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INTRODUCTION

fierpesviruses are widespréad among membars of the
animal kingdom. More thazn 50 herpesviruses have been
identified from over 30 different animal species, with
at leasat fivn members of the group infecting man. Other
animals waich aet as a natural host for a herpesvirus or
herpesviruaes include monkeys. cats, dcqs, eattle, horses,
pigs; rodents, rabbits, birds, reptiles, frogs, and fish.
It seems vrobable that every sheclies of animal harbars
;t laast one harpesvirus.

All h&rpcsvirusés have several characteristics in
common. They ara‘ether sensitive, due to thg presenﬁe
of a lipid Quter snvelopég which is acquired from tﬁe
nuclear mambrane of their host cells (52). Their inter-
nal capsid is icosahedral in share, and is composed cf’
isz hollow, éolégonal cabscmeres‘ Tha core of the her-
pesvirion is composed of a molecule of double-stranded
DRA. Depanding onn the particélarrhgrpesvirua, thﬁ DNA
has a molecular weight ranging from about 2.2 x 107 to 10%
Saltons. Herpes simpléx virus of man is composed of 69%
protein, 22t 1ipld} 7% DNA and 2% carbohy&réta (47) .



Membhers of the hervesvirus group form inclusion bodies
in the ﬁgeleua of their host cells. In addition, the
so-called cytomegaloviruses can form cytoplasmic inclu-
sion bodies. | |

Several clinical and paéhological si@ilatities ékist
among members of the h@rwes agroup. Hany herpesviruses
attack the centxal nervous system, egp@cially in new-
Lorns. Clinical manifestatianL, ﬂvﬁ@cially af the cen-
tral nervous syt*ta‘n, are particularly stri}fimx with those
herpesvirusaes which can infact an animal other than their
natural host. Prebab1§ all of the h@r@esvifuses héveythe
abilitf té remain lateét in their hasts( although the
exact fefm in wﬁieh the viruses @xistris unknown . Some
herpesviruaas, particﬂlarly horsa nsrp@svirus typ@ 1 (ox,
aquine ahorticn virus) and infectious bovine rhinotrache-
itis virua, invade the fotus and cause akortion (10,33).
It seems that most ﬁérpesvirusaa aqrow bettar‘and cause
more d&maqa i; éhe very yvoung than in oldér &osts; Also,
several Serpesviruaea hava the abilitv ﬁo pﬁrsist ih t&e
bleod leukocytes ot their host (6, 17 18,25,26%, 38) Such
an ability may be critical tc the herpesvirus’s sarvival

bacause they may be protecteﬁ fron circu;atinq antibodies.



The DNA genome of the hernesviruses is rather large
in comparison to other DNA viruses. havino enough aenetic
information to coda for as wmany as 170 to 290 proteins
(20,42). They are also rather unusual in that they disg-
play a wide range of G4C contents, from as low as 33%
for the dog herpesvirus uc to 72% for pseudorxrabies virus
and infecticus bovine rhirotracheitis wvirus (40). Due
to their large amount of genetic information, the wmem-
bers of‘thé group might be expected to be antigenically
complex, bogh in structural and non-stxuctural protein
antigens. By polyvacrvlamide ael electrophoresis, Spear
and roizman (34) were able to separate at least 2% dis-
tinet protein fracticns synthesired during the course of
infection of HEp~2 cells with herpes simplex virus. Us-
ing a more stringent purification procedure, they were
able to identify 24 viral proteins and glycoproteins by
stzaining and by amtoradioqrephy in acrvlamide gels (53).
These viral proteins ranged in molecular weight from
23,000 to 27%,000. The sum of the rolecular weights of
the proteins was 2,580,000, whieh represents approximately
47% of the gsnetic information of the virus. Using a
similar technique, Abodeely et al. (1) were able to iden-
tify 20 proteins ranging in molecular weight from 13,000



to 115,090 in enveloped virione of horse herpesvirus
type 1. De-anveloped wvirions, prapared by treatnent
with the non-ionic detergent Nonidet P-40 and sonica-
tion, centained at least 14 proteins. Olshevsky and
Backer (35), also using the acrylamide gel electrophore-
gis, identified 9 structural proteins preseat in mature
herpes simplex virus, three of which were located in the
lipid envelope. Two proteins were found to be present
in empty capsids, wvhile a total of four proteins were
contained in unenveloped virvioms. Robinson and Watson
{41), wsing naked herpes sinmplex virus which had been
highly purified, resolved at least 8 distinct polypep~
tide peaks by polyacrylamide electrophoresis. Also, at
least 10 structurml proteins of psewdorabies virua, of
which at least four are glyceproteins present in the
viral envelong, have been identified (21).

Using antisera preparad against rabbit kidney cells
which had been infected with herpes gimplex virus, Watson
at al. (65) detected 12 virus-specific precipitin lines
in fwmunodiffusion tests againat extracts of BiK cells
which had been similarly infected. In addition, 10
distinct pretein antigens were detected by immmoelectro-
pheresis. Tokumaru (62) was able to distinguish 7 virus-
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specific preecipitin lines in immunodiffusion tests using
extracts from cells infacted with herpes simplex virus
and human antisera.

The rate of gsynthesis of several enzymes has been
found to increase after infection of cells with herpes
simplex virus and pseudorabies virus. These enzymes in-
clude thymidine kinase (28,34), DNA polymerase (23), DNase
(23), deoxycytidylate deaminase (9), deoxycytidine kinase
(37}, and thymidim ‘monophosphate kinase (15). The thy-
midine kinases from cells infected with either herpes
simplex virus or pseudorahies virus have been shown to
be antigenically distinet from the thymidine kinase of

" normal cells (28,15). In addition, the thymidine kinase
specified by the two viruses are antigenically unrelated
(7), as are the thymidino kinases specified by herpes
sinplex type 1 virus and herpes simplex type 2 viras (61).
The DRA polvymerase induwoed uwpon infection of BHX 21 or
HEp-~2 cells with herpes simplex virus has likewise
baen shown to be immunclogieally differant from cellular
DNA polymerase (24). In view of the large genome
possassed by the herpesviruses, it is likely that they
oode for a variety of enzywmes which may eventually be
shown to be antigenically distinct from cellular en-




zyvmes. It 13 also possible that several or all of the
harpesviruses code for an enzyme Or ¢nzvmes which are
antigenically identieal.

Roizman et al. (43) found that the antigenic nro-
ducts spacified by herpes simplex viruns {n Hfp-2 cells
formed at least five iyrmunofluorescent elements. They
also found that each alament isg wegratated in different
areas of the cells. The five slements detected wore
small nuclesar granules, large nuclear grandules. an
amorphous aucleay mass, cvétoplasmic qgranules. and 4qif-
fuse oytoplasmic fluorescence. They ware also able to
show, by absorption experiments. that the nuclear gran-
ules ware unrelated antigenically to the anorphous
nuclear mass, and the cytoplasmie granules differed im-
munologically from the diffuse oytoplasmic fluorescence.
Physical and chemical analysis of the nuclear and cvto-
plasaic granules indicated that they rdpresentsd fac-
tories and aggregates of viral subunits at different
stages of assembly. The anclear and evtoplasmic amorphous
masses ocould not, however, be characterised. Gerder and
Vaczi (13), using sinmilar teohnicues, obtained essentially
the same results as Roizman et al. (43).
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The cellular membrane of cells infected with herpes
simplex viruz acguires 2 new surface antigen, presumably
eoded for by the wviral genome (19). Tt has been demon-
strated that at least four naw glycoproteins are incor-
norated into HEp-2 cell membranes after infection with
herpes simplex virus (53). The name glycoproteins were
also found in intact herpes simrlex virions {t was,
therefore, concluded that these lecoproteins were struc-
tural caapohents of the virus and wers acquired by the
virions during envelopment. A

In 1956 Labrun (31), using the fluorescent antibody
test, stated that the earliest viral antigen detectable
in herpes simplex wirus infected cells was located in the
mclaus. At later times anticgens were seen in both the
nacleus and eytoplasm, and finally In the eytoplasm only.
Xoller et al. (29) subsecuently suggested that the de-
velopment of varicella-zoster viruu‘antigens followed the
same course. These data were interpreted as {ndicating
that the synthesis of herpes viral antigens takes place
in the nucleus, and after viral development, whole virus
moves into the cytoplasm. In 195¢, however, Sydiskis and
Roizman (57) presented evidence indicating that the bulk
of proteins specified by herpes simplex virus were syn-
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thesised on cytoplasmic polyribosones. It was later
shown, by radioactive labelling. that the viral-specific
proteins synthesigzed in the cytoplasm migrate to the
nucleus, where virus maturation then occurs (49). Sim-
ilar results for herpes simplex virus had been reportad
earlier by Olshevsky et al. (36). Ross et al. (46) came
to the same conelusion using the fluorescent antibody
test. Most psendorabies virus proteins, including the
strugtural proteins, are similarly synthesised in the
cytopiasm and migrate to the nucleus. {12,4).

There have been relatively few studies undertakem
dealing with the antigenic relationships between the her-
pesviruses. The best known sexrological relationship be-
tween the members of the group exist among the herpes-
viruses of bximntat.> Serological relatedness has been
demonstrated between herpes simplex virus of man and B
virus of rhesus monkeys (8,39,48,66), SAS of wervet mon-
keys and B virus (32), herpes simplex virus and Sas (56)
and between the human and vervet monkey cytomegalowviruses
{(8).

The first studies to deternmine serological relation-
ships hetween membars of the herpesvirus group were um-
dertaken by Sabin in 1934 (48,49). He determined that
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an immunological relationship existed between herxpes
simplex virus, B virus and pseudorablies virus based on
neutralization tests carried out in animals. The re-
latiocnship between herpes simplex virus and B virus was
later confirmed by Burmet (38) and by Plummer (39), al-
though both claimed that only 2 one-way oross existed by
neutralisation tests, that being the neutralization of
herpes simplex wirus by antiserum to B virus. W¥ataon et
al. (66), however, later claimed, using kipegic neutrali-
zation tests, that significant reciprogal c¢cross-neutrali-
zation existed between the two viruses by their respective
antisera. In addition, antiserum to herpes simplex virus
gava 3 precipitin lines im immunodiffusion tests with ax-
tracts from cells infected with B virus. All three lines
showved xoactions of  identity with antigens prepared from
cells infected with herpes simplex virus. Both Kaplan
and Vateer (22), and Watson et al. (§6), zreported a lack
of oross-neutralization between herpes simplex virus and
pseudorables virus. Plummer (39), however. although
noting the lack of cross-meutzalization, reported the

two to be serologically related based or the complement-
fixation test. Watson et al. (66) claimed that antiserum
to herpes simplex virus cave a preeipitin line in immuno-
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diffusion tests with extracts of pseudorabies virus-
infected cells. They alsc established that the precipi-
tin line obtained with pseudorabies virus showed a re~
action of identity with an antigen of both herpes
siuplex virus ard B virus. They therefore concluded
that there is a group antigen comwmomn to at least these
three wembers of the herpesvirus group.

Plummer (339), in 1364, detected serxological relation-
ships between saveral membaxs of the herpes group. Using
antisexrum to infectiocus bovipe rhinotracheitias virus,
complement-fixation was shown with pseudorabies virus,
horse herpesvirus type 1, and horse herpesvirus type 2.
With antiserum to herpes simplex virus, complement-
fizxation oscurred with pseudoralies vizus and horse her-
pesvirus type l. Similar serological relationships were
demonstrated between horse herpesvirus type 1 and pseudo-
rabies virus, and between horse herresvirus type 1 and
horse hexrpesvirus type 2.

A relatioaship betwean herpes simplex virvus and an-
other human herpesvirus, varicella-soster virus. has been
indicated. The relationship is based on tha boosting of
conplement-fixing antibodies to herpes simplex virus in
varicella and gzoster patiemts and vice versa (30,44,50).
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Although such anamnestic boosting does not constitute
undeniable proof of antigenic relatedness, Trilifajova
et al. (63) have presented evidence that antigens pre-
pared from cells infected with herpes simplex virus and
from caells infeeted with varicella-zoster show a preci-
pitin line of identity in immunodiffusion tests.

Aurelian (3) has claimed an irmunological relation-
ship betwaen herpes simrlax virus and canine herpesvirus.
Siie noted that reciprocal cross-nceutralization occurred
batween the two viruses using their respective antisera,
although the homologous virus was neutralized to a much
greater extent in each case. Using the fluorescent an-
tibody test, Sharma et al. (51) has tentatively claimed
a reciprocal cross-fluorescent staining between Marxek's
dlsease virus and pseudorabies virus. A relationship
hetween antigens derived from Burkitt's lymphoma cells,
which are known to contain EB virus antigens, and anti -
gens derived fyryom the Lucke' adenocarcinoma of frogm,
thought to be caused bv Lucke'’' hervesvirus, has also hean
claimed (11).

In 1964, Yoshinc and Taniquchi (68) reported that
rabbits immnized with herpes siwmplex virus Jevelop com-

plement requiring neutralizino antibodies. 8Such anti-
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podies developed early in infection, and were followed
bv non-complement requiring antibodies, although the ad-
dicion of complement to the latter enhanced its neutral-
izing ability. Stevens et al. (56) reported that the
neutralization of herpes simplex virus ard SAS Ly their
respective antisera were sionificantly enhanced by the
addition of complenent, as was the reciproecal cross-
neutxralization between the two viruses. The most drama-
tic boosting occurred with early 78 and 198 antibodies.
with lower, although significamt, boosting occurring
with late 75 antibody and whole serum. Late 196 antei-
body was boosted only in the homologous reaection. Ander-
sen (2), using four strains of human cgytomeaalovirus,
found that two of the strains (Ad 169 and C87) elicited
early antibodies which were complement-dependent, while
the other two strains (Davis & T27) aslicited late anti-
bodies which retuired complement to neuatralize their
homologous viruses. He concluded from his data and from
the work of others that complement should he added in all
herpesvirus cross-neutralization experiments utilizing
hyperimmune antisera.

The studies presented herein have been undertaken

in order to determine the antigenic relationshipz among
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several herpesviruses. Four viruses were ermployed:
herpes simplex virus type 1, scuirrel monkey herpesvirus
type 1, infectious bovine rhinotracheitis virus, and
horse hexpesvirus type l. Two serclogical procedures
were used, the neutralization test and the in-

direct fluorescent antibody test. Cross-neutralization
tests were carried out by the plagque-reduction method.
The effect of complement was also evaluated for its
boosting ability in the cross-neutralization experiments.
In addition, the localization and sequential development
of homolegous and cross-reacting antigens in cells in-
facted with the various herpesviruses was studied by the
indirect fluorescent-antibody method.
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CHAPTER IX

MATFRYALS AND MRTHODS

Tissue Culture Hedia

#edium 199, containing amino acids. nuclelc acids,
glucose, vitamins and intermediary metabolites in a
base of Rarle‘'s balanced salt solution. was purchased
from Grand Ysland Biological Co., Grand Island, New York.
and was used for the preparation of all tissue cnltures.
Supplements to the media inecluded 2.3 mg/ml glutamine
(Pfanstiehl Laboratories. Inc., Waukegan, Illinois),
1,250 units/ml of buffered potassium penecillin 4 (E.R.
Squibb and Soms, Inc., Wew York, New York), 1.25 mg/ml
of streptomycin sulfate (Chas. Pfizer and Co., Tne., lew
York, Naw York), 5.00625 rng/ml funqgizone (E.R. Squibb
and Sons, Inc., New York, New York), and 375 units/nl of
polymixin (Chas. Pfizer and Co., Inc., New York, Mew
York) .

Initiator medium, which was used to praepare primary
tissue cultures, contained 1.5t godium bicarbonate (J.7T.
Baker Chemical Co., Phillipsburg, New Yersey), and 10%
lamb serum (Grand Island Biologieal Co., Grand Island,

New York) in addition to the above mentioned supplements.




naintenance maedium, used to maintain tisgue cultures af-
ter a monolaver was established, contained 2.5% sodiunm
bicarbonate and 5% lamb serum. Overlay medium for plaque
titrations and neutralization tests included 3% methyl
cellulose (1500 centipcise, Pisher Scientific Co.. Pairx
Lawn, New Jersey) in maintenance ncdium.

Tissue Cultures

Primary monolayers of rahhit kidney cells wora pre-
pared, under sterile conditions. utilizina the kidneys
waich had been removed from three to four weak old taby
rabbits (Scientific Small animals, Arlington Heights,
Illinois). After having the surface membrane removed,
the kidneys were finely minced with scissors and placed
in a trypsinization flask to which 25 ml of 2.5% trypsin
(DIFCO, Detroit, Michigan) was added. The suspension was
stirred for approximately 30 minutes on a magnetic
stirrer, ox until the tissue was fully disxupted. 7%he
cells were them pelleted by centrifugation at 3,000 RPM
for 10 miputes, washed with initiator media and repel-
leted, and added to 400 ml of initiator media. Cells
were them dispended as desired, in 5 ml amounts in small
plastic petri dishes (Falcon Plastics, Oxnard, California),

in 15 ml amounts in larqger petri Jishes (Falcon Plastics,
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Oxnard, California) which contained fluoreszcent antibody
microscopy slides (Clay Adams, Parsipprany. New Jersey).
er in 40 ml amounts in 32 oz. glass prescription bottles
(Owens~11linois, Toledo, Ohio). Petri Cishes vere in~
cubated at 37°C in an atmosphere of 5% €0,, while bottles
ware capped tightly and placed in a 279C normal atmos-
shere incubator. Medium was changed on growing mono-
lavers after five days.

Viruses -

The viruses used in the serologisal studies were
herpes simplex virus type 1, strain Bramson, sguirrel
monkey herpesvirus type 1, Presbyterian St. Luke's
strain, infeotious bovine rhinotracheitis virus, strain
L.A., and horse herpesvirus tyre 1 (equine abortion
virus, egquine tvhinooneumonitis virus), bDoll strain. 1In
addition, one other straim =ach of herpes simplex virus
type 1 (Watsom strain), squirrel monkey hexrpesvirus tvpe
1 (Baylor strain), infectious bovine rhinotracheitis
virus (Colorado strain), and horse herpesvirus tyvpe 1
(strain R4 39), which had bheen passed five times each in
either kitten kidney cells or mouse brains. were utilized
in fluorascent antibody tests.
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Virus stocks waere grown either in plates or hottles.
Honolayers were seeded with virus and virus agrowth was
allowed until nearly 1008 cytopathic effect had occurred.
The remaining cells were then scraped off into the medium
and the virus'auspensions were armculed and stored at
-799¢C.

Virus Assays

Virus stdcks ware titered by the ﬁlague assay method.
Serial 10-fold dilutions of the viral suspension were
zade in initiator medium containing 1% lamb serum. Prom
sach dilution, 0.2 ml was absorhed onto a tissue culture
monolayer. The plates wsre‘shaken after 10 minutes, and
after a total elapmsed time of 15 minutes. the plates Qére
overlaved with mathyi cellulose medium. After 48 hours
incubation at 37°C in a 5% CO, atmosphers, the matﬁyl
cellulose medium wasypouraé éff, ané ﬁhe ﬁonolay@r wﬁs
stainad‘with:a soiutian of 10% methyvlenes blue in dis-
tillad'wﬁtet. Plasues were ccunteé microaca@ically on
an inverted microseonﬂ |

Prgyaraticn ot Virus and Viral Antigens for Immnnization

T™™WO groups ef virus ﬂrenarations were employed for

the immunization of rabbits. The firat qroup of prepa-

rations consisted of virus stocks. whioh had been grown
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in monolayers of rabbit kidney cells in medium supple-
mented with rabbit serum instead of lamb serum. The
rabbit serum was obtained from a pre~immunization bleed-
ing of each rabbit. Each virus was grown in the serum
from the rakbit which was to ultimately receive that
virus. 7

The second group of preparations consisged of pools
of "early" and "late" viral antigens, harvastad from cells
at various times after infection. These preparations
also contained complete, infectious viral particles.
Primary mongla?ers of rabbit kidney cellé, whiéh had
been grown in medium supplemented with rabbit pre-inocu-
lation serum, Qexe infected with virus. Following a two
hour virus adsorption period, the plates were given 3 ml
of maintenance medium minus serum. The culture tluid‘
and the cell sheets were ba#veaﬁed together from a series
of infected plates at 5, 10, 24, 36 and 48 hours after
1nf¢cticn. 'Eachrharveat was sonically disrupted (Branson
Sonifier, Branson Instruments, Inc., Stamford, Connecti-
cut), and the cell debris was spun qun for one hoyr at
3,000 RPM. jThg_supernatants frpm each harvest were
pocled, ampuled, frozen at ~-70°C, and used as 1mmunizinq

antigen.
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Preparation of Antisera

Antisera were parpared in two separate groups of
rabbits, against four wviruses. Two rabbits in each agroup
received the same virus or viral antigen vreparation.
Antiserum was vroduced acainst herpes simplex virus type
1, strain Bramson, squirrel monkey herpesvirus type 1,
rraeshyterian St., Luke's strain, infeetious bovine rhino-
tracheitis virus, strain L.A., and horse herpeavirus
tvpe 1, Doll strain. Two different irmunization proce-
dures were followed. One qroup of rabbhits received virus
stock preparations, given intramuscularly and intra-
peritoneally six times at 25 dav intervals. with the last
inoculation being given {n a 50:350 mixture with complete
Preund's adjuvant (DIFCO Lahoratories. Detroit, Michigan).
The rabbits were LHled ten days following the second,
fourth and final inoculations.

T™he viral antigen preparations were given four times
to the second group of rabhits. Three weekly inoculations
were given intramuscalarly in oomplete Preund's adjuvant.
Ten days following the third inoculation, the rabbits
ware boosted with antigen intravenously and intraperi-
toneally without Preund's. All rabbits were bled out ten
days following the final boost. The collected blood was

AN
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alloved to clot overaight at 4°C. The clot was tihen spun
out, and the serum was collected, ampuled and stored at
~709C.

Control sera consisted of pre-imoculation serum col-
lected from each rabbit, as well as antiserum prepared in
rabbits against uninfected rabbit kidney cells. The
cells were from the same monolayer preparations which
had been used to grow virus stocks. The same immuniza-
tion schedule as that used for viral antigens was employed.

Neutralization Tests

Neutrxalizatiop tests were carriaed out hy the stan-
dard doubling dilutions method. Serun samples were
serially diluted two~fold, usually from 1/2 to 1/1024.
0.2 ml of each serwa dilution was wmixed with 0.2 ml of
virus suspension (which hed been previously titered by
the plague assay methed) such that thie final mixtures
contained 100-200 plaque forming units (PPU)/G.4 nl.

The virus-serum mixtures were then incubated in a 379C
watar bath for 30 minutes, with shakinag after 15 minutes.
The number of residual PFU were detarmined bv plating 0.2
ml of each mixture onto a tissue culture. The plates ware
overlayed with methyl celluloase medium, and after 48 hours
incubation, the plagues were counted microscopically.

Py
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In neutralization tests utilizinc complement, cuinea
pig serum (Crand Island Bioloqgical Co., Grand Island, New
vork) was diluted and added to the immune serum to give
a final complement concentration of 2% (rerresenting ap-
proximately 19 herolvtic units of complenent). The tests
were usually performed in triplicate, ons test utilizing
untreated antiserum, the second using the sane antiserum
which had been decomplemented by heatina at 560C for 1/2
hour, and the third utilizing heated antiserum to which
was added quinea pig complement to a final concentration
of 2%. Control tests were carried out with pre~inocula-
tion sera, anti-normal rabhlit kidner cell antigera, and
compleament alone in maintenance medium. In some of the
control tests, the pre-inoculation sera were supplemented
wvith comrlement to a final concentration of 2%,

Pluorescent Antibody Tests

Pluorescent antibody tests were carried out usineg
the indirect method (67). Before being used in the test,
all antisera and fluorescent antihody were absorbed three
or more times with an emual packed volume of rabbit kiad-
ney cells each time. The fluorescent antibody tests were
carried out on monolavers of rabbit kidnev cells which

had been qrowm on fluorescent antibody microscope slides.
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and which had been infected with virus. Pollowing 24
hours of virus multiplication, the infected elides were
treated in eold (4°C) acetome for 30 minutes. They were
subsequently washed in phosphate buffersd saline (PBS),
pE 7.0, three tipes at two minutes per wash, and air
dried. Antiserum, either undiluted or diluted to the de-
sired concentration in PBS, was added and the slides were
incubated in a molst chanber at 37°C for 30 minutes. Fol-
lowing inoubation, the slides were washed three times for
ten minutes perxr wash in PBS, and again air dried.
Fluorescein isothiocyanate conjugated sheep-anti-rabbit-
gamva-globulin (Grand Island Riological Co., Grand Island,
Hew York) diluted 1:10 in PBS, was added to the slides
and they were again incubated at 37°C for 30 minutes in
a moist chamber. They were subsequently washed three
times at tean minutes per wash in PBS, and mounted in
fluorescent antibody mounting fluid (DIFCO Lakoratories,
petrolit, Michigan) with glazs cover slips. The slides
vere examined undexr a Leitz fluorescent microscope, and
photogra;hs were taken with Kodak Pan X film.

To follow the sequential development and localiza-
tion of homologous amrd heterologous viral antigens, mono-

layer slide cultures were inoculated with virus, and fol-
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lowing a two hour viral adsorption period, slides were
ramoved and fixed in acetone after 3, 4, 5, 7, 12 and 26
hours of infection. The infacted slides were stored
frozen until they could be stained.

To determine the fluorescent antibody titers of the
antisera, serum samplez were diluted two~fold in PBS and
each dilution was tested against a virus-infected mono-
layer.

Controls consisted of fluorescent antibody tests
carried out with each antiserum on uninoculated monolayers
of rabbit kidnev cells, virus-infected cells treated with
fluorescent antibody alone, fluorescent antihody tests
carried out on virus-infected cells utilizing pre~inocula-
tion sera and anti-rabbit kidney cell antisera, and tests
on cells infected wilth vaccinia virus, a member of the
poxvirus group. In addition, the flnorescent antilody
titrations were repeated, using souirrel monkey hexrpes-
virus antiserun, with sach virus which had been passad
several times in either mouse brains or cat kidney tissues
cultures, and also with a different strain of each of the
four viruses which had also rassed several times. This

procedure was carried cut in order to insure that the




four viruses being tested did not each have a common
contaminant which was responsible for the cross-

fluorescence that was observed.
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CHAPTER 11X
RESULTS ~ NRUTRALIZATION TEETS

The nautralization teat was the first serological
procaedura chosen to deternine if antigenic relationships
exist lLatween saveral nmembars of the harpesviruz group.
Cross~-neutraligation tests vere performed between herpes
simplex virus type 1 (HBEV), squirrel monkey herpesvirus
type 1 (SMEV), infectiocus bovine rhinotracheitis virus
(I2R) , and equine herpesvirus type 1l (2HV), using anti~
sera prepared in rabbits against HSV, SHHV, IBR virus
and INV. Neutralization tests were carried out by the
doubling-dilutions method (refer to Materials amd Methods
section for procedure).

immune Antisera

Table 2 represents a comparison of the cross-neu-
tralization titers obtained with primary (first bleedinq)
and hyperimuune (final lLleeding) rabbit anti herpesvirus
antisera. These antisera were prepared by injection of
rabbits with suspensions of virus stock whigh had been
grown in monclayvers of rabbit kidrey cells. Heutraliza-

tion tests which ntilized orimary antiscexa revealed weak




nat definite reciprocal cross-—-neutralization botween HSV
and SHRV. Slight neutralization Qf‘bcth.haigas sinplex
vizus and sqguirrxel monkey ﬁer;esvirus by primg:y,anti“
serws to itifsctious bovipe rhinotragheitis virus and
e:yulne herpesvirns type 1 also oacutreﬁw There was no
crosg-neutralization between IBR virus and BHV by their
raspactive grimr‘y antisera. Hynorimmuane antiwhe;pes
virus antisera wera found to have titers boostad from
hatwéen two - fold to elght-fold over that of their reavec-
tive ;fimary antisera. %The crossings obtained with hyper-
imoune antisera were the same as those obtained with
srimary antisera, i.e,., definite reciprocal cross neu-
tralization between herpes silmplex virus and squirrel
monkev herpesvirug, with both IBR virus and EHV antisera
2lightly neuwtraligzing HSV and SMEV. In addition, hyper-
immune S¥IV antiseyum slightly neutralized IBR wirus,
makirg the weak crozsing batween these twoe viruzes a re-
ciprocal one. Controls, consisting of neutralization
tasts carried out with pre-innculation serum correspond-
ing to each antjgerum, revealed little or no neutraliza-

tion of any of the four herpesaviruses (Tabla 1).




TABLE 1. PRE-INOCULATION SERA AND ANTI-RABBIT KIDNEY CELL SERA vs. HERPES SIMPLEX VIRUS, SQUIRREL
MONKEY HERPESVIRUS, INFECTIOUS BOVINE RHINOTRACHEITIS VIRUS, AND EQUINE HERPESVIRUS TYPE 1.

HERPES SIMPLEX SQUIRREL MONKEY INFECTIOUS BOVINE EQUINE HERPESVIRUS

SERA VIRUS HERPESVIRUS RHINOTRACHEITIS VIRUS TYPE 1
50% ENDPOINT 50% ENDPOINT 50% ENDPOINT 50% ENDPOINT

Sii;iziid#3°l < 1/4 < 1/4 < 1/4 , <1/
Eﬁi;iiiid#3°2 <1/ < 1/u <1/4 <1/y
Eﬁi;iiiid#3°3 ML < 1/ <1/ < 1/n
§Z§;§E‘I°Nﬁ33‘f < /4 < 1/ <1/ <1/
EE:;£2::d#305 <1/ < 1/4 <1/ | < 1/y
! §ZZ;§2f°Nf33? <1/ < /4 < 1/4 < 1/4
~ g:;igfc+§goz' <1/u < 1/4 < 1/y < 1/4
: g:;igfcégog' < 1/ < 1/4 < 1/y < 1/4
Hoazen 458 ¢ < 1/4 < am <1/ < 14
Eﬁi%iﬁfc+§§1év < 1/m < 1/4 < 1/n ' < 1/n
gz:;igfcd-ggig' < 1/u < 1/u < 1/y < 1/4
;Z:;£ETC+§§12' <1/4 < < 1/y < 1/4
QZZi;ﬁf Sgélc?317 <1/ < 1/ < 1/ < 1/4
ﬁﬁﬁié?f S;ilc?318 < /n < 1/u <1/ < 1/
ﬁzﬁiéﬁf SZélcfslg < 1/4 < 1/4 <1/ < 1/4

Anti-RK Cell #320
< < <
Heated, +2% C' 1/4 1/4 1/u < /4
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TABLE 2. TITERS OF CROSS-NEUTRALIZATION TESTS OBTAINED WITH PRIMARY AND
HYPERIMMUNE ANTI-HERPES VIRUS ANTISERA.

HERPES SIMPLEX SQUIRREL MONKEY INFECTIOUS BOVINE EQUINE
VIRUS HERPESVIRUS RHINOTRACHEITIS VIRUS  HERPESVIRUS TYPE 1
ANTISERA 50% 100% 50% 100% 50% 100% 50% 100%
ENDPOINT ENDPOINT  ENDPOINT  ENDPOINT __ ENDPOINT _ ENDPOINT ENDPOINT  ENDPOINT

TSV ANTISERUM

#301 >1/5128 1/128P 1/8 < 1/u < 1/4 < 1/4 < 1/4 < 1/4
PRIMARY
SMAV ANTISERUM -

#303 1/u4 < 1/4 >1/1024 1/256 < 1/u < 1/4 < 1/4 < 1/
PRIMARY
TBR ANTISERUM :

#305 1/8 < 1/u 1/4 < 1/4 1/512 1/64 < 1/ < 1/4
PRIMARY
EHV ANTISERUM

#307 1/4 < 1/u 1/16 < 1/u < 1/4 < 1/4 1/512 1/16
PRIMARY
SV ANTISERUM

#301 >1/1024 1/256 1/64 < 1/u < 1/4 < 1/u < 1/4 < 1/4
HYPERI MMUNE
SMAV ANTISERUM

#303 1/64 1/16 1/20u8 1/512 1/8 < 1/4 < 1/4 < 1/4
HYPERTMMUNE
IBR ANTISERUM

#305 1/4 < 1/4 1/8 < 1/ 1/256 1/64 < 1/4 < 1/4
HYPERIMMUNE
THV ANTISERUM '

#307 1/8 < 1/ 1/16 < 1/u < 1/4 < 1/y > 1/1024 1/128
HYPERIMMUNE

a. Highest serum dilution resulting in a 50% plaque reduction
b. Highest serum dilution resulting in a 100% plaque reduction




The Bffect of Complement

Reports by several investigators (2,14,16,56,58,59.
£9,64,68) have indicated that the addition of guinea pig
complement to both early and hyperirmune anti-herpesvirus
antisera significantly enhances thelr neutralizing abil-
itvy. The neutralization tests were therefore repeated
with the addition of quinea pig complement to hyperimmune
antisera to a fimal concentration of 2% in order to see
if the heterologous neutralizing titers could be boosted,
of if cross-reactions nrot previcusly detected weuld be
revealed.

Table 3 centains the results of nautralization tests
carried out with:two‘hyparimmune ahti~HSV antisera. Tests
with both sera were run in triplieate, in ordey to eval-
uate the enhancing effect of complement, if any., on the
homologous and heterologous neutralizing titers. Serum
sanples were thus tested either untreated, heated at 56°C
for 30 minutes to destroy their natural complement, or
heated followed by the addition of guirea plg complement
to & finalbcbnc&ntratiéﬁ of 2%.

Antisera gamples which had baan‘heated to destroy

complement showed a éliqht drop in meutralizing titer from

that of normal, untreated antisera. The addition of
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TABLE 3. HYPERIMMUNE HERPES SIMPLEX VIRUS ANTISERA (ANTI-VIRUS STOCK), WITH
AND WITHOUT COMPLEMENT, vs. HERPES SIMPLEX VIRUS, SQUIRREL MONKEY
HERPESVIRUS, INFECTIOUS BOVINE RHINOTRACHETITIS VIRUS AND EQUINE
HERPESVIRUS TYPE 1.

HERPES SIMPLEX SQUIRREL MONKEY INFECTIOUS BOVINE EQUINE
HYPERT MMUNE VIRUS HERPESVIRUS RHINOTRACHEITIS VIRUS  HERPESVIRUS TYPE 1
ANTISERUM 50% 100% 50% 100% 50% 100% 50% 100%
ENDPOINT _ ENDPOINT _ ENDPOINT _ ENDPOINT _ ENDPOINT _ENDPOINT __ ENDPOINT _ ENDPOINT
Sﬂ:;;gi:d#3°1 > 1/1024 1/256 1/6u < 1/8 < 1/y4 < 1/b < 1/4 < 1/4
Antd-HSy #aol 1/2048  1/256 /16 < 1/u < 1/% < /4 < 1/ < 1/4
?
Anti-Hsv #5301, NT NT /64 < 1/u 1/u < 1/ < 1/4 < 1/u
>
Anti-HSY #302 1/2048  1/256 /32 < 1/4 1732 < 1/4 <1/ < 1/u
ﬁiﬁiégsvnﬁ38? 1/1024 1/256 1/32 < 1/4 1/32 1/ <1/ < A/m
L]
ﬁzti‘gsv+ﬁ§°€, >1/4096  1/512 1/6u 1/8 1/8 < 1/4 < 1/4 < 1/n
atea,
2% C' in Main- 44, < 1/ < 1/4 < 1/4 < /4 < 1/4 < /4 < 1/4

tenance Medium

NT = Not Tested
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complemant to decomplemented anti#era resplted in either
a resta:ntion to normal titer or a sligﬁt‘boost in neu-
tralizinq power. Sigﬁfficant crcss»naatralization,bf
SHHV by Both anti-HSV antisera was again evident in these
tests. The highest neutyralizatipn titar§ occurred with
a‘fstiﬁetum samples whieh had been supplemented with com-
plement. siqnificaht_neutralgzatioa of IE? virus was
also seen with one of the anti-~HSY antisera, although the
nichest neutralizing titer unexpilairably oecurred with
serum which h&d been heat-inactivated. FHV rerained
unaffected by HSV antiserum. even when th: Berwn was Sup-
glementgd with complement. <Controls consisted of each
virus mﬁx&d with a dilutionief 2% complenment in malnte-
nance medius. Complenent alone had n64neat:aliziagf
a2ffect on the herpesviruses. |

similai neutralization tests vhich emploved anti-
S#IV antisera and anti-IBPR virus antisera yieldad com-
parable results. i.e., the addition of complement had a
hoosting effect on these antisera (Tables 4 and 5).
Eyperim&uﬁ@ aﬁti«sMEV‘antiﬁerum again showed strong neu-
tralization of HSV and weak neutralization of IBR virus,
althoug& é second antiserum prép&raiicn (8304) failed to

neutralize either HSV or IBR virus (Table 4). EHV was




TABLE 4, HYPERIMMUNE SQUIRREL MONKEY HERPESVIRUS ANTISERA (ANTI-VIRUS STOCK),
WITH AND WITHOUT COMPLEMENT, vs. SQUIRREL MONKEY HERPESVIRUS, HERPES
SIMPLEX VIRUS, INFECTIOUS BOVINE RHINOTRACHEITIS VIRUS AND EQUINE
HERPESVIRUS TYPE 1.

SQUIRREL MONKEY HERPES SIMPLEX INFECTIOUS BOVINE EQUINE

HYPERIMMUNE HERPESVIRUS VIRUS RHINOTRACHEITIS VIRUS HERPESVIRUS TYPE 1
ANTISERUM 50% 100% 50% 100% 50% 100% 50% 100%

ENDPOINT  ENDPOINT ENDPOINT  ENDPOINT ENDPOINT  ENDPOINT ENDPOINT  ENDPOINT
Anti-Sq. Mo.
#303 1/20u48 1/512 - 1/64 1/16 i/8 < 1/u < 1/4 < 1/4
Untreated :

| Anti-Sq. Mo. .

#303 1/1024 1/256 1/8 < 1/4 < 1/4 < 1/4 < 1/4 < 1/u

Heated, No C'

32

| Anti-Sq. Mo.

#303 >1/4096 >1/512 1/64 1/u NT NT NT NT
Heated, +2% C'

Anti-Sq. Mo.

#304 >1/2048 1/256 < 1/4 < 1/4 < 1/y4 < 1/4 < 1/4 < 1/y
Untreated

Anti-Sq. Mo.

#30u 1/20u48 1/128 < 1/4 < 1/4 < 1/n < 1/4 < 1/4 < 1/4

Heated, No C'

2% C' in Main-
tenance Medium © /4 < 1/4 < 1/4 < 1/4 < 1/4 < 1/4 < 1/4 < 1/4

NT = Not Tested
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TABLE 5., HYPERIMMUNE INFECTIOUS BOVINE RHINOTRACHEITIS VIRUS ANTISERUM (ANTI-
VIRUS STOCK), WITH AND WITHOUT COMPLEMENT vs. INFECTIOUS BOVINE
RHINOTRACHEITIS VIRUS, HERPES SIMPLEX VIRUS, SQUIRREL MONKEY HERPES-
VIRUS, AND EQUINE HERPESVIRUS TYPE 1.

HYPERIMMUNE
ANTISERA

INFECTIOUS BOVINE HERPES SIMPLEX SQUIRREL MONKEY EQUINE
RHINOTRACHEITIS VIRUS VIRUS HERPESVIRUS HERPESVIRUS TYPE 1
50% 100% 50% 100% . 50% 100% 50% 100%

ENDPOINT  ENDPOINT ENDPOINT  ENDPOINT ENDPOINT  ENDPOINT ENDPOINT  ENDPOINT

IBR Antiserum
#305
Untreated

1/256 1/64 1/4 < 1/4 1/8 <. 1/4 < 1/w < 1/u

IBR Antiserum
#305
Heated, No C'

1/1024 1/32 1/8 < 1/4 1/8 < 1/4 < 1/4 < 1/4

IBR Antiserum
#305
Heated, +2% C'

1/256 1/8 1/16 < 1/4 1/186 < 1/4 < 1/4 <4 1/4

IBR Antiserum
#306
Heated, No C!

1/1024 1/128 1/4 < 1/4 1/4 < 1/4 < 1/4 < 1/4

2% C' in Main-
tenance Medium

< 1/4 < 1/4 < 1/u < 1/4 < 1/u <4 1/u < 1/u < 1/4
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not neutralized by either of tﬁa SMEV antisera prepara-
tions. Hyperimmune anti4iﬁﬁ virué anﬁisarum showed weak
cross-neutralization of HSV and sﬁﬁv, with the highest
neutralization titers b@iﬂg attainad-with serua supple~
manted with complenment (Tahle 5)@

Hyperimmuane equiaé herpesvirus type 1 antiserum was
tested only with the addition of complement to a final
concentration of 2%. Both HSV and SMHV were neutralized
to some extent (Table 6). IBR virusvéanagain unaffected
by EiV antiserum. | ' |

Table 7’battgr suMna:izés the @ffect of complement in
hoogting the neutralizing power of herpesvirus antisera.
Both harpes simplex virus and squirrel monkey harpesvirus
antisera, when brought to a £inal cepéentration Gf 2% com-
plement, showed from between a two fold to eight-fold in-
crease in neutralization titér in both the homologous and
heterologous reactions; It muat be stressed, hovwever,
that the enhancing effect of complement was not & uniform
effect, i.e., not all sera were booasted agually, nor was
the boosting of a sinale serum equal against each of the
virusaes. It can be concludeé, ﬁowev§r; that the addition
of complement is of some value in p&rfﬁrﬁing cross-npen-

,tralizatiaﬂ tests with herresviruses.




Ig]
o

TABLE 6.

HYPERIMMUNE EQUINE HERPESVIRUS TYPE 1 (ANTI-VIRUS STOCK), WITH
COMPLEMENT, vs. EQUINE HERPESVIRUS TYPE 1, HERPES SIMPLEX VIRUS,
SQUIRREL MONKEY HERPESVIRUS, AND INFECTIOQUS BOVINE RHINO-
TRACHEITIS VIRUS.

EQUINE HERPES SIMPLEX SQUIRREL MONKEY INFECTIOUS BOVINE

HYPERIMMUNE HERPESVIRUS TYPE 1 VIRUS HERPESVIRUS RHINOTRACHEITIS VIRUS
ANTISERA 50% 100% 50% 100% 50% 100% 50% 100%

ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT
EHV Antiserum .
#307 > 1/1024 1/64 1/8 < 1/u 1/16 < 1/4 < 1/u < 1/4
Heated, +2% C' .
2% C' in Main-

<
tenance Medium 1/4 < 1/u < 1/u < 1/4 < 1/4 < 1/u < 1/u < 1/4




TABLE .7. THE EFFECT OF COMPLEMENT ON HOMOLOGOUS AND HETEROLOGOUS
NEUTRALIZING ANTIBODY TITERS.

HSV SMHV
HYPERIMMUNE -C' . +C! -C! +C!
ANTISERUM 50% 100% 50% 100% 50% 100% ~50% 100%
ENDPOINT _ENDPOINT _ ENDPOINT ENDPOINT _ ENDPOINT _ENDPOINT _ ENDPOINT __ ENDPOINT
HSV . 1/2048 1/256 : 1/4096 1/512 1/32 < 1/4 1/64 1/8

! SMHV 1/8 < 1/u 1/64 1/4 1/1024  1/256 > 1/4096 > 1/512
O -
o™




- 37 -

Neutralization Tamta ﬂtiliﬁing:hntiaéram Produced Against

viral Antigen P:qpaxations

Cross-neuttalization tests between the four herpes-
virusaes were aqain xencated with aﬁtiﬁgra which had been
orapared in rabbits against viral an&iqan preparations
inztead of virus stocks. The viral antiqehs ware pre-
rared by sonic disruption of virusQinfectea tissue cul-~
tures. All antisera were heat-inactivated and supple-
mented with complement to affinal éoncéntration’bf 2%
before use. The reéultz are presented ;ﬁ ?hhle's. Al-
though the homologous neutralization titeg:_obtéin&d with
viral-antigen ;ntiséra wera*qénéfally higher than those
chtained with t.hé correspéndinq virus-Btock antiséra, the
cross neutralization titers’w@re alightly lower.  Fowever,
the sama pattern of crosa*nautralizatiaa vas seen. The
strongest crossing occurred recipzocally betwaanﬁgsv and
BMHV by their reéspective antisera, ﬁitﬁ weaker reciprocal
crossing betweén %ﬁﬂV¢and:IaR;viras. Weak neutralization

of IBR virus by ‘amti-HSV antiserum and of SMHV by ERV

antiserun was kisﬁ seen again, ‘No croge-noutralization
occurred betweem infectious bevine rhinotracheitis virus
and equine herpeavirns typ@Vli fontrals consisted of

tests using pre-inoculation sera earreswondinq to each




o
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TABLE 8. HYPERIMMUNE VIRAL-ANTIGEN ANTISERA, WITH COMPLEMENT, vs. HERPES
SIMPLEX VIRUS, SQUIRREL MONKEY HERPESVIRUS, INFECTIOUS BOVINE
RHINOTRACHEITIS VIRUS, AND EQUINE HERPESVIRUS TYPE 1.

HERPES SIMPLEX

SQUIRREL MONKEY

INFECTIOUS BOVINE

EQUINE

HYPERIMMUNE VIRUS HERPESVIRUS RHINOTRACHEITIS VIRUS HERPESVIRUS TYPE 1
ANTISERA 50% 100% 50% 100% 50% 100% 50% 100%
ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT ENDPOINT

HSV Antiserum
#309 > 1/20u48 1/512 1/16 < 1/4 1/8 < 1/4 < 1/4 < 1/4
Heated, +2% C' :
HSV Antiserum :
#310 >1/2048 1/512 1/4 < 1/4 < 1/4 < 1/u < 1/4 < 1/4
Heated, +2% C' )
EHV Antiserum
#311 < 1/4 < 1/4 1/4% < 1/4 < 1/4 < 1/4 >1/2048 1/256
Heated, +2% C'
SMHV Antiserum
#313 1/64 < 1/4 > 1/20u8 1/1024 1/8 < 1/u4 < 1/4 < 1/4
Heated, +2% C'
IBR Antiserum
#315 <1/4 < 1/u 1/4 < 1/u > 1/02u48 s 1/20u8 <1/4 < 1/4
Heated, +2% C'

s - -
2§a§an::el l!::;::nn < 1/4 < 1/4 <1/4 < 1/4 < 1/4 < 1/4 < 1/u < 1/n
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antiserun (Table 1). Pre-inoculation sera were also sup-
plementad with complement to a final concentration of 2%.
Little or no neutralization of the four herpesviruses was
seen. In addition, antisera were produced in rabbits to
normal rabbit kidney cells. Cells from the same monolayer
cultures which had been used for the orowth of the four
viruses for irmunization were used foxr the control rabbits.
Tha serum collected frowm these control rabbits had no

neutralising effect on the four herpesviruses {Table 1).
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CHAPTER 1V
RESULTS -~ PLUORRSCENT ANTIBODY TISTS

Crnsswflﬁnrnseent antibody tests were performed uti-
lizing four herpesviruses ~- HSV, 84HV, IBR virus and
PHV -~ and antigera to HSV, SMHV, IBR virus and EBHIV. The
indirect test was used on virus infected monolayvers of
rabbit kidney cells. Before use, both the anti-herpes-
virus antisera and the fluorescent antiserum hacd to be
repeatedly absorbed with rabbit kidney calls in oyder to
remove non-specific staining components. The effective-
ness of the absorptions seened to depend upon the trypsin
preparation which was used to disrupt the kidneys inte
single colls, asince different trypsin preparationsz left
cells with different eapabilities of absorbing out non-
specific staining components. Antisera and fluorescent
antibody were not used until they completely lacked the
ability to non-specifically stain uninocnlated monolayers
of rabbit kidney cells.

Cross-Fluorescent Staining Between HSV, SMHV, IBR Virus

and EHV

bl A 1

tThe initial tests were carried out with undiluted

anti viral antisera. The same antisera which had been
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uzed in the neutralization tests were utilized in the
fluorescent antibody tests. The results are presented

in Table 9. As can be sean, all four viruses showed
serological relatedness by tﬁi@ tést, although to diffex-
ont degrees. The strongest ralatianahip;eximted between
HSV and SMBV, as had Leen graviou;ly found by the neutral-
ization test (Plate 1?. IR virusganﬁ EHV . the two
viruses which were unrelataed by the ﬁeutt&lizatiun test,
showed the weakest cross fluorescenca (Flates 2 and 3).
Cross-fluorescence af intermédiate intensity oceurre& re-
ciprocally betwaen HSV end IBQ virus« HEY and v, SMHV
and IBR virua, ‘and syw and v, All contmln sbwed
either very !aint or a comnlpte abgancv of fluarescant
staining (Tables 9 and 19, Plates 4, 5, and 6.

The strength of the fluorescent- antibe&y crOsSs -
reactions was further evaluated by performing endpoint
titrations with each antizarum against the four herpes-
viruses. The reaults of thase titrations are presented
in Table 11. Tha hig&ﬁst croes- fluorezcent endpoint
titers occurred feci#raeally between HSY and BMHV, and the
waakest hetween IBP 91:&3 and EEV, Although the endpoint
titers were not ﬁi@h;ftﬁéy:&id:cogfirm the o&setvations
nade with the neétraiithidn tests and led ;Q%the conclu-
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TABLE 9.

CROSS-REACTIONS BETWEEN THE HERPESVIRUSES
BY THE FLUORESCENT ANTIBODY TEST.

Undiluted STAINING INTENSITY VS: CONTROLS
Antiserum HSV Sq.Mo. IBR ERPV Vaccinia Normal Cells
Anti-HSV .

#302 5+ Lt 2-3+ 2+ 0 0
Anti-HSV

#309 5+ b+ 2+ 1-2+ 0 0
Anti-SMHV

#303 4+ 5+ 1+ 1+ 0 0
Anti-SMHV

#313 U+ 5+ 2+ 2+ 0 0
Anti-IBR

#305 3+ 3+ 5+ 1-2+ 0 0
Anti-IBR

#315 2+ 3+ 5+ 1+ 0 0
Anti-EHV

#307 2+ 2+ 1-2+ 5+ 0 0
Anti-EHV

#311 3+ 2+ 1+ 5+ 0 0

8 Staining intensity rated in degrees from 0 to 5+,

with 5+ being maximum intensity.
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TABLE 10.

FLUORESCENT ANTIBODY TESTS CARRIED OUT WITH
PRE-INOCULATION SERA, ANTI-RABBIT KIDNEY
CELL SERA AND FLUORESCENT ANTISERUM ALONE.

STAINING INTENSITY VS: CONTROLS
Serum HSV Sq.Mo. IBR EHV Vaccinia Normal Cells

Pre-Inoc.
#302 0 0 0 0 0 0
Pre-Inoc.
#309 0 0 0 0 0 0
Pre-Inoc.
#303 0 0 0 0 0 0
Pre-Inoc.
#313 o] 0 0 0 0] 0
Pre-Inoc.
#305 0 0 0 0 0 0
Pre-Inoc.
#315 0 0 0 0 0 0
Pre-Inoc.
#307 0 0 0 4] 0 0
Pre-Inoc.
#311 0 0 0 0 0 o]
Anti-RK Cell
#317 0 0 0 0 0 0
Anti-RK Cell
#318 0 0 0 0 0 0
Anti-RK Cell
4319 0 0 0 0 0 0

ti-RK Cell
2223 ¢ 0 0 0 0 0 0
Fluorescent
Antiserum 0 0 0 0] 0 0

Alone




TABLE 11, FLUORESCENT ANTIBODY TITERS.

Antiserum HSV Sq.Mo. IBR ERPV
Anti-HSV '

#309 1/1282 1/32 1/8 /4
223§-SMHV 1/32 1/256 1/2 1/2
daag oY 1/32 1/32 1/8 1/8
gggé—IBR 1/8 1/2 1/32 1/2
zgié—IBR 1/4 1/8 1/64 1/4
Qggé-ERPV 1/4 1/8 1/2 1/32
ggzi-ERPV 1/1 1/8 1/2 1/128

4 Titers represent highest serum dilution resulting
in a 1+ fluorescence.
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sion that all four viruses are antigenically related.
controls were again negative. In addition, positive
controls, carried out with a different strain of each
virus éhﬁ with vituses'passeé>s¢§§rél tires in mouse
braing or cat kidney manola?érs, éave 1§§ntical or vsry
similar endpoint titers with antl-SHHV antiserunm (Table
12).

Intracellular Devslopment and Localization of Cross-

Reacting Antigens

Pollowing the results obtained with thé initial
fluorescent-antibody tests, an atterpt was nade to gain
sone insight as to the “type® of viral anii@éns which
werea crosé%:eacting, i.e., "early” or “laté” antiqgens,
cytoplasmic or nuclear antigens, etc. Therefors, the
developrent and localization of fluorescent cross-reac-
tions were followed in a timed sequence studv of infaected
monolayers. Pellewing & two-hour ahsorption period, in-
fected monolayers were harvested and stained at various
time intervals (3, 4, 5. 7. 12 and 26 hours after infec-
tion). The results of these tests are presented in Table
13 and in Plates 7 through 20.

Utiliging anti-BSV antiserum, weak cytoplasmic stain-

ing of cells infected with HSY was seen as carly as three
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TABLE 12. FLUORESCENT ANTIBODY TITERS AGAINST A DIFFERENT

STRAIN OF EACH VIRUS AND AGAINST VIRUSES PASSED
SEVERAL TIMES IN EITHER MOUSE BRAINS OR CAT
KIDNEY TISSUE CULTURES.

VIRUS TITER OF ANTI-SMHV #303
HSV, Watson, m42 1/32
HSV, Watson, c5P . 1/32
HSV, Bramson, cb5 1/32
SMHV, Baylor, mi 1/128
SMHV, Baylor, cb5 1/128
SMHV, Pb. St. Luke's, c5 1/256
IBR, Colorado, c3 1/2
IBR, L.A., c5 ---C
EHV, EH 39, cu 1/2
EHV, Doll, m7 1/2
8 m4 = mouse brain, pass u.
b ¢5 = cat kidney tissue culture, pass 5.
€ An intensity of 1+ was recorded with undiluted antiserum.




TABLE 13. FLUORESCENT ANTIBODY TESTS: DEVELOPMENT OF CROSS-REACTING ANTIGENS AT VARIOUS TIMES AFTER INFECTION.

Antiserum HSV SQ.MO. IBR ERPV
Hours Intensity Location Intensity Location Intensity Location Intensity Location
Post of of of of of of of of
Inoculation Staining Staining®* Staining Staining Staining Staining Staining Staining
BER + c * C 0 +
L 1+ c 1+ CEN + c i+ CEN
Anti-HSV 5 2+ CEN 1-2+ CEN 1+ CEN 1+ CEN
#309 7 3+ CEN : 2+ CEN 1-2+ CEN 1+ CEN
12 5+ CEN 3+ CEN 2+ CEN 1+ CEN
26 5+ i CEN 3-U4+ CEN 2+ CE&N 1+ CEN
3 N 1+ C 0 C 1+ Cc
L 0 1-2+ C 0 1+ C
) Anti-SMHV 5 TD 2+ CEN 0 2+ c
#303 7 0 3+ CEN 1+ c 2+ CEN
r~ 12 N 4+ CEN 2+ Cc 2+ CEN
= 26 E 5+ CEN 2+ CEN 2+ CeN
1 3 0 o 1+ C 0
4 0 0 1-2+ CEN 0
Anti-IBR 5 0 1+ C 2+ - CEN 1+ C
#305 7 0 1+ C 2+ CEN 1+ c
12 0 1+ CEN 2+ CEN 1+ c
26 2+ CEN 2-3+ CEN L+ CEN 2+ C
3 0 0 0 : 1+ C
L 0 0 0 1+ CEN
Anti-ERPV 5 0 + Cc 0 2+ CEN
#311 7 0 1+ Cc 0 2+ CEN
12 0 i+ C 0 2+ CEN
26 - 1-2+ CEN 3+ CEN 2+ C 5+ CEN
% C = Cytoplasm
N = Nucleus
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hours after infection. The intansity of staining in-
creased each hour after infection until it yeached a
maxirum intensity (5+4) at 12 hours. Fluorescent staining
remained isolated in the cytoplasm as a diffuse mass at
four hours post-inoculation (Plates 72 and 78). At five
houxa,ftluazagcance,egpea:ed.ia;thewnuclaus?us gmal}
granules and strands (Plate 8). The cytoplasm remained
é¢iffusely fluoxescent throughout the twenty-six hour
period, while the nucleus did not become diffuse until
seven hqQurs post-inoculation. At twelve hours after infec-
tion, the nuclear membrane was stained intensely (Plate 3).
Cells infected with squirrel monkey harpesvirus ware
also weakly atgine&,as early as three hou:s‘agter ;QQQQ;
tion by anti-HSV antiserum, and also in the cytoplasm ex-
cluaiva;y.' Bowever, at fouxﬂhou:sﬁppatfinogylation{ﬁsmall
sranules and gtrands of fluorescent meterial appeared in
the nucleus (Plate 10). These granules and strands be-
came more evident at seven bours (Plate 1l1). The diffuse
cytoplasmic a;g&niaqiiﬂcraasgé ;gzintgngigy 45:5, 7, 12
and 26 hours post-iroculation, reaching an ia;@agi;y of
3 to 4+ (Plate 12), while the nucleus becare incxeasingly
g;ggn}ax»arv?gagdyf.in appearance aaﬁ stained less_1nt¢nsa
than the cytoplass.
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Aprreciable staining by HSV antiserum of cells in-
fected with IBR virus did not occur until five hours
post-inoculation. The fluorescence appeared weak and
diffuse in the cyteoplasm with aven fainter granules in
thic nucleus. The most intense staining was of the nuclear
pesbrane. The cytoplasnic fluoreseence increaszed only.
slightly ia intensity. reachino a wvalue of Z+4 at twenty-
six hours after infection. .The nucldus remeined waaker
than the cytoplasm and became d4iffuse at twelve hours
post-inooulation.

Very faint cytoplasmic staining ogocurred three hours
rost~-inooulation in cells infected with EAV and traated
with anti-liSV antiserum. The diffuse cytoplasmic staining
remained vary weak, reaching a valua of only 14 at twenty-
six hours post-infection. Veary weakly stained aranules
and strands appaared in the nueleus at four hours post-~
inoculation, and the nuelsar staining remained weak, he-
coming “"sandy” 4in appearance at twelve hours after infec-
tion and diffuse at twenty-six hours (Plate 13).

The staining of cells infected with squlrrel monkey
herpesvirus by hemologous SMHV antisaerum followed the same
course -as that of the ztaining of HSV-infected cells by
HSV antisarua. Weak diffuse cytoplasmic staining occurred
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at three hours after infection, and increased in intensitcy
an to a maximom (54) at twenty-six hours vost-inocula-~
tion. Muclear staining, consisting of finely dispersed
granules and an intensely ataining nuclear membrane, ap-
neared at five hours after infection. The nucleus be-
came diffuse and strongly fluorescent at seven hours post-
infection and rerwirmed as such thereafter.

Cytoplasmic fluorescence in cells infeoted with IBR
virus and treated with SMIV antiserum did not appear
until seven hours post-inoculation. Stalping intensity
inereased oaly slisghtlvy (to 24) up to twenty-six hours
after infection. MNuclear staining did mot appear until
twenty-six hours and consisted of granuales.

Cells infected with FHV were stained three hours
post-infection with anti-SVMHV antiserum. The staining
wvas weak and diffuse in the cvtoplasn. The intensity in-
creased slightly at five hours amd remained constant
thereafter. Nuclear staining appeared at seven hours and
was dlffuse. The staining pattern 4id not change there-
after.

- _Rabbit kidmey cells infected with IBR virus and
trented with IBR virus antiserum presanted a stairning

pattern sinilar to the two homologous systems previocusly




disonsrad. Diffuse cytoplasmie fluorsscence anbveared
three hours after infection and was weak. Granules and
strands of fluorescent material avreared in the nucleus
at four hours post-infection and bacame diffuse by five
hours. The intensity of staining of both the nuclaus
and cvtoplasm increased thereafter, reaching a value of
¢+ at twenty-six hours.

HSV-infectsé cells remained unstained by IBR virus
antliserum until 26 hours post-infection. At that time
fluoresgence was located in both the nucleus and cyte-
plasm and was diffuse but weak (Plate 14).

Fluoreseence first appeared at five hours afiter in-
faction, in the cytoplasn. in cellzs infeocted with SHAV
and treated with IBR virus antisermm. 7The staining was
waak and diffuse (?lats‘ls). Waak diffuse nuclear stain-
ing appeared at twelve hours: and at twenty-six hours; hoth
the cvtoplasmie and nuclear staining were more intense
(2 to 3+, Plate 16).

Cells infected with EBV were stained omly in the cy-
toplasm with anti-IBR virus amtiserum. Fluorescence
first appeared at five hours pest-inoculation and was

weak (1+). PFluorescent intensity did not incraase until
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twenty-s8ix hours post-ianfection, and reached a valus of
only 2+ (Plate 17).

Homologous staining of EHV-infected cells with ERV
antiserum-appéared at one hour post-infection and was
veak (14) and diffuse in the cytoplasm. Nuclear granules
anpearad at four hours and the nucleus became diffuse at
seven hours. Staining intensity increased only slightly
up to twelve hours after infection, but became very strong
(5+) at twenty-eix hours.

Cells infected with herpes simplex virns were stained
onlv after twenty-six hours of infection by ELY antiw
serum. The staining was weak and diffuse in both the
nucleus and cytoplasm (Plate 18). SHMHV-infected cells
vere stained five hours after infectior although very
waakly. The cytoplasmic staining remained weak up to
twelve hours post-inoculation. but increased in intensity
at twenty-six hours when there was also &iffuse muclear
staining (Plate 19).

Cells infected with IBR virus only showad fluores-
cence with EHV antiserum after twerty-six hours of in-

fection. Staining was only in the cytoplasm (Plate 20).
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Controls for all fluorescent antibody tests in the
timed-sequence study were the same as those previously
mentioned. Tests were not read and recorded unless all

of the controls were negative.




———

PLATE 1. Rabbit kidney cells infected with SMHV

vs. HSV antiserum. x450.




PLATE

2‘

Rabbit kidney cells infected with EHV vs.

IBR virus antiserum. x1800.
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PLATE 3. Rabbit kidney cells infected with IBR

virus vs. EHV antiserum. x1800.




PLATE 4. Control. Uninoculated rabbit kidney cells
vs. IBR virus antiserum plus fluorescent

antiserum. x1800.



PLATE 5. Control. Rabbit kidney cells infected with

HSV vs. fluorescent antiserum alone. x1800.







PLATE

7A.

Rabbit kidney cells infected with HSV vs.
HSV antiserum. Four hours post-inocula-

titn.  x450.
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PLATE 7B. Same as 7A. x1800.




PLATE

8

.

Rabbit kidney cells infected with HSV vs.
HSV antiserum. Five hours post-inoculation.

x450.



PLATE 9. Rabbit kidney cells infected with HSV vs.
HSV antiserum. Twelve hours post-~

inoculation. x1800.




PLATE 10.

Rabbit kidney cells infected with SMHV
vs. HSV antiserum. Four hours post-

inoculation. x1800.
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PLATE 11. Rabbit kidney cells infected with SMHV
vs. HSV antiserum. Seven hours post-

inoculation. x1200.
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PLATE 12. Rabbit kidney cells infected with SMHV
vs. HSV antiserum. Twenty-six hours

post—-inoculation. x1800.
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PLATE 13. Rabbit kidney cells infected with EHV vs.
HSV antiserum. Twenty-six hours post-

inoculation. x%450.




PLATE 14. Rabbit kidney cells infected with HSV vs.

IBR virus antiserum. Twenty-six hours

post-inoculation.

x1800.




‘ PLATE 15. Rabbit kidney cells infected with SMHV
vs. IBR virus antiserum. Five hours

post-inoculation. x1800.
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PLATE 16. Rabbit kidney cells infected with SMHV
vs. IBR virus antiserum. Twenty-six

hours post-inoculation. x1800.




PLATE

17.
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Rabbit kidney cells infected with EHV vs.
IBR virus antiserum. Twenty-six hours

post-inoculation. x1800.



PLATE 18.

Rabbit kidney cells infected with HSV vs.
EHV antiserum. Twenty-six hours post-

inoculation. x1800.




PLATE 19. Rabbit kidney cells infected with SMHV
ve. EHV antiserum. Twenty-six hours

post-inoculation. x1800.




PLATE 20.

Rabbit kidney cells infected with IBR

virus vs. EHV antiserum. Twenty-six

hours post-inoculation. =x1800.
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CHAPTER V
DISCUSSION

Tha mults pmsontad lmm:ln ma MIMM that the
fm vimn ehmn tor -mlaqiuz minn - HSV o!.'
m, mv of m)mys, nn v&m of cattle, and EHV of
horm '» m éelutcd *me m most clouexy mlam af
thetmviruses studiedmmandmv !ntha neu-
mnntion toses, dnﬁniu mipmcn cmu“nenttaunw
tm vas m.ma ;

‘ me roeipzml cross- mtrauutien beMm m :nd
m.vim was meh mkqt than that bom nsv aad m
sm bf’the !tmr ant.t—-m aatiura mumnua EHV. In
zm, of eh. m mera m &qa&mt HSV, sm, m m
v!.ru. nou was tmd ko hm neutraliaing acttvity
againlt m m\nr. ‘one m musem p:qparaticn daia
hava m.k mumlizinq activ:lty aqa:l.mt both m and SMHEV
HSM, mxe 6).1 uac. wuk but deﬁniu mipmcal
m~£lmmmm was seen h.umon EHV -ad HSV, between
mmm, mmm:;mwrma !Bkvim tmles 7 and
11). Squlml mcy Mrpnvim and infect:!.out bovine
thlwtmdm:lt:ll virus also thmd weak lmt de!ini.te anti-




genic relatedness by both the peutralization test and
fluorescent antibody test (Tah;es 3, 4, 2, 9 and 11).

It seems evident from the data presented here, and
from the work of others (2,14,1%,56,6§;53),;thét comple-
ment plays a role in enhancing the neutralization of her-
pesviruses by specific antibodies. ,quhinb and Taniguchi
{68) have raportg& th&tAt§e firat neutraliging antibodies
appearing in rabbits, guinea pigs and human infants, fol-
1§w1ng integtien with herpes simplex virus. are actually
complement-requliring. Nom-complement requiring neutral-
izimg antibodies subsequently appear, although‘sarum
containing such antibodies are still echanced by the ad-
dition of complement. Farly antibodies to herpesviruses
have been found by several workers to be more susceptible
to the potentiating effect of complement than are late,
or hyperimmune antibodies. However, Graham atial. {14)
have found that §yperiwmun@ antisera prepared in monkeys
against two straips of cytomegalovirus contain chiefly
complement-requiring neutraliging antibodies.

Tha exact wmethod by which complement enhances anti-
body neutralization of herpesviruses has not been com-
Pletely elncidated. Taniguchi and Yoshino (63) have

postulated that complement acts merely to accelerate the




rate of virus inactivation. Thus, early antibodles are
enhanced to a higher deqree than late antibodies because
they have a much slower rate of virus inactivation.
Heineman (16), however, has proposed that different
classes of neutralizing antibodies are produced in re<
sponse to infection with herpesvirusas -- some totally
dependant, some totally inderendent, and some notentlated
by cComplement. Wallis and Velnick (64) have presented
evidence which indicates that complement acts in the
neutralization of hernezviruses by causing immanoaggre-
gation. Ac¢cording to them, complement-requiring antd-
bodies (CRA) aiffer from non-complenent-requiring anti-
bodles (NCRA) in that CRA act as if they were monovalent,
unable to cause aggreaation alone, while NCRA are typiecal
bivalent antibodies. Thus, early antisera appear to be
made ap chiefly of campleméntwreqaifinn, ronovalent anti-
bodies which attach to herpesviruses but cannot cause
neutralization unless complement iz present to aid in
aggreqgation. Byperimmrne antisera. on the other hand,
contain chiefly bivalent antibodies which can cause im-
muncaggragation alone, although Wallis and Melnlck Aeter-
mined that a certaln fraction of hyporimmine antiserum is

complement requiring. It seens reasonable to conclude
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that when performimg neutralisation tests with harpes-.
viruses, using either primary or hyperimmune antiserum,
the normal procedure of heat-imactiveting the serwm to
destroy so-called non-speeific inhibitors should alwaysa
be followed by a re-addition of complement. In the case
of primary aptiserum, this would allow for the expression
of otherwise undaotectable antibodies, while with hypex-
immune antiserun the result would bde a boost. in neutral-
izing titer. This procedure could be e=pecially impoxrtant
in eross-neutralisation tests, since as shown by Stevens
2t al. (58) and bv this work, coumplement also enhances
the cross-neutralizaticon of antigenically related harpes-
vixruges.

The fluorescent antibody test praoved to Le more sen-
sitive tham the npeutralization test in detecting antigenic
sharing batwaen the four viruses. The cross-{luorescant
titers were slightly higher than the observed cxoss-
neutralization titers. In addition, the fluorescent
aptibody test revealed weak antigenic sharing betwaen IBR
virus and EHV, which was not exposed by the neutralisation
test. The fagt that all ¢f the controls utilized in the
flwoxgescent antibody tests were nogative lends support to

the conclusions made concexning the antigenic relation-




- 79 -

ships between the four herpesviruses. Neither antisera
plus fluoresecent antibhody. nor fluoraescent antibody
alene;, followino absorption with rabbit kicney cells,
stained uninoculated monclavers. Pre-incculstion sera
and antisera made against normzl rabbit kidney oells wers
similarly ineffeoctive in staining either uninfected or
virus infected cells. Vaccinia virus, a DNA virus from
the poxvirus group, was not stained by any of the hyper-
immune antisera. 1In addition. SMHV antisarum jave exaetly
the same or similar staining titers against differant
strains of HSV, SMHV, IBR virus and MY which had baen
passed saveral times in either cat kidney cells or mouse
brains, thus almest completely rulimg out the possibilicy
that the cross-fluorascence was due to a common contami-
nant in all of the virus preparations.

The results of fluorescent antihody testz carried
out with virus-infected cells which were stained at
various times after infectiom provided additional, eon-
firmatory evidence of the antigenic sharing between the
herpesviruses (Table 13). Cells infected with sguirrel
monkey herpesviruas fluoresced very early after infection
following treatment with anti-B8vV antiserum, and in-
¢reased in intensity thereafter. This cculd reflect



either the presonce of multiple shared anticens hetwaen
the twe viruses, some of which are produced early in
infection and others later, or a verv closs antigenic
relationship bhotween one antiqen, presumably the same
antinen which is involved in cross-neutralisation.

" Antiserum to IBR virus and to PHV did not stain
cells infected with herpes simmlex virus wntil twenty-
four hours after infection. The intensityv of staining
onlv reached a value of 14 or 2+, indicating that these
antisara only waakly recognize an HRV antigen which is
cither made, or accurmlates, late in the céurse of infec -
tibh. HSV antiserum, on the other hand, reacted with
calls infected with IBR virus or EHV much earlier follow-
iny incculation. The intensity of the fluoreszcence re—
mained very weak throuchonut the course &f the infection,
however.

. e cross fluorescence ehserved batwoan ITBR virus
and THY was interesting in light of the lack of cross-
neutralization between the two viruses. Crosz-fluores-
éence ocourred cenerally late aftexr infection, and was
confined completely to the cvytoplasm. In all other

crosses; fluorescence first appeared in the cytenlasm

but later localized in the nucleus as well, which supports
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the concepts proposed by others (4,12,36,46,%4,57) that
herpesvirus amtigens are synthesized in the cytoplasm and
migrate into the nucleus. The reason why no nuclear
cross-fluorescence was oObserved between IBR virus and EHV
may be the same reason why a lack of cross-neutralization
exigsts between the two wviruses. The shared antigen may
raside in tha inner core of the virions and would thus
not be susceptible to neutralizing antibodies. Pollowing
its synthesis in the cytoplasm, it would be susceptible
to fluorescent antibodies, but after miorating into the
nucleus, the antiguﬁ may be gquickly assembled into whole
virus and conseguently not vulnerable to the same anti-
bodies.

The fluorescent antibody test, as performed, could
not, of course, reveal either the tvpe or the number of
antigens which are shared between the herpesviruses.

Such an analysis could be made only after isolating the
various antigens and testing for cross-reactions in a
system such as immunodiffusion. An attempt was made to
set up an immunodiffusion system, but a variety of tech-
nical problems caused it to be abandoned. Further analy-

sis of the antigenic relationships between the herpes-

viruses ocould be dAone if auch problems are overcome.



- 87 -

Recently inventigators have obtained svidence indi-
cating that gseveral herpesviruses share a group-specific
antigen. FKirkwood et al. (27), utilizing micro-immuno~
diffusion, determined that herpes simplex viruses types
l and 2, human cytomegalovirus, BB virus. Lucke' herpes-
virus and Marek's Jdisease virus contain an identical
group-specific antigen, located on their nucleocapsids.
The antiqgen sadimented at 80.000 g and natural antibodies
to 1L wvere found irn 5-10% of normal humans, frogs, rab-
bits. doge, cats and cows. Also, Ross et al. (45) found
eross-irmunof luorescent staining between herpes simplex
viruses types 1 and 2, pseudorabies viruz, Marek's
<disease virus, EB virus and the hermesvirus of turkeys.
There thus appears to be a good possiblility that all of
th:e herpesviruses share at least one antigen. The re-
sults obtained in this study would tend to support such
a concept.

In the astudy by Ross et al. (45), gradations were
noted in the intensity of staining hetween the gix viruses,
Such gradations were also observed in this study, with the
strongest relationship being between HSV and SHMHV, fol-
lowed by the relationships between IBR wirus and the two

primate herpasviruses. The weakest relationshirs occurred
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hetween the horse herpesvirus and the other thres. It
may or may not be significant that HSV, SMHV and IBR
virus have C#C contents in the range of 7% to 728, while

EEV has a O4C content of only S56%.
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