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Department of Pathology, The Research Institute for
Microbial Diseases, Osaka University, Osaka
(Received for publication, April 20, 1961)

SUMMARY

l. On passage of a newly isolated herpes simplex virus (Miyama strain) on FL monolayers
two substrains werc obtained from the parent virus population. One causes syncytial formation
ol infected cells and the other does not,

2. These two types of virus also showed differences in their growth curves.

The giant cell-producing virus (+GC strain) caused early destruction of FL cells, while cells
infected with, the virus which did not form giant cells (—GQ strain), only became rounded.and re-
mained attached to the wall of the glass culture bottle for several days. The titer of intracellular
virus with the 4 GC strain was maximal 16 hours after infection. Subsequent titration of cell asso-
ciated virus was very difficult because destructive effects became severe as infection proceeded. How-
ever in the —GC strain virus the titer of cells continued to increase after 16 hours.

3. The 4 GC strain produced giant cells in HeLa cells and L cells as well as in FL cells but
L cells disrupted so early after infection that they did not form as large syncytia as those seen with
the other two cell strains.

4. When different types of virus were present in a single viral sample, the response of FL cells
was influenced by the viral dosc.

5. Histochemical changes in infected nuclei were studied.

INTRODUCTION

The formation of intranuclear 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 et al., 1953; Schrer and
Syverton, 1954 ; Kaplan, 1957). Studies on the abnormal changes induced by
this virus in tissue culture cells revealed various new morphological characteristics
which were not recognized in in vivo experiments.

Gray et al. (1958) reported that infected HeLa cells showed three cytopathic
types of response, e. g. proliferation, non-proliferation and giant cell formation.
More recently, Scott and McLeod (1959) reported further observations on cellular

* A part of this work was aided by a grant from the Ministry of Education of Japan.
** This work was reported at the Annual Meeting of the Socicty of Japanese Virologists, in Kyoto,
on October 27, 1960.
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responses to infection with 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 was isolated from the vesiculer
fluid of a patient with herpes labialis, on August 2, 1958 using FL monolayers.
It was thereafter serially passaged i vitro. To date many experiments, chiefly
on the morphological changes of infected cells, have been made with this strain
(Nii, 1960 ; Nii et al., 1961). Results are essentially the same as those of Scott et
al., although our data differ from theirs on some points.

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

MATERIALS AND METHODS
1. Virus

1)  Miyama strain

Isolation and biological characters

As already reported, a strain of herpes simplex virus was isolated on FL monolayers from the
vesiculer fluid of a patient with herpes labialis. The patient has subsequently suffered recurrent
attacks (Nii, 1960).

This strain can be serially passaged on FL monolayers and 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 monolayers was used as the viral sample. It was collected when the destructive changes of the
monolayer became advanced and was centrifuged at 2,500 rpm for 10 minutes. The supernatant
contained about 108 TCIDs5g per ml.

The biological characteristics of this strain are as follows.

A. When an inoculum derived from the culture fluid was introduced onto the ch0110aIIant01c
membrane of 12 day old embryonated eggs, small white pocks were formed by material at an ap-
propriate dilution. Histological examination of the infected membranes showed the formation of
intranuclear inclusion bodies. These membranes served as a virus source for subsequent passages.

B. Intracerebral inoculation of a viral sample from infected FL cells into adult mice caused
convulsions and death, but if inoculated intraperitoneally the symptoms were slightly different;
convulsions occurred fivst, followed by paralysis of the hind limbs and then death. With the same
viral dose lethal effects were less following injection by the latter route. Cerebrum to cerebrum
passage was also possible.

C. Ehrlich ascites tumor cells were susceptible to the virus, forming distinct intranuclear in-
clusion bodies. )

D. The host range of the virus was tested with several tissue culture preparations. Infection
of HeLa cells and L cells as well as FL cells was possible and all formed intranuclear inclusion bodies.

2) HF strain

This strain was obtained from Dr. Yoshino and compared with the Miyama strain.

2. Cells

HeLa cells and FL cells were obtained from the National Institute of Health, Japan and Earle’s
L cells from the Institute for-Infectious Diseases, Tokyo. These cell strains have been subcultured
in this Institute. 200 ml and 50 ml 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 0.5 per cent lactalbumin hydrolyzate and 5 parts of bovine serum.
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The growth medium of HeLa cells and FL cells was composed of 85 parts of Earle’s saline containing
0.5 per cent lactalbumin hydrolyzate and 15 parts of bovine serum. L cell monolayers were pre-
pared in the following way. The maintenance medium of stock cultures was removed from the
bottles. L cells were detached from the glass wall of the culture bottles by spraying the wall vigor-
ously with about 5 ml of fresh medium from a bent tipped pipette. Cell suspensions were made
by pipetting the liquid back and forth into the pipette. Dispersed cells were diluted to the desired
concentration with fresh medium and freshly prepared cell suspensions were introduced into the
bottles. After 3 to 4 days, continuous cell sheets were formed. Cell monolayers of FL cells and
HcLa cells were prepared from young and vigorously growing cells of continuous stocks. The cell
sheet was washed with two changes of Ca- and Mg-freec PBS, and the cells were dispersed in a 1 :
20,000 solution of sodium Versenate in Ca- and Mg-frec PBS after 5 - 10 minutes’ incubation at
37°C. Dispersed cells were sedimented by centrifugation and resuspended to the desired concent-
ration in fresh medium. The resultant diluted suspensions were introduced into bottles or test tubes.
Confluent cell sheets were made within 3 days.

For morphological observation of infected cells, monolayers were prepared on 10 X 50 mm
coverslips in flat sided test tubes.
3. Infectivity titrations

Titrations of infectivity were carried out in FL cells or L cells by the 50 per cent endpoint method
in tube titrations (TCIDsq). Monolayer cultures were prepared in a series of 15 X 100 mm test
tubes containing either 2 x 105 FL cells or L cells. The nutrient media. were removed from the
test tubes and 0.1 or 0.2 ml of virus sample was added to the cells.

For each dilution three or four test tubes werc used. The test tubes were incubated at 37°C to
permit adsorption of the virus onto the cells and shaken occasionally to prevent the cells from drying.
After 3 hours, 1.5 ml of medium was added to each tube. Cytopathic changes in the monolayers
on the test tubes were observed macroscopically and microscopically through the glasswall.  Fifty
per cent cytopathic doses were calculated by the Reed and Muench method from the number of
test tubes showing cytopathic changes within a 6 day observation period.

4. Morphological observations

A. Culture cells were studied under the microscope through the wall of the glass bottle and
photographed.

B. Cells grown on coverslips were used to study intranuclear inclusion bodies. They were
washed twice with PBS, fixed with Bouin’s fluid and stained with Harris® hematoxylin and eosin,
or fixed with methanol and stained with Giemsa’s solution.

C. The Feulgen reaction was used to study inclusion bodies in cells histochemically.

RESULTS

1. Isolation of 2 substrains of the Miyama strain

As described above, 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
1. In each consecutive passage | - 2 ml of supernatant fluid of the infected cultures
was introduced onto a freshly prepared cell monolayer together with 8 ml of culture
medium. Within 20 hours after viral inoculation, most of the cells showed cyto-
pathic effects. The cytopathic changes in infected cells remained the same, e. g.
rounding for a long period subsequent to isolation of the virus. At the fortieth
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passage a new change appeared, namely the appearance of newly formed giant
cells with hundreds of nuclei.

Table 1. Isolation and Serial Passages of the Miyama Strain of Herpes Simplex Virus

2/8 '58 F‘Ll* isolated from the vesiculor fluid of
4/8 Flo a patient with herpes labialis
o . 5 NS
8/8 FL HL 4
n;a F'%;‘ H:L45\L5 CPE(+)
15/8 Flg HLg CPE(+} Lg CPE(—)
20/8 Hg BlaLs, HLg '
21/8 ls s
23/8 Flo
26/8 F[-lu
28/8 Flii
4/9 Flip
6/9 FI‘.13
8/9 Flia
15/9 Flas )
‘59 frozen at —70°C

Flig-35 20 passages in 1959, of
intervals frozen at —20°C
in a deep freeze

frozen ot —70°C

15/1 '60 Flag
1. .
FL (3740, OF intervals vira! samples
7/4 FII.41 were frozen at —20°C
8/4 TR
]
10/4 Flyg'
14/4 4'\
23/4
Ly FLgs™
30/4-23/5 Flaz_az
| ]
Fl4g
1]

FL=FL cells HL=Hela cells L==Earle's L cell

*  Number of virus possage

(® The culture fluid of the infected FL cells corresponding to.the 43rd
passage was transferred on an L cell monolayer and then consecutive
passages were performed on L cells. The passage number of this series
was recorded as L{', Lg' etc.

In other experiments a series of twenty test tubes were prepared, each tube
containing about 2 x 105 FL cells. Viral samples were derived from infected FL
cells (No. 47 passage) and 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 106 dilutions of virus,






-+ GCvirus population was obtained
as follows.

One tube (*marked) showed a large
syncytial mass in a cell sheet. The
culture fluid wasremoved, transfered
onto an FL monolayer and passaged
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Table 2. Isolation of -+ GC and — GC Virns Strains
Fla7
the Ist limiting dilution
( concentration of virus 1074 1075 1076 1077 1078
‘ & © e O O FLeel
CPE‘in test tubes @ ® 6 o O | s
® @€ 6 e O
e e 9* ® O

serially.

4 passages of the Ist +GC virus population on FL cells,

Flyg. 52! Flsa

i

the 2nd limiting dilution the 2nd limiting dilution

Ny N
| cbncentration of virus 1075 1076 10°7 1078 1079 J | 1071 1072 1078
f ® @ C O O & @ O
} CPE in test tubes @ ® O O O GEEY ’ & & O (FLsq) 1
| @ ® ® O O & @ O
! & ® ® ® O ® © O |

' "

v
5 passages of the 2nd +GC virus

population on FL cells
(Fls4-58)

the 3rd limiting dilution

5 passages of the —GC virus

population on FL cells
(Flss.59)

the 3rd limiting dilution

| +GC

virus

—GC

virus

1076 (411076 (4121076 (4131076
20720 19/21 13/19  44/20 (FLse)

concentration of virus
CPE ratio

]0‘6.5(,:1{)]0-6.5(%)210“6.5(%)3]0%&.5
20/20

11/20  4/20 22/20(FLgo)

Giant cell farmation in all test tubes

inducing CPE.

4+ GC clone was obtained as follows.
A The culture fluid of one of the four |a

test tubes with CPE was removed and

subsequent passages were made.

Cell rounding in all test tubes induc-
ivg CPE.

—GC clone was obtained as follows.
The culture fluid from one of the two
test tubes with CPE was removed
and subsequent passages were made

i

FL6o-62)

|

FLs1.63)

Growth curve experiments were performed using +GC and — GC virus strains:

{FLgs)

the fourth limiting difution
(FLg4)

|
Flaos-7m
(Dec: 1960}

test tube in which CPE was seen

OO0

{FLg4)

the fourth limiting dilution
{Flgs)

FL66-78)
(Dec: 1960}

test tube in which CPE was not seen
test tube in which CPE of +GC type occurred
test tube in which CPE of —GC type occurred

The data suggest that cytopathic changes of infected cells depend upon genetic
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characters of the virus particles. To ascertain whether giant cell formation in
tissue cultures can be used as a genetic marker, a series of isolation procedures
was made.

At the end of the 4th passage of the Ist +GC virus population, the growth
cycle of herpes simplex virus on FL cells was studied. For titration in this ex-
periment, nine series of test tubes were prepared and for each titration of the nine
viral samples one series were used. In Table 2, only two series are listed.
In 95 test tubes cytopathic changes occurred. In 93 there was syncytial
formation, while in the remaining 2, cells responded only by rounding. A —GC
virus population was obtained from one of the two test tubes.

The data showd —GC virus was yet present in the Ist +GC virus population.

Further large scale purification of each virus population was made. The
viral sample of the +GC virus population was diluted serially tenfold up to 1
108 and the —GC virus population was diluted up to 1 : 1065, Subsequent dilu-
tions were made by three fold dilutions, as shown in Table 2. 0.1 ml aliquots of
each dilution were introduced into about 20 tubes, each containing about 2 X
105 FL cells. Thus four series of tubes were inoculated respectively with four
different virus dilutions, and then incubated at 37°C for 3 hours with occasional
shaking. After this adsorption period, fresh culture fluid was introduced into the
tubes, which were then kept at 37°C for 6 days. Cytopathic changes in the test tubes

in each dilution occurred in the ratio shown in Table 3 and the type of change,

Table 3. Virus Particles Necessary for Inductian of Cytopathic Changes in Test Tube
Number of tubes Multiplicities (Calculated)
Virus dilutton | inducing CPE per e . o e
tubes tested if2 | if=2 |f1,113~ .
S s X dilution | S s X dilution S s X dilution
%106 20/20 — - - — - —
%3100 19/21 2.35 7.1x108 3.95 11.9x106 55.39 16.2x 106
X 32.106 13/19 1.15 10.4%106 | 2.37 21.3x106 3.53 31.8x106
|
% 33.106 4/20 0.22 6.0X106 | 0.82 22.1x106 1.54 41.6%108

S:

Muitiplicity of infection calculated by Poisson’s distribution

function from the ratio of infected test tubes in a series

Virus; -++GC strain

Number of tubes Multiplicities {Calculated)
Virus dilution i:i:zir;gsg’dE per =i =2 =3
) s X dilution S s dilution S s X dilutian
X 108.5 20/20 —_ — — — | — —
X 3+106.5 11/20 0.80 2.4x%106.3 1.84 5.5%x108.5 3,10 9.3x106.5
X 32.106.5 4/20 0.22 2.0X106-5 0.82 7.3><105'5§ 1.53 13.7x106.5
«’>,<33-106‘5 2/20 0.10 2.7x106.5 0.53 14.5X105-5§ 1.10 29.7x106.5

Virus; —GC strain



82 NII axo KAMAHORA

g. the +GGC type or the —GC type corresponded strictly with the kind of ino-
culum derived from either the +GC virus population or the —GG 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 serially passaged with

occasional isolation treatments.
2. The growth of herpes simplex virus (Miyama strain) on FL monolayers

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 growth kinetics on FL cells. Three growth curve experi-
ments were performed using viral samples, from the + GG virus population, the
+ GC virus clone and the —GC virus clone, respectively. The latter two experi-
ments were carried out under comparable conditions to the two strains.

A, Growth curve of the +GC virus population

Viral material was derived from the culture fluid of infected FL cells at the
fourth passage of the Ist +GC virus population, whlch corresponded to the 52nd
passage in vitro after virus isolation.

A 200 ml prescription bottle with a monolayer containing 1.1 x 107 cells,
as determined by cell counts from parallel bottles, was washed 3 times with 2 ml
of fresh medium and then inoculated with 3 ml of virus sample containing 2.6
x 108 TCIDs5,. After 2 hours incubation at 37°C, the culture was washed 5
times with 5 ml of Hanks’ BSS and then 8 ml 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 supernatant
was titrated. To test the infectivity of cell associated virus, cells were washed
three times with 3 ml of PBS, suspended in 2 ml 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 TCIDgg 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



STUDIES ON THE GROWTH OF HERPES SIMPLEX VIRUS 83

9
:(% \ virus input: 108-4 TCIDj, per bottle
28 cells : 1.1 107 per bottle
)
a’ e——= virus in cell debris
'g é o—0  virus in medium
o5 A titer of inoculum
B4
[=¢
£ 5
=z )[—woshed
)
G 2

0 2 4 6 8B 10 12 14 16
Hours after inoculation

Fig. 3. The Growth of --GC Virus Population in Monolayer Cultures of FL Cells

niedium remained unchanged during this period. After 16 hours the titer in the
medium was a little higher than after 8 hours and the viral yield per cell was esti-
mated to be about 13 TCIDy,,.

Concurrent morphological changes were also studied. As early as 8 howrs
after infection, cytoplasmic membranes between neighbouring cells became fused
so that the border of each cell was lost and a number of nuclei appeared to be
embedded in a large flat cytoplasmic sheet.

B, Growth curve of the +GC strain

A viral sample was obtained from the culture fluid of infected FL cells on
passage of strain 4 GC which corresponded to the 62nd passage after isolation.

Replicate monolayer cultures in 50 ml bottles were prepared. Each bottle
contained 2.4 X 106 cells. These were infected with 2 ml of virus suspension
of a titer of 2 x 107 TCIDg,. The cultures were incubated at 37°C for 2 hours
with occasional shaking. After the adsorption period, the inoculum was removed.
Then monolayers were washed 5 times with 10 ml of Hanks’ BSS and 5 ml of fresh
medium was introduced onto each monolayer. The bottles were incubated again
at 37°C. Two bottles were taken out at intervals from the incubator.

Infectivity of viral samples both in the cellular fractions and in the medium
was titrated by the same method used to study the growth of the 4 GC virus popu-
lation. When cell suspensions for virus titration in the cellular fraction were
prepared, washing of the infected monolayers had to be omitted, because the
destructive effects of strain +GC on FL cells were so severe that washing detached
the cells from the bottles when cytopathic changes were advanced.

The results are shown in Fig. 4. The infectivity of the cell fraction rose be-
tween four and a half and 7 hours and increased exponentially. No lag phase
was detectable. The virus titer reached a maximum of 6.3 x 107 TCIDy, per
bottle at the 16th hour after infection. It decreased between 16 and twenty and
a half after infection, perhaps due to cell disruption. The virus titer in the medium
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9 .
s
8
7
b
o
= @
S \
R
5.5
o
f:' / virus input: 108.3 TCID5q per bottle
Z 4 . cells: 3.6 106 per bottle
© s .
= 3 weehec o—-o- virus in cell debris
; o——c virus in medium
=2 A titer of inoculum
2

0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Hours after inoculation ¢

Fig. 7. The Growth of -~ GC Virus Strain in Monolayer Cultures of FL Cells

virus increased abruptly between seven hours forty minutes and 10 hours after
infection and then gradually until the 40th hour, with a slight decrease at the
35th hour. It reached a titer of 4.4 x 108 TCIDg,.

The virus in the fluid medium increased exponentially between seven hours
forty minutes and 16 hours after infection and thereafter rose to a titer of 5 x 108
TCIDg at the 40th hour.

The above data resulted in the crossing of the two growth curves between 22
and 35 hours after infection. The viral yield per bottle at the 40th hour was
9.4 x 108 TCIDj3; as estimated by the value for cell associated virus titers plus
that for the liquid phase. Then average viral vield per cell was found to be about
260 TCIDjy,.

In this experiment, infected cells became round but did not form syncytia
and remained attached for 40 hours.

D. Comparative considerations of growth kinetics of the two strains

From the three growth curves described abovs, various differences between
the two strains are apparent.

Although the latent period could not be established exactly, both virus strains
seemed to increase in infective titers in cell fractions in nearly the same way up
to 16 hours after infection. Afte about this time the titer of strain +GC decreased
due to early cell destruction, while that of strain —GC continued to increase in
spite of the higher titer of inoculum per cell used for experiments with this virus.

The early disruption of cells by strain +GC was consistently observed in infections
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Table 4. Serial Passage of the Miyama Strain on L Celis

date F]|.43' infective titer®
14/4 60 Lll' 8.9x 105"
28/4 ng' 1.6X106
30/4 LL’
6/5. LL' 1.6X106
7/5 LL’ 2.2X106
15/5 ng’ 1.6x 104
17/5 L|7' 1.6X10%
24/5 LL’ 1.6%106
26/5 ng’ 1.6x105

Llw’ 1.6>106
7/6 LI“' 2.3%106
13/6 Lyo 1.6%107
16/6 Li13'

i
22/6 L|15' 2.3%105
25/6 L}H,»'

Liw'
11/7 Lllg'
18/7 le'

leo'
13/8 LL1'
13/9 LL2'

* |nfectivity titrated on FL cells
N TC|D50/m|

Table 5. The Infective Titer of the Culture Fluid of FL Cells, on which
Serial Transfers of the Miyama Strain were Made

Exp. 1.* 2.8 108"
Exp. 2. 1.6%108
Exp. 3. ‘ 1.2x108

*  Virus from different passages was used in the experiments
* TCIDgq/ml

transfer the infectivity of the supernatant was titrated using tubes of FL cells.
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ratio in the viral sample and secondly because of the early destruction of L cells
after infection.

Table 6. Cellular Response to Infection with the Miyama Strain

Virus Dilution CPE CPE containing +GC
type response
) ®
FL HL FL L FL* (1/3)2 1076 0/22% 0/22
I v XXXVI XX1 IV
(1/3) 1076 2/25 0/25
1076 6/23 2/23
FL HL FL L FL 1078 0/11 0/11
I v XXXVI XXI V B
1077 4/1 0o/
1076 10/11 2/11
1073 5/5 /1
FL HL FL L FL 1078 0/6 0/6
n v XXXVI XXI VI
1077 1/6 0/6
1076 6/6 0/6
1075 7/7 5/7

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

TOFL HL OFL L FL ..., signify virus serially passaged 2 times on
LV XXXVI XXI 1V FL cells, 5 times on Hela cells, 36 times
on FL cells, 21 times on L cells and 4
times on FL cells.
* The denominator shows the number of cultures inoculated with the viral sample.
(® The numerator shows the number of cultures in which cytopathic effects were seen.

C.  Histochemical studies of L and FL cells infected with the Miyama strain

A monolayer containing about 3 x 105 cells on a coverslip was infected with
I ml of virus of about 108 TCIDj titer. »After one hour, the inoculum was replaced
by fresh medium and the culture was kept at 37°C. To follow the progress of
formation of inclusion bodies, infected preparations and controls were fixed with
Bouin’s solution and stained with Harris’ hematoxylin and eosin at various short
intervals after infection.

With L cells, the following results were ontained. As early as five hours after
infection, a purplish pink homogencous substance surrounded by coarse strands
of chromatin appeared in the nucleus. Pyknosis of some cells was seen within
10 hours after infection. Twelve hours after infection, a variety of changed nuclei
were seen, as shown in Fig. 12, some having an inclusion body surrounded by a
clear halo, others an incomplete inclusion body filled with a purplish pink homo-
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
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cells with up to twenty nuclei were found in L cell monolayers, while FL cells
responded by rounding and occasionally formed small giant cells. In L cells
infected with strain HF some giant cells had a peculiar shape, as shown in Fig.
155 a number of nuclei became clustered in the syncytium and fused with each
other with nuclear bridges. In such nuclei inclusion bodies or bluish pink ma:ses
were usually, but not always, found. Eosinophilic globules which were thought
to be formed by amitotic division, were scattered about in the cytoplasm.

DISCUSSION

Many varieties of host cells and virus strains have been used to study the
growth of herpes simplex virus. The most characteristic cytopathic change induced
by this virus is the formation of intranuclear inclusion bodies in infected cells.
Giant cell formation in monolayer cells infected with the agent has been reported
by several workers (Newton, 1958; Ross and Orlans, 1958). Giant cell formation
as a responsc to virus infection has been reported with many other viruses, e. g.
measles, herpes B, pscudorabies, HV] and some pox viruses (Enders, 1954; Black
and Melnick, 1955; Okada, 1958; Nii, 1959). Studies on the formation of giant
cells as a genetical character of virus particles was reported for measles and pseudo-
rabies (Seligman and Rapp, 1959; Tokumaru, 1957). Scott et al. (1959) recently
described two types of herpes simplex virus, strains GC and P, the one producing
giant cells and the other not.

We independently obtained similar results during a study of the cellular.
response to a newly isolated herpes simplex virus in vitro. Since isolation of the
Miyama strain of herpes simplex virus onto an FL cell monolayer, viral passages
have been repeated in vitro. In carlier generations of passage infected cells only
became rounded, but later giant cell formation occurred. These successive passages
in vitro ultimately resulted in the isolation of two sub-strains, e. g. strains +GC and
—GC, which were distinguishable by the cffects they induced. Therefore type
+GC virus must have increased in number in the parent virus population during
serial passage, although the origin of the +GQC virus is unknown. Microscopic
plaques formed on a monolayer inoculated with a lower concentration of the
Miyama strain were studied and the ratio of the constituent virus particles, such
as types 4-GC, —GC in the parent viral population were studied. Farnham
reported that a strict proportionality existed between the plaque number on the
third day and the virus input in the absence of an agar overlay or herpes antiserum.
She also observed two distinct features of microscopic plaques; the one was clusters
of rourded, highly refractive cells and the other was multinucleated giant cells.
In our system, plaques counted on the 2nd day was approximately proportional
to the virus conczntration but on the 3rd day couating was difficult, as the primary
plaques became diffuse and in addition small satellitz= plaques had appeared.
+GC type virus forms a plaque consisting of a single giant cell at an early stage
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of infection, while the plaque by —GQC virus is chiefly composed of rounded cells.
In a series of experiments using the Miyama strain, it was noted that in early gene-
rations of passage after isolation, a number of microscopic plaques of round cell
types were seen on FL cells but the +GC type failed to show an affect, suggesting
that there was little if any -+GC virus.

The question therefore arises as t> what regulates the increase in +GC type
virus in the parent virus population. Growth experiments showed that +4-GC
type virus caused early destruction of FL cells and attained a little higher titer
in the culture fluid than did the —GC type virus. However, it is not certain
whether the former factor is advantageous in causing an increase in the number
of +GC type over the parent —GC viral population during serial passages in vitro.

In our system the infectivity in the culture fluids of FL cells infected with both
types of virus rose sharply and was more than 1 TCIDjy, per cell hetween 12 and
16 hours after infection. It then reached a maximum titer of 100 TCIDso or
more per cell.  The titer in the culture fluid of FL cells infected with —GC virus
did not decrease for 40 hours, although initially there was a high virus input. This
result differs from that of Gray et al. (1958).

The virus titers on FL monolayers and chorioallantoic membranes of chick
embryos was compared. The Miyama strain which had been passaged 63 times
wm vitro after isolation without an egg passage was almost as infectious to FL cells
as to the chorioallantois. (logio 509, cytopathic dose on FL cells: pock units
on the chorioallantoic membrane =1.8)

A comparative study of the susceptibility of FL and L cells with the Miyama
strain was described. There was a lower yield of virus in L cells. The same
phenomenon has been reported by McClain and Hackett with vesicular stomatitis
viruses. Barski (1960) also found that Earle’s L cells were less susceptible to
ectromelia virus than human epithelial cells.

When 4 GC viruses derived from FL cell-passage, were introduced onto an
L cell monolayer, the cells became disrupted, producing many small syncytial
cells. However, large syncytia like those seen in FL cells did not appear. Infected
L cells became disrupted much earlier than FL cells when inoculated with the
same amount of the Miyama strain. The response of HelLa cclls to +GC and
—GC strains resembled that of FL cells. These data showed that the cellular
response to infection with herpes simplex virus were influenced by the type of
host cell.  Another factor was found which played a role in the appearance of
giant cells. When a high viral dose containing a low ratio of +GC virus was
introduced onto FL monolayers the cytopathic change was a —GC type response.
With a low viral dose, however, there was a +GC type response. The HF strain
was also tested on FL and L monolayers and the cytopathogenic change induced
was found to differ from that of the Miyama strain.

Crandell (1959) studied the conditions which influence the type of cell ves-
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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.
Well developed inclusion bodies were seen in FL cells, while L cells disrupted as
soon as their nuclei contained inclusion bodies.
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