The-methods are detailed here as methods (A) to (p).
| Method E for processing cod red blood cells,'included the ﬁethod
of Gowans (1973) for pelleting the cells before processing as this
obviateé the problem of handling a friable pellet of fixed cells

during. dehydration and embedding.

-

Method A. Processing of iymphocyséis cells’wifh embedding in fAAB

Lymphoecystis cells were dissected.from_the isolate 3ii which hadlbeen

st&red at -2000; They measured at most 1.5 mm diameter.

1. They were fixed in 3% glutaraldehyde 2 hr at 4%c.

2. Haéhed three times for 5 min each and left overnight in 0.1 M
sodium cacodylate buffer,. pH T.4.

3, Fixed in 2% osmic acid at 4°C for 2 hr.

4. Washed in sodium cacodylate buffer as above and washed three times
in tap water to remove tﬂe fixative.

5. Dehydrated by immersion in 30% and 50% alcohol 15 min eacﬁ, 70%
alcohol overnight and absolute alcohol 2 hr at room temperature.

6. Alcohol was removed by waéhing twice for 30 min each with propylene
oxide,

T. The blocks were infiltrated with a 1:1 volume mixture of resin in
propylene oxide. The fesin formula was as shown below.*

8. Specimens 'were infiltrated with resin for 1 hr at 50°C, changed to

fresh resin and this hardened at 60°C for 48 hr.

* DAAB resin 27.5 & * All these resin components are
DDSA 22.2 2 obtainable from TAAB Laboratories
2 2 : .
MNA 3.7 2 ( Emmer Green, Reading.
DiP-30 0.5 . For the proper names of these compounds

see the Abbreviations p. xiv
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Method B. Processihgvbf infected blenny erythrocytes using araldite¥ .

»fortemﬁedding

1, Blood -was taken by the caudal vein routé.and the erythrocytes
_suépendeﬁ in 4% TSC. A pellet of fed celle was pfepﬁred by
sédimeptatién twice at 700 g for 5 min,

2. The pellet was fized in 3% slutaraldehyde in 0.1 M ‘sodium
cacodylate buffer pH 7.2 for.l hr at 400 and washgd three times
in buffer 5 min each. o

3. It was post-=fixed jn 2% osmic acid for 2 hr at 400 and washed in

tap water three times 5 min. each.

4. Dehydration and embedding was as follows:-—

304 ethanol 15 min
50% " 15 min.
% - Overnight
100% " 60 min
Propylene oxide - 30 min.
Propylene oxide/araldite
(50:50 by volume) 30 min.
Araldite at 50° 60 min

Araldite (1,5% DMP30) 48 hr at 60°C to harden.

* Araldite M = 20 ml Y.

Resin 964B -~ go6ml For proper names and supplier see
DMP30 - 0.6 ml the Appendix p. 181

Method C., Processing af tissues from the Blenny and lymphocystis cells

using Spurr's Resin* (Spurr, 1969)

l, Tissues were dissected out in the cold room, cut to a 1 mm cube
and fixed in buffered eglutaraldehyde for 30 min at 4°C.

2. Rinsed three times 5 min. each in cold buffer.

3. Post-fixed in 14 osmic acid for 1 hr at 4°C.

4. Rinsed in buffer three times 5 min each,

5. Dehydrated by:-

30% ethanol 10 min.
50% " © 10 min
04, o 10 min.
90% " - 10 min
100% " 10 min.

100% " 15 min.
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6;\Ahd_infi1trated by the following steps:—~

1:3 resin/ethanol mixture 20 min. .
2:3 .resin/ethanol mixture 30 min
Pure resin 30 min
Pure resin 30 min.

Hardened.by-24 hr at‘65°C
% Medium hardness formulation

ERL 4206 - =10 g

DER 736 - 6 ¢ .

NSA - 26 g for the proper names and the.
S-1 — 0.4 m) | supplier of these compounds see

the Appendix p.177

Method D. Quick processinz and embedding method of Doane et zl. (1974)

with lymphocystis isolate 5 usine Spurr's resiﬁ

1. Large tumours were cut into smali blocks of 1 mm square and fixed
for 30 min at 4°C in a 1:2 mixture by volume of 2.5% glutaraldé—
hyde in cacodylate buffer pH 7.4 and 1,5% osmium tetroxide in the
gsame buffer.
There followed:-

2. Three rinses in buffer 1 min each.

3. Dehydration by two changes in 70% acetone for 3 min each,

4. Dehydration by three chances in absolute acetone for 5 min each.

5. Embedding in a l:1 volume mixture of absolute acetone and'Spurr's
resin for 10 min each,

6. Two changes in 100% Spurr's resin 5 min each,

7. Embedding in fresh resin and hardening at 95°C for 60 min.

Methpd E. Processine of red blood cells from cod using the method of

Gowans (1973) for pelletins the cells in arzar

1. The tonicity of 0.05 M sodium cacodylate buffer was adjusted to
thét_of cod erythrocytes with elucose by doing an osmotic frogility
test., The highest concentration of glucose 0.8 M, at which
negligible lysis of the red celis took place was taken as the

isotonic point.
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2.-R;d callgffrém an infected sample'stoféd in 4% TSC, vere sedi-
mented‘at‘éoo g for 15 min "and waahed in 0.8 § glucose buffer,
Tﬁg cells were resuspended in 1 ml 0.05 M sodium cacodylate buffer:
with glucose and counted by haemncytometer.

3. The cells were fixed for 3 hr in 3% glutaraldehyde in the same
buffer at 4°C.

4. The cells were washed with buffer three times and left overnight.

5. They were then fixed in 2% osmic acid 1 hrl at 4°C'and washed. in
buffer three times 10 min. each.

6. The buffer was removed and 4% pure 'Difco'’ Noble agar at 60°¢c

added to the cells in the proportion of 0.03 ml agar to 107

cells, -
The volume of asgar was estimated from the data of Gowans (1973) -
for the volumes contained in a fine tube of known bore,

Te. The cells and agar were rapidly mixed using a 1 mm bore unhepari-
nized haematocrit tube,

8. The mixture was then drawn up the capillary tube and allowed to
solidify. When solid, the agar sausage was expelled, cut into

2 or 3 mm lengths and the agar blocks dehydrated and embedded in

resin as in Method C.

(2) Ultramﬁbrotomy & Tlectron Microscooy

Blocks were rough trimmed by hand and ultrathin sections down
to 60 nm cut on either the LKB 'Ultratome' or the Sorval 'Porter—
Blum' automatic ultramicrotomes. Sections on grids for transmission
microscopy were stained in the dark for 15 min with a saturated
golution of uranyl acetate in methanol, gently washed with distilled

#*
)  Reynolds {1963) )
water and stained with Reynold's lead cltratexfor 15 min, The grids

were washed with 0.1 N NaOH, washed with water, blotted dry and viewed

in a Philips EM 300 electron microscnpe operated at 80 kV.
#see the Addendum of the References '



(3)'Partia1 purificafianiof‘lymphodystis virus

9‘different procedures were used‘in‘attempts to purify lympho-
oystis'virus startihg with different iéolates, TheLoutline of the
stages for exfraction, clarification and concentration is given ih
Table 22, where the results of eleétron microécqpic examinations of
the preparations are. shown.

An électron microscope check on each preparation was used as
the principal cfiterion for purity and - concentration. The data of
Monroe & Brandt (1970) were used for estimating the actual virus
concentration in th;;preparation from the number of particle§'counted
on the grid sguares. N

The variations in the procedures used are detailed below and

the final procedure faor optimum purification given {procedure No.8).

(i) Extraction techniques

The cells were ground where stated by pestle and mortar until
ﬁ white homogencus fluid-resulted. Sonication was performed with the
ultrasonic disintesrator. An amplitude and wavelensth was used that
had been found satisfactory for 99% lysis in a red cell sample from
the Blenny. Douncing-was perfarmed using a Pétter—Elvejhem glass
homogeniser by 20 to 30 hand strokes.

(ii) Clarification methnds

(1) Low speed sedimentation (LSS) was performed by.centrifu-
- gation at T00g fﬁr 5 min using a bench centrifuge. This was suffic-
ient to pellet all visible tissue frasments.

(2) The ffeeze-thaw cycle was overnight at -20°¢ and subsequently
at room temperafure.

(3) Ammonium sulphate precipit;tion was performed by the addition
of an equal volume of saturated solution to the virus—-containing

suspension.

27
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(4) For filtering;four.thickhesses\of dresSing-musiin>weré use&. -

‘(iii) Concentration aid purification methods

Cycles of differcntial sediméntation,i;é,, cenirifuging at low
and high speeds, were used for the concentration ‘and purificétioh of
the virus. Equilibrium,density gradient centrifugdfion with sucrose
solutions was also used. The details of these,i.e.,relative‘;éﬁtri-
fugal forces and times,are ziven in Table 18..

High speed sedimentation was performed using-the MSE 'Super-
speed 50! centrifugélWith115ually the MSE rotors with swing-out |
buckets (3x3 ml and 3x25 ml with adapters for 12 ml tubes). The
MSE angle head rotor with 8x50 ml sockets and adapters down to 10 mi

wae also used,

(iv) Final method for partial purification of lymohocystis virus

(1) 0.25 g of the tumour (isolate 6) was completely homogenised in

2 ml PBS in a glass homogeniser, .

(2) The homozenate was clarified by centrifugation at 700g for 10 min.
(3) A cushioned sucrose solution was prepared by layering 10 ml of
20% w/v sucrose on 10 ml of 60% u/v sucrose and the olarified homo-
genate was then overlayered on this. Thg homaggnate was sedimented
into the liéhter solution at 14300 g for 30 min.

(4) The refractive layers in the 20% sﬁérose were collected by the.
manual methods recommended by Crawford (1969), This involved sealing
the head of the tube, making a fine pinhole in the tube below the
fraction to be collected, releasing the seal slishtly and running out
sufficient drops.

(5) Virus in each fraction was sedimented from the sucross by centri-
fugation at 42000g for 30 min, _Tﬁe pellet was dissolved in l%

~ ammonium acetate and the suspension filtered at 450 nm on a Millipore

membrane. It was then further clarified by centrifugation at 700¢



Table 18 -

~

. S g

Results of 9 procedures as attempts to purlfy isolatea of

lymphocystis virus.

PROC, ISOLATE EXTRAC~ CLARTIFI- CONCENTRATION &

NO, TION CATION
1 3 G&3 Lss
2 31 G&S LSS
3 31‘ D Freeze-
“thaw,
,"LSSL 50%
~  amm,
sulphate

4 34 D £.

5 3iii D LSS

6 3ii - D -

7 4ii D LSS

PURIFICATION
(a) 2108

(v) Supt. f£. 0.45p°

& sed, '

| (a) 1xDs.(600g/

-5 min, 2500g
10 min
(v) f. 0.45p & sed,

2xDS
supt's, f. 45#

(a) EDGS 10-4
2x 32170g/2 hr
HSS 945007/2 hr
(b) LSSysupt.

(a) EDGS, 5-20%
321702/40 min

(b) frac. HSS
14300g/30 min

‘(e) pellet(a)EDGS

10-40% & HSS
14300g/30 min

EDGS 10-40%
3570g/30 min

(a) Dle, 204604 @

‘ RESULTS

(a) Prep's cont
virus @ 3x10 /ml
(b). virus' @ 3110 /ml

(a) Contam, virus
@ 1x10 /ml

(b) debris, virus
@ 5x10 /ml |

virus @ ( 1x10 /ml

(a) 2 feint bands
+ debris

(b) contam. 1
virus @ 5x10'/ml

(a) no bands T
virus 10/ /m1
(b) no pellet

(¢) no bands

no bands

Refrac. layer

1/1 vol. 143005/ @ interface

30 min

(b) Refrac. layer
HSS, 42000g/
30 min

Dls as (7). Top,

Impure little virus

8 6 D Lss Top - impure
middle & inter- middle = impurg
face fr. in 20% bui0v1rus @ 107~
HSS. /ml

Interface-no virus

9 6 D LSS Dls. 10-30% + u.v. absorp'n

: 60% cushion, in lst/2nd only
"14300g/30 min of 12 fractions

Abbreviations:
D - Douncing H3S « high speed sedlmentatlon
Dls = Discontinuous ISS - low "
: layer sedimentation 8 — gonicatien
DS = Differential sed., - sedimented
sedimentation
EDGS = Equilibrium density

f.
o

gradient sedimentation
Frao.- fraction

- filtered
- grinding
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. for 10 min , prior to examination in the electiron microscope.

(4) Freeze drying and unidirectional shadouing of lymphocystis virus

The method used was that of Nermut (1973) as gziven below and
was carried out by Lyﬁn Hiliiams in the Department of HistOpathdloéy,
NIMR, Mill Hill, Lbndon, by kind courtesy of Dr, lermut. The machige;'
uged was the>Balzers freege-drying unit. |
1) Copper grids were layered with 1 drop of the virué suspension and
. this allowed to dry. The suspension was prepared from isola£e 6.
-uging the final metﬂéd of purification given.
| 2) The grid was taken in forceps and held over‘a.DewarAflask filled
with liquid nitrogeg (LN2). Phe excess fluid was,d?ained from the
grid with filter paber. ’
3) The grid was dipped quickly into LN2 as deéply ag possible and
‘held for at least 10 sec.
4) The grid was transferred as quickly as possible onto a precoqled
specimen étage at -150°C covered with Freon 22,

5) The specimen stage cover plate was cooled down in LN, and put on

2
the stasge.

6) The chamber was evacuated and cooling of tﬁe knife arm commenced.
The specimen stage temperature was adjusted to -180%.

7) The cool;d knife arm was brought over‘¥he specimen stagé and held
there for 30 min.

8)_The knife arm was removed and the speciﬁen shadowed with platinum-
carbon. -

9) The specimen stace was warmed up to 30°C and heated air blown
through the knife arm for 10 min,

10)IThe chamber was ventilated and the grids removed,

(5) Preparation of material for necative staining

(1) Lymphocystis The spread-cell technique of Parsons (1963) was used

‘
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.fér spreading the tumour material prior to staining. By this: means, f

Parsona.(l963) éhowed.that some tumour viruses can be well diaperséd
and then taken onto a grid with a droplet of the stain. -

A depression slide was set on.a‘dark matt background under a
binoculéi_microscope‘with an ad justable light, such that bright
reflections of particles on the surface of the stain in the depression
could be clearly seen. A little of the material was taken'onto a 27G
needle mounted on a syringe and fouched t& the surfacé of the stain
in the depression, The area of gpread material could be clearly

seen when the light éhone away from the observer.

(i1) Infected erythracytes from the Blenny Various methods were tried

to release the virus from the erythrncytes (Table 19). The best methods

used were the ones involving haemolysis (trials 4 & 7).

Table 19: Negative staining of the virus from the Blenny

Method of

Trial No. ce1l breakdown Dispersion Stain Result
) Not done Spreading 2% PTA Poor
pH 7.0
2 - Freeze- ND ¢ PTA Poor
sectioning pH 6.0
3 - Sonication Spreading 2% PTA Poor
' pE 7.0
4 - " Haemolysis D 1.5¢ PTA Good
; H20 pH 6.0
5 = Haemolysis ND - " Poor
H,0 + sonication
20 sec
6 - Haemolysis ND n Poor
- H,0 + sonication '
2.
2 min .
'T - Haemeolysis ~ ND 1% AM Good
2% ammonium pH 7.0
acetate

ND = not done
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(a)-Fféezeésectionigg The method of Almeida & Howatson (1963) was -

I

used‘for\sectionfng'erythrocytgs when frozen. Infected cells.weré -
washed in isotonic 1.4% gsalineycentrifuged at 700g for 5 min and
fesuspended:in 0.15 ml szline; 0.6 ml distilled water was then added
to swell and lyse the cells. They were transfe;fedlto.a small mould:
of 'parafilm!? and the cell suspemsion frozen quickly fo -20°C‘in ‘
solid 002 in alcohol. The frozén‘block was thin—éectioned at 4 pm
on. a cryostat and 30 sections collected and thawed at room temﬁérature.
(b) Sonication (Trial 3). Infec£ed erythrocytes were suspended in
1.4% saline anﬁ son{;ated by probe in an ultr#sonic disintegrator.
A duration, amplitude and wavelength was used-that had been found to '
give at least 99% haemolysis of control cells. The red cell ghosis
were then sedimented at 700g fbr 5 min prior to spreading by the
technique of Parsons (1963). |

(Trials 5 & 6) The haemolysed cells were sonicated for either
20 sec. or 2 min. in a water bath sonicator.
(c)-Haemolzsis Infected erythpocytes were burst either suddenly, by
the addition of 0.05 ml distilled water tg the peileted cells, or
gradually by resuspension in a slightly hypotonic buffer.

For egraduzl haemolysis the solute concen£ration of a small
sampie of yhole serum from the Blenny wasAfirst measured on a/-
osmometer a;é was given as 500 m—osmol. Ammonium acetate was chosen
as a suitable volatile buffer for electron microscopy and a 1% solution
was measuped as 226 m-osmol. It was therefore estimated that a 2%
golution should give gentle lysis. .
A small sample of blood from an infected fish wgs transferped
V,to 1.4% saline, the cells washed, sedimented and resuspended in én

equal volume of 2% ammonium acctate, The erythrocytes were held for

5-30 min and the ghosts then stained for electron microscopy.
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(6) Negative staining procedures

(i)WLymphoqystis The stains used were phosphotungstic acid (PTA)

- -;hs the. sodium salt (NaPT}, uranyl formate (UF) and ammonium

molybdate {AM). (see Appendix for titration and-other‘details).l
'Stains included 0.01% bovine serum.albumen (BSA) which decreases
surface tension forces. A 200 mesh coﬁper erid was touched to-the
spréad material on the stain with the formvar film surface downwards.
It was.dried on a Whatman no. 1 filter paper and' viewed syAekectfon

microscopy.

(ii) Brythrocytes from the Blenny The stains used were ammonium

molybdate (AM), which Muscatello & Horne (1968) used for csnfrasting

red cell membranes and PTA as the salt NaPT (éee Appendix for details).
The sténdard staining procedure, when spreading on the stain _

was not uséd; was the 'two drop method' of Haschemeyer & Myers (1972),

involving superposition of microdrops of specimen and stain. Stains

prépared for cell spreading included 0.01% BSA as above.
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RESULTS '

-This-section is a descriptive acéount of the morphology of the
viruses studied by electron microscopy. Part one deséribes‘the
'viruses from the Blenny and the Cod, part two describes lympho-
cystis virus and fart three repo?ts the processing and embedding

methods used,

Cl Viruses of the bland infections

Material from the Blenny and the Cod was available for study.
Studies on ultrathin-sectioned and negatively stained virus are

detailed in Cl(a) & C1(b) respectively.

Cl(a) Ultrathin-sectinned virus

(i) The blenny infection Ultrathin sections of erythrocytes in the

spleen and liver of infected fish demonstrated virus particles, in
which the outlines in section éuggested the virus conforms to
icosahedral symmetry. Ulirathin section evidence also indicated the
unusual nature of the core structure,

The particles clearly showed an ansular outline and despite the
presence of sectisn compression, this was in most cases clearly
hexagonal (Plates 1l3a, & b) but some particles displayed a pentagonal
outline. Tﬁey measured 2404280 nm'diamefer between the apices and
the capsid qould'be resolved as two eleﬁtrnn—dénse layers, 14 nm
across with an electronlucent layer between (particle 2 in | Plate 13b).

In spleen erythrocytes, the particles were surrounded by fine
granular material with a crescent-shaped outline and this was bordered
bj a margin of electron demse granules, of 20-30 nm diameter (Plate
13a arrowed). Similar granules werc seen throughout the cytoplasm
and close to the nuclear membrane, |

The core in section stained unevenly (Plate 1l3a) and at high

marnmification different staining patterns could be detected (Plate
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135, labelled 1, 2 & 3)viz. a circle of eight electron-dense spots
surrounding a central spot (1), an electron-dense circle: with an

internal projection (2) and two proximate electron-dense ovals (3).

(ii) Cod PEN With res:pect to mefﬁodology, erythrocytes from cod were
" well preserved for up to 14 days during transﬁart with negligible
haemolysis in 4% TSC‘at 4°C.' The infected blood -sample. processed
(ﬁo. 143) was also adequately preserved after a further 4 days. It
waé nét possible to evaluate the effect of the glucose-modified wash-
ing buffer for fixa{inn as there was none other for comparison. ‘For
hahdling red cells, the agar embedding method gave a reasonable
concentration of cells in the bhlock, sufficient for scanning cells

in section by electron microscopy.

A few efythrocytes in the infected blood samples examined showed
some features in common with infected cells in smears viewed by light
microscopy. Vacuoles were seen within the nucleus as less electron-—
dense areas (Plate 19) and condensation of the chrometin was als» seen
but neither virus particles nor viroplasm were observed in the
cytoplasm. The outline of these cells was also irregular and the
cytnplasmic membrane poorly defined (Plate319j. Pine fibrils of 3~5 nm
diam. were observed in the cytoplasm of all erythrocytes in the
samples (Plgfe 19). .These were shown by-Thomas (1971) in erythrocytes
7of uninfected éod bleod and probably are the normal para-crystalline
fopm of haemoglobin in cod. 1In longitudinal section, the fibrils
seemed to be apposed in pairs to form filaments of 10~15 nm diam.

(Plate 19).

€1(b) Y¥eratively-siained virus

The neratively stained virus from the blenny infection gave

information on the structure of the capsid and core. However, several

variations on the negative stainings procedures described in the Methods
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Plate 19

Electron micrograph, sectioned erythrocyte, blood from PEN-infected
J cod no. 143 (North Sea). The nucleus shows less electron-dense
{ areas and the cell membrane is poorly defined and irresular in- out— = |
i line. - ' '
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‘wqfe'fried,'to solve the problem of hbw to stain é-small number of .
particles found in only a low proportion 6f the bIoo&‘cglis avajilabla. -
Therefore this section reporis firsfly the.resulta.of diffgfent pre-—

parative procedures and sgecondly the descriptive morphology of the

virus,

(1) Preperative results

The results using different conditions for staining the virus
are détailed (Table 19). Ceil spreadiﬁg wés used to achieve digper-
sion on the stain surface of both intact infected red cells-(triél.i)
and lysed cells (trial 3). In trial 1 the intact cells did notl
épread and could not therefore be stained ‘by touchinz a grid to the
stain surface. In trial 3, a large‘number of infected cells were
used for soﬁicafioh, beiné those pooled from five infected fish but
again the pelleted cell ghosts did not-spread well, Very few red
cell. ghosts were seen adhering to the grids but these were largely
obscured by much debris, inecluding precipitates. of the nuclei in
the stain.

As cell spreading could not be usﬁd for staining the virus
particlés or the red cell ghosts and as very iittle.mdterial was
transferred to the grids by this method, efforts were made to obtain
-red cell gthts by a variety of procedurés and stain these direcfly
by the standard 'double-drop! method. |

Freeze-sectioning (trial 2) was found a useful method of cell
breakdown but particles could not be resolved on the éesulting red
cell ghosfs, déspite the sufficient number, 20 tﬁawed sectinons from
a block cut at 4 pm zave approximately 1 x 105 lysed cells in suspen—
sion and the drop volume was largelenough for staining,

Controlled haemolysis was found the most useful way of cell break-

down for subsequent staining (trials 4 & 7). When distilled water

was used to give sudden lysis, direct staining of the ghosts showed
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that particles could be seen faintly within the outline of some of

- the ghosts but could not be resolved (trial 4). However, between
the marginé of two ghosis a clugter of particies could -be clearly
resolved in PTA (Plates 20b}., In trial 7, 2% ammonium acetate buffer
was used to give sloﬁ lysis of the red cells before‘staining and
this worked very well as the buffer (452 m—osmol.) was only slishtly
hypétonic to the normal molality of the blood solutes (blood serum =
500 m=osmol.). By this method approximately 50% of the cells were
llysed at the time of examination in the microscopb.'

Sonicatién waé/ﬁsed in addition to haemolysis for cell breakdown,
(trials 5 & 6) with the object of releasing the particles from the
red cell ghosts {Table 19). After 20 sec. sonication (trial 5)
particles could be seen overlying the ghost or at their margin, as
in trial 4, but no particles could be seen spreéd outside the ghosts
a8 these areas were largely obscured by masses of crystals. After
sonication for 2 min. (trial 6), the red cell ghosts were frasmented
and the areas sutside the ghost were again largely obscured by much
fine cellular debris, s» that it was impossible to observe relased

virus particles.

(i1) Descrintive resultis

Negative staining with ammonium molybdate (AM) and PTA gave new
information on the structure of the virus from the blenny infection
(Plates 20a, 20b; Table 20). By AM the cluster »f particles (Plate

20a lettered) showed the characteristic features of the virus i.e.

an angular capside outline and a discrete core but the stained
particles varied as to their condition and sime. Both full and
empty particles were observed and the measurements of the particles
and coré diamgter varied. Mean measuremeonts on single particles
quoted are the average of three diezmetrical measuremenis. Thus

particles (f) and (g) save a mean diameter of 340 nm while (a) to (e)
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Plate 20

Electron micrographs, particles from the blenny infeotion, negative-
1y stained.

(a) 1% ammonium molybdate, pH 7.0. The virus particles, lettered
a to g, in various states of penetration by the stain, are’

gituated on the red cell membrans.

(v) 1.5% sodium phosphotungstate, pH 6.0. The cluster of particles

is located between two red cell ghosts. The arrowed particle

shows that the capsid is'composgd of two layers.

v
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Table 20: Particle measurements fr;m necative staining for the virus
from the Blenny

Stain Particle - Core (‘A-B)nm- capsid L _
' diameter(nm} diameter(nm) " thickness (capsid—core%
(A) N (8) o o ;(nm)- . gap_widﬁh(nm
AM (285-320) (260-280) | o _ '
308 210 B 25 %5
PrA  (270-325) (162-256) o '-
' 283 &2 10 20

All fisures are means
" Brackets denote range

-
.

gave 308 nm (Table 230). Particles (f) and (g) also showed a wide
eléctron—lucent gap between thé cére and capsid which suggesfed irresu—
lar collapse on staining. For this reason, the lower particle diametér
by AM, 308 nm, was therefore teken to be the more reliable. The mean
core diameter was 270 nm (266-280 nm) in intact particles and the
difference between mean particle and core diameterswas 38 nm. The
capsid width and the capsid Y0 core gap were both estimated as 9-10 nm,

Using PTA, the mean particle diameter was 283 nm, slightly smaller
than wi£h All but the core was proportionately smaller by PTA at a mean
of 221 nm, a difference of 62 nm (Table 20)., The capsid measuréd
10 nm ac;oss and the capsid-core gep 20 nn.

The situation and éondition of the particles differed wifh A
and PTA staining, With AM, the parti§1es were actually sited on the
red cell membrane whereas with PTA the large cluster was found between
the two red cell membr;nes (Plate 20v). By aM, 4/7 particles (a,c,d
& e) were broken or disrupted whereas in PTA a2ll 25 or so particles
were unbroken,

The‘éhape and symmetry of the virus were breadly similar by the
two stains. The capsid,oufline was angular, in fact either hexagonal
or pentagonal. In full particles; the outline of the core was the

sdme as that of {the capsid.
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The capsid was wéi1 resolved by both stainé aﬁd-it apbeared to
.eonsist'ofitwo layers although this was nof 010ar1y-sh6wn by AM. |
Th#s by AM,:some particles (d,e) shoﬁed only a single layer, espeéiglly
on that side of the capsid close to the core but in sthers (a,¢) thg.
capsid was clearly double-~layered where tﬂe core was not,in.goﬁtact.
Particles (f) and (g) aiso'showed a,dnuble—layered\capsid;‘in these
particles the bright ele;tran-lucent space bétween the capsid and core
'suggested that the core contracted and collapsed under the eléctron
beam leaving an internal space as artefactual. In PTA-stained
particles the capsidﬂwas-clearly separated from the core by‘a space
and the difficulty of reéolving‘the capsid of broken particles did
not arise. In the éfrowed particle there was alsns a strong suggestion
that the capsid was a double layer.

Microsraphs of the core showed soﬁe newly observed fe;tures,of
the virus strucfure. The cores of some particles penetrated by AM
appeared as a relatively electron~lucent mass with ne sub-structure
but interestingly particles (d) and (f) gave the strong impression
that the éore consisted of filaments., However, no periicles showed
a core membrane, By contrast, PTA=-stained particles showed more
detail in the core and the staining pattern w;s different to that by
AM, The prominent image seen was either a spoked vwheel shape, with
a large outé% circlé connecfed-to an inner circle by radiating arms,
or a more random pattern of filaments or spikes sometimes connected

to a central circle. By PTA staining there was again no evidence of

a separate core membrane,

C2 Lymphncystis Virus

Phe virus was studied by ultrathin-sectioning, nesative staining,
and freegze-drying with sliadowing. This work is reported here in

sections a, b and ¢ respectively.



- €2(a) Ultrathin-sectioned virus

’Firus morphology was investigated in uitrafhin sections from
isolates 3ii and 5 of lymphocystis virus from plaice (see the
Materials). The results were largely’ compllmentary for both isolates
“but in some respects d1ffered (Table 21),

Table Z1: Particle measurements of lymphocystis virus from ultrathln

sections
Isolate Mo, Particle Core Qggsid-
j _ gdiameteanm) diameter(nm) width(nm)
3ii (plaice) (200-300) . - (14-19)
" 25010 190 16
5 (plaice) Fractured (180-200) (65-80)
19010 72 13
‘Tntact  278° ND 18

Sinele figures are means, Raised figures denote nos. of particles
measured, ' Brackets indicate ranges. -ND= Not done

Isolate 3ii showed closely-packed virus particles and the pro-
file of the electron-dense capsid was clearly either hexagonal
(arrowed 6) or pentagonal (arrowed 5) (Plate 12a). The cores of
these particles did not stain well an& they appeared to be finely
granular but in some particles internal threads or filamentswere
seen (Plate 12a = top centre). The diameter of ten particlés‘measured
between opposite apices at low magnification was 200-300 nm, At higher
magnification the capsid hexagonal outline in mid-planar sectinn was
clearly seen and the electron dense core extended internally %o the
margin of the capsid (Plate 12b). The mean particle diameter for this
median section was 250 nm, the mean core diameter was 190 nm and the
cgpsid 14-19 nm across. |

By contrast isolate 5 showed a high proportion of frasmented
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particies of diameter 190-200 nm'(Elatel2Ia); The capsid did not
theréfore shéw é_COnsistent pfofile since at most féur'sr five\edges/'
-_ef the particle could be seen in sectiop. ‘ﬁoﬁever, the capsié was
electron-dense, as in particlqé of igolate 3ii aﬁé appeared ansular
in outline, 1In several places it.seemed to consist of two or more
separate electron dense leyers. The cores of these fractured particlés
consisted either of thread~like material (Plate 2la arrowed —th) or
of more mranular material that stained with a circglar.profile (Plate
2la arrowed c). The Smail cores in the shape of circles measured
65-80 nm diameter aﬁa the thread-like material_apﬁroximatély‘10 nm
across, In the same sectioned preparation of isoiate 5 particulate
matter was seen inclu&ing small round particles of appréximately 50-nﬁ
diam. (Pléte éla). These may correspond to the oval parficles |
65-100 nm diam. described by Dolowy et al. (1975) in tumours from
the Walleye. In this material the small particles were described
both'interminglcd'among and contained within the large virus particles,

Complete particles from other regions of lymphocystis isolate
5 were larger than the fragmented ones, Two particles gave an

averase diameter of 278 nm, measured between opposite apiceé but the

cores were only lightly stained and no filaments were seen (Plate 21b).

c2(b) Nesatively stained virns
The preparative results for lymphocystis virus are detailed in

‘section (i) and the descriptive results of virus morphology in sectin

(ii).

(i) Preparative reaults

Hith the aim of studying lymphocystis virus by negative staining,
a highly purificd and concentrated preparation was desired and
studies were therefore made on suitable physical prepartive procedures,

These studies showed that the usual physical methods for purification
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Plate 21
Electrbn‘micrographs, sectioned lymphocystis tumour; isolate 5.
(a) Fractured lymphocystis virus partzcles. The cores show either
a -¢ircular profile (arrow, c) or a thread-like appearance
(errow, th). Small round particles of approx. 50 nm diam.
-are also seen (top left) unassociated with the virus capsid.
(v) The:two virus particles show a pentagonal outline. A small
round particle fringed with electron-dense material is seen
at the upper left, o
i
'j
i
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. were inadequate as sufficieént virus concentrition for staining could

not be maintained. By contfasi,_the éell;spreading'ﬁethod;aftar
ParSOAs (1963), which effectively involved na extraction was found
sufficicﬁt to achieve a high concentration of virus for staining ;nd
gave good negative :staining results, |

The results achieved with different physi;al methods for \
extraction,_clarificatinn, conceqtration and purification .of the
virus in the combiﬁed procedures l=9 are noted‘(Table 22),»

ﬁot only was it found that efforts to achievé purificatibn'with
concentration of théﬁﬁirus, as far as tﬁey were taken, .were unsuccess=
ful but also the combinations of methods use@ in several attempts
Wwere unsuitable, |

Diffefent sizes of cells and tumoﬁrs were used and it was found
there was a qualitative difference in the amount of virus that each
released. Lesion materials of isolates 3 and 4 (proc. 1-7) were
cells of 1-2 mm diam. whereas that of isolate 6 (proc. 8 & 9j.was a
large tumour of 8 mm diam., weighing 0.5 g. Isolate 6 yielded much
more virus than isolates 3 and 4 and the partially purified prepara-
tion of proc. 8 was used for shadowing studies as up to 100 particles
per grid square could be seen. By contrast, at most 10 particles per
grid square could be seen in the final preparations from isolates
3 and 4, | h.

Soﬁication and hand homogenisation metheds forlexfraction were
equally efficacinsus and sonication gave a final wvirus count of over
108/m1. However, sonication was omitted after proc. 2 as Roberts
(pers. comm,) had communicated the sensitivity of lymphocystis virus
to spnicationa

Clarification of the homogenate was performed by 2 combination

of sedimentation, filtratien and precipitation. Low speed sedimenta-

tion was effective in removing a large amount of coarse cell debris

but as Zwilienberg & Wolf (1968) found that virus from the Bluegill
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oould forﬁ‘aggregates, filtering.with coarse muslin was used insteid

of sedimentation after proc. 3 and this was quite efféctivea Freeze;

-thawing and sedimentation, followedwby ammonium sulphate precipltatxon

gave good clarmf1cat1on ‘and yielded a heavy white preclpltate whlch
dlssplved easily.

Baaically; three methods were used for attempted concentration

- and purification: cycles of differential sedimentation (DS), equili-

brium density gradient sedimentation (EDGS) in sucrose solutione
and sedimentatiosn onto diaqontinuoua layers of sucrose solutionsﬂ‘.

DS alone was foﬁhd to achieve little real purification as the
eleciron microscopy purity checks showed many sﬁall particles both
greater and larger than lymphocystis virus. Two preparations were
oontaminated by bacteria viz, filamentous bacilli and fusiform
coryﬁebacteria. The latter probably arose from stored distilled water
and the bacteria could be removed by filtration at 0.45 pm. Concen-
tration of the preparation was usually poor thongh it was better when
one cycle rather than two was used as proc. 2 gave 5 x 108/m1 particles
in filtered preparatioﬁs. |

Clear refractive bande were not obtained with EDGS (proc. 4-6)
indicating the inability to separate virus from cell debris. Two faint
bands were observed in proc. 4 but these could not be separated by
further sedimentation and whén collected together and stained debris

obscured the virus. Separation was nnot possible in a less dense

gradient {proc. 5) and virus could be recovered neither from the gradient

by DS nor from the pellet by EDGS.
Using sedimentation in discontinuous solutinns of sucrose, 20%
on 60% at 1l:1 volume, some separation of the virus was achieved and
a reéaonable concentration was maintained for staining (proc. 7 & 8).
The result was an upper aqueous yellow fraction containing cell debris,

a middle fraction which was uniformly opalescent and a more milky

lower fraction above the 60% sucrose. From electron microscopy checks,
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the upper fraction contained no virus, the middle fraction virus at

approximately 107

- 1010/m1, though somewhat impure and the lower fraction

little virus, The m#ddle fraction was thus used for ahadoﬁing studies.
When isolate 6 was prepared and sedimented by EDGS (proc. 9)

and the fractions monitored for absorption at 280 nm in a épectrophoto;

meter>it was found there was a single major peak at the top of the

gredient (Fig. 8). Clearly there was no separation of the virus from

the cell contaminants at the time and speed of sedimentation used.

(41) Descriptive results

. Isolates 4ii, 5 and 6 of lymphocystis virus were examined by
gpread—cell negative staining. Negatively stained images of virus
isolate 5 from plaice were well resolved and showed interesting
features in both the capsid and the core. The observations made are

P .
reported under " capsid structure, core structure and
external filaments. Corroborative observations were also-made‘on
virus isolates 4ii and & from flounder.

Capsid structure

Virus from isolate 5 stained with PTA was recognised as lympho-
oystis virus on account of its large size and angular outline,
measuring 290-333 nm diam. at a mean of 311 nm (Plate 22a & Table 22).
However, some particles did show a flexuous outline, as opposed to
the angular one with straight edges.

The capsid comprised two layers which were clearly distinct when
stained with PTA and UF (Plates 22a, & 23b), but whereas PTA-stained
particles could be well resolved UF did not offer the same resolution,
By PTA the'outer layer of the capsid consisted of & row of electron-
lucent knobs 4-5nm diam. which fringed a thicker inner layer, the
layers being separated by an electron—dense gap of 4-5nm (31ate 2%b).
In contrast, by UF.the two layers were roughly of equal thickness

(Plate 23b). The capsid measured 18 nm across by PTA and 13.5 nm
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by UF (Table 22). ‘

Table 22: Particle mecsurcements of lymphocystis virus isolate 5
: from negative staining ' ’

Internal Knob Internal External

Particle o sid
Stain diameter P' . Capsid diameter filament, filament
~ (om) Ehigkness Gap(nm) (nm) width(nm) length(nm)
: (om) : : |
ppa  (290-333) (14-22)  (4-5)  (4-5) (13-15) =
] 311 1& 4.5 4.5 14 T00
- _ (11-16)  (4-5) (11-12.5) )
13.5 4.5 5.5 12

All figures are means. Brackeis denote ranges.

Core structure

In some particles stained with PTA the core was apparently absent

~or did not stain (Plate 22a). Hoﬁever, in unbroken particles the

most prominent and striking feature of the core was that it comprised .

& filamentous structure that appeared to be kinked (Plates 23a arrowed,

. 23b)- Filaments were clearly observed in particles from virus isolates

4ii and 6 also, It was difficult to discern whether the filaments
were a continuous lensth and whether kinks were actually breaks. -

The appearance of the filaments was markédly éigzag with straizght

lengths of up to 200 nm and sharp kinks between.

By UF also the core also appeared to consist of a filamentous
structure (Plate 23b). These filaments measured 14 nm across by
PTA, 12 nm across by UF (Table 26) and showed an eleqtron—dense central
line. »

In PTA stained particles only, a repetitive substructure was
observed along the lensth of the filament. Electron-lucent éubunits
could be resolved in the axis »f the filament witii}nter-subunit
gpacing of approximately 6-7 nm (Plate 23a arrowed). The subunits
were observed not opposite one another on eithpr side of the -electron-

dense line but lay on an axis at appraximately 60? to that »f the

/
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Plate 22

Electron micrographs, lymphocystis tumour isolate 5 negatively
‘stained with 24 sodium phoephotungstate pH 7.0. '

(a) Virus particles at various degrees of collapse are seen show;

ing both angular and more irregular outlines.

(b) The capsid clearly comprises two electron-lucent layers; a
thick inner layer and an outer layer which consists of a row
of knobs each.- 4 = 5 nm diam. (arrowed).

- - .
e ?
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¢ R ' Plate 23 | | |
Electron. microeraphs, lymphocystis tumour isolate 5, negatively f

stained.

() 2% sodium phosphotungstate pH 7.0. The particle at the upper
left shows a kinked internal filament (arrow) with a periodi-
city along its length. '

(b) 14 uranyl fmate pE 4.5. A kinked internal filament (arrow) is

seen within the ocollapsed particle but no periodicity is

apparent. The ocapsid is clearly bilayered.
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' Plate 24'

. Eleotron_micrographs,'lymphocystis‘tumouf isolate 5, negatively
stained. S |

(a) 2% sodium phosphotungstate pH 7.0. Filaments are seen outside

the particle but they are clearly continuous with internal
core filaments.

(b) Staining as above. Kinked internal filaments are seen in a

virtually intact particle.

(¢) - 1% ammonium molybdate pH T.4. A large number of filaments are
‘aeeﬁhunassociated with lymphocystis particles and many show
terminal knobs (arrows).







- o | - 163
‘filament. . . S N

External filaménts

Neratively stained preparatisns of Qirué*isolaté-5 éhowed fiia—
ments out31de the part1cle 1tself, of similar size and morphology to
those descrlbed in the core and such sbservations prov1ded ev1dence
of particle breakdswn. Broadly three states of breakdoim were
recognigsed at different levels »f association of the external fila-
ments with the particle, PFirstly, there was seen a state where-fhe
filaments extended feyond the boundary »f the éapsid but the'pé¥ticles
‘were clearly recognlsable as unbroken and the external filaments asg
continusus with the lnternal fllanents (Plate 24&) Secondly, there
was seen a state where breakdowm of the partlcle.had clearlyataken
place; in this casg.there was no recagnisable care.with which thg
external filaments weré continuocus but they originated from within.
the particles (Plate 22a). Thirdly, a state was observed where a
large number of filéments were observed unassociated with any particles
(Plate 24c).

The external filaments described differed in several respects
from the internal ones. In PTA~stzined fractured particles (Plate 22a),
the width of the external filaments was not c&nstant but variea from

14-21 nm and the electron-dense central line within the filament

™ was not straizht but slishtly sinuous. In the AM-

stained preperation where no particles were seen (Plate 24c¢) the filaments
were of constant width 12 nm, the same approximately as the internal
- filaments but many showed terminal knobs up to 90 nm acress, which

seemed to be an extension of the filament (Plate 24c arrowed).

ce(c) Shadowed virus

The partially purified preparétion of virus isolate 6 was freeze-

dried and shadowed with platinﬁm—carbon at a2 narrow shadow angle of

259, Although few particles were seen those viewed cast a shadow that



clearly showed an angular outline(Plate 25a). 15
A compound shadow was also seen (Plate 25b) which is

analysed in figure 9. This shows the diameters and shadow

lengths of the capsid and core. Given the shadows of 144 and

288 nm and a shadow angle of 25°, the height of the core in

particular is measurable by trigonometry. The core measures 134 3nm

in height and this compares with 120 nm for‘thefdiameter, allowing’

for it to be sitting on a layer of capsid of 13.5 - 18.0 mm

(taken from nezative staining measurements).
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C3'ﬁasu1ts ﬁith processing and embedding methods for électron

microscooy

The recommended procedﬁres in Mercer & Birbeck (1963) were
tried at first. Lymphocystis cells (isolate 3ii), when fixed and

preﬁared by Method A gave acceptable sectioning results with TAAB

' resin embeddinsz. Method B, using araldite for embedding of erythro-

cytes, was not a satisfactory schedule as araldite was foundvbfittle
to section. In contrast, embedding with Spgrr's low viscosit; resin
(Method C) was.fouﬂd most satisfactory for both soft and hard fish
tissues with the proviso of doubliné the processing.times for hard
tiSSues.e.g. fish sgin. The rapid processing method of Dbane._i al.
(1974) (method D) vas used for lymphocystis virus isoclate 5. This
was found convenient as processing was completed in 2 hr. Sectiéning
results were quite comparazble to those with Method C,:Showing that

the quality of fixaiion and embedding'was not affected by shortening

the processing times,
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Plate 25
Hlectron ﬁicrographs, lymphocystis isolate 6, particles sha&oﬂed at

25° with platinum-carbon.

(a) The shadows of two particles are cleérly angular, that to the

i right showing six sides.

(b), A compound shadow of one particle comprises the relatively
. short shadow of the collapsed capsid and the dome-like shadow
of the ocore.










)58
_ DISCUSSIOR

Cod PEN and PEN in seneral

The resulis of electron microsccpy were not satisfactory for
demonstrating a viral infection in the erythrocytes, in so far as
virus particles were not seen bgt sone of the changes in the nucleus
seen in blood smears could be identified é.g. chromatin condensation.
and vacuole formation,

Several facts can be adduced to suzgest that in the erythrocytes
o} the blood sample examined, artefacts were unlikely to have been
present and thet thé;e was only a small chance of seeing the virus
pafticles in section, Thus in the respective sméar of the blood
sample, only 1—3% of mature erythrocytes were infected and nuclear
lesions without cytoplasmic involvement were commonly seen. PFurther-
more the buffer ﬁas determined as isotonic to the blood cells examined
and the red cells wefe not haemolysed before processing.

Ultrastructure of PIN in cod as described here does not permit
comment on virus morphology but the virus of PEN in cod as described
by previsus authnrs can be compared to the virus of the blenny-infeciion;
Similariy, comparisons can be drawn with the virus of herring PEN
(Phillipon et al., 1977; Reno et al., 1978).

The measurements of the virus from cod PEN clearly show it to be
oonsistentl}'larger than that of the blenﬁy infection in capsid, core
and internal space. Walker & Sherburne (1977)also remarked on the
'surconat' that surrounds eéch particlelfrom cod PEN and this has not
been seen in the blenny infection. However, it may be similar to the
external fibres that have been seen on the surface of saome iridgscent
viruses (Stoltz, 1971). ‘

The associatidn of incomplete particles with viroplasm, tygical
of cod PRI (Walker & Sherburne, 1977), vas alsa clearly shown by

Johnston & Davies (1973) for the blenny infection and indicates a

resemblance of these viruses with respect to their pattern of
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replication. The spheroidal viroplasm is the -actual replicating

pool of DNA and assembly and maturation of the virus appears to take
place at its edge,

The most basic differcnce between cod PENl and the blerny inféc—
tion is the‘fragmehtation of the nucleus. As remarked in section A
under 'Recosnition' this'feature is pfesent in cod red célls but
mostly absent in the blenny infecfion. Walker & Sherburne (1977) have
romarked on the integrity of the nuclear membrane of highly fragmented

. nuclei but sn the contrary, Appy et al, (1976) remarked the nuclear

membranes of infectéé cells were "ill-defined", It is not known of
coursge whethgr this reaction ié a cnrollary of virus infection i.e,
resulting from release of virus-coded enzymes. However, investigation
of biochemistiry may show a fundamental diffcrence in the replipafion
of the viruses and the effects of the viruses an the hast nucleus

[

and cell. -

L g

Herring PIN and thd‘virus.is in s»me respects similar to the.
blenny infection and cod PEN and in other respects different. Common
to all three infections is the type I inclusion body or viroplasm
end comman t2 herring and cod PEN are the lamellar body and margiﬁation
of the nuclear chrometin., In three respects however,'herrin% P
virus is different: firstly the virus is smaller than the others
measuring 145 nm by thin-section, éecondly the area of cytoplasm
proximate to the inclusisn is electrnn—dénse and thirdly the cenire
éf the virus core is electron-lucent.

Comment on the significznce of the chaﬁges that characterize
PEN infections is necessarily speculative for the infections will have
to be passaged and studied in vitro. The following questions ceuld
then eventually find answérs: (1)‘how are the nuclear lesions caused
by a cytoplasmic virus? (2) is the lytic effect on the nucleus
ceused by inhibition of host cell DNA synthesis? (3) how is the virus

from the blenny infection different at the molecular level to that
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replicatiAJ::_Thé spheroidal viroplasm is the.actuai reéiicating'
péél‘of DNA'and assembly and maturation of the virus appears to take.
rlace at ité edge, »

The. most basic difference between cod PEN and the blerny infec-
tion is the fragmentation of the nucleus. -As_remarked in section A
. under 'Recognition' this feature is present invcod red cells but
mostly absent in the blenny infection. Walker & Sherburne (1977) have.
remarked on the integrity of the nuclear membrane of highly frégmented
nﬁclei but on the contrary, Appy et al. (1978) remarked the nuclear
membranes of infected cells were "ill-defined". It is not known of
course whether this reaction is a corollary of virﬁs infection i.e.
resulting from release of virus-coded enzymes, However, investigation
of biochemistry may show a fundamental difference in the repiication
of the viruses and the effects of the viruses on the host nucleus

TR S
and cell. T

e .
Herring PEN and the virus is in some respects similar to the

blenny infection and cod PEN and in other respects different. Common
to all three infections is the type I inclusion body sr viroplasm
and common to herring and cod PEN are the lamellar body and margination
of the nuclear chromatin. In three respecis however, herring PEN
virﬁs ig different: firstly the virus is smaller than the others
measuring 1&5 nm by thin—éection, secéndly the area 5f cytoplasm
proximate to the inclusion is electiron-dense and thirdly the centre
éf the virus core is electron-lucent.

Comment on the significznce of the changes that characterize
PEN infections is necessarily speculative for the infections will have
fo be passaged and studied in vitre. The following questions could
then eventually find answers: (1) how are the nuclear lesions caused
by a cytoplasmic virus?- (2) is the lytic effect on the nucleus
caused by inhibition of host cell DNA synthesis? (3) how is the. virus

from the blenny infection different at the molecular level to that
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-ffom cod, in involving no:predominant nuclear lesions? _ .
Ih‘the-@ain the features Qf the virusgsAofch'PEN,-herring PEN:'
_gnd the blenny infection reveal differences of morphology and suggest
those differences of pathology in,addiiion. ‘Takiﬂg Walker &
Sherburne's suggestion, it hay'be appropriate to1view these three
fish viruses as divergent viruses withiﬁ a group oflspecially_modified

erythrocytic icosahedral cytoplasmic.deoxyribo_viruses (EICDVs).

The blenny infection

‘(1) Preparative techniques

The results from thin-section corroborated those of Johnston
& Davies (1973) but negative staining has not been done before'and
the results here provided useful supporting informatiosn on the morpho-
lozy of the capsid and the core. Th;re is no doubt that the methods
for preparing and stainihg the virus could bé extended to give results
under a wider variety of conditions. The conclusions and suggestions
for further study are therefore discussed.

As a method of diépefsidn it was found that pelleting red cells
and transferring them direct to a grid was better than the spreading
method as the cells would not spread onte the stain surface. Parsons
.(1963) repoFted differeﬁtial spreading of a variety of tissues'#ﬁd
cells, neoplastic cells and fatty tissues being better than normal
cells and connective tissue. He suggested the differential adhesive-
neés of the plasma membrane was responsible for this effect and this
would indicate the red cell membrane is quite adhesive. ‘

Co#trolled lysis of the red cells was optimal for resolving the
virus particles but even when sudden lysis was done it was clear that
a cloud of particies was still attached to many of the ghosts or was
to be found a short distancé from the membrane. This indicates that
the particle cluster stays intact possibly as a consequence of being

surrounded by a protein matrix. Walker (1971) found a similar effect
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rin éfgineaﬁsmears of_cod, noting that "even in ghost cells or in
residues in GiemsaVsmearsvwhe;e\cytoplésﬁ and plasma membrane are-
completely diépersedQ the virdplasp and its‘aﬁherént;group of
virbns.stay together”. Walker & Sﬂerburne (1971) also remarked on
this affinity.

It was found that the two negative stains, M and PTA, gave very
différent penetratiog of the virus core perhaps on account of their °
different conformations. Further study with uranyl salts could be
praofitable, as well és the use of a varied pH range with eacéh, The
use of AM for staini;é red cell membranes obviated the need for prior  _
fixation (Muscatello & Horne,1968) which is desirable with PTA and
other stains.- It would be interesting to compare the resultAwith ’
PTA to tﬁat using prior fixation.

Another appfoach that might be useful'Qould bé to try controlled
decradation of the capsid layer with detergents, to prepare a nakéd
core for staining, Unless the particles could be concentrated away
from the cells, this would have tn be done in situ on the red cell
membrane and the additional degradatiﬁe or dispersive effect of the
detergents on the protein metrix would also have in be inﬁestigated.

In addition to thin-sectioning and negati&e-staining it wiil;be
necessary to study the virus by shadowins and possibly freeze—etching;
appiying th; ﬁrecaution of freeze-drying fhe speEimen as it has been
shown that aif—drying of preparations can causge a#tefacts of particle-

collapse (Nermut, 1972).

(2) Evidence for dlassification

Circumstantial evidence exigts for assigning the virus of theV
blenny infection to the group of icosahedfal cytoplasmic deoxyribo-
viruses (ICDV) collectively reviewed 5y Kélly & Robertson (1973) and
more recently termed the family Iriddyividae by Fenner (1976). As

the'forﬁeriauthors'pointﬁiouﬁ,the criteria of affinity to this group
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are bx=définition "by no means stringent” i.e, that the virus shows
icosahgdréi>syhmef;y, it is replicated iﬁ-theucytoplésm and contains

DNA. | - |

However;_strictly gpezking it is not possible to fulfill each
of these criteria satisfactorily, Thus the symmetry has not been-
conclusively demonstrated by douhle-shadowing; father it is implied
from the observation of B—Sided gnd 5-sided profiles‘in tﬁin section.
As Stoltz (1971)has shown, the different p:pfiles result from section
in the alternativg Zf, j-, and S—foid axes of symmetfy in the icosahe-
dron, Similarly, tﬂelvirus has not been shown to replicate only in
the cytoplasm, since experimenfal in wvitre infections have not been
studied dut pa}ticles are formed only in the cytoplas%. Thié is a
matter of definitioﬁ but the interpretation of the sequential develop-
ment of the particles femains no iess conjectural than in the paéer
of Johnston & Davies (1973). Furthermore, the evidence that the
virus contains DNA is still limiteq to staining, as discussed under
'‘Recognition' (Section A) and its isolation has not been performed,

On the qhole therefore, the evidence suggests the inclusion of
the virus in the ICDV group and the Iridovividae as a probable member
only and more conclusive ev1dence is requ1red for classification,

The measurements by thin-section on the particle and its capsid
corroboraté& those of Johnston & Davies (1973) ﬁut the observations
on negatively—stained particles also provided evidence »f a new
intérpretation 5f the core structure.

" The particle diameter of 240-280 nm and the capsid width of .
14 nm were very d9mparable to those figures previously recorded by
Johnston & Davies (1973): 250 nm and 12-14 nm réspectively. I# was
also found that the capsid consisted of two electrnn-dense layers and
the core or nucleoid generally‘adaﬁted the outline of the capsid, at

least in thin-section. However, it would be inappropriate\to conclude

that the core therefore exhibits definite spherical symmetry.
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The spleen erythrocytes,in which particles were seen, clearly

showed the presence of an area of altered host cell ¢ytoplasm.

... This was identified as somewhat resembling

——— PO
s

the inclusion body'of erythrocytes but iis iong;prescent'shape in’
aecﬁion clearly indicated that it differed from the round body of
sm;ars. It could be therefore that the pattern of infection is quite
different in the spleen. Johnston & Davies (1973) also“nbtéa
inclusion body areas but the large peribheral'granules were not
reported. Interestingly, Reno et al. (1978) also reported cytoplasmic
electron-dense grandiés of approximately 20'nm in PEN=-infected
hefring erythrocyteé. They suggested quite plansibly that these

were ribosomes, synthesized de navo under the direction of the viral
genome for the production of newlpratéins. “This may be a-parallel

to the blenny infectioﬁ.

Results from nezative staining and ultrathin sections strongly
suggest the core can be interpretéd as a 1aﬁtern—type structure, in
which there are eight outer 'arms' or threads forming semi-circular
arcs about a céntral thread, which is hollow (Fig. 10).

There are two principal reasons for substantiating this model,
Firsfly, it explains how the core shows diffefent appearances with
variable ordentation in thin-section and in negative stains and secondly
it explains how the negative staining picfure is the exact negative
of the thin section appearance. Thus the mondel supports the appeérance
of the core in median horizéntal and vertical section viz, reséectively
tgpokéd wheel! and divided circle forms., Tangential and oblique
sections would have given rise to the other variations shown and these
were in fadt seen (Plate 13b).

.Inferestingly a close parallel t»n the 'gpoxed wheecl! forms was
noted by Stehbens & Johnston (1966) in sections of the plausible

virus from Pirhemocyton. They noted "irregular target and cartwhecl

forms" but did not propose a model structure for the virus.
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The model uas‘also_suppérted-by thefbbservatibn-that soﬁe
. : . : .

iﬁages of the ﬁartfcies.were-seen more frequently than others.
Thus since the 'spoked wheel' image bj neéative staining was relatively
rare and its corresponding image in fhin—secfinn quite common, .
this wéuld suggest the 'spoked wheel' image arises firstly only as
a result of the alignment of the core axis with the eléctronibeam and
secondly only as a result of the diffraction »f the beam by»whole
penetrated particies, which is not obtained in thin-sections.: On
this hypothesis, alignment other than in the axis of the beam should
give a more haphazé;d arrangement of filaments. Orientatibn;at 909
to the beam should give an arrancement of elec¢tran-lucent parallel
lines but this was not seen, rather a much more random arrangement
of the 'arms', Clé;rly[these observati&ns seem to be accommodated
by the model.

This evidence from nesgative staining would suggest the organisa-
tion of the DNA pfoposed is unique among the Iridnvirusés. Similar |
-structurés have been put forward but none is actually the same as
fhe "lantern' arransement. Thus Mattern, Hruska & Diamond (1974)
reported the core of a polyhedral amoebai virus V 301 was a continuous
folded linear structure with orthorhombic symﬁetry (222) showing
three orthogonal two-fold axes. The squetry of the virus from the
Blenny appé;rs to be the same as the amoebal i.e. with thrée two-fold
axes of symmetry but the conformation of the threads is clearly different.
Mattern et al. (1974) described 19 filaments in hexﬁgonal array in
eross sectisn and longitudinal section showed curved links between
the filaments, whereas neither of these features were seen here.

Other reports indicate that DNA can be coiled around an electron-—

lucent centre, Furlong, Swift & Roizman (1972) suggested from thin-

section evidence that the core of a herpes virus forms a toroidal

structure with a central electron-lucent zone and Cummings & Wanko

(1963) found this effect also in the core of T2 bacteriophagé.‘ These
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atudiés_identified a relatively discrefé electrbn;lucant zone but-'

no threads were ohserved and no conforﬁation suggesfed. It appears

that the virus of herring PEN may be»doughnut-shaped or toroidal

elso, for the centre of the core is conspicuously electron—lucent in
fransverse and longitudinal section. Medzon & Bauer (1970) also sugges-
ted the ﬁNA in the nucleoid of vaccinia virus was coiied in complex
fashion. Tween 80-treated virions in section showed a twisted yarn
appearance indicafive of a thread-like organisétion of the DNA. They
sugeested this was aghieved by interaction with basic proteins -
and this is possibf&_thé form of stabilization of the core of the
Iridoviruszes as well,

Comparative thin-section gnd negative staining studies on the

cores of iridoviruses are few and there is therefore no baseline for

comparison in this study. Some of the iridescent virusmes have been

étudied by nerative staining (Wrigley, 1969; Mercer & Day, 1965),

particularly from the viewpoint of the surface stiructure but these
studies only hinted at the presence of core filaments. Almeida,
Waterson & Plowright (1967) studying African Swine Fever Virus (ASFV)

showed that the nucleoid of mature particles was dense and compact

'by negative staining and this perhaps suggested filaments. It is

speCulation to say how. the virus from the.Blenny relates to other
iridoviruse; in this respect but comparative studies are clearly called
for using identical condifions of staininsg,

Apart from the comparison of the core, previnus work suggests
that the erythrocytic viruses are distinct from the iridescent viruses
and ‘ASFV (Kelly & Robertson, 1973) e.g. the erythrocytic viruses do

not form para-crystalline array as do iridescent viruses and budding

from the cytoplasmic membrane is not observed as in ASFV infection.



167 -

Lymphocystis virus

(1) Preparative techniques

‘The relatively conventional techniques used showed some novel
aspects of the virus structure but there is no doubtAthat more -
sophisticated methods would attain greater resolution and possibly
reveal new features of structure.

The quick method of embedding and fixation of Doane _e_t_ al., (1974)
worked well using isolate 5. However, it would be interesting to
sige the wvirus from the Bluegill using comparative methods,

Cell spreadingrﬂés-found to be the most practical method of
transferring a‘reasﬁnable amount of virus teo the grid for negative
staining and reprodqcible results wefe achieved with isolate‘5.‘ The
efforts te purify ﬁﬁe virus by physical methods proved fruitless -
and Hess (1971) also commented on the difficulty of purifying ASFV
by differential and rate zonal sedimentation. With my isolates, at
best only partial purification was attained by these methods and it

is possibie_that both ASFV and lymphocystis virus are either fragile

" and sensitive to shecaring forces or can become highly aggregated.

Three different approaches could be tried. Firstly, the sub-
stitution could be tried of a buffer with higﬁ level of sodium
chloride in place of ordinary phosphate buffers, to raise the molarity

of the buffer to that for sea water. In addition, as ammonium sulphate

" precipitation was relatifely sucdessful, a clarificatisn step pra=-

ceeding purification would seem very worthwhile. Secondly, as it

was possible that particle clumping was responsible for the removal

"

‘of virus at low speed sedimentation, as found by other workers

(Zwillenberg & Wolf, 1968), chemical agents could be used to lessen
aggrecation é.g; non-ionic detergents. Thirdly, different types of
density gradient cbuld‘be tried instead of sucrose e.g. tartrate and

caesium chloride.
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(2) Evidence for classificatioa . -

IThe‘ahguIar‘outline of the‘shadow'indicéted‘strongly that the

) fpartiéletis-icosahedral though double-shadowing should_strictly have
been done for full proof (W1111ama & Hycoff, 1946) The thin—section
evidence also indicated that the virue occurs only 1n the cytoplasm
though replxcatlon'was not praven., No studies here indicated that
DNA was actually cnntained in the particle but othef workérs have
indirect evidence: Halker (1965) showed that the inclusion zéneg
of virus-infected cells fluoresced bright green with acridihé orange
indicating DNA at tﬁgnlfactory site! and Midlige (pers. comm.)

' demonstrated by aut;radiography that the inclusions of infected

fidbroblast cells from the Bluegill are areas of rapid de novo DNA

synthesis. : ji- T T L

(3) Further points of comparison

Lympﬁocystis virug will now be compared as far as possible with
fha‘yirus of the blenny infection and other iridoviruses. .

The thin-section evidence_showed that the core symmetry was
broadly the same as that of the capsid i.e. sﬁherical in intact
particles but occcasionally threads were seen.in broken ones. The‘
capsid appg;fed-to be doublé;lqyered as wéll. In vieﬂ of the varia-
tion in the core staining, it would be interesting to try and prepare

naked cores, then to fix and process them normally, to determine if

there is 2 difference in stﬁininé between cores fixed in whole
particles or cores fixed nakedly.

Negatively stained particles showed the capsid was clearly two
layers and cﬁrrobo;ated thin-section étudies on the‘capsid. However;
new observations strongly suggested that the.core comprised filaments

and that the symmetry of these :::filaments was essentially helical and

not 7 sphevical or icosahedral. The symmetry of the core in no way
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therefore ?eflected that of the capsid; The most importaﬁt_evidonce

for this conclusion is the ciearly resolved perindicity along the

1ength of the internal filaments. This has also besn seen in isolates

»5 and 6 of lymphocystis virus from plaice and flounder by C. R. Madeley

of the Regional Virus Laboratory, Ruchill Hospital, Glasgow (pefs.
comm, ). |

To my knowledge there is no previous record of a virus showing
a DNA core with hélical symmetry akin to that of Tovacco Mosaic‘Virus‘
(T™MV) or the core of_the.Myxoviruses. However, the'filameﬁt ifself |
is not proven to cdﬁtaiﬁ DNA but in all probability it is a nucléo—
protein helix. A possible inferpretation of the arrahgement of the
éore is drawn (Fig.}ll);_

Theorigin of tge external filaments seen in negatively-stained
lymphocystis preparations must be speculative for since the isoiates
uséd were not purified there is no éuarante; of their origin.

However, where the filament appears to leak from an internal component
fherelare grounds for thinking that their true osrigin is from the core,
Such filaments have also been observed by C. R. Madeley.

With respect to the capsid; my obsefvations indicate that the
modei of Stoltz (1973) for the seneral capsidlstructure of all iCDVs
can be corroborated. Zwillenbers & wolf_(1968) and Midlige &

Malsberger {(1968) both intimated the capsid was double-layered by

'négative-stainihg and furthermore the evidence here shows that the

outer layer is particulate, stéining as a row of knobs and the inner
Iayér is continuous. Thé inner layer must therefore consist of fﬁe

structu?al capsid sub-units as surgested by Stolts (1973), to which

the outer knobs aré attached by the hypothetical thin spikes of

Stoltz (1973). There was no evidence from my micrographs of spikes

but as the working level of resolution of the microscope was

net less than20 K, thin spikes may not have been seen. The gap between

these two layers described must be the dark space in the model of






. LT
Stoltz (1973). S

‘-_It_is difficﬁlt tno make comparisons wifh the'other ICDVs at
#his level of detgil but the question remains of how similar lympho-
_ oysﬁis virus is to the ingect apd'amphibian‘ICDvsa .The‘core‘structﬁre
woﬁld sﬁggest that it is unijue but other viruses of the groﬁp may
be shown to have the filamenﬁous core. It is poséible that the virus
wés stained during particle collapse and it would certéinly-be more
satisfactory to standardize. the staining conditions for such viruses
of large diameter by pfior.freeze drying (Nermut, 1972).

With these sort of problems of 6omparison,and the fact that
the core filaments have been seen only in isolates of 1ympha§ystis
viruslfrom rarine flatfish taken around the British Isles ana not
in thé Bluezill, it is not yet possible to say that lymphocystis
virus is quite different morphologically to all ICDVs. However, with
respect to the model proposed far the core structure of the virus |
from the Blenny, it is very difficult to imagine that these viruses
are morphnlogically .similar.

It should again be emphasized that as the discussion has centred
on déscriptive rather than experimental evidence for classification,
morphological criteria form only a part of the claséificatién evidence,
Further appraisai will await the propagation of the lymphocystis
. virus isolates from British waters and their biochemical énalysis.
.ﬁeVe%theless, the unusual morphologies of both lymphoeystis virﬁs
end that of the blenny infection posé interesting questions in per-
ceptual reasoning, which are significant to an understanding of the

construaction of viruses.




APPENDIX

The suppliers of laborafory equipment, chemicals and‘tissue cultﬁre

media are listed-here in tabular form. The compositions of tissue

culture media are given in the last section.

1. Laboratory eguiopment

Item "Particulars

Hépariﬁ coated
~ also uncoated.

Raematocrit tubes

-1, 5, 10 & 20 ml
capacity.

Syringes

19G, 25G. (Luer)

Hypodermic needles
: 27¢. (Luer)

tVacutainer' system Vacutainer tubes

cap. 4.5 ml citrated.

Multisample needle.
Multisample vac,

" adapter. Luer
fitting.
5% CO2 in Air
Automatic Schuco
"Osmette-A"

Osmometer

Superspeed 50 'fuge
tSwing out' head
roter 3 x 25 ml cap.
'Swing out' head
rotor 3 x 3 ml cap.
'Anglet head rotor
8 x 50 ml cap.

‘Centrifuge &
rotors -

Laminar flow
bench for tissue
culture

HLF model

Filter holders:
Swinmex' and
Millex' adapters,
Filters: 1 & 2 cm
dises of pore diam,
0,22 B & 0.45 p.

MembraAe filters

Supglier

Gelman-Havkesley,
Haywards Heath,
Sussex.

Bectoan-Dickinson,
Wembley Park,
Middx,

Yale (Corp.), U.S.A.

Becton-Dickinson,
(As abave)

British Oxysgen
Special Gases, .
(01d Deer Park),
Surrey.

Precision Systems
Inc, Newton, Mass.,
U.S.A.

M.S.E., London.

S.L.E.B. Co.,
London.

Millipore Corp'n

72,
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Item . . Rarticulars
Ultrasonic 150 watt max. output
'disintegrator : : :
Mediswabs

2. Chemicals

(a)General ‘
Ttem , Particulars
Quinaldine
DAPI 4'=5 diamidine =
-2 phenylindole
fluorescent compound.
APH N-Acetyl-N-—
phenylhydrazine
HS-222 {Tricaine methane
sulphonate
Benzocaine Ethyl 4-aminobenzoate

Giemsa's stain Curr's improved R66

Giemsa buffer pH 6.5

E.M. fixatives & 25% glutaraldehyde
resing Osmic acid
- Areldite mixture
TAAB resin mixture
. Spurr's resin mixture

Chloros Sodium hypochlorite
Noble agar
DMSO Dimethyl sulphoxide
Subrose Purified sucrose
Granulated sugar
?Ef _ _ Tri-sodium citrate
Buffer comvositions
PBSa ' ' NaCl - 8.0¢g
KC1 0.2g
R
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iSuBE}ier '

M.S IE. 9 LDndon-

Pharmax, Bexley,
'Kent L

Suggrier

BDH, Poole, Dorset.

Hoeclist )
Pharmaceuticals,
Hounslow, Middx.

BDH

Sandogz

BDH

Searle Labs.
High Yycombe, Bucks.

BDH
TAAB Labs.
ICI Ltd.

" Difco (Baird & Tatlock,
London). . i
BDH
BDH .

Tate & Lyle
BDH

Dissolved in 800 ml distilled



'Q.lﬂ:Phosphaﬁe buffer pH7:5 o |
. Na, HPO 11.56g/>

o Naﬁ2p04 2,80g/1
Sodium cacodylate buffer pHT.2 _ o
0.2 sodium cacodylate 50 ml
0.211 HC1 4,2 ml-
" Distilled water _ 146 ml
Citrate dextrose saline (CDS buffer) .
Dextrose - 2,052
Tri-sodium citrate 0.80¢
NaCl 0.4g

Dist., water to 100 ml

(c)

Stains for electran microscony

lSodium-phosphbtungstate (NaPT)~A 1% solutian at‘pHT was the standard
stain prepared from PTA, A 15% solution of PTA was titrated upwards

to neutrality with a normal solution of NaOH and the stain was stored
in a gtoppered bottle at 4°C. Stains of 0.5-2% concentration and of
pH range 6-8 were also used.

Uranyl formate (UF) was prepared freshly in the dark as a 1%
aqueous golution and titrated upwards to pH 4.5 with dilute ammonium
ihydroxide.

Ammonium molybdate (AM) was prepared as a 1% aqueous solution
and thg pH ad justed in the range 7.0—7;4 witﬁ ammonium hydroxide or

emmonium acetate.

3. Tissue culture materials

Item Particulars, Supplier
storase
Foetal calf serum Membrane filtered, Gibeco-Biocult, -

y-irradiated, =20°C.  Glasgow, Scotland.

Eagles

Minimal Essential 490 Flow Labs, Irvine,
Medium (MEM) Scotland.

with Earles

Salts. (10 x conc).

Hanks balanced 4°c ) Flow Labs,

galt solution




Iten

Antibioties:
-+ PFungizone

Neomycin sulphate
Kanamycin sulphate
Penicillin - G
Streptomycin
sulphate
Mycostatin
Gentamycin -

Trypsih

Non-essential
amino acids
(NEAA). (100 x conc).

I=Glutamine
200 mM

Versene

Tryptose phoéphate
broth

Tissue culture
flasks

Tigsue culture
dishes

4. Media coﬁéositions

Particulars,

b storane

Stored. dark, 4°C

-2020'
-20%

-20°¢

azogc
-20°¢
4°C

Freeze-dricg
solution, 4 °C

-Dry, -powdered —

room temperature

.400

=~20%¢

Di-sodium EDTA
in PBSa. 1/50 soln,
4°C.

2Scm2 base
area

50 mm diam,

178

Supplier

:3quibd & Sons,

Liverpool !
Sigma Co., London.

"

"

Squibb & Sons.
Gibco=Biocult’

Wellcome Labs.

Beckenham, Kent.
Difco,. :

‘Gibco=Biocult

Gibco-Biocult

Flow Labs.

. Flow Labs.

Nuneclon UK,

" : "

‘a) Tris-bufféred maintenance medium for organ cultures.

10 X Eagleg MEM Earles Salts

100 X NEAA®
Glutamine 200 mi

Penicillin and Streptomycin
(10,000 units/ml and 10,000 pg/ml

respectively)
NaCl 16% w/v

Mycostatin 2,500 ne/ml
Trig saline, stock 0.05H

Distilled watgr
Stored at ~20°C

10 ml
1 ml
1 nl

1 ml

3.3 ml

1 ml

10 m}l
to 100 ml

o Non-essential amino acids, see also the Abbreviations p. xiv.




10°X Eapleg MEM. Earles Salts
100 X NEAA*

Glutamine

Penieillin & Strevtomycin

(10,000 u/ml & 10,000 pg/ml)

NaCl 16% w/v

Mycostatin 2,500 p.g/ml
Sod. blcarbonate 1.5% w/v
Foetal Calf Serum
Distilled water

Stored at -20°¢
Non—essentlal amino acids

' b) dféwthimedium for-primary tissie cultures.

- 10 ml °
- 1ml
l ol

1 m1
3.3 ml

lml
1.1 ml

10 ml

to 100 ml

lc) Malntenance medium for inoculated primary cultures.

As (b) above with the‘om1551on of foetal calf serum.

Stored at -20°C., .-
d) "Hanks washing solution”,

10 X Hanks balanced salt solutlon
16% w/v HaCl

Mycostatin (2,500 pg/ml)

Pen cillin & SXreptomycin

(10 ‘u/ml & 10% pg/ml)

Diptilled wgter

Stored at 4°C

e) 0.25% Trypsin solution,

To: 10 X Hanks balanced salt solution
- 164 w/v NaCl

Penicillin and4Streptomycin

(10" u/ml & 107 pg/ml)

Dist. water

Added: Phenol red (1% soln.)
Dist. water -
Trypsin (Difco 1:250)

The solution was shaken and left overnight at 4°C.

by filtration on a 450 nm pore membrane filter and stored at -20%.

£) FHM maintenance médium.

10 X Eagles MEM - Glasgow modification
Tris saline, stock 0.05M

Sodium bicarbonate 7.5% w/v

Tryptose phosphate broth

Glutamine 200 mM

Penlalllln & Streptomycxn (10 u/ml

& 10 pg/ml)

Distilled water

Stored at -20°C

10 ml
3.3 ml
3 ml
3Iml

to 100 ml

10 ml
iml

1 ml
25 ml

0.6 ml
to 100 ml

2.5 &

8 ml
10 ml

0.04 ml

10 ml
1l ml

1l ml

to 100 ml
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It was steriliged
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. &) Trypsin/versene mixture. N J
0. 1% Trypsin solution as before. o 1 part
0,02% Versene in PBSa | . ’ - 1 part’

Stored at =20 C

 CONSTITUEXTS OF EiBEDDING MiDIA FOR ELEC.‘I‘RDN o
MICROSCCPY: ABBREVIATIONS OR TRADE NAMES,
PROPSR KAMES -& SUPPLIERS

ABBEEVIATION TRADE NAME . PROPER NAME. SUPPLIER -

Araldite M ' Araldite CY212 Taab Labs,
: Emmer Green,
v Reading
DDSA . Resin 964B Dodecenyl . '
HY 964 . succinic
anhydride Ditto

DER 736 _ Digycidyl ether l
of polypropylene '
glycol -

DMP 30 ‘ ’4|6-trldlmethjl t

' amino methyl
phenol

ERL 4206 Vinyl cyclohexene .
. ‘ dioxide
MNA Methyl nadic "
_ ) anhydride '
NSA - _ Nonenyl succinic
anhydride
DMAE - 5~1 Dimethylamino-  «
ethanol

TAAB resin ~ Epon 812 glycerol-based - n
(Epikote 812) aliphatic epoxy resin

Table23 Doses of APH for injection and the corresponding

inoculum volumes and fish weights.

Dose (mg/10g Vol. of Weight of
body weight) inoculum (ml) fish (g)

0.1 0620 20.2
0.08 8.7
0.01 1.4
0.2 0.80 40.9
0.07 305
0.05 2.2
Saline control 0.25 25.8
| 0.05 5.3
‘ 0.01 1.2
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SUMMARY

Lymphocystis virus has been classified with the icosahedral cytoplasmic deoxy-
riboviruses (ICDVs) but a detailed structure of the virion has not yet been estab-
lished. Virus from tumours of European plaice and flounders was allowed to
decay and this revealed details of its structure. Freshly prepared virus has a hex-
agonal outline which breaks down to reveal surface subunits 4-5 nm in diam. and
a spheroidal core with tubular material 13 nm in diam. inside it. This tubular
material appears to have a periodicity suggesting a helical conformation and may
be a deoxyribonucleoprotein. No triangular or pentagonal facets, as found with
some other [CDVs, were seen. A possible construction of the virus is proposed.

INTRODUCTION

Lymphocystis-is a disease of a wide varicty of teleost fish of which the actiological agent
is a virus classified with the icosahedral cytoplasmic deoxyriboviruses (ICDV; Kelly &
Robertson, 1973). The virus is plausibly icosahedral as it appears hexagonal in section
and it is found only in the cytoplasm of enlarged cells in which inclusion bodies give
staining reactions characteristic of DNA (Walker, 1965; Pritchard & Malsberger, 1968).
The ultrastructure of lymphocystis virus has been studied in several laboratories and evi-
dence from ultrathin sections has shown that the morphology of the virion is essentially the
same in material from different host species although particle sizes vary (Walker, 1962;
Walker & Wolf, 1962; Walker & Weissenberg, 1965; Midlige & Malsberger, 1968;
Zwillenberg & Wolf, 1968; Howse & Christmas, 1671). Particlcs seen in section showed the
same features of a densely staining outer layer, an intermediate space and a densely staining
core. Negatively stained virus has been examined by a number of workers (Midlige &
Malsberger, 1968; Zwillenberg & Wolf, 1968) but little detail could be resolved. This
contrasls with the detailed structure observed in some other ICDVs (Wrigley, 1969, 1970;
Stoltz, 1973):

On the basis of structural studies on insect ICDVs, Stoltz (1973) proposed a theoretical
model for ICDY ecapsid. structure. However, there has been insufficient evidence hitherto to
decide whether lymphocystis virus has a similar structure. We report new electron micro-
scopic observations on the structure.of lymphocystis virus which suggest that the structure
may be different and incompatible with Stoltz’'s model. The observations we report were
made independently in each laboratory.
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METHODS

Source of [ymphocysiis. Tumours were obtained from plaice, Pleuronectes platessa (L),
and flounders, Platichthys flesus (L). Mr Peter Russell, Unit of Aquatic Pathobiology,
University of Stirling, Scotland, provided plaice from the Irish Sea off the Cumberland
coast and flounders from Morccambe Bay, Lancashire, and the River Ythan, Aberdeen-
shire. Mr J. Bonny, Ministry of Agriculture, Fisheries and Food, Fleetwood, provided
plaice from Morecambe Bay.

For comparison, some lymphocystis-infected bluegill, Lepomis macrochirus (L) were
obtained as a gift of formalin-fixed fish from Dr K. Wolf, Eastern Fish Diseases Laboratory,
U.S. Department of Interior, Kearneysville, West Virginia.

Preparation of material for electron microscopy

For negative staining. Pieces of tumour were excised from infected fish and prepared
for microscopy either by the cell-spreading technique of Parsons (1963) or ground up
using either a Griffith’s grinder or a ten Broek homogenizer with a small amount of dis-
tilled water. The resultant slurry was clarified by allowing the larger particles to settle under
gravity. The supernatant was then examined directly by-negative contrast or was centrifuged
at 1ooooo g for 1 h. Following centrifugation the pellet was resuspended in 2 drops of
distilled water containing o:1'%, (w/v) bacitracin as a wetling agent. Equal volumes of this
malerial and negalive stain were mixed, applicd to a carbon Formvar-coated 400 mesh
copper grid and ailowed to dry.

The negative stains used were 1%, sodium phosphotungstate pH 6-5, 2 to 3%, potassium
silicotungstate pH 7-0, 29 uranyl acetate pH 45 or 3%, ammonium molybdate pH 9.

For thin section. Blocks of 1 mm? were cut from lumours-and processed using the rapid
embedding method of Doane er al. (1974). Sections were cut using an LKB II ultramicro-
tome, mounted on Formvar-coated 200 mesh grids and stained with Reynolds’ 19, lead
citrate and aqueous 1 %, uranyl acetate.

Electron microscopy. Specimens were examined in a Philips EM 300 or 301 microscope
using an accelerating voltage or 8o or 100 kV.

Shadowing. The preparations used were crude extracls so that conventional metal
shadowing would have made it impossible to distinguish virus particles from surrounding
debris. Accordingly, preparations already negatively stained were shadowed lightly with
carbon evaporated -at an angle of 20° in an Edwards 306 coating unit.

Degradation of virus. Crude extracts of tumours were subjected to the following treat-
ments: («) Storage at 4 °C without further treatment. (b) Treatment with nasal decongestants
according to the method of Wrigley (1969) before and after storage at 4 °C. The deconges-
tants used were: ‘Afrin’ (Behring Corp. U.S.A., the gilt of Essex Chemie AG, Switzerland);
‘Hazol’ (Allan & Hanburys, London E2, England). Both contain oxymetazoline hydro-
chloride, but ‘Afrin’ also contains phenylmercuric chloride and benzalkonium chloride as
preservatives.

Microscope calibration. The Philips 301 was calibrated at the magnification used to take
photographs using the 17-2 nm lattice of glutaraldehyde-fixed beef liver catalase (Wrigley,
1968). This was kindly supplied by Dr D. L. Misell, National Institute for Medical Research,
Mill Hill, London, U.K. Repeat calibrations over 2 years showed variations of less than
2%, though the actual figure was 119%, less than that given by the manufacturer.




Fine structure of lymplocystis virus ‘ 423

RESULTS

Tumour material from flounders and plaice showed typical lymphocystis particles by thin
section electron microscopy (Fig. 1). The appearances were indistinguishable from those
described by other workers, with an outer electron-dense layer 14 to 19 nm thick giving
a hexagonal outline. Inside this was an electron translucent layer surrounding a darkly
staining circular core 150 to 230 nm in diam. The virus particles were 175 to 260 nm across
the flats of the hexagon and 200 to 300 nm between the vertices,

By negative contrast the virus particles were less easy to:distinguish from the background
debris and this difficuity increased with storage as the virions collapsed and lost their
hexagonal outline. However, this decay allowed details of the virus structure to become
visible and our observations will be reported under different headings.

General morphology

In freshly prepared tumour material virus particles had a hexagonal outline which, with
silicotungstate as the negative stiin, appeared to have two electron translucent layers
(Fig. 2). Each layer was approx. 4 nm thick and they were separated by an electron-dense
layer 4-5 nm thick. The layers appeared to be homogeneous with no visible substructure.
However if uranyl acetate, pH 45, or ammonium molybdate, pH 9, were used, only one
thick featureless layer 20 nm thick was seen (Fig. 3) and this corresponds closely with the
appearance in thin section when uranyl acetate was also used. With fresh virus it was also
necessary 1o use a higher acceleraling voltage (100 kV) to obtain enough penetration to see
internal details. With more decayed material this was no longer necessary.

With storage at 4 °C the hexagonal outline was lost and became irregular (Fig. 4) though
it was still possible to distinguish particles from other debris. This collapse could be accelera-
ted by centrifugation at 100000g on to the bottom of a tube in a swing-out rotor and
mitigated by centrifugation on 10 a pad of 409% sucrose (w/v in water; C. R. Madeley
& P. H. Russell, unpublished observations).

Surface struciure

Freshly extracted virions showed a surface outline devoid of clearly identifiable subunits.
Following storage at 4°C and the loss of the hexagonal outline, it became possible to
distinguish surface details. Round the periphery knob-like subunits in the outermost layer
became visible (Fig. 5 and 6). These were only observed with clarity in profile at the peri-
phery and were not secn over the remainder of the surface. They were about 4'5 nm
in diam. and appeared to be connected 1o the rest of the virion by a narrow statk. Treat-
ment with the nasal decongestants did not have any visible cflect and no surface detail
similar to that found with other ICDVs by Wrigley (1969; 1970) was seen. Similarly, no
triangular facels similar to those reported by Wrigley (1970) with Tipula iridescent virus
(TIV) and Sericesthis iridescent virus were seen as the virions decayed. Such facets were,
however, readily seen in a sample of TIV (kindly provided by Dr D. C. Kelly} allowed
to deteriorate under similar conditions (Fig. 7).

Cores
Thin sections showed an electron-dense core 1500 230 nm in diam. (Fig. 1). By negative

contrast no definite core could be identified in intact particles, though those stained with
uranyl acetate showed some similarities to those seen in thin scction. Collapsed particles,
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lymphocystis is quite different. As the hexagonal outline was lost, no triangular or pen-
tagonal facets were released and the virions merely became amorphous. Decay could be
accelerated by hard centrifugation, an unusual example of centrifugation causing visible
damage to virus particles. The periphery of virus stained with silicotungstate usually appeared
as a double layer with a total thickness of 12 to 13 nm. With uranyl acetate only a single
layer was seen, 20 nm thick. This salt is used as a positive stain with thin sections and it is
possible that it was acting both as a positive and a negative stain. Variations in hydration
will also affect staining reactions and a similar effect has also been observed with the surface
threads of vaccinia virus (Madeley, 1972).

Surface subunits were observed in Sericesthis iridescent virus (SI1V) and Tipula iridescent
virus (T1V) by Wrigley (1969, 1970) and their visibility was enhanced by treatment with
*Afrin’. We did not observe similar units on lymphocystis virus (LV}, with or without prior
treatment with decongestants including ‘Afrin’. Surface knobs did become visible on col-
lapsed LV though only at the periphery and not over the surface. Thus no conclusions as
to their arrangement on the surface of the virion are possible, but at 4-5 nm they were
appreciably smaller than those on SIV or TIV. Their appearance only with the loosening
of the surface structure suggests either that they arc normally too closely packed for
individual subunits to be resolved or that collapse is associated with the loss of some form
of ‘cement’. We have.no evidence that either of these explanations is correct.

Both thin section and negative staining techniques gave evidence .ol a core beneath the
outer layer(s). This appeared to be roughly circular in outline in thin section and in negative
staining when separated from the outer surface. Successfully shadowed, it appeared to be
hemispherical when seen in the centre of a collapsed virion. Whether it is essentially spherical
or conforms to the outer layer in complete intact virions is not known.

Tubular material 13 nm in diam. with a central 4 nm canal was seen inside decayed
cores and appeared to be part of the virion, though no evidence of such an internal com-
ponent has been seen in thin sections through the virus. 1t was usually scen as several short
straight fragmenis and we do not know if it is present as one or several pieces inside an
intact virion. With some evidence of periodicity suggesting a helical structure, it is tempting
to believe that this is-a deoxyribonucleoprotein. There is no evidence at present to confirm
this though where similar structures have becn found in RNA-containing viruses they have
always contained the nucleic acid. The 13 nm filaments found outside the virus particles,
and seen in Fig. 5 and 13, bore a superficial resemblance to this-tubular internal.component.
Though visualized more clearly because they lay outside the virus particles, no substructure
was seen, and their terminal blebs and rounded ends distinguish them from the internal
component. They are probably separate structures and we cannot say if they form part of
the virion.

We have attempted (see Fig. 14) to synthesize our findingsinto a suggested siructure for
this virus. Tt fits our observations but will nced to be confirmed by additional work; in
particular, it would have been useful to be able to grow the virus in cell culture. Attempts
to do so in marine fish cells (D. A. Smail and S. I. Egglestone, unpublished data) have not
been successful.
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