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BIKEN'S JOURNAL 4.75.96 (1961)

Studies on the Growth of a Newly Isolated* **
Herpes Simplex Virus in vin. o

I. On passage or a 11cwhy, isolated hcrpcs simplex virus (Miyama strain) on FL monolayers
two subsirains were obtained from the parent virus population. One causes syncytial formatioit
or Initcted cells and the o1hcr does not.

2. These two types or \, irus also showed diffciences in their on^OWLh curves
'The gian! cell-producing \, irus (+CG strain) callsed early destruction or FL cells, \vhilc cells

initcted with. the \, irus \vhicll did not form gianL cells (-Go strain), only bccamc rounded. and re-
maincd attachcd to the wall or the glass culture bottle for several days. Tl, e titer of intracel!ulai
virus with the +Go stiain was maxima1 16 hours artu. infection. SubscqtienL titration or cell asso-
ciatcd virus was very dimcult because destructive effects became severe as iiTlbction proceeded. How-
c\. er in the -Go strain virus the liter or cells continued to increase after 16 hours

3. Thc +CG strain produced giant cells in HeLa culls and L cells as well as in F1, cells but
}. cells disruptcd so carly artci inkction that they dicl ITot form as large syncytia as those seen with
the other two cell strains

4. \\'hen different types or virus were present in a singlc viral sample, the Iesponsc or FL cells
\\'as Influenced by the viral dose

5. Histochemical changes in infected nuclei were studied

SHIRO Nil AND JUNTARO KAMAHORA

Delay!"!e, 11 of Patho!og),, Tile Refearch In Jinu!elm
IWicrobi"! DJ'se"Jar, Of aka Uniuerri4, , Of@Att

(Recei"ed/or 1116/1tn!io, I, April 20,1961)

SUNli\TARY

The formation of intranuc}ear inclusion bodies in cells infected with herpes
simplex virus is recognized as a characteristic change induced by this virus.

Recently, there have been many, reports on the growth of herpes simplex
virus In various tissue culture cells (Scherer, 1953 ; Scott at a1. , 1953; Schrer and
Syverton, 1954 ; Kaplan, 1957). Studies on the abnormal changes induced by
this virus in tissue culture cells revealed various new inorphological characteristics
which were not recognized in ill DIDo experiments.

Gray at a!. (1958) reported that infected HeLa cells showed three cytopathic
types of response, e. g. proliferation, non-proliferation and giant cell formation.
A10re recently, Scott and MCLeod (1959) reported further observations on cellular

INTRODUCTION

* A part or this work was aided by a grant from the IVimistry or Education or Japan
** This work was reported at the Annual Meeting of the Society orJapanese Virologists, in Kyoto,

on October 27, 1960.
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responses to infection witlT herpes simplex virus and distinguished two different
virus types, giant cell forming virus and non-giant cell forming virus.

In this laboratory a strain of herpes simplex virus \\, as isolated from the vesiculer
fluid of a patient \\, ith helper labialif, on August 2, 1958 usino' FL monolayers.
It \\, as thereafter serialIy passaged in ajii'0. To date many experiments, chiefly
on the in orphological changes of infected cells, ITave been made with this strain
(Nii, 1960 ; Nil at at. , 1961). Results are essentially the same as those of Scott at
dl. , although our data differ from theirs on some points.

This report describes the cellular response to herpes simplex virus in Din o,
showing that it is dependent not only on the strain of virus but also o1t the type
of tissue culture cell.

XII AND KAAJAHORA

11 r\{buma JimJ"

hold!ion and bib!oncal ninjac!,, J
As all'eady reported, a stiaiiT or herpes 51mplcx \, litis was isolated o11 FL ntonolayers from the

vesiculer fluid of a patient \\. ith lieneJ lab^hilt. The panellI liar subsequently suffered recurrent
attacks (Xii, 1960)

This strain calT be serialIy passaged on FL monolayers ancl causes severe cytopathogenic effects
A neutralization test was used for. identification using rabbit antiserum obtained from Dr. Yoshino
(NIH, Japan). This strain was designated as the Miyama strain. The culture fluid of infected
FL nTonolayers was used as the viral sample. 11 was collected when the destructive changes of the
monolayer became advanced and was centrifuged at 2,500 IPm for 10 ntinutes. The supernatani
contained about 108 Tcl050 per inI

The biological chai. acreristics of this strain are as follows
A. \VheiT ail 1110culum derived from the culture fluid was introduced onto the chorioallaiTioic

membrane of 12 day old embryonaled eggs, small white pocks were formed by matei'iai at an ap-
propriaie dilution. Histological examination of the infected membranes showed 111e formatioil or
intranticlea^ inclusion bodies. These membranes served as a virus source for subsequent passages

B. Intracerebral inoculation of a \, it al sample from infected FL cells into adult mice caused
convulsions and clcath, but if in DCulated intraperitoneally the symptoms were slightly different;
convulsions occui I ed hist, followed by paralysis or the hind limbs and the it death. \\lith the same
viral dose lethal effects were less following injectioit by the latter route. Cerebrum to cerebrum
passage \\, as also possible.

C. Ehilich ascites tumor cells were susceptible to the virus. 101'ming distinct intranuclear
clusion bodies

D. The host range of the virus was tested with se\, eral tissue culture preparations. Infection
of HeLa cells and L cells as \\, ell as FL cells was possible and all formed intranutlear inclusion bodies

2) HF strain
This strain was obtained from Dr. Yoshino and compared with the ;\Iiyama strain.

2. Cell5

initr$

A1ATERIAl, S AND METHODS

HeLa cells and FL cells were obtainecl from the National Institute or Health, .Japan and Earle's
L cells from the Institute for. infectious Diseases, Tokyo. These cell strains have been subcultured
in this Institute. 200 in I aiTd 50 inI prescription bottles were used. The L cell strain of mouse fibro-
blasts was grown in a medium consisting of 95 parts of Hanks' balanced salt solution containing
0.1 per cent Yeast Extract and 05 per cent Iactalbumin hydrolyzate and 5 parts of bovine serum.

In-



The growllT mediLiiTt or HCLa cells ancl FL cells was camposcd of 85 parts or Earle's salii, c containing
0.5 per cent IactalbumiiT ITyclrolyzate and 15 parts of bovine serum. I, cell trioitolaycrs were pre-
palecl in the 10/10\\ing \\ay. The mainieitaitce riterliLiiit or stock cuntiics was rcmo\cd from the
borncs. L cells were cletached nom the glass wall of the CLIltui'e bottles by spraying 11tc wall \. Igor-
on sly willl about 5 in! or Ircsl, ritediuin front a bent tipped pipette. Cell suspensions were ntade
b\. pipctting the IiqLiicl back and forth into thc pipetic. Dispersed cells wetc diltitccl to Ihc desired
concentratioi, \\. ith fresh medium anti freshly prepared cell SIIspensions were introduced into the
bottles. After 3 to + tlays. con!inuoLis cell she CIS were formed. Ccll monolayers or FL cells and
HeLa cclls were picpaied front yotiitg anti \. igoioiisly growing cells or contiiluotis stocks. Thc cell
sheet was \\. ashccl witlT t\\o changes or Ca- and \Iq-free PBS, aitd Ihc cells \\. erc disperserl in a I
20,000 solution or sodiunt \'trsenaic in Ca- anti A. Ig-free PBS after 5 - 10 minutes' incubation at
37'C. Dispersed cells \VCIc scrlimcntccl by ceniiirugJtion and resuspendctl to the desirecl concent-
ration in flesh nlcdium. Thc r'sultant dilutecl suspensions wei'c IntroducerI into 1,0111cs o1' test tubes.
ConnLicnt cell sheets \\crc nlade will1111 3 clavs

FDi' ntorphological obscr\ atjolt or infoctcd c, 11*, ino1tolayers werc preparecl on 10 x 50 nTm
co\ CISiips in nat 51dcd test Iubcs

3. In/,, 11,141 1/1/'110, I,

Titratioi, s orinfcctivii\, were cariiecloutin FL cclls orl, cellsl)yihc 50 PCI' cent endpoint nlcihod
in ItIbc tiliatioits (TclDsn). NIOnolayei' culluies \VCrc I>ICparccl in a sci'1.5 or 15 x 100 ntnL t'st
tubes containino' either 2 I 10,171. cells o1. L cclts. Thc nutricnt mudia were reino\, ed froin 11, c

itsI tubcs ai, d 0.1 o1 0.2 inI or viiiis sample was atIdcd 10 Ihc culls
For' cacll tlilution Ihrcc or Tour test nibes \VCrc used. Tite ICs! tubes wei. c IncubaLcd at 37'0 10

PCrmit adsoi'piion or the virus on 10 the cells attd shaken occasionally to pre\, cnt tile cells from drying
After 3 hours, 1.5 inI or riterlium was added to cacl, tube. Cyiopathic changes in the monolaycrs
on the lust tubes \\'crc obser\, CLI macroscopically and microscopically Ihi'ough the glass wall. Filly
per ccnt cyiopathic doses weic calculatecl by Lhc Recd aitd ATucnch inclltod from the number or
Iest tubes showing cytnpathic cltangcs within a 6 clay obscr\, alloit period

4. I\{o1/11/'10gic"! rib$, Juano",

A. CLIlturc cclls were sindicd undci the nTicroscopc Ihi'ough the wall or Ihc glass bottle and
phDiographcd

B. Cclls growl, on coverslips were used to study intranuclcar inclusion bodies. Titcy \VCI'c
washecl Iwicc with PBS, fixed with Bouin's fluid and stained witlT Harris' hcmatoxylin ancl cosin,
or fixed with methanol aitd slained with Giemsa's solution

C. The ECUlgen rcaclion was Lised 10 SLudy inclusioi, bodics in cells histochemically

STUDIES ON THE GRO\\'TH OF HERPES SINIPLEX \'IRUS 77

I. Ifoltt/1011 of 25"b$/rainJ of Ihe I\{,!dina 3/7nti!

As described al)ove, the Miyama strain was isolated from a patient onto an
FL monolayer. First and second passages on FL monolayers were followed by
five passages on HeLa cells. The data from this passage series are shown in Table
I. In each consecutive passage I - 2 in I of super natant fluid of the infected cultures
was introduced onto a freshly prepai. ed cell monolayer together with 8 inI of culture
medium. Within 20 hours after viral inoculation, most of the cells showed cyto-

pathic effects. The cytopathic changes in irffected cells remained the same, e. g.
rounding for a long period subsequent to isolation of the virus. At the fortieth

RESULTS



78

passage a new change appeared, Ilamely the appearance of Itewly formed giant
cells \\, ith hundreds of nuclei

Table I. Isolation and Serial Passages of the Miyomo Strain of Herpes Simplex Virus

NII .\\D KAMAHORA

2/8 '58
4/8

6/8
8/8

11/8
15/8

20/8

21/8

23/8

26/8
28/8

4/9

6/9

8/9

15/9

FL *

F;, ,

F;:""'!:""' L4 ,
its Ht5\L5 I CPEl+I
FL Hj, CPEi+! L5
He , CPEi-I

HL7. L7L7, HL7

L8 FL8

.

FLa

isolated from the vesicular fluid of

a potienl with herpes labial is

'59

FL9

FLj o
ELjj

FLj2

FLja
FLj4

FLj5

.

15/1

.

7/4

8/4

10/4

14/4
23/4

30,14.23/5

'60

,

frozen o1 -70'C

FLi0_35 20 passages in 1959. of
intervals frozen o1 -20'C
in a deep freeze

frozen o1 -70'C

FLg e

FL 187_4.0, 01 in Iervols viral samples
FL4'

In other experiments a series of twenty test tubes \-\, ere prepared, each tube
containino' about 2 x 105 FL cells. Viral samples were derived from infected FL
cells (No. 47 passage) a. d tenfold dilutions of the virus were prepared in the medium.
Cytopathic changes in a series of test tubes inoculated with viral samples proceeded
as shown in Table 2. Of the four test tubes inoculated with 10-6 dilutions of virus,

HL- HeLo cellsFL= FL cells
* Number of virus passage
O The culture fluid of the in Iecied FL cells corresponding 10 the 43rd

passage was transferred on on L cell monolayer and then consecuiive
passages were performed on L cells. The passage number of this series
was recorded OS Lj', L2' etc

, ,

.

were frozen of -20'C

'FL

FLj^\,
FL42-45

it 40
. ; 0 43"

L=EQrle's L cell



one formed a large syncytial cell sheet covering nearly all the tube : the destructive
effect was more severe than in any of the other test tubes which showed cytopathic
changes. Although giant cells were formed in the other tubes, they were rather
few in number and most of the infected cells appeared only to become rounded.
When the culture fluid was removed from the test tube and introduced onto FL

monolayers, the cytopathic changes became quite different from those which had
been seen during consecutive passages and the 1st Go virus population was obtain-
ed. A comparative study of the in orphological charityes of infected cells was made
using two virus populations ; one was the 1st CG virus population and the other
was derived from virus of the 43rd ill vitro passage, e. g. FL+3'. As shown in Figs.
I and 2, these two populations differed very much from each other in the inorpho-
logical changes which they produced on FL monolayers.

STUDIES ON THE GROWTH OF HERPES SIMPLEX VIRUS

., V. *

in, $^;;?^^*:\>e, t^ <3'b -';^^"'
s inf ecfed with

^,..

GC virus. 23 hour' offer inf ecfion. I 1201

.,"

" :^.,~,

,.,. ,^.^;^:. ' ^,; . a

, ,. ,-, $, 1 ,:_I;^; ',":
' ' * I^.^:^;'

^

~

Fig. 2. FL cells infected with -GC virus. 23 hour' offer infec, i

,s

120)
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^ conceniroiion of virus

Table 2. Isolation of +GC and -GC Vims Strains

FL47

Ihe 1st limiting dilution

CPE in test Iubes

NTT AND KAAIAHORA

the 2nd limiting dilution
\

10~, 10~11 10~710~810~9

ee. .: ;,

I leee. .
ee, .
Gee. .

^ Geee.

5 passages of the 2nd +GC virus
populoiion on FL cells

IFL, 4- s 81

Ihe 3rd limiting dilution

+GC virus

10~410~310~I; 10~710~8

0.00 .
00.0 .
000.0
0.00.

4 passages of the 151 +GC virus population on FL cells

I cbncenirolion o1 virus

IFL4 n - s 21^ , _

I*

IFL4s'

+ GC virus population was obtained
as I o110ws

One tube I*marked! showed a large
syncyli. I moss in a cell sheet. The
cullu re n uid was removed, ironsf e red
onto on FL monolayer and passaged
serial Iy

concenlr. lion of virus

CPE ratio

--- --, FL,

the 2nd limiting dilution

I I 0 ~ " I I 11 0 ~ ' I 1,1'1 0 ~ " I J 131 0 G I o ~it- 51 1-11 0~ " 51 Jigi O ~ U-, I }131 0 ~ "- 5
120120 19/21 13/19 ,4/20 IFL5n120/20 11/20 4/20,2/201FLunl

inducing CPE.

^, The culture fluid of one of Ihe four , The cullure nuid from one of Ihe Iwo

and subsequent passages were mode

\

I I

IFL, 31

10~I 10~:! 10~"

11 ; I I
$<, .
G G . IFL, 41

5 passages of the -GC virus
populalion on FL cells

IFL, , _ ,, I

Ihe 3rd Iimiiing dilulion

- GC vir us

test tubes wiih CPE was removed and

subsequent passages were mode

it I"I-"31FLIu"-, 21

Growth curve experimenis were performed using +GC and -GC virus strains
IFL, 31 IFL, 41

Ihe fourth limiting diluiionIhe fourth limiting dilution
ifLu4' IFL0 51

FLI",-78!FL i's-771
IDec. 19601 IDec: 19601

Giant cell formation in o11 Iesl tubes

. Iesl tube in which CPE was seen

o test tube in which CPE was not seen

G : jest lube in which CPE of +GCjype occurred
e : Iesi Iube in which CPE of-GC type occurred

The data suggest that cytopathic changes of infected cells depend upon genetic

Cell rounding in all test tubes induc-
jug CPE.

I -GC clone was obtained OS follows

--I



STUDIES ON THE GRO\\!TH OF HERPES SI\IPLEX \11RUS ill

characters of the virus particles. To ascertain whether giant cell formation 1:1
tissue cultures calt lie used as a genetic ITTarker, a series of isolation procedures
\\, as Inade.

At the end of the +th passage of the 1st +CG virus population, the growtlT
cycle of herpes simplex virus on FL cells \\, as studied. For titration in this ex--
perlment, ITine series of test tubes were I)repared and for. each titration of the ITine
viral samples one series were used. In T'al)Ie 2, only two series are listed.

In 95 test tubes cytopathic changes occurred. In 93 there \\, as syncytial
formation, while in the remaining 2, cells responded only by roundin. '. A -CG
virus populatioi} was o1Jtained from one of the two test tubes.

The data showd -CG virus was yet present in the 1st +Go virus population.
Further large scale purification of each virus population \\, as made. The

viral sample of the + GC virus population was diluted serialIv tenfold up to I
106 and the -CG virus population_ \\, as diluted up to I : 106-5. Subsequent dilu-

tions \\, are made Iiy three fold diliitions, as showi\ in Table 2. 0.1 in I allquots of
eaclT dilution \\, ere introduced into al)out 20 tubes, eacll containino about 2 x
105 FL cells. Thus fom' series of tubes were trioculated respectively with four
different \, irus dilutions, and then incubated at 37'C for. 3 hours witlT occasional

shaking. After this adsorption period, fresh culture fluid was introduced into the
tubes, which \\, ere then kept at 37'C for. 6 days. Cytopathic changes in the test tubes
in each dilution occurred in the ratio shown in Tanle 3 and the type of change,

Table 3. Virus Particles Necessary for Induction of Cylopa, hic Changes in Test Tube

Virus dilui!on

X I On

x 3.10u

I32 .I o6

I33 .I o0

Number o1 tubes Iinducing CPE per
tubes tested

20/20 -

19/21 12.35 7.1XIOU 1395/1.9xlOU 53916.2xlOU
10.4xlOU I 2372/3xloG,3/1' I '-15 3533/8xlou

I0.224/20 6.0x106 : 0,8222. IxlOG 1.5441.6x10"

S , Multiplicity of infection calculoied by Poisson's disiribuiion
funclion from the rollo of infected test tubes in a series

Virus; +GC siroin

Virus dilution

S
if:. 2
s X dilution

XiOG. 5 I 20/20

X3-lo6.5 11/20

X32.106.5 4/20

Mullipliciiies ICOlculoledl

Number of tubes

tubes tested ' ~
I S SXdilulion

x 33 - I o6.5

S
if)2
s ;!~diluiion

2/20

S

0.80

if>. 3
s X dilution

0.22 2.0xioG 5 o. 82

o. 10 2.7xi0, -51 o53

Multipliciiies ICOlculoledi

2.4x10,5: 1.84

S

Virus; -GC strain

if>2
s X dilulion

5.5x10" 53.10

7.3xjou. 5,1.53

9.3XIOti. 5

13.7X10, .5

14.5 x I 06 - 5; I. 10 29.7 x I OU. 5

S
if>3
s X dilution
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e. g. the +GC type or the -CG type corresponded strictly with the kind of ino-
CUIum derived from either the + GC virus population or the -GC virus population.

The ratio of infected tubes in each series indicated the probability that they
were infected by the inoculated samples. The relationship between multiplicity
of infection and the ratio of infected tubes in a series apparently fitted the Poisson's
distribution. As shown in Table 3, a test tube of FL cells suffers cytopathic effects
as a result of at least one infectious virus under these experimental conditions.
Thus the cytopathic changes occurred in tubes inoculated with the lowest con-
centration of viral sample may be induced by a single virus particle. The culture
fluid of these tubes with low viral inocula was removed and serial passages were
made as + GC and -GC clones respectively

Thereafter these two established virus strains were serialIy passaged \\, ith
occasional isolation treatments

NIT AND KAMAHORA

2. The gi'ore/h of hellieJ simplex anti$ (, Miromd r/lain) o11 FL mono/ayeir

As mentioned above, two viral clones were obtained differing in the cytopathic
changes produced on FL monolayers. It was of interest to see whether there was
any difference in their orowth kinetics on FL cells. Three growth curve experi-
merits were performed using viral samples, from the + CG virus population, the
+ CG virus clone and the -CG virus clone, respectively. The latter two experi-
merits were carried out under coinparable conditions to the two strains

A. 010zu/h CUI a, of Ihe +GC ant!J population
Viral material was derived from the culture fluid of infected FL cells at the

fourth passage of the 1st +GC virus population, which corresponded to the 52nd
passage in milo after virus isolation.

A 200 inI prescription bottle with a monolayer containinu 1.1 x 107 cells,
as determined by cell counts from parallel bottles, was washed 3 times with 2 in I
of fresh medium and then inoculated with 3 in I of virus sample containing 2.6
x 108 TclD-0. After 2 hours incubation at 37'C, the culture was washed 5
times with 5 in I of Hanks' BSS and then 8 in I of fresh medium were added and

the bottle again incubated at 37'C. Bottles were removed from the incubator
at intervals and the virus, both in the medium and in the cell fractions were titrated

as follows. The culture fluid was removed and centrifuged and the super natant
was titrated. To test the infectivity of cell associated virus, cells were washed
three times with 3 in I of PBS, suspended in 2 inI of it and disrupted by freezing
and thawing ; the cell suspension in a test tube was frozen in a 'dry Ice acetone
mixture and then the frozen viral material was thawed by plunging the tube into
water. The procedure was repeated rapidly six times and the resulting sample
was titrated. Its Tcl050 was calculated by the method of Reed and Muench.

The results are shwon in Fig. 3. The infectivity of the cell fraction indicated
an exponential rise between the fourth and eighth hour, while the titer in the
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Fig. 3. The Growth of -I-GC Virus Population in Monolayer Cultures of FL Cells

nicdiuitl remaincd urichangccl dtiring this I)eriocl. Aftcr 16 ITours the titer in the
mediuin \-\, as a little higher than aftci 81}o11rs anti LITe viral \-iclcl pel' cell \\, as esti-
Inatec! to Iic about 13 Tcl0,0.

Concuri'cnL Ino1'phological changes \\, CTC also studied. As early as 8 I}out's
after litfeciion, cytoplasmic me runrancs IJetwecn ITci, I^houriiw' cclls I)ccamc fused
so that the nordcr of eaclt ccll was lost an <1 a numl)ET of nuclei a )earcd to bc
embedded in a Iai'gc nat cytoplasmic sheet.

B. GIDi, //I cilia, of Ih, +Go r/1,111

A viral sample was o1)laincd froin the culture fluid of infectccl FL cells on
passage of strain + CG whiclt corresponded to the 62nd passaoe after isolation.

Replicate monolaycr cultures in 50 nlI IJOLtles it, CTC I, repai'ed. EaclT nottlc
contained 2.4- I 106 cells. Thcsc were infected with 2InI of virus sus ension
of a titer of 2 x 107 Tcl0,0. The culturcs werc inctiliatcd at 37'C for. 2 hours
with occasional shaking. After the adsorption I)CTiod, Ihc inoculunT was removed.
Then nTonolayers were washed 5 times \\, itIT 10 InI of flanks' BSS and 5 inI of fresh
rocdium \\, as introduced onto eacl} monolayer. TITe bottles were incubated a, 'am
at 37'C. Two nottles were taken out at intervals fronT the incubator.

Infectivity of viral samples both in the ccllular fractions and in the medium
was titratecl by the same Inethod used to study the o1'0\\-TIT of the + GC virus >o u-
Iation. \\;heIL ccll suspensions for. virus titration in the cellular' fraction were
prcpared, \-vashing of the infected ntonolaycrs Ilad to IJe omitted, IJecause the
destructive effects of strain + GC on FL cells were so severe that washing detached
the cells from the nottles \\, hen cytopathic chanoes were advanced.

The results are shown in Flu. 4. The infectivity of the cell fraction rose be-
tit, Gen fom. and a ITalf and 7 hours and increased exponential Iy. NO Ia, ' hase
was detectable. The virus titer reached a maximunl of 6.3 x 107 Tcl050 per
bottle at the 16tlt hour after infection. It decreased between 16 and twent and
a ITalf after infection, perhaps due to cell disruption. The virus titer in the Inedium

,-^

virusinpui^ 10s-4 TclD-u per bottle
cells, I. I xi07 per boille

o-^

virus in cell debris

virus in medium

111er o{ incculumA
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rose between 7 and 9 hours after infection and increased exponentialIy to the
12th hour' It continued to rise after the 16th hour and reached a level of 2.3

x 10' Tcl050 per bottle at the 12th hour' The growth curves for the titers in
the medium and in the cell fraction crossed between 16 and twenty and a half
hours after infection. lit this experiment the average viral yield per cell was
100 Tcl050-

Concurrent inorphological studies were also performed. Cytopathic changes
induced by strain GC appeared to be like those caused by Go virus population.

o 2468/012141618202224
Hours after inoculation

Fig. 4. The Growth of GC Virus Strain in Monolayer Cultures of FL Cells

virus input : 107-3 Tcl050 per bottle
cells: 2.4 106

-^

o^

virus in cell debris

virus in medium

titer of inocuium,

. 5^. t

Fig. 5. Monolayer of FL cells infected with the GC Miyomo strain. 9 hours offer virus
inoculation. A10rge syncytium of the cell sheet is seen. I 1201



As early as four and a half hour after infection, there was some breakdown of cyto-
PIasmic membranes between two or three neighbouring cells on the monolayer.
The borders of the cells were gradually lost as infection proceeded. At the 9th hour
almost all cells in the monolayer had fused into a large syncytitim, which spread
all over the wall of the bottle and very few cells remained unchanged in the sheet
(Fig. 5). Many nuclei appeared faint, due to the difference in their refractive
index from that of the syncytial cytoplasm. As infection proceeded, nuclei with
rather sharp outlines gathered in one part of the syncytial cell and the rest of the
syncytium was devoid of nuclei. Tl. ,e gaps between syncytial sheets became larger
and detachment of cell masses began at about 12 hours after infection. At the
20th hour much membraneous cell debris had become suspended in the fluid
medium and disruption of the syncytium had increased. (Fig. 6)

STUDIES ON THE GROWTH OF HERPES SIMPLEX VIRUS

C. Growth curue of $17. @in -Go

Viral material was derived from the culture fluid of FL cells infected with

GC. The virus has been carried through sixty two transfers in vitro sincestrain

isolation. The experimental method was the same as that described for experi-
merits with strain + GC.

Replicate monolayer cultures containing 3.6 x 106 cells per bottle were
infected with 2 inI of virus having a titer of 2 x 108 TclD After two hours
adsorption at 37 C the inoculum was removed. The monolayers were then wash-
ed 6 times with 15 inI of Hanks' BSS and 5 inI of fresh medium was introduced

onto each monolayer. The bottles were incubated again at 37'C and two bottles
were taken out at intervals for titration. The results are shown in Fig. 7.

Viral titers in both the cell fraction and the fluid medium decreased between

4 and seven hours forty minutes after infection and then rose. Cell associated

@@;'
.,. 9, >

oV'

Fig. 6. The digfruc, Ive effect of Ihe GC Miyomo strain on it cells. 20 hour' offer
infection. Syncyfiol cell debris is seen. ( 1201
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Fig. 7. The Growth of - - GC Virus Strain in Monolayer Cultures of FL Cells

virus incrcasccl alJruptly netween sevcn hours forty in11Lutes and 10 hours after
infection and then oradually tintil the 40tlT hour, with a 5110ht ticcrcase at the
3511T ITour. It reached a liter of 4.4- x 108 Tcl050.

The virus in the Huicl medium increased exponentialIy lietwecn sevcil ITours
forty minutes and I 61}ours after infection and thereafter rose to a titer of 5 x I 08
TclD, , at the 40th ITour.

The alJove data resultecl in the crossin, , of the two or0\\, 11t curvcs I)etweei} 22

and 35 hours after infection. The viral yield PCr I'Dttle at the 4-0tl\ ITour \\, as
9. '} x 10' TclD*o as estimated I)y the value for ccll associated virus litersj)jus
that. for' the liquid I>hase. Thcn averaoe viral yield PCr cell was found to IJe about
260 Tcl050-

In this experimcnt, inICctcd cells I>ccame To uricl I)ut did not form syncytia
and remainccl attachecl for. 4-0 ITours.

D. Coinpdi'd/lag con fir/81'nilo!!$ of gi'ore/h 1,111, /ifr of Ih, 1:003/1'din3
FronT the three gro\\, tlT curves descrilicd abovJ, various differences between

the two strains are apparent.
Althourrh the latent I, CTiod coulcl not be estalilished exactly 1,011T \, irus strains

seemed to increase in infectivc titers in cell fractions in ITcarly the sallTe \vay \IP
to 161Tours after infection. Afte alJout this time the titer of strain + GC decreased

due to early cell destruction, while that of straiiT -CG continued to increase in
spite of the IlIgher titer of Inoculuin per cell used for. experiments \\, Ith this virus
The early disruption of cells I>y strain +Go was consistently observcc! in infections

2

I
"

virus input. 108-3 TclD, o per bottle
cells ^ 36/10" per boille

.-^

o^C

virus in cell debris

virus in medium

A liter of Ium



with a high inoculum titer. As shown in Fig. 8, infected cells began to detach like
PIaques after 12 hours and were much disrupted at about 20 hours'

STUDIES ON THE GROWTH OF HERPES SIMPLEX VIRUS

Fig. 8. The disruption of FL cells infecled with GC and GC 31roins. Macroscopic cyfopofhic
changes of monolayer cells cultivated in 200 in I prescription bottles ore seen.
20 hours Ileff) and 12 hours Icenler) offer infection with the GC strain, 2 days offer

infection with the GC strain trighij.

The titer of strain GC increased rapidly in the super natant fluid and ex-
CGeded that in the cell fraction within 20 hours, This was also true 16 hours

after infection with CG virus population containing a little CG type virus.
Early disruption of cells by strain CG might also be responsible for the early
increase in titer in the super natant.

3. Are wild/fed!ion of the Iron Dirt, $ J!?'@in$

A specific rabbit antiseruin against strain HF was used. 01 in I of this anti-
serum neutralized about 100 PFU of strain HF in 0.1 inI of PBS. In this experiment
FL cells cultivated in tubes were used. The neutralization indices of the serum

with strains GC and -Go were 2.75 and 2.26 respectively. These values
indicated no significant difference between the two viruses with regard to their
irumunological response to the antiseriim.

4. Diffe, ence ill s"364, tibi!ity of L and FL cellJ to the Anjy@in@ stintii

A. Serial passage of the Mir@inn sly@in on L cells (Earle)

As shown in Tables I and 4, consecutive passage of the Miyama strain was
performed on L cells. The original viral sample derived from an infected FL
culture corresponded to the 43rd passage in vitro after isolation from a patient.
Subsequent transfer was made as follows ; when the cytopathic effects on L cells
became advanced, the culture fluid was centrifuged and 0.5 - I inI of the super-
natant was introduced, together with 8 in I of fresh medium, onto an L cell litono-
layer containing about 6 x 106 cells in a 200 inI prescription bottle. At each

87
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STUDIES ON THE GROWTH OF HERPES SIMPLEX VIRUS

The data obtained are shown in Table +. Serial passage of the Miyama strain
on FL cells has already been described. The infective titer of the culture fluids
were measured in the same way as those on L cells and was found to be about

. 1.510' Tcl050 pe" inI. (Tab1.5) These data showed that L cells yielded I
log unit per inI less virus than FL cells did.

FL cells were used for the titration because they always showed a higher
infectivity titer than L cells.

B. The moil, frologic@I 783ponse of L cellJ to the \{jy@in@ $ticin

During the viral passages described above, infected L cells rounded and became
detached from the wall of the culture bottle. The cytopathic changes observed
are shown in Fig. 9. Sometimes focal degeneration occurred ; many comet-shaped

, , a , " ^! ^" a^'; ^", .' ^,;'^ ;$. , , ,.,^!^, , '^^ .$:$^,;,^!**^;^ ;** ^ ' ; - *!^': -I'I. 'q doc ^> ^ . I',^!';;,, It, .,<:':4;,^ '. : "!^" "'a, 0\ . -*;? ,-e;,-e;;,-f"L^.*;, 21 \;;^I. ^ ^^", * " ' ;^,;, ' , , *"' " O'
, .!^ ," " ,\ .. u fo$:g!\ , , *. I

, ^, I^' ^"^; : \' ,.^^!,. if. " " :. ",:' '- { * ;*^jD a^ " ,,'^^%*;!I';*.,-*',, ;$^-?i-,^^,! I:' " ^

*

Fig. 9. Cyfopofhic changes of L cell induced with the Miyomo strain of herpes viru

' .. e. ., '" ,C. . ", I" . ,,.\ A*, 4-.\
'. I t\ ' . ..,\". .,. ' .

, ,,*.,',,,.?' '
I ;'e-1^;<28::;,;<\:-L*-< *,;:<., .!, . ?*,.A.

,

DAG
Qb
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Fig. 10. Focal degeneration on on L cell monolayer infected with the Miyamo siroin.
The cells were cultivated in a 50 in I boltle.

a^..

@.

^.

1201

.. a



in o1 A1aAiieJediuoo v in JugsaJd SPM SriJiA adAi 00 + asn1209q AllsJ!I 'SnOO T UO
UlpJiS PulpAi, \I Oqi JO SOSvssecl leiJas SUTJnp uaas A1aJeJ OJv siloo jugiS SritjJ.
'silo0 '1.11 un uaas asoqi SE PTTAouAS OBJPj SE IUJOJ Jou PIP Kgqi JPqi uOii09}ui '19/12
A1Jvo OS poidnJs!p aJ9m SiloO T Inq U0!1091U! Jane sJnOq g Inoqe paJe9ddv siloo
I'llAouAs 'Jawjouotu aqi in 1211AouAs lieuis AUPui Jo uoijeuiJOJ aqi POSneo pue
JOKEjououijj90 T up o1uo panelnOOU! SPM iru O'ajOL 801 to ? 'sriJ!AjO uo!lulluaouoo
LIS!q V 'QuojO SriJ!A 00 + v oursn paluJOJJad SPM Jugui!J9dxO J9qlJnJ V

'runjnooui aqi

10 Janl IPJ!A 9111 uodn jugpiiadap s! siloo JUEI8 10 uo!letuJoj oqj JPqj smogs 11 SriqL
nounsipui aJom 'IuasaJd uaqM pue punoJ A10JeJ aJam SIIao Iuei8 'Sjj90401 SUIu!121UOO
JOKEjououiT, { tm o1uo PODnpoJiu! aJam Iru Jad ''ajOL 801 InOqE 10 Janl P ql!it
solduivs rel!A painj!pun qonS U9qjV\ 'IPIJ91PIU Iru!A Oqi U! Jugs9Jd SPM sriJ!A odAj
00 9,111 P JPLll punO} SPM 11 '991qe. L my uMoqs ore SIInsaJ aqL 'palpnis aJ9M

SOBUeq0 o1qitzdoiAO BulljnS9J aqL 'SiloO Tar SUTUiEiUOO soqi11 ISOi 10 JOCjuinu e o1ui
PODnpOJiu! pug p9inj!p A10ivlJdOJddv SPM PInu 9Jnitn0 9qi 10 lumpUJadns oqj
'siloo T it10JJ poJajsueJi sriJ!A 10 siloo T. J uo aspssed tit9 pug qig 'qi*- 9ql Jaw

'sJaAejououi TJ
polo9jUi 9111 UO Siloo Turns 10 90UEJP9ddP ipuOiSPooO aqi pompo SillL 'Janej Oqi UO
poses SEd AlleiJas PUB SIIao rJ tilese p9JJc, JsueJi SEA\ PInt} oJnjjno aqi 'siloo T uo
SOSPSSPd OAiin09SU00 13 '19/1v 'SlugUiiJ9dX9 Bull\\o1/01 aqi Aq pore. usuouiap SPM
olduies IUTA aqi un Jugs9Jd SPM SriJiA adAi 00 JPqi low 9qi Inq SiloO T Uo ulpJis
PlugA!,\I aqi 10 98vssed SUIJnp paAJascjo A1aJeJ SPM siloo IueiS 10 UOllPuiJOJ aqL

toZ I I 'sriJ!A xajdui!s sadJaq
jO U!0.15 bulbA!w aqj us!A papa+u! JaAojououi 1133 T UD 10 uo!IDJeue6ep 1030, '11 '6!,

' (I I '81.11) SiloO reuiJou AinuaJedde o1 Jugoe!pe 'siloo popunOJ
10 sJaAej lingAos Aq popunoJJns aJa!\\ spaJP OS9ql AlleoidoosoJoij, v 'SoJnijno AJP
-UO!IPIS U! tnn!POTU aqi u! slugJJno Aq PODuangu! aq o1 paluoas slotuoo asoqi 10 slipi
9111 10 U0!109.1p aqL 'o1 '81.1 my urnoqs SE 'poAJasqo aJ9, \\ SIIao T ou qi!it SE9JP

V>IOHV, VV>I ONV 11N06



STUDIES ON THE GRO\VTH OF HERPES SIA, IPLEX VILUS 91

ratio in the viral sample and secondly because of the early destruction of L cells
after infection.

Table 6. Cellular Response 10 infection with the Miyoma Strain

FL HL
11 V

Virus

FL FL ~
XXXVI XXI IV

FL HL
UV

10~S 016 016

10~7 I 1/6 016
10 " 6/6 016
10~, 7/7 5/7

These experiments were performed using a series of jest Iubes of FL cells. Viral
samples were prepared by the limiting dilution method

FL HL FL FLL signify virus serial Iy passaged 2limes on
11 V \\\VI XXI IV

FL cells, 5 times on HeLo cells, 36 limes
on FL cells, 21 limes on L cells and 4
limes on FL cells

The denominator shows Ihe number of cultures incculaled with Ihe viral sample
@ The numeralor shows the number of cultures in which cyiopolhic effects were seen

C. Hz$!richeinzca{ JIMdier of L rind FL cellJ firec/cd ionh Ihe I\{iyama r{I'd in

A monolayer containing about 3 x 105 cells on a coverslip was infected with
I in I of virus of about I 08 TclD 5 0 titer. .After one hour, the inoculum was re laced
by fresh medium and the culture was kept at 37'C. To follow the progress of
formation of Inclusion I)odies, infected preparations and controls were fixed with
Bouin's solutioil and stained with Hatris' hematoxvlin and eosin at various short
Intervals after infection.

With L cells, thc following results were on tamed. As early as five hours after
infection, a I>urplish pink homogeneous substance surrounded by coarse strands
of chromatin appeared in the nucleus. Pyknosis of some cells was seen within
I O hours after infection. Twelve hours after infection, a variety of chanoed nuclei
were seen, as shown in Fig. 12, some having an inclusion body surrounded by a
clear halo, others an incomplete inclusion body filled witlT a purplish pink ITomo-
geneous mass and the rest showing pyknosis. Cells were completely disrupted
within 15 hours after infection.

These data suggest that the destructive effect of the Miyama strain on L

FL FLL
XXXVI XXI V

Dilution I
11/3/'10~'

11/31 10 "

10~U

10 S

107

10~"

10~3

FL HL
11 V

FL FL
X\\\, I X\I Vl

CPE

@
0122*

2/25

6/23

0111

4/11

10/11

5/5

CPE containing +GC
type response

*

I 0122
0125

2/23

0111

0111

2/11

1/11
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STUDIES ON THE GROWTH OF HERPES SIMPi. Ex VIRUS

Fig. 14. FL cells 12 hours offer infection wilh o high titer of the Miyoma strain of herpes
virus. After fixation with methcnol, the Feulgen reocfion wag performed. I 1600)

Fig. 15. Giant cell, from monolayer cullures of L cell, infected with the HF girdin of herpes
irus. A number of nuclei ore connected together by fine bridges and 910bules

ore scattered in the cytoplasm of the gionf cells. I 1600)

nol. As shwon in Figs. 13 and 14, the nuclei of L cells 12 hours after infection
were positive and had a finely homogeneous appearance, while FL cells at the
same period after infection had a rather coarse appearance'

5. Other starcher on the cellular 78310nse to i?!/;ction with helpe$ Jimp/ex virus

The response of HeLa cells to two types of the Miyama strain was studied.
Both types of virus were introduced onto HeLa cells and the latter shwoed cyto-
pathic changes corresponding to the type of the virus, as in FL cells

For comparison with the Miyama strain, strain HF obtained from Dr. Yosliino
was used. The cytopathic changes in FL and L cells were studied. Many giant

virus.

,
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of infection, while the piaque I)y -CG \, 11. us is chie^, composed of rounded cells
11T a series of experiments LISing the A{Iyama strain. it \\. as noted that in early aene-
rations of passage after isolation, a ITUml>er of microscopic I>Iaques of round cell
types \\, ere seeiT on F1" cells but the + GC type failed to sho\\. an affect, sri. o estiiiu
that there \-vas little if any -* GC vii. us

The question therefore arises as to what regulates the increase in +CG type
virus in the parent \, Irus population. Gro\\, t}I expcriineiits showecl that -!- GC
type \, irus caused earlv destructioit of FL cells and attained a little ITiuhe: liter

in the culture fluid than did the -GC type virus. HD\\, ever, it is not certain
\\, he ther the former factor is advantaoeous 11T causing an increase in The nunlher
of +GC type over the parent -CG viral population dunno serial passaoes ill allio.

In our system the infectivity in the culture fluids of FL cells infected \\, it}t both
types of virus rose sharpl\, and was more than I Tcl050 per cell net\\, Gen 12 and
16 hours after infection. It then reached a maximum titer of 100 Tcl050 or

more per cell. The titer in the culture fluid of FL cells inICcted \\, ith -GC virus
did not rl_ecrease for 40 hours, althouo'it initially there \\, as a hiuh virtis input. This
result differs from that of Gray at n/. (1958)

The virus titers on FL itlono1ayers and chorioallantoic me runranes of chick
embryos \\, as compared. The Miyama strain \\, hich had been passa, 'ed 63 times
IN alli'o aftu' Isolation it, Ithout an egg passage \\, as almost as infectious to FL cells
as to the chorioallantois. (login 5096 cytopathic dose on FL cells: pock units
on the chorioallantoic membrane - 1.8)

A comparative study of the susceptil)nity of FL and L cells \\, ith the Miyama
strain was described. There \\, as a lower yield of virus in L cells. The same
phenomenon ITas IJeeiT reported I^, MCClain and Hackett with vesicular stomatitis

Barski (1960) also found that Earle's L cells were less susceptible to
ectromelia virus than human GPithelial cells.

When + CG viruses derived from FL cell-passage, were introduced onto an
L cell monolayer, the cells IJecanTe disrupted, producinu mai}y sinall syncytial
cells. However, Iaroe syncytia like those seeiT in FL cells did ITot appear. Infected
L cells I)ecame disrupted much earlier than FL cells when inDCulated wit}t the
same amount of the NIIyama strain. The response of HeLa cells to +GC and
-CG strains resembled that of FL cells. These data showed that the cellular

response to infection \\, ith herpes simplex virus were Influenced lay. the type of
host cell. Another factor was found \\, hich played a role in the appearance of
Giant cells. When a high viral dose containinu a 10\\, ratio of + GC virus was
introduced onto FL monolayers the cytopathic change was a -GC type response
With a low \, ITal dose, however, there \\, as a + CG type response. The HF strain
was also tested on FL and L nTonolayers and the cytopathogenic change induced
was found to differ from that of the A{Iyama strain

CTande11 (1959) studied the conditions \\, hich influence the type of cell res-

STLDIES ON THE GRO\\!TH OF HERPES SI:\{FLEX \, IRUS

viruses.

95



96

ponse to a strain of herpes simplex virus. Although he suggested that there might
be a mixture of cytopathogenic types of virus he made no attempt to isolate the
various types. In this report we have distinguished two types of viruses from their
cellular responses. There may also be other types of the Miyama strain

The formation of intranuclear inclusion bodies in infected cells was also studied

\\Iell developed inclusion bodies were seen in FL cells, \\, hile L cells disrupted as
soon as their nuclei contained inclusion bodies.
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