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SUMMARY

| The relevant published literature concerning the nature
df.herpes simplex virus and its growth in fertile hens' eggs
was reviewed. |
| :'Laboratory strainslana fresh isolates of types 1 and 2
‘were grown on the chorioallantoic membrane of fertile hens'
eggs andAexamined by biological, histolcgical and ultra-
structﬁral techniques. Thé'typé 1 strains induced small
'discfeét pocks;'gavevno haémorrhage of the chorioallantoic
membrane,‘or émbryé,uembryos did not‘die and virus was
;écoﬁeied only from the inoculated membrane. 'Similar inocu-
latioh with the typé 2'strains ihduced‘large necrotic pocks
~and haemorrhage of the chorioallantoic membrane as well as
 haémorrhage and death of the embryo: virus was recovered
from the inoculatidnAsite, allantoic fluid, amniotic fluid
and various selected organs of the embryo. Inocﬁlation of
either virus £Ype into the allantoic cavity did not result
in spread to the embryé. The effects of adaptation to growth
in eggs were examined.

Temperature marker tests in eggs showed that fresh iso-
latés of type 1 grew less.readily on the chorioallantoic
membrane at elevated ﬁemperatures than those of type 2.
There was no différence in the capacity of laboratory strains
of either type to grow in eggs at thege temperatures.

Primary chick embryo fibroblasts and ofhef egg-derived
cell cultures were used to examine the growth characteristics.

of a strain of each virus type; the results obtained in vitro

could not be entirely predicted from those in 0vo .
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‘The structure of the chorioallantoic membrane'and~the
'.lesions produced by each virus type following inoculation
were exemined by optical and electron microscopy. The
type 1 induced lesion was basically proliferative and
confined primarily to the\chorion with some inflammatory
cell infiltration into the mesoderm, particularly following
prolonged'incubation. With the.type 2 lesion, reaction
‘occurred throughout the entlre thickness of the membrane
and;haemorrheges, necroses,. ulceration and cellular infil-
tration of the mesoderm were.the most prominent features.
The fine structure of the herpesvirus lesions and of viral

‘morphogenesis.was examined. Inoculation with type 2 virus

" resulted in many more 1nfected chorlon cells compared with

type l, whllst the cells of the mesoderm and the blood
vessels also became 1nfected with type 2 virus but not
- type'l.' Features specific to type 2 virus infected cells .

were the presence of two types of 1ntra-nuclear granules

" and lattice structures in both nuclei and cytoplasm. Cores

with various structured forms were also found in type'2

' capsids but‘not in those of type 1.

The results of this study were discussed in relation to

other published work.
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INTRODUCTTION

1. Historical aspects of the human disease "herpes"

The word "herpes" (Greek = to creepj has been in use
since early Greek medicine.ﬁo describe spreading lesions
of Géried etiology. Hippocrates used it to describe
eruptions resembling shingles. About 100 AD Herodotus,

a Roman physiéiah, fi?st described oral herpetic eruptions
during fevers and this association was stressed by Morton
in 1694.' In 1736 the French physician Astruc described
similar eruptions on the male and female genitalia. The
name fherpés simplex" was first applied by Plenck (1783)
to describe vesicular eruptions of the face. At this
time the cause of herpes was believed to be excretion

of harmful waste material by the skin, a vieﬁ Which was
heid until vidal (1873) demonstrated by human inoculation
that;herpeé_was infectious. Unna (1896) histologically
examined’ the lesions of herpesvand recorded differences
in cellular patterns to distinguish herpes infections

from £hose of smallpox. The first isolation of -herpes-

virus was from a human eye infection onto the rabbit

cornea. From there the virus was successfully passaged
onto the cornea of a blind man (Griiter 1920). Baum (1920)

used the same system to isolate virus from cases of genital

herpes infections. Subsequently Luger and Lauda (1921)

"demonstrated the filterability of the agent of herpes

infections. Lipschiitz (1921) described intranuclear
inclusion bodies in infected cells which were character-

istic of herpesvirus infections and Baumgartner (1935)
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demonstrated that these inclusions contained intectious
’virus; whilst Cowdry (1934) critically revieweddthe types
of inclusions formed by various viruses 1nclud1ng herpes.
' He cla551f1ed as Cowdry type A the inclusions produced
by herpesvirus which were pleomorphic, resistant to
organic solvents and contained little or no thymonucleic
acid. Nuclear involvement was complete with eventual
destruction and the inclusion was separated by a clear
halo from the chromatin which evehtually became marginated
(i.e. condensed at the periphery of the nucleus) .
Lipschiitz (1921 and 1932) suggested that herpes simplex

infections should be divided into two groups (herpes
febrilis and venereal herpes). On the basis of epldemlo-
logical, clinical,bcytopatholdglcal and animal transmission
studies he made a number of interesting observations.
Outbreaks were caused by viruses of edther group and did
not appear to be interrelated. Herpes febrilis affecped -
persons of all ages, usually resulting in facial or oral
infections whilst venereal herpes affected only the
sexually mature, usually on the genitalia. Venereal
herpes frequently‘caused'secondary‘complications including
neurological syﬁptoms buf febrilis rarely did, tending
secondariiy-to affect only the eye rather than the
complete cenrral nervous system. The lesions of venereal
'herpes penetrated deeper into tiesues and were character-
ised by greater necrosis than those of herpes febrilis.
Prior infection of the cornea with venereal herpes did
not protect against re-infection with herpes febrilis

but did protect against_reFinfection with venereal herpes.

The lesions on the rabbit cornea infected with material



from human lesions differed with respect to appearance
and time of development according to the site of origin
of the inoculum: lesions caused by venereal herpes

developed later and had a more destructive effect and

generally did not progress to encephalitis, as was

commonly the case when herpes febrilis material was

'inoculated into rabbits. These observations were ignored

at the time‘and the term "herpes simplex virus" was
applied to the causal agents of both infections, whilst

the term "herpes" was used to describe both herpes simplex

" and herpes zoster syndromes.

2 Nomenclature of herpes simplex virus

With improvements in methods for virus culture,
especially the introduction of ceil cultures, there has
béen an incréasing amount of wbrk performed on herpes
Simplex virus and the other members of the rapidly
expanding herpesvirus group (Herpetoviridae). This has
led to the need for an efficient system of classification

and nomenclature (Wildy 1971, Roizman et aZ.‘l973,

- Melnick 1974, Fenner 1976); No one form of nomenclature

for the virus of herpes simplex has been adopted by all
the workers in the field. For example the names herpes-

virus, human herpesvirus 1, herpes simplex virus type 1,

-Herpesvirus hominis type 1, Herpesvirus primatis 1:1 and

the cryptogram D/2, 68/7, S/S, V/O, are all synonyms for

the virus isolated from non-genital lesions of herpes
simplex. The latinised binomial, Herpesvirus hominis,
has been recommended (Wilner 1966, Lwoff and Tournier

1966) but this gives rise to some misconceptions



stggesting that there 1s an accepted classirication ror
the hérpesvirus group and that the virus is the only
member of the herpesvirus'grouplinfecting man or that
it will infect man and no oﬁher species (Roizman et al.
1970) . The two remaining systems of noménclature, neither
6f which assumes a paftiéular classification scheme, are
the 'use of cryptograms (Wildy 1971) or £rivial’names.
Cryétoérams would be unacceptableAfo normél use because
of their unwieldiness, whilst their precise nature rapidly
renders them outdated.” On the other hand, trivial names
give little information about the propertiesvor the inter-
relationship of viruses but usually have historical
precedence. Gibbé and colleagués (1966) suggested the
. use of the trivial name together with the cryptogram.
The téivial name, herpes simplex virus, seems at pfesent
thé least problematic one and should be the name of
choice until an acceptable classification for the gréup_
has been developed when a more permanent nomenclature
can be devised.

vIn_this study the name herpes simplex virus (HSV) is
4used and}the term 'type' is used to distinguish between
non-genital (type 1) and genital-(type 2) isolates of

the virus.

3 Properties of the Herpetoviridae

Herpes simplex virus is a typical member of the
Herpetoviridae (Fenner 1976). All members of the group
have identical morphology: a capsid with icosahedral
symmetry, 100 nm. in diameter, composed of 162 apparently

hollow capsomeres and surrounded by an outer envelope



(plate l). All the herpesviruses contain double-stranded
deoxyribonucleic aéid (DNA) which comprises approximately
J7%.of the particle by weight, whilst'the molecular weight

of the DNA, which varies according to method of maasurement,

6 daltons. The guanine +

is approximately 54-100 x 10
cyﬁdsine (g+c) content ranges from 54-74% and the buoyant
density in caesium chloride of the complete particle
varies between 1.27 - 1.29 gm. per cm.3, of the naked
nucleocapsid 1.29 - 1.32 gm. per cm.3,Aand of the viral
DNA 1.692 - 1.731 gm. per cm.3; Herpesviruses are
relatively heat stable and becéﬁse the en?elopes contain
:lipid, they are sensitive to lipid solvents such as

ether. Viral capsids are assembled in the nucleus of

infected cells and maturation is usually completed by

the acquisition of a virusbspecified lipo-protein envelope

prior to release from the cells (Morgan ef al. 1954b, 1959).

- This enveiope is thought to be essential for infectivity |
(Holmes and Watson 1963, Darlington and Moss 1969, Becker
et al. 1971).

Melnick and McCombs (1966) suggested that the Herpétof
viridae should be divided in two: group A to include HSV,
‘pseudorabies, B virus and equine abortion virus, all
viruses which are readily released from infected cells
into the culture fluid in an infectious form, and group B
éo include varicella zoster, EB virus, cytomegaloviruses
‘and Marek's disease virus, which are all strongly cell-

. associated.



4 Properties of herpes simplex virus

4.1 Subdivision of herpes simplex virus ihtO'two types

- On the basis of clinical; epidemiological, antigenic,
serological and'biOIOgical differences occurring between
strains of HSV it is clear that the virus is not homogeneous
although the criteria fo: dividing strains into types are
not éntirely clear. Dowdle and co-workers (19675 used
kinetic neutralisation tests and demonstratedvthat some
sﬁrains of HSV:caused-oral infections whilst other strains.
were responsible for genital infections, and they called
theee strains types 1 and 2 respectiveiy.v Other groﬁps
vof viral agents, for example adenoviruses,‘had been divided
into types using three criteria: the display of entigenic
differences in.cross—neutralisation tests with established
prototype strains; the establishment of at least two
instances of higher homotypic antibody responses compared
- with already established types, and the occurrence of at
1east,two strains within the type proposed (Rowe et aZf>
’1955). If these same criteria are applied to HSV then
-division into tWo types is valid. Plummer and colleagues
(1970) pointed out that ifbthe serological differences
between strains of HSV were insufficient to warrant their
division into two types, then herpes B virus must be
regarded as a sub-type of HSV since the serological
differences between these were of the same order. ‘Roizman
and co-workers (1970) suégestéd that strains of HSV
existed within a bi-polar spectrum rather than in two
distinct types, but this may only be the case for
laboratory strains after numerous <n vitro passages and

ample opportunity for mutation and selection.
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That there are two types of HSV is indicated by
laboratory and clinical data which correlate well w1th
the‘site of virus origin. Those properties related to
type’differentiation of HSV together with some of the
more general properties relevant to both types of the
virus are elaborated in the following séctions,‘and these

are summarised in table 1 (pp. 28—31).

4.2 ’thsico-chemical properties Qf herpes simplex virus
Many of the physico—chemical propertiés of HSV have
been sho&n to be similar for types 1 and 2. The densiry
of the compiete particle of each of the two virus types
was found to be of the same order (Schiek 1967), whilst
the molecular weight of their DNA was also observed to be
similar (Kieff et ql. 1371, Graham et al. 1972). Some
significant differences between the two types have been
 found with regard to the buoyant density in caesium chloride
and the G+C ratio of their DNA (Pluﬁmer et al. 1969, Kieff
et az§'1971; Graham et al. 1972, Halliburton et al. 1975).
HSV. type 2 was found to be more sensitive to ultra—violetb
irradiation (Smith et al. 1971) and to some chemical
agents (Schneweis et ql. 1972, Shinkai 1975) but not to
others (Plummer et al. 1968, Vahlne et al. 1975, Schneweis
‘et al. 1972, Lerner and Bailey 1972).
The major physico-chemical properties of HSV types 1
and 2 are listed in table 1. |

4.3 Antigenic properties of herpes simplex virus

' The value of dividing HSV isolates into two different
types depends upon the use such a division would have in
revealing the nature of the virus or the relationship of

isolates to each other and to the disease produced. The



GivisSio OL Hov 1NTO TWO TypeS could be consiqaered ox
'academic_importance iny, but in the light of reeent
knowledge concerning“;atency and persistent infections
and connecting HSV with carcinoma and neurological dis-
orderS/ the need to distinguish type-specific isolates
and type-specific antibody responées becomes of increasing
medical importance. |

Early attempts to differentiate strains ef HSV on
ahtigenicity produced divergent results. Burnet and Lush
(1939) observed hokantigenicvdifferences'between e
laboratory strain and a fresh isolate, both from non-
genital infeetions, whilst Armstrong (1943) could not
differentiate a spinal fluid isolate froﬁ a laberatory
strain. Similar results were found by ‘a variety of
neutralisation techniques with strains isolated from
recurrent‘infections (Hayward 1950, Garabedian and
Syverton 1955) and with strains isolated from throat
lesions (Kilbourne and Horsfall 1951). The strains ueed
in theée studies were all non-genital in origin.

Significant antigenic differences between isolates of
HSV were.firstvobserved by Slavin and Gavett (1946a).
They compared a laboratery strain from a non-genital
_infection with genital isolates from primary wvulvo-
vaginitis by douse neutralisation tests and showed
entigenic differences between these strains. These
differences were confirﬁed,using strain—specificArabbit
antisera in cross-neutralisation tests (Slavin and Gavett.
1946b). Womack and Hunt (1954) divided six strains of_
unknown history into three groups using cross-complement

fixation tests, but differences were slight and may have
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‘resulted from'variation within the test. Jawetz and co-
'vworkers (1955) examined numerous strains by cross-
}fneutralisation-tests in mice'and'eggs,and found that
 strain differences-could be correlated with site of virus
origin. Chu and Warren (1960) and Schneneis (1967)
differentiated their strains 1nto two groups by neutral-
isation testslin cell culture. Plummer (1964) could
separate strains into tw0»groups with type—specific
antlsera to either type, but. Schneweis (1962a) could do

' so only Wifh type 1 antlserum, indicating that the ‘members
of the type 1 group were closely related, whllst those of
type 2 were more heterogeneons. Shubladze and co-workers
(1960) divided their strainsrinto three groups,with_mOuse”
. neutraiisation tests, but Plnmmer.(1964) showed that only
two of:these groups’were in fact HSV, and the third was
‘Japanese B encephalitis virus. Pauls and Dowdle (1967)‘

and Dowdle and’ co-workers (1967) found by the micro-

o quantal neutralisation technique that«Shubladze s two

iHSV groups were’prototypes for two antigenically distinct
‘groups of HSV,‘and all other strains fitted into one of
these two groups,‘which correlated well with siterf
virus isolation. Hampar and co-workers (1970, 1971)
showed that late IgM rabbit antibodies to types 1 and 2
were very sen51tive for differentiating strains.. Smith
and_colleagues (1971) using‘cloned preparations found
that strains bred true to type for at least 20 inlvitro
passages. | | |

Numerous serological tests have been deV1sed for the
differentiation.of the two types of HSV and 1nclude.

microéindirect,haemagglutination (Fuccillo?et al. 1970),



immuno—fluprescence of_fixed_cells (Nahmias et al. 1969%),
indirect fluorescence (Leinikki l§73, Doerf,et al. 1974),
membrane-fiuorescence‘(Géder and Skinner‘137i, Nahmias

-et al. 197l)f in vitro stimulation of immune lymphocytes

(Rosenberg et a:Z.,.'l.972),751

Cr release (Smith et ql. 1972),
immuno-electrophoresis (Jeansson 1972, Vestergaard 1973)

and immuno—diffusion and inhibition-passive haemagglutina-
tion (Schneweis and Nahmias 1971), These type-spééific
tests have been carriéd éuﬁ with varying degrees of success,

and their value depends upon the specificity of ‘the

serological reagents and the ease of performing the tests.:

4.4 Morphology and morphogenesis of herpes simplex virus

Electron microscopic methods were first applied to HSV
by Eéahs and Melnick‘(1949)vand later bthunk and Ackermann |
(1953): These workers used metal shadowing and fouhd that
. parfiCIes were 116 nm. in diameter and éach had a central
core. | |

The techniquekof neéatively staining virus particlés

with heavy metal stains such as phosphotungstic acid to
study the surface morphology was introduced by Brenner
and Hone’k1959) and was aVSimple reproducible procedure
for the examination of virus particles at high resolution.
HSV was one of the first animal viruses studied by this
téchnique (Horne et al. 1959) and i£ was found that the
Qirus surface was composed of fegular sub-units (capsomeres),
each of which was ring shaped. Wildy, Russell and Horne
- (1960) examined HSV and found;that most particles consisted
of a core surrounded by this characteristic shell of
capsomeres termed the capsid. This structure was enclosed

within a loose membrane envelope bearing a surface fringe
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- of projections. Depending upon whether or not the
_negative‘stain had penétrated the capsids,‘preparations
vof virus contained four pérticle types: enveloped 'full'
- particles, enveloped"empty' particles, naked 'full'
capsids and naked 'empiy"capsids. The inner region of
the 'empty' or penetrated particles was polyhedral in
shape and measured 70—80-nm. in diameter, within which -
1ayvthe 30 nm. diameter nucleic acidvand protein core.
ﬁornerand colleagues kl9595'suggested that the herpes
capsid was icosahedral 'in form. This wés confirmed by
Wildy and co-workers (1960), who also noted that the
capsid had an avérage diameter of 105'nm., and calculatéd
" thgt‘it was composed of 162‘capsomerés, each approximately
10 nm. in diametef, arrangedtin a 5:3:2 éxial symmetry.v
Each é;psomere was tubular in shape with a centrally
. placed 4'hm; hole down the long axis. Capsomeres appgaied
hexagonél in end-on views, althoﬁgh some pentagonal
capsomeres were present. Casper and Klug (1962) postﬁlated
that 150 capsomeres were hexamers and 12 vertical capso-
'metes were pentamers. Vernon and co—workers“(l974)
suggestedrthat individual capsomeres exhibit a'threefold
symmetry and are held together by inter-capsomeric fibrils.
The enveloped particles were 180 nm. in diameter and
were frequently covered with spikes 8-10 nm. long and 5 nm.
épart. By immune electron microscopy Watson and Wildy
v(1963) showed that the envelope was host cell derived and
could be agélutinated by antiserum to the host cell in
bwhiéh the virus was grown, whilst the capsid was virus-
speéific and no cross-reactions occurred.

There is no morpholoéicalidifference between HSV type 1
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and type 2 particles (plate 1).

MoSt of thefinfofmation available on thé surface
structure of HSV particles has been derived by negative
staining methods, and.even with the limit on resolution
of 2 mm. 1mposed by the technlque,vthe particle morpho-
logy has been well descrlbed |

The_morphogene31s of HSV is well documented and appears
to be similar for both types but there are still somé
unknown_features. Tﬁe eariiest wdrk usjng sectioning
; fechniques was performéd in the chbrioailantoi¢~membrane
of the fertile hen;s egg by Morgan and co-workers (1953),
but as the methbd used'invoived removal of.the’embedding
m@trix followed by metal shadowing little useful infor-
‘mation was'obtainéd. Pollard‘(i953) suégested’a
theor;tiéal structure for HSV of a core with an oufer
envelope, which was confirmed by Morgan and coileagues‘

(1954a, b). These workers observed that HSV particles .
‘developed in the nucleus of infected cells where they
acquired a single membrane, and that a second membrane
‘was obtained on passing into the cytoplasm. They described
three structures in infected nuclei: small dense primary
bodies 30-40 nm. in diameter, larger less dense bodiés
. 40-50 nm. in diameter, which were frequently surrounded
w1th a membrane making a particle 70 100 nm. in diameter.
In the cytoplasm the larger less dense objects were -
present but these were surrounded by a double membrane
" and were 120-130 nm. in diameter. Morgan and co=workers
(1958) described crystal-like formations of.yirus particles
‘in the infected nuclei of HelLa cells. The arrangement of

particles within these crystals has been described as
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. hexagonal (Morgan et al. 1959, Friedrich et al. 1969,
Miyamoto 1971, Nii and Ono 1971) or pentagonal di-
pyramidal (Melnick et al. 1968).

'An in-depth study of the replication of HSV by thin
sectioning of infected cells was conducted by Morgan and
co-workers (1959) who showed that the morphogenesis of
the virus wasbsimilar in the chorioallantoic membrane,
HeLa and human amnion cells. They noted dense grénules
near the site of viréi synthesis and suggested_that the
tWo may'be interrelated. Enveloped virﬁs was'present in
‘the nucleus, whilst in the cytoplasm ?artiélés occurred
in vacuoles by which means it was suggested they left the
cell. These workers also npted'the phenomenon of nuclear
- membrane reduplicétion which presumablywpreventea rupture
of the nucleus due to extensive budding of virus pérticles
into the cytoplasm. These observations were confirmed by
various workers (Falke et al. 1959, Epstein 1962, Watson
et al. 1964, Nii et dZ. 1968a). Holmes and Watson (1963)
using BHK 21 cells examined HSV replication and noted that
virus disappearea for the first three hours after inocu-
lation, but this was followed by a sharp increase in the
number of virus particles in the cells and culture medium.

Two hypotheses have been suggested for the mode of
entry of HSV into cells.. Holmes and Watson (1963) sug-
éested a method of pinocytosis or "viropexis", after
which the envelope was digested leaving naked capsids_in
the cytoplasm. Similar features were observed by Epstein
and co-workers (1964), Siegert and Falke (1966), Dales
“and Silverberg (1969), and Hummder and colleagues (1969).

These latter workers used autoradiographic techniques to-
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demonstrate isolated cores in the cytoplasm of infected
cells with complete‘breakdown of virus particles in the
cyt0plasm’prio; to the appearance of new particles inv
the-nucleﬁs.‘ On the other hand, Mérgan and co-workers
(1968) suggested that enveloped virus entered cells by
fusion of the virus envelope with the cell plasma membrane.
This would invdlve digestion of the mémbranes in apposition
“followed by passage of the capsideiréctiy into'the cyto-
plasm. Irtespectiveiof’mode of entry, capsids.would be
broken down iﬁ‘the cytbplasm and the core reléaéed. This
would be followed by an eclipse period after”which new
virus appeared in the nucleus. Miyamoto and co-workers
(1971) used ferritin label immune electron microscopy and
héted that HSV anfigens entered the nucleus by the nuclear
pores.

- Numerous changes occur in the cytoplasm and nuclei‘of
infected cells. Dense granules'of variable size, often.
~associated with virué capsids; have been noted (Watson‘
et'gl. 1964) and these have been shown to contain virus
»antigens by immuno-ferritin technigques (Nii et al. 1968c,
Miyamoto 1971). The production of particles with electron-
dense, less electron-dense and hollow cores have been
described (Watson et al. 1964, Nii et al. 1968a, Nii 1971).
Nii and co-workers (1968b, a) indicated that hollow cored
particles did not contain DNA and may be particles at an
early stage of infection. Furlong, Swift and Roizman
(1972) indicated that the core of HSV is composed of DNA
and-protein arfanged in the form of a toroid or doughnut,

and similar results were found for HSV and other herpes-

viruses (Nii and Yasuda 1975). Schwartz and Roizman (1969a)
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have reported that the’¢ores of HSV type 1 appeared
spherical and electron translucent in sectioh,'whilst
those of HSV type 2 were often.ribbon shaped and electron-
‘dense. Theéé workers also noted that the fréquéncy of
intranuclear crystal formations of virus particles was
greater with a fresh isolate of HSV type 1 than with HSV
type 2 strains. Murphy and colleagues (1967) recorded

the presence of intranﬁclear filaments in mouse brain
infected with HSV and they suggested that if the hexamere
sub-units were packed together at an-angle to each othér
then a tubuiar structure would result. The virus used

by these workers was later found to. be a‘type 2 strain
(Schwartz and Roizman 1969a). Following HSV type 2
inoculation, similar filaments and lattice structures

22 nm. in diameter were observed in HEp2 cells (Sdhwartzl
and Roizman 1969a),in ectodermal and mesodermal cells of
chorioallantoic membranes (Couch and Nahmias 1969, Baroni
et aZ; 19705, in BHKle cells (Smith et gl. 1973) and.in
Véro cells (Mori et al. 1973). These filaments are
thought ﬁO'bé protein in nature and associated with HSV
type 2 capsid formation. Oda and Mori (1976) examined
'these structures by negative staining and goniometer
specimen tilting of £heir'sections of infected Vero cells.
They noted a sharp increase in the number of infected
cells showihg these structures at 10-12 hours post=-
inoculation, and that the lattice structures were crosé-
secﬁional views of filaments. Bynnegative staining,
isolated tubules showed a périodicity of 10-12 nm. and
‘were composed of globular sub-units arranged in pairs as

regular arrays of ring shaped elements. Similar filaments
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have not been observed in HSV type 1 preparations in thin
sectioned or negatively etained matefial. '

Falke and colleagues. (1959) observed herpesvirus particle
envelopment at the inner lamella of the nuclear membrane

as particles budded into the perinuclear space. This was

_confirmed by Nii and co-workers (1968a), who also found

that virus could pass directly from one cell to another

after cell fusion had occurred, and they suggested (1968b)
that the envelopment process was selective because
enveloped capsids tended to have a nucleic acid core.

Darlington and Moss (1969) detected thickening of the

'Vnuclear membrane in apposition to enveloping virus particles,

A s e et e e 2m

and this thickened membrane was shown to contain virus-
specific antigen (Miyamoto et al. 1971). Envelopment of

virus has also been shown at golgi membranes and endo-

.plasmic reticulum (Schwartz and Roizman 1969a, b, Darlington

and Moss 1969). Schwartz and Roizman (1969a) noted many
more nen-enveloéed nucleo~capsids in the'cytoplasm of HSV
type 2 infected celle compared with type 1.

Two methods of release of virus particles from infected
cells have been postulated; Morgan and colleagues (1959)
suggested a process of 'reQerse phagocytosis' in which

vacuoles containing enveloped virus particles rupture

‘through the cell plasma membrane so releasing virus particles.

Schwartz and Roizman (1969b) observed channels 65 nm. in
diameter which were freqﬁently continuous with the outer
lamella of the nuclear membrane and with an opening in

the plasma membrane, and these often contained enveloped

virus particles. Stackpole (1969) suggested that the herpes-

virus of Iack® tumour of frogs was enveloped at the inner
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lamella of the nuclear membrane, de-enveloped at the outer
iamella and re-enveloped in the cytoplasm. 'Dariington and
Moss (1969) have pointed out that the envelopment process
‘_Was non-specific and occﬁrred aﬁ any cellular membrane,
and they suggested that the inner lamella of thé nuclear

. membrane was the major site of envelopment solely because
this was the first membrane virus particles encountered.

4.5 Replication of herpes simplex virus in fertile hens '

eggs
Goodéasture, Woodruff and Buddingh (1931) demonstrated

that many virusesvincluding HSV grew on the chorioallantoic
,membrané (cAM) of the fertile hen's egg with the, production
oﬁ diséreet lesions or pocks. This technique was evaluated
and shown to be as sensitive as rabbit corneal inoculation
for virus isolation (Coriell et al. 1949). The CAM is a
three-layered structure, each layer being at least two -
cells thick. The outer layer is the chorion (ectoderm),

the middle layer is the mesoderm and the inner layer is

the allantois (endoderm). Formation of intranuclear
inclusions and giant cells in the ectodermal layer of the
CAM following HSV inoculation was reported by Dawson (1933),
Coriell and co-workers (1949) and Nii and Kamahora (1963). |
'The latter workers also demonstrated that certain HSV strains
-cgused inflammation in the mesoderm. Anderson (1940) found
an increase in virulence after CAM passage when the virus
showed‘a tendency to attack the mesodermal tissues and
choribn more severely. She also showed cytological changeé
'in brgans of the chick embryo. Heath ahd co-workers (1956)
showed that avian embryos~inoculated.directly developed

microcephaly, axial flexion and damaged auditory vesicles.
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.Anderson (1940) suggested three modes of pathogenesis for

HSV in chick embryos: spread by direct cell-to-cell contact;
spread by the blood stream; and spread by the neural route.

Variation in the size of pocks produced on the CAM by

‘different strains of HSV has been observed (Jawetz,et al.

1955, Hutfield et al. 1967). Similar results were noted
for virus strains after multiple egg passage (Wildy 1955,
Schneweis 1962b) and for plaque selected ?ariants (Rapp
1963). Using freSh‘iéolates, Hutfield (1967) aﬁd Parker
and Banatvala (1967) demonstfated that, after incubaﬁion

of inoculated eggs forkseven days; non-genitél strains of
HSV produced small pocks and genital strains produced large
pocks'pn the CAM. Nahmias and co-workers (1968) correlated

the size and the histology of virus-induced pocks with the

site of origin of the inoculum showing that strains freshly

isolated from non—génital lesions (type 1) prbduced pocks

smaller than 0.5 mm. in diameter, whilst those from genital

"vlesions (type 2) were larger than 0.5 mm. in diameter.

The cellular changes induced in type 1 pocks were restricted
to the outer ectodermal layer of the three-layered CAM
structﬁre, whereas those in the type 2 pocks épread
throughout all three layers of the CAM. Nahmias and Dowdle
(1968) pointed out that differentiation of strains of HSV
by the pock size induced on the CAM was only valid when
f¥esh1y isolated strains were used. It has been noted that
the pocké resulting from inoculation of non-genital strains
onto the CAM could be picked off the membrane, whilst this
Qas not possible with pocks induced by genital strains

(Macrae pers. commun.). This correlated with Nahmias'

observation that pocks induced by genital strains were
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ldeep-seated in the membrane. Gologan, Lupu and Surdan
(1972) have reported even greatér differences for their
fresh isélatesfof HSV. These workers found that whilst
-both types of virus grew on the CAM producing infectious
virus, ohly genital strains induced pock formaﬁion .

‘Nahmias and Dowdle (1968) urged caution when differen—
tiating strains of HSV from those of pokviruses on the
basis of thé appearance of pocks on the'CAM. They observed
that the lesions’prodﬁced by type 1 HSV resembled those
of ectromelia virus, whilst.the lesions produced by type 2
HSV resembled those of vaccinia virus. Histologically
there are parallels between the pocks induced by variola virus
- and HSV type 1, whicﬁ both gffected thekectoderm of the CAM,
and bétweén pocks induced by vaccinia virus and HSV type 2
which both affected the entife thickness of the CAM.

It is necessary to ensure that lesions on the CAM
following virus inoculation are truly virus induced. As
has been pointed but by D'Anoy and Evans-(1937) the nature
of the fluid in which the virus is suspended may be an
important factor. They also noted changes in the CAM due
to inoculation tréuma resulting in: proliferation and
vacuolation of the cells of the ectoderm (chorion), oedemé
of the mesoderm, and occasional proliferation of the
endoderm (allantois). Traumatic changes induced in the
éAM hgve been observed following drilling of the egg,
dropping of the membrane and the addition of distilled
water and antibiotics (Wyler and van Tongeren 1957),
inoculation of uninfected HeLa culture cells (MacDonald,

pérs. commun.),. and- inoculation of sub-cellular extracts

(Rich et al. 1965).
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The replication of HSV in CAM cells <Zn situ was examined
with the "HF' strain (Scott et al. 1953). These workers
assayed'the production=oflinfe¢tioﬁs virus fof 48 hours
~after CAM inoculation and found that adsorption of virus
onto thé cells of the CAM occurred rapidly (99% within one
hour), followed by a latent period when no virus was
detectable. Virus'yields increased dramatiéally even when
low dose inocula were used, and by448 hours virus formation
within cells equilibrated with loss of virus from infected
cells. This particular strain of HSV, although.an oral
isolate (Fleéner and Amos 1925), has néver been conclusively
- typed but it was probably type 1 (Dowdle et al. 1967).
Yoshino and co-workers (1961) observed that fresh isolates
of HSV inoculated ontd the CAM replicated for the first
two days after which virus titres decreased,’although cell
proliferation of the chorion-continued. Virus titres did
ﬁot decline so rapidly when egg-passaged strains were used.
Burnet (19555 suggested that infected CAM cells produced
a substance which stimulated adjacent cells to proliferate,
‘but so far no such substance has been identified. Using
a fresh isolate, presumably a type 1 strain, from eczema
herpeticum, Taniguchi (1966) correlated the interruption
of virus replication with the production of interferon in
-QAM cells. She also observed that egg~adapted strains
were less susceptible tovinterferon; As interferon was
shown to be more efficient as an antiviral substance under
low 6ngen tension (Baron et al. 1961, Isaacs et al. 1961)°
Taniguchi suggested that pock formation.on the CAM was a
‘ host-induced cellular proliferation‘whiéh reduced the

oxygen tension in the infected area and so favoured the
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action of interferon. -
The reason why‘genital strains of HSV should procduce
- large necrotic‘pocks, whilst those_produced by non-genital.

' strains remain small, has not been clarified.

'4;6»‘Répiication of‘hegpes simpléx virus in cell cultures
Cultivation of HSV 4n vitro was first performed in
bpieces:ofrrabbit testicular tissue by Parker‘and Nye (1925)
and laterkin_HéLa cell monolayérs by‘Scherer and Syverton
-(1954). Gray énd co-workers (1958) evaluated differences
in cytopathic'effects in HelLa cells‘proauced by‘a strain
of HSV isolated from stomatitis lesionsf They described
~three types ofréytOpathic effect: proliferative, where
cells piled up to form foci; non-proliferative, where cells
became rounded‘and swolleh at the periphéry of small holes
in thé cellvsheet; and those in which giant cells pfedominated:
It was suggested that one type of'cytopathic effect méyA
eventually_predominate in a cell sheet. By various methods
it was poSsible té select. from any strain variants giving
a particular kind of cytopathic effect. |
. ‘Schneweis‘(l962b) recorded consistent differences in -
the cyfépathic effects produced by fresh isolates of HSV
| from.differéﬁt sites in a number of cell types (HeLa, mouse
embryo, FL amﬁion, rabbit kidnéy and chick embryo cells).
Non-genital (tYpe 1) strains usually induced proliférative
éellular changes, whilst those induced by genital (type 2)
isoiates occurred rapidly and consisted of rounded cells
and giant cells. This close connection between type of
cytbpathic effecf and site of virus oriéin was confirmed -
bf Munk and Dohner.(1963),-Klegér and Prier (1969), Smith

and co-workers (1971) and mahy others. Hale and co-workers
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(1963) noted that isolates from herpetic stomatitis
(usually type 1) consistently produced proliferation in
HeLa cells. Gologan and»éolleaguesv(1974)-showed that
: unlike fresh isolates, laboratory strains failed to give
reproducible kinds of cytopathic effect in cell cultures.
Passage history of viruses affected the cytopathic effecté
- produced in cell culturés: typé 1 strains,.afterbmultiple
egg passage,produced;changes in céll»culturé resembling
those of type 2, possibly as a result of mutation or
“selection (Nahmias and Dowdle 1968). Ejercité and
colleagues (1968) classified HSV strains into four grdups
| on’the basis of the cytopathic effects they produce& in
HEp2 cells. Some strains caused rounding of cells but
no fugioﬁ, whilst others stimulated the formation of giant
cells. These two groups compriéed laboratory strains only.
Some laboratory strains and fresh genital isolates caused
rounding-up of cells which formed into ioose aggregates,
whilst the fresh non-genital isolates indﬁced tight
aggregates of rounded cells. This has been confirmed by»
smith and co-workers (1971) who also found that after 20
passages'on rabbit corneai cells, the cytopathic effects
produced‘by type 1 stfains were unaffected, but the type 2
strains caused cellular changes intermediate bétween the
;oose'aggregation of rounded cells and the giant cell type.
Figueroa and Rawls (1969) and Lohery and co-workers
(1971a) f;und»that type 2 strains grew and produced plaques
in chick embryo fibroblast cells, whilst type 1 strains
did not, or did so abortively, but only after many cell
'cuiture passages (Lowery et al. 1971b). Yang and co-workers

(1975) made similar observations with a chick embryo cell
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: microtest, finding a 96% correlation with type. Figueroa.
ahd Rawls (1969) also showed that type 2 stréins replicated
more rapidly in chick embryo fibroblast cell cultures,
- attaining highef titres and producing a tenfold greater
-number of particles than the type 1 stfains, which was
contrary.to the results found in other cell culture types
(Plutmer et al. 1968).

| Incubation of infected cultures at high temperatures
has been suggested aé a method to differentiate strains
of HSV. Vheeler (1964) notéd thaf a type 2 laboratory
strain réplicated better at 40°¢ than a type 1 variant
derived from it. Similarly Yoshino, Taniguchi and Takeuchi
(1968) found that a laboratory strain of type 1 grew poorly
in cell éultures at 40°C, and these workers show=d that
this could not be fully explained by thermal inactivation
of virus. On the other hand, Longson (1971)-observed that
)non—genifal strains grew producing infectious Virué at 40°%c
whilst genital strains did not, and Ratciiffe (1971) also
noted that type 1 strains produced cytopathic effects but
no infectious virﬁs in Vero cell cultures incubated at
40.3°C, whilst type 2 strains failed to do either. Géder,
V&czi and Boldogh (1973) described the development of
cell lines from chick embryo fibroblast cell cultures
exposed at 40°%¢ to strains of HSV type 2, but not type l.‘
'fhe high temperature of incubation inhibited the growth of
both virus types, although the cells infected with type 2
strains rapidlyvdégenerated. Crouch and‘Rapp (1972) showed
‘that the inhibition of HSV type 2 strains in cell culture
‘at supra-optimal temperature was celi dependent. Sz&ntd

and Led%o (1974) found that the production of infectious
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~type 1 virus in cell culture was inhibited at 40“C, but
strains could be adapted to grow at high temperatures.
Roizman (1968) and Ejercito, Kieff and Roizman (1968)
. suggested that by specifying components necessary for |
envelopment, HSV induced changes in the cell plasma
membrane, and this altered membrane with bound virai
products produced in excess brought about cytopathic
alterations in infected cells. From this it would follow
that the cytopathic effects induced in cells would be
determined by the genetic effect of the virus, and that
selection of virus clones producing different cytopathic
effects would be a genetic selection indicating that each
virus type may‘incluae'a range of genetic variants. This
may e%pléin the variations in results with HSV types 1
and 2 iﬁ different cell systems observed in various
laberatories. |

4.7 Human infection with herpes simplex virus

The clinical syndrome in man caused by HSV is by no
means simple.. Several observations led .to the suggestion
of two kinds ef infection, a primary attack which led to
recovery followed by recurrent attacks in the presence
of antibody, from which arose the notion of virus latency.
Primary‘disease with a probable incubation period of four
to five days (Ramsay 1974) is the result of initial viral
infection via minor ebrasions of the skin or mucous
membranes of the oral cavity, eyes or genitalia. The
recurrent infection follows stimulation of the latent form
of the virus to become infectious by various traumas such’

‘as fever, menstruation or emotional or physical disturbances

(figure 1).
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rigure 1 . hnerpes simplex 1n man

primary infection

Va

clinical disease ' sub-clinical attack
- 1" CC (antibody +ve)
v
death - recovery
A (antibody +ve)

atent phase
(antibody +ve)-

\
v

recurrent lesion$ \ no subsequent disease

(antibody +ve) \ (antibody +ve)
disturbed immune - \
mechanism \
A Yy ‘
severe disease/death - association with long term

disease i.e. psychiatric dis-
orders & carcinoma of cervix

Virus tends to te.restriéted to tissues derived from
\embryonic ectoderm: the mucous'membranes, oral cavity,
anal’cavity, vagiua, conjunctiva, nervous sYstem and skin,
and it rarely 1nvades ~the blood stream except in neonates
.and those w1th defectlve immune mechanlsms.' Hlstologlcal
egamlnatlon of HSV vesicular les1onsvshows proliferation
of the cells deep in the_epidermis*followed by,degenerativev
changes including balleening of eeils, formatien of multi-
nucleate glant cells and the development of 1ntranuclear
'Cowdry type A inclusion bodies. Vesicles quickly rupture,
forming>shallow ulcers from which virus can be readily

isolated. Non-genital lesions are usually caused by type 1
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stralns, but type 2 strains have been isolated from non-
»genital sites (Friedrlch et aZ 1969, Josey et al. 1972),
: espec1allyyfollow1ng orofgenital contact (Kaufman and
Rawls‘lQ72); Conversely; genital lesions particularly.
-_inychronic]or reCurrentlinfeCtions are usually caused |
'hy_type 2'virus, but type 1 strains‘have been isolated
from genital infections follow1ng oro—genital contact
(Evrard 1974) and from babies born to mothers w1th HSV
type 1 genital 1nfections (Nahmias et aZ 1969b) .
many as,306'of all genltal-isolates, partlcularly from
Aacute_infections,'provejto be type 1 virus (Smith et al.
1973, Kawana et al. 1974). |

' Type 1 virus is sptead by the oro—respiratory route
and causes a number of well desctibed'clinical syndromes
ranging in severity from sub-clinical»attacks through
acnte gingivo stomatitis, skin infections, eczema
"herpeticum, whitlows, eye infections, hepatitis in
neonates to.generalised infections and acute necrotising-
encephalitis (Juel-Jensen 1969, Dudgeon 1970, Rawls 1973).
' Meningitis occurs more frequently with HSV type 2 than
with type 1 (Rawls 1973). Apart from disseminated neonatal
infections, virus is rarely isolated from cerebro—spinal
, fluid in either encephalitis or meningitis (Rawls 1973,
- Morrison et al. 1974).

- Infections with HSV type 2 are usually assoc1ated with
the sexually mature and in males lesions occur as ves1cular
~ eruptions on the glans, prepuce, or shaft‘of the penis,
whilst in females lesions occur on the vulva, vagina, |
cervix and perineum, although the thighs, mons pubis and

perianal regions often become infected. On moist membrane-
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‘ous tissues,'lesions in‘aSsociation with diffuse inflam-.»'
1mation.appeaf’as thih mﬁoous—likebpatches whiCh-dsuelly

' become’necrotic (Gardner and Kaufman 1972). HSV type 2
h.eccounts for 80% of neonatai herpee infections which vary
‘in severity (Rawls 1973). Foetal infection which is
acquired‘ffom the ihfected‘birth_oanél'occurs more frequent-
1y with*maternal primery infections than with reoorrent
- attacks, although maternal antlbody does not protect agalnet |
1nfectlon (Nahmlas et al. 1969b). )
| Sero—epldemlologlcal studies have impiicated HSV type 1
_ ihvpsychiatric.diSOrders (Rimon and Héloneh 1969, Cleobury
‘et al. 1971, Halonen and Rimon 1975), and HSV type 2 in

cervical carcinoma (Naib et al. 1966, Rawls 1973).

4.8 ‘Herpes simplex virus in animals
Most animals are susceptible to infection'with HSV by
one or more of the inoculétion routes, but Blano and
Caminopetroe (1921) observed that adult chickens, fhesus
monkeYs, sheep, pigeons, and toadslwefe resistant irref"
spective of infective route. |
Investigations have been conducted with laboratory
animale to differentiate etraihs.of'HSV. In rabbifs,
'.type 2 strains were noted to be more neuro-virulent than
those of type 1 (Plummer atral. 1968, 1970), whilst with
, hamsters type 2 strains induced éaroomes and type 1 strains.
did not (Nahmias et al. 1970). Duff and co-workers (1974)
transformed hamster embfyo cells with ultra-violet light
, 1rrad1ated type 1 v1rus and produced an eplthellold cell
line inducing adenocarcinoma in hamsters, whilst hamstex.
embryo cellS'transformed_by ultra-violet irradiated type 2

virus formed a fibroblastoid cell line inducing fibro-
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sarcoma in hamsters. A greater neurovirulence for type 2 .

strains has been observed in mice inoculated by a variety

- of routes (Wheeler 1964, Nahmias et ¢l. 1967, Plummer et

al. 1968_andr1970),‘whilst Mogensen and co-workers (1974)

induced local necrotic liver lesions in intra-peritoneally

‘inoculated mice with HSV type 2 strains, but not with those

of type 1.

Significant differences have been observed in infections

due to HSV types 1 and 2 in numerous animal species, and

some of these have been suggested for type characterisation.

~ Table 1  Summary of properties of herpes simplex virus

types 1 and 2

Reference or

_ a8 -

Property HSV type 1 | HSV type'2 review paper
1. Physico-
‘ chemical
a) nucleic acid | double double Ben-Porat & Kaplan
' stranded stranded (1962)
DNA DNA | Epstein 1962
Smith & Melnick
, (1962)
Russell & Crawford
E (1963)
b) buoyant 1.253 - 1.267 Schiek (1967)
density of 1.271
particles :
(gm.per cm.”)
c) molecular 99+5 9915 Kieff et al. (1971)
welght of 87.7 87.7 Graham et al.
daltons)
d) buoyant 1.727 1.729 Plummer et al.
"density of (1969)
DNA (gm. per 1.726 1.728 - | Kieff et al. (1971)
cm.3) 1.725 1.727 Graham et al.(1972)
1.725 1.727 Halliburton et al.
- (1975)
contd ...




- Reference or

Property HSV type 1 [HSV type 2 review paper
e) guanine + 68 70 Plummer et al.
cytosine ' (1969)
(g+c) content 67 69 Kieff et al. (1971)
of DNA (%) 66 - 68 - |Graham et al.(1972)
(from buoyant 67 69 Halliburton et al.

density)

f) stability at
450C (in PBS)
370c¢

4o¢
in AgNOg3 -
in PBS

in heparin

g) inactivation
by u.v.

h) #nactivation

by chemo-
therapeutic
agents

2. ‘Morphology &
morphogenesis

a) capsid size
(nm.)

b) capsid
morphology

enveloped
particles

c) %

d) intranuclear
22 nm. dia.

tubules

virus
crystals

e)

ribbon or
bizarre
shaped cores

£)

capsids with
dense cores
in cytoplasm

g)

less stable
‘stable

stable
sensitive
less stable

more
sensitive

inactivated

sensitive

10%

icosahedral
symmetry
162 .
capsomeres

large

no

common

common

no

no

[ stable

less stable

less stable
stable
more stable

less
sensitive
inactivated
more .
readily
less
sensitive

105

icosahedral
symmetry

162
capsomeres

small

yes

rare

- common

yes

yes -

(1975)

Smith et al. (1971)
Plummer et al.
(1968)

Figueroa & Rawls

} (1969)
Schneweis (1962a)
Vahlne et aql.(1975)
Schneweis et al.

(1972)
Plummer et al. ’

(1968)
Smith et al.

(1971) |

Lerner & Bailey )
(1972)

)

)

) Wildy et al.

) (1960)

) ,

)

Figueroa & Rawls
(1969)

Couch & Nahmias
(1969)

Smith et al. (1973)

0Oda & Mori (1976)

Schwartz & Roizman
(1969a)

Nii & Ono (1971)

Schwartz &
Roizman (1969%a)

N’ St N Nt Nt N
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Reference or

Property HSV typg 1 | HSV type 2 review paper
h) frequency of rare . common Schwartz & Roizman
non-enveloped (1969a)
cytoplasmic
virus
3. Growth in
. €ggs ,
a) pocks on CAM ~small large Hutfield (1967)
‘ ' Parker & Banatvala -
‘ (1967)
b) histological
findings in
CAM: . ,
proliferation | ectodermal |all three )
' layers |)
hyperplasia ectodermal |fibro- )
o - blastic |{)
congestion mild marked )
haemorrhages rare .common )
necrosis rare common )
erosion mild marked ) .
inflammatory | mild marked ) Nahmias et al.
cells | (monocytes)| (mixed ) (1968)
monocytes,| ) '
polymorpho-| )
nuclear )
leucocytes)|)
multi- A rare common = | )
nucleate )
giant cells )
intranuclear | occasional common )
inclusions '
4, Growth in
cell culture _ ‘
a) CPE tight loose Munk & Donner
adhesion |aggregates (1963)
of rounded |of rounded
cells cells +
giant cells|
b)) growth at yes no Longson (1971)
high temper- Ratcliffe (1971)
atures
- e) plaques small large Hunk & Donner(lges)
d) plaques in no yes Figueroa & Rawls
chick embryo (1969)
cells Lowery et al.
‘ (1971a8&b)
e) virus titres higher lower Plummer et aleQBS)
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- Reference or e

Property HSV type 1 HSV type 2 review paper
5. Clinical , 4 :
a) site of non- genital Dowdle et al.
‘ infection ‘genital | - , ' (1967)
b) age all ages |sexually Lipschiitz (1921 &
distribution |- : mature + r 1932)
o neonates |Rawls (1973)
¢) neurological |severe en- |ass. with [) '
disorders |cephalitis |meningitis |) :
d) association |psychiat- cervical g Rawls (1973)
with other ric carcinomra )
disorders. disorders . ‘
6. Laboratory
animals
a) mouse inocu-
lation: C
genital low higher Nahmias et al.
- mortality | mortality |~ (1967)
intra- less more- Plummer et al.
.muscular neuro- neuro- (1968 & 1970)
- tropic tropic .
intra- , less more Wheeler (1964)
cerebral neuro- neuro - ‘
: tropic tropic ‘
intra-- | no lesions |local Mogensen et al. -
 peritoneal liver S (1974)
' lesions .
~b) rabbit inoc-
' ulation:
intra- less more Plummer et al.
muscular neuro- neuro- (1968 & 1970)
- .virulent virulent
corneal less des- |more des- | Jawetz (1973)
: tructive " tructive
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MATERTATLS AND METHODS

1 Origin and passage history of selected strains of

~

herpes simplex virus (HSV)

Sixty-five strains pf HSV were selected: 55 were HSV
type 1 and 30,werebHSV type 2. Of the 35 strains of HSV
type 1, 14 had receivéd multiple laboratory passages and
~ the remaining 21 were fresh.isolaﬁes,' Of.tﬁe‘BO.strains
ofbHSV type 2, seven had received mulfiple laboratory |
passages and 23 were fresh isolates. -Labofatory strains .
" had recéiﬁed fen'or more ?assageé in cell culture, hens"
eggs or labOratory animals.' Fresh isolates had‘received ’
less than ten laboratory in vitro of iﬁ‘viuo passes and |
usually only‘one or two.

The essential details of the strains used; together
with the site of the lesion from which thé_strain was
isolated, the iaboratory where the isolation was done,
‘the éassage history, the methods used to type the strains
and the experiments in which the strains were used in the
present study are summarised in tébles 2'and 3. |

Of the 21 freshly isolated strains of HSV type l; 13
were isolated from non—genital'sites (including two from
the central nervous system), two from urine, and six from
female genitalia. All laboratory strains of HSV type 1
‘had been originally isolated from oral lesions. Of the
23 freshly isolated strains of HSV type 2, three were
isolétéd from non-genital sites (wrist, mouth and face),

one from urine, and 19 from genital lesions. No HSV type
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2vstrains were isolated from the central nervous system.
'All laboratory straihs'of HSV type 2 were originally R
'derived'from genital lesions, |

All strains were characterised by the appearance of
the cytoPathlc effects 1nduced in cell cultures and by
the gross appearance of pocks after inoculation onto the
eCAMs of 11 day old fertile hens' eggs. Twelve of the 14
iaboratory strains of HSV type 1 and six of the seven
iaboratqry strains of H§V type 2 were further typed by
‘the kinetic neutralisation test (Department ef'Virology,
‘University of Birmingham). In addition 22 of the HSV
type 1 strains and 15 of the HSV type.2 strains were
‘typed with temperature marker tests (Dr..H. Appleton,
Virus Reference Laboratory, Collndale) The results of
both these tests were made available for this study.

’Lerge stocks of virus'strains were prepared in cell
1su1tures and were frozen in 1 ml.:aliquots at -70°C
tntil required, et which point they were rapidly thawed

.in a water bath at 37°C.
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2  Incubation, inoculation and harvest of eggs

2.1 Egg type, source and incubation prior to inoculation

.Fertile white Leghorn hens' eggs (Appleby{Farms, Kent)
were incubated at 37°C in a Hearson's egg incubator with
air circulatién and humidifier. Eggé were automatically
rotated through 90° every four hoﬁts for the first 11
. days of incﬁbation,,and thereafter transferred to another
incubator and maintained stationary.

2.2 Inoculation onto the CAM

After 11 days' incubatioﬁ eggs were removed from the
indubator and the CAMs were exposed by a modification of
- the false air sac teéhnique as aéscribed bvausby, House
-and MaéDonald (1964). The blunt end of the egg was
inserted into a cushioned hole in a black box equipped
"with é 60 watt bulb, so that the egg was illﬁminated.from
above (figure 2). At this time infertile eggs or eggs
’showingrsigns of embryo damage or death were discarded
and only healthy fertile eggs were used in‘this study?-
Embryos were judged as dead or unsuitable by the presence
.of a.stunﬁed embryo floatingvat the top of the egg fluids,
the presence of a distinct.bloqd clot in the sinus terminalis
| around the inside of the egg, or failure of the embryo to
respond to répeated light fapping of the egg with a pencil.
- The major blood vessels and the position of the air sac
at the blunt end of the eﬁg ﬁere marked on the shell
surface with a soft pencil and in a similar way a small
equilateral triangle approximately 5 mm. across was marked.
‘at the point where the membranes were to be exposed,
taking care to ensﬁie that the marked triangle avoided

rthe'major blood vessels. Shells were cut using a drill
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to candle eggs.  All surfaces painted matt

black to reduce reflections.

- 60 watt @ , . '
« cushioned hole

egg >

type 520 (Kavo, WesfiGérmaﬁy) fittedwith‘a dental end
piece (W and H, Aﬁstria), on which was mounted atdiémond'
impregnated éuttiﬁg wheel. The SPeed of the dfill was
controlled by means of a féoﬁ—opé;ated switch. A small
hole was opened in,thé air?sac,end 6f the egg after which
the small marked triéngle wés cut,.taking éafé_only to
_penetfate the Sheil and hot to damage the underlying shell
membrane . Eggs which had their CAMs damaged at this péint
aévshown by bleeding weré'discarded.l~The drilled area Was.
sméared‘lightly Witﬁ'a smali.amdunt‘of vaseline (Appendix
lfﬁtb trap loose egg‘sh¢11~dust from ‘the driiling process.
This was wiped off.with cbtton wbol-and the area of the
shéll was de—greésed_by wiping with cotton wool soaked in
methanol. Using the point of a sterilé'scalpél the shell
membrane.under the hole in‘the"air sac end of the egg'whs

pierced, and the small triangle‘of shell was removed by
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 gently lirting one ot the corners so preventing any or
vthé points of the triangle from piercing the underiying
shell and chorioallantoic membranes. The shell membrane
under the triangle was then pierced with a sterilé dis-
secting probe, ﬁhe tip of which was ground flat on one
edge to give greater control of the piercing action.
At this stage a drop of penicillinvstréptomycin broth
saline (PSBS) (Appendix l).was.placed oh,the exposéd shell
membrane, and with a 2 ml. laboratory_rubber teat negative
pressure was applied to the hole in the blunt end of the
egg. This resulted in the CAM parting from the shell
membrané under the cut out triangle and this was indicated
by the drop of PSBS disappearing through the hole in the
sheli membrane. The shell membrane was then peeled away
uéing sterile cﬁfved forceps and the CAM, which was then
élearly visiblé thfough the triangle, was examined for
‘damage; ‘The triangle and blunt end of the egg were sealed
with two inch,wide‘“Sellotape". The whoie process was
performed as rapidly and carefully as possible and eggs
were quickly returned to the incubator in order to minimise
heat loss which might cause embryo damage. When the eggs
had been re-incubated for a few hours and normal temperature
resuméd they were ready for inoculation with virus (plate 2).
The "Sellotape" covering the triangle cut in the shell |
v&as peeled back and 0.1 ml. virus inoculum introduced
~directly onto the CAM by pasteur pipette fitted with a
set volume automatic syringe. After resealing with the
“Sellotape" the eggs were gently rocked by hand from end
to ‘end, 51de to side and in a 01rcular motlon, keeping

- the dropped region of the CaM uppermost at all times.
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Egg after exposing the CAM. Labelled, sealed and incu-
bated ready for virus inoculation. (x2)
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-This was done to ensure even spreading of the inoculum
over the membrane. Eggs were réturned to the incubator
and maintained stationary.at 36°C with the inoculated
area of the CaAM facing upwards. |

~

2.3 Inoculation of the allantoic cavity

| Eggs were candled and selected as describéd earlier.
'A small area on one side of the egg was cleaned with
' methanol-soaked cQttoh wool,,allowéd to dry, and a small
hole was made in the shell in this area with a 26C half
inch neédle fitted to a 1 mi. sterile syringe containing
the virus inoculum. The needle was introduced four to
five mm. into the egg and a small amount of allantoic
fluid wasrwithdrawn into the syringe to ensure that the
tip of the needle was éorrectly sited in the allantoic
cavity. The allantoic fluid was then injected back into
the allantoic cavity together with 0.1 ml. of.the virus
inoculum. Aftér removihg the syringe the small hole was
seéled with:a piece of "Sellotaﬁe“.

-2.4 Remdval’of the CAM

A piece of doubled-over two inch "Sellotape" was fixed
to the.surface of the egg over the dropped region of the
CAM.  This formed a 'handle' for safe manipulation of
infected eggs and'using this handle the egg was held
horizontally in a harvesting tray and cut in half with
cﬁ;vedvscissors. The cut was along the long axis, starting
at[the small hole alréady drilled prior to inoculation
over the air sac aﬁ the blunt end of the egg (figure 3).
The selected region of the CAM was then left attached to
the upper half of the shell held by the "Sellotape" handle,

and the egg contents were left in the lower half of the
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Figure 3 Diagrammatic'representation of egg with

"Sellotape" handle in place

« "Sellotape" handle

§ <« cutting line

sheil in_theutfay; Afﬁer’éﬁy'piéCés 6f meﬁbrane holding

fhe fwé'halves of the,egg together had been cut away; the
CAM_was'carefully péelederom the éhell with curved forceps
and plaéed~in é six inch,glass petri dish. The CAM was
'carefﬁlly washedvin either PBS solution A (Appendix 1) or
cacodylate buffef (Appendix 2), spréad out on a glass élate,_
éxami@ed and-photégréphed with reflected flash light against

a black velvet background.

2.5 Serial passage of virus on the CAM

For passage, each harvested CAM washplaced in a 25 ml.
glass universal container with 10 ml. sterile distilled
water. Using a rotary-biade'griﬁder'fitted‘to the chtaiﬁer,
~ the qontents'were homdgenised for four minutes.' Grinders
with maceraﬁéd CAMé were then piaced at 4° for tén minutes
to allow aerosols an&vtissues to settle§ The contents |

were then~diluted'in*sterile distilled water and inoculated

- 45 -



~onto further CAMs. Details of those strains passaged in

eggs are given in Appendiva.
If CAMs were to be stored before processing, they were

placed directly into bijou bottles and stored at -70°%

~

‘without additives.

2.6 Collection of allantoic fluid

-Allantdié fluid was harvested at intervals of one to

six days after inoculation of the eggs using a syringe

. fitted with a fine gauge needle (26G, half inch) inserted

four to five mm. into the blunt endkof the egg (well away

from the inoculation site). Allantoic fluid was slowly

 withdrawn. Such fluid was withdrawn from eggs inoculated

on the CAM or directly into_the;ailantoic cavity. Harvests
were stored in 2.5 ml. capacity glass bottles at -70%
without additives. | |

2.7 Collection of amniotic fluid

After harvesting allantoic fluids and carefully cutting"

away the dropped region of the CAM with the shell still

“attached (as described in 2.4), the amniotic sac surrounding

‘the embryo was lifted carefully with blunt sterile forceps

and the amniotic fluid removed with a syringe. Harvests

were stored in 2.5 ml. capacity glass bottles at -70°%

without additives.

2.8 collection of embryos and individual organs

Embryo heart, gut and'brain were harvested at intervals
of one to six daYs after inoculation of the eggs. Great
careiwas taken to prevent cross-contamination from one area
of the egg to another. After allantoic fluids had been
harvested and eggs had been opened énd amniotic fluids

collected, the embryo was removed from the amniotic sac
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by carefully cutting the amniotic membranes so as to
prevent contact between the embryo and allantoic fluid.
The embryo was washed .free of amniotic fluid in three
changes éach of 150 ml. PBSksolution A and cut longitudi-
b, nally to expose ﬁhe heart wﬁich was removed together with
any heart blood. Samples of liver and intestine were
removed at this stage and pooled. The brain was aspirated
by syringe with a coarse gauge needle (18G, one inch)
inserted into the embrjonic head between the eyes after
~which hegative pressure was'applied. EmbryoAhérvests ‘
were stored in 2.5 ml. capacity glass bottles at -70%
without additives.

2.9 - Detection of virus in egg harvests

The presence of virus in harvested suspensions was
~demonstrated by inoculation of these onto further CAMs.
The CAMs were observed for the development of pocks three
or four dayé post-inoculatién. Uhdiiuted allantoic and
amniotic flﬁids were inoculated separately. Heart, brain
and -gut matefial were treated separately. Each was homo-
' genised in PSBS with a éyringe and.coarse’gauge needle
' (18G, one inch). Heart and gut were prepared as 40% (v/V)
suspensions in PSBS and brains were prepared as 20% (v/v)

suspensions in PSBS, and éll inocula were 0.1 ml. volumes .

3 Preparation, inoculation and harvest of cell cultures

Cell culture media are described in detail in Appendix

1. All fluids were warmed to 37°C in a water bath prior

to use.

The cell culturés used in this étudy were human embryo

lung (HEL) cells, a continuous line of green monkey kidngy

- 47 -



cells (Vero), HeLa cells, and a variety of primary egg
and chick embryo deri&ed celis. HEL or Ve?o cells were
‘used to paséage virus strains before egg inoculation

gnd to'perform vitus titrations, whilst HeLa cells were
used to check the infectiviEy of allantoic fluid harvests.
The primary cells were used in'growth studies.

3.1 Human embryo lung (HEL) cell cultures

HEL cell cultures were prepared by the method of
Hayflick and Moorhead (1961) whereby lungs from human
: embryoé two to five mohthsApost conception Wefe'removéd
and mipced under sterile conditions with scissors and -
foréeps. The résultant suspensiqn was washed three times
‘in PBS solution A by centrifugation at 500 r.p.m. for ten
1minut§s.in an MSE minor centrifuge, and the supernatants
~were removed by pipette and discarded. The fragments of
tissue remaining were transferred to a sterile glass‘v‘
univeréal:screw-capped bottle coﬂtaining a small sterile
teflon-coated magnet. To this was added 15 ml. of 0.2%
trYpsin in Hanks' Balanced Salt Solution (Hanks' BSS) and
the universal bottle was incubated on a slowly rotating
magnefic stirrer for five minutes atv36°C. The suspending
fluid was removed by pipette and discarded, leaving the
‘small tissue pieces in the bottle. To this was added a
further 15 ml. of fresh 0.2% trYpsin in Hanks' BSS and
the bottle re-incubated on the stirrer at 36°C for 20 :
‘minutes, after which time the cell suspension was removed
and centrifuged as described ébove. The supernatant was
discarded. This process waé repeated three or four times,
-the cell suspension being removed each time and replaced

‘with fresh trypsin solution. After centrifuging, the
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cell pellet was re-suspended in growth medium based on

Eagle's Minimal Essential Mediuﬁ (Eagle's MEM) containing

10% foetal calf serume(Appendix 1) and seeded into 4 oz.
medical ﬁlat‘bottles, each containing 10-15 ml. growth

3 cells per ml. Bottles were

medium;bat:a rate'ef”lb
‘inCubated_at 36°C for three or>fourvdays'at‘which time

‘the cell monolayers were confluent and ready for sub-
 culture.

‘The growth hedium was removed and the cell sheet washed
once with 10 ml. washing fluid which was discarded, and
then 10 ﬁl. of 0.2% trypsin in Hanks' BSS was added. This
was allowed to overlay the cell sheet for two or three -
minutes on the bench at room temperature. Then most of
the trypsin soiution ﬁas decanted leaving 0.25 - 0.5 ml.
_in the bottle, which was incubated for 15 minutes at 36°C
with occasional rotation. This ensured that.the trypsin
made good contact with the cell eheet. At this stage
bottles were examined under the low ?ower of an optical
microscope, to ensure that trypsinisation was taking place.
When the celle were released from the glass, 10 ml; Eagle's
MEM growth medium was added. The cell suspension was
thoroughly mixed by pipette, then seeded into fresh bottles
in the pr0portioh always of one into two. Eagle's MEM
growth medium was added to bring the total fluid to 10-15
‘ml. per 4 oz. bottle. Sub-culture in this manner was
performed every three and four days, until 14 sub-cultures
~had been done. At this stage the cells were considered
'to-be stable and suitable for virus inoculation or for
liguid nitrogen storage. For titration purposes one 4 oz.

medical flat bottle with a confluent monolayer yielded
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enougn CellsS TO Seea 4O tuDes (4 X 3 1ncn) each containing -
1 ml. of_medium."Whenlthe cell sheets in the tﬁbes were
confluent, the growth medium was repiaced with Eagle's MEM
maintenance medium and thebtubesbwere ready for inoculation.

3.2 . Vero cell cultures

Vero cells (Yasamura and Kawakita 1963), a continuousv
line of epithelioid celis originally derived frem the
kidneys of an'African green monkeyv(Cercopiﬁhecus aethiops) ,
, Qere grown on one side of’6'oz;,medical flat bottles. The
cells were sub—cultured weékly: cell sheets were washed
once with lO ml. washing fluid, then 10 ml. of trypsin-
versene mixﬁure was allowed to remain in contact with the
cell sheet for one minute at room temperature. The trypsin—
versene solution was diScerded and the bottles were left
drained at room temperature until the cells’begatho detach
from the glass. The cells were re-suspended in a growth
medium based on Synthetic Medium'199 (SM 199) containing
2% foetal calf serum (Appendix 1). One 6 oz. bottle ' |
provided enough cells to eeed six new 6 oz. bottles or

4 cells per ml.,

90 tubes (4 x % inch) at a rate of 5 x 10
and these were incubated.for five days at 36°% at which
time those bottles containing confluent cell monolayers
had the growth medium removed and replaced by SM 199

maintenance medium with 1% foetal calf serum. Tubes were

treated in the same way.

3.3 HelLa cell cultures » |

| ‘HeLa cells (Gey, Coffman and Kubicek 1952), a continuous
,1ine of epithelioid cells originally derived from a
cafcinoma of the cervix, were treated in a similar fashion

to Vero cell cultures with the exception that Eagle's MEM
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growth and maintenance media were used. One 6 oz. bottle
provided enough cells to seed three new 6 oz. bottles or
40_tubes (4 x % inch) at a‘rate of lOs‘cells per ml.

3.4 Chick embryd fibroblast cell‘cultures (CEFC)

Fertile hens' eggs were used after nine to eleven days'
incubétion for all egg and embryo derived cell cultures
and Eagle's'MEM media were used. |

Chick embryo fibrobiasts were prepéred according to
wthé~methbd of Waterson (1958). ~Embryos were extracted
from the eggs and the‘legs; wings and heads‘Qere discarded.
- The torsos Were'finely divided with scissdrs and forceps

mﬁnder aseptic technique and trypsinisation of tissue was
“done in the manner described for HEL cells. After primary
~ culture and one passage in medical flat bottles, cells
'were sub-cultured into tubes.

3.5 Chick embryo allantoic cell cultures (CEAC)

Eggs were cut in half along tﬁe long axis and‘the egg
contents removed; The two halves of the shell with the
adhering chorioallantoic and shell membranes were rinsed
three times with washing fluid to remove'ail traces of
‘egg contents;  The shell‘halves.with membranes attached
‘&ere placed in sterile pots with the membranes uppermost,
and 5 ml. of 0.2% trypsin in Hanks' BSS was added to the
_exposed allantoic layer of the CAMs. This released the
 'celis of the allantdis. To encourége cell detachment the
membranes were stroked occasionally ahd very carefully
with a smooth ended glass rod. After three or four
minutes atrroém temperature; the célls suspended.in
trypsin were removed by pipette and céntiifﬁged.és

described in 3.1. The cell pellet was re-suspended in
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at a rate of lO5 cells per ml. Aftervfoﬁf or five days'

~incubation at 36°C cell monolayers were confluent and
the growth medium was replaced with maintenance medium.
N

Cultures were used as primary cells.

3 6 Chick embryo brain cell cultures (CEBC)

.The_brains of chick embryos were aspirated by syringe
fitted with an 18G one ihchdneedle_iﬁserted between the
eyes. Brain materials harvested ffom numerous embrYos
were pooled and treated as in the preperatioh of HEL cell
cultures. Cell harvests were-re—Suspended in growth
medium\and seeded directly into 4 x % inch tubes, at a

> cellsrper ml. The cultures were then treated

‘rate of 10
" in the same way as CEAC cultures above.

3.7 Chick embryo CAM cell cultures (CECC)

Eggs were cut in half elong the long axis and the eég
contents removed. The CAMs were' removed as described in
2;4 and rinsed three ﬁimes in washing fluid to remove all
traces of egg contents. The CAMs were trypsinised as
deseribed fer HEL cell cultures. - Celi harvests were re-
suspended in growth medium, seeded dlrectly into 4.x %

inch tubes at a rate of 105 cells per ml. and subsequently

treated in the same way as CEBC cultures.

3.8 Storage of cells in liquid nitrogen

' Cells were stored for future use in a gas phase ligquid
nitrogen Linde flask (Union Carbide Company). Cell mono-
layers were trypsinised as described in 3.1 and the cells
: frem two 4 oz. medical flat bottles pooled, centrifuged
at 500 r.p.m. for ten minutes and re-suspended in 0.9 ml.

Eagle's MEM growth medium, and 0.1 ml. di-methyl sulphoxide
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‘WdS §LUWLY aqaeca as. a Cryo=protective agentc. rThese 41 m.L.‘
seed,pools Were'placed in hard glass ampoﬁles, heat-sealed
énd frozen sloﬁly at a temperature reduction rate'of'IOC
per mihute until below the critical point of -65°C

'(Nagington and Lawrenée 1962). To do this the ampoules

were placed in a hollow polystyrene plug‘in the open neck

of the liquid nitrogen Linde flask. Then the émpoulesv
vwereistored in clips in the gas phasé liquid nitrogen
flask. When the cells were required an ampdule was thawed
rapidly in a 37% watéf bath. The ampdﬁles were opened

by sﬁratching the neck with a diamond and héat—fracturing
them, éfter which the cell suspension was transferred to
a sterile screw-cépped bottle. bGrowth medium was added
dropwise to briné the toﬁal volume to 3«ml., the resultant
cell ;uspension was mixed and transferred to a 4 oé;

. medical flat bottle. The volume was made up to 10-15 ml.

with growth medium and bottlesvwére ready for sub-culturing

after three or four days' incubation at 36°C.

4 Virus assay methods

 Sefia1 tenfold dilutions of virus (O.lbml. volumes)
- prepared in sterile distilled water were inoculated into
each of four tubés of HEL éell cultures. The cultures
were examined for cytopaﬁhic effectslat thrée, four and
.seven days post-inoculation and the titre of infectious
virus was calculated by the method of Reed and Miinch (1938)

and expressed as TCD50 per 0.1 ml. of suspension.
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2 Growth studies on viruses

5.1 Assay of virus from CAMs inoculated with different

concentrations of virus

-2 -4

" 'Eggs were inoculated with 0.1 mi. of 10 or 10

‘dilutions of stock virus pools of HSV type 1 strain

5

22101/71 (3.0 x 10° TCD, per 0.1 ml.) and HSV type 2

strain 9889/70 (3.0 x 10%

TCDSO per 0.1 ml.) after these
had been stored at -70°c for five years (table 5).

]The CAMs were harvested exactly 72 and 144 hours post-
‘inoculation, in order to compare the productien~of
infectious virus in’ these tissues after inoculation with
the different amounts of virus of each type. One batch
of eggs was used for all tests with two eggs per dilution
of each strain for each time of harvest. Only the
exposed area of each membrane was harvested, measuring
about 30 mm. in dlameter. Harvests were stored at -70°C
- until experiments were completed,{at which point all
harvested membranes were thawed. Each was suspended in
10 ml. sterile distilled water and homogenised as des-
cribed in 2.9. Tenfold dilutions of these Suspehsiqns
ﬁere made in steriie distilled water and assayed for
infectious virus by inoculating 0.1 ml. volumes of
suspension into each of four tubes of HEL cellhcultures
per 0.1 mi. of inoculum was

50
calculated by the method of Reed and Minch (1938).

per dilution. The TCD

5.2 Growth of virus on CAMs incubated at high temperatures.
A total of 42 strains of HSV ﬁas used to study the

growth of the two virus types on CAMs at temperatures

above 36°C. Twenty-four strains of HSV type 1 and 18

strains of HSV type 2 were 1noculated onto CAMs and the
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eggs were incubated at 36 C, 38.5°C, 39°C and 39.5°C.
These temperatures Were’accurately’maintainéd in an
'incubatOr}(LaboratorY‘Thermal ﬁquipment) with air cir-
culation and regional;temperature differential;-‘

Prepared‘eggs were’fe—incubated at 36°C for a minimum
of six hours pre-inocuiation. Inoculated eggs were
immediately transferred to the region of the incubator
corréqunding to the temperature}uh@er study} Three

- -eggs were used for eéch strain at each temperature and'

all were incubated undistuibed for four days. 

The effect of the amount of virus in the inoculum on
the growth of HSV strains at temperatures above 36°C
was also examined with the HSV type 1 strain HIL and
the type 2 strains PAR and 17152/71. The ﬁsv type 1
strain HIL was studied over the témperature'range.at
dilutions of the stock pool in sterile distilled water

1l io 1074

4

from 10
2

, the HSV type 2 strain PAR at dilutions

of 10°“ and 10 ° of the stock virus pool, and the HSV.

type 2 strain 17152/71 at dilutions of 107~

and 107> of
' the stock virus pool. The pools of all strains were

examined undiluted.

5.3 Growth of virus in primary egg and chick embryo

derived cells

Primary egg and chick embryo derived cell cultures
were drained of maintenancefmediumvand cell counts were
performed (Paul 1965). Tubes were inoculated with 0.1 ml.
virﬁs suspension of HSV type 1 strain 22101/71 and HSVF
type 2 strain 9889/70 to give a mﬁltiplicity of 1 TCDg,
per cell (Géder et'aZ.’1973). Cultures were incubated at

room temperature for two hours to allow virus adsorption,
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L Ad el willi bl Lt Liliveudla woiLce LcuuwoveQ daila Thne cultures
were washed twice withvmaintenance medium (Figuéroa»and
'Rawls'1969). One ml. of maintenance medium was added
td each culture and the tubes weie incubated on a roller

~ apparatus at 36°C. At time intervals O to 200 hours post-
rinoculation three tubes of each of the three céll types
CEFC, CEBC and CECC, and one tube of the cell tfpe CEAC
were removed and iﬁmediatély frozen at -70%. After the
final samples were froéen all the‘tubes were thawed.
Identical harvests (cell type and time of harvest) were
pooled. Eaéh pool was assayed for infectious virué by
‘making seriai tenfold dilutions in distilled water and
0.1 ml. of each dilution was inocuiated»into each of four

 tubes of Vero cell cultures. These were incubated at
36°C and examined for cytopathic changes after three,
four and seven days. The infectious virus titre was

calculated by the method of Reed and Miinch (1938) and

expressed as TCD

50 Per 0.1 ml. of each of the harvested |

pools.

6 Electron microscopy

The reagents used for electron microscopy are described

in detail in Appendix 2.

. 6.1 Negative staining of virus preparations
B Negatively stained preparations of HSV were made by a
modification of the methods described by Horne and co-
workers (1959) and Wildy and colleagues (1960). After
-inocuiation with HSV, cell cultures were incubated at
36°C until 75 to 1003 of the cells demonstrated cytopathic

changes typical of HSV infections. Cells were scraped off
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the glass into the maintenance medium_with a silicone
rubber 'policeman' (glass rod with a small piece of
silicone tubing around thé tip). The suspension was
centrifuged at approximately l,OOO.g for ten minutes

-in a conicalvcentrifuge-tube, after which the fluid

was decahted and retainéd. The pellet was re-suspended

’ ih PBS solﬁtion‘A and re-centrifuged. The supernatant
was tipped_from the tube and the tube containing the
-cell pellét was allowed to drain onto absorbent tissue
for ‘about 20 minutes. Small samples of the cell pellet
.were rembved bf aspiration with a pasteur pipette and
 £he cells in these samples Were‘lysed in a drop of
distilled water on a microscope slide.'"The volume of
distilled water necessary was found to be fairly critical
to ensure even, clean preparations. Dilution was judged
by assessing the turbidity of the Lysate: this was
correct when, on progressive dilution, the 'ﬁilkiness'.
-appeared minimal when the Suspension>was held in the
capillary of a pasteur pipette and viewed againsf a

black tile background. Equal amounté of lyééd cellular
material énd phosphotungstic acid (PTA) 3% at pH 6.5
‘were mixed on a glass slide and a drop of the resultant
mixture was placed onto a formvar-carbon-coated grid
held in fine forceps. The mixture was-alloﬁed to remain
on the grié for about 10-15'seconds before beihg drained
off by touching the edge of the grid ﬁith a piece of
Whatman No. 1 filter paper. The rate at which the virus-
stain mixture drained from the grid into the filter paper
gavé an indication of ﬁhe suitability of the preparation.

Drops which appeared to run off the grid quickly usually
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had 1nsurricient material present, and those which appeared

to come off the grid very sluggishly were usually too thick

for examination. In addition 2.5 ml. of the cell culturé

- £luid retained from the first low speed centrifugation was
- centrifuged for one hour at 39,100 g. The supernatant was

~ decanted and the tube céntaining the pellet was allowed to

drain for 20 minutes in a glass container with absorbent

tissue beneath the tube. The pellet was re-suspended in

.approximately 0.05 ml. distilled water, mixed with an

‘equal volume of 0.05% bovine plasma albumin to ensure

even distribﬁtion of virus sﬁspension on the grid and
étained by mixing with an eqﬁal Qolume of 3% PTg.and
mounted on a grid as described previously.

Grids were examined and photographed in an AEI EM6B,
EM801 or Corinth 500 elecﬁron microscope at an acceierating
voltage of 60kV. using instrumental magnifications from
25,000 to 63,000. T |

6.2 Resin embedding and thin sectioning of CAMs

CAMs were harvested as described in 2.4 and rinsed

" three times in cacodylate buffer to remove all adhering

blood cells and egg materials. Whole membranes were
fixed in 3% glutaraldehyde in qacodylate buffer for 30
minutes and then rinéed thoroughly in ten changes of
cacodylate buffer for three or four minutes pei rinse to
remove all traces of.glutaraldehyde. Post-fixation was
effected with 1% osmium tetroxide (0504) in cacodylate
buffer for 25 minutes. The'mémbranes were then rinsed
twice in caéoleate puffer followed by a dehydration

proéedure of immersion for five minutes in each of 50%,

70%, 90% and 95% ethanol in cacodylate buffer. Dehydration
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OL LANS wdS completed Dy Two rinses oOor ten minutes each

in absolute ethanol. Ethanol wasvfemOVed by pipette and
ﬁhe CAMs rinsed twice in epoxy propane (propylene oxide)

- for ten minutes each'rinse. Atbndxstage in this procedure
~was any part of the specimen allowed to'drf. Resin-
infiltration was done by placing the.CAMs in a 2:1 mixture
. of epoxy propane and complete resin for one hour, and this
mixture was then'replaced by a 1:2 mixture of epoxy propane
and complete resin. CAMs were cut up at this stage:
vsegments approximately'one mm. square of normél'uninfected
CAMs and of infected CAMs containing pocks‘produced by

HSV were taken with a fresh scalpel blade for each CAM.
This was done with transmitted fluorescent illumination
from a light box énd a stereo microscopé at x20 magnifi-
caﬁion to ensure accurate removal of pocks from infected
CAMs. The small pieces of CAM tissue were then placgd in-
completevresin for one hour after wﬁich'the resin was
changed for fresh complete.resin which had been degassedb

- for 20 minutes in a vacuum désiccator. Tissue pieces were
allowed to remain in'the‘degéssed resin for one hour.
After.this they were removed and located either individually
in Reichert flat embedding blocks, each trough being filled
with.degassed complete resin, or five or six tissue pieces
were located in hollowed polypropylene discs, 50 mm. in
diameter and 5 mm. deep. These discs were topped up with
degassed compleée resin. Tissues were manipulated using
wooden swab sticks sharpened at one end to form a flexible
spétula whichVWas pre-treated by dipping in degassed
comélete reéin. These treated spatulas were placed at -

60°C for one hour prior to use to allow the resin end to
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dry and so prevent the introduction Or air bubbles around
£he'specimen.’ Blocks were labelled with 5 mm. squares of
hardened paper written on with a sharp hard pencil and
placed in the resin adjacent to the tissue. The embeddings
were polymerised in a GQOC oven for 24 hours. After
removal from the oveh, blocks Were left at reom temperature
forltwo or. three days to allow complete hafdening of the
resin prior to their removal from the moulds.

—.Resin mixtures were made by mixing the components listed
in Appendix 2 in a glass medical flat bottle-end shaking |
vigorously by hand for at least ten minutes. After
thorough mixing, aliquots of the resin were removed  for
use at the various etages in the procedure. When the resin
‘was required the acce%erator (DMP—BO) was added at the
appropriate concentration to the aliquot and the mixture
was shaken vigorously for three to five minutes. Embedding
of tissue was.done during one day, foliowed by 24‘hours'
polymerisation, the whole procedure beiné completed in
approximately 30 hours. |

" The embedding procedure and the times required are
summafised in table 4. |

Polymerised blocks were placed in the flat embedding
chuck of the Reichert OMU-2 ultra microtome, so as to
_ present a.cross-section of the three layers of the CAM
to the knife, and pyramidal faces were produced by hand
trimming using a fresh razor blade for each block (figure 4).
Block faces were finally trimmed with a glass knife. Fresh
-glass knives were made on the LKB knife maker and these
were equipped wi;h'e collecting trouéh-or boat made of

insulation tape sealed with dental wax.
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Table 4 Embedding of 'CAMs for electron microscopy

Procedure ~ Time
1 Wash in cacodylate buffer : 15 minutes

2  Fix in 3% glutaraldehyde in

cacodylate buffer 30 minutes

3 Wash in cacodylate buffer

" (ten changes) . . 30-40 minutes

4  Post-fix in 1% 0s0, in
cécodylate buffer . - 25 minutes
5 Wash .in cacodylate buffer 5 minutes

6 Dehydrate in ethanol series in

cacodylate buffer _ ' 20 minutes

7 Completé dehydration in absolute

ethanol "and epoxy propane . 40 minﬁtes

'8 Resin / epoxy propane mixtures 120 minutes

9 Resin (two changes) V 120 minutes
10 Poiymerisation of embeddings 24 hours
| | (at 60°C)
TOTAL TIME REQUIREﬁ | approximaﬁely 30 hours
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Uptical survey sections one micCron thick were cut using
the mechanical advéncé on ﬁhe.ultra microtome and these
Qere floated onto fresh glass-distilled water in tﬁe knife
.boat. These sections were collected from the boat using
an eyelash.attached to a wooden swab stick and placed in
-a drop of glass~distilled water on a slide. Sectioﬁé
 were tben dried down onto the s;ide at 60°c on}é hot plate
and left for a few minutes at this temperature to ensure
adhesion between the section and slide. Sections were
then- stairad at 60°C on thé.hOtplate for one minute‘using
either ;%'toluidine blue in 1% borax (modified from Trump
et al. l961)vor 0.1% azure II in 1% borax (Jeon 1965).

The stain was Qashed off with glass-distilled water and
thé sections allowed to dry; The slides were examined

énd‘photographed in the light microscope using x10, x25
and x40 objectives. | -

These stains were used for two réaéons: firstly, the
appearance of stained sections resembled u1tra thin sections
in the electron microscope, and secondly, great difficulty
was encountered in using other histological stains, és
these'would not penetrate the resin-embedded material.
Toluidine blue and azure II could only be used at pH values
approaching 11.Q'in borax solutions and temperatures of
60°C were required to allow penetration of the tissue by
the stainé.

Whén blocks had been apérbpriately trimmed, as ascer-
tained from the optical sections, ultra thin sectiqns were
.cut using the thermal advance on the ultra microtome and
using a Duont diamond knife filled with clean glass-

distilled water. The diamond knife edge was cleaned with
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. @ clean soft wooden tooth pick. Sections giving grey or

silver intérference colours (50;90 nm. in thickness) were

chosen. 1Individual sections and small ribbons were picked

~up on polybutene—coated copper grids (Appendix 2). Grids
~ were submerged in the boat and sections located above them

-with a mounted eyelash, then sections were removed by

lifting the grid out of the water. Grids with sections
on were blotted dry by touching the edge of the grid to

a piece of filter paper and then allowed to dry completely

in a-small glass petri dish on fluffless Whatman No. 50

filter paper for five to ten minutes.

Ultra thin sections were stained with 5% aqueous uranyl

acetate for 60 seconds by floating grids, sections down-

wafds, on a drop of stain placed on parafilm and covered
by a glass petri dish lid. Grids were removed and sections
washed thoroughly in a running stream of glaéstistilled
water using approximgtely 15 ml,nper grid, after which

they were blotted and allowed to dry. The grids were Fhen
held in fine forceps and a drop of lead citrate placed on
them for 20 seconds, after which they were washed as before
using‘approximately 25-30 ml. distilled water per grid. |
Grids were blotted and allowed to dry as before. Stain

was removed from the stock bottles using a fine pasﬁeur
pipette with the tip located about 5 mm. below the meniscﬁs
énd the first drop in the pipette was always discarded,

thus ensuring minimal stain deposit. The pasteur pipettes

- were freshly rinsed in glass-distilled water before use.

Thin sectioning was.performed under strictly dust free
conditions and-all materials coming into contact with

sections, knife or boat water were stringently cleaned
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ana rinsea unaer running glLdss—alistlillieqa water.
Sections were examined and photographed in an AEI EM8OL
or a Corinth 500 electron microscope, at an accelerating

voltage of 60kV., usingyvarious instrumental magnifications.

7 Photographic techniques

7.1 CAMs and embrvos

CAMs and embryos were photographed using flash light
illumination with a Micro Precision Products Technical
4 x-5 inch sheet film camefa loaded with Ektacolour type S
sheét colour negative film. Prints were'prepared by Mr.
J.R. Gibson, Photogféphic Department, Central Public Health

Laboratory, Colindale, on a DeVere 504 colour enlarger

" using Kodak Aktaprint 3 photographic paper and chemicals.

7.2 Optical sections

Optical sections were photographed with a Leitz Ortho-
plan photomiéroscoPe equipped with an Orthomat photographic
system at instrumental magnifications of x25, x62.5 and

x100. The film used was Kodak photomicrography 2483

' Ektachrome colour reversal film. Prints were prepared by

Mr. J.R. Gibson, using Cibachrome materials.

7.3. Electron micrographs

Electron micrographs We;e taken on 6.5 x 9 cm. Ilford

EM5 glass plates in an AEI EM 801 electron microscope or

on Ilford N7E50 70 mm. roll film in an AEI Corinth 500
electron microscoPe.i All négatives were developed in Kodak
D19 developer at half recommended strength, fixed in a one
piusbthree solution of Kodafix, and washed in running
filtered taé water for 30 m;nutes. ‘A-Durst A600 enlarger

equipped with a 105 mm. Schneider Componon lens was used

- 65 -



~

to prepare»printsAon‘Ilford resin-coated papers using the

Ilfospeed system.
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RE SULTS

1 Infectivity and purity of virus étock pools

The infectivity titres of the stock herpes siﬁplex»virus
pools are shown in table 5. These titres remaiﬁed constant
over a two year pefiod of storage at -70%c. After five
years' storage at -70°C the titre of the 22101/71 strain
of HSV type 1 was reduced by one log, whilst that of the
9889/70 strain of HSV type 2 was reduced by approkimately
two logs of infectivity.

| Stock virus pools were examined by electron ﬁicroscopy

6f negaﬁively stained preparations to exclude the presence
ofvany viral contaminanté. No other viruses were detected.

The possibility that pock formation on the CAM was due
tb bacterial contamina£ionvof the stock virus pools was
investigated by drop inoculation of the CAM homogenatgsAin
ste;ile PBS solution A onto sterile blood agar plates and
: intonterile nutrient broths. No bacterial growth was
observed. |

Of the HSV type 1 strains used, the laboratory adapted
strain WAL and the fresh isolate 22101/71 were negative
for myc0plasmés. Both the remaining laboratory strains
were found to contain my00p1asmas: the stock pool of the
strain HFEM had Mycoplaéma arginini and strain HIL had
Mycoplasma_hominis. None of the HSV type 2 strains nor
the ﬁEL cell cultures used to grow up the stock pools
had mycoplasmal contaminants. All teéts for the presence

of mycoplasma species were done by the MycoplasmavReference
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Laboratory,vCOlindale._'Due to the unknown effects of
mycoplasmas on the systems under study, those strains
free of mycoplasmas were selected for use in further

detailed studies.
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Table 5 Infectivity titres of stock pools of herpes

simplex virus

. Infectious virus titre¥*
‘ ‘ after after
Type Strain | Passage history storage storage
: : at -70°cC at -700cC
for 2 years |for 5 years
HIL high passage in 2.1 x 105 nt
cell culture v '
WAL , high passage in 4.7 x 106 nt
‘cell culture
1 | urem | multiple passage 5.6 x 10° nt
' in eggs, mice and
cell culture
122101/71 | 2 passes in cell | 3.2 x 10° | 3.0 x 10°
: culture (HEL)
Lov high passage in 3.2 x lO5 nt
cell culture ‘ .
PAR ‘ high passage in 3.2 x 106 - nt
, cell culture t
2 17152/71 | high passage in 2.1 % 10" nt
cell culture
9889/70 |2 passes in cell | 1.0 x 10% | 3.0 x 10"
culture (HEL)

* TCD per 0.1 ml. of stock virus pool inoculated into HEL
cell cultures : :

nt = not tested
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2 Gross effects of virus on CAM and embryo of fertile

hens' eggs following'CAM inoculation

Control uninoculated CAMs and embryos showed no lesions,
haembrrhages or death (plaﬁes 3 and 125). The gross
appearances of the chick embryos and the lesions induced
in the CAM folloﬁing inoculation of the dropped region
of the CAM with 0.1 ml. of HSV type 1 strain 22101/71 or
HSV type 2 strain 9889/70 are illustrated in plates 4a
-to 1llb and ;Zb, and tabulated in tables 6 and 7. Observa-
tions were made one to seven days after inoculétion.

One day after HSV type 1 inoculation tiny pin-point
lesions, less than 0.1 mm. in diameter, develoged_bn
the CAM. They were white and circular with a heaped—ﬁp

 appearance.’ The inoculation site often showed an
opalescént region as wéli as tiny pécks, patticularly

in those CAMs inocuiated with high concentrations of
virus (more than 104 TCD50 per 0.1 ml.). There was no
évidence of haemorrhage or necrosis in the CAM (plate. 4a).
The~embrjo appeared‘normal and indistinQuishable'from
controls. |

Two days after HSV type 1 inoculation the CAM lesions
appeared similar to those of day one, with the exception
that they were slightly larger, up to 0.5 mm. in diameter.
.The opalescént regions seen on day one in eggs inoculated
with high concentrations of virus developed into lesions
that consisted of pocks which had coalesced to form
confluent areas of virus infection. Pocks maintained
‘a superficial appearance and there was no‘evidence of
haemorrhagé or necrosis in fhe CAM.(plate 5a). Embryos

appeared normal and indistinguishable from controls.
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On the third day lesions were similar to those of day
two, measuring approximately_o.s mm. -in diameter, with a
bright, ¢risp appearance. They gave the impreséion of
being on the surface of the CAM rather than infecting it,
resembling small bacterial colonies. There was no evidence
of haemdrrhage or necrosis in the CAM (plate 65). The
- embryos appeared nprmél.

Four, five and six days post-inoculation the HSV type 1
lesions on the CAM were similar to those of day three and
usually measured up to 0.5 mm. in diameter, but on rare
occasions measured-up to 1.0 mm. in diameter. CAMs
inoculated with the higher concentrations of virus pro-
éuced‘confluent infections, Tiny‘secondary pocks of
approximately O.1 mm. in diameter often developed. There -
| was never any evidence of haemorrhage or necrosis»in the
‘ CAM'(plates 8a, 9a and 10a). Embryos appeared normal .
and'indistinguishable from controls.

Seven days after inoculation with HSV type 1, lesions.
frequently began to resolve and dry up, whilst £hose‘
pocks which were present were small, never larger than
1.0 mm. in diameter (plate lla).” As with shorter incu-

"bation periods, the embryos were normal.

On the first day after HSV type 2 inoculation small
iesions developed on the CAM and were usually in the
region of 0.1 mm. in diameter. They appeared off-white
or'éreamy in colour and were circular (plate 4b). Like
HSV type 1, high concentrations of HSV‘type 2 inoculated
onto CAMs produced an opaleécent aiea, but unlike HSV type 1

small haemorrhages of blood vessels frequently occurred.
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There was no evidence of necrosis in the CAM. Pocks
appeared to be somewhat less superficial than with HSV
type 1, though the lesions of either type of the virus
were difficult to differentiate at this stage. The
embryos appeared normal.

Two days after HSV type 2‘inoculation lesions oh the
CAM continued to develop and usually measured up to 1.0 mm.
iﬁ diameter. 1In heavily ihfected_m%mbranes showing con-
fluent lesions, haemorrhages Qccurred frequently, but no
necrosiS»was evident. Lesions had a slightly flatter
appearance and were more off-white in colour than the
HSV type 1, and they'seemed much less superficial
(plate 5b). CAMs inoculated with low doses of virus
showed no signs of‘haemorrhage and the'embryos under
these conditions appeared normal, whilst foilowing
inbculation of high doses of virus CAMs showed haemor-
rhages and Phe embryos were often haemorrhagic and
occasionally dead.

Three days after HSV type 2 inoculation CAM lesions
continued to increase in size and appeared to be deep-
seated in the membrane and frequently affected the
blood vessels. Haemorrhages were very common and lesions
with necrotic centres oftén occurred. Lesions were
normally flatter than those produced by HSV type 1 and
frequently measured up to 3.0 mm. in diameter (platéva).
Often membranes inoculated with high concentrations of
virﬁs showed signs of breakdown and degeneration across
the whole membrane and not only at sites of pocks
(plate 7). This breakdown was alwéys associated with,

and possibly secondary to, death of the embryo. . The
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embryo frequently showed signs of virusvinfeCtion and

this was always associatéd with the presencelof'haemor—

‘rhages in the CAM. Commonly occurring signs of infection

‘of the embrYo were: retardétion of émb:yonic develoément;
haembrrhage of the skin which showed as blotchy, reddened
areas often'spreading.to cover most of the embryo;

develo?ment of diffuse lesions on the cornea, and ulti-

métely embryo death. These manifestgtioﬁs were similar

from day thfee to day seven after CAM inoculation (plate 12b).

Fouf to seven days aftef HSV type 2 inoculation the
CAM lesions aépeared‘similar to those of day three but
gradually increased in size over the days.up to, 7.0 to
- 8.0 mm. or more in diameter. The frequency of haemorrhages
and necrotic lesions increased (plates 8b, 9b, 10b and 11b).
The effects noted on embryos resembled those observed at
day three with the exception that virus spread to the -
embryo was more common as shown by more frequent signs
of infection‘and death.

Oedematous swelling of the inoculatioﬁ si£e which -
 appeared as a jelly-like mass together with pocks occurred
equally when either virus type was inoculated onto the CAﬁ.
The frequency of this reaction reduced with prolonged

incubation.
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Normal CAM after 17 days' incubation, inoculated six
days previously with control cell culture 1lysate. (x2)
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a) CAM after 12 daysl incubation, inoculated one day pre-
viously with HSV type 1 strain 22101/71. (x2)

b) CAM after 12 days’ incubation, inoculated one day pre-
viously with HSV type 2 strain 9889/70. (x2)
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a) CAM after 13 days' incubation, inoculated two days
previously with HSV type 1 strain 22101/71. (x2)

b) CAM after 13 days' incubation, inoculated two days
previously with HSV type 2 strain 9889/70. (x2)

PLATE 5
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a) CAM after 14 days' incubation, inoculated three days
previously with HSV type 1 strain 22101/71. (x2)

b) CAM after 14 days' incubation, inoculated three days
previously with HSV type 2 strain 9889/70. (x2)
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CAM after 14 days' incubation, inoculated three days
previously with a high concentration of HSV type 2
strain 9889/70. (x2)

(Note haemorrhages and necrosis of pocks and membrane)
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a) CAM after 15 days' incubation, inoculated four days
previously with HSV type 1 strain 22101/71. (x2)

b) CAM after 15 days' incubation, inoculated four days
previously with HSV type 2 strain 9889/70_. (x2)
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a) CAM after 15 days' incubation, inoculated five days
previously with HSV type 1 strain 22101/71. (x2)

b) CAM after 16 days' incubation, inoculated five days
previously with HSV type 2 strain 9889/70. (x2)
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a) CAM after 17 days’ incubation, inoculated six days
previously with HSV type 1 strain 22101/71. (x2)

b) CAM after 17 days’ incubation, inoculated six days
previously with HSV type 2 strain 9889/70.. (x2 )
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CAM after 18 days’ incubation, inoculated seven days
previously with HSV type 1 strain 22101/71. (x2)

CAM after 18 days’ incubation, inoculated seven days
previously with HSV type 2 strain 9889 /7.0. (x2)
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a) Normal chick embryo after 17 days’ incubation. Equi-
valent to six days of inoculated eggs, (x1.2)

b) Infected chick embryos after 17 days’ incubation. The
CAMs from these eggs had been inoculated six days
previously with HSV type 2 strain 9889/70. (x1.2)

(Note haemorrhagic condition of embryos and corneal lesions)

_ g5 - PLATE



3 Yield of infectious virus from inoculated CAMS of

fertile hens' eggs

The twn strains used were the type 1 strain 22101/71
‘and thé type 2 strain 9889/70, both fresh isolates, each
of which had received only two passages in HEL‘cell
cultures, and had been stored at -70°¢C’ for five,yeafs
prior to use (table 5). CAMs weré inoculated with 0.1

2 4nd 1074

ml. of 10~ dilutions of the stock virus pools,
harvested and assayed for virus exactly three and six
- - days later by titration in HEL cell cultures ('Materials
and Methodé' section.5.l). Virus was released from the
CAMs as described in the 'Materials and Methods'
section 2.4. |

Prnduction~of infectiousivirus at three days after
"CAM inoculation appeared to be dose dependent. In the
case‘of the type 1 virus there was 1ittle evidence of
large scale viral replication unless a low virus
concentration inoculum was given (figure 5), but with
the ﬁype 2 étfain; replication of virus was observed
with both inoéula; although to a lesser degree with
the higher inoculum. The yield of infectious virus
at six days after CAM inoculation declined with both
virus types at high or low virus concentration inocula,
but was more evident for the type'i virﬁs.

Titres of infectious virus in harvests are detailed

in table 8.
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" Figure 5 Yield of infectious virus from CAMs 3 and 6 days post-

inoculation with different concentrations of virus

HSV 1 strain 22101/71 HSV 2 strain 9889/70
O——0 high conecn. *——e high concn.
- inoculum inoculum
-10?.. O===0 low concn. o=~ -0 low concn.
inoculum inoculum
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Table 8 Yield of infectious virus from CAMs <n sSitu

_HSV type 1 strain 22101/71

HSV type 2 strain 9889/70

All titres are expressed as TCD50 per 0.1 ml. as titrated
HEL cell cultures. '

Titre of Titre of Titre of |. = Titre of
infectious Days of infectious | infectious Days of infectious
virus in virus in virus in - virus in
~inoculum harvests  p.orvests* inoculum harvests harvests*

3 B SO 2 s SR
3.0 x 10" | Day 3 5.0 x 10 3.0 x 10 Day 3 3.0 x 10
Day 6 | 3.0 x 102 Day 6 | 3.0 x 10°
3.0 x 10 Day 3 1.0 x 10 3.0 Day 3 4.0 x 10
Day 6 | 2.0 x 101+ Day 6 | 3.0 x"10°
in

* titres are the average of the titrations of two CAM harvests

+ titre is the result of the titration of one CAM harvest -

the second harvest failed to yield infectious virus
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4 Virus growth on CAMs of fertile hens' eggs inoculated

at high temperatures

of the‘42 viruses examined in this experiment, 24 were
HSV type 1 and 18 were HSV type 2 strains. All strains
ex;mined produced type-specific pocks'and reactions on
the CAM of 11 day old fertile‘hens' eégs_(as des¢ribed
in section 2), when incubated at 36°C-v

Of the 24 HSV type 1 strains 12 weré laboratory adépted
strains and 12 were freshvisolates, When inoculated eggs
- were incubated at 38.5°C, nine of the 1éborat6ry strains
ahd three of the fresh isolates grew and proauced pocks on

the CAMs. The remaining three laboratory strains and nine

- fresh isolates failed to grow at incubation temperatures

of 38.5°C or highér. Of the nine laborétory strains which
grew ét 38.5% five also grew at 39°C and three at‘39;5°c;
whilst none of the fresh isolates\which'grew at 38.5°%
produced pocks on CAMS when incubated at 39°C or 39,5°C,
Six of the 18 HSV type 2 strains examined were labora-
tory strains and 12 were fresh isolates. Sixteen of the
type 2 strains tested grew on CAMs at 38.5°%, only the |
(laboréfory strains T514 and 2248 failing to grow at. the
higher temperature. The strain T514 producéd Ohly a
small number of pocks on CAMs incubated’at 3600, whilst
strain 2248, although itrproduced éemi—conflueﬁt pocks
 $t 36°C, failed to grow at temperatﬁres higher than this.
Three of the laboratory strains.which'greﬁ at 38.5°C also
grew at 39°C and two of these also grew at 39.5%. The
laboratory strain 3345, which did not grow at 39%, produced
only a small number of pocks on the CAM when incubated at

36%C or 38.5°C. OFf the 12 fresh isolates all grew at
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38.5°C, seven at 39‘C'end three at 39.,5°C. No strain
' WHich_grew atlany'giveh temperature failed to produce
pocks on CAMs at the lower temperatures. The control
eggs, inoculated on the CAM with control uﬁinoculated
cell culture fluids containing cell lysates, did not
induce pocks on the CAM when incﬁbated at any of the
four temperetures tested. These results are 1isted in
tables 9 and lo.
~Wheh expressed as percehtages these results show .
»iny.small differenees-beﬁween the laboretory'straiﬁs
of HSV type 1 and:type 2. vHowevef, with fresh isolates
major type-specific differences were observed: only 25%
of HSV type l'straihs induced pocks even at 38.5°C, and
none at.temperatures highef than this; in contrast, 1l00%
of HSV type 2 streins induced pock formation at 38.5%,
588 at 39°C, and 25% even at 39.5°C. These results are
~summarised in table 11. |
The laboratory strains HIL (HSV type 1) and PAR (HSV',

type 2) and the fresh isolate 17152/71 (HSV type 2):were
used to test whether the titre of the inoeulum influenced
subsequent growth.of virus. The infectious virus'titres
.of the undiluted stock pools eflthese'strains were 2.1

6 4

and 2.1 x 10° TCD er 0.1 ml. virus

x 10°, 3.2 x 10 5o P
inoculum respectively. ‘A1l strains grew at 36°C on CAMs,
producing pocks at’all dilutions studied, although as
expected a progressive dilution resulted in a decrease ‘

,in the'number-ef pecks produced on the CAM. The HSV-
type lvstrain HIL failed to grow and produce pocks on
CAMs at any of the elevated temperatures studied and at

1 4

any of the tenfold dilutions' examined from 107" to 10 .
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Table 9 Effect of temperature of incubation on growth of

HSV type 1 strains on CAMs

seratn | mecony | TgTRGRECND of dngghacion (70
10711/53 - lab. FEEE AR - -
1716 lab. FEEE O HHEE HEE -
Duffy | lab. FHEE S HE = -
M5 . -lab. | - HE L ¥
64179 . 1lab. FHHE HF - -
KIR lab. FHHE o FHEE S - -
HIL ~ lab. B - : -
HFEM . ~ lab. HEEE O+ + +
WAL o | 1lab. A‘++++' - 3’4 . -

| 5516 N lab. . +HEE +HE o+ -

| 1156 - _ lab. tHEE - - -
2913 lab. +¥++ FEEE +FF +HE
1065/71 £resh 4+ - o _
1067/71 | fresh tHEF bt - -
1068/71 fresh ++++ ‘++” - _ -
2330/71 © fresh ++++ ++++ - -
17962/71 fresh | ++#+ - - _
22101/71 | fresh ++++ - - -
7677/73 - | fresh T - - -
7747/73 fresh 4+ - : - -
2104 /74 fresh T - - -
8037/74 | fresh rEE - - -
8802/74 © | fresh 4t R
9892/74 fresh’ FHEF - - ' -

++++ = confluent growth of HSV on CAM

+++ = semi-confluent growth of HSV on CAM
++ = 100+ pocks produced by HSV on CAM
+ = <100 pocks produced by HSV on CAM

- = no growth of HSV on CAM
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Table 10 Effect of temperature of incubation on growth

of HSV type 2 strains on CAMs

serain | wievory | TRURGRERNRS of fngghevien (10
2219 lab. +++ FE+ +- +
T514 lab. + - - -
2248 lab. B T2 - - -
Lov. lab. | ##EE - HEEE S € 40
PAR lab. FEEE O bERE R -
3345 . lab. + T -
9889/70 fresh FEEE  EEE L +
24055/70° fresh +EEE - -
1066/71 fresh O bEFE bEEE S - -
17152771 fresh | ¥+  ++° + .- -
17189771 | fresh |  ++ - -
24061/71 fresh +HFE T FFEE -
TUHT /72 fresh +EE +EEE FE +
8087/72 - fresh +H+F 0 e -
9965/72 fresh O HERE - T a
10331/73 fresh s A ++ ++
294 /74 frésh SR £ +¥ S -
'10089/74 . | fresh +HE + - -

++++ ‘= confluent growth of HSV on CAM

+++ . = semi—confluénf growth of HSV on CAM

++ = 100+ pocks produced by HSV on CAM

+ = <100 pocks produced by HSV on CAM

- .= no growth of HSV on CAM |
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Both HSV type 2 strains PAR and 17152/71 grew on CAMs at
38.5°C at all dilutions examined. The PAR strain grew

on CAMs at 39°C when indculated undiluted, but failed to
grow at a dilution of>lo-4. The 17152/71 strain grew on
_CAMs at 39°C when inoculated undiluted or at a dilution

1,Abut failed to produce pocks when inoculated onto

of 10~
CAMs at 10”3 dilutions. Neither of the type 2 strains

grew on CAMs at 39.5°C at any dilution examined (table 12).
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Table 12 Effects of concentration of virus inoculum on

. growth of HSV types 1 and 2 on CAMs at elevated

temperatures
St i i i : .
strains v Dilution Temperature of incubation (OC)
(TCDs50 per of 36.0 38.5 39.0 39.5
0.1 ml.) . ‘inoculum * nC . : e .
HSV. type 1
HIL ' ~undiluted R - -
(2.1x10°) 107t +H++ . - - -
1072 |+ - - -
-3 A
10 ++ - - -
™ % - - -
HSV type 2
PAR . undiluted FEFE EE .+ -
(3.2x10°%) 1072 #+°  +  at -
107% ++ o - -
‘17152/71 undiluted +¥++ - ++ 0+ -
(2.1x10%) 107t +HE + + -
1073 ++ + - -

++++ = confluent growth of HSV on CAM

+++ = semi-confluent growth of HSV on CAM
++ = 100+ pocks produced by'HSV on CAM
+ = <100 pocks produced by HSV on CAM

- = no growth of HSV 6n CAM

nt = = not tested-
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5 Spread of infectious virus from the inoculated CAM

to other regions of the egg and embryo

The CAMs of two eggs were inoculated with strains of
HSV types 1 and 2, and the following different regions of
the'egg and embryo were harvested: CAM, allantoic fluid,
amniotic fluid, heart, gut, and brain. These harvests were
taken'uSing the precautionsvoutlined-in the 'Materials.and>'
Methods"sections 2.6 to 2.8 to prevent crossFCOntaminatioh,
_at’daiiy intervals from day'one,to ééy three and on day six.
~‘Harvésts f:om each egg were tésted for the preéence of
_infectious ﬁSV by passage of material onto the CAMs of
| two further eggs. This procedure was performeq at least
tWice fo; each strain and with some sfrains‘three or four
times, and gave identical résults unless stated'ofherwise .
in the text. |
Harvests made from éggs initially.inoculated with six
type 1 strains (HIL, WAL, HFEM,‘22101/71, 15694/72,
15811/72) révealed virus only in the CAM. All other .
: regionénof the eég harvestéd after inoculafion'of type 1
virus strains onto the CAM failed to yield pocks on
further passage in eggs, indicating that HSV type 1 hgd,
not spread beyond the CAM. Results were identical for
~all type 1 strains éxam%héd on all days tested, and are
sunmarised in table 13. | |
- In contrast,vall five type 2 strains tested (Lov, PAR,
9889/70, 17152/71, 15286/72) spread frqm the CAM to other
‘regions of the egg. Four of‘the five type 2 strains
examined for spread to the allantoic fiuid did so within
one day of CAM inoculation. The exception, strain 17152/71,

had however spread to the allantoic fluid by day two.
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- Table 13 Spread of HSV type 1 strains HIL, WAL, HFEM,

22101/71, 15694/72 aﬁa 15811/72 from the inoculated

CAM to other regions of the egg and embryo

: Recovery of infectious virus from
Harvests harvests
S il - ore -
tra;n te:;:isfor Day 1 i Day 2 i Day 3 Day 6
harvests |harvests |harvests |harvests
CAM + o+ o+ 4+
HIL ';' FLUIDS:
: )-| allantoic - - - -
WAL ) . e
) ) _amniotic - - - -
. : ) .
HEEM ) | EMBRYO:
) heart - - - -
. ) _ _ _ -
22101/71 )| 84t '
brain - - - -
| cam. + + + +
15691772 ) | FLUIDS:
) allantoic - - - -
). amniotic nt nt nt nt
and ) ‘ ' ,
| ; EMBRYO:
115811/72 ) | heart nt nt nt nt
gut nt nt nt nt
brain - - - -

+
"

herpesvifué recovered from harvests as indicated
pocks formed on the CAMs of eggs inoculated with

on CAMs of eggs inoculated with harvests

nt =

not tested

vf 97 -
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Spread to the amniotic fluid was achieved by day two after
CAM'inoculatioh with all four étrains examined.' Spread to
the héart, gut, and brain was accomplished by day:three
 with these strains except LOkahich spread to all regions
of the embryo tested within only‘two days anay9889/70,
which spread to £he heart by day two aﬁd to the gut and
brain by day three. Additionally, strain 15286/72 spread
’to the brain three days post CAM inqculation, All selected
parts of the embryo yielded virus and within the slight time
differences outlined above;-the results for all type 2
strains tested were identical, and are sﬁmmariégd in tables
14 and 15. |

A ﬁurther 4§'strains of HSV (24 type 1 and 25vtype 2)
were exaﬁined for‘spreadvof infectious Virué from £he CAM
of inqculated eggs to the allantoic fluid. Harvests of -
allantoic fluid coliected three days post-inécﬁlation were
tested_by passage onto either further CAMs which were »
examined for pock formation or into HeLévcell cultures
which were examined for HSV cytopathic effects. No virus
was detected in the allantoic fluid~harvests of eggs
inoculated onto the CAM with any of the laboratory strains
or the fresh isolates of HSV type’l.’ Of the 25 HSV type 2
strains tested four failed to grow on inoculated CAMs and
so allantoic fluid harvests of these were negative for |
Qirus growth. With the rémaining 21 strains the allantoic
fluid harvests<produCed pocks when inocﬁlated onto CAMs,
- or typical HSV cytopathic effects in HeLé cell cultures,'
'demonstrating spread of all the viéble HSV type 2 strains
from the CAM to the allantoic fluid. These results are

summarised in table 1l6.
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- Table 14 Spread of HSV type 2 laboratory strains LOV, PAR

and 17152/71 from the inoculated CAM to other

regions of the egg and embryo

Recovery of infectious virus from
- - harvests )
Day 1 [ Day 2 . Day 3 . ] Day 6 -
harvests |harvests |harvests |harvests

Harvests
Strain | tested for
: " virus

cAM 4 o |+
FLUIDS: ' |
allantoic | + + +
amniotic - -
EMBRYO :

heart -

LoV

gut - + } + -

brain L.

CAM N + + |+
FLUIDS: |
allantoic +
_ amniotic '_ -
PAR EMBRYO:
heart - , -
gut - ' -

brain - -

CAM + + + St
FLUIDS: | |
allantoic -
amniotic ,’-
EMBRYO:

heart - 1 = .-

17152/71

gut - -

brain - -

herpesvifus recovered from harvests as indicated by
pocks formed on the CAMs of eggs inoculated with harvests

+ .
n

herpesvirus not recovered from harvests, no pocks formed
on CAMs of eggs inoculated with harvests
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. Table 15 Spread of HSV type 2 fresh isolates 9889/70

‘and 15286/72 from the inoculated CAM to other

~regions of the egg and embryo

Recovery of infectious virus from
‘Harvests - harvests _
Strain | tested for Day 1 | Day 2 TDay 3 Toay 6
: - -virus harvests | harvests}tharvests|harvests
CAM + + . + . +
FLUIDS: , . o -
allantoic: + :
N amniotic -
9889/70

EMBRYO:

heart C= +

gut - -

brain - -
CAM + - + ’ + +
FLUIDS: ,
allantoic + + S +
amniotic nt : nt nt nt

15286/72 :

EMBRYO:

heart nt. nt nt nt
gut : nt nt nt nt
brain - - IR I S +

+ = herpesvirus recqveréd from harvests as indicated by
pocks formed on the CAMs of eggs inoculated with harvests

herpesvirus not recovered from harvests, no pocks formed
on CAMs of eggs inoculated with harvests.

nt not tested
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Table 16 Spread of HSV strains from the inoculated CAM

into the allantoic~cavity'

Virus recovered

Virus recovered

HSV type 1 | from allantoic HSV type 2 | from allantoic
fluid ' fluid
strains (Day 8 harvests) strains (Day 3 harvests)
‘inoculated | Harvests checked | inoculated | Harvests checked
by by
onto CAMs CAM HeLa CC onto CAMs CAM HeLa CC
’ ‘ inocn. inocn. ' | inocn. inocn.
10711/53 'L - 25766 - L +
Candeias L - 2248 - L ‘ +
61446 L - | T514%* L -
Duffy L - 2219*% L -
M5 L - 3345% L -
64179 L - 669/67% F -
5516 L - . HSV2/69 F . +
2913 L - 5502/69 F + '
409 F - 24055/70 F +
24126/70 F - 1066/71 F +
1067/71 F - 17189/71 F +
1068/71 F - 24061/71 F +
2330/71 F - 2304/72  F +
17599/71 F - 7447/72 F +
17962/71 F - 8087/72 F +
14958/72 F - 9965/72 T +
15815/72 F - 12260/72 F +
20860/72 F - i8u64/72 F +
7677/73 F - 19630/72 F +
7747/73 F - 10331/73 F + -
2104/74 - F - 20661/73 | +
8037/74 F - 204/74 - F +
9892/74 F - 11699/74 F +
2160/75 F - 10089/74 F +
15031/74 F + -
L = laboratory passaged strain
"F = fresh isolate _
* = no growth on CAM, i.e. original material not viable
.+ '= herpesvirus recovered from harvests as indicated by

pocks formed on the CAMs of eggs inoculated with
harvests, or by typical HSV cytopathic effects in
HelLa cell cultures :

herpesvirus not recovered from harvests, no pocks

formed on CAMs of eggs inoculated with harvests, or
no cytopathic effects in HelLa cell cultures
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Following inoculation of CAMs with HSV type 1 strain
22101/71 and HSV tYpe 2 strain §889/7O embryos were
removed after six days. Embryos from eggs inoculated
with the type 1 strain showed no gross signs of virus
'infection, whilst those from eggs inocﬁlated with the
type 2 strain showed signs of extensive virus infection,“
similar to thosé described in sectioﬁ 2 (table 7, plate
v12b).‘ Whole embryos were rinsed in three changes of
mlsovml. PBSvsoluﬁion A, to remove’contaminating amnibtic
fluid,fand the eyes were scfapedeith a scalpel. The
eyes of-embryos from eggs which had been inoculated with
the type 1 strain showed no signs of virus infection and
appéa;ed similar to those of uninoculated controls (plate
12a). The eyes of embryos from éggs which had been
inoculated with the type 2 strain showed extensive éigns
of virus infection: the cornea had become cloﬁded with
virus lesions'and small haemorrhages (plate 12b). The

eye scrapings were re-suspended in 5 ml. PSBS and frozen
at -70°C and thaﬁed at 37% to>lyse potentially infected
cells. The resultant fluid was inoculated onto further
CAMs of eggs. Scrapings from embryo eyes harvested from
eggs ‘inoculated with the HSV type 1 strain yielded no
virus, whilst those harveéted from eggs inoculated with
the HSV type 2 strain yielded virus»which produced
typical HSV tyée[Z.pocks‘ These reéults were identical
when repeated using two inoculated eggs per strain £o

hérvest eye materiél and two eggs to test each harvest.
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5.1 Effect of concentration of virus inoculum on

subsequent invasiveness within the eqq

Using 0.1 ml. inocula of undiluted stock HSV poéls
(table 5) all HSV type 2 strains spread rapidly tb the
embryo (tables 14 and 15). Similar results were‘obtained

when ‘the HSV type 2 strain 9889/70 pool was diluted 107t

to 1074

, although progressive dilution resulted in delayed
spread to the embryo. Spread to the allantoic fluid
occurred within one day when the stock virus strain was

2 and 1073 dilutions delayed

used diluted 101, whilst 10~
the spread, virus notAappearingbin the allantoic fluid
until after two days. The rate of spread of virusvfo |
the embryo brain was uhaffected by such dilutions:

1

inoculation of 10~ to 1073 Qilutions was followed by

repeated recovery of virﬁs from the brain on the third
day after CAM inoculation. But inoculation of a 10
dilution of the virus was followed by spread of the virus
to the aliantoic fluid after a‘delaylof three days, and
to the embryo-brain after six.days.. When even higher
dilutions of the stock virus pool were inoculated onto
the CAM so that inocula contained iny 5-20 pock forming
units, no haemorrhages of the CAMs were observed and

no virus was recévered from the embryo. Under these
conditions embryos hatched'normélly. These tests weré
péfformed twice-using a minimum of two eggs for each
dilution of virus. Each harvest of allantoic fluid and

- embryo brain was treated‘separately and each was inocu-
lated onto the CAMs of at least two eggs to check for

the presence,of virus. These results are summarised in

table 17.
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Table 17 Effect of virus concentration of inoculum on rate

of spread of HSV type 2 strain 9889/70 from the

inoculated CAM to other regions of the egg and embryo

Virus recovered | Virus recovered
Inoculum from allantoic from embryo
: fluid harvests brain harvests
Dilution of
stock pool Pocks on ' ~
(titre = 1.0 inoculated Diys ;f hzrve:ﬁ DiYS Zf hgrvezt
x 10° TCDgg CAM _ o
/ 0.1 ml.)
undiluted confluent + + + + - - - +  +
10—1‘ "confluent + -+ + + - -+ +
-2 .
10 semi- , _ -
’ : confluent + + + + +
1078 semi- |
confluent - + + + - - + +
. -y ‘ . :
10 >100 B - - + + - - - .+
107° 50 | - - %+ - o - -
107° ; 3 - - - - - - - -

+ .= HSV recovered from harvests as indicated by pocks formed
on the CAMs of eggs inoculated with harvests

- = HSV not recovered from harvests, no pocks formed on CAMs
"of eggs inoculated with harvests
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Spread of .type 1 virus beyond the CAM was never
demonstrated even when the stock virus pools were used
undiluted (table 13). ;The titres of type 1 virus in
these pools were comparable with those of the type 2
virus pools (table 5). | | |

Some one day 0ld chicks which hatched from eggs after
caM 1noculatlon with HSV type 2 strain 9889/70 at dllutlons

of 10™° -6

and 10 ° were bled by heart puncture. There was no
virus present in the blood which was checkedvby inoculation

onto further CAMs.

5.2 Effect of multiple egg passage of virus strains

on subsequent invasiveness within the eqg

Herpes simplex virus type 1 strains HFEM'and 22101/71
and HSV type 2 strain LOvaere tested for spread from the
CAM after 12 and 24 serial egg passages. HSV type 1 strain
HFEM and HSV type 2 strain LOV were further tested‘after
36 serial egg passages (tables 18 and 19). Following 12
serial egg péssagés the nature and rate of spread of the-
virus from the inocﬁla_ted CAM with the three strains tested
-were ‘unaffected, compared with the stock pools: neither
type 1 strain spread beyohd the CAM by thé sixth day post
CAM inoculation and the tyée 2 strain spread és usual to
the allantoic_fluid after one day and to the embryo brain
~on the third day. Following 24 serial egg passages the
éype 1 strain HFEM spread to the allantoic fluid in some
three day harvests andbiﬁ a;l four, five and six day
harvests, but had not spread to the embryo brain after
six days, whilst the type 1 strain 22101/71 had spreéd
into the allantoic fluid four days post CAM inoculation,

but had not spread to.the brain of the embryo after six days.
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_Table 18 Effect of multiple serial CAM passage on spread

regions of ﬁhe egg and embryo

of HSV type 1 from the inoculated CAM to other

Strains Harvests . Days of harvest
2 '3 4 5
HFEM CAM pass 12}allantoic fluid L - - nt at
' brain - - nt nt
CAM. pass 24 |allantoic fluid -t/ o+ o+
brain - - - -
CAM pass 36 |allantoic fluid - - nt nt-
o brain - - nt nt
22101/71|CAM pass 12|allantoic fluid - - ‘nt nt
brain ' - - nt “nt
CAM pass 24 allantoic fluid - - '+: +
brain - - - -
+ = HSV recovered from harvests as indicated by pocks formed

on the CAMs of eggs inoculated with harvests

of eggs inoculated w1th harvests

nt

not tested
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Table 19 - Effect of multiple serial CAM passage on spread

..of HSV Eype 2 from the inoculated CAM to other

regions of the egg and embryo

Strain  'Harvests Days of harvest .
1 2 3 4 5 6
LOV | CAM pass 12 | allantoic fluid o+ + + nt nt
brain , ' - - 4+ -nt - nt
CAM pass 24 | allantoic fluid + +F o+ +
brain + '
CAM pass 36 allantoic fluid "+ + -+ 1nt nt
brain -~ +  + nt nt
+ = HSV reéovered from harvests as indicated by pocks formed

on the CAMs of eggs inoculated with harvests

- = HSV ndt‘recovered from harvests; no pocks formed on CAMs
of eggs inoculated with harvests :

- nt not tested
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AIter <4 serlal egg passages the type Z strain LOV spread
more rapidly to the organs of the embrye compared with the
stock pool and the 12 CAM-passaged inocula, appearing in
-both the‘allantoic fluid and embryo brain only one day
after CAM inoculation. Following 36 serlal egg passages
the type 1 strain HFEM spread to the allantoic fluld after
six days (harvests taken four and flve days post CAM
,1nocu1atlon were not available for testing), whilst the
thpevz strain Lov appearedfin the allantoic finid after
one day and in the embryo brain after two days. This
spread a little‘mere slowly than the CAM pass 24 material

but stillimore rapidly than the stock pool and the CAM
pass‘12 inocula. The HSV type 1 strain HFEM was passaged
on CAMs np to pass_level 24 on two separate occasions.

Testsion both HFEM CAM pass 12 strains were identical.
With the two HFEM CAM pass 24 strains, one spread to the
allantoic fluid from the CAM by day three, Whilst the'
other'required four days (see Appendix 3 for passage
-details5. All these tests were performed twice using
two‘eggsvper test with the exeeption of thetCAM pass'36
Amaterial which was examined once using two eggs per test;
All harvests were made separateiy and tested separately
on'the CAMs of at least two eggs per harvest.

The type specificity of the apparent aberrant CAM

.pass 24 of the HSV type 1 strain HFEM was investigated.

A total of eight pocks.was picked individually from CAMs
which had been inoculated four and seven days previously
with strain HFEM CAM pass 24, and these materials were
~inocnlated individually into HEL cell cultures and incu-

‘bated for three days. The cytopathic effects produced
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- were typical of HSV type 1 strains, i.e. cytoplasmic

: granulation of cells which_becamekrounded and refractile,

either lysing or falling off the glass. Harvests from

these infected cultufes were then inoculated back onto

'CAMs of 11 day old eggs and incubated for five to seven

days.ﬂ The resultantbpocks formed were small (< 1.0 mm.

in diameter) and the membranes showed no‘signs of haemor-
rhage or necrosis, i.e. they were typical Qf type 1 pocks.
Eighteen pocks wéfe picked individuaily from these membranes
seven days post-inoculation»and inoculated back into further
HEL cell cultures which Were,incﬁbated for three days,

éfter which the cell‘culture harvests were again inoculated :
onto }l'day CAMs and inéubated for seven days to check’

for size 6f pocks. Of the 18 pocks origihally picked off,
one gave»rise on one CAMJto a pock slightly larger than |
all the'others,vmeasuring approximately 2.5 mm. in diameter.
The rest-of the pbcks on this and all other membranés Were
typicélly small; This larger pock was picked off, inocu-
lated into HEL cell cultures and incubated at 36°C for

three days. The cell culture harvest was inoculated onto

.furthér CAMs of 11 day old eggs to check if large pock

formation would recur, indicating selection of a true
variant. The resultant pocks were examined after seven

days' incubation and all were small (< 1.0 mm. in diameter)

 and resembled those of HSV type 1 strains as described in

section 2, and there Was no haemorrhage or necrosis of
the membrane. Following this, HFEM CAM pass 24 was
considered a true HSV type 1 strain, and the large pock

was thought to-beAa coalescence of two or more small pocks.
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6 . Spread of infectious virus from the inoculated ellantoic

cavity to other regiohs of the egg and embryo:
It was ebserved.that'when harvesting HSV inoculated
‘Aeggs, which exhibited CAMs with holee through the membrane
into the ailantoic fluid, the embryos were always alive
iand had no haemerrhages.. Under these conditions very few -
vor no pocks were present on the damaged membrane. This
| was the case whether ‘the CAM had been 1noculated with HSV
mtype 1 or HSV type 2 strains. Virus had'not”spread to the
embryo even though Virﬁsvwas in effect inoculeted into the
'Wdallanteic fluid. } YAV
Following ineculation-of either HSV type 1 or type 2
stralns dlrectly into the allant01c fluld, no virus was
: recovered from the embryo brain harvested one, two, three
and 51xﬂdays post—lnoculatlon. 'Furthermore, the,amount
of virus recovered from the allantoic‘flﬁid, as judged ‘
by the number of pocks produced on further CAMs, slowly
declined. The results were similar for fresh isolates |
~and laboratdry adapted strains as well as for egg adapted
strains within each virus type, although the decline was
somewhet less pronounced with the egg adapted strains
(tables 20 and 21). These tests for each virus were
.carried out on two eggs for the allantoic cavity inocula-
tion, and the CAMs of twohfurther eggs were used to test

each fluid harvest.
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Table 20 Persistence and spread of strains of HSV type 1

after inqculation into allantoic fluid of

fertile eggs

 Virus recovered from Virus recovered from
T ' allantoic fluid harvests brain harvests
noculum _

Days of harvests Days of harvests
1 2 3 6 1 2, 3 6
Stock
pools v
WAL +HE+ | HE ++ - -l - - -
22101/71 | ++++ |+t | ++E | - - - - -
HFEM +++ + - - - - | - -
Passaged
pools

HEEM CAM 1 idt | +++ + - - - - -
pass 12 :
HEEM CAM + +++ |+ nt - - - nt
pass 24 :
++++ = confluent growth of HSV on CAM
+++ = semi-confluent growth of HSV on CAM
++ = 100+ pocks produced by HSV on CAM
+ = <100 pocks produced by HSV on CAM
- = no growth of HSV on CAM .
nt = not tested '
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Table 21 Persistence and spread of strains of HSV type 2

after inoculation into allantoic fluid of

fertile eggs

Virus recovered from - Virus.recbvered from
Inoculum allantoic fluid harvests brain harvests
- ' Days of harvests - " Days of harvests
1 2 3 6 - 1 2. 3 6 -
Stock
Eools
PAR = e A T T T B N - -
9889/70 ++++ +++F | F++ - - - - |-
LOV B IR I - - - | - -
Passaged
Eools
L§Zs§A¥2} T R s R T - - |- -
LnggAgu +HE | +F | HEF nt - - |- nt

confluent growth of HSV on CAM

+HE+ =

+++ = semi-confluent growth of HSV on CAM
++ = 100+ pocks produced by HSV on CAM
4+ = <100 pocks produced by HSV on CAM
- ='no growth of HSV on CAM

nt = not tested
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7 Yield of infectious v1rus from 1noculated cell cultures

derlved from eqqg and embryo tissues

Details of_preparatlon, inoculation and extf;ction of
virus from these cell culturés are described in the
fMatefials and Methods' sections 3.4 to 3.7.

After inoculation of the HSV. types 1 or 2 strains into .
chick embryo fibroblast cell (CEFC) cultures, type-specific
cytopathic changes were observed. The type 1 strain induced
'cells to round up in tight groups, wﬁilst~the type 2 strain
dcaused cells to swell and round up in loose groups with
giant cell productlon a common feature. Cell cultures
. rapidly degenerated and became detached from the glass.

The growth cur&es of the two strains in CEFC cultures
were similar (figure 6). The type 1 strain reached the
highest titre of 3.0 x lOs TCDy, per O.1 ml. of harvest
at 30 hours post infectionvand this level of infectivity
‘'was maintained until 54 hours after which time titres slowly
decredsed. ﬁith the type 2 strain, the highesﬁ titre Qf-

5 o

1.0 x 10 50

"post infection and was maintained for three hours before

per 0.1 ml. of harvest was realised 27 hours

decreasing over the rest of the study period at a more rapid
rate than the type i strain. No infectious virus was
‘observed 200 hours pdst infection with either virus strain.

- At this stage no cells’were attached td the gléss. Details

of titres are listed in.Appendix 4.

The chick embryo allantoic cell (CEAC) cultures consisted
of a mixture of epithelioid and fibroblastic cells. The
cytopathic effects produced in these cultures following

inoculation of the strains of each virus type were similar
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to those described for CEFC cultures.

With the type 1 strain the highest titre of 3.0 x 107
‘TCDSO per 0.1 ml. of harvest was obtained four hours post
infection and was maintéined for 11 hours, after which
titres decreased rapidly over the périod examined. Thev

type 2 strain attained the highest titre of 4.0 x 102 TCD

50
Perlo.l ml. of haryest'at 15 and 18 hours after>infection
of the cultures. These titres were maintainéd until 91

- hours post infection before slowly decreasing. No infec-
tious virus was observed at 195 hours post inféction with
either virus strain (figure 7). At this stage no cells

. were attached to the glass. ‘Details of titres are listed

in Appendix 4.

The cultures of chick embryo brain cells (CEBC) showed
the greatest variation of all the tissués examined. There
were three cell types present: epithelibid, fibroblastic
and néuronal; The epithelioid cells occurred in small.
clumps and these formed about 10% of the cells in the
"cultures, fibroblast cells about 40% and the rest consisted
of clumps of flat granular‘célls,‘each of which had a long
straiéht cytoplasmic projection more than twice the cell
length, and looked like neuronal cells. The cytopathic
. changes induced by inoculation of the type 1 or type 2
virus strains into these.cell cultufes were similar to
those described for CEFC cultures, with the exception that
thelfype 1 strain caused less cell destruction. With both
strains the fibroblastic cells degenerated more rapidly
than the epithelioid cells and the neuronal cell extensions

developed refractile nodules before detaching from thevglass.

- 115 -



INFECTIOUS TITRE

TCDgg per 0:-1 ml.

cell cultures (CEAC)

HSV 1 strain HSV 2 strain
22101/71 o 9889/70
5
10—
4
10 —
3
10 -
2
10
;
10 —
d1
] | | 1 1 I I | ] | AN
0 10 20 30 40 50 60 70 80 90 100 195

HOURS
- 116 -



 The shape of the growth curves was similar for'the_
stralns of both virus types in these cells, ‘but titres
were con51stently hlgher w1th the type 1 strain. Pro- //
duction of 1nfect10us virus was 1n1t1ated more rapidly
with the type 1 virus strain than with the type 2. The
highest titres were obtained at 21'houfsvafter infection.

5 4

These titres were 5.0 x 10~ and 4.0 x 10° TCD.. per O.l

' 50
ml. of harvest for the type 1 and type 2 strains respec-
tively (figure 8). ©No infectious virus was detected at
195 hours post infection with either virus type}and at

this stage no cells were attached to the glass. Details

- of titres are listed in Appendix 4.

The chick embryo CAM cell (CECC) Cuitures_consisted'
of fibroblasts with occasional small clumps of epithelioid
cells intermixed. The cytopathic changes produced by
1noculat10n w1th virus of each type were similar to those
descrlbed for CEFC cultures. As with CEBC cultures, the
type 1 strain caused less severe cytopathic changes than
‘the type 2 strain which affected the entire cell‘sheet
within 36-48 hours after inoculation. Seven days post
inoculation (with a culture medium change at four days)
the amount of cell destruction remained between 25-50%

: Qf the cell sheet with the type 1 strain. |
" For the type»l strain the maximﬁm titre of 2.0 x lO3
per 0.1 mi. of harvest was obtained four hours post

CDgq
infection, after which titres declined and remained at

2

3.0 x 10™ TCD per 0.1 ml. of harvestvuntil 51 hours

50
post culture infection. Titres of infectious virus

declined rapidly from 51 to 96 hours. The type 2 strain .
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‘attained the greatest titre of 3.0 x 10% TCD., per 0.1
ml. of harvest at 21 hours post infection, and titres

declined slowly thereafter reaching 1.0 x 102

TCD50 per
0.1 ml. of harvest at 96 hours post infection (figure 9).
No infectious virus was detectable in cﬁltures\at_195
hours .post infection with either virus strain. At this

stage no cells were attached to the glass. Details of

titres are given in Appendix 4.

N
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8 Structure of normal and inoculated CAMs by optical

microscopy

The CAMs embedded in resin and cut in éections one
micron thick were stained at 60°C with azure II or
toluidine blue in borax solution (Appeﬁdix 2). The choice
of stains was limited by the resin embeading material and
bsuch stains as‘haematbxylin and eosin which would normally
show herpesvirus inclusions extremely:well could not be
used with this resin. Rémoval of resin in either alcoholic
potassium hydroxide or xyléne followed by stéining also

proved unsatisfactory.’

of

8.1 Normal CAM

Seqtions'of.uninfected CAM were éxamined at daily
vintervals‘from ll‘to 18 days!of incubation, intervals which
were‘equivalent'to 0 to 7 days éfter_virus inoculation'oﬁ
11 day old éggs in infection experiments. |

The CAM consisted 6f three clearly distinguishable
_ layers:-the_chdrion or ectoderm which was the layer nearest
the shell, the mesoderm, and the allantois or endoderm
‘which bordered the allantoic cavity (plate 13a,b,c). All
the layers were in direct contact with each other and the
chorion was closely connected to the overlying shell |
membrane. The shell memb;ane, which remainedAbasically.
unaltered throughout the incubation period studied,
consisted of densely staining material_which appeared
globular in form showing little or no structure.

At 11 days the chorion consisted of tw§ or more layers
,65 flattened cells with prominent chorionic blood sinuses
'in’ the upper part~of"the chorion beldw the shell membrane.

The appearance of the layer Qas suggestive oﬁ_stratified
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'squamous'epithelium.‘ With continued incubation changes

in the chorion were minoflbut includedvan increase in the
number of cells prééent and an apparent flattening of .
-Vthese célls. The cells in the upper part of the chorion,
and particula:ly’their nuclei, stained more densely than
those cells deeper in the layer. After the preparation
of an artificial air sac with sepafation of ‘the CAM from
the shell'membrane, the choribnic blood sinuses in this
area underwént degenerative changes but with very littlev
appérent damage to underlying cells. .’ :

The mesoderm, whiéh cohsisted'largely of intercellular
space CQmposedvdf apparently non-structured material, had
bizarfe Shaped, mainly sﬁel;ate, fibroblastic cells
scattered throﬁghéut’the entire thickneéé of thevlayer.
These Etéllaﬁe ceiié had numerous cyt0plasmic protﬁberances
- giving the appearance that the mesoderm was held togephér
by the cytbplasmic bridges between ﬁhesewcélls. Fine
fibrillar material was also presént in this layer as well
as highly develdpedlblood vessels of varying size contain-
ing nucleated erythrocytes. Apart from an increase in
both the cellular and fibre content with an associated
inérease in the overall granularity, shown by an increase
in the background staining, little change occurred in the
mesoderm during incubatioh of theveggsvup to 18 days.
fhe,thickness of the CAM varied over a wide range at all
periods of incﬁbation and this was due to differences in
the thickness of the mesoderm resulting from variation
in ?asculafity and general cell content.

At 11 days the allantois consisted of a single’layer

of epithelioid cells with large oval shaped nuclei. As
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- the incubation period progressed the allantois became
more undulated on the side in contact with the allantoic
cavity. The allantoic cells became mﬁch.flatter and more
: numerouéfand by 18 déys of incubation the lajér was at . |
.least two cells thick and cénsisted of elongated cells

~ with darkly stained nuclei. The cyﬁoplasm of these cellé
was granular and often highly vacuolated.. |

8.2 Herpes simplex virus type 1 infected CAM

‘kThe thréeklayers of the»CAM: the chorion, mesoderm, and
allantois remained intéct‘and'readily diétingﬁishable from
one another throughoutﬁthe seven days of examihation.>

On - the first day after inoculation with'virus(the early
signs of infection were manifést as areas of cellﬁlar pro-
}liferation of the-chorioh containing an increésed numbef
of vaéuolated cells as well as an increased number éf
mitotic figures (plate l4a). There was no change in eiﬁher
the mesoderm or allantois, compared with ﬁninOculéted
contfols.

Two days after infection the chorionic cell proliferation
Had‘increased considerably as had the number of vacuolated
cells in this layer. The chorionic hyperplastic tissue
occasionally erupted through the.chorionic epithelium and
small numbers ofninflammatory~cells appeared in the mesoderm
'(plate 15a). Although thé basal lamina between the chorion
énd mesoderm was not clearly visible, there wés some |
suggestion of shedding of cells from the chorion into the
mesoderm, but the major involvement of the mesoderm was
of an infiltrative nature. The allantois was unaffecﬁed.
Prominent nucleoli within the nuclei of the cells of the

allantois were often associated with mitoses.
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eThree days aftereinfection'ehorionic'hyperplasia was
 very pronounced, and inflammatory cell infiltraeion from
mesodermal blood vessels was present. Ihflaﬁﬁatory cells
at the—Base of the pock were a mixture of blood-borne
1eucocytes and macrophages of mesenchymal origin. They
were sited within the mesodermal space up te and in
contact with the pasal lamina and‘chorion. There was no
evidence of necrosis, erosioh; haemorrhage or congestion
‘in,any’offthe’three layers of the.CAM (plate‘lsa);

A Apart from a possible ihcrease‘in~the Vascdlarity of
the membranee; reactions induced in the CAM by the type 1
virus four and five daYs post-inoculation»were.basically_‘
similar to those described for day three (plates 18a, 19a).

Six days after inoculation the lesions were still
essentially small although they tended to be ulcerative
in appearance. The lesions particularly involved the
chorion. ‘Oedema oceurred between the chorionic cells
_aﬁd necrosie was occasionallyvpresent in the'centre of‘-
the pocks, stainiﬁg as a homogeneous mass. There was a
‘localised cellular infiltration of the mesoderm partieu?
larly around the base of thexpock;' Even at this late
stage the lesions were well circumscribed and basically
confined to the chofion, with little involvement in the
mesoderm other than a mild infiltrative feaction, and no
.involvement of the allantois was seen (plate 20a).

Little change occurred upon further incubation and
often pocks began to resoive,’

8.3 Herpes simplex virus type 2 infected CAM

The early changes (day one) induced by the type 2

infection of the CAM were similar to those of type 1
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infections. The three layers of the CAM were readily
‘distinguishable and the reaction was limited to the
chorioh only, though there were early signs of infiltra-
tion of the mesoderm with small numbers of inflammatory
¢ells. ‘The cellular pfoliferation of the chorion was
more advanced than in ihe equivalent early HSV type 1
infecéipn, but there appeared to be slightly less
vacuolatiOn‘in>the cells forming the type 2 pock (plate
14b). | | |
Two days after infection celiular pfolifefation‘of

thé chorion had.progressedAand the poéks had a more
‘florid appearanbe with abnormalitiesvpfesent in all
three layers of’the CAM. There was marked oedema in
the'hyperplastic tissue of the chorion'ﬁhich frequently
gave the pocks a‘blister—like appearance. The méséderm’
was infiltrated with inflammatot& cells which were
ghistiocytic or mécroPhagic in appéarance with clear
ovoid nuciei and stellate cytoplasm; the cells generally
being rather large. The allantois in the region below
the pock became thickened, and éonsisted of two or three
layers of normal looking cells (plate 15b).

| The third day pocks had a siﬁilar appearance, with
proliferation of the'chorion,.necroéis and grahulation
tissue in the'region of £he pdck. Oedema with increased
.density of étaining was also present in the chorion.
Mesodermal involvement was significantly greater than
with the equivalent stage of type 1 lesions. A number
of mesodermal cells had fused to form giant cells, some
of which had a concentric whorl appearance. These were

most numerous in the centrefof the pock structure, and
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vthelr presence was more pronounced in the type 2 than in
the type 1 virus 1nfected CAMs. Inflammatory response
‘was marked and there-was_SOme evidence»of proliferation
r.cf the yascular channels below the chorion. The allantois
had a similar appearance to that of dayvtwo (plate 16b).
With day three haemorrhagic pocks, the three-layered"
structure of the CAM was less clear.r The chorion.showed
»extensive proliferationtmixed with numerous erythrocytes
 leaked from blood vessels. A large degree of ulceration,
erosion and oedema was most eyident in the chorion. The |
meSodermfwaS'heaVily infiltrated with inflammatory cells
and showed'signs of oedema, whilst the blood vessels
appeared distended and congested w1th erythrocytes and
leucocytes. The allant01s became thlckened and consisted
of normal looking~cells with pale staining nnclei |
frequently containing two prominent nucleoli. 1In the
region beIOW the ulcerated’chorion, the allantois was
’ four or five cells thick (plate 17)

‘Four days after virus inoculation the reactlon in the
CAM had progressed so that cells from the highly prolifer-
* ated chorion had sloughed and the pocks were ulcerated.‘b
The mesoderm was highly 1nf11trated with 1nflammatory cells
and the mesodermal blood vessels were congested with
erythrocytes and leucocytes (plate 18b).

.The lesions progressed and by day flve focal necrosis
was present in both the chorion and mesoderm. Proliferation
‘of the cells of the chorion and dense infiltration of the
vmesoderm’with inflammatory cells were the two prominent
features. Leucocytes were present in high numbers in the

mesodermal blood vessels, especially around necrotic foci
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near the pock- (plate 19b)

By the s1xth day of 1nfect10n the chorlon was highly
inecrotlc and replaced with granulation tissue. The meso-
'»derm ha& become highly infiltrated with mixed inflammatory
cells, lymphocytic with large round nuclei, histiocytic
‘with both monocytes and macrophages present and aiso
"plasma cells especially near necrotic foci. Prollferatlon
of cells, some of which were flbroblastlc in type,

: occurred between the capillary 100ps. There was granu- |
'letion'tissue in the mesoderm and the ellanteis‘was also
affected;in that it appeared thickened (plate 20b).

Seven days after inoculation'the chorion was often
severely ulcerated, eroded.end replaced with granulation
tissue and infiltrative cells. ‘Necrosie occurred deep
into the membranes particularly'in the chorion with
numerous vacuoles present between cells, and occasioqaliy
- fatty degeheration developed in the chorions of these
membranes (plate 21). |

Three day pocks produced by HSV type 2 on CAMs
incpbated at 38.5°C were similar to three day pocks
produeed on membranes at 36°C. The chorion appeared more
‘heaped-up than with the other type 2 pocks and showed
necrosis deep in the layer. Vacuolation was also promi-
nent. The mesoderm which appeared to have widened below
the pock was highly infiltrated with inflammatory cells
migrating towards the pock, whilst the allantois appeared
thlckened (plate 22).

In summary, the type 1 induced pocks showed cellular
proliferation and small degrees of necrosis, whilst in

the mesoderm oedema and infiltration were present but
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only in smallvamqunts. The allantois-appeared-relatively
;unafféCted. In thé type 2 induced pocks, the chorion
showed cellular proliferation spreading downwards into
‘the mesoderm. Necrosis, haemorrhages and.erosioﬁ‘were
frequently present. In the mesoderm massive infiltration
occurred as well as congestion of the blood vessels.
~Shrinkage of the mesoderm; a common feature, resulted in
the allantois being drawn up-t&wards the chorion. The
allantois appearéd thickened particularly in the region

bélow the pock.

(Many of the structures shown in plates 13 to 22 are best

viewed with a hand lens)
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Opt

a)

b)

c)

C =

M

ical sections (1 pm. 'thick)
of uninoculated

chorioallantoic membrane

at 13 days of incubation,
stained with azure II
(x300)

at 15 days of incubation,
stained with toluidine blue
(x187.5)

at 18 days of incubation,
stained with azure 1II
(x 187.5)

chorion E = erythrocytes
BV = blood vessels

= mesoderm A = allantois
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a) Optical section (1 ym. thick) of HSV type 1 pock in the
choriocoallantoic membrane, one day after virus
inoculation (12 days of incubation).

Stained with toluidine blue (x300)
C = chorion M = mesoderm A = allantois

BS = blood sinuses

) Optical section (. ym. thick) of HSV type : pock in the
choriocallantoic membrane, one day after virus
inoculation (12 days of incubation).
Stained with toluidine blue (x300)

C = chorion M = mesoderm A = allantois

blood vessel
PLATE 1 4
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a) Optical section (1 ym. thick) of HSV type 1 pock in the
chorioallantoic membrane, two days after virus
inoculation (13 days of incubation).
Stained with azure II (x300)

C = chorion M = mesoderm A = allantois

11

b) Optical section (1 ym. thick) of HSV type 2 pock in the
choriocoallantoic membrane, two days after virus
inoculation (13 days of incubation).
Stained with azure II (x75)

C = chorion M = mesoderm A = allantois
N = areas of necrosis U = ulceration -«
Note inflammatory response (open arrow)

PLATE
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a) Optical section (1 ym. thick) of HSV type 1 pock in the
choriocallantoic membrane, three days after virus
inoculation (IP days of incubation)
stained with toluidine blue (x187.5)

C = chorion M = mesoderm A = allantois
BV = blood vessel

b) Optical section (1 pm. thick) of HSV type 2 pock in the
chorioallantoic membrane, three days after wvirus
inoculation (IP days of incubation)
stained with toluidine blue (x75)

C = chorion M = mesoderm A = allantois
Note oedema and inflammatory response in mesoderm
(open arrow).

BV = blood vessel

PLATE 1 6
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Optical section (1 ym. thick)

of HSV type 2 pock in the
choriocoallantoic membrane,

three days after inoculation
with a high concentration of virus

(IP days of incubation). Stained with azure II (x187.5)
C = chorion M = mesoderm A = allantois
ILJ = ulceration 0 = oedema E = erosion
H = haemorrhages Co = congestion

Note thickening of allantois and inflammatory response
in mesoderm below region of chorion where erosion

most severe.

is
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thick) of HSV type 1 pock in the

four days after virus
of incubation).
ITI (x187.5)

A = allantois

Optical section (1 ym.
chorioallantoic membrane,
inoculation (15 days

Stained with azure

a)

= mesoderm

C = chorion M
blood vessel

BV

thick) of HSV type 2 pock in the
four days after virus

of incubation).

b)- Optical section (1 ym.
chorioallantoic membrane,
inoculation (15 days

Stained with azure II (x75)
C = chorion M = mesoderm A = allantois
N = necrosis E = erosion Co = congestion
from the membrane

S = sloughing of cells

Note oedema and inflammatory response throughout the
and the thickening of the allantois below the

mesoderm,
pock region.

PLATE1 8
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Optical section (1 ym. thick) of HSV type 1 pock in the

choriocoallantoic membrane, five days after wvirus
inoculation (16 days of incubation).
Stained with azure II (x120)

C = chorion M = mesoderm A = allantois
BV = blood vessel E = erosion

A

Optical section (1 ym. thick) of HSV type 2 pock in
chorioallantoic membrane, five days' after wvirus
inoculation (16 days of incubation).
Stained with azure II (x75)

C = chorion M = mesoderm A = allantois
N = necrosis E = erosion
Note massive inflammatory response in mesoderm.
Multi-nucleate giant cell (boxed)
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Optical section (1 ym. thick) of HSV type 1 pock in the
choriocoallantoic membrane, six days after virus
inoculation (17 days of incubation).
II (x120)

Stained with azure
allantois

C = chorion M = mesoderm A =
N = necrosis' U = ulceration 0 = oedema
inflammatory response (arrowed) in mesoderm

Note 1localised

of HSV type 2 pock in the

thick)
after virus

b) Optical section (1 ym.
choriocallantoic membrane, six days
inoculation (17 days of incubation).

II (x75)

Stained with azure
mesoderm

allantois

A =
E. = erosion

C = chorion M =

N = necrosis U = ulceration =
Note oedema and massive inflammatory response throughout

mesoderm. Highly vacuolated cells (arrow)

PLATE
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Optical section (1 ym. thick) of HSV type 2 pock in the

choriocallantoic membrane, seven days after virus
inoculation (18 days of incubation).
Stained azure Il“composite (x75)
C = chorion M = mesoderm A = allantois
BV = blood vessel N = necrosis E = erosion
Co = congestion (particularly with 1leucocytes)

Multi-nucleate giant cell (boxed)
Note inflammatory response and highly vacuolated cells
in mesoderm

PLATE
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Optical section (1 ym. thick) of HSV type 2 pock in the
chorioallantoic membrane, three days after virus
inoculation and incubation at 38.5 C
(I days of incubation) stained with azure 1II (x75)

C = chorion M = mesoderm A = allantois
N = necrosis U = ulceration
Multi-nucleate giant cell (boxed)
Note oedema and inflammatory response in mesoderm, and
thickening of allantois and whole membrane
Arrow indicates highly vacuolated cells
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9 Ultra structure of normal and inoculated CAMs by

‘electron microscopy

Optical microscopy not only provided information about
pocks, bﬁt was necessary for orientation of the specimen
| prior to thin sectioning. . After the reéuired area of the
specimen had been identified the blocks were trimmed and
“thin sections'were cut for'examination iﬁ the electron
‘ microscoPe.

9.1 Normal CAM

_'Uninfected caM waé examihéd:at the time spedified for
- light microséopy. At the lowest magnifications in the
electron microscope;the triple—layered structure of the
CAM with the closely associated shell membrane was clearly
discernible (plate 23a,b). |

The shell membrane consisted 1argely of a loose network
of densely staining bodies suspended in extensive areas
of ground substance. These bodies were lobulate and
pleomérphic and varied in diameter from 0.2 to 4 um.
Apart from the presence of vacuoles, these bodies showed
'no Qiscernible’fine structure (plate 24). Surrounding
each of these bodies, and separated from them by a gap
which varied from 20 to 40 nm. in thickness, was a layer
of densely staining Qranulér material vérying in thickness
- and showing no detailed structure. Where it contacted
the underlying chorion, the shell membrane consisted of
a densely.stained basement membrane-like layer, approxi-
mateiy 130 nm. thick, from which arose spherical
structures of gfanular material closely resembling those
alréady present in the shell membrane (plate 24). The

shell membrane was separated from underlying structures
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'by an irregular space, 6 to 18 nm. thick, containing"
Vfinely granular, amorphous material (plate.25). .Between
.this space and the blood sinuses was a layer of cell
'cytoplésm and a prominent basal lamina (plate 24). The
blood sinuses contained densely staining nucleated
erythrocytes._ A less obv1ous basal lamina separated
' the sinuses from the" underlylng cells of the chorion.
The cells lining the sinuses were thin with long strands
of cytoplasm sometimes as narrow as 50 nm., lying between
“the vascular‘lumen and the shell membrane. Numerous
small invaginations occurred in the plasma membrane of
these“cytoplasmic strands immediately below the shell
membrane,'and these thin cytoplasmic strands also had
mitochondria present, suggesting these_were functional
' extensions of the endothelial cells (plate 24). |

At 11 days of incubation, the chorion consisted of fwo
‘or’more,leyers of well differentiated cells with mostly
large oval nuclei, although spherical or irregular shaped
nuclei were also seen, as were densely stained nucleoli
-(plates 24 and 26).. Cells deeper in the chorion varied
in shepe from flat to cuboidal. The cytoplasm of chorio-
nic cells was well supplied with‘mitochondria which were
pleomorphic and varied in size. Chorion cells had long
‘cyt0plasmic projections which gave this layer a network
.structure made up of a complex of interlocking cytoplasmic
‘bridges with. frequent junctions of the macula adherens
‘<(desmosome)'type (plate 26). Cytoplasmic vacuoles were
also a common feature (plate 27). The amount of inter-
locked network of- cytoplasm formed by the cells of this

layer increased in extent w1th further incubation.
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Ribosomes, which occurred singly and in small groups, were
free in the éytoplasm'énd not generally associafed with
endoplasmic reticulum) although they occurred in high
.concenﬁrations around lipid-like bodies. Small numbers

of vesicles were present in the cytoplasm of chorionic
cells. At the base of the chorionic layer, and dividing
it from the mesodermal layer was a fine extracéllular
basal lamina which varied in thickness from 60 to 140 nm.,
| ﬁith an average of 80 nm. With éroionged incubation the |
cells of the chorion became more electron dense and
increasing humbers of vacuoles and lipid'droplets of
various Sizés WQré present. ‘

The mésoderm consisted‘of a loose matrix of.fibroblasts
and‘collagen fibres in featureless interstitial material.
The blood vessels of the CAM were sited in this layer.
Variation in thickness of the mesodefm was fesponsible
for any variation in width of.the total CAM. The mesoderm-
ﬁas Separafed from both the chorion and allantois by.wéll
de?eloped basal lamina. Fibroblastic cells with stellate
"appearance were charaéteristic of the mesoderm. The
'nuclei of these cells wefe large and either oval or irre-
gular in shape with prominent nucleoli and éhromatin which
was situated mostly at the nuclear membrane (plate 28).
Many of these cells had prominent rough endoplasmic
'reticulum (plate 29). In contrast to chorionic cells,
few free ribosomes weré present. The mitochondria were
large and spher;cal; Vacuoles were often present in the:
cytdplasm as well as sacs containing numerous vesicles
(piate 28). Intracytoplasmic ribbon-like structures which

have been described in the literature were not seen in the
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Tibroblasts. 1In close association with the fibroblasts

were reticular fibres (nérrow'collagen_fibres) meésuring

40 to 45 nm. in cross—sectioh. Occésionally collagen

fibres passed through the cytoplasm'of mesodermal cells
which added to the collective'strength of an otherwise

1dose layer (plate 30). Fibroblasts and collagen fibres
wére distributed throughout the mésoderm, but wefe preséntf
in higher concentrations around the blood vessels. MYlin
whorls were-obserﬁed only in these cells.

The inner surface of the blood vesseis was lined witﬁ'

‘ chbbidal endothelial cells containing large nuclei and
prominent nucieoli. Theéé cells were linked to each other :
by numerous macula and zonula adherentes and gap'junctions.
'Peripheral to these cells wére pericyteé, and the fibro-
blastic cells and collagén fibres spread around the
structure to fqrm a sheath (plate 31). Glycogen granules
were occasionally present in the cytoplasm of these cells
(plate 32). Extra-vascular red blood cells and leucocytes
were rarely seén. In the lumen of the vessels, the
erythrocytes were surrounded by a fine granular network of -
seruﬁ proteins.. Erythrocytes were tapered and each contained
a large densely stained, céntrally placed, oval nucleus.

The cytoplasm, due to the high haemoglobin concentration,
‘appeared electfon dense and contained mitochondria,
ribosomes and vesicles but no endOplasmic reticulﬁm or other
organelles. There was little difference in density between
the nucleus and the cytoplasm of erythrocytes, and the diSE
tinct gap between them.was presumably due to fixation arte-
fact ana shrinkage'(plate 32).. Leucocytes were occasionally

" seen in blood vessels. These often contained numerous
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vacuoles, pinocytotic vesicles, centrioles and golgi
regions (plate-33). | '
. The allantoic layer of the CAM consisted of oﬁe to
four (usﬁally two)’layers of‘well organised cells ’
separated from the mesoderm by a basal lamina. These
cells were of cuboidal epithelium type with oval or
elongated nuclei which had prominent centrally placed .
~nucleoli. The intei-cell bordérs were clearer in the
aliantois than in the chorion and ﬁhefinterstitial gaps
measured 27 to 30 nm. (plate’ 34). The plasma membranes
of these cells were convoluted, and at various points of
_cellFto—cell contact there were gap junctiéns, desmosoﬁes
and associated tonofilament;._ The cellvmembrane; on the
‘two surfaces of the iayer bordering the mesodérm and the
allantoic fluid were less complex. On the mesoderm border
thé plasﬁa membranes adjacent to the basal lamina were
smoothly undulating with no apparent appendiges, although
'blebs' projécted from the surface of these cells into
the basal lamina (plate 35). On the allantoic surface,
the cell membranes were straighter with numerous protruding,
.often balloon-shaped micro?illi, 130 to 150 nm. in diameter
and of variable length.v Nﬁmerous pinocytotic Qesicles
occurred at this plasma membrane which separated the cells
.,from the allantoic fluid (plates 36 and 37). The cytoplasm
of the allantoic cells contained prominent mitochondria,
sbme endoplasmic reticulﬁm, golgi zones, free ribosomes
and small amounts of glycogen (plate 34). The most .
striking feature of the allantoic cells was the
presence of dense cytoplasmic granules in the cells

adjacent to the allantoic cavity. These granules were
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bounded by a unit membrane and ranged in diameter from
250 to 1000 nm. They were. granular in appearance ahd
often surrounded by a clear zone of variable thickness.

-On further egg incubation, the‘thickness of the
allantoic layer increased by deposition of more layers
of cells. The plasma membranes»on the mesodermal side
became convoluted and the plasma'membranes bordering the
allantoic cavity showed more numerous microvilli and |
pinocytotic vesacles. The number of dense granules
‘increased. There was a simﬁltaheous increase'of similar

‘but less electron dense bodies Which may have been lipid
or pinocytosed material from the_allantoic cavity, or a
manifestation of some cellular response to toxic substancee
such as urates and urie'acid which gradually accﬁmulated‘
in the allantoic cavity (plate 38).

After exposure of the CAM by means of an artificiai'
air sac followed by continued 1ncubatlon, the chorlon
took on a thlckened appearance presumably as a result of
trauma. This was partlcularly evident in the region
facing the shell membrane side of the blood sinuses.

v Soﬁe degenerative changes shown by ballooning of the
cytoplasm occurred in this regioh and the number of
vacuoles and vesicles increased. The electron density
of the exposed surface cells increased with incubation
and .some loss of cellular sub-structure was observed.
Occasionally erythrocytes were found on the surface of
fhe chorion, presumably due to trauma. Microvilli were
présen& at the surface of.the chorion, but these became
less apparent with increased incubation. Apart from the

presence of occasional'leucdcytes immediately below the
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chorion, the underlying mesoderm and allantois appeared
" unaffected by the manipulations‘(ﬁlates 3§~and 40a,b) .
In.summary, the uninoculated CAM was a We;l organised
 structure divided.intO’three morphologically distinct
layers and richly supplied wifh bloqd vessels in the-
‘central layer. It provided an interesting variety of
cells within the organised structure ih which to study

the activity of the herpesvirus infection.
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a) Low power electron micrograph of the choriocallantoic
membrane at 11 days of incubation showing the shell
membrane and the three layers of the choriocallantoic

membrane
SM = shell membrane BS = blood sinus C = chorion
M = mesoderm A = allantois

b) Low power electron micrograph of the choriocallantoic
membrane at 18 days of incubation
C = chorion M = mesoderm A = allantois

PLATE 2 3
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Chorioallantoic membrane with adhering shell membrane at 11
days of incubation (x93000)

SM shell membrane BS = blood sinus E = erythrocyte
C = chorion M = mesoderm BL = basal lamina (open arrow)

The cytoplasmic extension between the shell membrane and the
blood sinuses is indicated by a solid arrow. (Bar = 2]imu)

PLATE 2 4
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Granular masses in the shell membrane at 11 days of incubation
(x90,000)

The space between the cytoplasm of the blood sinus cells and
the granular layer of the shell membrane is indicated by a
solid arrow. (Bar = 200 nm.)

PLATE 2 5
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Chorion at 11 days of incubation (x15,000)

= nucleus No = nucleolus (solid arrow) Mi = mitochondria
D = desmosome BL = basal lamina (open arrow) (Bar = 1 pm.)

PLATE 2 6
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Region of the chorion at 11 days of incubation (x15,000)

SM = shell membrane C = chorion Va = vacuoles M = mesoderm
D = desmosomes Mi = mitochondria (Bar = 1 pm.)

PLATE 2 7
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Cell in the mesoderm at 11 days of incubation (x30s000)

Co = collagen Ve = vesicles ER = endoplasmic reticulum
mi = mitochondria N = nucleus No = nucleolus
ch = chromatin (Bar = 500 nm.)

PLATE 2 8
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Fibroblastic cell in the mesoderm at 14 days of incubation

(x30,000)
ER = endoplasmic reticulum, arrowed N = nucleus
mi = mitochondria co = collagen (Bar = 500 nm.)

PLATE 2 9
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Collagen fibres passing through the cytoplasm of a mesodermal
cell at 14 days of incubation (x60,000)

ER = endoplasmic reticulum mi = mitochondria Co = collagen
N = nucleus (Bar = 250 nm.)

PLATE 3 0
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Blood vessel in the mesoderm at 15 days of incubation (x9,000)

P = pericytes co = collagen Ec = endothelial cells
L = lumen of blood vessel E = erythrocytes (Bar = 2 ym.)

PLATE 31
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Blood vessel in the mesoderm at 14 days of incubation (x15,000)

P = pericytes Co = collagen N = nucleus mi = mitochondria
Va = vacuoles L = lumen of blood vessel E = erythrocytes
Double arrows 1indicate the endothelial cells. (Bar = 1 |im.)

G = glycogen granules

PLATE 3 2
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Monocyte in a blood vessel in the mesoderm at 14 days of
incubation (xI5,000)

r = ribosomes mb = microbodies in mitochondria
mi = mitochondria MVB = multi-vesiculate body

N = nucleus Va = vacuoles Pv = pinocytotic vesicles
c = centriole (Bar = 1 ]im.)
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Allantois at 11 days of incubation (x15,000)

M = mesoderm mi = mitochondria N = nucleus D = desmosomes
I = intercellular gaps no = nucleolus g = golgi complex
mv = microvilli Ac = allantoic cavity (Bar = 1 ym. )

PLATE 3 4
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Region in allantois at 11 days of incubation
showing cytoplasmic bridging (open arrows),

and allantoic cell
projections (’'blebs') into the mesoderm

(closed arrows)

(x60,000)
M = mesoderm BL = basal 1lamina R = ribosomes
D = desmosomes A = allantois (Bar = 250 nm.)

PLATE 3 5
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Allantois at 11 days of incubation (x15,000)

M = mesoderm BL = basal lamina (arrowed) Co = collagen
D = desmosomes mv = microvilli AC = allantoic cavity
(Bar = 1 ym.)

PLATE 3 6
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Allantois at 14 days of incubation (x30,000)

D = desmosomes N = nucleus Pv = pinocytotic vesicles
mv = microvilli (Bar = 500 nm.)

PLATE 3 7
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Allantois at 18 days of incubation (x18,900)

Co = collagen M = mesoderm cpm = convoluted plasma membrane
A = allantois D = desmosomes Ig = light staining granules
= dark staining granules mv = microvilli
AC = allantoic cavity (Bar = 1 pm.)

PLATE 3 8
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Chorion at 17 days of incubation showing a two-layered
appearance (x12,500)

C = chorion gm = globular material Me = mesodermal cells
co = collagen M = mesoderm (Bar = 1 pm.)
solid arrow = dark staining layer
open arrow = light staining layer

PLATE 3 9



a) Chorion at 14- days of incubation (x24-,000). Note the
increased electron density of the chorion cells.
Trauma is apparent as a loss of cellular sub-structure
(open arrow) and ballooning of the cytoplasm (b)) .
Va = vacuoles BL = basal lamina
Ve = vesicles w (Bar = 1 pm.)

. BL

I *

b) Chorion at 14- days of incubation (x20,000). A leucocyte
(arrowed) is present in the mesoderm in contact with the
basal lamina (BL). Va = vacuoles Ve

= vesicles
N = nucleus Np = nuclear pores (Bar = 1 pm.) -

PLATE
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9.2 . Herpeszvirus infected CAM

Thin sections of CAMs previously iﬁoculatea.With HSQ’
types 1 or 2 were examined’daily,ftom one to seven.days
poSt—inoculation. These days were equlvalent to 12 to
18 days of egg incubation of the unlnoculated controls.
A serles of electron mlcrographs of sections through
4pocks were taken at magnlflcatlons of x100 to x300 to'
prepare_montages which were 1ntermed1ate between.optlcal‘
mierographs and high ﬁagnification_electronAmicrogtaphs,5‘
and so facilitated location of infected cells within the
| tissues. | e A |
Many_ef the'ultrastructural changes induced in
individﬁal»cells of‘the CAM were common to infectiens'
with either H$V type 1 or type 2 sttains; Thesevchanges»
'included: clumping of chromatin which localised at the
periphery of the hucleusv(margination); disruption of
nuclei; reduplication of nuclear membranes,and shrinkage
}of nuclei resulting in the development of irregular
nuclear membranes and enlargement of the perlnuclear
.3pace. Vlrus partlcles at various stages of maturatlon ’
‘were present in the nuclei and cytoplasm, the nuclei .
frequently beeame more electron translucent cqmpared'_
Awith‘controls-and also beceme_disorganised, and'the.
nuclear membranes evehtualiy ruptured ailowing mixing
of nuclear and cytoplasmic contents including enveloped
and non-enveloped virus particles. Cellular breakdown
- in the presence of lysosohes ceméleted the virus-ihduced'
cellular lysis (plates 41 to 45).

-
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HSV type 1 day two pock

Infected cell in chorion showing unenveloped virions in the
nucleus and cytoplasm (arrowed) (x22,500)
Also present in the nucleus 1is a'nm annular structure containing
granular material (arrowed)
c = marginated chromatin g = 37 nm. granules in nucleus

PLATE 41
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HSV type 2 day two pock

Infected cell in chorion (x18,900)
Infected nucleus has irregular outline i Unenveloped nuclear
and envelopedcytoplasmic virus particles are present.
Reduplication of the nuclear membrane is evident (arrowed)

PLATE 4 2
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HSV type 1 day two pock

Infected cell in chorion (x20,000)

Virus particles are present at various stages of maturation:

naked nuclear virions

thickening of nuclear membranes prior to virus envelopment
early virus envelopment

late virus envelopment

enveloped virus in the cytoplasm

nuclear pores are arrowed

PLATE 4 3
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HSV type 1 day two pock

Nucleus of infected cell (x22,500) containing naked virus
particles with and without cores
The nucleus is highly electron translucent and irregular in
outline and the perinuclear space is dilated

PLATE 4 4
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HSV type 1 day two pock

Cell late 1in infection (x20,000)
Note disruption of the nucleus and cytoplasm mixed with virions

PLATE 4 5
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Characterisﬁic features Qf hefpeévifus morphogeneels
"were seen-in CAMsvinfected witthév.type_l or type 2 |
straihs.'.Virus partiele:attachment~and penetratioh of
the plasma membrene appearedvtb_be~similer for_eiﬁher \
virus type. After éttachment, penetration of virue"
particles intolthe CAM cells was Observedvtﬁrough
"pinocytotic vesicles or "viropé#ié“, ae well'as by

" fusion of the viral envelope with the’plasma membrane,’_
although‘viropexis (platee 46 énd'47) wes more freqdenflyt
seen‘than.fusion (plate 48). Itvwaskdifficult to be”
sure thetvvirus particles'observed'in the thoPIaSm

.were entefing rather.then leaving the cells (plaie 49).
_Virus~capsidsbappeared in the‘nﬁcleus}.envelopment.
occurred at the inner lamella of the nuclear membrane
and enveloéed_virus particles were frequently present in'
the perinﬁclear cisternae and in vesicles within the
nucleus (plates 50 and 51). Egress frem_cells a?peared
to be through tubule-like structures thdh'were
extensions of ‘the outer lamella of the,nﬁclear membrane
end envelbped virus'partieles were frequently seen in
these tubules (plate 52). Some enveloped partieles

were present in vesicles in the cytoplasm (plate 53),
but whether these were tubules in cross-section or
particles in sacs ready for release by reverse pino-.

cytosis was not obvious (figure 10).
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HSV type 2 day two pock
Virus particles at various stages of penetration
of cells by "viropexis" (x18,900)
a) virus particle closely associated with the plasma membrane
b) beginning of engulfment
c) engulfment almost complete

N = nucleus

PLATE 4_6
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a)

virus particles
plasma membrane of a cell

(x18,900)

part of an
the cell by

HSV type

infected cell
"viropexis”

N

2 day two pock

showing virus
or phagocytosis

= nucleus

172 -

at various stages of engulfment by the
in the process of infection

particles entering
(x32,000)

PLATE 4 7



HSV type 2 day two pock

Numerous enveloped virus particles in the process of fusion

with a cellular plasma membrane (x48,000)

virus 1in apposition to plasma membrane

virus and plasma membrane 1in close association; note
fibrillar strands attaching the virus envelope to the cell
membrane

digestion of membranes

fusion

entry of virus into cytoplasm

(Bar = 500 nm.)

PLATE 4 8
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HSV type 2 day two pock
Infected cell with numerous virus particles (x18,900)
Vi'rions are present

in pinocytotic vesicles either

entering or
leaving the cell

Virus particles involved with plasma membrane

(arrows)
V = nuclear virus particles
N = nucleus D = desmosome
R = reduplication of nuclear membrane L = leucocyte
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HSV type 2 day two pock

Infected cell showing virus particles in the nucleus and
cytoplasm (x18,900)
Enveloped virus particles are present within vesicles in the
nucleus and in the perinuclear space
Thickening of the nuclear membrane in apposition to virus
eparticles 1is indicated (arrow)

PLATE 5 0
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HSV type 2 day two pock

Infected nucleus showing envelopment of virions budding from
the nuclear membrane (x18,900)

PLATE 51
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HSV type 2 day two pock

Infected cells with naked virus particles in the nuclei

(x18 ,900 )
Virus particles are present in tubules which are contiguous
with the perinuclear space of the infected nuclei (arrowed)
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HSV type 2 day two pock

Enveloped virus particles present in vesicles
in the cytoplasm (x18,900)

n = nucleus r = reduplication of nuclear

- 178 -
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(a summary of results found in this study)

Virus penetration : : Virus release

1l extracellular enveloped 9 various stages of virus
particle o , maturation in the nucleus

2 particle entering the 10 paracrystalllne array of
cell by "viropexis" capsids in nucleus

3 later stage of : 11 virus budding into the inner
"yviropexis" : - - lamella of nuclear membrane;

u-final‘stage-of note thickening of membrane

"viropexis™" » 12 enveloped particles in the

e . . . . erinuc r s
5 particle in vesicle in P lea pace

cytoplasm 18 enveloped particles in vesicles
in the nucleus '

14 enveloped particles in tubular

6 i i X
fusion of viral envelope structures leaving the cell

~and plasma membrane . _
' 15 enveloped particles in vesicles

‘ 7 late stages of fusion 'in the cytoplasm
‘8 naked capsids: free 1n ' e A
cytoplasm_- 16.naked capsid in cytoplasm |
17 mature particles leaving the cell
g f ngcleui.bNoG=_nucie?lus 18 mature particles released ‘into
© T chromatin & = go-g1 the extracellular space
M = mitochondrion  complex ] - :
R = reduplication of nuclear membrane ER = endoplasmic reticulum
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9;3 Herpesvsimplex’virus type 1 infected CAM

| One day after CcCAM inoculationvwith HSV type 1 pocks
formed by cellular proliferation were present. 'Pocks

vi con51sted largely of heaped—up cells on the chorion and -
the proliferative rather than 1nflammatory nature of the
1e51ons was suggested by ‘the minimal amount of cellular
infiltration of the mesoderm immediately belowithe pock
(plate 54)". Although the majority of cells within the
pock area’appeared uninfected; some cells.contained :

| numerous comparatively.mature virus particles indicating
~ that these cells had been infected at or shortly after
‘CAM’inoculationv(plate 55). There was no virus
discernible in'eitherfthe mesoderm.or'allantois, but

- small numbers of inflammatory-cells were occasicnally
present in the mesoderm below the.pock region (plate‘56).
,Cellular disruption was most evident at the apek of
pocks (plate 57). Heavily infected cells, surrounded

by normal apparently uninfected ones (platev58),‘occurred‘
both at the surface of the pockvand_deep in the chorion.
Some cells showing advanced infection contained piedes
of capsids and also empty or possibly‘defeCtive'virus
particles with no internal nucleoprotein (plate 59).
Other cells had non-enveloped virus within their
,cytoplasm (plate 55). The number of microvilli on the
cells at the surface of pocks showed a dramatic increase
coméared with controls (plate 60), the number of cell-
tofcell bridges within the chorion was reduced, and
these cells apéeared rounded and electron‘translucent

. (plate 61). In most infected cells the virus particles

: were found in the nucleus but were rarely present in
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" the thOplasm. However some cells had cytoplasmlc V1rus,

" but no nuclear virus partlcles, although v1rus-a55001ated ‘

nuclear changes were apparentv(plate 62).. Membraneous

‘material was also present in infected cells (plate 63).

Naked virus particles in nuclei‘were occasionally

arranged in small paracrystalllne arrays (plate 64).

Annular structures contalnlng dense granular material

were seen in some infected nuclel (plates 41 and'65)

Virus partlcles were sometlmes found pos1tloned at the

;perlphery of the nucleus adjacent to the nuclear membrane '

l'(plate.65) which thickened in appos1tlon to virus.

particles prlor to thelr passage into the cytoplasm
(plate 66) . -

The most strlklng feature of day one HSV type 1
induced pocks was' the lack of virus 1nfected cells
within pocks. |

Two days after inoculation the pocks were essentially
similar to those of day one except that cellular infil-
tration of the mesoderm had increased slightly. The’
allant01s appeared unaffected and no virus particles
were detected in either the mesoderm or allantois
although infected cells were present throughout the

chorion and in contact with the basal lamina between the

' .chorion and mesoderm. Cells either side of this basal

lamina were morphologically indistinguishable (plate 58).

- Both non-infected and infected cells were present in the

\

chorion throughout’the pcck lesion which was basically
confined to this layer. The number of microvilli on

cells at the surface of pocks was increased compared

. with uninoculated controls. Some cells showed mixing
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 of thOplaSmic and nuclear material and had 22 nm.
diameter microtubuler’structures intthevnuclei. " These
v_changes in‘the nucleus,mayvhavedbeen virus*speCific, or
dalterations'in preparation for cell division (plate 67).
’Numerous.'emptyl cepsids were presentjin some'cells,
pgrticularly those in advanced degeneration (plate 59).
~eSome infected cells at the pock surface’contained densely
staining spherical bodies 37 nm. in’diameter:in assoCi—
iatlon with chromatin anddtirus‘capslds:(plate‘4l); The
infected cells'containedlcomparatively'few'virns particles
and these were mostlynnuclear rather than cytoplasmic
althongh unenveloped‘cytoplasmic'virus was present in .
some cells (plate 41). » |
From the thlrd,to the seventh day, the pocks contlnued

~ to enlarge slightly due to prollferation of the chorlon,‘,
and in the pock reglon th1s layer Was composed of two cell
types. Those in the upper region of the chorlon were
electron dense, and those deeper 1n4the'layer were electron-
translucent (plate 68). These corresponded to the dense:
and pale staining areas in the optical'sections. The

dense cells had small nuclei endvcontorted cytoplasmic
“bridges end»there were large intercelluler gaps. The
“lower cells had largerround nuclei,'were less granular
and appeared epithelioid with'nodintercellnlar gaps .
Although virus infected cells occurred throughout the
thickness of the chorion within the pock, the greater
.'number were concentrated in the lower, electron trans-
lucent, part of the layer. The pocks consisted largely
>,of piled-up Chorion.cells,.althOugh infiltration of the

mesoderm below the pock was more evident in three to
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seven day pocks than in those of days one or two (plate 69).
 Oedema was occasionally present in the centres of some
pqéks:latefin infectién_and thesé‘frequently appeared to
ooze cellﬁlar_matéfiél.- Sbme infected nuclei contained
,‘smail numbe£s of;iﬁcoﬁplete capsids, and ehpty vacuoles
resémbling virus envelopes were budded from the nuclear
mémbrane_intb,the,cytoplasm of séme infected cells
(plate 70). |

| Features of the later stage pocks which wefé'also seen "
in earlYIStage poéks inducédvby HSV type 1 were$ virus ih
associétion'ﬁith'37 nm. dense granules in nuclei (plafe 41) ;
large numbers of.micrOVilli.atVthé pock surface jplaté 60);.
n6 Virus in the cells of the mesoderm oi allantois, and.
few virus infected cells in the chorion COmpafed with the
extént of the reaction ihducedf

By the seventh day after inoculation, m0st'1esions-on

membfaneé had dried up and pocks did not-appear as discreet
as on éarlief days. The ulﬁrastructu:e of those seven .day
.pocks which were sectioned was'similar in appearance to .
that of days‘three to six, éxcept that in one pock 100 nm.
structures similar in appearance to firus-particles were
observed in the interétitiai spaces around a blood vessel
in the mesoderm., These could not be identified positively
.as herpesvirus particles due to their>fragile ana-élightly
i&regﬁlat appearance, and also they were never observed
within the cytoplaém or nuclei of cells (plate 71). At
all stages after inoculation nuclear pores (plate 72)
present;on the nuciear membfanes aléo~résembled virus

particles, necessitating caution in interpretation.
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Chorioallantoic membrane at 12 days of incubation inoculated
one day previously with HSV type 1

P = pock formation c = chorion m = mesoderm a = allantois
BS = blood sinuses Leucocyte arrowed

PLATE 5 4
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HSV type 1 day one pock

Infected cell in chorion showing virus particles in the nucleus
and cytoplasm (arrowed) (x20,000)

PLATE 5 5
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HSV type 1 day one pock

Inflammatory cell in the mesoderm
BE = basal 1lamina D = desmosome

PLATE 5 6
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HSV type 1 day one pock
Extensive cellular breakdown in the chorion (x22,500)

PLATE 5 7
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HSV type 1 day two pock
Highly infected cell (arrowed) surrounded by normal uninfected
cells (x22,500)
c = chorion m = mesoderm ‘bl = basal 1lamina

PLATE 5 8
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HSV type 1 day two pock

Infected cells in the chorion (x22,500)
one degenerate cell (arrowed)
one cell containing numerous empty virions (open arrow)
n = nucleus c = marginated chromatin

PLATE 5 9
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HSV type 1 day one pock

Infected region of chorion showing an increased number of
microvilli at the pock surface (x15,000)
mi = mitochondria d = desmosome gj = gap Jjunctions

PLATE 6 0

- 190 -



HSV type 1 day one pock

Infected cell in chorion (x1’5,000)
Nucleus and cytoplasm are electron translucent and few cell-
to-cell bridges are present
n = nucleus mi = mitochondria s = secretory droplets

PLATE 61
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HSV type 1 day one pock

Enveloped virus particles in the cytoplasm with possibly wvirus-
associated changes in the nuclear membrane (arrowed) (x30,000)

PLATE 62
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HSV type 1 day one pock
Infected nucleus containing membraneous material (arrowed)

mi = mitochondria mb = microbodies (peroxisomes)

PLATE 6 3
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HSV type 1 day one pock

Infected nucleus with virus capsids arranged in small crystal-
line array (arrowed)

mi = mitochondria N = nucleus

(x22,500)

PLATE 6 4
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HSV type 1 day one pock
Infected cell (x20,000)

Note virus particles arranged along nuclear membrane
Dense annular structure containing granular material is
present in infected nucleus

PLATE 65
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HSV type 1 day one pock

Infected cell at pock surface showing thickening of the
nuclear membrane in apposition to virus particles (arrowed)
Note dense object associated with marginated chromatin
(x20,000)

n = nucleus mi = mitochondria c = chromatin

PLATE 6 6
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HSV type 1 day two pock

Highly contorted nucleus containing microtubules (mt),
mitochondria (mi) and 22 nm. diameter microtubular structures
(arrowed)

PLATE 6 7
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Chorion in HSV type 1 day three pock (xM-,500)

The upper cells of the chorion are more electron dense with

contorted cytoplasmic bridges (arrowed) whilst those
down were electron translucent. Note microvilli
surface.

lower
on pock

I = ceils containing virus particles

PLATE



O &

ikif

HSV type 1 day three pock at low magnification

Slight infiltration of the mesoderm 1is evident (arrowed)

c = chorion m = mesoderm

PLATE 09
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HSV type 1 day three pock

Infected cell with virus capsids in nucleus and cytoplasm
(arrowed)
Vacuoles budding from the nuclear membrane are present

c = chromatin (marginated) mi = mitochondria

PLATE
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HSV type 1 day seven pock

part of a mesodermal blood vessel (x12,600)
irregular, fragile structures (arrowed) resembling virus

capsids are present in the extra-cellular spaces, but
not within cells

higher magnification (x20,000) of another area of the
same blood vessel showing further examples of these
extra-cellular fragile structures

L = lumen of blood vessel

PLATE 71
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HSV type 1 day two pock

Infected nucleus showing close resemblance of nuclear pores
(open arrow) to virus capsids (closed arrow) (x20,000)

PLATE 7 2
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9.4 Herpes simplex virus type 2 infected CAM

One day after CAM inoculation with HSV type 2, the lesions
were similar to those of the HSV type 1 infected CAM with
slight piling up of cells'in the chorion layer of the pock,
which hed an open appearance. Cellular reaction in the
- mesoderm was more pronounced than with day one HSV type 1
and the allantois appeared thickened below the pock even at
this eariy stage. Infected cells occurred throﬁghout the
thickness of the‘chorion andeextended to the edges of the
pocks..'Like type 1 pocks at the same stage there was an
increase in the number of microvilli on the surface cells
of the chorion compared w1th unlnoculated controls. Within
1nfected cells reduplication of the nuclear membrane occurred
_more'frequently than in type 1 equivalents, as did pseudo-
crystalline arrays of virus capsids in ihfected nuclei.

The particles within these small crystals were often markedly
hexagonal.in appearance (plate 73). 1In somevinfected‘nuclei
“the capsids were aeeociated with densely staining granules

of approximately 65 nm. diameter (plate 74). There was: a
number of capsids with bizarre cores showing double rings,
~ ribbons orAbars'aﬁd rosettes together with large numbers of
'empty eapsids. At this stage virus was occasionally found
in the meeoderm."With the HSV type 2 day one pocks many
more virus infected cells were present and pocks appeared
‘éo be at a more advanced stage of ihfection than the type 1
Vday one pocks.
The pocks produced by the second day after inoculation

of the CAM were very large and a single ultra thin section
of a pock covered a large area of the 3 mm. diameter specimen

grid. The chorion showed increased proliferation both into
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and along the surface of the membrane when compared with
"the'HSV type 2 day one pock or the HSV type 1 day two pock,
énd the mesoderm showed marked cellular infiltration
particularly below the pock area of the chorion (plate 75,r
Infiammatory leucocytes,'particularly macrophages'and mast
cells; were present in both mesoderﬁ and chorion (plate 76) .
‘Both these layers were heavily infected with virus (plates
77 aﬁd 78) . Although the allantois became thickened beneath
the pock no virﬁs particlesrwere detected.in the allantoic
»cells;‘ However, there were small numbers of pinocytotic
vesicles ihto these cells from the.meeoderm, e feature not
observed in controls or HSV type 1 lesions (piate,79). As
‘with the type 1 pocksbthe virue infected celie were present
ih greater numbers in the lower, less electron Gense, layer
of the chorion. The number of surface microvilli increased
compared with controls.

HSV type 2 infected cells contained many more virus
particles; which were either 'full' or 'empty'; compared
vwith £hose infected with HSV type 1 (plates 80 and 81),
and many infected nuclei had contorted nuclear membranes
(plates 80 and 82). In contrast to the type 1 pocks, extra-
- ceilular‘and cytoplasmic virus particles both enveloped

-and naked Were a common feature of the type 2 pocks (plate 82,
84), as was the relatively large number of empty capsids.
There were also enveloped virus particles which appeared to
‘be situated in vesicles in infected nuclei (plate 83), and
the perinuclear space of infected nuclei was much disrupted
and eontained complete virus particles (plate 82). Virus"
was present at all stages of morphogenesis (plates 83 and

84). Occasionaily virus infected cells were in the process
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of cell division (plate 85), others in what could be cell
- fusion (plate 86) and others showed nuélear lysis with
nuclear contents and virus particles oozing into the cyto-
plasm (plate 87). Some rather more electron dense infected
cells showed pale patches in the nuclei and collections of
16 to 20 nm. diémeter granules associated with viral capsids
(plate 88). Other granules associated with capsids which |
were only seen in HSV type 2 infected CAM cells included
some with diameters 42 to 50 nm. (plate 89a,b) and others
which'Qére very pleomorphicvin structure and 65 to 95 nm.
in diameter-(plates 81 and 90). Some infected nuclei
- contained small periodicvstrﬁctures made up of membraneous
layers, each of which measured 21 nm. across and was studded
with grains 16 nm. in diameter and 8 nm. apart (plate 91).
'Microfilaments_of average width 16 nm. in diameter were also
common in infected‘nuclei (plates 91 and 92), as were small
paracrystalline arfays of virus particles suggesting an
hexagonal arrangement (plate 86). Moderately electron. dense
bodies 68 to 80-nm. diameter resembling inner capsids of
- herpesvirus particles Were seen aldngside groups of virus
particles in infected nuclei (plate 91). These could also
be interpreted as tangential sections of the extreme ends of
viral capsids. Virus particles were frequently seen in asso-
ciation with chromosome material and these particles often
appeared distorted and fragile as if in early stages of
formation (plate 93).

Lattice structures were common in longitudinal, tangenﬁial
and cross-section in nuclei and cytoplasm of infected cells.
Ih longitudinal section they appearéd as filamentous strands

10 nm. wide (plate 94a,b), and in cross-section they were
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21 x 21 nm., with a central hole of approximately 10 nm.
diameter, and centre-to-centre spacing of 31 nm. (plates

92 and 94b). These structures were seen only in the HSV
type 2 infected CAM cells. Other structures‘frequently
seen in the cytoplasm of infected cells had a semtiircular
appearénce, were variable in length and 53 to 58 nm. across
(plate 95).

. HSV type 2 pocks continued to increase in size from
fhree to sevénvdays after CAM inoculation. There was also
an increase in the number of virus particles and infected
cells present. The celis of the chorion and mesoderm were
infected (plate 96), but no virus was observed inkthe cells
of the allantois throughout the seven day period of
observation. ‘Those noh—enveloped particles free in the
mesodermal space were surrounded by finely granular
material which gave them a fuzzy outline, and they were
often close to phagocytic cells (plate 97). The structure
of three to seven day pocks was essentially similar to the \
structure of day two pocks, except that there was a slight
increase in the freéuéncy of paracrystalline arrays of
virus particles (plate 98) and capsids with bizarre cores.
The latter included those with: double cores,.annular cores,
bar-shaped cores, very densé cores, off—centre cores, off-
centre cores with thickened capsid opposite, toroidal cores,
.flimsy or 'broken up' cores, and cores with an apparent
threefold symmetry (plates 84, 99, 100 and 101b).

In haemorrhagic pocks vifus was présent in the cells
lining the lumen of the blood vessels as well as in
leucocytes (plate.l0Ola,b). No virus was present in the

erythrocytes. Marginated leucocytes were present in the

~ 206 -



blood vessels (plate 75), presumably connected with the
inflammatory response. The chorion and mésoderm were
heavily infected, but no virus was found in the cells of
, thé allantois, although infected cells were in contact

with this layer.
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HSV type 2 day one pock
Infected cell in the chorion (x18,900)

Note hexagonal appearance of virus particles in the intra-
nuclear paracrystalline array (arrowed), and the presence
of virus particles or envelopes associated with the
basal lamina (BL)

PLATE
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HSV type 2 day one pock
Infected cells in the mesoderm (x18,900)

Dense granules (arrowed) approximately 65 nm. in diameter
are present alongside what may be sites of viral synthesis.
Note immature particles (open arrow) alongside.
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Part of a day two HSV type 2 pock
c = chorion m = mesoderm a = allantois
bv = blood vessel
Note inflammatory response

Also present are:

marginated leucocytes 1
non-granular leucocytes 2
mast cells 3
granular leucocytes 4
macrophages 5

(best viewed with a hand 1lens)

PLATE 75
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HSV type 2 day two pock
Part of the infected chorion (x4,800)

Note infiltrative cell in the mesoderm (open arrow) and
in the -chorion (solid arrow)
bl = basal 1lamina

PLATE 76
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HSV type 2 day two pock
Infected mesoderm (x4,800) Note inflammatory cells

i = infected cells bl = basal lamina
PLATE T 1
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HSV type 2 day two pock
Heavily infected cell in mesoderm (x18,900)

BL - basal lamina

PLATE 7 8
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HSV type 2 day two pock
Allantoic layer of CAM (x18,900)

Mast cell in contact with basal lamina (bl)
Note pinocytotic vesicle (arrowed) into allantoic cell
D = desmosome N = nucleus

PLATE 7 9
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HSV type 2 day two pock

Infected cell in chorion showing numerous ’'full’ and some
"empty’ particles in the nucleus (x!8,900)
Note disruption of the nuclear membrane and shrinkage of

the nucleus
PLATE 80
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HSV type 2 day two pock

Infected cell in chorion showing numerous ffullf and
"empty’ virus particles in the nucleus
Cytoplasm highly vacuolated due to enlargement of the
perinuclear space

Note dense granules (arrowed) (x18,900)

PLATE



HSV type 2 day two pock

Highly infected cell in chorion with numerous full and
empty capsids in the nucleus (x18,900)

Note highly convoluted nuclear membrane

PLATE 8 2
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HSV type 2 day two pock

Infected cell at the base of the chorion containing
enveloped virus particles within vesicles (arrowed)
in the nucleus

¢ = chromatin no = nucleolus (x18,900)

PLATE 8 3
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HSV type 2 day two pock

Infected cell in chorion showing particles at all stages
of morphogenesis (x18,900)

% site of capsid formation in nucleus

2 fempty’ particles in nucleus

3 ’full’ particles in nucleus

4 particles budding from the nuclear membrane

5 " » " " " " (further
6

enveloped particles in the cytoplasm advanced)

Note capsid with envelope of reduplicated nuclear membrane
(solid arrow), extracellular enveloped virus particle with
pronounced fringe (open arrow) and capsids with unusual cores

n - nucleus e erythrocyte

PLATE 84
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HSV type 2 day two pock

Infected cell in chorion in the process of cell division
c = centriole (x12,000)

Note microtubulesj also large number of naked capsids in
cytoplasm and disrupted nuclear membrane
PLATE 85
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HSV type 2 day two pock

Infected cell in chorion with what appears to be two
nuclei (1 and 2)
Note dense granules *2 nm. in diameter in nucleus 1
and small paracrystalline array in nucleus 2

(X18’900) PLATE 8 6
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HSV type 2 day two pock

Infected cell in lower chorion in which the nucleus has
lysed and nuclear and cytoplasmic contents are mixed with
naked virus capsids (x18,900)

(note polysomes, arrowed)

PLATE 87
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HSV type 2 day two pock
Densely staining highly infected cell in chorion (x18,900)

Pale areas in nucleus containing 16-20 nm . granules
(arrowed)

PLATE 8 8
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a)

b)

HSV type 2 day two pock

highly infected cell in chorion showing dense granules

only in the nucleus (x18,900)
Note tubular structures in both nucleus and cytoplasm

infected cell in chorion containing numerous dense
granules 42-50 nm. in diameter closely associated with
virus capsids (x25,200)

PLATE 8 9
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HSV type 2 day two pock

Two infected nuclei in chorion with pleomorphic 65-95 nm.
granules concentrated at the nuclear membrane
(x18,900)

Complete virus particles are seen in the peri-
nuclear space (arrowed)

PLATE 90
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HSV type 2 day two pock

Infected nucleus in a cell at the base of the chorion
containing virus capsids and 68-80 nm. bodies resembling
virus cores (x18,900)

Note membraneous structure (arrowed); each membrane is
21 nm. thick, studded with granules 16 nm. in diameter
and 8 nm. apart; also present are numerous microfilaments

PLATE 91
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HSV type 2 day two pock
Infected cell in chorion

The nucleus contains numerous 16 nm. microfilaments
(arrowed) and lattice structures (open arrow)

Enveloped and naked cytoplasmic virus particles are
present; note whorl-like structures in the cytoplasm
m = mitochondria 1 = lipid droplet (x1.8 ,900)
PLATE 92
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HSV type 2 day two pock
Nucleus of infected cell in mesoderm (x18,900)

Full and empty capsids are present, as well as fragile
particles (open arrow) which are associated with chromatin
and are suggestive of particles at an early maturation

stage
PLATE 93
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HSV type 2 day two pock

a) highly infected cell

in mesoderm showing lattice-like
structures

in tangential and longitudinal section

b) highly infected cell in chorion with lattice structures
in longitudinal, tangential and cross-section in the
nucleus and cytoplasm

(x18,900)
n = nucleus 1 = lipid droplet i =

inflammatory cell
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HSV type 2 day two pock

A semi-circular structure 53-58 nm.across is present in
the cytoplasm of an infected cell in the mesoderm
(no virus particles are seen inthe nucleus) (x18,900)

PLATE- 95
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HSV type 2 day five pock

Region of chorion showing numerous virus infected cells

(x4,800)
I = infected cells L = leucocyte

(note macrophages)

PLATE 96

- 231 -



HSV type 2 day three pock
Region of mesoderm showing densely staining macrophage

Note virus capsids free in the mesoderm surrounded with
a fine meshwork, giving them a fuzzy outline (arrowed)

(x18,900)

PLATE 97
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HSV type 2 day three pock

Infected nucleus with wvirus

particles arranged

in a para-
crystalline formation

The particles immediately in the plane of the section (3)

suggest a square symmetry, whilst the particles in row (B)
appear to be hexagonally placed

in relation to those of
row (A)

(x32,000)

PLATE 0 8
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b)
c)
d)
e)

f)

g)

h)

Cores of HSV type 2
bar-shaped core with one-sided thickening of the capsid
double core
annular (hollow) core
curved core
off-centre core (solid arrow), "fragile’ core (open arrow)

apparently broken-up core (open arrow) and toroidal core
(solid arrow)

bar-shaped core with thickening of the capsid either side
of the core

double core associated with nuclear membrane

(all magnifications x31,500)

PLATE O
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Cores of HSV type 2
densely staining solid cores
toroidal shaped core

core to one side of capsid (solid arrow) and core showing
threefold symmetry

Pale staining cores (short solid arrows), toroidal core
(long solid arrow) and ’'broken’ core (open arrow)

densely staining filamentous core

particle with no gap between the curve-shaped ’'core’ and
the capsid

(all magnifications x48,000)

PLATE 10 0
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a)

b)

HSV type 2 day three haemorrhagic pock

low magnification view of part of blood vessel (x6,000)
Virus infected cell (arrowed) is present in the wall of

the blood vessel
.higher magnification of virus infected cell in blood vessel

(x2M-,000) Cell is breaking down and releasing virus

particles into the 1lumen

E = erythrocytes PLATE 1
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DISCUSSION

The useAdf poék size on the chorioallantoic membrane (CAM)
to type isolatesvof herpes simplex virus (HSV) has been’
'strongly advocated by a number of workers, in particular
- Hutfield (lé67)_and Parker and Banatvala (1967) . However,
6thers have urged caution in the interpretation of resﬁits
because of factors othefvthaﬁ virus type which may influence
lesion size (NahmiasAet al. 1968). With the strains of -
Virus\usedAin the present study, no diffiCulty was experienced
in differgntiating fresh isolates of type l‘éirgs from those
of type 2 using the pock size marker. Howevér; some |
laboratory strains of type 1 virus, which had received
multiple passages on the CAM, produced larger pocks thah
the_frésh isolates, confirming reports made by Coriell and
colleagues (1949), Wildy (1955) and'Schneweis (1962Db) .

Typing of these labofatory strains was further cdmplicated
if large inocula were gsed, as this resulted in pocks
coalescing to form confluent patches which resembled the
larger pocks of type 2 strains. Passage of these laboratory
strains in human cell cultures before their inoculation onto'
the CAM reéulﬁed in a development of normal small pocks.

In éddition to the size of lesions, gross pock structure
 was an additional useful marker for differentiating highly
- passaged viruses of either type. The type 1 high pgssage
' strains induced necrosis, but not haemorrhages, the latter
- being a salient feature of type.z virus induced pocks, |
~particularly when vifus was inoculated onto the CAM in high
titre. High and low passagé ¥irus varied in its capacity

~
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to induce pocks in eggs from different breeds of fowl.
The most suitable were White Leghorn eggs, whefeas those
from Light Sussex - Rhode Isiand Red crosses gave variable
results.and occasionally did not support the growth of HSV
type 1 strains at all (unpubl. obser.). This suggests an
explanation for the report by Gologan and co-workers (1972)
who Qbservéd that type 1 sfrains did not induce pocks on
the CAM of an unspecified breed of‘eggs, whilst type 2
‘strains produced-polymorphié pocks which did not increase
in size with incubation. They concluded that the type 2
strains were more heterogeneous viruses than type 1. But
if such variations in response of breed and agebof eggs
and passage history of virus can be set aside, then useful
deductions on the nature of stfains uhder test can be made
from the comparétive gross and histological examination of
pocksiand electron microécopy.of-infected cells*within
pocké. )

In the pfesent study, in wﬁich the develbpment of patho—
logical 1esions'induced by HSV types 1 and 2 was followed
by both optical and electron microscopy, the histological.
observations of Nahmias and colleagues (i968) were confirmed
and extended. ‘They examined the lesions on the CAM of oral
and.genitai strains of HSvay'optical microscopy at three
~or four days post-inoculation. The results presented in
-this study showed that the early‘stages of CAM infection
were the same with either virus type, and involved prolifera-
; tive changes of the ectoderm with only slight infiltration} |
of thé mesoderm. By two or three days these changes were
more pronounced with type 2 strains. The ability to

recognise differences between the pocks induced by the two
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types of HSV was inversely related to the concentration of
virus in the inoculum and consequent density of pocks on
the membrane. When inocula of less than 100 pock-forming
units were used and lesions were well separated, histological
differences between pécks formed by types 1 and 2 viruses

- were noted by day two post—inoculation. The type-specific
. différence§ were most striking'from four to seven days
pést—inoculation,when the total CAM involvement of the
Vtype 2 strains became obvious. These»reéults aré in keeping
wiﬁh the élinical observation that genital.strains normally
»induce more diffuse lesions involving the deeper tissues
than do the 6ral isolates. At this time the inflammatory
response involving mast cells, macr0phages and leucocytes
was maximal. The secretions of the mast cells probably
prevented intra-vascular coagulation and induced vaso-
. dilétion, facilitating the migration of leucocytes from
the blood vesselsbﬁovthe pock, whilst the increase in the
- number of maérophages was probébly a réSponse to cellular
debris arising from the lytic cycle of the virus. The
multi-nuCleaté giant célls seen in the type 2 pocks may

have been virus induced or developed from macrophages which
had engulfed cellular material (Bloom and Fawcett 1975).

When doing electron miérosdbpic studies it is essential

to be aware of the limitations of the technique. Thin
.sectioning suffers from the problems of selection in that
only a comparatively small number of cells can be examined
and'the plane of section may produce misieading information;
;Fixéd material examined by thin sectioning presents static
tw§ dimensional images of dynamic three dimensional struc-

tutes and the possibility of incorrect interpretation is
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considerable, particularly when sequential development is
traced. Stuaies on virus maturation against time are
difficult to control, particularly in a tissue‘like the

CAM in which cell numbers are vériable so that only compara-
htivefstudies between”viruses at identical times may be
worthwhile. |

The most striking ultrastructural feature which distin-

guished HSV type i infected CAMs from those of HSV type 2

was the number Of virus infected cellé present in the pocks. :
In typé 1 infections these reéched a maximum two to thiee
days-after inoculation. The relative number of infected

to uninfected cells declined thereafter, whilstvin type 2
infections the number of infected celis'contiﬁﬁed to increase
overifhe study period of seven days. Thé number of mature
. enveloped virus particles in thé cytoplasm of type 2 virus
}nfeCtéd.cells’waslconsiderably more than in those of |
typebl. In the CAM type 2 viruses induced a_morphologically
k more efficieht‘infection with many more virus particles,
produced. From the results it may be pOStulated that the
presence of virus particles or antigens stimulates the cells
of the CAM to préliferate. Virus spread throughout the
infected layersrof-cells in the pocks in a random fashioh
and vﬁrus infected cells occurred alongside apparéntly
normal ones. The increase in the number of microvilli at
the‘surfécevof pocks induced by both virus types may have
been a virus induced phagocytic response. That no virus
was found in thevallantoic cells of type 2 pocks may reflect
the restrictive nature of these cells for HSV. This‘was
supported by the low levels of virus replication following

allantoic cavity inoculation or cultivation of the viruses
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~in allantoic cells <n vitro. The extra-cellular virus-like
structures seen in the mesodermal layer of a type 1 pock

at day seven were of interest in that they resembled the
extra-cellular structures observed by Cromack (1968) in

. chick embryo cell‘ﬁonoleyers. She suggested that these
might be indigenous oncogenic virus particles. In the
'present stuay, it is possible that tﬁe etructures were
démaged HSV particles released from macrophagee near the

" blood vessel, or particles which.hed lezked from the chorion
‘tovthewmesoderm, but as'they were found surrounding one
:blood'vessel and not elsewhere in the mesoderm of this or
anyvothef type 1 pock these explanations seem unlikely.

Tﬁey ceuld have been avian herpesviruses rather uﬁan HSV,
but Brandly (1934) demonstrated that infectious laryngo-
tracheitis virus was not transmitted through the egg. This
also applied to Marek's disease virus (Solomon.et'aZ.Al97O)}
Nonetheless, contaﬁinating indigenous viruses cannot be
ruled out. Positive identification of these particles from
their morphology alone has proved to be impossible.

There was ho.qualitative difference in the method of
entry of HSV typesyl or 2 into CAM cells and both viropexis
and fusion were observed. These results confirm those of
Hummeler and colleeques (1969). Similarly both virus types
showed the standard features of herpesvifus morphogeneeis
with minor variations. The significance of the 21 nm.
‘tubular and lattice structures seen in HSV type 2 infected.
CAM cells is obscure, but they may represent excess virus
capsid protein material. Kalnins and co-workers (1967)
found filamentous structures in adenovirus induced tumours

in hamsters, and Suggested that filamentous structures
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could be considered as 'viral footprints' in neoplastic
cells; Aurelian and colleagues (1971) noted sinilar struc-
- tures in cultures of cervical tumour cells from which HSV
'type 2 was isolated. That these structures were seen'in
CAM cells infected with type 2 virus but not in type I
',infected cells in the preeent study may be COnnected with
the oncogenic potential of HSV typenz,'partieularly in view
of its reported association with cervical carcinema.
Berthiaume and Joncas (1973)-obeerved 22 nm. lattice-like
strnetnfes'similar in appearance to those present in HSV
type 2 infected CAM cells in the nucleus and cytoplasm of
. HEp2 cells. As this cell.line‘was derived from a human
. carcinoma of the 1arynx,'a.Viral—induced origin for these
tubules seems a possibility, The morphoiogically different
22 nm. diameter microtubular structures occasionally found
in HSV.type 1 infected CAM cells:were seen only in longi-
tudinal section and appeared ribbon-like, iacking the
" lattice structure of those in the type 2 infected cells..
In addition, these were present in association with nuclear
“changes 1nclud1ng the presence of cytoplasmlc organelles
. in the nueleus. It.ie therefore considered that these were
cellular microﬁubules.v |
Dense gnanules of varioue sizes have been found in cells
linfected with HSV by many workers, but as yet their function .
Es undecided. The 37 nm. diameter'granules present in virus
_infected CAM cells, but not in the uninoculated control
cells, were similar in size to the viral cores. These
results, whilst not elucidating the neture of dense granules
in infected cells,.list two further sorts which occur in
the cells of the CAM infected with HSV type 2, but not type 1.

The»iG—ZO nm. diameter granules observed in some infected
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The type 2 infected cells may exhibit additional granules
in the infecte& nuclei because of a more intensive production
of viral antigens, or the granules may be interchromatin
structures and condensed‘nuclear proteins. In either case
these would become more easily visible following clearing
of the nucleus due to virus-induced condensation and
margination of the chromatin. That the HSV type 2 infected
'oelis contain 21 nm. lattice strnotures and 42-50 nm. and
65-95 nm. dense granules which are not present in HSV type 1
infected cells was:shown) but further stuaies, perhaps
involving autoradiographio andrimmnnoferritin techniques
as well as biochemical analysis of purified preparations,
wonld be required in order to study the possible role of
these structures in virus morphogenesis.

The greater heterogeneity noted in the cores of HSV
type 2 compared with those of type l may result from one
of three alternatives: they are the toroidal cores described
by Furlong and colleagues (1972) in various orientations
to the plane of section; the cores exist as pieces in-
“various arranéements prior to fusion to form the dense
cores desoribed, or they are cores which have been assembled
defectively. That the cores are toroidal cannot be exolnded,
~although this fails to explain why structured cores were
- not found in the type 1 infected cells. Nii and Yasuda
‘(1975) demonstrated that the cores of type lland type 2
could exist as toroids. On the other hand Miyamoto (1971)
1nterpreted granular or pale stalning cores as precursors
of the dense cores, although this may be artefactual due
to fixation or staining or the relationship of the particles
- to the plane of section;’espécialiy as Watson and co-workers

e
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(1964) showed that particles with dense cores in one section

had hellow cores in a subsequent Section. Finally, the

structured cores occurred more commonly in the older pocks

when numerous virions were present even though the infectious

| virus titre in the CAM harvests declined at this period.

' »This would favour the view that these were defective virions.
The observa;ion made in this study tha£ the cytoplasm

ef the type 2 infected cells contained more naked and par-

fially enveloped particles than that of type 1 infected

cells was made previously'by SchWarté'and Roizman (1969a).

A number of explanations for this observation can be offered:

capsids arebpartially aSsembled in the th0p1asm; the huclear

membrane of type 2 1nfected cells is partlcularly fraglle,

they are degenerating enveloped particles; cytoplasmic

envelopment is normal for type 2 virus, and virus particles

are taken into the cells and de-enveloped just as rapidly

as they are feleased. The assembly'of type 2 capsids in_.

the cytoplasm seems unlikely, although there isﬁgood evidence

that some viral antigens are made there (Miyamoto et al.

1971). vThe“present reeults‘showed that the 21 nm. lattice

'sﬁructuree were present in the cytoplasm as well as the

nucleus of typé 2 infected cells, but ﬁhat the granules

- specific to the type 2 infecfed'cells‘occurred only in the

nuclei. Further evidence tending to eliminate cytoplasmie

.capsid assembly was £hat although capsids without cores

- were present in the cytoplasm, fragile particles thought

to be capsids early in their formation were observed in

the4nucleus but neﬁer in the cytoplasm. The nuclear membrane

of HSV type 2 infepted cells may undergo changes making it

more fragile,_particularly es‘ruptured nuclei were observed
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in some type 2 infected cells but not in type 1. This
occurred despite the largér amount of reduplicafed nuclear
membrane in the type 2 virus infected cells. Any weakéning
of the nuclear membrane may be the physical result'of 
envelopmepF of the largér.ﬁumber of particles produced in
the type 2 infected cells."It was proposed by>Schwartz

and Roizman (1969b) that naked cytoplasmic capsids were
v_enveléped virus particlés’whiéh had their envelopes removed
in the ¢ytoplasm; Why this should occur with HSV type 2
ana‘not type'l is not clear, although it would explain the
similarity in the infeétivitybyield for the two virus types
" despite the larger.number of particles observed in the type 2
infected cells by'thin sectioning. If type 2 virus parﬁicles
were de;enveloped in the cftoplasm,kit'might berexpected
that virus»envelOPe material should be observed in the
‘éytOplésm} autoradiogréphic or immune electron microscopy -
ﬁay resolve this question. 1In this study,'what appeared

- to be cytoplasmic envelopment of type 2 virions was
occasionally observed, but there was no evidence that
capsids already enveloped at the inner lamelia of the
nucleus were de-enveloped at the outer lamella of the
nuclear membrane as postulated by Stackpole (1969) for
'Lucké.tumouf herpesvirus. Schwartz and Roizman (1969a)

- considered that some cells were restrictive for HSV due
éither to a block on virus envelopment leading to 1afge
gumbers of virus crystals and naked particles in the cyto-
plasm, or to the lack 6f ducts for virus release resulting
in de-envelopment of new particles in the cytoplasm.
However, in this study the présence of such accumulations

of immature virions in HSV type 2 infected cells is certainly
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not linked with a restrictive cycle, since HSV type 2
spreads with ease in this tissue.

A further feature which differentiates the two HSV types
is the capacity of type 2 virus_to spread from the original
_ pockbon the CAM to other regions of the egg and embryo
- (Rodgers 1973 and this study). The rate of spread of the
:type 2 virus was related to the infectious titre in the
inoculum, ranging from no epread or haemorrhages of the
.‘CAM with>very low inocula to rapid spread and_subseqaent
~death of the embryo w1th1n six days with larger inocula.
~Electron microscopy studies showed that ‘the blood vessels
of the HSV type 2 infected CAM were affected. It is likely
that death of the embrye resulted from a bloed-borne dis-
seminated infection} ‘It is also possible that the greater
involvement of the CAM by the type 2 strains compared with
those of type 1 resulted in physical impairment of‘the
membrane leading to stress of the embryo making it more
susceptible to virus infection. Inoculation of HSV type 1
in amounts equal to or exceeding those of type 2 did not
‘induce spread beyond the CAM, indicating that restriction
of‘the type 1 virus to the inoculation site was truly type-
- specific and not concentration dependent, although‘all
‘inocula were less than 10’ TCDg | per O;i ﬁl. |

.shaffer and Enders (l§39) noted that ihoculationvof a
brobable type 1 strain onto the CAM did not result in spread

Qf'the virus frem the CAM. These workers, quoting reports |
from Goodpasture and Anderson's 1aborator§ thought that
h the non—v1rulence of their straln of HSV for the embryo
‘after CAM 1noculat10n was due to the lack of 1nnervat10n

of the membrane. The situation in the egg may well parallel
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human infections in which spread of HSV to the brain is
said tolbe along nerve fibres for type 1 and by the blood
~stream for.type 2 (Craig and Nahmias 1973). o
| Anderson (1940), working with the HF strain, observed
~ spread of infectiqn from the inoculated CAM to the embryo
after six or seven days' incubation. As this virus strain
was originally isolated from a lip lesion in 1925 (Flexner
and Amos 1925) there had been ample opportunity for mutation
- and selectioﬁ or mixture to occur, because of numerous
passeges;}and later'observafions throw doubt on the type
.'identity of HF strains. 'From the results of Wheeler (1964)
it appears that his HF strain behaved as a type 2 virus |
'and was more'virulent for chick embryos than ﬁhe HPF strain,
a derivative of the HF strein.',Subsequently Dowdle and
coileegpes (1967) examined a number of so-called HF strains
from differens sources by kinetic heutralisation.tests and
found some to be type 1 and others type 2 strains. The
pessibilityﬁthat the HF strain was originally composed of
a miXed population of virions from which subsequent iabora—
tory passages seiected.particles with increased vifulence
cannot be excluded. This'makes it difficult to assess
Anderson's results. |

In ﬁhe ﬁresent study there was evidence that serial egg
passage in excess of 24 times increased the spreading
bapability of the type 1 strains and increased the patho-
- genicity for the CAM and embryo of, the type 2 strains.
Further passage up to 36 times in eggs prbduced no funda-
mentalvpsoéressive change in these properties, but it is
possible that continued egg passage in excess of 100 times

.couldvdramatically alter the virus characteristics in eggs.
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Indeed Taniguchi (1966) showed that a fresh isolate from
eczema herpeticum (presumably type 1) which had.received
six CAM passages did hot SPread beyond the ectoderm of the
inoculated CAM and no virus was obtained from the allantoic
»fluid or embryo. In contraét, after 87 to 101 seriél CAM
passages this strain sptead rapidly throughout the egg and
killed the embryo in four days.

That the type 2 virus appéars to be mesoderﬁotropic waé
’}shéﬁn in sections, and aé the primitive mesodefm gives rise
to the blood vessels, this miggt eXplain the apparent
.greater ease of infection of the blood vessels of the CAM
by the.type 2 virus. The tendency for the highly egg- |
passaged.type,l strains to spread to other regions of the
egg méy feflect an increase.in their tiésue tropism for
the mesoderm, and it would be interesting to examine
iesions'of these pocks for evidence of virus penetration
beyond thé chorion.

- Although type 2 virus spread to the allahtoic fluid
rapidiy and could bé recovered from this cavity'in‘large
quantities for at least six days, yet when eifher virus
- type was inoculated directly into the allantoic sac, the
conéentratidn of virus declined, and in only one case

(type 2 strain PAR) was any virus preéent aftep six dayé'
incubation. This suggests that the cells lining the allan-
toic ca&ity are less susceptible to infection with HSV.

In support of this are the low yields of infectious Virﬁs
of either type obtained from the allanﬁoic cells Zn vitro
-and the failure to find infected allantoic cells by electron
nmicroscopy after HSV type 2 inoculation of the CAM. The
pinocytotic vesicles observed in the allantoic cells of

U - 248 -

)



HSV type 2 inoculated CAMs may have been virus-induced
particuiarlyxns thése structures were not observed in the
allantnis of control or type 1 infected CAMs. After CAM
“inoculation two routes of spread to the allantoic fluid
: may‘be postulated: virus is shed continuously over the
six day period. into the allantoic cavity from the infected
.CAM cells either by cell-to-cell spread including infection -
of;the_allantQiC‘cells; or by mechanical leakage of virus
thfbugh;the.aiinntoic layer. Alternatively, following the
initial infeétion’of fhe CAM virus spreads to the allantoic
_flnid and also to the embryo. It is then e#creted into
fhe‘allantoic cavity frbm the embryo, so maintaining high
concéntfations of virus in the fluid. 1If the latter
.hypothésis were correCt, tne reverse does not occur, that
is, spread to the embryo does not follow inoculation of
the allantoic.fluid. After ailantoic inoculation‘with the
egg adapted strains, the decline in the titre of infectious
virus was slower, and in one case an increase in tiﬁre occur-
red without spread to the embryo. This indicates an increased
capacity for replicatidn of the egg adgpted strains in the
cells lining the cavity. With these strains, the possibility
- of their spread to and replicatién in embryo organs other
_than those examined,,although nnlikely; cannot be discoﬁnted.
It seems likely'that after CAM inoculation the type 2
$trains spread to the embryo by infection of the cellé of
the blood vesselé lying in the mesoderm, spread to the
émbryn beingralways associated with haemorrhage of the CAM. -
Although no herpesvirus intra-nuclear inclusions could be |
identified in the endothelial cells of the blood vessels

by optical microscopy, there were virus particles seen
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~within phese cells by electron microscopy. It was found
fhatithe virus had spread'to the embryo brain, heart and
gut to a similar extent, supporting a.haematogenous spread

- throughout the embryo, rather than spread to the viscera

via the blood stream followed by neural spread as suggested
by Anderson (1940).

| Apart'from differences in the capacity of the two types
ef virus to spread within the tissuesrof ﬁhe egg, there
were some differences and similarities in the yield of
~infectious virus froﬁ the'infected CAM <Zn ovo énd from the
various eggitissues in vitro. However, accurate quantita-
tive comparisons‘between the two virus typee in.CAM'cells
'in ovo was difficult becauee of proliferation of the chorion
cells following virus infection and the spread of the type 2
‘virus within the egg from the inoculated CAM. Although

the results in this study were insufficient to draw too
manf conclusiene; nonetheless it is.significant that the
‘titres of infectious.virus recovered from homogenised CAMs
at three and six days post-inoculation showed a much slower
rate 0fbdecline for type 2 than for type 1 virus. It would
appear that with HSV type 1 strains, replication occurred
at an early stage and was then interrupted so that after |
six days the quantity of virus in the CAM harvests dropped
dramatieelly. This was more pronbunced following administra-.
.éion of low concentration inocula. With the higher titred
type 2 inocula, spread of'virus to the allantoic fluid had
“occurred by the third day and to the embryo by the sixth
day, whilst with low titred inocula no spread had‘occurred.
This couldvexplain,the more rapid decline in infectious

type 2 virus between day three and day six with the higher
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concentration inocula compared with the low concentration
Vihecula, following loss of infectious virus froh the CAM _
‘finto the allantoic fluia and blood stream. In general,
the rate of virus increase was similar for both virus. types,
“except that with the high,cencentration type 1 inoculum
fhe rafe wae somewhat slower. This may reflect a truly
~ slower replication rate following administration of high
dosee of'type 1 virus, or-fhat viral multiplication in CAM
cells may have been 1nterrupted at an earlier stage than
w1th the lower inocula, so giving the:’ 1mpre551on of a slower
repllcaflon rate. |

Previous quantitative stadies on CAM yields are not in
complete agreement. Shaffer and Enders (1939) showed that
after 1n1t1al repllcatlon, a decrease 1n the virus population
occurred five days afterkCAM inoculation, whilst Scott and
: eo-workers (1953) observed an equilibrium of titre from
the CAM at three days post-inoculation. Taniguchi (1966)
.showed that with a fresh isolate (probably tYpe l);lvirus
replication prqgressed’for the first two days post?CAM-'
ineculation, and was followed by a sharp decrease in virus
yield, due;‘it,was suggested, te the action of interferon.
The weight of the CAM continued to increase to the sixth’
day,ppst-inbculation.and decreased~onfthe seventh. From
. this it wae clear that although virus replication was inter-
:rupted on the second day after CAM inoculation, cel;ular
proliferation in the form of pocks continued up to the
sixth day, and thereaffer resolution of the pocks caused
- a decline in CAM weight. Taniguchi also showed by fluores-
cent antibody fechhiques that only a small number of cells
in thebpocks contained virus, a finding confirmed in this
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study by electron microscopy. The present study showed
. that typelz virus replication and pock formation continued
uninhibited, findings also observed for egg-adapted strains
‘by Yoshino and colleagues (1961). -
‘When egg-borne factors-were removed by cultivation of

the viruses in cell cultures of’egg tissues, the growth
patterns differed somenhat froﬁ those in ovo. No significant
tYpe differences were observed in the growthvcurves in chick
embryo fibroblasts or brain cell cultures, which contrasts
- with the type-specific spread'differences in ovo. This
indicates that factors other than embryo tissue tropism
.reSult in spread differences. That the type 2 strain pro-
duced more infectious virus in the chick embryo CAM cell
cultures than the type 1, correlates w1th the higher titres
from the CAM 1in ovo, and with the larger number .of virus
narticles seen in sections with the type 2 strains. Indeed
‘the findings in the CAM tissueslin vitro peralleled those
" - im ovo. The poor growth of both viruS‘types.in'allantoic~
cell cultures correlates with their lack of growth'in the
allentoic cavity <n ovo, but there are differences between'
HSV types 1 and 2. It is not clear why the CAM .cell cultures
should be less,sensitive to infection with the type 1 virus,
- and the allantoic cell cultures to infection with either
. virus type, except that the fibroblasts and brain cell
cultures were embryo-derived, whilst the CAM and allant01c
cell cultures came from the CAM.

- It was possible to distinguish fresh isolates of HSV
: type llfrom those of type 2 by the temperature of incubation
of CAM-inoculated eggs. The type 2 virus strains and labora-
tory strains of type 1 grew more readily on the CAM at high

1
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temperatures than did the freshly isolated type 1 strains.
These results correlated well with the lower virulence fof
the CAM of the freshly isolated type 1 strains compared
with the type 2. The ability of viruses to replicate at
high temperatures, correlatedeith an ihcrease in virulence,
" has been shown fof thé Poxviridae (Bedson and Dumbell 1961)
and polioviruses (Lwoff 1962). ZYgraich and Huygelen (1973)
have also shown that mutants of HSV type 2 incapable of
replication at elevated temperatures were less neurovirulent
 for fabbits. The results presented here fo; HSV strains
'in eggs differ from those of Longson (197i)fand Ratcliffé
'(1971) who found that type 2 strains did not replicate in
Acell_cultures at high temperatures, but agree with Wheeler
(1964) who found that a type 2 strain replicatéd better in
cell cultures at 40°C than did a type 1; _
The inability of the type 2 strains to replicate in

cell cultures at supra-optimal temperatures has been
attributed to the thermolabile nature of both the type 2
virﬁs—indﬁced enzyme thymidine kinase (Thouless and Skinner
1971) and the,instability of the type 2 virus DNA (Crouch |
and Rap§_1972). Thymidine»kinase, involved in DNA
'syntﬁesis, is required‘for HSV repliéétion, but Kitt and
Dubbs (1963a,b) have shown that virus-induced enzyme is

not essential provided céllular enzyme is available.

Marcon and Kuceré (1975) pointed out that in human cells
inoculated with.HSV type 2 and incubated at 42%, only
“cellular DNA was sYhthésised, whilst at 41°C both cellular
and viral DNA was produced, even though the type 2 virus-
induced enzyme is readily inactivated at 39°c. From

these results it would appear that the type 2 virus
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- genome can utilise the cellular enzyme for DNA synthes1s
at elevated temperatures. Jamieson, Gentry and Subak-Sharpe
(1974) demonstrated that in actively dividing cells virus-
indueed deoxyprymidine kinase is net essential for HSV
replication and Thouless and Wildy (1975) have shown that
the deoxyprymidine kinase molecule is responsible for the
thymidine kinase activity of HSV. From thetresults of these
workers and those of the present study, it follows that in
actively dividing cells such-as_those present in the pro- |
‘liferating pocks en the CAM, the type 2 virus would not be
'restricted by.the heat labiiity of its own enzyme, patticu—
1arly as Buddlngh (1970) found that egg tissue metabollsm
is hlghly actlve between 12 to 15 days of 1ncubat10n. The
converse of this would be the resting confluent cell mono-
layers in which the virus¥iuduced enzyme wouid'be essential
for virus replication, and»cultures infected with HSV tjpe'?
strains at high temperatures would not produce virus, due to
‘the thermolabile nature of the virus—ihduced‘thymidine |
kinase. This may explain the incensistency_in the.results
of Ratcliffe (1971) and Crouch anleapp (1972) who could |
differentiate strains by growth at differing incubatiou-
temperatures inbsome cells; but not in othets, perhaps
- reflecting the state of the cells and the availability of
their thymidine kinase at the time of inoculation, rather
than au effect of cell type. If it were true that in |
actively dividing cells virus-induced thymidine kinase was
not essential, then beth Virus t?pes should replicate
uequally well on the CAM at high tempefatures which was in
fact the case with‘iaboratory strains, and fresh isolates

of HSV type 2. Despite the comparatively thermostable
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’nature of the type 1 enzyme as was shown by Thouless and
Skinner (1971), the freshly isolated type 1 strains did

not replicate so readily on the CAM at high temperatures.
Tnis correlated with the lower infection rate for the cells
of the CAM, as was shown bj virus yield studies and electron
micrbscopy. ‘Under the conditions of high incubation
temperature and.lower virulence, the effects of interferon
andnthérmai inactivation of virus wduld be accentnated,
particularly as the thermal stability ofkvirions and theif
napacity‘to grow at elevated:temperatures are distinct
characteristics (Bedson and Dumbell 1961, quhino et al.
1968). 1In the present study similar inoculum conéentrations
-were used, yetAthere is the possibility that the reduction
vin pock.numbers on the CAM at tempefatures up to 39.5°%
compared with 36°C, with a given strain, is due to thermal
inactivation of virus particles within the inoculum before =
the infection is established. Also, the results from egg
.inocuiation would appear to correlate’with the human
infection in which HSV type 2 strains show a predilection

to infect the genitalia, a warm region of thé bddy, compared
" with the‘iip and other body surfaces commonly colonised

by type 1.

‘ Under controlled conditions the size and morphology of
pocks on the CAM provide a useful meané for diétinguishing
‘fresh isolates of HSV type 1 from those of type 2 and further
indicators are the detection of type 2 virus in the allantoic
- fluid of CAM inoculatéd eggs and their ability to re?licate
on the CAM at elevated temperatures. ' However, laboratory ‘

adapted strains were found to give unpredictable results

in the tests studied.
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| If extensive studies with HSV are planned, it is advis-
able thét stock pools of virus should be prepared with the
‘minimum of laboratory manipulation in order to reduce the
risk of mutation and selection of‘populations with proper-
| ties different from the original virus. Laboratory
manipulétion may be responsible for the variation in
results from one laboratory to another, leading to the
suggestion that HSV exists as a spectrum'(Roizman et al.
1970) . ~From the results presented here and those of other
work which has been quoted, it is eétablished that labora-
tofy strains of herpes simplex virus occupy-the intermediate
positions in a spectrum of which the fresh isolates of

each type are the extremes.
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APPENDTIRX .l

MEDTIA USED IN BIOLOGICAIL STUDIES

Unless otherwise stated all media were sterilised by
autoclaving at 10 1b. pressure per square'inch’for 15
miﬁutes'(llSoc) after an initial free steaming period of

15 minutes. All media were pré-warmed to 37% prior to

use.

1l Media used in egg work

‘1.1 Penicillin streptomycin broth saline (PSBS)

Isotonic saline . Q . . .« 100 ml.

Hartley digest broth . . . 10 ml.
I "Cpystamycin" (penicillin 200,000 units per

ml. +‘streptomycin'0.2 gm. per ml.) .- 0.1 ml.
The saline and broth were sterilised by autoclaving.
‘ The‘components were mixed undex aseptic conditions and
the solution stored at 4%.

1.2 Vaseline préparation

For dispensing, the vaseline preparation was loaded
into a 10 ml. syringe (without needle) using a wooden
spatula. The mixture was stored at room temperature.

2 Media used in cell cultures

2.1 De-ionised water

~All water used to make up media was distilled once in
a metal still, then éassed through an Elgastat de-ioniser,
distributed in 25 mi. and 100 ml. bottles, and sterilised

by autoclaving. Sterile water was stored at 4°C.
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2.2 Phosphate buffered saline (PBS) solution A

| Phosphate buffered saline (Dulbecco and vVogt 1954) was

obtained from Oxoid Ltd. in tablet form. Each tablet was

dissolved in 100 ml. de-ionised watef and the solution

steriiised by autoclaving. Solutions were stored at 4%c.
‘The constituenfs of the commercial PBS solution A in

a:final litre of solution were as follows:

~ NaCl . « . . 0.8 gm.
) KCl » -« . . V- .« L OO 02 gm.
Na2HP04 . . . - . 0.115 gm.
KHZPOLI' . . . . . . ‘ . ' 0- 02 ng.

2.3 Antibiotics ~ Ceel,

o~

2.3.1 "Crystamycin" This was obtained in ampoules from

Glaxo Laboratories Ltd., and stored at room temperature.
The contents of two ampoules were takeh up in a total of
five ml. sterile de-ionised water, so that the final
solution contained 200,000 units of penicillin énd 0.2 gm. -
of strepfomycin per ml. The solution waé storgd at 4°C in
glaSs bijou bottles.. When added to 100 ml. of medium,'
0.1 ml. of thé final medium contained 200 units per'ml.
penicillin and 200 ﬁg. per ml. streptomycin.

2.3.2 "Fungizone" This was obtained in ampoules from
Squibb and Sons, Inc. and stored at 4°C.‘ The contents

of one ampoule were taken up in 10 ml. of sterile de-
ionised water and the final solution éontained 5 mg.

’ amphotericin B and 4.1 mg. sodium deoxycholate per ml.

The solution was stored at 4°C in glass bijou bottles

and Was added to reagents used to prepare primary cell
culturés from egg products. When added to 100 ml. of

medium, O.l.ml. of the final medium contained 5 ﬁg. per
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'ml. amphotericin B and 4.1 ﬁg. per ml. sodium deoxycholate.

2.4 Washing fluid
- This was prepared by mixing, using aseptic precautions,
100 ml. PBS solution A aad 0.1 ml."Crystamyciﬂt Solutions

were prepared and used as required.

2.5 Hanks' Balanced Salt solution (BSS) (Hanks & Wallace

-This was obtained in powder form from Oxoid.Ltd., é%gg)
was prepared by diéSolving the contents of one sachet of
 solution A in one litre of sterile de-ionised water and
the coﬁéents of one sachet 6f solution B in another litre
of sterilé de}ioﬁised water to give 1O times Concentratéd‘
stock solutions. Each.solution was sterilised by Seitz
filtration using an HP/EKS, 14 cm. diameter pad which had
been.pre-washed with 300 ml.wsterile PBSjsblution A.
These solutions were distributed aseptically into sterile
500 mi. bottles and stored at 4°C. For use 100 ml. oOf
the stock solution A was mixed with 1qo ml. of the stock
solution B and made up to one litre with sterile de-
ionised water. This working solution was distributed in
bottles in 100 ml. volumes and sterilised by autoclaving
at 8.5 lb. pressure per square inch for 10O minutes
(1124114°C), Bottles were stored at 4°C ready for use.
The constituents of the commercial Hanks' BSS in the

solution when ready for use were as follows:

Sachet A ' . sachet B
NaCl 4,358 gm./1. NaCl 3.642 gm./1.
k1 0.4 gm./1. caCl, . 0.14% gm./l.
- Na,HPO, 0.06 - gm./1. MgCl, . - 0.1 gnm./1.
KH, PO, 0.06 - gm./1. MgSO, -~ 0.1 gm./1l.
phenol red 0.02 « gm./l. dextrose 1.0 gm./1.
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2.6 T sin

A stock solution of 2% trypsin (Difco 250) in Hanks'
BSS was made by shaking the suspension well and then
warming at 37°%C in g‘Water bath for 30 minutes or more
until the trypsin was almost completely‘dissolved. The
solution was filtered through Whatman filter paper No. 1
and N/1 sodium hydroxide added to adjust the pH to 6.6 -
6.8. The‘solutidn was filtered by Seitz.filtration and
stored in 25 ml. quantities at 4°¢c. ’

Working sélutions were prepared freshly as required,
under aseptic conditions, by mixing 100 ml. PBS soluﬁion
A and 10 ml. 2% stock solution of trypsin.

" The trypsin working solutions for primary celis were

made up freshly as required from the following sterile

gonstituents:
Hanks'! 'BSS . o . . . 100 ml.
2% Trypsin stock solution . « .11 ml.
4.4% NaHCOs. . . ‘e . . 0.7 ml.
"Crystamycin" . . . . . 0.1 ml.
“fungizone" . . . . . 0.1 ml.

2.7  Versene

A 1% solﬁtion of sodium versenate (the di—sodium salt
of sequestric acid) was made in PBS solution A by wérming
the suspensidn at 37°C for 30 minutes. The solution was
‘dispensed into four ml. éiiquots, sterilised by auto-
claving and stored at 4%.

2.8 Trypsin-versene mixture

This solution was made up freshly as required under
aseptic conditions by mixing 100 ml. PBS solution A with

four ml. versene and 2.5 ml. trypsin stock solution.
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 2§9' Phenol red

A 0.2% solution of phénol red was made by dissolving
one gm. of Gurr's phenol red powder in 2.5 ml. N/1 sodium
hydroxide and making up the final volume to 500 ml. with
sterile'de—ionised water.‘ The solution was filtered |
.through Green's "Hyduro" 904%, 38.5 cm.‘diémeter filter
paper, and stored‘unsteriie at 4%.

2.10 Sodium bicarbonate solution (NaHCO3)

v‘A'stock 4.4% solution of Sodium bicarbonate was made
by diséblvingb44'gm,,sodium bicarbohate in 950 ml. sterile
de—ioﬁised water and adding 50 ml. of 0.2% phenol red
solufion} Carbon aioxide was allowed to bubbievthrough
the solution for one hour and the solution became a cherry
red colour. The solution was immediately distributed into
bijou bottles which were filled to the brim and tightly
capped. The solutions were sﬁeriliséd by éutoclaving and.
stored at 4°c. - ' \

2.11 Foetal calf serum

Sterile,foetalfcalf serum Wés obtained in 400.ml.
quantities from Flow Laboratories and was stored'ét -30°c.
When required it was distributed in 10 ml. voluﬁes in
»sterile bottles and stored at 4%.

2.12 . Eagle's Minimum Essential Medium (Eagle's MEM)

This medium (Eagle 1959) was obtained as a sterile
times 10 concentrated stock solution without sodium bi-
carbonate or antibiotics frbm Burroﬁghs Welcome and Co.
~ For uée the stock solution was diluted tenfold under
aseptic conditions using sterile de—ionised water. Both
the stock solutidn‘and the diluted medium were stored at
4%c. | |
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2,12.1 Growth medium Eagle's MEM growth medium was pre-

pared from the following sterile constituents:

Fagle's MEM . . .. . 100 ml.
Foetal calf serum . . . . 10 ml.
Sodium bicarbonate (4.4%) . . 1.5 ml.
"Crystamycin" . | . .. 0.1 ml.
"Fungizone" (hhen used) . . « 0.1 ml.

0 2.12.2 Maintenance medium Eagle's MEM maintenance medium

was prepared from the following sterile constituents:

Eagle's MEM . . Co . 100 ml.
Foetal calf serum . . . . ‘2 . ml.
Sodium bicarbonate (4.4%) . . 2.5 ml.
"Crystamycin" . S e 0.1 ml.
"Fungizone" (when used) . . . 0.1 mlv

2.13 Synthetic medium 199 (SM 199)

 This medium (Morgan, Morton and Parkér51950) was obtained
"as a sterile tenfold concentrated stock solution without
sodium bicarbonate or antibiotics from Burroughs Welcome

and Co., and was treated as previously described for

el

Eagle's MEM.

2.13.1 Growth medium SM 199 growth medium was prepared

from the following sterile constituents:

SM 199 . . . . . . 100 ° ml.
Foetal calf serum . - .. . 2 ml.
Sodium bicarbonate (4.4%) . . " 2.5 ml.
"Cr&stamycin" . . . . 0.1 ml.

2.13.2 Maintenance medium SM 199 maintenance medium was

prepared from the following sterile constituents:

SM 199 . - . . . . 100 ml.
Foetal calf serum . . . . 1 ml.
Sodium bicarbonate (4.4%) . . 4 . ml.
- "Crystamycin" . . « e 0.1 ml.

All growth and maintenance media were prepared using
aseptic techniques.
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"APPENDIZX 2

REAGENTS AND MATERIALS USED IN ELECTRON MICROSCOPY

. STUDIES

l' Negative staining
1.1 grids |
vAthené 400 mesh grids of the old format were used and
theée wére supplied by Smethurst Ltd. |
1.2 Formvar ' '
This was supplied as a dry powder from Shawihigans and
was stored in a desiccator to prevent absorption of moisture.
. A stock 2% so;ution was made by dissolving one gm. of
férmvar in 50 ml. electron micréscopy gfade ethylene
dichloride (Taab Laboratories). The solid was always added
to the solvent and the mixture shaken vigorously to
encourage solution. Any remaining solid dissolved on
standing overnight. The stock solution was stored in glass-
étQppered bottles in a.desiccator until required.
The working sélution was made up freshly as a 0.2%
solution by mixing 45 ml. ethyléhé dichloride and 5 ml.
stock 2% formvar solution.

1.3 Formvar-carbon-coating of grids

A clean dry glass slide was dipped into 50 ml. 0.2%
working strength formvar solution in a Coplin jar, removed
‘ and drained. When dry the film was cut Zz s<tu into suit-
able sized sqﬁares uging a sharp scalpel, and‘these squares
were floated off onto the surface of glass-distilled wafer

by carefully submerging the slide with formvar film. 1In
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_reflected light the.formvar films could be seen as pale
.opalescent squares floating on the surface of the distilled
water. Athene‘4oo grids Were placed (matt side down) on
top of the fiims and the films and aftached gfids were
collected from the water by carefully placing pleces of
1Whatman No. 1 fllter paper over the films. Fllter papers.
with adherent formvar films and grids'weré éollected, dried
énd carbon—coated.. Cafbon—coéting éf grids was performéd
in an Edﬁards High Vacuum Coating Unit model E12E4 using
carbonﬂfodé and a current of 90 amps at ld volts to

- produce the arc.

1.4 Phosphotungstate negative stain (PTA)

A 3% solution was made by dissolving potaésiﬁm phospho-
tungstate in 100 ml. glass-distilled water and the pH was
adjusted to 6.3 using fresh 10% aqueous potassium
hydroxide. Any turbidity”reﬁaining‘aftei standing at room,
temperature fbf 24 hours was removed by centrifugation.
The stain was stored at room temperature and used as
required.

1.5 Bovine plasma albumin

This was used at a 0.05% solution in distilled water
to aid even distribution of specimens on grids for

negative staining. Solutions were stored at 4°C.

2 Thin sectioning

2.1 Grids
Three types of grids were used: the Smethurst Athene
400 and 200 mesh, and Taab 50 ﬁ grids. Prior to use these.

grids were dipped into a 0.05% solution of polybutene (BP
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Chemicals) in xylene and dried on Whatman No. 1 filter
"paper. This procedure enhanced adhesion of sections to
. grids and had no adverse effect on sections or staining.

2.2 Cacodylate buffer

Tﬂis was made by dissolving 21.4 gm. sodium cacodyiate
(Taab Laboratories) in one litre glass-distilled water
(0.1 M solution) and adjusting the pH to 7.2 - 7.4 using
éanentrated hydrochloric acid. Solutions were storéd
at 4% until required.

2.3 Giutaraldehyde

Glutaraldehydé was obtained from Taab Laboraﬁories as
a spécially purified (Electron Microscopy Grade) 25%
_aqueous,solution. The stock solution was stored invtheh
dark.at room temperature and working 3% éolutions were
made freshly as reqﬁired by dispersing 3 ml. of 25%
élufaraldehyde in 22 ml. cacodylate buffer.

2.4 Osmium tetroxide (0sOg4)

Ll

A stock 2% solution of 0s0, (Johnson MattheY) was made
by dissolving the contents of a 0.5 gm. ampoule in 25 ml.
cacodylaﬁe buffer. The ampoule was prepared as follows:
the label was removed from the ampoule, the exterior wasj
washed clean iﬁ cold water, and after drying the ampoule
was scored coméletely round with a glass file and heat
fractured. The two halves of the ampoule -and contents
were dfopped into a glass univérsal écrew-cap bottle
containing the buffer. As OsO4 has a dangerous pungent
vapoﬁr, it was always handled in aifume cupboard. Solu-
_tidh was completed by standing the crystals plus buffer

. le) '
overnight at 4°c. ‘The stock solution was stored at 4 C
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- in the tightly capped universal bottle suitably padded

with corrugated paper in a screw-capped tin (those
-supplied in smallpox kifs were found to be ideal).
Stored in this way the solution remained stable for
maﬂ& months without darkening. The working 1% solution
was made by mixing equal volumes of the stock 2%
solution and cacodylate buffer.

2.5 EBthanol series

A'graded,ethanol'series Was’made by mixing appropriate
amQuﬂts of_@ry absolute ethanol and cacodylete buffer.
The 50% and 70% solutions were stored at 4°c and the 90%,
- 95% and absolute ethanol solutions were sﬁered at room
temperature. (Percentages refer to the conqentration of

,ethanol).

. 2.6 Epoxy;prqpane (propylene.oxide)

This was obtained from BDH and was supplied ready-for |
.use. .Care was taken to keep atmosp@eric water vapour
;from,the epoxy propane by keeping it securely stoppered
at all times.

2.7 Resin mixtures

A total of six resin mixtures was examined in pre-
liminary tests for this study and one was found to give
_conéistently satisfactory results judged by trimming,

; sectioning and staininQ of specimens.v This resin was
described by Mollenhauer (1964) and the formula is given
in 2.7.1 below. All volumes were measured using dispos-
able 25 ml. Sterilin graduated medicine measures, with
the exception of the dibutyl phthalate and DMP-30 which
were measured using one ml. disposable syringes withoutv

needles.
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2.7.1 Resin 1 Epon-araldite (Mollenhauer 1964) This was

made from the following constituents:

Volume for 1

Component . Proportion CAM specimen
- Epon 812 ‘(resin) . 5 parts 15  ml.
ppsal (#Y9su) (hardener) - o112 3z 'n
Araldite (CY212) (resin) 3 " 9 "
Dibutyl phthalate (plasticizer) 0.8 " 2.4 n
DMP-302:(accelerator) o.4 . " 1.2 »

This resin was polymerised at 60°C for 24 hours and produced
excellent blocks.

.Othe; resin mixtures which were tested buttnot féund so
~suitable are detailed below.

. 2.7.2 Other resin mixtures

A. Araldite (CY212). .o . . 10 mi.
DDSA . e e e . 10 ml.
.Dibutyl phthalafe (plasticizer) . \ . 1 ml.
DMP-30 (accelerator) e R 0.5 ml.

This resin (Glauert and Glauert 1958) was polymerised

at 60°C for 24 hours and produced blocks of variable

“quality.

B. Taab embedding reéin'. . . . 50 ml.
DDSA (hardener) . . . . 380 ml.
MNA3 (hardener) B . e . 20 ml.
DMP-30 (accelerator) . . . . 2 . ml.

This resin was polymerised at 60°C for both 24 and 48
"hours and the resultant blocks were of variable quality.

' C. (i) Epon 812 (resin) . . e . 12.4 ml.
. DDSA (hardener) . . . . 20 ml.

1 Dodecenyl succinic anhydride (HY964).
2 Tri-di-methylamine methyl phenol (DYO64).
3 Methyl nadic anhydride (HY906).
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(ii) Epon 812 (resin) . . . . 50 ml.
MNA. (hardener) . . . . 44,5 ml,

{i) and (ii) were mixed in the proportions 10 ml. (i)
to 40 ml. (ii) and 1 ml. DMP-30 added. Biocks were poly-
meriééd at 609C for 24 hours. This formula produced hard
~ blocks difficult to trim. |
| (1) and (ii) were mixed in the proportion 15 ml. (i)
~ to 35 ml. (ii) and 1 ml. DMP-30 added. Blocks were poly-

‘merised at 60°C for 24 hours. This produced blocks

difficult to section.

D. Epon 812 (resin) . . . . 50 ml.
DDSA (hardener) . . . . . 30 " .ml.
MNA (hardener) . ; L . . 20 ml.
DMP-30 (acdelerator) . . . . 2. ml.

This resin was polymerised at 60°C for 24 hours, and
produced blocks with numerous bubbles, which were diffi-

cult to section.

E. Epon 812 (resin) . . . . - 12.5 ml.
- MNA (hardener) . . . . . 11.1 ml.
DMP-30 (accelerator) . . . .. 2. ml.

This resin was polymerised at 60°C for 24 hours and
produced soft blocks difficult to trim, section and stain.

2.8 Optical stains for 1 ﬁ resin embedded sections

2.8.1 .Toluidine blue (l%) A solution of 1% borax was

prepared by dissolving one gm. sodium borate in 100 ml.
dlStllled water, and to 50 ml. of this was added O 5 gm.
| toluidine blue (Trump et al. 1961) which was dissolved
by shaking and allowing to stand for 24 hours. The
‘reSultant 1% toluidine blue in 1% boraé solution was
,filteréd through a Whatman No. 1 filter paper and stored

in a dark glass-stoppered bottle at room temperature.
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2.8.2 Azure IT (0.1%) This stain was prepared in a

- similar way to that described. for toluidine blue, excepting
t@ét 0.05 gm. Azure II was dissolved in 50 ml. 1% borax
'solution (Jeon 1965). Suitable staining time for each
stain was found to be one minute at 60°C.

. 2.9 Stains for ultra thin sections

2.9.1 Uranyl acetate A 5% solution of uranyl acetate

(BDH) was made by dissolving one gm. in 20 ml. glass-
distilled water. The solid-was found to dissolve
completely upbnvstanaing overnight at room temperature.
The solution was filtered through a Whatman No. 50 filter
papér and stored in a dark glasséstopperedkbdttle‘at room
temperaturé. ‘This stain could be sto;ed satisfactorily
~for a few weéks. | |

2.9.2 Lead citrate (modified from Venebale and Coggeshall

1965) . One pellet AR grade sodium hydroxide.was dissolved
in 15 ml. cold boiled glass-distilled water. This SOlution
Qas added to 0.l gm. lead citrate (K&K Laboratories) in a
glass screw-capped uniﬁersal bottle'and dissolved by |
shaking. A further 10 ml. cold boiled glass-distilled
water was added, and the stain was stored tightly cappedk"
at room temperature. This stain could be kept satis-

factorily for a few weeks.
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APPENDTIXKX 3

1 Egg passage details of strains used in high passage

studies

CAMs were removed from eggs and homogenised in 10 ml.

sterile distilled water as previously described.

Dilutions in tenfold steps were prepared in sterile

‘distilied water and these were inoculated on.to fhe CAMs

of further eggs and CAMs with 100+ pocks were used for

further paSsages.

times to prevent cross-contamination.

Strains were passaged at different

1.1 Egg passage of HSV type 1 strain HFEM (on two

‘separate occasions)

CAM |Days of incu-| Dilution of Days of incu- | Dilution of
pass |bation prior "|{CAM homogenate || bation prior |CAM homogenate
level | to harvest as inoculum to harvest as inoculum
1 y 1072 3 1072
9 3 1072 3 1072
3 y 10”8 3 1071
Y 3 107° 2 - 1072
5 y 1071 3 1072
6* 3 10”3 9 1078
7 T 107° 5 1072
-9 . -2
8 3 1072 2 10
9 y 1072 5 10”2
-2 - -2
10 T 10 ‘ 3 10
-3 -2
11 3 107° y 10
' - o -2
12% y 1072 2 10
: -3 . -2
13 4 - 1073 9 10
-3 . -1
14 - 7 10 3 10
- -2
3 1072 2 - 107%

15
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(continuation)

CAM Days'of incu-{ Dilution of Days of incu-| Dilution of
pass|bation prior [CAM homogenate || bation prior |CAM homogenate
level| to harvest as = inoculum to harvest as inoculum
16 - 3 1073 5 1072

17 2" 1071 2 1072
18% 5 1078 5 1078
‘19 3 1073 2 1072

20 2 107% 5 1071

21 2. 1073 | 3 1071

22 3 1073 4 1072

23 6 - 1072 3 1073

2L * 2 1078 4 1072
25 . 1072 | - -

26 5 1073 - -

27 2. 107t I - -

28 T 107t - -

29 3 1073 - -

30% B 1071 - -

31 2. 1072 - -

32 2. 1073 - =

33 2. 1073 - -

34 2. 1073 - -

35 2 107 - -

36 * y 1073 “ - -

* samples stored at -70°%¢

not done .

- 287 -




1.2  Egg passage of HSV type 1 strain 22101/71 and HSV

type 2 strain LOV

HSV type 1 strain 22101/71 'HSV type 2 strain LOV
CAM »Dayé-of'incu- Dilution of Days ‘of incu-| Dilution of
pass |bation prior |[CAM homogenate | bation prior |CAM homogenate
level| to harvest as -inoculum to harvest as 1inoculum
1 3 1072 y 1073
2 3 1071 3 107
3 3 _10&'1 T 1073
LE 2 107% 3 1078
5 3 1072 4 1073
6% 2" 1073 3 107"
7. 5 1078 y - 107
8 2 1073 3" 107"
9 5 1072 L 10”3
10 3 1072 g - 107°
11 y - 1072 3 10”3
C12% 2 1072 Ty 1073
13 2 1072 . 1078
. -0 -3
1y 3 1072 7 1o
, A _ -3
15 2 1078 3 10
-2 -3
16 - 5 1072 3 10
. -1 ] -3
17 2" 10 2 10
g -3 -3
18% 5 1072 5 10
- -2 -3
19 2 10 3 10
20 5 1072 2 10
. ' =2 : -3
21 3 10 2. 10
, -1 , -3
"o0 y 10 3" 10
A . -2 -3
23 3 10 6 10
-2 , -2 .
2Kk y 10 2" 10
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{continuation)

- HSV type 1 strain 22101/71

HSV type 2 strain LOV

CAM |Days of incu- Dilution of Days of incu-| Dilution of
pass |bation prior |[CAM homogenate ||bation prior |CAM homogenate
level| to harvest as inoculum. to harvest as inoculum

25 - - Y 1073

26 - - 5 1073
27 - - 2 1078
28 - - 4o 1072

29 - - 3 102"

30% - - - 1073

a1 - - 2 107t

32 . - - 2 . 10-3

33 - . 2 107°

3y - - - 2 1078

35 - - 2 10"

36% - - L 1073

samples stored at -70°C

= not done
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APPENDIX 4

The following tables are graphically represented in the

'Results' section 7.

| AP |
1 vield of infectious virus from chick embryo fibroblast

" cell cultures (CEFC)

' Hours after v
initiation of 1 HSV type 1 - HSV type 2
- infection at o
which cultures strain 22101/71 strain 9889/70
were harvested
0 x 10°% .0 x 10t°
1 x 101" .0 x 10"
3 .0 x 10° .0 x 10°
y b4 103- b4 102
7 0 x 10" .0 x 10°
19 x 10° x 10%"
21 .0 x 10° x 10t
o 1.0 x 10° x 10"
27 | x 10° x 10°
3d X 105 X 105
43 1 8.0 x 10° x 10
45 3.0 x 10° x 107
g | 3.0 x 10° 0 x 10°
54 . 3.0 x 10° .0 x 10°
67 x 10° x 10°
72 - 1.0 x 10° .0 x 102
91 - 3.0 x 107 x 102
36 - 1.0 x 10" .0 x 10%
200 o 0

* titres of infectious virus expressed as TCDy, per 0.1
ml. of the harvests
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S

2 Yield of infectious virus from chick embryo allantoic

cell cultures (CEAC)

Hours after .
‘initiation of - HSV type 1 - HSV type 2 .
" infection at : . .
which cultures strain 22101/71 strain 9889/70
were harvested
0 .0 x 101% 1.0 x 102
1 .0 x 101 4.0 x 10t
2 8 5 x 10t
Y x 10° x 102
. L3 2
15 x 10 x 10
18 .0 x 10t x 102
21 8.0 x 10T x 102
2l 4.0 x 10% x 102
27. 2.5 x 10+ 0 x 102
39 1.0 x 101 .0 x 102‘
42 x 10T x 102
1 2
45 1.0 x 10 x 10
48 : ' X 101 X 102‘
1 . 2 .
51 - 1.0 x 10 .0 x 10
63 . 1.0 x 10t x 102
72 | 1.0 x 1ot x 102
91 - 5 x 102'
96 - 5 .0 x 10t
195 ) 0

* titpes of infectious virus expressed as TCD50 per
0:1 ml. of the harvests
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2
~

3 Yield of infectious virus from chick embryo brain cell

cultures (CEBC)

Houré after‘ :
initiation of HSV type 1 HSV type 2
- infection at . . ‘ ;
which cultures | strain 22101/71 | strain 9889/70
" were harvested :
0 3.0 x 103+ x 10°
1. 3.0 x 102 x 102
2 8.0 x 10° .0 x 101
. 3.0 x 10% x 102
15 3,0 x 10%" x 102
18 - 3.0 x 10% .0 x 10°
21 " 5.0 x 10° .0 x 10+
ol - | 1.0 x 10° x 10"
27. 1 10x 10° x 105
39 1.0 x 10° x 10°
42 . 3.0 x 10" x 10°
NI 3.0 x 107 x 105
ug 3.0 x 10" .0 x 10°
51 3.0 x 107 .0 x 10°
63 3.0 x 10t x 10°
72 3.0 x 107" .0 x 10°
91 1.0 x 107 0 x 10°
96 - 5.0 x 10° .0 x 10°
195 0 0

% titpes of infectious virus expressed as TCD50 per
0.1 ml. of the harvests
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Yield of infectious wvirus from chick embryo CAM cell

cultures (CECC)A

Hours after , :
initiation of HSV type 1 HSV type 2
infection at : o S .
which cultures strain 22101/71 strain 8889/70
were harvested
0 x 10°* 0 x 102
1 .0 x 102 .0 x 10t
2. .0 x 10° 20 x 102
4 .0 x 10° 0 % 102
15 : 5.0 x 107 0 x 10°
18 - 3.0 x 102 x 10°
21 3.0 x 102 0 x 10%
24 3.0 x 102 .0 x 10"
27 . 3.0 x 102 .0 x 102"
39 x 102 x 102
2 3.0 x 10° x 102
45 3.0 x 102 x 102
48 ' 3.0 x 102 .0 x 102
51 3.0 x 102 x 102
63 ‘ 1.0 x 102 b4 102
72 .0 x 10t .0 x 102
91 5 .0 x 102
a6 - 5 .0 x 102'
195 0 0

* titres of infectious virus expressed as TCD50 per

0.1 ml. of the harvests
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Printed in Great Britain

Infection, Haemorrhage and Death
of Chick Embryos after inoculation of Herpes Simplex Virus
Type 2 on to the Chorioallantoic Membrane

" (Accepted 21 June 1973)

SUMMARY

When the chorioallantoic membrane of the embryonated hen’s egg was inocu-
lated with herpes simplex virus type 2 strains, an infection resulted which spread
rapidly throughout the egg. Haemorrhage and death occurred in the embryo, and
haemorrhage was also observed in the chorioallantoic membrane. Virus was
recovered from the infected chorioallantoic membrane, allantoic fluid, amniotic
fluid and selected organs of the embryo. In contrast, similar inoculation of herpes
simplex virus type I strains gave no haemorrhage in chorioallantoic membrane or
embryos, embryos did not die and virus was recovered only from the inoculated
chorioallantoic membrane. Inoculation of either type into the allantoic cavity did
not result in spread of virus to the embryo. Prolonged adaptation of herpes simplex
viruses to growth in eggs eventually resulted in spread of type 1 virus from the
chorioallantoic membrane to other regions of the egg and there were also marginal
increases in virulence of type 2 virus.

It is generally recognized that therc are two types of herpes simplex virus (HSV), which
can be differentiated by various tests, one of which is the appearance of the pocks they
produce on inoculation on to the chorioallantoic membrane (CAM) of fertile hen’s eggs
(Hutfield, 1967; Parker & Banatvala, 1967; Nahmias et al. 1968). Preliminary observations
in this laboratory indicated another difference between type 1 and type 2 strains in patho-
genicity for the whole egg. This was explored in detail with four strains of each type, of
which three were established laboratory strains and one was a fresh isolate. Type 1 laboratory
strains were HFEM, HIL, WAL and the fresh isolate was 22101; type 2 laboratory strains
were LOV, PAR, 17152, and the fresh isolate was 9889. An outline study was also made
with a further 21 HSV strains; nine strains were type I and twelve were type 2. Of the nine
type I strains, five had had several passages in tissue culture and four were fresh isolates;
of the twelve type 2 strains five had had several passages in tissue culture and seven were
fresh isolates. All strains were typed by pock characteristics on the CAM and appearance
of c.p.e. in tissue culture; laboratory strains were also studied by the temperature marker
test (Longson, 1971; Ratcliffe, 1971). Five of the eight strains used in the detailed study
were supplied by Professor P. Wildy (Birmingham University) and had been further typed
by the kinetic neutralization test (Rawls ez al. 1968). Infectivities of the eight strains studied
- in detail were assayed in human embryo lung cell cultures using the 509, end-point dilution
method (Reed & Muench, 1938), titres varied from 2-1 x 10 to 47 x 1067 TCD;, per ml for
type 1 strains and from 21 x 10° to 3-2 x 10” TCDj, per ml for type 2 strains.

Fertile Leghorn hens’ eggs were incubated at 36 °C and after 11 days o-1 ml undiluted
stock virus pool was inoculated on to the CAM which was exposed using the false air sac
technique. Great care was taken to ensure that during the drilling of the eggs the membranes
remained intact and any eggs showing signs of bleeding were discarded. Harvests of allantoic
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Table 1. Spread of types 1 and 2 herpes simplex viruses in the egg

HSV type 1
strains
et ' HSYV type 2 strains
HFEM HIL - — ~
22101 WAL LOV PAR 17152 9889
Days of r A N o A N r A N o A e A \
harvest... 1 2 3 6 1 2 3 6 1 2 3 6 1 2 3 6 1 2 3 6
CAM + + + + + + + + + + + + F + + + + + + +
Fluids
Allantoic - — — — + + 4+ + + 4+ + + — + + + + + + +
Amniotic - - - — — + 4+ 4+ — 4+ + + — + + + - + + +
Embryo ' ! .
Heart - - - = - — 4+ + - - + 4+ - - 4+ + - + + +
Gut - = - = — 4+ 4+ + - - 4+ + - - + 4+ - - 4+ +
Brain - - - - -+ 4+ £ - -+ 4+ - - 4+ + - = + +

+ = herpes virus recovered from harvests as indicated by pocks formed on the CAMs of eggs inoculated
with harvests. )
= herpes virus not recovered from harvests, no pocks formed on CAMs of eggs inoculated with
harvests,

fluid, CAM, amniotic fluid; heart, gut and brain were made 1, 2, 3 and 6 days post-inocu-
lation, taking the following precautions to prevent cross-contamination. A syringe with
a fine gauge needle (26 G) was inserted 4 to 5 mm into the blunt end of the egg, and allantoic
fluid was withdrawn slowly. After carefully cutting away the dropped region of the CAM
with the shell still attached, the amniotic sac was lifted with blunt forceps and the amniotic
fluid was removed with a syringe. The embryo was removed from the amniotic sac by care-
fully cutting the amniotic membranes so as to prevent contact between the embryo and
allantoic fluid. The embryo was washed free of amniotic fluid in three changes of 150 ml
normal saline, and cut longitudinally to expose the heart which was removed together with
the heart blood. Samples of liver and intestine were removed at this stage. The brain
was aspirated using a syringe with a coarse gauge needle (18 G), which was inserted into
the back of the head between the eyes. The shell and CAM removed earlier were separated
to harvest the CAM.

Allantoic cavity inoculation was performed by inserting a fine gauge needle under the
shell and directly inoculating the allantoic fluid with o-1 ml undiluted stock virus pool.
Allantoic fluid and brain were harvested as described above.

Harvests were stored at —70 °C. Virus in the harvests was demonstrated by inoculation
of harvests on to the CAMs of further eggs, and observation of the CAM for development
of typical herpes pocks within 3 days. Allantoic and amniotic fluids were inoculated un-
diluted, heart and gut material were inoculated as 409, (v/v) suspensions in penicillin/
streptomycin broth saline (PSBS), brain was inoculated as a 209, (v/v) suspension in PSBS
and CAM was homogenized and inoculated at a 10~ dilution in distilled water.

Each strain produced pocks on the CAM typical of the type to which the strain belonged,
i.e. type 1 pocks were less than o-5 mm in diam. and type 2 pocks were greater than.1 mm
after 3 days. Type 2 always caused a haemorrhagic condition of the CAM. No haemorrhage
was seen after inoculation of the CAM with type I strains: Three days after CAM inoculation
with type 2 strains, the embryos were also haemorrhagic and often dead. Neither death nor
haemorrhage of embryos occurred when CAMs were moculated with type 1 strams even
after prolonged incubation. o
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Type 1 viruses were recovered only from harvests of CAM. All other regions of the egg
harvested after inoculation of type 1 viruses on to the CAM failed to yield pocks on further
passage in eggs, indicating that HSV type 1 had not spread beyond the CAM. Results were
identical for all type I strains on all days tested. (Table 1).

In contrast, all type 2 strains tested spread rapidly from the CAM to other regions of the
egg, appearing in the allantoic fluid 1 or 2 days after CAM inoculation, in the amniotic
fluid 2 days after inoculation and in the embryo harvests 2 or 3 days after inoculation. All
selected parts of the embryo yielded virus. The results were identical for all type 2 strains
tested (Table 1). Similar results were obtained when HSV type 2 virus strain 9889 (fresh
isolate) was diluted 107! to 107* although progressive dilution resulted in delayed spread to
the embryo. When even higher dilutions of the type 2 strain were inoculated on the CAM,
so that inocula contained only 5 to 20 pock forming units, no haemorrhage of the CAMs
was observed, and no virus was recovered from the embryo. Under these conditions, embryos
hatched normally. In contrast spread of type 1 virus beyond the CAM was never demon-
~ strated even using the stock virus pools undiluted. The titres of type 1 virus in these pools
were comparable with the titres of the type 2 virus pools.

Herpes simplex virus type I strain 22101 and HSV type 2 strain LOV were examined
after 12 and 24 serial egg passages. The nature and rate of spread were unaffected with either
strain after 12 egg passages, but after 24 egg passages the type 2 strain spread more rapidly
to the organs of the embryo, appearing in the allantoic fluid and brain only 1 day after CAM
inoculation. The type I strain spread into the allantoic fluid after 4 days but did not spread .
to the brain of the embryo.

Following inoculation of either type 1 or type 2 virus into the allantoic fluid, no virus was
recovered from the embryo brain. The amount of virus recovered from the allantoic fluid
declined with time. '

Further studies with 21 other strains showed that all 12 type 2 strains spread from the CAM
to the allantoic fluid within 3 days, whilst none of the g type 1 strains had spread beyond
the CAM 3 days after inoculation.

These results show that type 2 herpes simplex viruses spread rapidly from the inoculated
CAM to other regions of the egg including the embryo, whereas type 1 viruses were restricted
to the inoculation site. The rate of spread of type 2 virus was related to the concentration of
infectious virus in the inoculum. Following inoculation with small concentrations of virus
spread was delayed and with even smaller amounts the CAM was not haemorrhagic and no
virus was recovered from the embryo which, apparently unaffected, hatched normally.
Inoculation of HSV type I in concentrations equal to or exceeding those of type 2 did not
induce spread beyond the CAM, indicating that restriction of type 1 v1rus to the inoculation
site was truly type specific and not concentration dependent.

There was evidence that frequent serial passages in eggs somewhat increased the spreading
potential of the type 1 strain. After 24 egg passages the type 1 strain had spread into the
allantoic fluid 4 days after CAM inoculation, although embryos were not infected even
6 days post-inoculation. Type 2 virus at the 24th egg passage had become even more patho-
genic for the CAM, causing greater haemorrhage and necrosis. It was also more rapidly
pathogenic for the embryo, and the rate of spread to the allantoic cavity was also increased.

As observed by Nahmias et al. (1968), HSV type 2 infection of the CAM produced lesions
involving all three layers of the membrane, that is ectoderm, mesoderm and endoderm,
whilst HSV type 1 lesions were restricted to the outer ectoderm layer. It was interesting that
in this study type 2 HSV apparently passed through the CAM, perhaps infecting all three
. germ layers on route, to reach the allantoic fluid. It could be recovered from the fluid in
13-2
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large quantities for at least 6 days, but virus inoculated directly into the allantoic fluid de-
clined in concentration. This suggests that the cells lining the allantoic cavity are either
insusceptible, or are infected only with difficulty from the allantoic fluid side of the membrane.
Since virus inoculated into the allantoic fluid did not spread to the embryo it seems likely
that after inoculation of HSV type 2 on to the CAM, virus infection of the embryo is not -
via the allantoic fluid, but is due to virus penetration of the blood vessels lying in the meso-
derm layer of the CAM. Spread of virus to the embryo was always associated with haemor-
rhage of the CAM. When a small dose of HSV type 2 was inoculated onto the CAM few
pocks were produced, the CAM was not haemorrhagic, and there was little if any spread of
virus to the embryo. It is possible that spread was prevented because the few pocks formed
were remote from blood vessels. Anderson (1940) using the HF strain and Wildy & Holden
(1954) using the multiple egg passaged derivative strain HFE observed death of embryos.
These observations were made prior to dividing HSV into two types and a comparative
study of HF strains obtained from several sources revealed that some cultures were type I
while others were type 2 (Dowdle et al. 1967).

Anderson (1940) showed that vascular spread of herpes virus within the egg was possible
by demonstrating herpes virus intra-nuclear inclusions in the endodermal cells lining the
embryonic blood vessels and by isolating virus from the allantoic artery 2 days after inocu-
lation of the CAM.

The reason for the restriction of type 1 strains to the inoculation site on the CAM com-
pared with the rapid spread of type 2 strains to other regions of the egg can at present only
be assumed to be due to the relatively superficial nature of the primary CAM lesion. It
appears that this property of invasiveness is reproducible and type specific, although caution
isnecessary in interpreting results observed with strains which have had multiple egg passages.
Recovery of infectious virus from the allantoic fluid three days after inoculation of a herpes
strain onto the carefully preserved intact CAM, taken together with the appearance and
size of the CAM lesions produced, could prove a useful additional test in the differentiation
of type 1 from type 2 herpes simplex viruses.

The author wishes to thank Dr Hazel Appleton (nee Ratcliffe) who performed the tem-
perature marker tests and supplied some of the strains used, and also Drs M. Butler (Uni-
versity of Surrey) and Anne M. Field, and Mr J. R. McDonald for valuable advice and
discussion throughout this work.
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