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BIKEN JouR\AL 5,239-252 (1962)

Host-Virus Interactions during Infection with Herpes Simplex Virus

I. Growth Characteristics of the Miyama Strain of
Herpes Simplex Virus in L Cells

SHIRO Nil AND IUNTARO KAMAHORA

04ia, linen! of Patho!ogJ, , The Rese", r/I JRJ!nine/or
Jultrob!h! Di'3e"$", Of aka Uni, erri0, 03"k"
(Recei"ed/0) A1b!!tail'o11, Deco!"bel' 19, 1962)

r\ITalytical SIudics \VCrc maclc on Ihc low susccpiibiliiy o1 Earlc's I. cells 10 11, c -CGr AjiYama
sirain or Iterpcs SImplcx \. irus. 111 coinparaiivc 1111 allons (TclD, ") using FL anti Earlc's L cclls,
11tc Iaiier cclllinc alway, s sho\\. ccl a lowcr Infocii\. c lit" Ihan Ihc formci. Howcvcr, app, oximaicl
the same I, umber or inclusions were t!etcciccl in Ihc two cull 11ncs bci\\. eel, 8 anti 91, ours anCT \iius
inoculation. TITc number o11nfccii\'c centcrs was couii!CLI in boih cell lines allci 1110culatioit will,
the salnc '10sc of virLis ancl it was found Ihai FL cells PIOduccd at ICasi one log till11 innrc infocii\, c
centcrs Inail tiltl Eai'IC's L cells. 'Thercforc apparenily only sumc infoctccl L cells call Teleasc cx-
11'acellular Infoctivc \'11'LIS ant1 o11tcr cells Inay silo\\. "aborti\, c inkciion' '. rcsulting in inclusions in
11, c nuclei

lit L ccll it, uriclaycrs innculatccl \\, jilt a low virus inuliiplicit\., Ihc liter or cxiracclltilar \. ITtis
rose one or two clays anti infociioit anti Ihcrcaficr ricercascd. Tills was partly dtic to Ihc low \ITal
yield of L cclls ai. cl I, allly 10 abnrii\. c Initction in somc cells willI inclusions. 01hcr cx lariatiioiis
tm' this phcnomciton, sucl. as a jusogcnic cllcct or autointci'fetencc sectit Tinlikcly

SUNl!\{ARY

Studies on the growl. h of ITcrpcs simplcx virtis ill alli'o us in a I, cclls \\, erc Tenoricd
Iiy Schcrci (1953), Po\VCI1 (1959) and Nil at a/. (1961). Our prcvious experiiTlcnts
showed that L cells \\, ere ICss susceptil)IC than FL cells to the Mi\, am a SITaiil of
I\CTpcs slitlPIGx virus. OUT lirevious clata arc suminarized as follows : I) LSIno
human vesicular fillicl isolation of Ihc A{Iyama strain virus of herpes simplex onto
L cells was tinsucccssfull nut onto FL cclls it was successfulI. 2) Altcmpts at serial
transiti' of virus o1T L cells were LISually tinsucccssfiill. In one case only 22 serial
transfers ovcr Ihc half \, cal. expcrimental period were possilile. 111 these passagcs
lower \, it al \, IClds were o1Jtaincd from the culltirc Huids thaii from those of FL cells.

INTRODUCTION

*
Tills work \\ as reportccl at the .\rinual \ICciing of inc Society o11apancsc \'ITolorrisis, in To1<\'0,
o1T October 25. 1962
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3) In simultaneous titrations using the same dose of the virus, L cells always
gave a lower titer than FL cells.

There are various possil)nities, why L cells show a lower susceptibility to the
virus than FL cells. The first is that there may IJe a difference netween the
process of virus adsorption onto the two types of cells. The second possibility is
that only a few per cent of L cells may be able to initiate further steps of virus re-
production after virus adsorption for some physiological reason. The third possi-
bility is that some steps in the process of virus reproduction may I>e inhibited or
arrested in the cells foi, some reasons. The fourth possibilit\, is that virus growth
and the appearance of cytopathic changes in L cell monolayers in^, lie extremely
slow because of the low viral yield per cell.

In our earlier paper we reported that one infectious virus particle may be sum-
cient to infect an FL cell and to cause the formation of an intranuclear inclusion

in it (Nil at at. , 1962).
This paper describes some analytical studies at the celltilar level on the lower

susceptibility of L than FL cells using the formation of intranuclcar Inclusion
bodies as an index of susceptibility.

Nil AND KA!\{AHORA

I. Ply"3

-Cor Miyama SITain was used (Nii at a!., 1961). The culture fluid of infected FL monolayers
served as the viral sample. It was collected \\, hen cytopaihic changes in the monolayer became
advancecl and was centrifuged at 2,500 rpm for 10 minutes. The supernatant contained about
10s Tcl0501ml

2. Cell$

Both FL and L cells were prepared on 10 x 40mm coverslips in square tubes
days after planting, monolayers \\, ere obtained, each containing 5x105~Ix106 cells
used for experiments

3. Clinkre med^^

Earle's L cells of mouse fibroblasts were grown in a ritedium consisting of 95 parts of Hanks'
balanced salt solution containing 0.1 per cent Yeast Extract and 0.5 per centiactalbumin hydroly-
zate and 5 parts of bovine serum. The growth medium of FL cells was composed of 90 parts or
Earle's saline containing 0.5 per cent Iactalbumin hydrolyzate and 10 parts of bovine serum

4. Cell countr"g

The number of cells on coverslips was counteclas describeclin the earlier report (I\nat a!., 1962)
Cells in the bottles were counted in the following way. After discarding the culture fluid from the
bottles, 5 inI o10.1 M citric acid was introducecl into each bottle, and 111e botiles were Incubated
at 37'0 for I it our. Then the cells \VCre detachecl nom the glass \\, all by spraying the wall vigorously
willT the liquid. After the liquid had been pippetted back and forth, the cell nuclei coulcl be sedi-
merited by centrifugation at 600 x g for 10 minutes. Tlley \\, crc resuspendcd in 2 in I of O. I A. I citric
acid containing 0.01 per cent gentian \, 101ct ai, d 0.25 pel' cent inclhylcellulose. Cells were COLInted
in a hacmoq, tomer

5. 1/11\$ fryec!i, iO. till'"!ion ( TclD, n)

Esseniially the same methocl as describecl prcviously was adopted (Nil at a!., 1961)

MATERIALS AND At ETHODS

Two or three

These were

At each
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dilution fom 1.51 tubes \\ere used. The test tubes were incubated an 37'C to permit adsorption
or the \'irus onto Ihc cells and weic agitated intcrmiitcittly. r\Tier I hour, 1.5 inI of maintenance
medium was addecl to each tube. Cyiopathic cliangcs in the monolayers on 111c test tubes \\, ere
obsei'\'cd macroscopically and n, ICroscopically Ihroutrh Ihc glass \\, all. Fifty per cent c to athic
doses were calculated by Ihe Reed anti Mucnclt ITTethod from the numbei' of Iesi 111bes sho\\. in c 10-
pathic changes durii, g a week's abscrvatioil DCTiod

6. Coll"!I'"g of ,'"cliffr'on be"12n" c, !/J In the Jh, e!

The inclhocl reported previously was adopted (Xii at a/., 1962). The meIhocl of sitidying in-
clusion body dc\. clopment in L cells was also as ticscribed previously

7. J\'!1111b, I' of lyer!I', e re"inJ

\10nolayers \VCre In DCula!e, I \\, illl 2I, T1 o1'\'irus. I\tier ail Ilour's adsoi lion eiiod, 11, e i I
was discarded anti Ihc monolaycis were \\ashcc17limes willT 2 inI of Hanks' BSS. Then cell s
pensions \\. CTC made. FL cell suspensions were prepaicd by EDTA iteaimcni, \vl, lie those of L cells
were n, ade by pippciiing in YLH solu!ion (Hanks' BSS containing 0.1 I)CT cent Yeast Extract and
0.5 per cent Iactalbumin it\, LITolyzaic). The FL cells were finally SLispcnded in 5 inI or LE aild L
cells \VCrc suspendccl in Ihc samc \, OILimc o1' YLH. The ntiinber or cells was countcd in a haem -
cyiomctcr. Thesc ccll SLispcnsions wei'c clilutccl serialIy tenfold; 111c sample of I. cells \\. as dilutecl
willt YL}I and Ihai of F1, culls \\, illT I. E. The dilutctl suspensions were in DCulatcd onto Ihe FL cell
ino11o1avcrs Liscd as litdicaiors. Ajiqtiois or 0.1 n, I of cacli diluted suspension wereinoculaicd into
rotn' test tubes. Gyropathic cllallgcs in Ihc ino11o1aycrs were obscr\'cd a\'cr a penocl of a \\, eck. Fill
per ccni cytopaihic doses \\. cre calculatecl by Rcctl antl A. Iucnch's ITtcihocl

RESULTS

I . Gol}ipdi. ajiue 11/1 ajioiiJ ( TclD - 0 ) o11 FL rind Erri !,'r L cellJ

T\\, o series of test IulJes eacl\ containing a In on o1ayer of FL or I, cells were
prepared. The virus samples were made by the tenfold dilution incthod and the
same virus materials \-\, CTe inoculated onto each of the two monolayer series. For
caclT a week's observation period was adopted

Positive or negative signs of 11Tfection in tunes were ascertained as follows.
Tul)es I evealing clcfinitc cytopaihic changes macroscopically, as well as micro-
SCOPicall\, were regarded as SI}owing 1.0sitive signs of Infection. Tllerefore, tubes
lit \vhicl} focal lesions o1T the monolayers \\, CTe founcl microscopicall\, nut in \vhicl}

Table I Titraf:on of the Miyamo Sira;n of Herpes S;in PIex Virus on FL and L Cells

FL cells L ceils login difference

0.7
2.0

241

Parent virus population

-GCr subsiroin

-GC subsiroin

5.5
7.5

6.5
8.3

8.3
7.5
6.5
7.3

4.8
5.5

5.3

3.5

3.5

2.5
2.5
2.5

login infective uniis ITC10301 per inI

1.2
4.8

4.8

5.0

4.0
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no siuns of infection sucl\ as focal degeneratioiT or detachment of cells could I>e seen
with the naked eye, were regarded as showing negative infection.

By this method, FL cells always gave a higher infective titer than L cells. This
in showTL in Table I.

2. '11/8ai'an68 of fillra!Iucleni inclt!5ion$ lit Eru'/e'J L '81/3

It is supposed that the appearance of inclusion bodies induced I, y herpes
simplex virus is more or less dependant on host cells or virus strains and such in or-
phological mainfestations may be closely correlated witlt virus multiplication in
the cells. From earlier studies using FL cells, we reported that the number of
inclusion beanno cells detected I>etween 8 and 9 hours after virus inoculation ap.

hit event. ThisproximateIy fitted a Poisson's distribution curve, assuming a one
section describes the development of inclusion formation on L cells and a coin-
parison of their development with that on F1, cells. The same experimeiital

NII AND KANIAHORA
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pi. ocedure was used for. 1,011T I, and FL cells as described in Materials and AJethods.
The results are shown in Fig. I.

The curves for development of inclusions in cells inoculated with higher diln-

Fig. I Inclusion Development I-GCr Miyamo Strain = L Cells)

.^O Inaculoled with a virus dilution of I. 30

.^. inoculoied wiih a virus dilution of I, 31
,^, inoculoied with a virus diluiion of I : 3.

A^,. incculaled wilh a virus diluiion of I ^ 33
cdSorplion period : one hour

7823 45 6

hours rifler virus inccul. lion
9



nons of virus indicate a shoulder from the 8th hour after virus inoculation. This

suggests that thc hist cycle of appearance of inclusions and the nlode of their ap-
prarance are approximate Iv the same in FL and L cells

However, some inorpholouical differences ill the inclusioiT I)orlies in FL and
I, cells were IToticed. Generally speakino formation of eosinophilic masses is
not so great in L cells as in FL cells. It is a well known fact that halo formatioiT of
inclusion I)odies is dependent on fixatives. F1alo formation of inclusions seems to
be Influenced more or less I)y the adsorlJed \, irus multiplicity o1T L cells I)tit this
was not apparent in FL cells, the nuclei of \vhiclt al\\, a\, s formed. a dense eosiono-
philic substance after infection.

The cells, \vllICll \\, ere counted as inclusion liearing' cells in the infected L
cell monolayei. s, showed one of the followino' inorpholooical changes :

I) definite eosinophilic masses, which occupied part of the nucleus, with
or without a halo.

2) nilclei filled witlT a purplish 1.1nk Inass, \\, ithout formation of a halo.
3) definite condensation of chromatiil in the nuclei, \\, hich often contained

small eosinophilic nTasses.
+) Gosinophilic masses, whiclT occupied the whole of the nucleus, witli clear

halos.

Similar. experiments also showec! only a slidht increment in the IlurnlJer of
Inclusion nearing cells between 8 and 10 hours after infcction in cultures inoculated
willT higher dilutions of virus. 11 would lie interesting to know the time when recycl-
ing occurs, I>ut destruction of infcctcd L cells and their detachment froin the alass

wall occurred so lapidl\, Ii. ,., 121Touis after infection) that it was dimcult to follow
SUI)sequelit cellular' changes quantitative Iy.

3. 0017v!Iai'ifoi! of 1/18 ill!In bei' of illc/"JioJi heal'ing cc/!J ill fly^/ed FL ajid L cal! in o110!ayeiT

This article descrilies comparative studies on the number of cells in the two
types of In ono1a\, ers affected by primary input virus.

The percent of inclusion I)earlno cells cletectecl IJetween 8 and 9 hours after
Infection in the I\\, o Iypcs of cell monolayers \\, as calculated I)y countinu more
than one thousand cells and the adsorlJed virus multiplicity was calculated from
Poisson's fom\ula assumiil^ a one ITit event. The I}riml)er of cells on tlle coverslips
of parallel cultures was counted and thus the number of inclusion formin. units
per coverslip \\, as obtaincd froitT the Iiroduct of the adsorl, ed nTultiplicity and the
numlier of cells.

The supernatant fluid of infected FL cells \\, as LIScd as the viral soul'ce. This
undiluted o1'1ginal vii'al sample contained approximately 10s TclD- o per inI and
therefore in monolayers inoculatcd wit1} 10\\, virus dilutions almost all the cells usually
contained inclusions.

Using diluted samples, ito\\, ever, notlT affected and unaffected cells were found
in the Illon o1a\, ers and it was I>OSsil>Ie to calculate the adsorl, ed viral multiplicity
In this \\'a^ the adsorbed viral titer of the undilutecl ori. 'Inal \, iral samples was

GRO\\'TH OF HERPES SIXIPLEX \, JRUS I\ L CELLS 243
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calculated by multiplying the titers by the dilution factor

Table 2. Number of Inclusion Forming Units per Coverslip in FL and L Cell Monolayers

244

Exp. I

As shown in Tal, Ie 2, about the same numbers of I. F. U. per coverslip \-\, CTC
found in the two cell lines. This means that virus of the -CGr Miyama strain

was adsorbed to the same extent by FL and L cells to induce subsequent in orpholo-
gical changes in them.

+. Coin/Iai'ifoii of Ihe Julmbei' of illec!1.8 ren/e!'r ill F1, and L cell$ illocitltt/ed coini a lore
milliiptiCi4y of aji 14J

This section describes studies on whether all, or only some, of the infected L
cells whiclt eventually show in DTPhological changes in their ITUclei release infective
virus particles. In earlier studies on FL cells, it \\, as found that the numl)er of
inclusion forming units per coverslip \\, as equal to the numlJei of microplaque
forming units, and therefore an infective virus particle Induced Intranuclear In-
clusions in an FL cell and this lintiated the SUIJsequent cycle of virus gro\\, Ih and
released extracellular viruses forming a microplaque in the monolayer

Both FL and L cell monolayers were prepared in 50 in I 1.0ttles and a mono-
layer sheet haviiv' 3-5 XI06 cells was used in each experiment. It was considered
that about the same numlier of cells were present in eacl\ bottle. Virus of a low
titer \\, as used so that multiple infection of the cells in the sheet could be avoided
Lionolayers were 11Loculated with 2 in I of virus. After an hour s adsorption period,
the inoculum was discarded and then the monolayers were \\, ashed. FL and L
cell suspensions were prepared as descril)ed in Iv{aterials and Alethods and were
diluted serialIy tenfold. Diluted samples of 1.0th cell lines were inoculated on
the FL cell monolayers used as indicators.

Exp

Exp. 3

2

FL cells

6.5 x I o6

2.2 x I o5

85xIO,

L cells

6.2 x I o6

2.4 x I 05

8.4 x I O,

Table 3. Number of Infect;ve Centers Formed by FL and L Cells

filer of input
virus iper 2 in 11

106.6

I07 . s

Exp. I

Exp. ?

As shown in Tal>Ie 3, FL cells produced one log unit, or more, more infective
centers thaiT L cells, while it ITas already bcen shown that the numbers of inclus on

number of in Ieclive
cenlers in FL cells

10.1

I06 . ,

number of in{eclive
ceniers in L cells

I04. ,

I05.4
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bearing cells were almost equal in the two cell lines \\, hen the cells were exposed
to the same virus input. TITcrefore it is deduced that only a 10\\, proportion of
infected L cells can release extracellular infective vil. us and other cells sho\\, "al, ortive

infection" resultiit^ in in orphological changes in the rillclei

5. Gintt)//! expel'jinei!/J ruin! --GCi '11/1J rein! a hi"/I '11/1J flip!! on L cell moilo!n). r!T

TIT L cell monolayers infected \vith a 10\\, virus input, cytopathic charities are
vei'y delayed or arrested. This is firstly due to an ortive infection, as described
al)ove, and anothcr factor. Inay lie related to the viral yield from L cclls. The
experiments described lielo\\, were to study the average viral yield per cell.

L cell monolayers \\, ere prepared. Each. monolaycr contained appi. oximately
+., I- XI06 cells per I'Dttlc. Two inI of -CGr virus of 108 TclDr \\, el. einoctilatcd
on eaclT nTonolayer ancl an hour's adsorption IJeriod at 37'C was chosen. A, 10no-
layers \\, erc washcd 11vc times \\, ith 5 ITTl of Hanks' BSS and then 5 nTl of Incdium
was Introdticed. A1 Intel. vals after infection a I)ottlc \\, as taken out from the in-

ciil)at or to measure the Infective titcr of thc liquid I)hase and ccll-associatcd virus.
The rcsults are sho\\, IT in F1, ,. 2. The titer of cell associated ,., irus rose rapidly

net\\, eell 7 and 9 hours after infection altd rcached a IT, aximuiTT at the 1511T I}o11r,

"

a

o
,

245

,
a

6

7

=
.

,
> 5
U
,

=
4

a
o 3

2

6

Fig. 2 Growth of the -GCr Miyomo Strain on L Cell Monolayers

cell o550cioled virus

.--- --. virus in cullure nuid

virus inpui. 108TCID;n per 2 inI
4.4 I I 01,cells

SUIJsequently deci'casing until the 1911\ Ilour. Thcreafter it reinained at aj, proxi-
matcly tlte same ICvcl for. Ihe ITcxt 2 cla\'s. Thc titcr of the supcriiatant fluid sho\\'cd
a definite rise from the 9tlt ITOLIT aftet infection. TITis was confirmed iiT a repcat
experiment. (Fig. 3). The litcr of the culture fluid at the 1911t ITo\n' \vas 5 XI06
Tcl050I, er nottle ai\cl theI. eforc a viral \, IClcl of I or Inore TclD, per cell \\, as
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obtained. The yield, however, was very, 10\\, compared with that from FL cells,
whicll produced 200 or litore TclD - o per cell.

g

.
,

7

8.6
"

Fig. 3 Growth of The -GCr Miyama Strain on L Cell Monolayers

6. Refp0!158 of L 68!If 10 firec!foil zui/h -Go' IVjynnin flintii of helpcJ ., implc. x aill!3

a) Celltt/ai' 7'8JponJe to high aji'113 nipt!/

Experiments descril)ed alJove sho\\, that with -GCr Miyama strain, L cells
give\ a 10\\, viral yield pm' cell and that solne infected cells call release infectivc
vitus at the infectioii of low virus multiplicity. Another I)iological chai. acter of L
cells, \\, hich may ITave a close relation witlT these phenomana is described below.
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Two inI allquots of \, ITal sample, of approximately 2 XIOS Tcl050, wereintro-
duced onto a series of monola\. ers eaclT containing 3.4 x 106 cells. After an I\our's
adsorption period at 37'C, the inoculum was discarded and thc ITTonolayer was}led
5 times, with 2 in I allquots of Hanks' BSS. Then the medium \\, as introdiiced
At intervals, a I)ottle \\, as taken out of the incubator and after discardinp the
medium, 5InI of 0.1 A, I citric acid was 1111roduced. Cell countino was performed
as descrilJed in A, laterIals and Metltods. In this \\ ay the number of cells remain-
ing attached to the glass wall aftci infection \\, as followed.

As showiT in Flu. +, half the monolayer cells \\, ere lost I)y the 15th hour aftcr
infection. This is in sharp conti'ast to results of a similar experiment using FL cells,
in which there was little chanue in thc 11uml)CT of cclls durinu the fii'st 3 days a. fter
Infection

TIT stained preparations of L cells inoculatcd will} a high viral dose, pyknotic
nuclei \\, ere found froin the I Otl\ IToui. after infection ancl thereafter they .'radually
incrcased in numl)er.

Early disruptioiT of the L cells may lirevcnt further virus maturation in them
and this may lie a cause of Ihc 10\\, virus yield ?. ncl alJol'tivc infection with L cells.

I)) Do$4 jar/, o11J, gi'o101/1 c"I'dJ of -Go' aji'!!r o11 L cell n!o110/4y, I'J rind coll, 1111',!11
c, //illai' i',$101!J, J

Thrcc viral concentrations, containing 108,106 and 104 TclD-o per 2 inI,
respectivcly, \\, CTe I, repared. Two IT\I aliqtiots of these salT!PIes were introduccd
into three series of 1,0111cs, caclT containing 3.0 x 106 cclls. The Iiottlcs werc then
incubatcd at 37'C for. 2 itours.

After the adsorption I)eriod, Ihc inocula \\, erc discaided, the monolayci. s wetc
washcd \VCIl and Ihcn Incdium was introduced. At appropriatc intervals a 1,0111e
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Fig. 5 The Growth of -GCr Miyama Strain on L cell Monolayers
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from each series \\, as taken out of the incubator and the culture fluid was removed

to titrate on FL monolayers. At the same time the numlJer of cells remainino on
the IJottle \\, all was counted

The results are shown in F10.5. After initial 10\\, liters net\\, ecn 4 and 61toLITs

after Infection the curves all rose to Inaxima at the 20tlT hour after infection. The

maximum titer of each series, however, was lower thaiT that of initial input virus
added. In the series of cultures infected \\, ith the highest viral dose, the experi-
merit was stopped at the 48th hour after infection. The two curves for. low viral
doses decreased after the maximunl and fom. days after. infection no virus could
be detected. The mediunT was chanoed on the 5th da\, after infection and there-
after daily. In the cultures inoculated witlT the highest viral dose, total cell de, 'e-
neration occtirred, while in the othei two series of cultures there \\, as an increase
in the numlJer of cells and the series of cultures inoculated with the lowest virus

input always contained the most cells. In the cultures inoculated witlt two in I of
106 Tcl050 of virus, focal lesions were sometimes seen I)y microscope, I>ut finally
they could not I>e distinguished due to cell proliferation. Further change of the
medium did not induce extensive cytopathic changes

c) C, /!111ai 1,310iiJeJ 10 adj'ionJ do, ,J of all'NJ

The relation of viial growth to cellular. ^esponse is presented al, ove. Further
experiments on the latter were pel. formed using various doses of virus per 2 in I
Six different viral samples were made I, y the three fold dilution method. Two
in I allq\lots of each viral sample \\, ei e inoculated into a series of I'Dttles. After
a 2 hotir's adsorption period, the in DCulunT \\, as replaced I, y medium. SUI)sequent
cellular. responses in each series of cultures were followed at appropriate intervals
after inoculation. The results are shown IT, Fig. 6. JIT the cultures inoculated
with an input virus multiplicity of more than I, total degeneration of cells occuri. ed.
As liput ITTultiplicities decreased I)elo\-\, I, c\, topathic changes <1ecreased and the
cells proliferated. SUI, cultures were made of these pi. o11fcrating cells. \,\!hen
these were exposed to a ITigh titer of virus of approximately 10s TclD 50, they wei'e
destroyed completely. However, no phenomenon analogous to autointerference
\\, as demonstrated.

Nil ,\ND KA!\{AHORA

d) 1:1ec/ of '81/1/1ni conchiionJ on aji'a/ ,I o:0/h

TIT a system of L cells and the A{Iyama strain of herpes simplex virus, viral
growtl} seemec1 10 I)e more or less influenced I, y the PITYsiological conditions of
the cells. The latter in^, be related to the days after cell seeding and therefore
three different cellular conditions \\era choseit to study, the effect as follows. One
series consisted of two day old cultures and the second series of four days old cultures
These were noth infected IJy the routine method. The third series of cultures \\, ere
inDCulated \\, ith virus at the time of cell plantinu. In the former two series, each
culture contained 3-+ xi06 cells and \-\, as inoculated with 2 inI of viriis of 106

TclD~0. In the third series of cultures, one and a half inI of virus of 2.5 XIOG
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inoculoied wiih a virus diluiion of I : 31
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,.^,. incculaled wilh a virus diluiion of I ^ 33

.---. inoculoled wilh a vlrus dilution of I, 34
~- -, inoculoled wilh a virus diluiion of I ^ 34'10^ * _^

Th e Undiluied original sample conjoined I . O X I OS TclD - per in I
in I o11quois of each diluled sample were in DCuloied in 10 boilles

,
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Tcl050 was inDCu!ated jilto a 1,0111e, \vlticll hacl I)cen seeded with 1.6 XI06 cell
inst liefore \, Irus Inoculation. In this series uriadsorl, ed virus was not discarded
and I}or were cells washed. S\11)sequentl\', thc super natant fluid of saltt Ies of these
Ihrec series of cultures werc litratec\ at intervals. Results arc shown in Fly. 7.
Only, lit the CLIllures of tl}c thirtl scries did cytopathic chanpes finalI, a, car. T\\, o
and four cl^, old cultures releasecl \, irus for. 2 weeks, the former al\va s ITavin . a
slightly ITigher titer.
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DISCUSSION

Studies o11 the growth of ITerpes simplex virus have heelT made Iiy many investI-
pators us intr various kinds of host cells and \, irus strains. Using L cells 10\\, vim
\, leids have I)eelT reported by some authors, while some host cells produced 1.1gh
virus titers (Scherer, 1953; Kaplan, 1957; Po\\, e11,1959; Hoggan, 1959; I**jig/ al. ,
1961 ; Scott at at. , 1961). Our experiments have sho\\, n that Earle's L cells litfected
with the Miyama straiil of herpes simplex virus consistently produced lower liters
of virus than FL cells. This phenomenon may IJe generally describecl I)y the
word "sriscepi. Ibility". This \\, ork is an analysis of 11}is prol>lein at a cellular level.

In a svstem of FL cells and the -CGr A, 11yama siraiil of herpes simplex viius
it has already been reported that the numlJer of infectious virus particles expected
from a count of 11, clusion IJearing cells detected netween 8 anc1 9 1.0urs aftei' In-
fiction coincided \\, itIT the viral titer counted I, y the microplaqIle method. Due
to earlv disruption of infected L cells, the time of rec\, cling could not I, een asceT-
tamed and <1ue to dimculties in the PIaque couliting titration nTethod in this cell

IJetween the ITUmliers of virus particles measured as piaqueline, a comparison

forming tinits and as inclusioiT forming units \\, as impossible. Howevei, in FL
and L ccll monola. yets exposecl to the same dose of virus, approximately the same
number of inclusion nearing cells appeared. Benporat at a!. (1961) reported that
noninfectious virus pnrticles of pseudoral)Ies produced I, y Alitomycin C partially
retained their ability to induce Intranuclear Inclusions. Therefore it seems signi-

when the same viitts material was Lisea, the numlJer of virus particlesIicant that,
inclusions ill the two cell lines \\, as found to I, e equal.effecting

On the other ITand FL cells gave a I". Ighcr value in infective titrations when
free virus was used. This may IJe due to the following two reasons. I) Of the in-
fected L cells \\, ith inclusions in the nuclei, only some form infective centei. s so
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that many infectecl cells give rise to abortive infections. 2) Infection of L cell
monolayers in a\, I)e arrcsted due to the 10\\. viral yield.

A similar phenolnenon \\, as repoitccl I)}, Roizman, \\, ho showed I, \, simultaneous
titration, that flee Nip virus of htrpes simplex \, irus induced nearly twenty times
mole p, Ivkarvoc\, res in cultures of HEp-2 cells Ihai\ in cultures of mouse enlbryo
., Its (R. I'm an, 1962).

111 our experiments PCrformccl to know the number of infective centers formed
bv I, cells, virus samples of a titer that did Ilot cause multiple illfectioil were used
and it \\'as sho\\, n that infected cells often gave rise to abortive infections. If thev
ITad IJeen 11\fecied with a hirrh multiplicity of \, irus particles, they, inI, 'ht Ilave
released much extracellular virus. This I)OSsil)illty cannot been ruled out.

The significance of thc eosinophilic substance of I}eipetic inclusions is un-
known. Inclusion formation ITot accompanied IJy a significant dose of infectivc
virus particles \\, as also reported I)y Relssig 81 a/. (1961). The latter authors
invest 10atecl the effect of 5-Fluorouraci1 o1T pseudoral)Ies growth in cells
anti o1)served ITlorphological changes. Ou^ methods differed fionT 111OSe of the
ajiovc authors, though o\n^'esulis may I>e Tclated to theirs. Less densc eosinophilic
masses were secn in infcctcd L cells than in FL cells, allhouoh this ITla\, lie related
to a clifference in the ITost cells used

11T o11r carlier paper \\, e repoited the serial transfer of tlie o11ginal viriis popula-
tioii of the A, 11\, am a strain of ITcrpes simplex virus on L cells for. ITalf a yeai. ancl it
was 1.0inted out that these cells ITad a lower susceptibility to infection, than FL
cells. One clifference 111 expcrimcntal conditions used in Ihc prcvious experinTents
and the present ones is in the capacity of the cultui'e 1,0111cs LISed. 200 inI 1,0111cs
\\, crc Lised iiT I>Levious \-\, ork and 50 In I ones 111 the present \\, ork. The Iattei callsed
a slightly earlier droj, of pH 11}ai\ the formcr and this delicate I)hysiological coi}-
ditions of Ihc CLIltures may an'cct vii'us growth o1T L cells.

Differc!it virus gr0\\, 111 1< inetics in different ITost cells ancl diffcrent virus strains
may affect the I'esults of expel'jinents witl\ chemical and PITYsical agents. There-
forc it is Important to see \\, he ther complete \, Irus growtl\ occurs in a givcn ex-
PCrimenlal system.

The virus latency. of hcrpes simplex virus in ui, o is a VCrv interesting prol)Iem.
TIT L cells infected \\, ill\ a 10\-\, \, irus input of the -CGr Miyama straiit of I\GTPes
virus, \, irus soilTetimes disappeared after Infection, \\, hile cells I)rollfcrated and
sonTetiines SUI)cultures could I, e made. The latter cultures, 110\\'cver, ale not
resistant to a secoiicl dose \\, Ith a 11. igl\ titer of \, irus and tllCTefore the PITcnoiT}enon
does not TCPi'esent cithei' a Ivsogcnic state or a stale of \, ITal autoiiiterference.

TITe earliei disi'uptioit of L cells than of FL cells after infection, is a nTorc 1,1010-
gicalj>ToI, ICm. Titis c\, 1010glcaldiH'CTencel)etweeil the I\\o celllines is 100 coinplcx
to cxplain. Experiments are no\\' in I)Togress us 111g PS cells
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