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PERSISTENT INFECTION WITH HERPES SIMPLEX VIRUS IN

VITRO. 11. EFFECT OF ANTIBODY ON THE COURSE OF

HERPETIC PERSISTENCY IN EARLE'S L CELLS, -2

SHIRO NTT

Department of Pathology, Researchlnstitute for Nilcrobial Diseases, Osaka University, Yantada-
kami, Suita, OSal<a

(R. ., tired on August 19,1970)

BIKE\ JouR\AL \101. 13,339-352, 1970

uMMARY The effect of antibody on persistent infections of ITerpes simplex virus
in Earle's L cells \\, as investigated. (1) Addition of either ITUnlait antiserunT or

human j globulin to the medium of presistently infected CLIltures suppressed the
spread of cytopathic changes and later the cultures appeared to be cured of infection.
However, it \\, as \, ery hard to eliminate the \, Irus from most cultures and the virus per-
SISted for the \, anous periods tested of I to nearly 8 months. Only a fe\\, cultures
were cured of infection after antibody treatment for 7 to 8 months. (2) it was
dimctilt to eradicate virus from cells evei\ by successive subcult!ITe of persistently
infected cells in medium containing antibody and the agent \\, as pertinaciously asso-
ciated witlT the cells in persistently infected cultures. \\Ihcn ITo antibody \\, as present
in successive subcultures, cytopathic changes generally appeared first in fresh
cultures. This means that \, Irus growth \\, as greatly influenced by PITysiological
conditions such as tlie age and cell population of the cultures. (3) A state resembling
viral latency in man \\, as also found in thesc subcultures. Namely, in some cultures
without antibody infectious \, irus and cytopathic clTanges \\, erc only detected after a
latent period of several ino1\ths. (4) Coinparati\, e microepideiniological studies \\, ere
made on herpes simplex virus in two cell strains, Earle's L and BSCl cells. Per-
sistent infection of BSCl cells \\, itIT ITerpes simplex virus \\, as only established in the
presence of antibody. The progressive virus spread in these persistent infections
differed froin that in Earle's L cells in the presence of antibody in the mode of cell to
cell \, irus transmission. In the latter virus spread \\, as very greatly arrested.

I This investigatioil was aided by a grant from the
Jane Coffin Cl\lids it^mortal Fund for itledical
Research

2 A10st of this \\. orl< wars presented at the 15th
Anntial lvleetin. , of thc SOCiet}, of Japanese \Jiro-
logists in Chiba, on October 31,1967
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INTRODUCTION

Presistent infections \\, Ith herpes
tablished under routine tissue culture con-

ditions and maintained for a long period were
first desciibed in cell lines from the Chinese

hamster by H, inpar and C. paland (1965).
Persistent infections \\, ith herpes simplex \\, ere
also established in Earle's L cells without

adding anti-herpes antibody to the culture
medium and these infections were maintained

for more than f. u" y, ,rs (Nil, 1969). In th.
latter infections a balance between viral and

cell growth, in \\, hich atypical cycles of rise and
fall in virus Infectivity \\, ere shown, was the
most common feature and occasionally in-
creased virus synthesis and extreme cytopathic
changes, followed by regrowth of the cells
occurred in the cultures.

An in vitro system for persistent infections
under culture conditions \\, ithout antibody is
very useful to analyse the close host cell-virus
interrelationship of herpes simplex virus in vivo.
However, tlTis host-virus relation in vivo is
maintained in a much more complexed inn^^w
than that in vitro. Moreover a high level of
circulating antibody against the agent is found
in the blood of humans who harbor the virus.

11\ herpetic Infections in vitro, addition of
antibody to culture media prevented spread of
cytopathic changes by the virus more or less
considerably and persistency \\, as fairly readily
established (\\'heeler and Canby, 1959; Fer-
nandez, 1960; Hinze and \\Iaiker, 1961;
Sadnt6, 1963 ; \\laddell and Sige1, 1966).
The present investigation was on whether the
persistency of herpes simplex virus in Earle's
L cells was stable even in media containing
antibody. The kind of cells involved in latent
herpes Infection in man are discussed.

virus es-

2. Cells

Earle's L and BSCl cell lines obtained from the

tissue culture laboratory of Dr. H. i\I. Rose, Depart-
merit of NIIcrobiology, Columbia Uni\, ersity \\, ere
used. Earle's L cells \\. ere culti\, ated \\. ith Eagle's
Nlinimum Essential MediLim (MENl) or 199 itledium
supplenTented with 10 % calf serum, \\, hile BSCl cells
were cultured in 199 Medium with 1096 calf serum.

A{any subcultures of persistently infected cells
were prepared as described previously (Nii, 1969).

3. 4111ibody alld coll, 151e, ,Ie, it

Human antisera with a neutralizing titer of xi28
- x256 \\, ere used at a concentration of 5 or 10%
in culture media. Human r globulin (Cohn Frac-
tion 11) \\as purchased from Nutritional Biochemical
Co. and I g of tlTe POWeder wars dissolved in 20 in I
of 199 Aledium or MENl. The undissolved material

\^as removed by three successive low speed centri-
fugations. Unless otherwise stated the supernatant
was usually added to culture medium at a final

concentration of approximately 5 %
Lyophilized guinea pig serum purchased from

Nankai Pharmaceutical Institute \\ as used as a source

of complement

IVIATERIALS AND A, IETHODS

I. FIJI, s @11d I, !Iecti"fly tit, at, 'o11

To establish persistent infections of ITerpes sim-
PIex virus in Earle's L cells the -GCr Miyama

strain was chosen (Nii, 1969)

RESULTS

I - I*reCt of (1)It 160dyi on L cell CM/t"I'es pel'-
sistentb, tirected colth the -Gor Mryama sti. din
of herpes simplex o11'1, s

Since the first establishment of persistent
infection of Earle's L cells with herpes simplex
virus many subcultures were prepared, some of
which were described in the previous report
(Nii, 1969). Nine subcultures designated
respectively as LT, n, L2, ,A, L2, ,n, L2, ,,, L2, ,,,,
L2, ,,,,, L4, ,\, L4, ,n and L, ,,, were used in this
work. L, ,, was a subculture made with cells
suspended in the culture fluid of L . Similarly
Lg, ,,\ and L2, ,n were prepared using suspended
cells of L, ,, and L, ,n, L, ,,, with those of
L2, ,\ and L, ,,,, \\, ith those of L, ,,, etc. Thus all
five subcultures, L2, , \, L2, ,n, L, ,,,, L, ,,,, and
L, ,,,,, were derived from L, while all three
subcultures, L4, , \, L4, ,n and L4, ,, were des-
CGndants of L4.

The normal growth medium of the above
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TABLE I

Subcultures

(named after the
parental culture)

Effect of drillsei. uni on the persistence of lierpes samplex Dints I'M Eru. /e's L cells

L, -,

L. - -.*

L, - -,
L" - - -

L"----

L"-----

Period of culture in

the presence of
antiserum (Da}. s)

L, -,,

L, . -,
L, -, -

nine cultures \\, as replaced by medium con-
taining antibody, i. e. MEM containing 570
calf serum and 57, ITUman antiserum and the
medium was renewed at 5 to 7 d^, intervals.
From sooi\ after addition of antiserum to the

culture medium, the cytopathic changes in the
persistently infected cultures gradually dec-
Teased and \\, ithin one month the cytopathic
foci could not be distinguished from over-
crowded areas of non-infected cells. After

gro\\'Ing the cultures 11T incdiuin containing
antibody for 30 to 233 days, cultures \\, cre
grown in medium without antibody (Table I).
The culture fluid \\, as occasionally titratcd for
infectivity and cells \\, ere examined micro-
SCOPical!y every day to see \\, he ther I\erpes
simplex virus had persisted in the cultures in
the presence of antibody.

Infectious \, irus reappeared in the fitiid phasc
of the six subcultures L, ,u, L, ,, A, L, ,,", Le, ,,,
L2, ,,, and L, ,,,,, at the same time or a little
b. f, re .yt. pathi. chang"^ ,pp, ar. d (T, bl. I).
Foi' examplc, in L, ,11 cytopathic changes be-
came visible 9 days after detection of infectious
virus lit the culture fluid. Thus persistent
infection reappeared in the six cultures \\, hen
antibody \\, as not present in the medium

The appearances of infectious virus and the
subsequent rises in titer of the fluid phases of
the four cultures L, ,,, L, ,,,, L, ,,, and L, ,,,,
are shown in Fig. I. The patterI\ of the
subsequent viral persisten^, in L, ,,,\ seeiT in

233
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233
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Reappcarance of CPE
(Days after removal

of antiserum)
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find phnse of 10ni '11/11/1'es tyrei I enjotn/ of o111/60t/y
'01/1 Ih" 111edii, ,,!

Pel'$151eiil/y lieijpeS 1141ec!ed c, 1/1/11'es, I, , -,,

L, ,. n. L", , alit/ L*,,,,, 711"I'lluii, ed 111 the o63eJ!ce of
alitibody tuei'e exposed to 711ed, 11/11 Coll/drillJ!. g '11/1bodJ,
101 "allb, is pel. iods us shotc, I ill Table I. T/leii theI,
reel'e cii/tilled tollh0"I o, 111bodj, anti 1111ecti"Itj, find-
1101is fuel'e pel/Dimed o11 Ihe '11/1/11'e finds

~0-... L2""'-F1- - - - L, -,,
-.----L"-----.----L, ---,

Fig. 2 sho\\. s a maximum titer 76 days after
removal of antiserum from the culture medium

\^ith subsequent atypical cycles of rise and fall
in infective titer. On the contrary in all
three cultures derived from L4, I. e. L4, '\,
L4, ,11 and L4, ,,, no Infectious virus or cytopathic
changes \\, ere detectable during more thaiT SIX

re

Nil, S. Helpet, c pel. $,'ste"cj, 111 Bai. /e's L cells 341
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speed centrifugation of the fluid phase of a
subculture of L, at the fourth generation,
resuspension of the cells (3 x 105 cells) in fresh
medium containing 570 human antiserum and
inoculation of the suspension into a 50 inI

bottle. Most cells were distributedsquare

separately on the \\, all of the vessel for at least
three days, as revealed by microscopic obser-

This separate distribution of the cellsvation.

was achieved by limiting the cell number in
the inoculum and was aimed to prevent viral
transmission from Infected cells to normal ones

since the medium contained antibody. A10re-
over, it seemed likely that under these con-
dinons infected cells would die and eventually
infectivity associated with cells \\, ould be lost
so that a virus-free culture \\, ould be obtained.

As indicated by the thick line in Fig. 3 the cells
of culture C, \\, ere maintained in medium con-
taining antibody for 8 days. Then after 5 days
further cultivation of C, \\, ithout antibody a
new culture C2 \\'as made in the same \\'ay as in
the preparation of C, . After U days CUI-
tivation of C, \\, ith antibody a further sub-
culture was made, named C, . After CUI-
tivation of C \\, ith antibody for 7 days and then
without antibody for 4 days, a fourth culture,
C4, \\, as made. Thus four clutres, CL, Cg, C3
and C4 were prepared Successively.

Contrary to expectation,
subculture \\, Itheradicated by successive

cytopathic changesantibody, and
appeared in C4 and moderate Changes in C3.
These changes were observed after 13 days
CLIlture of cells in antibody free medium, as
shown in parenthesis in Fig. 3. The culture
fluids removed at this time (i. e. A{arch 21,
1967) from C, and C* had titer* of 10' jinl and
107 aiml, respectively.

However, no cytopathic changes were de-
tected at this time in C, and C, . Both cultures
should contaiiT the Infectious agent since the
cells of Ca and C4 which became severely in-
fected originated from culture C, through C, .
The absence of cytopathic changes in C, and
C, was not due to poor culture conditions and
cells in C, gre\\, vigorously, many becoming

months after removal of antiserum from the

cultures.

The above data indicate that in L in and all
cultures derived from L, , herpes simplex virus
persisted in the presence of antibody for
periods of I to nearly 8 months \\, hile it was
eradicated from all three cultures derived from

L4.

2. Pel. 31stence of lierpett'c lirecti'0" lit tatio sert'es
of pel'slite?it61 lirected L cell cult, ,yes

11\ the former section it was showiT that in

several cultures derived from culture L, herpes
simplex virus persisted in medium containing
antibody. Culture L, was made on November
25, 1964 (Nil, 1969) and several successive
subcultures were prepared from it.

Two experiments \\, ere made to obtain virus
free cells from persistently Infected cultures
by antibody treatment. Both were unsuc-
cessful but an interesting finding was made in
these cultures on the appearances of infectious
virus in the fluid phase and cytopathic changes
after removal of the antiserum.

A diagram of one experiment is shown in
Fig. 3 . Culture C, was at the fifth generation
of subculture from L, . It \\, as prepared by low

342 BIKEN JOURNAL V01. 13 No. 41970
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suspended in the fluid phase due to overgrowth.
To see \\, he ther these floating cells harbored

the infectious agent, the culttire fluid (6 in I,
containing 1.6 x IO' cells) \\, as removed. A 2
in I ajiquot of the fluid were freeze-tha^, ed five
times and the resulting sample \\, as titrated.
Some of the cells, (6.5 XIO') in anothcr allquot
of the fluid \\, ere harvested by centrifugation
and suspended in 20 inI of fresh i\, IEi\J solution
containing SV, calf serum. Then 2 inI all-
quots of the suspension \\, ere inoculated onto
FL cell monolayers in test tubes. No infectious
virus \\, as detected by either method. The
viral infectivity of cells attached to the glass
was not examined but it should be mentioned

that the viral growtlT in C, \\, as extremely
limited and the amount of infectious agent
present \\, as very small. The appearance of
cytopathic changes in C, \\, as greatly delayed,
only becoming visible 95 days after removal of
antiserum.

Results \\, ere similar in the second experi-

- - - - - - - - - - - - - - - - - - - - - - --.

(13 days)

Mar

(13 days)

Apr

CPE (\ )

May

merit, \\, hich is shown schematically in Fig. 4.
Culture D, \\, as prepared o1\ December 26,
1966 and \\, as a third generation subculture
from L, CLIltured continuously in medium
containing antibody. After one montlT anti-
body \\, as removed and after further cultivation
for 8 days a ne\\, subculturc, D, \\, as prepared
from the cells suspended in the fluid phase of
D . D, was cultured in fresh medium \\, ith

antibody. After 8 days cultivation of D, \\, ith
antibody, it \\, as cultured without antibody.

As in the first experiment cytopathic cllanges
appeared first in the younger culture, D, ,
being observed 109 days after removal of anti-
body. At this time the culture fluid had a titer
of 10' ' TclD, ,!inI (Fig. 4). H. never, 00
cytopathic changes or Infectious \, irus \\, ere
detected in D, at this time. Accordingly at-

made to activate the virus intempts were
D, by changing the medium every day for one
week and then in the routine way by changing
it every fe\\, days. Cytopathic changes started

Ju n

Nil, S. Herpetic persistency 111 EQile's L cells 343



8

7

D ^-----------------

CPE(-) CPE(+)
D -------------------

CPE ( \ )

6

C

25
^
co

E

\

r. 3
.

o

F~ 2
00
o

'I

o

nV

Dec '66 Jan '67 Feb. '67 Mar. '67 Apr. '67 May '67 Jun '67 Jul '67 Aug '67 Sep '67 Oct '67
Date

FIGCRE 4. Piep"I o1,011 DJ taro sliceessi"e $11bc, ,/I",'es alld deale/Dpi, ,gilt of cytopnthic effects alld flyect, bity 111 Ihe, ,I
Rillibodj, 11 eat, "e, ,t, - ~+H - exte, !I of CPE,

-0- -lifect, '"e titer 111 the fill'd phare of Dj,
-.- illecti"e lifei 111 Ihe 1141 of phase Of D,

to appear after one month, that is 156 days
after removal of antibody. The infectivity
titers of culture fluids of D and D, for several

months subsequently are sho\\. n in Fig. 4.
The follo\\. ing conclusions are drawn from

these t\\, o experiments. (1) It Is difficult to
eradicate virus from cells even by successive
subculture of persistently Infected cells in
medium containing antibody and the agent is
pertinaciously associated \\, ith the cells in
persistently infected cultures. (2) On succes-
SIve subculture of persistently Infected cells in
medium without antibody cytopathic changes
generally appear first in fresl} cultures.
This means that virus growth in the cultures
is greatly influenced by the physiological
conditions of the cells. A similar finding was
reported previously (Nii, 1969). (3) 0cca-

SIonally cells gre\\, \\, ell \\, bile virus growth \\, as
arrested as in culture C, in the first experi-
merit. This means that under some conditions

there is a disparity between cellular prolife-
ration and viral growth (Taniguchi, 1966).

3 . I:ff'ect of coilce"Irdted drill'body o71 napeti'c
pel'slite, Icy a', I Edit's L cells

An experiment \\, as made to see whether
persistent infections, such as those shown in
subcultures of L, could be maintained at much

higller antibody levels. Human I globulin
(NBC) w, ^ add. d to MEM suppl. mont, d with
570 calf serum to give a IlGutralization titer
of the culture medium against herpes simplex
virus of x 64- x 128. This antibody, level
is approximately the same, or slightly less than
that normally found in adult human subjects.

344 BIKEN JOURNAL V01.13 No. 41970



Lyophilized guinea pig serum resolved in
LIEM \\, as also added to the medium at a

concentration of 8 hemolytic units of coinple-
merit per 0.2 inI(Yoshino and Taniguchi, 1964).

One culture originally derived from L, \\, as
maintained in this medium for 33 days. Culture
fluid was removed for titration during this
period and also for 20 days before and after
tllis period. Results are shown in Fig. 5, the
period of culture in the special medium being
indicated by a thicl{ line.

Results sho\\, that herpes simplex virus could
not be eradicated from the culture but per-
SISted for at least one montlT in the presence of
approximately the same level of antibody as
that perscnt in man.

6

=5

established even in Earle's L cells in 199
Medium.

Four L cell monolayers, No. I, 2.3 and 4,
were prepared in 30 inI Falcon plastic bottles.
The \, irus used \\, as derived from a persistently
infected L cell culture pre\, IOUsly designated
as L4, (Nii, 1969). Thc culture fluid \\, as
removed and I inI of the super natant (4.6 x
104 TclD. ) \\, as inoculated into each of the
four cultures \\ ith 3 in I of freslT 199 Medium.

The next day the medium \\, as replaced by
growth medium (199 Alledium supplemented
\\'itIT 1070 calf serum). Cytopathic changes
became visible 2 days later and \\, ere evident
in all the cultures 3 days later. Five days
after virus inoculation \\, hen cytopathic changes
were marked, culture of No. I and No. 2 in
medium containing antibody, (199 A{edium
supplemented \\, ith 1070 human serum) \\, as
started. No. 3 and No. 4 \\, ere cultivated

further in antibody-free medium (Fig. 6)
Persistence of virus in No. I and No. 2 \\, as

examined one montlt later by removal of
antibody. Five days after removal of antibody
No. I \\, as divided into 4 subcultures, No. Ia,
Ib, IC and Id. Cytopathic changes appeared
in all these CLIlturcs (Ia-d and 2). Infectivity
titrations were performed \\, ith the culture
fluids of No. Ia, Ib, IC and No. 2. Results are
shown in Fig. 7. Then No. 2 \\, as again
cultured with antibody.

Virus persistency in No. 2 \\, as reexamined
after 66 days culture with antibody. No. 2
was divided into portions No. 2a, 2b and 2c
and antibody \\, as removed from 2c. Clear
cytopathic changes soon appeared in 2c.

In two successive cultures of No. 2 and 2a

virus persisted for 211 days, in the presence of
antibody. The infectivity curve of the culture
fluid of No. 2a after removal of antibody is
shown in Fig. 8.

These results showed that persistent In-
fections of herpes simplex virus in Earle's L
cells were readily established in 199 Medium
containing antibody. However, persistent in-
fections \\, ere ITot established \\, ithout antibody.
Cultures No. 3 and No. 4 \\, ere not treated \\, ith

.
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.
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March 1970

Date

FIGURE 5. Effect of a Jukii Ie"el of o111/60dJ, o11
helper!c persis/arey ill ErriIe's L cells

pel'10d of alitibody liea!, lie, 11

4. Errse of estnb/lift"leiit of pei'SIStent 141ect!o113
of lierpes simplex airus 171 Earle's L cells 1131/1g
antibody

InfectioiT of Earle's L cells \\, ith the Miyama
strain of herpes simplex virus did not always
result in persistent infections. Achievement of
persistent infectioiT seemed to depend largely
on the 1<1nd of culture nTedium. Persistent
Infections \\, CTe never obtained \\, ith 199

IVledium while \\, it IT Eagle's MEM they could
be established (Nii, 1969). However, using
antibody persisteiTt infections easily

April May

\\'ere
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antibody, and the virus was lost soon after the
appearance of maximal cytopathic changes fol-
lowing to the first virus inoculation. Further,
the persistentinfections established by antibody
treatment were not maintained after removal

of the antibody. This was shown with cultures
of No. Ia, Ib, IC, Id and No. 2c.

In some infected cultures in antibody-free
medium a few cells survived and formed colo-

nies without any sign of virus infection and
later the whole wall of the bottom of the culture

bottle became covered with cells. Attempts

<

FIGURE 7. Appeal'@, ice of i, !Iectious of 71rs ill then, I'd
phase of ci, It"yes No. I, . IQ, 16, IC and 2 ofter reino"al
of antibody.

-0----groant/I ill No. I alld its subci, /twres (No. in,
76 and IC)

-.----groant/, in No. 2
The a, I o00 illdrc"tes the date cohen No. I was $116-

earltm. ed

----~

---- - --- .---- *-

---+

No. IC

-12.10 -8 -6 -4 -2 0 2 4 6 810 12/4/61820222426

Days after removal of antiserum from
in Iected cultures

virus

. growlh - -- . -x
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to detect infectious virus in these cultures were

unsuccessful. This phenomenon was observed
with cultures No. IC and No. 4. However,
these cured cells were not resistant to reinfec-

tion with ITerpes simplex virus. Thus cultures
No. it and No. 4a were inoculated with 2 inI

of virus material derived from No. 2a (titer, 107
TclD, ,). The virus in the culture fluids was
titrated and results are shown in Fig. 9.

No further observations were made on these

cultures. However results show that antibody
is essential for establshing persistent infections
of herpes simplex virus in Earle's L cells in
199 Medium.

o
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5. Establ, thine"t of persisterrt anglectt'ons of
herpes simplex anytts 171 BSC I cells a'" med^^in
colth a"tzbody

BSCl cells originally derived from an African
green monkey and Earle's L cells derived from
mouse connective tissue have different in or-

phological appearances in vitro. The former
are GPithelial while the latter are fibroblastic.
The following experiment was performed to
cxamine the host cell-virus interaction between

BSCl cells and thc -GCr Miyama strain of
herpes simplex virus and the differences in the
spread of this agent in BSCl cells and Earle's
L cells.

The above experiments with Earle's L cells
show that virus growth is generally less in
older cultures. Accordingly, in an attempt to
establish persistent infections without using
antibody aged BSCl cultures were used.
Four BSCl monolayers were prepared in
30 inI Falcon plastic bottles. Two months
later I in I of virus sample derived from L2
(titer, 105 ' TclD, ,) was inoculated into each
culture. After adsorption for I ITr the ino-
CUIum was removed. Normal growth medium,
i. e. 199 Medium containing 107, calf serum,
was introduced into two cultures while the
other two were cultured with the same medium

supplemented with approximately 0.25%
human r globulin (NBq.

F1aques were detected microscopically 2 days
later and became visible to the naked eye 5 days
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FIGURE 9. Reinect, 'o71 rein, cured cells ill '11/11/7es
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later. The extent of cytopathic changes dif~
fered in the cultures winT and \\, ithout antibody.

TIT the latter \\, Ide-spread infectioit occurred
and after one week almost all the cells had

degenerated. Regro\\. tit of cells did not occur
in either culture

However in cultures \\. ith antibody, formation
of secondary PIaques was more or less sup-
pressed and the primary piaques produced by
the first inoculum of \, irus gradually Increased
in size, sho\\'Ing a dendritic appearances (Fig.
10). Soon big PIaques were observed as
vacant areas due to detachment of degenerated
cells. The PIaques increased in size and
ftised together (Fig. 11) and eventually InOSt of
the cells became infected and \\, ere detached
from the wall of the bottle. Meanwhile a Ie\\.

cells \\, hich escaped infection proliferated and
soon colonies of non-infected cells \\. ere formed

Finally most of the bottle \\ as again covered
with a monolayer sheet. During this cellular
regrowth the proliferating cells came in contact
^ith infected cells and this led to a ne\\. cycle of
infection in the culttirc.

This mode of persistent infection in medium
containing antibody, consisting of progressive
spread of cytopathic changes with subsequent
regro\^th of noninfected cells, \\, as obser\, ed
in botlT the CLIltures. Ho\^ever, one remark-
able difference \\, as noticed between them.

In the left bottle in Fig. 12, cytopathic changes
rapidly and consequentlyprogressed

regro\^tlT of cells started earlier than in the
.ther b. ttl, (Fig. 13). Thi^ fist ^pread of
virus infection in one bottle was found to be

caused by the appearance of the +GC \, ariant
(\ii and 1< amahora, 1961) by mutation in this
culture. Similar changes in the severity of
herpetic Infections in the presence of ailtibody
caused by the appearance of a ne\\, variant \\, ere
al^. f, und by H"inpar (1966) with th, A{AL
line of Chinese hamster cells.

In the above experiments persistent infoc-
tions were established in BSCl cell mono-

layers in medium \\, It Il antibody but Ilot \\, ith-
out antibody. The progressive \, irus spread in
these persistcnt infections differed from that
in Earle's L cells in the presence of antibody
in the mode of cell to cell virus transmission,
I. e. in the latter virus spread \\, as very greatly
arrested.

<

FIGURES 10-13. Piesi'ste, !I illec!1011 of BSCl cells
turni lienpes '11/1p/ex trills I', I Ihe PIPSe, ice of all!160dj,

Fom', taro illoi!1/1 old BSCl illoi, Dinyei's 1'11 30,111
Falco, I pins!!'c 60/11es are, e 1141ected 7,111i I 1111 of a ",'F1ir
3,111p/e del'I'"ed 11'011i L* (!1'1ei, 10''' TC/D, ,). Alle,
adroittio11 for I 111 tan0 '11/1/11 es reel e 111,116atet/ refill
6,111 of 11'es/, 199 Aled^lull slipple, ,Jellied ECi'!/I 70%
calf sell, ,, I refine the othei iruo fuel'e 111c!16ated refill Ih,
3,111e lifedii, 111 '01/1nii, 111g alltJbodj, . Pel'$!$1e, 11 I, !-
Iecti'oils fuele esi@611Vied 111 file Iai!ei '11/11!Ies

F1'". 10 31/07cs a 30,111 Falco, I plastic 60/11e photo-
triophed iano roeeks offer '11/1S 1110cii/at1011. 4601/1 o11e
11,111died PInq!Ies a, e t'sib/e. F1'" I I shores Ihe appe"-
Iallce of a BSC1 11/01/01ayer o11e 7110/11/1 riflei 1'111eci, 'o11
Most PInq, res lint^e Insert. TAI'ee 1110/11hs riflei anvils
illoci!/nil'o11 7,103t cells ai e dejached 11'0"! 60/11es, OS
shotui, ill 1/1e 1</1 6,111e 111 File'. 72. Tile 11/01/01nye!
111 Ihe r, gilt 60/11e had a p"ICJiy appeal'nilce sillce
anlend of cylopttthic ch@, Iges was storee, ' thrill I', I that
o11 the 1</1. Re"lot, 1/1 of cells soo, ! star!ed111 the 60/11e
o11 Ihe left o11d 39 days of tel the piciiJie 111 F1;! 72 all
o11,105t COINp/ete 71/01/01ayei' reds 101 111ed, us $110,011 by
Ihe 14/1 60/11e of F1:g. . 13. 111 the, Jig/It 60/11ei, I Fly. 12
cytop"th!c chowges PIOgies, ed fill the, alld facei' cells
fuel'efoi!lid, as shore, I 1'11 the bottle o11 the 711g'/It 1'11 F1:g. 73

more

DISCUSSION

In the present investigations on persistent in-
fections of iterpes simplex virus \, arious cxperi-
mental conditions \\. ere tested for growth of
the \, irus (different kinds of ITost cells and
basal media \\. ith and \\. ithout antibody).
These are summarized in Table 2. The -GCr

AJIyama strain of herpes simplex virus \\, as used
throughout at the 10\\, \, irus input of 104-
106 TclD- per bottle for. the first infection of
cells.

As shown by Table 2 persistent infections
\\. ere always established by addition of anti-
body. \\lithout antibody, ho\\'ever, persistent
infection \\as only observed in Earle's L cells
in A1EM containing 107, calf serum. The
establishment and some characteristics of these

presistent Infections \\, ere presented in detail

Nil, S. Helpet, 'c pel SISte"cj, 171 Earle's L cells 349



TABLE 2. Exper!'mental condztt'ons tested to
estnbtish perst'stent Infection of he?pes samplex
cart4s In t!It, 'o

Host cell Medium Antibody

Earle's L

MEM

BSCl

199

in the previous report (Nil, 1969).
Herpes simplex virus persists in humans

who have a sufficiently high level of circulating
antibody. Therefore attempts \\, ere made to
see whether persistent infections established in
vitro in the absence of antibody could be
maintained in medium containing antobody.
Addition of either human antiserum or human

I globulin to the medium of persistently in-
fected cultures caused reduction in the cyto-
pathic changes and later the cultures appeared
to be cured of virus infection. However, it
was usually found very difficult to eliminate the
virus from cultures by antibody treatment.
For example, one culture was treated \\, ith
antibody for 233 days, but \\, hen the cluture
was then grown in medrum \\, Ithout antibody
cytopathic changes reappeared in the cell sheet
after about 2 months and virus \\, as recovered

from the culture fluid. However, virus was
eradicated from a fe\\, cultures after antibody
treatment for a similar long period. Thus a
stable host cell-virus interactioiT \\, as main-

tained in the former cultures but not in the
latter. Various host cell-virus relations are

probably produced in persistently Infected
cultures nourished in medium without antibody
by selection of viruses andjor cells, during the
cycle of destruction of the cells by the virus and
subsequent regrowth of the cells. Successful
maintenance of virus persistency for a long
period in medium containing antibody may

Establishment

of persistent
infection

+

199

+

depend on the stability of the relations between
host cells and virus.

A state resembling that of viral latency of
herpes simplex virus in man was often en-
countered. Cells suspended in the fluid phase
of persistently infected cultures were har-
vested, resuspended in fresh medium con-
taming antibody and introduced into new
bottles. In this way several subcultures were
prepared in medium containing antibody and
these \\, ere then grown without antibody. This

seemed to establish cultures free ofprocess

However, after a latent period cyto-virus.

pathic changes reappeared and the virus
recovered. In one typical case the viral latency
period was five months. Daily renewal of the
medium seemed to accelerate the reappearance
of CPE in one culture and this suggests that
improvement in the physiological conditions
of the cells results in reactivation of viral

growth. This latent herpetic infection in
vitro seems to resemble the Iysogenic state of
tempelate bacteriophages although Iysogenicity
may be not responsible for this herpetic latency

The mechanism of this phenomenonIn vitro.

requires elucidation.
Two other interesting phenomena were

found \\, ith persistently infected Earle's L cells
subcultured \\, ith antibody and then grown
without antibody. First, virus growth was
generally more active in freshly prepared CUI-
tures than in older cultures. Probably virus
growth is more active in fresh subcultures even
in medium containing antibody and con-
sequently on reino\, al of antibody cytopathic
changes appear much earlier in fresh cultures.
Thus virus growth in persistently infected CUI-
tures depends greatly on some physiological
conditions of the cells caused by the age of the
cultures or their cell populations, or both.
Second, cells occasionally gre\\, vigorously
without simultaneous appearance of cytopathic
changes, indicating a disparity betweei\ cell
proliferatioiT and virus growth.

These in vitro phenomena may help to ex-
plain the latency and recurrence of herpes
simplex virus in vivo. Various direct or

+

+ or -

+

+

+
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indirect stimuli of skin tissue (e. g. ultraviolet
light, pyrexia, hormone treatment or neu-
To surgery) may cause physiological changes of
the cells harboring the virus and initiate virus
growth. Moreover, some disparity between
normal physiological activities of the cells and
virus growth undoubtedly exist in tissues in

In healthy subjects herpes simplex virus
is never recovered from local areas in periods
bet\^een recurrences of disease Indicating that
virus growth is strongly arrested in some man-
ner althouglT epithelial cells are proliferating
in the basal layer of the epidermis and other
cells in the cutaneous and extracutaneous tis~

sues are functioning \\, ell.
Comparative studies \\, ere made o1\ infection

of t\^o cell lines, Earle's L and BSCl cells, \\, ith
herpes simplex virus. These \\. erc to see \\. hat
kinds of cells serve as host cells for herpetic
latency in man in vivo. In the BSCl-Allyama
straii\ system, persistent infections \\. ere only
established \\, hen antibody \\, as present in the
culture medium and \\, ere characterized by
gradual but progressive development of cyto-
pathic changes in monolayer sheets. Viral
spread in persistently infected Earle's L cells
\\. as \, ery different in that cytopathic changes
were suppressed soon after the beginning of
antibody treatment anti could hardly be de-
tected microscopically.

Persistent infections like that in the BSCl cell

line in the presence of antibody nave also been
reported \\, ith HeLa and other cell lines (\\'hee-
Ier and Canby, 1959; Hinze and walker, 1961;
Szdnt6,1963). This type of persistent inkc-
tion, however, is not a good model of herpetic
infection in human for the following reasons
First, infectious virus is rcadily demonstrated
in persistently infected cultures \\, hile it Is not
usually possible to isolate the agent from human
skin tissues during a period between recur-

Second, if this type of persistent
infection occurred in vivo it \\, ould always be
accompanied by chronic focal Inflammation.

infection of Earle's LTherefore persistent
cells seems to be a better model of that in man.

Thus it seems likely that Sch\^ann or satellite

VIVO.

cells, rather than nerve cells or epithelial cells
in the skin, are host cells during the latent
period. The \, irus might be harbored by phy-
siologically inactive cells such as SchwaniT or
satellite cells for a long period in man. Then
when virus growth Is Initiated in these cells
under appropriate conditions caused by various
stimuli and infections, viruses \\, ould be re-
leased, and ITeighbouring GPithelial cells \\, ould
be infected. Vigorous virus production ac~
coinpanied by cell destruction \\, ould then occur
in the epithelial cells.

Persistent infection of Earle's L cells \\, ith

have been reported; \\IEE
(Chamber*, 1957), Non. ,stl, dine^^* (Hanl*
.t "I. , 1958), mump^ (Hurl, at a1. , 1958),

(Ranchll and Ryd. n, 1960) and
polyoma (Balducci and NIOrgan, 1960 ; Henle
er a1. , 1963). All these persistent infections
were established without antibody. The per-
sistent infections \\, IUT three DNA viruses

of \, arccinia, polyoma and herpes simplex
were characterized by more or less extensive
cycles of cellular destruction followed by
regrowth of cells, except one report by Bal-
ducci and Morgan (1960) in which
tinuous producticn of polyoma virus witlT no
observable CPE was shown. Cultures of cells

persistently Infected \\, Ith polyoma \, Irus were
cured after months of contiiluous treatment

with antipolyma serum (Henle at a1. , 1963),
while it is \, ery liard to eliminate herpes simplex
virus by antibody treatment, as shown in

with \, arccinia \, ITtispresent Investigation
Ranchll and Ryd, n (1960) .b^. rv, d " p".-
longed non-infectious period before cell dege-
neration due to adapted viruses. This pheno-
menon closely resembles the herpetic latency
observed here in \, It To. However, one dif-
ference between the persistent infections \\Ith
vaccinia and herpes simplex Is that the -GCr
strain of herpes simplex virus could infect L
cells from the first virus Inoculation and serial

virus passage was easy in this cell line (1<11,
1969). At present it is tincertain whether the

infections \\, ith the three DNApersistent
viruses are established by the same mechanism.

various viruses

vaccinia

TenCeS.

Colt-
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The problems of what regulates herpetic
latency in man, \\, hat precipitates recurrent
eruptions, what kind of cells harbor the virus
and \\, he ther these are Schwann or satellite cells

have been discussed in various reviews (Roiz-
man, 1964; Paine, 1964; Lwoff, 1966).
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