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CHAPTER I

INTRODUCT ION

The ¢linical appearance of herpetic infections has

long been recognized by physicians. A Roman physiclan, around
100 A.D., described herpetic eruptions around the mouth during
perlods of fever (Mettler, 1947). Today eruptions around the
mouth are cémmonly known as fever’blisters or cold sores.
Leslons of simllar appearsnce may appeér-anywhere on the body.
eyes, face, arms, thichs or genitally. Indéed. the word
*herpes” in Greek means "to creep” and was used for centuries
to describe spreading cutaneous lesions of varied étlology
(Cumstom, 1926), In man, when first infected, & primary lesion
occursg which recedes with the appeérance of a rise in specific
neutralizing antibody. The viral =zgent, however, becémes
latent in the host and may cause périodic eruptions with thé
game clinical appearance as-thé primary leslon, Occasionally,
a herpetio éncephalitis occurs in Individusls whose immuns
defenses have beeg surpressed ijdrugs or other debilitating

factors.,

Herpes lablalls, was recognized clinically for at least




two millennia before Astruc (1736) described herpes genitalis
in the elghteenth century., Investigation of the etlological
agent, or agents, was delayed until Grutar (1924) provided the
first tool for the study of herpesvlruses. In 1920 hé succeed-
ed in transmitting herpetic ocular virus from man to the rabbit
cornea. The agent was soon demonstratéd to be fillterable
(Lugar and Lauda, 1921) and to cause encephalitis in rabbits
(Doerr and Schnabel, 1921). Using this information, Lipschutz
(1921) conducted the first comparative study of genital and
non-genital herpes isolates. He inoculated the rabbit cornea
wlth genitel and non-genltal 1solgtes and observed that they
differed in their cytopathological effects, He noted that a
cornea Infected with material from herpes labialis could not .
be reinfected with similar materiasl. It could,'hbwever,'be
reinfected wlth material from herpes genitalis. This indicated
an immune specificity. He also repdrted that cases or»venereal
herpes were sometimes accompanied by neurological complaints
and that herpetic eye 1nvolvements;_though often assoclated
wlth herpes lablalls, were never assoclated with genlital herpes,
Overall, Lipschutz maintained that herpes labialis and herpes
genitalls were biologicaliy related, but etiologically‘different.

Since Lipschutz's early obsgrvations>many attempts have
been made over the years to detéct antigenic differences

between strains of herpes simplex virus. The strains isolated,




however, were usually from cases of herpes lablalis. Egg and
mouse neutralization tests were commonly employed because
tissue culture systems were not avalleble. Such systems
introduced variables that could make small antigenic differences
undetectable, Using these systems and examining strains
jsolated from the same cliniecal syndrome, numerous workere
reported no antigenic differences between strains of herpes
simplex (Burnet and Lush, 1939; Hayward, 1950; Kilbourne and
Horsfall, 1951; Carabedisn and Syverton, 1955). |

The first evidence suggesting antigenic differences
between herpes isolates resulted from a comparison of an 1solate
from a woman with primary herpetic vulvovaginitis ﬁith an
established laboratory strain originally lsolated from herpes
labialls (Slavin and Gavett, 1946). Using undiluted patient
sera and the mouse neutralization tesﬁ. e considerable differ-
ence was detected. Antlsera from patients suffering from cold
sores gave little or no protection when the challenge virus was
the genital 1isolate., Neither did anti-serum prepared in rabbits
against the genitzl isolate show protection against the virus
1solated orally.

Jawetz (1955) eﬁployed neutralizatlon tests using eges and
mice 1n a study of 'isolates from various sources. FEe found
that a strain isolated from a reeurrent thigh leslon coﬁsistent-

ly differed with isolates from the wrist, brain, snd a primary
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nerpertlic infectlon of the throat.f‘lt has recently beecn re-
ported that herpetie thigh lesions are usually assoclated
#1th herpes genitalis (Dowdle, et al., 1967).

In 1962 the four strains 1zolated by Jawetz (1955) along |
with 27 others were examined by Schnewels (1962). Fe employed
neutralization tests using plaque reduction in ﬁeia cells, |
constant doses of virus against varying 41lutions of sera, and -
neutralization kinatioc studies, Iis tests revealasd that tha
strains oould be 4ivided Into two types. Type ) consisted of
izolates froz olinieal eazes of keraboconjunciivitis, dermatitisy
labialls, ancephalttis and eozemarhq:patlcum. ail strains
olaszilTied as tyne 2 were Trom horpetis penile lesions, The |
serolorlcal difference tetwmen the typ¢a cou1d oniy be demonstra-
ted consistently using entiserun to type 1 strains,

Shubladzs {(1955) examined eleven herpss isolates and
divided tham ints three antirenically &1st1nct groups. On= of
these groups, however, has'been shown to e represented by a
strain of virus resemblldg'sapanase 3 encerheliti= virus |
{Flumer, 196@);

Flummer (19€4) confirmed the firndings of Shudbladze (1959)
that two of the strains, 'Lz;land 5", wvers antireniocslly
different types, Le also found that the "Xx3S" strain of
Sudnadottir (1944) resenbled the;”ES“ straiﬁ. By using cross

- reutralizntion curvss, he could differentiate the two types




s .
with antigera to either type. This finding differed fronm
that of Sechnewais (1962) who could only deteot Aifferencea
with antigera to non-genital strains., ?Fauls and Dowdle (1957)
also found that "L2" represented one anticenls group and *H3"
and "U3" a gecond group.  Tha1r results nore closely agreed
with 3chnexels (1962} in that the antigenic differences were
egsentially one way and(more 6asily obsgerved wlth antiserum
to strain "I2", Implerenting a microneutralization test in
the study of over one hundred &1ffene5t isolates, this same
group confirned Schneweis' earlier observation that ?he two
antisenic types were assoclated with,the site of viral isolat-
fon. Type 1 was shown to be primarily recovered from non-
genital areas while type.z vas recovered from genital sites,
Strinin "L2" wms charascteristic of & type 1 isolate whereas
stralns “US" and "HI" were aasoclated with genital isolstes
(Towdle et al., 1967). |

Since the first report of transgission from manvto the
/rabbit cornea of hervea sinplex (crutaf, 1924), studies have
beon undertaken In animals to determine herpesvirus patho-
genesls, Coodpasturs and Teague {1923) reported that herpes-
virus hominis cuuidfbe transmltted from a peripheral form of
infection directly'tovthe central nervous systen slong aensbry.
notor, or sympathetic narve fibeis, depending on the route of

iroculation. These sare workers notleed differencea in the
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neurotroplsn of various herpes strains in the rabblt, On
gorncal inoculation of two atrains originating fron herpas
1abialis. ons strain induced keratoconjunettvitis xith no
encephalitis and the other caused both keratoconjunctivitis
and encephalltis with subsequent desth, Cther studles
(Levaditi, 1926) reported 135 to 100% moitality following
corneal inoculation with a varlety of strains, ‘It must be
pointed out, however, that these 1nvest1gators rald ro
attention to the passage level in rabbits of the strains invest-
irated. Harly work on rabdbits shawea that maltiple pasaagas
inoreased the virulence of herpasvlrus for that anlmal (Grutar,
1924). _

Rapp (1963), when studying the effect of lavoratory
variants of herpesvirus, found that, in general,:small plague
.varianta wsre less capable of promoting keratitis than large
plaque varlants, The tlfstvvirulence conmparison of a type 1
versug a type 2 straln was unknowingiy dons by ﬁheelei {19690).,
A veriant he bad i3olated, and whieh was later shown by Dowdle
et a1, (1967) to te a type 1 strain, caused a lesser degree of
keratoconjuncetivitis and subsequent encephélitis in rabbits
than its parent strain, @’type 2e Intré—cerabral lnocnlatibn
of tha typa 2 caused 893 mortail;y 1n-micé whereas the type 1
gtrain produced 30/ aorfality. 51thoﬁgh the.comparative data
on virulence appears to be crgdible, the report of selectiﬁg
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a typ? 1 strain fron a typ2 2 1s pnzzllng. The parent =sirain,
desienated "4"”, was orisirally 1891§ted from recurrent herpes
1sbialis (Flexnesr and Amoss, 1925)Vand would be expested, based
on its site of 1soigtloa. to bé type 1. In fact, Doudle‘gg al.,
(1667) tested the "HT" strain from two different virus collﬁct—
jons (Scott et al,, 19571 Ashe and Scherp, 1963) and in each
case found the strains to be type 1, Schnewels (1962) also |
reported that the "HP" strain in his colledtioﬁ telonged to
type 1. Yet, the one teated by Dowdle et al. (1967) from
sheeler's laboratory was undoubtedly type 2, The obvious
question at this point is vhether vheeler acﬁnally selected one
herpes sluplex type from another oi‘whether an error wWas com-
nitted in the handling of the strains? Cextainly, the capadbility
of elther herpes sinmplex type'to con&ert to the other typs i3 n
possibility and must de investigateﬁ. Inherent in the necessity
for such a study 1s a need for accurate passage hiséques to he
kept of gl1ll strains dealt with and‘strict measﬁres exprloyed to
avold oross contaminations of straling representing both virsl
types. |

“11dy (1955) reported thet two herpesvirus strains which
produced small pocks on the egg chorloallantoioc membrans were
less ca;abl#rof,inducing keratitis or encephalitie'than four

strains producings larre pocks.  This repbrt attracteqd




increased interest when Nahmias (1968) conclusively deﬁonstrat-
ed that strains of herpesvlrué hominis recovered primerily
fron genital sites and which belonged to antigenic type 2'neée
found to produce larsge pocks {ev. dia. 0.5 mn) on iha
chorloallantolc menbrane of embryonated errs. Type 1 Strains.
isolated from non-genital sites produced snall pocks (av. dis,
0.5 m), In saddition, histological examinations of infected \
mexzbranes revealed that typeAl strains showsd ectodermal
proliferation but 1ittle subectoder;mal involvement in their
growth pattern. Type 2 stralns, hoﬁever. involved ectodermal,
mesoder=nal, and endodermal layers with marked necrosls and
henorrhasres. .

Gther.reports'in the literature regarding‘pock size or
histological findings do not take into sccount repeated ers
passases or selectlon of varlants., Coriell (1949) testeqd
prinary isoclates from throat and skin and found then to prodube
stll pocks and to induce ectodermal proliferation, similar‘to
those Aescrided for type l. Anderson (1540) raported similar
findings for a first chorioallantolc generation of a known type 1
strain, After 30'passag33»1nraggs; hoxever, changes sinilar to
those produced by‘type 2 strains were observed, Using the same
straln Nawson (1§J3I reported that both types of histological

leaions were svident after six passageés




The reason for the greater deatructive effect of type 2
straina on the choriocallantoic membrane is unoclear, One ex-
planation might be the greater abllity of type 2 strains to
continue growth after two days of incubatlon, S3uch growth has
been Tound by Taniguchl (1966) to be interrupted by a pre~-
sumably type 1 strain 1solated from & case O0f ecgzema herpeticun,

Flummer and fackett (1966) found differences in virulence
¥hen they compared strains “L2" {(type 1) with strain *“M3*

(type 2) 1in rabblts and mice. ¥one of 19 adult rabbits infect-
ed with the type 1 strailn by intramuscular inoculation of the
left back leg developed paralysfs.'while most of the rabbits
infeoted with type 2 hecame paralyzed. Only a slightly larger
percentage of mice showed paralysis from type 2 inoculation
than from type 1. In those mice receliving type 2, howsver, all
proceeded to die from encephalomyelitis whereas 38% of those
mice paralyzed by the type 1 strain survived althourh with
parmanent paralysis. Alford et al. (1967) reported sinilar
finding using freshly isolated typs 1 and.type 2 strains,

Chzhu=-3han (1959) reported, however, that the type 1 strain
12" used by Flunmer (1956) was more virulent by the intravenous |
ronte and less virulent by the intradermal route than a type 2
strain. It would appear fron such an‘obsefvation that patho=-

senesis of the two types could bnly-bo compared when 1ldentiecsl
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routes of inoculation were employed, Indeed a study of the
difference2s in susceptibllity of mlce by diverse routes of
jnoculation and st various aces wags made by Johnson (196#5).

e used o tyre 1 strain of herpes simplex virus in his gtudy
and so we cannot be certain 1f the results obtained are also
reflective of type 2 pathorenesis, 3Suckling mice incculated
iatraserebrally were hichly susesptible to the virus, TFne
cephalitis appeard by the third day posHinoculetion and death
followad within 24 hrs, The LDgy was determined:to be 3 pfu.
Fluorescant antlbody staining showed antlgen_only in the central
nervous system and, in general.'thgre ¥as no significant extra-
neural growth. Infection by intraperltoneai inoculation result-
ed in a virenia in 2 to & hrs, that lasted untll the animal

died about § deys later, Virus appeared in the brain 3 days
post-inoculation and before it could be detected in the spinal
chord, This w¥ms in contrast to Cooke et al, (1942) who preny
sented evidence that in rabbits injected Iintravenously virus
spread from infected viscera along afferent nerves to the spinsl
chord and later reached the brain. Johnson's work strongly
indicated a hematorenous apread of virus to the ClS. ¥hen mlce
were 1lnoculated aubeutaneously, a few subsutansoug cells and the
endoneursl cells of subcutaneous nerve fibers ware infected, XNo
viremia or visceral infection déveloped ang virus reached the

a7

&3 solely by eentripetal infection of endoneural cells., After
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intranasal 1noculatlon virus galned aoccess to the CN3 by
nmultiple neutral pathways and by blood-horne infacstion. These
studizs strongly indicate that herpes sinplex virua can
renetrate the C¥3 by both henmatogenous and neural routes, The
primary factors deatermining the pathuny were the route of
inoculation and ths 1n1tial site of viruzs growth, but often more
than one pathway was utilized. ¥

In another report Johnson (1964b) suggested that alterate
fon in macrophages of maturing mice plays an important rols in
develaﬁment of resistances in older mice, Ten times more virus
given intracerebrally was required to 211l young adults than
newborn mice, whereas, at least 1000 times more virus was nsede
ed to kill aduls: nlcs by intrapcritoneal, suboutanaous. or ine-
,ra-nasal inoculation, |

Interferon production may slso §13y a part in ag2 reasist-
anos, aince suckline mice appear t{o be poor producers of intere-
feron (Yoinsdere, et al. 1964),

A review of the conparative stﬁ&ies avallable on the virule-
eﬁce of herpes simplex types 1 and 2 indlicates that type 2
strains are more virulent. This observatlion should be confirm-
ed by studyins more strains of each type 1n different animal |
systens, Experlmfnts on the effect of passace level and select-
lon of variants must also be carried out in a well defined and

controlled manner. vhether increased virulence is due to greater
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neurotroplsn, greater growth potentiality, or less suscep-
tipility to host defenses on the part of type 2 strains requires
further exploration,

Descriptions of different types of cytopathic effect (CF:)
for herpes simplex virus have been reported since the first
successful growth of the virus in tissue culture (Scherer and
Syverton, 195%), Cray et nl. (1952) described three wajor
forms of oytopathic effect on Fela cells produced by‘a strain
izolated fron stounatlitiss a proliferative type where cells
pile up in & well-defined focusy e non-proliferative type where
rounded c¢a2lls group around an eépty space in a ocell sheet; and
a glant cell type where rmltinucleated glant cells predominate,

Schnewels (1962) found that type 1 strains in Rela ocells
produced focl of small round cells clumped togpether and appear-
ing a3 Lray et gl. (1958) described as proliferstive, Type 2
strains were noted to forn argregates of round cells, ususally
assosiatad with glant cells., The differentiastion of the strains
Was consistent whether the host cells were Hela, nouse embryo,
chick embryo, or ratbit kidney,

Recently, ZJ)erolto gt al. {1968) have olassified herpess
virus stralns on the basis of cellular changes in Hep-2 cells,
Thelr deseriptlions of the CPI of the faclal and genital gtrains
closely resenble those of Schnewsis (1962). Cells infected

with the type 1 atrain rounded and formed relatlively =zmall,
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tight, round symmetrioal mltilayersed clumps. The cella forne
ing the clumps were drawn from the immediate vicinity of the
initlally infected cell, The area surrounding the clump was
rartially depopulated and in stalned preparations appeared as
¢ halo. The type 2 straln caused cells to round and to pile
vy into spindle-shaped clumps. The ciumps tended to fragment
with single rounded ¢ells abounding in the vicinity of the 4
clumps,

Cells infected with herpes simplex virus produce intra-
ruclear inclusion bodiez, Thelr gppearance and development
bave been describted by 3cott gg,é&.A(1953) and Love and Wildy
(1543). The inclusion body develops in the nuslsoplasm by the
coalescence of small homogenous masses untll the nucleus 1is
filled. The inelusion appesars bluish at this time and is
reulgen positive. Later 1t shrinks from the nuclear mexbrane,
loses 1ts content of nucleoprotein and appesrs as an eosinophllie
rogs surrounded by a halo in a nueleus with marzinsted chromatin,
This description wmzs obtained usinc a type 1 strain, Yo differ-
ences in Inclusion toly appearsace or devslogment of a typse 2
strain have bezen reportad, | |

Investizrationa of the morpholosy and development of the
herpes éi:plex rarticle 1in infected cglls kave almost wholly
teen done with typs 1 stralns, {Etldy et al. (1940) dsacribed

tre virton as having o sphericsal eentral arez measurins 7% nm in
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diametesr and containing DNA A capsid ﬁeasuring 100 nnm in
dlaneter, posasssine $13:2 axlal symmetry and consistine of 162
elonrated capzomers surrounds the ocentral area or "core”. 4n
envelops derived from the hort cell and measzuring 145 to 200 nn
in dlamster surrounds the capsid, Particles emersings from
infected calle mey or may not possess envelopes and it 1s
uncertaln whether or not unenvelored particles ére infective, .
A herpes slmglex type 2 strain has 2130 been shown to have thils
gama morpholocy.. FMany mors unenvelopad particlas were arparent,
however, with the type 2 strain than #1th a type 1 straln
(Pirveroa ant awls, 194%), .

Rolzman et al, (1983) hes repo%ted on herpes simplexr infect-
1om of c21ls under onee-stern rrowth céndlticns. Yirue conplenente
fizino aﬁtigens appeared'ulthin the first two hr accompanied by
an Increase 1In the activities of Mi nucleotidyl transferass
an?! deoyyribonuclease, ‘ewly forned viral Dﬁ&‘mas detocte? by
the Tifth hr, Completa vlrus'partlcles were evident by the
gixth hr, In2lcatins completion of the eclipse phase. Infect-
ivity titers »yoss ranidly until the ninth hr wken they levele
of T, Yo comparative rrowth stndies of type 1 and type 2 strains
‘Thave vet been raported. A11for2 el al, (1967)'havs obsarved,
however, thet renital straing of herpea simplex produced sna to
two lops leaz infactlouns virus 1ﬁ prinary rab&it’kidney. human

amnion, Yela cells, snd Aiplolid fibroblasts than 414 non-renttal

-
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‘strains. If this observation is confirmed, the role of the
virus envelope in infectivity nay explain sonme of the differ-
enc=, Irasant eviﬁence indicates that thers is a close raletione
ghip-bﬁtﬁﬂeﬁ envaloped particlecs and Infectivity ani that non-
envelorad partlelses are 1ﬁcapab1g or rarely eapable of infsote
inz cells (3prins st al. 1667) Freliminary reports surpest
that type 2 stralns produce fewer enveloped particles than type 1
stralns (Ticueroa and Rawls, 1948), A swaller nunmber of envelop-
ed partlcles could result from a greéter instabllity on the part
of tyre 2 stralns, This would be reflected in the inadility of
a roorly enveloped or unenvelorpet virion to infect a2 cell,
Iype 2 stralins have teen reported 5y Sehnewels (1962) to be
penerally more unstadle at &°C than type l»strsins. altﬁaugh
7jercits et al. (1969 found that faclal and renitsl strains
vere equally inastivated at 40%7, This latter temparature
arrvears to be artiricially hizh for inactivetlon studiesz, however,
since 1t 13 9% hicher than ths temparsture of the agent's
natural host srd b° hirker than its reported optirum growth
temperatﬁre in tissue cultura. |
Ferarin end other acilt mucoepolysaccharides appear to anffect
the 1n1tlal‘attachsenﬁ of herres sirrlex type 1 strainsg %o
rermalian cells (¢ c%"la" and Vib*lcu, 1964 veheri, and fantell,
1663; Takemoto anA ?abisnb lﬁﬁb).. Yore interesting, frorm a

sormparative viewmoint, 13 tha report of lehel and Vsdhazy (1046)
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that heparlin inhibited the production of skin lesions in
rabbits by five herpes strains isolated from casas of herpes
lablalls, while a strain from a recurrent thigh leslon was more
resistant to heparin. Such varistion in susceptibility to
heparin could te indloative of differences between type 1 and
type 2 straing at the envelope level even though data on ’
quantitative differences in the envelopes isg unavailable,
Russell and Crawford (1964) have isolated, purified and
analyéed the DNA from a tjpe 1 strain. They have shown that it
is double stranded, has a density of 1.727 g/ml and & molecular
walcht of 6.8 X 10. The prOporélon of guanine + cytosine to
adenlne + thsmlne was 62%, The G + ¢ ratio of a type 1 strain
analyzed by Een-Porat and Kaplan, (1962), howaver, w#s reported
to be 727, One laboratory has reported that the bhuoyant
densities of four type 1 strains ranged from 1,253 to 1.271
.g/cm3 whersas a buoyant density of 1,266 - 1,267 g/cza3 was
reported for each of three separate type 2 strains (3chlek, 19£€7),
Iﬁ all, the various antigenic and biologic differences related
thua far suggest that the genomes of the two types differ. ‘
Comparative studies on molecular welght buoyant density, ¢+ C
ratio, and DYA homolory of numerous strains of each type should
ba undertaken to determiné if, indeed, a genetlo‘differeﬁca
exists, f |

There‘is 5t111 much to be learned about differences bstuween
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the two herpes simplex types at the serolosical, binlosrical
and physical level, It mﬁst be emphasized that finﬂlngs
with one straln 4o not necessarily rocfleoct a universal character-
istic of the relative serotype. The effect of virus passage may
enhance selsction or rmutation and affeét certaln characteristics.
This has already basn made apparent and was mentioned previously
in regzard to animal virulence studias, growth on the bhorloallu
antolc membrane, and in selection of varisnts. The frequenecy
with whieh varlants appear and the degree of difference they
rossess frox thelr rarant strains may Qven edd to the knowledgs
of the evolutionary developnment of herpes simplex virus, All
studies of the relantive Tole of the two herpes sinmplex types in
human diseass, porhaps even cancer (Gawls et al., 1945, will

shed 1lircht on all the medical problems associated with this agent




MATERIALS AND MITHODS

Growth Medlsa for Tissue Cultures

Hediunm 199 containing almost all ofAthe amino ucids and
vitanins as well ag & number of nuecleic acid constituents,
growth faotors end intermediary metabolites in a Hanks balanced
galt solution base was purchased from Crand Island EBlological Co.
Crand Island, N. Y, and used exclusively in thls work. Added to
this commercial preparation were 100 mg/L glutamine (Cibeo,
¢rand Island, N. Y.), 250,000 units/L duffered potassuim
penicillin (Lilly, Indlanapolis,- Ind.), and 250 mg/L strepto-
mycin sulfate (Lilly, Indianapolis; Ind.), Initiator medium,
ussd for preparation of primary tissue culture, conteined 1% |
gsodium blcarbonate and 10i lamd serum (Microbiologlesl Associates
rethesda, ¥d.) in addition to the supplermented Hedium 199 just
described. Maintenance medium contalned ¥edium 199, 2.5%
sodium bicarbonate and §% lahb serun and was used for maintaine
inz tlssue culture after it was established as a monolayer, Thé
d1luent used in all experiments contained FMedium 199, 17 |
N¥alC03, and no serum, Overlay medium for plaque assay contained
2,5% methyleellulose (1500 centipoise) in maintenance medium,
Fethylcellulose was purchased from rPisher Sclentific, Falr Lawn,
NeJe It produces a semi-gsolid gel which parmits plaques‘to

appear in the cell monolayer rather than a disseninated cyto-

3-8
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pathle effect,

Tissue Culturss

Primary rabbit kidney tizsue culture was prepaied by
asceptically removing the kidneys of a rabbit less than 3 weeks
0ld, mincing them well with sharp solssors and trypsinizing in a
bevel sided flask to aid disruption. Thirty ml of a 2;55 |
golution of panoreatioc trypsin digest (1:250) obtainad fronm
Difco, Detroit, Mich. and dissolved in saiine was used per palr
of kildneys. The tissue suspension was spun at a speed Just
bslow the level at which foaming oécurs on a magnetic stirrer
for 30 nin, pelleted by centrifu%ation at 300z for 10 min, and
resuspended in bob nl of 199 initlator medium. The suspension
was distributed as desired,sither 2 ml in tissue culture tubes
(£imex, 15 ml), 5 ml in tissue culture plates (60X15mm, Falecon
rlasties), or 30 ml in 16 oz prescription bottles. Tubes and
bottles were tightly stoppered (white rubber, Alce) and ine
cubated at 37° ¢, Plates were held at the same tenperature but
in a moist, 5Y CO, atmosphere. |

Primary mouge embryo tissue culture was prepared in the same
manner with three exceptlons:’iniitator mediunm contained 1§53
serums the trypsinized tissue from the liter of one pregnént
rouse was suspended in 150 mly and 0.25% trypsin was used rather
than 2.5%7. Human embrya f1brabia3ts were obtained from Micro-

biologlieal Associatesy, Bethesda, ¥4,




20
viruses

The virus strains used in thla study and their site cf
1solation ares presented in Table 1.

Stocks of individuasl virus strains were prepared by in-
oculating the cell monolayer cdntained in a 16 oz prescription
bottle with & high rultiplicity of virus., Infection was allow-
ed to proceed until approximately 607 of the cells showed o
ceytopathic effect, The bottle wns frozen and thawed once and
the contents clarified by low speed centrifugatipn. The super=
natent 1ligquid eonteining rmost of the virus, was dispensed in
0,5 mul volunes in 1.0 ml glass dmpuleé (Kimex, Scientific

roducts) xhich were heat szesled and gtore at -?Go Ce

-

virus \gsay
Viral suspensions were titered by the rlaque asssy technique,
Serial 10-fold dilutions in 199 maintenance medium were made and
from each dilution, 0.2 ml was absorbed onto a tissve culture
.Tlate for 15 min, sghaking once after ten min had elapsed., Two
rlates vere used per dilutlon, I'nless stated otherwise, all
viral assays were done using radbit kidney tissue culture. At
thz.end of the adsorption period the plates were overlayed with
zethylcellulose medium and incukated in a 57 €O, atwosphere at
37° ¢.  after B8 hr incubation plaques were céuntnd midrc-
zcopioally on an inverted ﬁicraseépe. The plate on zhich plagues

=ere to be counted was placed on a lined petri dish to facllitate
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countinz. Viral titers are expressed as plaque forming units
(pfu) per 0.2 al,
sntlsara

Antisera were prepared agsinst strains 12 and 13 rapresente
ing herpes simplex types 1 and 2, respectively. Three month old,
white, Vew Zealand rabbits were inoculated intremuscularly in
the left rear lep and intraperitoneally with 0.5 nl volumes of
hsavily infested tissue culture fluid, Three weeks later ths
sane injeatlon procsdure was rapeated, One waek after that the
animal was bled by means of an ear bell attached to a veeuun
punp.  The »hole blood was sllowed to clot overnlpht at 4° ¢
snd the éerum ¥a3 separated dy centrifugation the following day,
antiserum was &ispenssd in O.S}ml anounts and stored at.-20° C
in sealed glass anpules, | | .

Sunan antiserum was oblialned by bleeding an individual
suffTering from raourrent 00ld sores one week after an eruption
had oceurred,

isutralization Tests

Two types of neutrallization tests were enplorved lh this
study. One was the standard doubling dilution teat by whieh the
- abllity of an antissrum to nsutralize a given amount of virus is
rieasurad. In this technique, 8.5 =1 of serum was serially
A1luted in two fold Ailutions usine 199 diluent; 0.5 al of virus

amuspension sondalnins 200 pfu/0.2 ol was thon sdded to each
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A1lution tubte so that the finsl virus concentration in each
tube was 100 pfu/0.2 ml. A control tube 1nclﬁded in each test
consisted of 0.5 ml virus suspeﬁalon end 0.5 ml1 199 diluent
containing 1% pre-inoculation rabbit serunm. Ail tubes were
incubated ror.l hr in a 37° ¢ water bath with periodic shakings |
every ls.min. At the end of the incubation perilod, 0.2 ml was
withdraym from each tube and assayed for virus using rabdbbit |
¥idney tissue culture plates. The titer of the serum was Judged
to be the highest dilution whlch completely neutralized 2ll of
the virus.

Neutralization curves of the type described by Flummer (1964
~ere used to test for serologlcal éifferences between streins 6f
herpes simplex, types l and 2, All eXperiments were performed
using 199 diluent. One ml of virus suspension containing abprox-
imately 2000 pfu was mixed with 1 ml of antiserum. The mixture
was kept in a 37° ¢ water bath and agssayed for virus at 5 min,
20 mln; and 40 min. A control tube, conslisting of 1 ml of the
sane virus suspension nixed with 1 ml of 199 diluent, was
incubated with the test preparatlon, The control was gssa&ed at
the start of the incubation period and after 30 min of incubatlond

[ ] ] )
TCrowth Qurves !

Zach of sevqral tiszue culture tubes was inocﬁlated with
0.2 m1 mediunm containing 500 pfu of viruas. The inoculun was

adsorbed for one hour at 37° C. At the end of the adsorption
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period each tube was washed 2 times with 199 diluent to remove
unadsorbed virus, overlayed with 1 ml of 199 maintenance |
medium and the incubation continued. At hourly intervals the
supernatant fluids from two tubes were pooled and assayed for
infectious virus. The cell sheets were washed 2 times with
199 diluent, seraped off with a rubber policeman, pooled inté
a 1lml suspension in 199 maintené%ce medium and disrupted in a‘
Ten-Broeck grinder (Aloe) to release cell assoclated virus.
This suspenslion was c¢larified by centrifugation at 300z for
10 min and the supernatant fluid assayed for infectious virus,
In order to accurately meas;re the inoéulpm two tissue
culture plates were inoculated and adsorbad in the same manner
and at the same time as the tubes. After the 1 hr adsorption
perlod the plates were overlayed with methyloellulose medium to
induce plaque formation. The numbgrﬁof plaques counted two days
later was consldered to be the inoculum per tube.

Inactivation Curves

Cell monolayers 1& 16 oz prescription bottles were infected
with virus. When 507 of the cell sheet showed a oytopathic
involvenment, the supernatant riuid was_poured off and the cells
wers washed 3 times with 199 diluent. The cell sheet was then
scraped off‘using'a rubber policeman and suspended in 3 ml of 199
diluent wheré it was disrupted in a Ten-Eroeék grinder, The |
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disrupted material was passed conseoutively through two
separate ¥illipore filters, 3.0u and 0,451 and 13 =n 1n}dia.
and diluted 110 in 199 diluent.v This preparation was then
enclosed in a tightly stoprered 4 oz bottle and held in a 37° ¢
water bath, The supernatant fluid from the infected bottle

was flltered and diluted in exmotly the same nannrer, Periodic-
ally sanples were removed from each bottle and assayed for the
presence of infectious virus,

weurovirulsnce studies

Two separate experinents were designed to investipate the
conparative neurovirulent properlies of herpes simplex, types 1
and 2, | |

In the initial experiment, viral strains representative of
herpes simplex types 1 and 2 were used to inoculate 5 month 014
Yew Zealand white rabbits end 3 week old vhite Swiss mlce. The
Tenoral muscle of the left dback leg of both rabbits and mnice

wags injeoted with 10“ pfu and 103

pfu respectively, The animals
were observed for the occurrence of paralysis'or myelitis end,
when posaiblé. histologic preparations of patholozically affect-
ed tissues were made of the spinal cord and dorssl ganglionm,
Saectionz were gut én a oryostat and stalined with hematox&l!n and
eosin, :

The other experiment consisted of performing parallel
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titrations in 3 different tissue culture gytems and in 3 week
014 white 3Swiss mice, Virus gromn in rabbit kidney:cellv
culturs was simultaneously aas&yed in rabbit kidney, hunan
fitrodlast, and mouse embryo tissue culture as deseribed
previously, Ten mice were inoculated per dilution intracerebr-
ally by in}eotion of 0.05 nl of virua suspension., The number
of dead animels after ten days observation was used in the

calculation of the LDSO by the Kaerher Method:

- sum of per cent of

LD5Q = 0,5 + log of hichest concentraion - ﬁ;ﬁﬁ.ﬁﬁiﬁ%lﬁ__

of virus used |

DSA_extraction

NA was extracted from 1nfectéd cells by a modification
of the method of Marmur (1961). 'Tiséue culture monolayers in
16 oz preseription bottles were 1ﬁoculated with high malti-
plicities of virus. when 607 of the cells showed a éytoyathic
involvenment, the ¢slls were scraped off with 2 rubber policenén.
pooled, and pslleted by centrifugstion at 500g. A minimum of
0.1 ml packed cells was required for thevextfaction treatment,
Zhe packed cells were resuspended in 2.5 ml EDTA duffer
(O.iﬁ aﬁd THB40) 2nd treated as rollowss

1. Added to the osl} suspension were O 6 m1 of a 10%
sodium dodecyl sulfate solution, The snspension was gently

shaken for 1—3 rin,
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2., Added next was 0.6 ml 5M NaélOu. The solution was
ghaken for 1-3'm;nutes.' |

3. At this point, the suspension was deproteinized by
the addition of 2.5 ml of chloroform=-isoamyl alchohol (24;1 V/V

b, The resulting emulsion was separated'lnto three phases
by centrifugation at 1500g for 15 min; The top aqueous phase
contalned DNA. The middle interphase contalned protein and
the bottom phase contained the chloroform isoamyl alcohol mixture,

5. The aqueous phase was removed with a widebore pipette
and the bottom phases were discarded.

6. 2-4 volumes of absolute ethyl alcohol were added to the
separated aqueous phase and mixed. '

7. At this point, DNA was lifted out by spooling it on to
hooked glass rod. It was dissolved in 2.5 nl of ml of 0,10
saline citrate (3SC). SSC consisted of a 0.15 NaCL solution
containing 0.15M trisodium citrate. The PH was 7.0, |

8. Steps 3~7 were repeated. An indication of the concéntra
tion and purity of the preparation was obtained by measuring the
optical density of the final DNA preparation at 230, 260, and
230 mm.

DNA preparations could be stored conveniently at 40° ¢ for
short perlods of time and at -20° C_indefinitely.

Procaedure for Density Gradlent Analyeils

The base compositions of 3 stralns of herpes simplex
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type 1 and 3 strains of tyre 2 wers detarmined by measurement
of buoyant density in ceslum/ehlorlde density eradients., The
viral DNA densities were ocaleculated from the positions of the
7.V. absorbing bands relative to merker D4,

Analysis of extracted viral DYA for dengity was performed
using a Beckman Spinco “odel T centrifuse equipped with |
monochromator for ultraviolet aksorption studies and a photo--
electric scanner, All centrifusations were nade at 25° Ce
454,000 rpm, using the A¥eD rotor end double-sector 2° aluminum =
filled Zpon centerpliece, Cs8Cl of optical quality wms used,

NDensity gradient bands on‘the tracings were analyzed on a
ufont Curve resolver, This is an'analog conputer that finds
the component Caussian cur#es in a complex curve, Denslty ét
the mid-point of a Gaussian DﬁA tand 18 found by measuring the
distence from an apuropriate density marker, using ths slope of
the gradient from calibration curves done with known bacterial
DHA.

Base composition (G+CT) was calculated from density making
uss of the linear relatlion between density and base composition

(R).

G+C(%) = density = 1.660 X 100
0.035




CRAPTER TIT
Results-3erological Studles

rntibody Yorration in Infected Tatbits

Tha rete of antlihody formation in radbbita injected with
g pfu of type 1 and type 2 herpes simplex viruses is

presented 1a Pig, &, The titers of the sera specinens were
deternined by the doubling dilutilon neutralization test and
are plotted against the days on which theysamples was taken,
The curve presentesd is typlcal of those obhtained from Immunizae
tion sxperinents done using three different stréins of type 1
ani three of typs 2 viruses. The first detectable neutralizing
antivody sppzared st 12 4ays post-inoculation. There was &
rraduval increass through 21 days when titers reached a level of
zpproxivetely 1/16-1/32, 4t three wesks a secéndéry response
wes elicited by repeatine the original inooculation procedure,.
h ore week antiboly titers had increased to levels between
1/256 end 1/512, It waa at this time that the animals wers4bled
snd the serum used for identification purposes,

Jdentificatlion of Yerrmes Simmlex Virus Strains

A1l of the virus strains listéd in Table 1 were ldentifled
as to type by nebtrallzation curves using antiserum prepared
in ravkits =2nd virus erown in rabbit kidney cells, Strain "L2%

was isolated by shubladze (1960) and strain “M3" by Cudnadottir

28
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' ANTIRODY TITER

1/512

1/256

1/128

1/64}

1/32

1716

1/8

1/4

|

7 T 21
TIME IN DAYS

Fig. 4 Antibody production in rabbits of herpes
simplex typcs 1 and 2.
- Qw0 = Type 1 antitody

Qw0 = Typa 2 antidbody
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Table 1

Virus strains and their sites of isolation

Type 1

Iype 2

-

Strain
1.2

197
Watson
356
Glover .
E515
Slatton
Crdwe

Bramseon

Hines 100

Orizin- | Strain
Lip - MS
Mouth Wiggins
Lip Dawson
Fharynx Willis
Eye D64
Mouth ST-1
Brain | ST-2
Face 57-3
Mouth Howard -
Mouth Jansen
Sandra
.Johnson

Fugl

origin

CNS
Genital

Genital

| Genital

Generalized infection

of an infant

Genital
Genital
Genital
Genitzal
Genital
Genital
Geniteal

Geniteal
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(1964), Eoth of these strains have high, but unknown passage
histories. Strains 197, watson, 356, Clover, £515, Sletton,
wiggins, Dawson, Willis and D64 were obtained from the Come
nunicable Disease Center and had been passed no more than four,
and no less than two, times in raddbit kidney tissue culture,
Strains Crowe, Eranson, Hines 100, ST-l, 5T=2, ST-3, Howard,
Jansen, Sandra, Johnson and fugil were lsolated in our laboratory
and were tested for type speciflicity after one passage in rabbit
kidney culture. |

Typleal neutralization curves of both herpes simples
serotypes grown in rabbit kldney’eglls and néutrallzed_by
rabbit type 1 and type 2 antiserum sppear in Pigs. 1A and 2A
respectively, The slops of the curve for the homologous virus
is much steeper than that for the heterologous virus indlcating
rore rapld neutralization., Neutrallzation of all homologous
viruz was conpleted by 20 min, whereas, heterologous virus was
st1ll detectadle at 40 min, Cur detgrminations of the serologioc
type specificity of the strains listed in Table 1 correlsted
rerfectly with their site of 1isolation, This confirmed the
original report of Dowdle et al. (1967), that type 2 strains are
isolated primarily from the genltalla whereas fypell strains
are recovered frqm other areas 6f the body. “‘ . |

Three type 1 and three type 2 strains were carried through
30 consecutive passarces in rabbit kidney cells to determine if
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rabbit kidney cells by rabbit
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the serologie specifioity of the two herpes sinplex typas

wag & atable characteristic, and no conversion from ona gerd-
typa to the othar occurred., Neutralization curves done aftsyr
pagsage were identical to those in FPigs. 1A end 234 indicating
no change in serological propertles.

3erolozieal Troperties of Nerpes Simplex Type 1 and Type 2
Crown in Tissune Other Than Nabblit EKidney.

Herpegs simplex types 1 and 2 could be easily distinguishe
ed serologically with rabbit type 1 antiserum when they were
grovn in mouse or human ribroﬁlasts (7ics,. lB.‘lc). Rabbit
type 2 antiserum was effective in identifying virus grown in
mouse fibroblasts but was less effective on virus grown in
human fibroblasts (Figs. 28, 2C). Type 1l and type 2 viruses‘
grown in rabbit or éouse brain could be identified using type 1
antigerum (Figs, 1D, 12), but were indistinguishable with
type 2 antlserun (Figs. 2D, 25)., To insure that brain cone- »v
stituents were not interfering with neutralization, neutralizae
tion curves were done on type 1 and type 2 virus grown in
rabbit kidney cells and mixed with & homogenate of uninfected
rabbit brain, The results of this experiment in Plgs. 1F and 27
show a typlcal neutralization curve for rabbit kildney grdwn virusi
indicating no inhibitory effect by brain constituents,

In view of the }esults obtained using virus grown in

rabbit end mouse brain, neuiralization ourves wsre dons on
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Fig. 1B Neutralization of virus grown In
mouse fibroblasts by rabbit antiserum
prepared against type 1 virus, '
€—9% = Type 1 virus

00 = Type 2 virus
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Fig. 1C Neutralization of virus grown in
human fibroblasts by rabbit antlserun
prepared against typs 1 virus.
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Fig, 2B Neutralization of virus grown Iin
mouse fibroblasts by rabbit antiserum
prepared against type 2 virus,
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Fig. 2C Neutralization of virus grown in
humzn fibroblasts by rabbit antiserum
prepared against type 2 virus,
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Fig. 28 Neutralization of virus grown in

mouse brain by rabblit antiserum
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this virus after it had‘been grown again in rabbit kidney cells.,
The resulting curves were identical to thoée in Figs. 1A and
2A of rabbit kidney grown virus indicating no selection of a
variant during growth in the animal brains. |
Antiserum used in neutralization curves from an individ-
ual with recurrent éold sores could readily distinguish virus
grown in rabblit kidney cells, mouse fibroblasts and human
fibroblast (Figs. 3A, 3B, 3C). It could not however, identify
as easlly virus grown in rabbit or mouse brain (Figs; 3D, 3B).
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Fig. 34 Neutralization of virus grown in
rabbit kidney cells by human type 1
antiserumn,
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CHAPIER IV

Resultas~-Physical Studles
stability at 37° ¢

Typb 2 virus grown in elther rabbit‘kidney cells or in
rouse f£ibrodlasts was nore readily inactivated at 37° C than
was type 1 virus, The grater instability of fypa 2 was appargnt
vhether cell associated virus or virus from oulture fluid was
asgayed (Tlgs., 5A,B,C,D). Herpes slmplexrtypas 1 and 2 were
nore allke in their rates of inactivation when they were grown
in human fibroblasts, although type 2 virus was still more
unstadble {firs, 58, and P). |

Herpes virus particles are released slowly from infected
cells and may acquiie their envelopes fron different/cellular
nenbrans structures (Narlington and ¥oss, 1968). In order to
invegtirate whether virus released early in the growth cycle
differed in stadllity from particles released latér. rabbit
kidney tlssue cultures infected with type 1 and type 2 viruses
were washed 3 times with 199 diluent at 22 hr, 4§ hr, and 70 hr
post inooulation and overlayed with fresh maintenance mediun,
Four hr later the madium was removed; The élrus released
| into the tissue culture fluild during the four hr period-u&s
titered immedintely and divided into three parts. COne part was

placed at «70 C, one at 4 ¢, and one in 37 C water beth,

-5k
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’eriodiscally samples ware removed and titered to measure in-
activation, | ,

The time at which virus was colleoted did not influence
the relative stadilitles of elther type 1 or type-zlvirus
{Tigs. 63,B). Allquots of either type stored at -70 ¢ and
periédically thnwed.rtitered. and refrozen showed virtually
no loss of infectivity over a slx’mdnth period (Table 2), AL-
b ¢ type 2 virus was slightly more unstable than type 1 (Fig.
‘C)e Inactivation of typre 1l and typer2 virus.at 37 2 resulted
in instability curves identical to those presented in ¥ig. 5A
for rabtlt kidney culture fluid Girps where type 2 wns shown
to be more unstable than type 1. | )

iffect of Inactive Virus Farticles On lieutralization Curves.

In view of the grenter instabllity of type 2 virus, two
experimonts were performed to determine 1f the présenao of
uninfectious particles could interfere with virus neutral-~
izetion and this explains any 1nability to deteot serological
differences with type 2 antiseum. In the first experirent a
neutralization curve wes done on e strain of type 2 virus diluted
1/10 in 199 diluent and 1/10 in a virus suspension that had been
inactivated at 37 C. In the other experiment a neutrelizstion
curve uaé done‘bn a strain of type 2 virus harvested at 24 #nﬁ
114 hf. The virus suspension taken at 114 hr would have a far

greater proportion of insctive particles then the 24 hr karveat,
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Table 2 The effect of freezing and thawing on
type 1 and type 2 viruses harvested at
varlious periods of the growth cycle.

Tire of Time of virus release

freezing | i I VIrus reieas
and 22-26 hrs, LE-50 hrs. 70-74 ‘hrs,
thawing v
Tvyna 3 Tlrp,a 2 Tj_f_}:’\@ k) ’T‘}rpa? ‘T’:]:‘ﬂﬁ 3 me.DQ 2

Initial

ol W, 5 04 1.74 4,70 2,061 b,73 2,83

L8 hr, 2.08 1.62 . L,76 2,30 L, 78 2.76

72 hr, 3,11 1,62 L,g8 2.20 L,70 2,85
2 weeks 3.05 1.51 L,E5 2,11 4,61 2.40
6 months 3.053 1.55 L,60 2,05 L,68 2.0

Virus titers ’

are given in 1og10.
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The results of these experinments indicate that the presence of
inactive virus particles may block neutralization (FigSe 7A,B).
The virus harvested at 24 hr or diluent ias neutralized more
rapidly than the virus harvested at 114 hr or diluted in in-
aotivated virus suspension.

Sensitivity of Type 1 and Type 2 Viruses to Yeparin

The effect of heparin on herpes simplex types 1 and 2
wss Investigated because of a report (Lehel and Hadhazy, 1966)
indicating that type 2 strains were less sensitive to its
effect, Heparin (Abbott, Forth Chicago, Ill.) at & concentration
of 100 USF units/ml was added to.thg nedia of rabdbblit kidney
tissue cultures one hr before the cultures were inoculated with
1000 pfu of virus., The cell sheét was observed for several days
for the appearance of oytopathicAeffect. Firure ? conpares the
appearance of {F: In eontrol tubes withcutvheparln to those with
it., It is evident that type 2 viruses are_leas sensitive to
heparin's effect than type 1 strains. |

NNA Density of Type 1 and Type 2

3canner tracings of DNA from rabbit kidney cells infected
with elther type 1 or type 2 virus and centrifuged to equi-
1ibruim in cesimm chloride ere shown in Figs. 8A and B, respect-
ively, Fach of the type 1 strains tested had a density of
1.727s/m1 and each type 2 strain had a'dénsity of 1.729g/ml.
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1l = Type 1 virus in the absence of heparin

1h = Type 1 virus + heparin

2 = Type 2 virus in the absence of heparin

2h = Type 2 virus + heparin
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Fig. 84 Scanner tracings taken at 265 mu of
DNA extracted from rabbit kidney cells
infected with type 1 virus,
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Fig.8B Scanner tracings taken at 265 mu of
DNA extracted from rabbit kidney cells
infected with type 2 virus.
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T™hese readincs correspond to dasge cdmpositions of 68.3% G+C
content for type 1 and 70,47 G+¢ content for type 2. In each
fizrure the left peak ias rabbit cell DN¥A(1.699z/ml). The
fizure for rabbit D¥A was also determined in a separats run
by mixing it with elostriduinm perfrinrens DNA(1.691g/=m1).

This was done to insure that the relative position of cell DA
was correct, A mixture was rmade of the DNA's of each virus
tyre and a separate run made to be certain that the density
differsnce of the two virusas w23 real, Plgure 82 shows that

the two viral peaks ars oclearly resolved when mixed together. .

.
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CHAPTER V

Results~2lologlcal Studies

Plaque Morpholory
Duriﬁg the course experimentation involving herpes simplex.

viruses, it became apparent that there was a oans1derab1e
difference in the appearsnce of plaques forméd by type 1 and 2,
In fact, it 13 possidle, tased on plaque morphology alone, for
someone with 1little éxperlence in viewlng viral ﬁlaquea to
distinsulsh between plaque type 1 and type 2 strains in rabbit
kidney cells, A phptomicrdgraph of a typloal type 1 plaque in
rabbit kidney tissue culturs appears in plate l. A type 2 plaque
in rabbit kidney culture 1s presented in platevz., Type 2 strains
sl#ays produce plaques thet sre more easily seen and distinpguishe-
able than type 1 strains. Flagues from type 2 strains lnvarlaﬁly
have a higher ratlo of glent cells to small round cells than do
type 1 plaques, The glant cells assoolate with aggregates of
smaller round cells which often pile up into clumps. These
clumps after pull away from the center of infectlon forning a
clear area., Type 1 strains produce fdei of small round cells
which may e¢lump togeﬁher in a pock-like shape, They rarely con-

taln a clear area and usually possess an irrezular periphery

v i

"
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of arm=-like extensions eontaining small round cells. Type 2
plagues in contrast, poszess a more regular periphery, usually
bordered by many more glant cells than are type 1 plaques.

Mouse Tmhryo

Growth 3tudies of Types 1 and 2 In 3abbit Kidne
and tumen Pibroblast Cultures ' '

Strains of type 1 virus consistently produced hirher titers
than did type 2 strains in radbbit kidney cultures, mouse emdryo
cultures and human fibroblasts, The degree of difference was
about one log when human fibroblasts served as host whereas
it was 2 to 3 logs with either of the other cultures., In spite
of the differences in the ultimgte titers achiévad, the lenegth of
the eclipse perlods was the same, 10 hr, for doth virus types
in each of the cell cultures, The length of the latent perlods
varied howvever, Taﬁle 3 summarizes the important growth
characteriastics of the viruses in these three cell systems and .
Pigs. 94,5,C present intracellular and extracellular growthi
curves of both virus types in each of the tiszsme euliures.'

In order to test the hypothesis that the smaller titers
produced by type 2 strains were due.to the virus*® inatadbility,
intracellular growth curves of type 1 and type 2 strains wsre
done by incorporating into the overlay redium neutralizing
antivody. Thils ?revented infection of surrounding cells through
the fluid medium and negated any growth advantage that type 1}

strains nizht possess due to an increased capabllity of 1nfeét-




TABLE 3, Behavior of Type 1'and Type 2 Herpes Simplex

viruses 1n different tissue culture systems

Maximam titers of stock

: virus attalned per ml
Length of eclipse Length of latent of culture fluid

period (in hours) period (in hours) (logyqg)

Txgell Iype 2 Type 1 Type 2 Iype 1 Type 2
21

_ Rabbit kidney cultures . 10 10 15 19 6-7
Human fibroblast cultures 10 10 0 19 22 6-7

Mouse embryo cultures 10 10 16 20  bes

b5
2«3

$
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ing mors calls mersly becausz more infectlous particles are

available through thelr greater stadllity. The sotual experi-
zent was done In the same way as the other growth curve experi-
ments except for the presence of_s;eolfic antibody, 'cgllg were
washed 5 times with 159 diluent bsfore they were disrupted to
elininate antitody at the time of assay., Filg. 10 shows that
although the initial growth was the same for both virus‘ typesv, -
the ultimate titer achlieved for type 1 woss still zreater than
for typse 2, |

Neurovirulence “xperinents

All experlnenta involving Tthe relative neurovirulence
properties of harpes siuplex types 1 and 2 indicate that
type 2 stralns are more neurovirulent, Hone éf the flve 4dAlffer=-
ent type 1 strains tested could inducs paralysis or myelitis
in § month ¢ld rabblits whereas s&ll five type 2 strains tested
d1d demonstrate such an effect (Table L4). It 13 of further
interest that inoculum used for injection of 3 of the type 1
strains was 2 logs higher than any of the t&pe 2 strains tested.,
Eistological examination of rabbits paralysed by type 2 virus
snowed inflammation of dorsal Fanclis and horns.

In mice only 4 of 92 animals injected with‘type 1 strains
showed Ci5 involvement whereas 41 of £8 mice inoculated with
type ertrélns showved CXS5 involvement (Eaﬁle 5)e

Parallel titrations of type 1 and type 2 virus strains in




80

S
e

D CELL SHEET

LOG1g PFU/INF=C

8 .
6
Type 1
————— 0
Type 2
O

20 30 L0 50 60 - 70 80 90 100 110 120
TIME (HOURS)

Flg, 10 Comparative intracellular growth curves of type 1
and type 2 viruses in rabbit kidney tissue culture,




81

Table 8 Neurotropic Propsrties in Adult
Rabbits of Type 1 and Type 2 Strains
of "Herpes Simplex Viruses”

TYPE 1 TYPE 2
Numbars ' . Numbers
Titer of developing Titer of developing

Strain Inoculum zraralysis |Strain Inoculum raralysis
Watson 104 0/5 | Wiggins 104 6/11
Watson 106 a/6 Qﬁh 104 3/10
197 10“ 0/5 Dzwson 10& 3/10
197 10° 0/6 US 20" 7/10
356 107 - 0/6 S 10" 6/10
L2 108 0/10 |
BW 106 0/11

T, Value 7.1




TABLE 5
Neurotropic Propsrties of Type 1 and
Type 2 strains in mice indlicated as

nunbers of inoculated nlce showing CNS

involvenent.

Tvoe 1 . Tveoe 2
197 0/36 | WIGGINS 13/35
WATSON 3/3% | DAWSON - 16/33
2 1722 | ns 12/20

T‘ =502

82
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three 4different tilesua culture systems and_intraeerebrally

in suekling mice indicate greater neuroviruiehaﬁ_prcperties

for tyre 2 virus (Tadls £). Among the seveﬁrtype l.gtralng
tested only one showed a higher Lﬁso to pfu ratio whereas none
of 7 type 2 strains shioxat a ratlo of LDso fo pfu less than 1:1,
The titratlons in mouss embryo tissue oulture resulted in
svery instance in values less than those obtained in rabbit
kidney cells indlcatinz that neithér herpas sizplex virua

type grows preferentislly in mouse tissue.




TABLE 6. Parallel titrations of Type 1 and Type 2 isolates in three different
' . tlssue cultures systems and intracerebrally in suckling mice. The
four titers in each horizontal column represent the amount of virus
per 0.2 ml of a given stock of each strain as measured by the different

systems, o PFU (Lo
LDgg Ra%blt béum:iO). ggtéo‘ '

tims s cmee ES2 K fbomaer Mews ororie ider i oo
Type 1 | —.
197 Y 3.6 5.0 5.1 b b 1425
L2 | 207 5.8 6.0 ND 5.4 1:2
356 b b7 4,2 ND - 3.6 31
Watson b 1.5 b,0 3.9 3.7 1:316
Glover b, b,7 5.1 K _5:0 | L,6 - 1:3 
E515 4 4,3 b7 b7 - 113
Slatton 4 5.0 5.3 503 b 1:2
et | 2 bl 4,0 4,1 3.2 31
ST2 | 2 9 b3 43 3.7 b1
iggins i 3.8 3.0 ND ND 611
Dawson -k | 2.9 3.0 2.9 2.2 1:1 2.
NS 10 4,0 3.0 3.0 2.7 10:1
D64 s 1.9 1.9 1.9 1.2 1:1

Willig y b0 3.2 - 3.2 2.6 61




CHAPTER VI

Isolation and Characterization of A Herpes
Simplex Large Plaque Variant
In the course of passing the herpes simplex type 1=~
Watson strain through baby mouse brain'through‘repeated 1noculé~
tions a variant was 1solated at the seventh passage. It was

characterized by 1ts ability to form larger plaques than 1its

parent strain which were syncytlal in appearance., Upon isolatiohn

and plaque purificatlion this varlant was found to be stable
through five passapes in rabblit kidney tissue culture, Neutfal-
1zation curves identified it as type 1 but it was not neutralize
es well by type 2 antiserun as its parent strain (Fig. 11). Thi
indicatéd a serological change, probabiy 2 loss of some of the
antigens possessed by the parent strain that are neutrallzed |
by type 2 antiserum., Stability curves of the type described
previously showed no difference between the large plaque variant
and its typical type 1 parent strain. The density of the varian
DFA was found to be 1.727g/ml which was identical to that found
for type 1 strains (Fig. 8a).

L'
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CHAFTER VII

DISCUSSION -

There are twdrtypes of herpes simplex virus thaf!&én%“ﬂf”
distinzuished serologieally (Schnewels, 1962;1?1ummer,”i§§ﬁff§
Pfauls and chdle.'19éé) and are associated with thelr sites :
of 1solation (Dowdle et al., 1967). Tyre 1 strains are pol R
covered exclusively fron non-genital areas of the body#and°ff&
tyne 2 strains are aszocisted éhly with the genitalis, fh1§‘ *,
Inowledse pernitted isolationbdr many strainz of each type'
with which to study comnarative serolﬁgieal} Thysical and
biologiesl characteristics., Ten type 1 strains and thirteen |
‘type 2 strainsg were identified by means of neutfallzatlon"curvésf:
and s perfect correlation was found between thelir aites of* ;’2“
izolation and their type specificity. Seven of the type I'atfainsr
end elght of the type 2 strains had multiple passage histories |
in rebbit kidney tismsus culturs, yet they were as gaai!&fldehtlo
fied in our honds as the three type 1 and five type 2’a¢fain§ 
that were tested after s single passege in Tabblt kidney'tiésug
culture, This observation together slth.a controliédféxpgriment
where no change in serologic specificity ocaﬁrred @fier:thirty

passares in rabbit kidney tlasue culture of thrce,fypéii and

8%
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threa tyre 2 gtreins gstronrly tndicates that the type'specific-
ity 1s 8 stadle characteristie, | » |

The gerologlc differsence between_type 1 aﬁdAtyperz viruses
wes demonstrated with~antiserum‘to'either'type when the viruses
were grown in rabbit kidney tissua eulture, Schneweis (1962)
and Psuls end Dowdle (1667) were sble to distinguish the types
only with type 1 autiserum., The occurrsnce of largze amounts
- of inactive particles in type 2 virus stocks can interfere
with viral neutrslization (FPirzm. 74,2) and it 13 possible that
this is the reason wvhy the ahove worikers were unable to deteot
type 4differences batyesn typs l1l:and type 2 3tralns using type 2
antiserum. It shoul& be noted, however, that the procadnre
used by Pauls and Dowdle (196?) for the preparation of speoirlc
antiserum was identlical to that ﬁsed 1n/6ur laboratory., The
gpecificity of the sera used in aéch laboratory would be expeste
ed to bs the same, Thelr inability to detect type differences.
with type 2 antiserum, therefore, may result ffom tecﬁnical
differences in the neutralization test, They employed o micro-v
neutralization techniques anﬁ used gegondary rabbit kidney ocells
in thelr assay, while all of ocur tests involved primary rabbilt .-
kidney cells., The'extra raszage of the tissue culture may
involve a change /in the conficuration of viral racéptore»on
the cell surface resulting in dlrterences in the virus assay.

The saroloric difrarenca betmran herpee simplex types 1 nnd
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2 can be readlly detaoted using type 1 antiserun when the virus-
eg are groun in radbit kidney, mouse enbryo end human fibro-
blaat tisaue cultures, The type spscificity is less essily
recornized when 1 and 2 are grown in nouse and rabbit brain

an? type 1 antiserus is used for identification, Type 2 antiw
gerum realtily distinguished betwsen types 1 and 2 when they
ware grovm in rabbit‘kldney and mouse embryo tissue culturé.
Virué growniin hunman fitrohlasts wasz less easily identified
vhile virus groun in mousge and rabdbit brain could not be identi-
f1ed as to type specificity with typs 2 antiserum. xven type 1
antigerunm 114 not dlstinguish eési}y betwaen type 1 andvtype 2
viruses grown in mouse and rabbit braln. These serologie
studles indicated that Lype 2‘v1rus changes antigenieally to
some degree when srown in varlous cell systems, The antlgenloe
sites that change must be related to thé virion's infective
capablility aince our nesutralizatlon test was bdlologlcal in
natura and depandent upon an ability to measure infectlous
particles. The envelops surroundinz harpes simplex particles is
asquired fron hast call membranas (Marlinzton, 1968) and appears
vto be required for infectivity (Srrins and Golzaman, 1943), It
g rensonable to assume that the antizenlic sites whlch.change‘on
type 2 viruszes arns on the en&elote. This phenomenon of differ-
ent antigenie deterninants e probably not restricted to typs 2

virus. A ocaraful somparison of “iss, 1A and 12 with ™irg, 17




[

. . - 90
end 12 reveals that typ§ 1 virus was neutralized to a sﬁallér
extent with tfps 1 antiserun xhen;graun_ln*mcnSa‘and rabbit
brain that when grbwn-in rabtit kidney ahd'moueé’embryo‘tissue
culture."ﬁtruétures on the envelope'wﬁigh are usuelly re-
coznized as type 2 determinants sre either maskéd b& changes in
the envelope®s configuration or are not present at all when
| type 2 antiserun faiis_to distinguish bétween its hdmologbus e
virus and a type 1 strain. 7The preseﬁce oy absence of.ahtio
genic sites is dependant upon the'cellnsystamrln uhich‘thé :
viruses are grown and’ié demonstratad in the ability of anti—vi
serur to recosnize thewm, In rab%it’kldney.and nouse eﬁbryc
tissus culture recosnition is easy. tut 1n rabbit and mouse
brain 1t 1s 4ifficult or 1mpossidle, A viral change in enti-
renlolty due to growth in dlfrerentrcell systens with subgequent
differences in envelopment 1s not a new rinding in virolagy.
qarbwrxght'and,Feafce (19£€7) feported ant1gen1c differeﬁcés
within the'envelope of vezlcular stomatitls virus grown in bﬁbyk
hangter kidrney cells andvpiv.kidney cells. Virus grdwn‘ln baty
harater kidney cells possessed a §1fferent protein component in
thé:eﬁﬂelope than virus grognvin'pig kidney celis.

It kag bean sﬁfgested that bgqausé the en?eloge’conais;s L
of viral ahtigenic dgterﬂln&nts‘;nﬁfcomponvnts kpeeifled by_tﬁe'.

cells there may be a corrslation betwyeen the CFF of infected .

AY
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cells and selected properties of the virus (Zjercito et al,
1968), Our comparative etudy of types 1 and 2 support this
gauggzestion. Type 1 and type 2 viruses differ sﬁtigenically.
probably because of differsant anﬁigenic determinants in the
énveIOpe. They also differed in the CFX each produced in
rabbit kidney tissue culture, 3ince celluiar membranes must
be modified by products specified by the virus for the virion:
to become anveloped, then’the'viral product bindinz to the
membranes 1s responsible for the alteration in the cell membrane
resulting in the characteristic viral CFZ of infected cells.
Two other differences betwedn type 1 and type 2 viruses
that may involve the envelope were; 1) the relative stsbilities
of each type and 2) the ultinate titer of Infectious particles
achieved in tissue oulture by each type. Type 2 viruses were
more unstable at 37°C than type 1 virus 1n.rabb1t kidney and
mouse embryo tissus cultures while type 1 strains conslstantly
produced 2-=3 logs more virus when gro¥n in these eultureé than
type 2 strains, In huzan fibroblests, however, type 2 virus
%as more stadle than in either rabbit kidney or mouse enmbryo
cultures and reached higher titers of 1nreotiou§-particles.
Hoth vi&us types had identieal eclipse perlods indlcating that
the same amount of time was required for both types to synthesize
an 1nfectious'partiole. The latent periods of bbth virus types

varied between each cell system but, in any given cell culture




92

type 1 virus always appeared in the culture fluid before

'type 2, This may mean elther that the enveloprent and releass
of type 1 part1¢1és was more efficlent and faster or that
because of the greater instabillty of type 2 virus, it could
not be detected until = large number of particles were released,
In fact, the difference %n lantent periods between type 1 and
type 2 viruses was least 1In hunan fibroblasts where type 2
strains had been shown to be nost stable. An experinment de-
slmmed to account for smaller type 2 virus yields in tilssue
oulture through correlatlion with instadbllity by incorporating
neutralizing antibody into the o%e:lay medium proved incon-
clusive, Initislly, the 1ntrace11ular growth of both types
progressed at about the same pace but eventually the titers of
type 1 exceeded those of type 2 (fige 10). The effect of the
greaier inatability of type 2 cannot be diémissed as cause of
the lower titer3. Instabllity curves of intracellular radbdit -
Xldney virus showed that type 2 was more unstable than type 1
{Tic. 53). Thus, the very effect that we hoped to elininate by
using antidody in the culture fluid was still present; nanely,.
that there were more viabls type 1 partlclesiaVailabla for
'Inrect1§n of neigh&erlng cells than type‘zyparticlese. It might
be suggested thaly this was irrelevant Qt'tha cellular level
whers there was direct physicai_contact between cells, It has

heen demonstrated, howevexr, that by incraasing'the ratio of
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pfu/eell at the time of inoculation, the length of time required
for synthesis of infectious particles was shortened (Rolzman
et al., 1963). In addition, due to the unstable nature of type 2|
virus particles, a portion of then may becone 1nactive during
the assay procadure and never be couﬁted.

Another indication of the difference between type 1 and
type 2 virus envelopes was found in the inhibitory acetion of .
heparin, a negatively charged polysaccaride which inhibited
type 1 virus more than type 2 (TPig. 12), Other workers
(Hochbars and Becker, 1965) have shown that the inhibitory
effeot wms due to interference uith attaoﬁment of the virus
particle to the host cell, The sa&e‘effeot had deen reported
on Eevirus, another herpes virus, by Renda (1966), Viral
attachment to a host cell was a functlon of the virlon's envelope
and the host cell's membrane, The faot that heparinvlnterfered
more with thils function in relatlion to type 1 viruzes indlcated
a structural and/or compositional difference between the en-
valopes of typss 1 and 2,

Yonks and Eenyeéh-ﬁelnick (1666) reported that ardifrerent
herpes virus, human evtomegalovirus, was rors labile at 4° ¢
than at 37° C wherd harvested early, Virus harvested latar,
however, was morg lablle at the hicher temperaturé. It has bean
propozed that stability of herpés sinplex virus was daspendent
upon the site within the infected cell where tha particle
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ssquired 1ts envelope (Spring and Hoizman.‘1968);',Aequisitioﬁ
of an envelore appearsd to be depandent upon the post-
tnoculation that the complete virlon eluted fronm the cell,

The earlist particles r2leasned ;ossessed‘envelopas acquired
from tha nuclear meanmbrane and those released later often
possasaed anﬁelopes derived fro:m various cytoplasmle‘membranes
(Darlincton, 1962), In this study sttempts to test stabllity.
of virus releasasd at dlffeient tines post-inoculation did not
revaal any differenées In stadbility that could be related to |
the tine of viral felease. A far greater stabdility of both
virus types at 5° ¢ than at 7% -¢ ana virtually no loss in
titer of eiﬁher type vhen stored af -70? C waa denonstrated .
(Table 2),

Cenetic substantiation of type differences between the
two herpes simplex viruzses was provided from the deﬁsity studiesg
of the tvo virus® DNA'S, They differed in density by 0.002¢/m1
and prodably in base cbnposition (c + 27) vy 27 (Pic. a,E.C). |
The latter figsure wes based on the assunption that no unusual
bases exigted in the viral penome. A difference of 2% in the
base ratio adequaetely sccounts for dirrerences in phsnotyp1§
expression by herpes simplex types 1 end 2, .

The difference between the virus‘AESay in tissue culture
and the aséay euploying mice ma& aceount for the»apperentigreater

neurovirulence of type 2 etralns, Yany of the defective type 2
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rarticles thet do not raplicate in tissue oculture may do sovln
the animal, Thus, virus particles messured in ¥ivo may not

be measured in tissue culture. The ratlos of pfu/L3gp that
indicated greater neurovirulence of type 2 strains would rot

te valid Af more type 2 partioles were measﬁred‘by neans of the
I3gg #3say than the pfu £SEaY. |

If, indeed, type 2 virus was more neurovirulent, it could
ke due to possession of a greater tropism for ﬁervous tissue or
enhanced ability over type 1 straing to grow in narvous tissue,
If type 2 strains were more neurovirulent, 1t would be partiocular-
1y interesting in view of a recdht‘report essoclating then

with cancer of the cervix (Rawls =t gl., 1968).
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SUMMARY

The identification by means of neutralization curves of
10 type 1 and 13 type 2 strains supported the report of other
workers that type 2 strains are recovered primarily from the
genitalia whereas type 1 strains are isolated from other areas
of the body. The serologlc specificity of the two herpes simplex
types was a stable characteristic through 30 passages in rabbit
kidney tissue culture. Type 1 and type 2 viruses could also be
readily distinguished Serologicallf with type 1 antiserum when
Vthey were grown in human or mouse tibroblasts. Type 2 anti-
serum could be used to identify virus grown in mouse fibro-
blasts but was less effective on virus grown in human fibro-
blasts. Type 1 and type 2 strains grown in rabbit and mouse
brain‘could be identified using type 1 anfiserum although they
were 1nd13t1ngu1$hable-w1th type 2 antiserum,

Strains of typé 1 and type 2 wviruses could be tentatively
identified based upon their plaque morphology in rabbit kidney
tissue culture. Type 2 strains comnsistently produced plaques
that were more easlly seen and distinguishable tham type 1
‘plaques. This was due primarily to their more regular periphery

and greater number of glant cells.,




Type 1 strains produced higher titers of infectious
virus than type 2 strains when grown in rabbit kidney, mouée
embryo and human fibroblast tissue cultures. The length of
the eclipse perlods was the same for both virus types in each
of the cell cultures but the latent periods varied. In addition,
type 1 virus grown in each of these cell cultures retgined its
infectivity longer when held at 37 C than did type 2 virus, ‘

In addition to the phenotyplc differences between the two
virus types the difference of 2% in G+C% ratio indicated a
major genotyplic difference. )

Based upon experiments conducted in mice and rsbbits,
type 2 strains appeared to be more neurovirulent than type 1
strains. The defective type 2 particles that'do not replicate
in tissue culture, however, may do so iﬁ the animal. in this
case, the apparent greater neurovirulent capaéity of type 2
strains would be an experimental artifact due to inoculation of
many more type 2 particles than type 1.

A large plaque variant of a herpes simplex type 1 strain
was 1solated after seven passages of the parent strain through
baby mouse brain. The plaque morphology differed from that of
type 1 strains in that it was larger and syncytial in nature.
Serologlcally, the variant was neutralized as well as the

parent strain by type 1 antiserum but less well than the parent




strain by type 2 antiserunm.
the type 1 parent.

The G+C% ratio.was the same as
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