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ABSTRACT

Herpes sim plex virus is  the c l a s s i c  example of a virus which per­

s i s t s  in d efin ite ly  in the host following the in it ia l  in fe c t io n .  Recurrent 

ep isod es of a c t iv e  virus growth ch a ra c te r iz e  the in fe c t io n  in some indi­

viduals . In addition to the periodic f la ir -u p s  of a c t iv e  virus growth, the 

p e rs is te n c e  of virus may be expressed  in a more su btle  w ay . It i s  p o s­

s ib le  that one or more types of human ca n cer  resu lt  from the p e rs is te n ce  

of th is  virus in the h o s t .

The e x a c t  mechanism by which the virus is  maintained in the host 

betw een outbreaks of a c t iv e  growth is not known. It is  u su ally  not p o s s i ­

ble to is o la te  the virus between the outbreaks and the virus is  said to be 

la ten t  during th is  p er io d . Most of the av a ila b le  ev id ence  in d ica te s  that 

the virus e x is t s  in a nonreplicating form when it  i s  la t e n t .

This d isse r ta t io n  d e scr ib e s  the es tab lish m en t and ch aracter iza tio n  

of a model la te n t  herpes sim plex virus in fection  in c e l l  cu ltu res  . C u l­

tures of rabbit kidney c e l l s  were infected  with approxim ately one in fe c ­

tious unit of virus per 100 c e l l s  and incubated at 41C for 1 -7  d a y s .  No 

evid ence of virus growth was seen  at 4 1C and in fe ct io u s  virus disappeared 

from the c e l l s  very rapidly at th is  tem perature. Two-hundred infected  c u l­

tures were transferred to 37C after incubation at 4 1 C .  In 43% of th e se  

cu ltures virus was recovered within 3 days after incubation  at 3 7 C . In 

16% of th e s e  cu ltu res  no virus was recovered after  incubation  at 3 7C for
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up to 150 d a y s .  In the remaining 41% of the c u ltu re s ,  how ever, virus 

growth occurred but only a fter  lag periods of variab le  le n g th .  The long­

e s t  lag  period was 45 days and th e  average lag  period was 1 5 .3  d a y s .  

During th e  period when no evid ence  of virus growth was s e e n ,  treatm ent 

of the c e l l s  by freeze-th aw in g  or by so n ica tio n  fa iled  to y ield  in fectiou s  

v iru s .  Once a c t iv e  virus growth occu rred , virus was a b le  to be  iso la ted  

from the cu ltu res  and th is  virus was neutralized by com m ercial herpes 

sim plex virus antiseru m .

Q u an tita tive  stud ies  indicated  that 0 .2 5 -1 %  of th e  inoculum virus 

was a b le  to survive incubation at 41C for up to 6 days and re p l ic a te  after 

tran sfer  to 3 7 C .  Im m unofluorescence studies ind icated  that v ir u s -s p e c i f ic  

antigens were produced at 4 1C . F lu o re sce n ce  m icroscopy  of c e l l s  stained 

with acrid ine  orange indicated that the b lock  in virus re p lica t io n  occurred 

early in the in fe c t io n  c y c l e .  C h a ra c te r is t ic  featu res  of c e l l s  in fected  

with virus a t 3 7C were a b se n t from the c e l l s  in fected  at 4 1 C .

Although virus fa iled  to re p lica te  in rabbit kidney c e l l s  at 4 1 C ,  

control c e l l s  preincubated at 41C were fu lly  com petent to  re p lica te  

exogenous virus immediately a fter  tran sfer  to 3 7C .

An attempt was made to e s ta b l is h  the la ten t  in fe c t io n  in c e l l s  di­

re c t ly  at 3 7C by using a very small inoculum of virus . The la te n t  in fe c ­

tion could not be e s tab lish ed  in th is  w ay . When virus was added d irectly  

onto c e l l s  a t 3 7 C , a c t iv e  virus growth was alw ays s e e n  within 3 days or 

no growth occurred a t  a ll  in  cu ltures maintained for up to  30 days .
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A la te n t  in fection  sim ilar to that e s ta b lish e d  in rabbit kidney c e l l s  

was e s ta b lish e d  in W is ta r -3 8  c e l l s .  H ow ever, attem pts to e s ta b l is h  a 

sim ilar in fe c t io n  in human kidney c e l l s  were u n s u c c e s s fu l .  The b a s is  

for th is  c e l l -d e p e n d e n t d ifferen ce  was not in v e s t ig a te d .

C ultures were treated with certa in  hormones and ch em ica l agents 

in attempts to modify the la ten t  in fe c t io n .  Hormones that were used in ­

clude hyd ro co rtiso n e , 17 B -e s tra d io l ,  p rogesterone, L-thyroxin and L -  

ep in ep h rin e . Treatment of cultures with progesterone at the time that the 

cu ltures were in fected  with virus and incubated at 41C resulted  in a s ig ­

n ificant reduction in the number of cultures from which virus was re co v ­

ered after tran sfer  to 3 7 C . The other hormones did not a f fe c t  the la ten t 

in fection  in th is  w ay.

Three ch em ica l a g e n ts ,  5 -b ro m o -2 -d e o x y u rid in e , 5 - io d o - 2 -  

d eoxyurid ine , and puromycin in creased  the re activ a tio n  ra tes  of virus 

from cu ltu res  when the cultures were treated with the agent a t the time of 

in fection  with virus and incubation at 4 1 C .  When cu ltu res  were treated 

with 5 -bro m o -2-d eo xyu rid in e  at the time of tran sfer  from 41C to 3 7C 

(after the la te n t  in fection  had already been  e s ta b lish ed )  the overall re co v ­

ery rate was th e  same from treated cu ltures a s  from control cu ltu re s .  

H ow ever, the average lag  period of the treated cu ltu res  was s ig n if ican tly  

in c r e a s e d .

F in a l ly ,  treatment of cultures with neutral red dye and exposure 

of th e se  cu ltu res  to strong v is ib le  light had no e f fe c t  on the overall re ­

covery rate but did in c r e a s e  the average lag  period of the treated cu ltu re s .
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INTRODUCTION

It i s  becom ing c le a re r  each  day that many v iru ses  , if  not a ll  v i­

ru ses  , have th e  a b ili ty  to p ers is t  ind efin ite ly  in the host following acute  

or subacute  primary in fe c t io n s .  W hile  it  may be that most of th e se  per­

s is te n t  in fe c t io n s  c a u s e  the host no i l l  e f f e c t s ,  it  is  l ik e w is e  apparent 

that in predisposed individuals serious co n se q u e n ce s  may resu lt  from 

the long-term  p e rs is te n c e  of virus . Such conditions as  su bacu te  s c l e ­

rosing pan e n c e p h a l i t i s ,  progressive  m ultifocal leu k o en cep h a lo p ath y , 

and perhaps even multiple s c le r o s is  a s  w ell as  a number of other degen­

erative  d i s e a s e s  of the centra l nervous system  have been d efin ite ly  

proven to be or are su sp ected  of being se q u e la e  of viral in fe c t io n s  . In 

addition to th e s e  rare degenerative d i s e a s e s ,  a variety  of n eo p lastic  

d is e a s e s  in anim als are known to be the long-term  resu lt  of p e rs is te n t 

viral in f e c t io n s . C ertain  malignant conditions in man are  a ls o  su spected  

of being the re su lt  of previous viral in fect io n s  . As more and more of the 

a c u te ,  febrile  in fe c t io n s  becom e controlled by one method or another, 

the p e rs is te n t  viral in fect io n s  and the co n se q u e n c e s  of th e s e  long-term  

in fe c t io n s  com e to dominate the thinking of v iro lo g is ts  .

Herpes sim plex virus (HSV) and other members of the herpesvirus 

group (v a r ic e l la -z o s te r  v ir u s , cytom egalovirus and the E p ste in -B arr  

virus) are c l a s s i c  exam ples of v iruses  which p e rs is t  in d efin ite ly  in the

1
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host follow ing primary in fe c t io n s .  Although it has been  known for a lo n g  

time that herpes sim plex virus p e rs is ts  in the h o s t ,  we s t i l l  do not com ­

p le te ly  understand the re la tionsh ip  of the host and the virus that acco u n ts  

for th is  p e r s i s te n c e .  The virus is  d escribed  as  being la te n t  b e c a u s e  no 

d irect e v id en ce  of virus i s  normally se en  betw een outbreaks of a c t iv e  

virus grow th.

A number of in vivo and in vitro model system s have been  d e v e l­

oped in an attempt to determine what is  happening during the la ten t  in ­

fe c t io n .  In vivo model system s have been  developed which seem  to ap­

proximate the natural la ten t  in fect io n  very c l o s e l y .  H ow ever, we do not 

fully  understand what is  happening in th e s e  model s y s te m s .  In vitro 

c e l l  culture sy stem s have a ls o  been e s ta b l is h e d .  The c e l l  culture model 

system s are much sim pler than the in vivo models in that they involve 

in terac tio n s  betw een the virus and the host a t the c e l lu la r  le v e l  o n ly .  

Carrier culture  in fe c t io n s  are one type of in vitro model la te n t  in fection  

which h as b een  d e s c r ib e d .  Virus m ultip lication is  not b locked  in th is  

type of in fe c t io n  but o ccu rs  a t a very low r a te .  At l e a s t  one model in ­

fe c t io n  has been described  in which virus growth apparently is  co m p lete ­

ly  b lo c k e d .

W e have e s ta b lish e d  a model la te n t  HSV in fe c t io n  that has certa in  

advantages over other in vitro models . It i s  the purpose of th is  paper to 

d e scr ib e  the estab lish m en t of th is  la ten t in fect io n  and to ch a ra c te r iz e  

ce r ta in  fea tu res  of i t .  Originally  the in fect io n  was e s ta b lish e d  in rabbit 

kidney c e l l s .  The in fect io n  in th is  c e l l  type has been  m ost thoroughly
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in v e s t ig a te d .  In addition to ch aracteriz in g  the in fect io n  in rabbit kidney- 

c e l l s ,  attem pts were made to duplicate  the in fection  in two c e l l  typ es of 

human o r ig in .  F in a l ly ,  attempts were made to modify the la ten t  in fection  

by treating  the c e l l s  with various ch em ica l agents which we had reason

to b e lie v e  would a f fe c t  the la ten t  in fe c t io n .



HISTORY

HSV is  a highly in fe ct io u s  a g e n t .  Approximately 90% of the pop­

ulation have antibo d ies  to th is  virus by the age of 15 years  (1). In it ia l 

co n ta c t  with the virus u sually  o ccu rs  at an early a g e ,  but most primary 

in fe c t io n s  are s u b c l in i c a l .  When symptoms of in fect io n  do o c c u r ,  a 

c h a ra c te r is t ic  feature of the d is e a s e  is  the formation of v e s ic u la r  erup­

tions lo c a l iz e d  in various areas of the body. Although any area of the 

sk in  is  s u s c e p t ib le  to in fe c t io n ,  the virus shows preference  for mucous 

membranes ( 2 - 5 ) .  The most frequent m anifestation  of primary herpetic  

in fect io n  is  a cu te  g ingivostom atitis  , ch aracterized  by v e s ic u la r  le s io n s  

covering the tongue and mucous membranes of the mouth and oral c a v i ty .

In fectio n  of the mucous membranes of the gen ita l tract may occur 

in e ither s e x .  Acute vulvovaginitis  as  a m anifestation  of HSV in fection  

was f irs t  e s ta b l ish e d  by Slav in  and G avett in 1946 (6). S in ce  that time 

i t  has becom e apparent that herpetic  in fection  of the fem ale g en ita l tract 

i s  the most common viral g y n eco lo g ica l  d is e a s e  (7).

Primary gen ita l in fection  of women during pregnancy may resu lt  

in tran sm iss io n  of the virus to the infant at b ir th .  In the n e o n a te ,  the 

virus may becom e sy s te m ic  and produce a g en era liz e d , o ften  f a t a l ,  in ­

fe c tio n  (8).
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K eratoco n ju n ctiv itis  is  a much le s s  common h erpetic  in fection  

but is  po ten tia lly  seriou s b e ca u se  the v e s ic u la r  eruptions may u lce ra te  

and lead to s c a r i f ic a t io n  of the cornea and b lin d n ess  (5).

Sy stem ic  involvem ent may accompany any of th e se  syndromes of 

primary HSV in fe c t io n .  Frequently there is  an enlargem ent of regional 

lymph nodes and in some c a s e s  a viremia is  p re se n t .  Temperatures a s  

high as  105°  F may be  s e e n .  HSV has neurotropic properties and in 

ce r ta in  c a s e s ,  sy s te m ic  involvem ent le a d s  to a m eningitis  or e n ce p h a­

l i t i s  (5).

S trains of HSV have been  divided into 2 d is t in c t  subgroups based 

on b io lo g ica l  and an tig en ic  d if fe ren ces  (9 -1 7 ) .  The two subgroups are 

referred to as  herpes sim plex  virus type 1 (HSV-1) and herpes sim plex 

virus type 2 (H SV-2). More than 90% of the gen ita l  in fe c t io n s  cau sed  

by HSV are due to HSV-2 while most n o n -g en ita l  in fe c t io n s  are with 

HSV-1 (9).

A w ell-know n feature of HSV is  its  a b il i ty  to e s ta b l is h  a la ten t  

in fect io n  in th e  host following the primary in fe c t io n .  The common "cold 

so re"  or " fev er  b l i s te r "  is  the c l a s s i c  example of recurrent HSV in fection  

resulting  from la te n c y  following a primary c a s e  of g in g iv o sto m a tit is .  Re­

current c e r v ic i t i s  and vulvovaginitis  frequently follow  primary g en ita l in ­

fectio n  of the female with HSV-2 (18). Although the primary in fect io n s  

are usually  more se v e re  and longer la s t in g ,  recurrent in fe c t io n s  are ch a r­

acterized  by the same lo ca liz e d  outbreak of v e s ic u la r  le s io n s  a s  the pri­

mary in f e c t io n .



6

The nature of the h o st-v iru s  re la tionsh ip  that acco u n ts  for the 

la ten t in fe c t io n  is  not fully understood. A w id ely-held  view is  that the 

virus is  a s s o c ia te d  with nerve t i s s u e  betw een the recurrent o u tb reak s .  

Cushing was perhaps the f irs t  to su sp ec t  the involvem ent of nerve t i s ­

sue (19). He noticed  that in two c a s e s  of su rgica l removal of the g a s ­

serian  ganglion for n eu ra lg ia ,  herpetic  le s io n s  occurred on the s ix th  and 

seventh  p ostoperative  d a y .

This early  observation  was su bstan tia ted  by Carton and Kilbourne 

(2 0 , 2 1 ) .  They reported that surgical se c t io n  of the posterior root of the 

trigeminal nerve for the treatm ent of trigeminal neuralgia resulted  in the 

p recip itation  of recurrent herpetic  le s io n s  in 44 out of 47 p a t ie n ts .  Le­

sions appeared betw een 487 9 6  hours a fter  surgery and in a ll  c a s e s  the 

le s io n s  f ir s t  appeared in areas of the skin that were innervated by the 

sectio n ed  n e rv e . HSV was recovered from the v e s ic u la r  fluid from the 

le s io n s  by in je c t io n  into m ic e .  H ow ever, virus was not recovered from 

m ice that were in je c te d  with nerve t i s s u e  removed at su rgery . It  was 

postulated that th e  virus resided in su rface  ep ith e lia l  c e l l s  and that 

sectio n in g  of the nerve activ ated  virus growth.

In a t l e a s t  2 other stud ies  (22 , 23) attempts have b een  made to 

dem onstrate th e  virus in ganglion c e l l s  at the time of nerve s e c t io n .  

Su sp ensions of nerve t i s s u e  were prepared from 7 different patien ts  and 

inoculated in tracran ia lly  into r a b b i t s . None of the anim als showed signs 

of in fection  and virus was not recovered from any an im al. H ow ever, 5 of 

the 7 patien ts  developed typ ica l herpetic le s io n s  follow ing surgery.
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Although it  has not been p o ss ib le  to is o la te  the virus from gan­

glion t i s s u e  at the tim e of removal of the t i s s u e  from the body, th is  does 

not co n stitu te  proof that the virus re s id e s  outside the ganglion t i s s u e  

and that sectio n in g  of the nerve root merely provides the stim ulus need­

ed for virus a c t iv a t io n .  R e ce n tly ,  Stevens and Cook (24, 25) have d e v e l­

oped experim ental models using m ice and rabbits and their s tu d ies  in d i­

cated that virus does res id e  in the ganglion t i s s u e .  In fectio n  of m ice 

was in itiated  by inocu lation  of HSV into the rear foot pads . Following 

th is  treatment about 3 0% of the anim als died of e n ce p h a lit is  and 15% of 

the anim als showed no symptoms of in fe c t io n .  The remaining anim als 

developed hind limb p ara lysis  to varying degrees and about half of the 

anim als in th is  group re c o v e re d . The spinal ganglia  that innervated the 

inoculated s i te  were removed from anim als on each  day a fter  in fect io n  

and a ssa y e d  for v iru s .  Virus was firs t  recovered from ganglion t i s s u e  

2 days a fter  in fe c t io n .  Peak virus t iters  were obtained at about day 4 

and virus disappeared by the seventh  or eighth d a y . The p re se n ce  of 

viral antigens c lo s e ly  paralle led  the p resen ce  of in fect io u s  v iru s .  Virus 

antigens did not remain after the d isap pearan ce  of in fe c t io u s  v iru s .

After m ice recovered from p a r a ly s is ,  virus could not be d etected  in g an ­

glion c e l l s  of th e s e  anim als at the time that the t i s s u e  was removed from 

the anim als . Plowever, after  explantation of the ganglion c e l l s  in v i tr o , 

in fectiou s  virus appeared in the supernatant fluids within 5 days . The 

virus recovered in th is  manner was in d istin gu ish ab le  from the inoculum

virus a s  ind icated  by neu tralization  t e s t s .  This study indicated  that the
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ganglion c e l l s  contained la ten t virus which was re lease d  after  c u lt iv a ­

tion of the c e l l s  in v i tr o .

In th is  same study rabbits were infected  by dropping a su sp en ­

sion of the virus onto the su rface  of their eyes  . An acu te  in fect io n  of 

the eyes  occurred following th is  procedure and virus could be recovered 

from the trigem inal ganglia  5 days after in fe c t io n .  By the ninth day 

virus had disappeared from the su rfaces  of the in fected  e yes  and from 

the ganglion c e l l s  . During the next 4 - 8  months virus interm ittently  ap­

peared in the tear  films from the in fected  eyes . At a point when no virus 

was recovered from the tear  film of a rabbit for at l e a s t  1 month, the gan­

glion c e l l s  were removed from the animal and placed in c u ltu re .  No virus 

was d etected  in  the ganglion c e l l s  at the time of explantation  but in fe c ­

tiou s virus did appear in the supernatant fluids from 7 of the 12 ganglia 

that were cu ltu red . In 4 ganglia cultures virus was recovered during the 

f irs t  week of c u lt iv a t io n .  From 2 ganglia virus was recovered within 2 

w eeks and in 1 culture virus was recovered after 3 w eeks . The authors 

concluded from the stud ies  with both m ice and rabbits  th at the virus was 

ab le  to e s ta b l is h  a la ten t  in fection  in sensory  ganglia and that th e s e  e x ­

periments d irect ly  support the co n cep t that sensory  ganglia  are the r e s e r ­

voir of the virus during the la ten t  in fe c t io n .

Two hypoth eses  have been  proposed to explain  the nature of the 

la ten t in fe c t io n ; the "dynamic s ta te "  hypothesis  and the " s t a t i c  s ta te "  

hypothesis  (2 6 ) .  According to the "dynamic s ta te "  h y p o th e s is ,  the 

la ten t  in fe c t io n  i s  maintained by continued m u ltip lication  of virus in a
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small number of c e l l s .  In the " s ta t i c  s ta te "  h y p o th e s is ,  the virus is  

maintained in ce r ta in  c e l l s  in a non-rep licating  form. According to th is  

h y p o th e s is ,  various stimuli are ab le  to c a u se  resumption of a c t iv e  viral 

re p l ic a t io n .  S tev en s  and Cook favor the " s ta t ic  s ta te "  hypoth esis  b e ­

c a u s e  virus could not be d etected  in the ganglion c e l l s  a t the time of 

their removal from the animal although virus could be d etected  soon after

the ganglion c e l l s  were cultured in v itro . H ow ever, as  long as it  is  not
*

p o ss ib le  to determine the minimum amount of in fect io u s  virus that is  

needed before  d e te ct io n  is  p o s s ib le ,  i t  cannot be stated  for ce r ta in  that 

a small amount of rep lica t in g  virus was not p re sen t.

The ev id ence  that HSV re s id e s  in c e l l s  of the sen sory  g a n g lia ,  

presumably in a n o n -rep lica tin g  form, betw een outbreaks of recurrent in ­

fectio n  is  not c o n c lu s iv e .  Certain studies have ind icated  that the la ten t 

in fect io n  may be maintained by a c t iv e  m ultip lication  of virus in a small 

number of c e l l s .  Kaufman, Brown and E llison  (2 7) in fected  15 rabbits 

with HSV by co rn ea l s c a r i f ic a t io n .  After the in it ia l  le s io n s  h e a le d ,  daily  

cultures of the te a r  film were obtained and inoculated  onto human amnion 

c e l l s .  During the study, virus was iso la te d  73 tim es while only 16 re ­

current corneal u lcers  were o b se rv e d .

In the sam e study, corneal tear film s and sa liv a  sp ecim en s were 

obtained from 35 in d iv id u a ls ,  11 of whom had no history of recurrent 

herpetic  in fe c t io n .  Four of the individuals who had no h istory  of recur­

rent in fect io n  had ep iso d es  of virus shedding during the period of study. 

Among the individuals who did have a history of recurrent herpetic
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in fe c t io n ,  at l e a s t  3 people had 1 or more ep isod es of virus shedding.

In neither group did any individual develop any herpetic  le s io n s  during 

the study. The authors postulated that virus production may occur co n ­

tinually  at a low le v e l  and that c l in ic a l  in fection  is  a re su lt  of change 

in r e s is ta n c e  to the virus by t i s s u e s  normally bathed in virus .

In another study (2 8) a group of 418  healthy adult m ales were in ­

fected  in tra n a sa lly  with one of five  types of respiratory  v iru ses  . N asal 

c u ltu re s ,  throat s w a b s ,  sa l iv a  specim ens and co n ju n ctiv a l sw abs were 

taken every other day and cultured in W is ta r -3  8 c e l l s  and human embry­

onic kidney c e l l s  . During the co u rse  of th is  study, HSV (not one of the 

v iruses which was used to in fe c t  the men originally) was iso la te d  2 7 

tim es from 2 1 of the v o lu n teers .  One su b je c t  had 3 p o s it iv e  c u ltu re s ,  

four s u b je c ts  had 2 and s ix te e n  su b je c ts  had 1 p o sit iv e  c u ltu re .  Virus 

was most often cultured from s a l iv a ,  throat swabs and n a sa l  cu ltu re s .  

There was no d ire ct  re la tio n sh ip  between iso la t io n  of the virus and su b­

sequent development of herpetic  l e s io n s ,  although 4 c a s e s  of recurrent 

in fect io n  did develop after virus is o la t io n .  B ecau se  e a ch  of the 21 ind i­

viduals had s ig n if ic a n t  le v e ls  of neutralizing antibody in h is  serum , it  

i s  unlikely  that the virus represented primary in fe c t io n s .  T h ese  data are 

c o n s is te n t  with th e  co n ce p t of chronic virus m u ltip lication  with interm it­

tent shedding of v iru s .  S in ce  virus was recovered from e y e s ,  n o s e ,  

mouth and throat (though not from a ll  sou rces  in any one individual) it  is  

p o ss ib le  that th e  virus re s id e s  in glands that s e c r e te  into th e s e  areas 

rather than in sen so ry  g a n g lia .
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In the 4 c a s e s  where herpetic  le s io n s  o ccu rred , th e  outbreaks 

followed c a s e s  of respiratory i l l n e s s .  It is  p o ss ib le  that the i l ln e s s  did 

not a c t iv a te  a nonreplicating  virus but rather altered the s e n s it iv i ty  of 

t i s s u e s  to the virus making them more su sce p tib le  to in fe c t io n  with virus 

that was already presen t in an a c t iv e  form.

In a follow ing study (2 9) sa liv a  cu ltures were taken  three  tim es 

per week from 10 healthy  volunteers who had high t i te rs  of neutralizing 

antibody to HSV. Over a 5 month period 607 sam ples were ta k e n .  Of 

t h e s e ,  22 were p o sit iv e  for HSV. Of the 22 p o sit iv e  s p e c im e n s ,  11 o c ­

curred within 7 days of the o n set of herpetic  le s io n s  and 11 in the a b ­

s e n c e  of l e s i o n s . This confirmed earlier  reports that the virus could be 

iso la te d  in the a b s e n c e  of dem onstrable pathology, and a ls o  indicated  

that if  se r ia l  sp ecim ens were ta k e n ,  the rate  of virus recovery  in the 

a b s e n c e  of le s io n s  could be much higher than th e  ear lier  reported 5% .

Further ev id ence  that virus m ultiplication may o ccu r slow ly b e ­

tw een outbreaks of recurrent d is e a s e  were reported by D aw son , Togni, 

Moore and Colem an (30).  They removed cornea and corneal stroma t i s ­

sue from fiv e  patien ts  who suffered from recurrent h erpetic  k era to co n ­

ju n c t iv it is  and observed the t i s s u e s  by e lectron  m icro sco p y . Although 

minced t i s s u e  and corneal tear  film specim ens fa iled  to y ield  virus when 

they were c u lt iv a te d ,  virus p a rt ic le s  in d istin gu ish ab le  from HSV were 

observed by e lec tro n  m icro sco p y . These re su lts  are open to se v e ra l  in­

terpretations . It is  p o s s ib le  that chronic m ultip lication of virus does

o ccu r at the s i t e  of recurrent in fect io n s  betw een outbreaks of the d i s e a s e .



However, it  i s  a lso  p o ss ib le  that the virus p art ic le s  observed by e l e c ­

tron m icroscopy were noninfectious and to ta lly  unrelated to m aintenance 

of the la te n t  in fe c t io n .

Up to th is  point two p o s s ib i l i t ie s  have been co n sid ered : that 

virus re s id e s  in sensory  ganglion c e l l s  betw een outbreaks of in fection  

(presumably in a nonreplicating form) or that virus re s id e s  in some other 

t i s s u e  (presumably being maintained by a low rate  of continued m ultipli­

c a t i o n ) . A third p o ss ib il i ty  is  that virus re s id e s  in a nonreplicating  form 

in c e l l s  other than sensory  ganglion c e l l s .  HSV-2 has been  im plicated 

in the etio logy  of c e rv ic a l  carc in om a. In it ia lly  the im plication  was 

based  on epidem iologic evid ence  (31, 32) but s in c e  then other evidence 

in support of th is  p o ss ib il i ty  has been  obtained ( 3 3 -3 6 ) .  If HSV-2 is  

e t io lo g ic a l ly  re lated  to c e rv ica l  ca rc in o m a , it  would in d ica te  that the 

virus can  e x is t  in a nonreplicating form in th e s e  e p ith e lia l  c e l l s .

D irect ev id ence  that HSV-2 may o ccu r in e p ith e lia l  c e l l s  in a 

nonreplicating form has been obtained (35 ,3  6 ) .  Exfoliated  c e rv ic a l  ep i­

th e lia l  c e l l s  were obtained from patients with h is to lo g ic a l ly  proven 

c a s e s  of p re in v asiv e  or in v asiv e  ce rv ic a l  carc in o m a. Sm ears made from 

all patients showed both the normal e p ith e lia l c e l l s  and abnormal d y s -  

karyotic  c e l l s  . After being s ta in e d ,  the normal c e l l s  were readily  d is ­

tin gu ish ab le  from the abnormal c e l l s  . These  c e l l s  were th en  treated 

with rabbit antiserum that had been  made a g a in s t  H S V -2 -in fec te d  hep-2 

c e l l s  and con jugated  to f lu o re s c e in is o th io c y a n a te . An average of 21%

of th e  d yskaryotic  c e l l s  in sm ears made from patien ts  with preinvasive



13

ce rv ica l  carcinom a and 31% in sm ears made from patien ts  with in v asiv e  

ce rv ica l  carcinom a flu oresced  after  s ta in in g .  D yskaryotic  c e l l s  taken 

from control s u b je c ts  a s  well a s  from patients with b re a s t  c a n c e r  or c a n ­

ce r  of the endometrium did not f lu o re sce  after sim ilar trea tm en t. It 

seem s re a so n a b le  that HSV-2 antigens or antigens that c ro s s  re a c t  with 

HSV-2 an tigen s are present in the exfo lia ted  c e l l s  from p atien ts  with 

ce rv ic a l  ca rc in o m a . At le a s t  part of the HSV-2 genome must be present 

in th e se  e p ith e lia l  c e l l s  and must be tra n scr ib e d .

In another study (3 6) a c e l l  l in e  was e s ta b lish ed  from biopsied  

c e rv ica l  epithelium from a patient with c e rv ica l  c a rc in o m a . During the 

te n th , f if teen th  and eighteenth  in vitro p a s s a g e s ,  one culture  out of the 

re p lica te  cu ltu res  underwent spontaneous d eg en eration . HSV-2 was i s o ­

lated  from the cu ltures undergoing d eg en eration . No virus was iso la ted  

from the re p l ic a te  cu ltu res  which did not undergo d e g en e ra tio n . The au­

thors concluded that a t l e a s t  some of the c e l l s  in the original biopsy  had 

been  in fected  with la te n t  HSV-2 . The in ab ility  to d e te c t  virus in th e se  

cultures before  th ey  underwent degeneration argues a g a in s t  the idea that 

virus m u ltip lication  was occurring at a slow  rate and in d ica te s  that virus 

was present in a nonreplicating form.

Attempts have been  made to e s ta b l is h  la ten t  in fe c t io n s  of c e l l  

cultures with HSV. C arrier s ta te  in fe c t io n s  or p e rs is te n t  in fe c t io n s  have 

been reported by a number of p e o p le .  This type of in fe c t io n  is  sim ilar to 

the in vivo chronic  in fe c t io n  in that virus m u ltip lication  is  not com plete­

ly  b lo ck e d , but production of in fect io u s  virus is  reduced to a low l e v e l .
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W heeler and Canby (3 7, 3 8) described the e stab lish m en t of a per­

s is te n t  in fect io n  of H ela c e l l s  with HSV. In th is  model system  virus 

growth was inhibited by incorporating s p e c i f ic  antiserum into the c e l l  

culture medium. Under th e s e  conditions the spread of th e  virus through 

the medium was inhibited and c e l l  growth was rapid enough to keep up 

with c e l l  d e s tru c t io n .  Virus could alw ays be recovered from the cultures 

and removal of the antiserum from the m aintenance medium resulted  in 

rapid virus spread and d estru ction  of c u l tu r e s .

A carr ier  s ta te  in fect io n  of FL c e l l s  with HSV was e s ta b lish e d  by 

Hoggan and Roizman (3 9 ) .  The p e rs is te n t  in fe c t io n  in th e s e  c e l l s  was 

maintained by the u se  of antiserum and by p erio d ica lly  adding fre sh ,  un­

in fected  c e l l s  to the cu ltu re .  In the co u rse  of the in fe c t io n ,  a virus 

variant that produced a unique type of cy topathogenic  e f fe c t  was i s o la t ­

ed . It  was postu lated  that virus spread by 2 routes: d irect ly  from c e l l  to 

c e l l  and from c e l l  to c e l l  through the culture medium. S in c e  the a n t i­

serum prevented spread o f virus through the medium, th e  variant virus 

must have a r ise n  from virus that spread d irectly  from c e l l  to c e l l .

In another study (4 0) Hela c e l l s  were p e rs is te n t ly  in fected  with 

HSV in the p re se n ce  of antibody. Subculturing of in fected  cu ltures indi­

ca ted  that a s  few as  1 in 10^ c e l l s  were producing virus at any one t im e . 

It was p o s s ib le  to i s o la te  su b lin es  from th e se  cultures th at were virus 

f r e e .  T h ese  su b lin e s  showed some in creased  r e s is ta n c e  to in fe c t io n  a l ­

though th is  in c re a se d  r e s is ta n c e  was not a b s o lu te .
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Szanto  (41) reported that a p e rs is te n t in fect io n  of Hela c e l l s  

could be e s ta b lish e d  by incorporating 4 0% pooled human serum into the 

culture medium. Virus could be recovered throughout the experiment from 

the in fected  cu ltu res  and cytopathogenic  e f fe c t  could be demonstrated in 

lo ca liz e d  f o c i .  Incubation of the in fected  c e l l s  at 40C  further reduced 

virus growth but did not elim inate  virus from the c e l l s  .

A p e rs is te n t  in fe c t io n  of c e l l  cultures was e s ta b lish e d  by in cu b at­

ing the c e l l s  a t a lower than normal temperature (42). Using M aben c e l l s ,  

a c e l l  l in e  derived from a lung ad enocarcinom a, and a s p e c i f ic  strain  of 

HSV, a p e rs is te n t  in fe c t io n  was e s ta b lish ed  and m aintained for 9 months 

by incubating the c e l l s  at 3 1 C .  If the temperature of incubation was 

r a is e d ,  the c e l l s  were readily  su sce p tib le  to destru ction  by the v iru s .

A number of other s tra in s  of HSV quickly  destroyed the c e l l s  , even at 

3 1 C .  It was postu lated  that a low m etabolic  rate  in the M aben c e l l s  at 

31C  resulted  in  a slow  down of virus production to a degree that was 

com patable with survival of the cu ltu re s .

Carrier cu ltu res  of Hela c e l l s  and KB c e l l s  were maintained over 

a 2 1/2 y ear  period by the use of 30% pooled human serum (43). After 

2 1/2  y ears  two ch an ges  in the virus had occurred; it  produced a modi­

fied cy topathogenic  e f fe c t  in c e l l  cu ltu res  and its  v iru lence  for m ice was 

markedly d e c r e a s e d .

HSV in fe c t io n  of a c e l l  l in e  derived from C h in ese  ham sters was 

studied by Hampar, Copeland and Burroughs (44, 4 5 ) .  During the in it ia l 

p a s s a g e s  of th e  newly e s ta b lish e d  c e l l  l in e ,  the c e l l s  were readily
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su s c e p tib le  to in fe c t io n  and an inoculum of any s iz e  com pletely  destroyed 

the c u l tu r e s .  During p a s s a g e s  1 0 - 3 5 ,  there was a s u c c e s s iv e  d e c re a se  

in s u s c e p tib i l i ty  of the c e l l s  to the virus . The length of time it  took the 

virus to com pletely  destroy  th e  c e l l s  was pro gressiv e ly  in c r e a s e d .  After 

p a ssa g e  3 5 ,  c e l l  proliferation was ab le  to keep up with c e l l  destruction  

and a s ta b le  carrier  culture in fe c t io n  was e s ta b l i s h e d . C y c lic  chan ges 

were noted in the p e rs is te n t ly - in fe c te d  cultures . In the f irs t  part of 

each  c y c le  virus t i te rs  in crease d  and the number of v iab le  c e l l s  d e ­

c r e a s e d .  In th e  second part of the c y c le  the virus t i te rs  dropped while 

c e l l  proliferation resulted  in growth of the c e l l  population. This carrier 

culture  in fe c t io n  differed from ones previously described  in that the in ­

fe c tio n  was m aintained in the a b se n c e  of s p e c i f ic  environmental factors 

such a s  neutralizing  antibody or deviations from optimal tem perature.

Stud ies  were carried out to determine th e  m echanism  by which 

the p e rs is te n t  in fe c t io n  could be maintained in the C h in e se  hamster c e l l  

l i n e .  C e l ls  from p a s s a g e s  2 0 -1 0 0  were a ssa y e d  for th e ir  a b il i ty  to sup­

port the re p lica t io n  of HSV. A H ela ce l l -a d a p te d  strain  of HSV and an 

early p a s s a g e  C h in e se  ham ster c e l l -a d a p te d  strain  of HSV were u se d .  

Virus was inocu lated  onto C h in ese  hamster c e l l s  of d ifferent p a s s a g e s  

and onto rabbit kidney c e l l s  . The t i te rs  of the v iruses  remained s ta b le  

in rabbit kidney c e l l s  but dropped with each  s u c c e s s iv e  p a ssa g e  of the 

C h in e se  ham ster c e l l s  . A strain  of HSV iso la te d  from l a t e - p a s s a g e , 

p e r s is te n t ly - in fe c te d ,  C h in ese  ham ster c e l l s  did not behav e in th is man­

n e r .  This virus was a b le  to re p lica te  equally  a s  well in  C h in e se  hamster
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c e l l s  of any p a s s a g e  a s  in rabbit kidney c e l l s .  The authors postulated 

that chan ges had occurred in both the c e l l s  and the in fect in g  virus .

Nii (4 6, 47) reported the estab lish m en t of a p e rs is te n t  in fect io n  

in  E a r le 's  L c e l l s .  This in fe c t io n  resem bled the carrier  in fe c t io n  in 

C h in ese  ham ster c e l l s  d escribed  by Hampar, Copeland and Burroughs in 

that no extraneous a n t i-v ira l  m easures were taken in order to m aintain 

the p e rs is te n t  in fe c t io n .  The in fect io n  was maintained over a 4 year 

period during which time c y c l i c  ch an ges  in the virus t i te r  o ccu rre d . Sub­

l in e s  e s ta b lish e d  from cultures during periods of minimal virus growth 

were som etim es free  of virus although virus was commonly transm itted to 

s u b l in e s .

Attempts were made to "cu re"  the p e rs is te n t  in fe c t io n  by the addi­

tion  of s p e c i f ic  antibody to th e  culture medium. Only a few cultures 

were "cu red " even a fte r  continuous treatment for 1 -8  m onths. Although 

a "cu re"  could not be  a ffec te d  in the majority of c u l tu r e s ,  no evid ence 

of virus growth was s e e n  and no virus was recovered from supernatant 

f lu ids during trea tm en t.

These  stu d ies  in which carrier  culture in fe c t io n s  were e s ta b lish ed  

in d ica te  th at under w ell-d efin ed  conditions a chronic HSV in fe c t io n  at the 

c e l lu la r  le v e l  ca n  b e  m ainta in ed . It  i s  not known, how ever, i f  th is  type 

of in fe c t io n  h as any re la tio n  to  the n aturally-occu rring  in vivo la te n t  in ­

fe c t io n .  If th e  natural la te n t  in fe c t io n  is  re a lly  a chronic in fe c t io n ,  it  is  

p o s s ib le  that fac to rs  such  as  c ircu la t in g  antibody and lo c a l  temperatures

a t  th e  su rfa ce  of th e  body lim it the in fect io n  ju s t  as  they do in th e se
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carrier  cu lture  in fe c t io n s  .

O 'N e i l l ,  Goldberg and Rapp e stab lish ed  a c e l l  cu lture  in fect io n  

in which virus m ultiplication was apparently com pletely  blocked (48). 

They treated human embryonic lung c e l l s  with 1 0 -2 0  yg/m l of cy to s in e  

a ra b in o s id e ,  a potent inhibitor of DNA re p lic a t io n .  After 4 days of tre a t­

ment no in fe c t io u s  virus could be  d etected  in c e l l s  that had been  in fe c t ­

ed with HSV-2 at the time of treatm ent. Although there  was no evid ence 

of virus in th e  treated cu ltu re s ,  the virus was not elim inated from th ese  

c u ltu re s .  After removal of the inhibitor from the c e l l  cu lture  medium, 

a c t iv e  virus growth resum ed. A delay  of 5 -1 1  days betw een removal of 

the inhibitor and evid ence  of virus growth was o b serv e d . The authors 

postulated that some of the inoculum virus was ab le  to survive during 

the period of treatm ent and resum e m ultiplication when the concentration  

of the inh ibitor was su ff ic ie n tly  reduced by periodic washing of the c u l­

tures with in h ib ito r-free  medium. It is  not p o ss ib le  to s ta te  what form 

the virus was in  during th is  period when virus could not be d e te c te d .  

Presumably the b lock  in rep lica tion  occurred during the e c l ip s e  period 

of the re p lica t io n  c y c l e .  It is  unlikely that w hole , in fe c t io u s  virus par­

t i c l e s  would be  present in th e s e  c e l l s ,  although virus n u c le ic  acid  must 

be s t a b le .

Evidence that the virus genome is  s ta b le  in c e l l s  during periods 

when a c t iv e  viral rep lica t io n  is  not occurring com es from other stud ies  . 

Duff and Rapp (33) in activ ated  HSV-2 by exposing e x tra c e llu la r  virus to 

u ltrav io let l ig h t and then in fected  ham ster embryo f ib ro b lasts  with the
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in activ ated  v ir u s .  Approximately 3 0 days after in fe c t io n ,  fo c i  of mor­

ph o lo g ica lly  transformed c e l l s  were iso la ted  and grown into c e l l  l i n e s .  

After e s ta b lish m e n t of the c e l l  l in e s  th e se  c e l l s  had o n co g en ic  potential 

and cau sed  tumors when in je c te d  into baby h a m ste rs .  The transformed 

c e l l s  contained  HSV-2 antigens as  d etected  by im m u noflu orescence , but 

in fe c t io u s  HSV was not iso la te d  from th e s e  c e l l s .  It is  implied in th e se  

findings that at l e a s t  part of the virus genome was s ta b le  in th e s e  c e l l s  . 

Failure to i s o la t e  in fe c t io u s  virus from th e se  c e l l s  could in d ica te  that 

the virus genome was permanently dam aged, or that an e x ce p tio n a lly  

s ta b le  h o s t-v iru s  re la tio n sh ip  was e s ta b l is h e d .

There is  ev id en ce  that a t l e a s t  one other HSV g e n e ,  the gene for 

thymidine k in a s e  a c t iv i ty ,  ca n  remain ind efin ite ly  in c e l l s  following 

in sertio n  (49).  A su bline  of L c e l l s  which did not co n ta in  an a c t iv e  gene 

for th e  production of the enzym e, thymidine k in a s e ,  was in fected  with 

u ltrav io let l ig h t- in a c t iv a te d  HSV. After in fect io n  with the in activ ated  

v iru s ,  co lony  formation occurred in medium s e le c t iv e  for thymidine k i ­

n a se  p o sit iv e  c e l l s .  The rate  of colony formation was approxim ately 1 

out of 1000 in fe c ted  c e l l s .  A ssays  of c e l l  ex trac ts  for thymidine k in a se  

ac t iv i ty  in d ica ted  that th e s e  c e l l s  contained 7-24X  as  much enzyme a c ­

tiv ity  a s  did uninfected  control c e l l s .  It was proposed th at in fect io n  

with th e  u ltrav io let l ig h t- in a c t iv a te d  virus resulted  in the in sertio n  of 

the virus gene for enzyme production, rather than a c t iv a t io n  of the c e l l  

gene for enzyme production. Two kinds of ev id ence  favored th is  id e a .  

The e lec tro p h o retic  m otility  of the enzyme in th e  v iru s - in fe c te d  c e l l s
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was id en tica l to the e lec tro p ho retic  pattern of the enzyme from c e l l s  

ly t ic a l ly  in fected  with HSV. Furthermore, a mutant of HSV which was 

not ab le  to induce thymidine k in a se  a c t iv ity  during a ly t ic  in fe c t io n  was 

not ab le  to transform thymidine k in a se  negative c e l l s  into thymidine 

k in a se  p o sit iv e  c e l l s  follow ing u ltrav io let l ight in a c t iv a t io n .

The various c l in ic a l  o bserv ations related to la te n t  HSV in fe c t io n  

have not fu lly  d e lineated  the re la tionsh ip  betw een the virus and the host 

at the c e l lu la r  l e v e l . If anyth ing , they have indicated  that a number of 

c e l l -v ir u s  in tera c tio n s  are p o s s ib le .  Experimental s tud ies  a ls o  have not 

com pletely  answered th e  b a s ic  q u e s t io n s .  C le a r ly ,  further studies need 

to be done in  order to define the nature of the h o st c e l l -v ir u s  in teractio n  

during the la te n t  in fe c t io n .  H opefully , the re su lts  presented in th is  study 

will contribute  to answ ering some of the q u estio n s  .

In an e ar lie r  study we found that when rabbit kidney c e l l s  were 

in fected  with a type 2 s tra in  of HSV and incubated at 4 1 C ,  no in fect io u s  

virus was produced. When in fected  cu ltures were transferred to 3 7C 

after incubation  at 4 1 C ,  virus growth resumed in some of th e  c u ltu re s .  

H ow ever, a d e lay  was observed in many cu ltu res  before  virus growth 

occurred a fter  tran sfer  to 3 7 C . During the period of tim e when virus 

growth was not d e tected  at 3 7 C , th is  in fect io n  f it  the d efin ition  of a 

la ten t  in fe c t io n  (50). W e have attempted to c h a ra c te r iz e  th is  in fe c t io n ,  

to modify the in fe c t io n  by treatment of the c e l l s  with various chem ical 

agents  and to adapt the in fection  to c e l l  types other than rabbit kidney

c e l l s .



MATERIALS AND METHODS

Primary Rabbit Kidney C e l ls

Primary rabbit kidney (RK) c e l l s  were prepared according to a pro­

cedure outlined for the preparation of monkey kidney c e l l s  by Youngner 

(51). Kidneys were a s e p t ic a l ly  removed from fresh ly  k illed  3 0 0 -6 0 0  gram 

New Zealand white rabbits . The fa s c ia  and ca p su le s  were stripped away 

from the kidneys and the kidneys were washed in H anks' ba lan ced  sa lt  

solution (HBSS). The co r t ica l  t i s s u e  was cut away from the medullary 

t i s s u e  and s l ic e d  into small p ie ce s  with s c i s s o r s  and fo r c e p s .  The t i s ­

sue p ie c e s  were washed 5 - 6  tim es in cold HBSS to remove b lo o d . The 

washed t i s s u e  was put into a s te r i le  trypsinizing f la s k  contain ing  ap­

proximately 75 ml of 0 .25%  trypsin solution (Trypsin 1 :2 5 0 ,  D ifco  Labo­

ra to r ie s ,  D e tro it ,  M ichigan) and trypsinized on a m agnetic  stirrer for 

1 0 -2 0  m in u tes .  The trypsin was poured off and d isc a rd e d . Fresh tryp­

sin  was added and the t i s s u e s  trypsinized for about 3 0 minutes . This 

time the try p sin ,  containing the dispersed c e l l s ,  was filtered  through s ix  

lay ers  of s te r i le  gauze into s te r i le  centrifuge tu b e s .  Approximately 10ml 

of HBSS was added to each  40 ml of c e l l  su spen sion  to dilute  the try p sin .  

The c e l l  su sp en sion  was stored at 4 C .  The trypsin izing  procedure was 

repeated until e s s e n t ia l ly  a ll  of the t i s s u e  had been  d ig e s te d .  The tubes 

containing the suspended c e l l s  were centrifuged at 15 0 x.g for 15 minutes

21
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in an International Model NH centrifuge (International Equipment C o . ,  

Boston , M a s s . ) .  The supernatant fluids were decanted and the c e l l  p e l­

le t s  co l le c te d  in a s in g le  tu b e .  The c e l l s  were washed tw ice  in HBSS 

and suspended in human kidney growth medium (52). F eta l c a l f  serum 

(Grand Island B io lo g ica l Company, Grand Is la n d , New York) was added 

to the medium at a final concentration  of 2 0%. A ntib iotics  (Grand Island 

B io logical Company) were added to the medium in the follow ing co n c e n ­

tra tio n s : 100 U /m l p e n ic i l l in ,  100 vg/m l streptom ycin and 0 .2 5  pg/ml 

fu n g izo n e .

The c e l l s  were planted out in d isp o sab le  g la s s  c e l l  culture tubes 

(Curtin S c ie n t i f ic  C o . ,  M in n e a p o lis ,  M in n .) .  Each tube was inoculated 

with 1 ml of c e l l  su sp en sion  containing 1 -2x 10^  c e l l s / m l .  After 3 -7 d a y s  

of incubation at 3 7 C , com plete monolayers were formed. The human kid­

ney growth medium was replaced with m aintenance medium. M aintenance  

medium c o n s is te d  of minimal e s s e n t ia l  medium (MEM) of Eagle with 

E a r le 's  ba lan ced  s a l t  so lu tio n , 2% fe ta l c a l f  serum and a n t ib io t ic s  (53). 

C onstitu ents  o f  the medium were purchased from Grand Island B io log ica l 

Com pany.

For ce r ta in  experim ents c e l l s  were planted onto g la s s  co v e rs l ip s  

in Leighton tu bes (Curtin S c ie n t i f ic  C o .)  or into d isp o sa b le  t i s s u e  c u l­

ture f la s k s  (Falcon P l a s t i c s ,  Oxnard, C a lifo rn ia ) .  Leighton tubes re ­

ce iv ed  1 .5  ml and f la s k s  receiv ed  5 m l.

RK c e l l s  were a ls o  purchased from Grand Island B io lo g ica l Com­

pany. C e l ls  were purchased in tubes sim ilar to the d isp o sa b le  tubes
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used in th is  laboratory or in su sp en sion s  which were diluted and planted 

into tu bes upon a r r iv a l .

RK c e l l s  prepared in th is  laboratory or purchased from Grand 

Island B io lo g ica l Company were maintained in culture for up to 150 d a y s .  

C e l ls  were kept in a v iab le  s ta te  by replacing the culture medium every 

4 -5  d a y s .

W is ta r -3  8 C e l ls

W is ta r -3  8 (WI-3 8) c e l l s  were purchased from Grand Island Bio­

lo g ic a l  Company in tu b e s .  Upon arrival a t th is  lab o rato ry , the c e l l  c u l­

ture medium was replaced with our m aintenance medium (MEM) and the 

c e l l s  were ready to u s e .  These  c e l l s  were kept v iab le  by changing the 

culture medium every 4 - 5  days .

Human Kidney C e l ls

Human kidney (HK) c e l l s  were purchased in tubes from M icro b io ­

lo g ic a l  A s s o c ia te s  (Bethesda , M aryland). After arrival in the la b o ra to ry , 

th e se  c e l l s  were treated in th e  same manner as  were the RK c e l l s  and the 

W I-3 8  c e l l s  .

Virus

Herpes sim plex virus type 2 (strain MS) ATCC VR-54 0 was pur­

ch ased  from the American Type Culture C o llec tio n  and used throughout

th e se  studies . Stock  cultures of virus were prepared by growing the 

2
virus in 60 cm b o tt le s  of RK c e l l s  . A large inoculum of virus
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(approximately 1x10^ in fect io u s  virus p art ic les )  was added to fresh  c u l­

tures of c e l l s .  When the monolayers were approximately 3 /4  d estroyed , 

the c e l l s  were frozen and thawed 3 times to r e le a s e  in tra ce llu la r  virus . 

After c la r i f ic a t io n  by centrifugation at 150 xc[ for 5 m in u tes , the superna­

tant fluid conta in ing  the virus was stored in 1 ml q u an tit ies  at -9 0 C  in a

Revco u ltra -lo w  temperature freezer (Revco, I n c . ,  D e e r f ie ld ,  M ich ig an ).

6 7Stock  cu ltu res  of virus containing  10 - 1 0  in fect io u s  virus p a r t ic le s /m l 

were obtained in th is  w ay.

D etect io n  of Virus Growth

D e te c t io n  of virus growth was accom plished by observing infected  

cu ltu res  for th e  c h a ra c te r is t ic  pattern of c e l l  d estru ction  th at HSV is 

known to in d u ce .  HSV tends to spread d irectly  from c e l l  to c e l l  and 

fo ca l a re as  of c e l l  d estru ction  are seen  early in the in fe c t io n .  These 

fo ca l a reas  of in fe c t io n  are ch aracterized  by the p re sen ce  of sw o lle n , 

rounded, re fra c t i le  c e l l s  and o c c a s io n a l  m ultinucleated giant c e l l s .

These fo ca l  a re a s  expand in s iz e  as  the in fection  p r o g r e s s e s .  At the 

same time some in fected  c e l l s  d etach  from the monolayer and spread 

virus through the supernatant fluid so that new fo ca l a re a s  a r i s e .  Once 

evid ence  of virus growth is  o bserv ed , the destruction  of the entire  c u l­

ture is  com pleted within a few d a y s .  Virus-induced c e l l  d estru ction  is  

termed cy topathogenic  e f fe c t  (CPE) and will be referred to a s  su ch .
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Q uantitation of Virus Growth

Two standard a s s a y  procedures were used for the quantitation  of 

in fe c t io u s  virus in th e s e  s tu d ie s .  The plaque a s s a y  method was used 

for p re c ise  q uantitation  of v iru s .  The t i s s u e  culture in fe c t io u s  d o se-50%  

(TCD ) was used to determine the inoculum s iz e  in most exp erim en ts .
D U

In add ition , a m odification of th is  a s s a y  was used to determine virus 

survival in v iab le  c e l l s .  In the routine a s s a y s ,  cu ltu res  to be assay ed  

for virus were treated by freeze-th aw in g  3 tim es in  order to r e le a s e  in tra­

c e l lu la r  virus . C ertain  cultures were treated by so n ica t io n  at 1 0 ,0 0 0  

c y c le s / s e c o n d  prior to a s s a y .

Plaque A ssay — The plaque a s s a y  method is  a q u an tita tiv e  a s s a y  

procedure in which the actual number of virus p a rt ic le s  that are cap ab le  

of in it ia tin g  in fe c t io n  are co u n ted . In fectiv ity  is  e xp ressed  as  plaque 

forming units (PFU) of v iru s .  In th is  procedure 10-fo ld  d ilutions of virus 

were made in HBSS . D uplicate  cultures of RK c e l l s  conta in ing  2 ml of 

HBSS were inoculated  with 0 .2  ml of each  dilution of v iru s .  After a 4 hour 

adsorption period at 3 7C , the supernatant fluids were decanted  and the 

monolayers overlayed with a solution of m aintenance medium (MEM) 

containing 1 .5%  m eth y lce l lu lo se  and incubated at 3 7 C .  The MEM + 

m eth y lce l lu lo se  solution was prepared according to a method d escribed  

by Dolan e t^ a i .  (53). M e th y lce llu lo se  (400 ce n t ip o ise )  was purchased 

from F ish er  S c ie n t i f ic  Company (Fairlawn, New J e r s e y ) .  After 5 days of 

incubation at 3 7C , the se m i-so lid  medium was d e ca n te d .  Absolute
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methanol (M allinckrodt Chem ical W orks, S t .  L o u is ,  M issou ri)  was added 

to cover the monolayers and allowed to remain in co n ta c t  with the c e l l s  

for 10 m in u tes .  After 10 m in u tes , the alcohol was removed and the mono- 

la y ers  were sta ined  with a 1 :10  dilution of Giemsa blood s ta in  (Hartman- 

Leddon Company, P h ilad elp hia , Pen nsy lvan ia).  After 2 0 m in u tes , the 

staining so lution  was removed. In th is  procedure the c e l l  sh e e t stained 

dark purple and plaques were se e n  as  c o lo r le ss  ho les  in th e  monolayers . 

Both f la s k s  and tu bes of c e l l s  were used in th is  a s s a y  m ethod.

TC P n A ssa y — The TCD n a s s a y  is  a quantal a s s a y  and the re -  

su its  are determined on the b a s is  of the in fect iv ity  endpoint following 

se r ia l  d ilu t io n . Ten-fo ld  d ilutions of virus were made in  HBSS . D upli­

c a te  tube cu ltu res  of RK c e l l s  were inoculated with 0 .1  ml of each  dilu­

t io n .  Cultures were incubated at 3 7C for up to 1 week with daily  micro­

sco p ic  o bserv ation  for CPE, although in a ll  c a s e s ,  CPE was se en  within 

3 days when th e  sample did contain  virus . The TCD v alue  was c a lc u -
D U

la ted  from th e  in fe c t iv i ty  endpoint by the Reed-M uench formula (54).

The plaque a s s a y  method is  d efin ite ly  more p re c is e  than the

TCD a s s a y  b e c a u s e  the a ctu a l number of virus p a rt ic le s  that are able  o u

to  in it ia te  in fe c t io n  are counted rather than e s t im a te d . Furthermore, the 

plaque a s s a y  is  only s lig h tly  more involved than the TCD a s s a y  and
D U

can  be run with fewer cu ltures . The TCD a s s a y  is  u sefu l for determ in-
D U

ing i f  any virus i s  presen t at a l l  in a sam p le. H ow ever, in a matched 

experim ent, i t  proved to be  only slightly  superior to the plaque a s s a y



27

method in d etectin g  endpoint v iru s .

A m odification  of the TCD a s s a y  proved to be extrem ely useful
o u

a s  an a s s a y  for virus in v iab le  c e l l s .  In th is  v iab le  c e l l  a s s a y ,  the c e l l s  

to be a ssa y ed  for virus were removed from the monolayers by treatm ent 

with 0 .2 5 %  try p s in .  The d isp ersed  c e l l s  were centrifuged at 150 xg_ for 

10 minutes to sep ara te  them from th e  try p sin . The supernatant fluids 

were decanted  and the c e l l s  were resuspended in human kidney growth 

medium. Ten -fo ld  dilutions of the c e l l s  were made in growth medium. 

C e l ls  from e a ch  dilution were added to full monolayers o f RK c e l l s  which 

served as a su b stra te  upon which the added c e l l s  could a t ta c h .  These 

carrier  monolayers of c e l l s  had to be used b e c a u se  the suspended RK 

c e l l s  did not form c o lo n ie s  when incubated in tubes at low  co n ce n tra ­

tions . Furthermore, the carrier  monolayers served as  e f f ic ie n t  ind icator 

c e l l s  which were readily in fected  once a c t iv e  virus growth occu rred .

S in ce  virus growth often  did not occur for some time after  tran sfer  of the 

v iab le  c e l l s  to the carrier  c u ltu re s ,  it  was not p o ss ib le  to  u se  a plaque 

a s s a y  procedure in th is  c a s e .

N eutralization of Virus

Virus i s o la t e s  were identified as  HSV on the b a s is  of a n eu tra liza­

tion  t e s t .  S to ck  cu ltu res  of the virus is o la te  were diluted in HBSS to

3
contain  a f in a l concentration  of approximately 1x10 P F U /m l. Anti-HSV 

serum prepared in guinea pigs (M icrobiological A s s o c ia te s )  was diluted 

1 :6 4 ,  and 0 .5  ml of th is  dilution of serum was mixed with 0 .5  ml of the
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diluted v iru s .  After standing at room temperature for 1 hour, 0 .2  ml of 

the v irus-serum  mixture was inoculated into duplicate  cu ltu res  of RK 

c e l l s  . Cultures were then incubated at 37C along with cu ltu res  that had 

been in fected  with virus that had been incubated with HBSS rather than 

serum . Cultures were observed daily  for CPE. The t e s t  was terminated 

when cultures that had been infected  with control virus showed CPE. 

Inhibition of virus by the anti-H SV  serum was accep ted  as confirming 

the is o la te  to be HSV.

High-Temperature Incubation

C e l ls  were incubated at 41C in a w a te r - ja c k e t-re g u la te d  incu ba­

tor (National Appliance Company, Portland, O regon). The temperature 

was found to vary not more than + 0 . 5  degrees . The temperature of the 

incubator was se t  a t 4 1 .5C  so that the minimum temperature would fa ll 

to no lower than 4 1 . 0C .

F lu o re sce n ce  M icroscop y

Acridine orange (AO) s ta in ing  and im m unofluorescence sta in ing  

were used to v is u a l iz e  the v iru s-in fec ted  c e l l s .  For th e s e  stu d ies  c e l l s  

were grown on g la s s  co v e rs lip s  in Leighton tu b e s .

Acridine o ra n g e —A procedure described  by Gluck and Kulovich 

was followed for sta in ing  monolayers with acrid ine orange (AO) (55).

The preparation of reagents  has been described by th e se  au th o rs .  Stock 

so lutions of reagen ts  were prepared in advance and stored at room
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temperature or at 4 C .  AO was purchased from M ath e so n , Coleman and 

Bell (Norwood, O hio).  A 0 .1%  solution was prepared in g la s s -d is t i l le d  

water and stored at 4 C .  C arnoy's  solution was prepared fresh  each  time 

it  was u s e d .  The actu a l staining procedure that was followed is  shown 

in Table 1 .

It was not n e c e s s a ry  to com plete the sta in ing  procedure immedi­

a te ly  once i t  was begun. C overslips  were often kept for 1 -5  days in 

C arnoy's  so lu t io n .  All b io lo g ica l  ac t iv ity  within the c e l l s  was halted in 

th is  so lu tio n . When th e  staining procedure was com p leted , the c o v e r -  

s l ip s  were mounted fa c e  down on c le a n  g la s s  s l id es  using a few drops of 

phosphate buffer as  the mounting f lu id . S lid es  were ready for viewing at 

th is  time but could be kept for up to 2 w eeks in a d a rk , humidified c o n ­

ta in er  a t 4 C ,  without fad in g.

M icro scop y  was carried out using an Ortholux m icroscope (Ernst 

L e itz ,  I n c . ,  R o c k le ig h , New J e r s e y ) . The m icroscope was equipped with 

a 200W  h ig h -p ressu re  mercury vapor lamp to provide an untraviolet light 

spectrum . A d ark -f ie ld  condenser was used at a ll  tim es . The following 

f i l te r  com bination was used for viewing A O -stained s l id e s :  KG1, BG 12, 

BG3 8 ,  and K53 0 f i l t e r s .  The KG1, BG12 and BG38 f i lte rs  were situated 

betw een the u ltrav io let light source and the specim en; the K53 0 f i l te r  was 

situated betw een the specim en and the eye p iece  or photographic p la te .  

The KG1 f i l te r  was used to adsorb out most of the radiation of the in fra ­

red spectrum and protect the other f i l te rs  from e x c e s s  h e a t .  The BG12 

ex c ita t io n  f i l te r  adsorbed out most v is ib le  light while allowing
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TABLE 1

ACRIDINE ORANGE STAINING PROCEDURE

Reagent Time Comments

PBS 30 seconds with rinsing

PBS 30 secon d s with rinsing

PBS 30 secon ds with rinsing

C arnoy's  so lution 5 minutes

95% ethyl a lco h o l 30 secon ds

80% ethyl a lco h o l 30 seconds

70% ethyl a lco h o l 30 secon ds

50% ethyl a lco h o l 30 secon ds

0 .0 0 2 M  M g S 0 4 30 seconds with rinsing

1% a c e t i c  acid 1 minute

0 .0 0 2 M  M g S 0 4 30 seconds with rinsing

0 .0 0 6 M  Phosphate buffer 30 secon d s with rinsing

0 .0 1 %  acrid in e  orange 5 minutes

0 .0 6 7 M  Phosphate buffer 30 secon ds with rinsing

0 .0 6 7 M  Phosphate buffer 5 minutes

0 .0 1 M  C a C l2 2 minutes

0 .0 6 7 M  Phosphate buffer 30 secon d s with rinsing



31

tran sm ission  of light in the u ltrav io let region of the spectru m . TheBG38 

re d -su p p ress io n  f i l te r  was used to adsorb the sm all amount of v is ib le  

light in the red region of the spectrum which was not adsorbed by the 

BG12 f i l t e r .  U ltrav io le t light which was not adsorbed by the g la s s  s lid e  

and specim en was adsorbed by the K530 f i l t e r .  This f i l te r  allowed only 

v is ib le  light with a wave length of longer than 53 0 nm to be transm itted . 

S lid es  were viewed under oil immersion at a m agnification  of 5 4 OX.

Photomicrographs were made using the Orthomat m icroscope cam­

era (Ernst L e i t z , I n c . ) .  Exposure tim es varied from approximately 2 0 s e c ­

onds to 2 -3  m in u tes .

Ind irect Im m unofluorescence— Indirect f lu o rescen t antibody s ta in ­

ing was done according to a method outlined by R o ss ,  W atso n  and Wildy

(56). S p e c i f ic  antiserum to HSV was prepared in a 2000  gram, m ale ,

2
New Z ealand , white ra b b it .  A 20 in area of the an im al's  back  was 

shaved and s c a r i f ie d .  A s to ck  culture of in fect io u s  virus containing  ap­

proximately 10^ PFU of virus in 1 ml of m aintenance medium was applied 

to the sca r if ie d  sk in  with a cotton sw ab . Herpetic le s io n s  appeared at 

the inocu lation  s i te  a fter  7 -1 0  d a y s .  The le s io n s  healed in about 10 days 

and the animal suffered no other obvious s e q u e la e ,  although other a n i­

mals treated in th e  same manner died following the in it ia l  in fe c t io n .

Three subcutaneous in je c t io n s  co n s is t in g  of 1 ml of s to ck  virus mixed 

with 1 ml of Freunds com plete adjuvant (Difco Laboratories) per in je c t io n  

were given to  th e  rabbit on three co n se cu tiv e  w eeks . F ifty  ml of blood
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were removed a s e p t ic a l ly  by card iac  puncture 10 days a fter  the final in ­

je c t i o n .  The serum was separated from th e  blood c e l l s  by centrifugation 

and stored at -2 0 C  in 1 ml q u a n t i t ie s .  A 1 :40 dilution of serum was ab le  

to n eutra lize  100 PFU of virus in a standard neutralization  t e s t .

Serum prepared in sheep ag a in st  rabbit serum and conjugated to 

the f lu o re sce n t d y e , f lu o re sce in iso th io cy a n a te  (FITC) was purchased 

from Grand Island B io log ica l Company in lyophilized  form. The serum 

was recon stitu ted  with d is t i l le d  water and stored at -2  0C in 0 .5  ml quan­

t i t i e s .  O nce thaw ed, the serum that was not used was d isc a rd e d .

C e l ls  grown on g la ss  co v e rs lip s  in Leighton tu bes were washed 

3 tim es with phosphate-buffered  sa l in e  (PBS) and fixed in ace to n e  for 

3 0 minutes at -2  0 C . After f ixation  in a c e to n e ,  the c e l l s  were again 

washed 3 tim es in PBS. C e l ls  were ready for staining a t  th is  point.

They were sta ined  im m ediately or le f t  in the third PBS w ash until they 

were s t a in e d .

C o v e rs lip s  to be  sta ined were placed c e l l - s id e - u p  on a m oist 

paper to w e l . Rabbit anti-H SV  serum was diluted 1:2 with PBS. Enough 

serum was added to the co v e rs lip s  to cover the su rfaces  . Su rface  te n ­

sion kept the serum from running o f f .  The co v e rs l ip s  were then placed 

at 37C for 30 m in u tes . If the serum began to dry, more serum was added. 

After sta ining  for 3 0 minutes , they were washed 3 tim es in PBS . Follow­

ing the third w a sh ,  the co v e rs l ip s  were stained with sheep  antirabbit 

serum that was diluted 1 :2 .  Staining with the sheep serum was done in 

e x a c t ly  the sam e manner as  the sta ining  with the rabbit serum . After
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being stained with the F ITC -con ju gated  an t i-ra b b it  serum , the co v e rs lip s  

were again  washed 3 times in PBS. After the third w a sh , they  were 

mounted c e l l - s id e -d o w n  on c le a n  g la s s  s l id e s  using a 10% PBS-90% 

glycerol so lution  for mounting.

Preparations were viewed by d ark-fie ld  m icroscopy with the 

Ortholux m icro sc o p e .  A f i l te r  combination co n sis t in g  of a KG1 heat 

barrier f i l t e r ,  UG1 e x c ita tio n  f i l t e r ,  BG38 red su p p ression  f i l te r  and 

K430 barrier f i l te r  was u se d .  Stained preparations were viewed under 

v is ib le  light and under u ltrav io let l ig h t .  F lu o re sce n ce  was obtained 

with either l ig h t so u rce .  Under v is ib le  light the sta in in g  was much 

brighter. H ow ever, there was a certa in  amount of background f lu o re s ­

c e n c e .  Under u ltrav io let light there was very l i t t l e  background f lu o re s­

c e n c e  and the d ifferen tia l sta in ing  was much more o b v io u s .  Photomicro­

graphs were tak en  with the Orthomat c a m e ra .

Preparation of C hem ical Reagents

Various ch em ica l reagents were used in ce r ta in  stu d ies  . Chemi­

c a ls  were purchased from Sigma C hem ical Company (St. L o u is ,  M issouri) 

in dried form. S tock  so lutions were prepared e ither in  HBSS or in 95% 

ethanol and s te r i l iz e d  by filtra tion  through swinnex f i l te r s  with 3 00 nm 

pore s i z e .  F ilter  membranes were obtained from the M illipore Corpora­

tion  (Bedford, M a s s . ) .  The various chem ical reagents  used along with 

th e  so lven ts  in which each  was d isso lv ed  and the co n cen tra tio n s  of

s to ck  and working so lutions are l is ted  in Table 2 .
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TABLE 2

PREPARATION OF CHEMICAL REAGENTS

Chem ical Solvent Concentration 
of s tock  so lu ­
tion ( jjg/ml)

Concentration 
of working 
so lution (pg/ml)

Hydrocortisone 95% ethyl alcohol 1000 2 . 0 - 25

Progesterone 95% ethyl alcohol 1000 0 . 5 - 5 . 0

17B estradio l 95% ethyl alcohol 1000 0 . 5 - 5 . 0

L-thyroxin 95% ethyl alcohol 400 0 . 2 - 2 . 0

L-epinephrine HBSS 1000 0 . 1 - 1 .0

BUDR HBSS 1000 25 - 100

IUDR HBSS 1000 25 - 100

Puromycin HBSS 500 5 - 20
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Information regarding so lu b ility  and other ch em ica l properties of 

th e se  c h e m ica ls  was obtained from the b o ok , D ata for B iochem ical Re­

search  (57). L -epinephrine was so lub le  in HBSS at pH 5 . The pH was 

ad justed  with 0 . 1  N H C 1. No precip itation  was observed when the pH 

of the working solution was readjusted to pH 7 . 2 .  L -thyroxin  (thyroid 

powder) and L-ep inephrine  were prepared fresh for each  experim ent.

Stock  cu ltu res  of the steroid hormones were stored at 4C . Fresh  so lu ­

tions were prepared for each  experim ent. The Pyrimidine, 5 - io d o - 2 -  

deoxyuridine (IUDR) d isso lv ed  very slow ly in H BSS. S o lu b iliza tion  was 

obtained by reducing the pH of the so lution to pH 5 with 0 .1  N HC1 and 

warming the so lution  in a water b a th . After 6 -8  hours no undissolved 

IUDR rem ain ed . Stock  so lutions of IUDR, 5 -bro m o -2-d eo xyu rid in e  (BUDR) 

and puromycin were kept at -2  0C for 2 - 3  months .

P h o to sen sit iza t io n  Studies

Neutral red dye was purchased from Grand Island B io log ica l 

Company a s  a 1 :300  dilution of f i l te r - s te r i l iz e d  d y e . Dye was added to 

th e  c e l l  cu lture  medium at concentrations of 1 : 2 4 0 , 0 0 0 - 1 : 4 8 0 , 0 0 0 .  After 

exposure to the neutral red , c e l l s  were exposed to v is ib le  l ig h t from a 

3 0W f lu o re sce n t l ig h t bulb a t a d is ta n ce  of approximately 2 0 cm .



RESULTS

Influ ence  of Incu bation  Temperature 
on the Growth of HSV-2

Previously  i t  had been shown that the MS strain  of HSV-2 did not

grow in RK c e l l s  at 41C (5 0 ) .  Cultures had been  in fected  with 500 TCD
0

of v iru s .  S in c e  tube cu ltures contained approximately 1x10 c e l l s ,  th is  

inoculum amounted to a m ultiplicity  of in fect io n  of about 1 in fect io u s  

virus p art ic le  per 2000  c e l l s .  No CPE was observed in th e s e  cultures 

a fter  incubation  at 41C for 1-5  d a y s .  On each  day d u p lica te  cultures 

were free z e -th a w e d  3X and a ssa y e d  for v iru s .  No in fe c t io u s  virus was 

detected  in any of the cu ltures treated in th is  w ay . In su bseq u ent work, 

40 cu ltu res  were treated  by so n ica tion  at 1 0 ,0 0 0  c y c le s / s e c o n d  for 

30 secon d s at the time of a s s a y  for v iru s .  No virus was d etected  in 

th e s e  cu ltu res  . Control cultures were in fected  with the sam e amount of 

virus and incubated  at 3 7 C . CPE was se en  in th e s e  cu ltu res  a s  early as 

24 hours a fter  in fe c t io n ,  and in fected  cu ltures were com p lete ly  destroyed 

by the third d a y .  High ti te rs  of in fe c t io u s  virus were recovered from 

th e se  cu ltu res  . As much as  1x10 PFU/ml were recovered on days 2 and 

3 .

A study was devised  to determine the rate of virus in ac tiv a tio n  at 

4 1 C .  C ultures of RK c e l l s  were in fected  with virus and incubated  at 41C .

36
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At 2-hour in terv a ls  duplicate  cultures were freeze-th aw ed  3X and assay ed  

for virus in RK c e l l s  . The rate of in ac tiv a tio n  is  shown in Figure 1 .

Virus d isappeared at a logarithm ic r a te .  The h a l f - l i f e  of the virus was 

approximately 100 minutes and 99% of the virus was in activ a ted  in about 

12 ho u rs . No virus was d etected  in any culture that had been  incubated 

at 41C for 15 hours or longer when the cultures were disrupted by fr e e z e ­

thawing at the time of a s s a y .

The rate  of in ac tiv a tio n  of virus a t 41C in an environment devoid 

of v iab le  c e l l s  is  a ls o  shown in th is  F igure . In th is  experiment virus 

was added to cu ltu res  of RK c e l l s  that had been  previously  disrupted by 

fre e z e - th a w in g .  These  cultures were then treated in e x a c t ly  the same 

manner as  were th e  v iab le  c e l l s  referred to p rev io u sly .  It can  be seen  

that virus in a c t iv a tio n  was even more rapid in a c e l l - f r e e  environment 

than in v iab le  RK c e l l s  . The h a l f - l i f e  of the virus in the v iab le  c e l l - f r e e  

environment was approximately 3 6 minutes and 99% of th e  virus was in ­

activ ated  in 4 h o u rs .

E ffect of 4 1C Preincubation on the Ability of 
RK C e l ls  to Support Exogenous Virus Replication 
After Transfer to 3 7C

S in c e  virus growth was markedly inhibited in  c e l l s  incubated at 

4 1C , it was n e c e s s a r y  to determine if  incubation at 41C ad v erse ly  a f fe c t ­

ed the c e l l s  and prevented them from supporting virus re p l ic a t io n .  If the 

c e l l s  were ad v erse ly  a ffec ted  by incubation at 4 1 C ,  it  would be expected

that re p lica t io n  of exogenously  added virus would be inhibited at 3 7 C ,  at
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le a s t  tem porarily , in c e l l s  preincubated at 4 1C . The ab il i ty  of c e l l s  that 

had been preincubated at 41C to support the rep lica t ion  of exogenous 

virus after  tran sfer  to 3 7C was therefore m easured. Two param eters of 

virus growth: 1) the ab ili ty  of virus to adsorb to c e l l s  and 2) the ab ili ty  

of c e l l s  to produce in fectiou s  v iru s , were m easured. The amount of virus 

a b le  to adsorb to c e l l s  was determined by adding a s to ck  culture of HSV, 

diluted to co n ta in  approximately 500 PFU of v iru s ,  to c e l l s  that had been 

preincubated at e ither 3 7C or at 41C for 2 days . After an adsorption 

period o f 2 or 4 hou rs, the supernatant fluids were decanted  and the c e l l s  

were washed and overlayed with the m e th y lce l lu lo se -co n ta in in g  m ainte­

nance  medium. T h ese  cultures were then incubated at 3 7C for 4 days 

and plaques were counted at th is  t im e . The amount of virus that adsorbed 

to  c e l l s  preincubated at 41C was comparable to the amount that adsorbed 

to  c e l l s  preincubated at 3 7C (Table 3 ) .

To t e s t  th e  a b ili ty  of c e l l s  to produce in fect io u s  virus a fter  pre-
0

incu bation  at 4 1 C ,  tube cultures containing approximately 1x10 RK c e l l s  

were in fected  with 5 00 PFU of virus and incubated at 3 7 C . Cultures pre­

incubated  at 37C  served a s  c o n tro ls .  At 2 4 ,  48 and 72 hours a fter  in f e c ­

tion  cu ltu res  were freeze-th aw ed  3X and assayed  for in fe c t io u s  v iru s .  

There was no s ig n if ica n t d ifferen ce  in the amount of virus produced in 

Cultures preincubated at 41C as  compared to cu ltures preincubated at

3 7 C  (Figure 2 ) .
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TABLE 3

ADSORPTION OF HSV TO RK CELLS PREINCUBATED 
AT 3 7C OR AT 41C FOR 2 DAYS

Preincubation
temperature

Adsorption
period
(hours)

Amount of virus adsorbed 
to c e l l s  
(PFU/ml)

3 7 0 2 330

41C 2 300

3 7 0 4 62 8

41C 4 760

NOTE: RK c e l l s  were preincubated at e ith er  3 7 0  or 41C  for 
2 d a y s .  They were then in fected  with a s tock  of HSV. Virus was 
allowed to adsorb to c e l l s  for 2 or 4 hours at 3 7 C .  Follow ing the 
adsorption period , unadsorbed virus was decanted and the c e l l s  
were washed in HBSS . After w ash in g , the c e l l s  were overlayed 
with m e th y lce l lu lo se -co n ta in in g  medium and incubated at 3 7 0  for 
4 d a y s . At th e  end of 4 d a y s , the cu ltures were sta ined  with Giemsa 
s ta in  and p laqu es were co u n te d .
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Survival of TTSV-2 at 4 1C; R ep lica ­
tion after Transfer to 3 7C

Although virus could not be recovered from freeze-th aw ed  or so n i­

cated  cu ltu res  during incubation at 4 1 C ,  the virus was not irreversib ly  

in a c t iv a te d .  Virus was recovered from cultures incubated at 41C  after 

they were transferred to 37C in a v iab le  condition and allowed to contin ­

ue incubating a t  3 7 C .  In some cu ltu res  evid ence  of virus growth was 

se en  very q u ick ly  a fter  tran sfer  to 3 7 C .  In other cu ltu res  there was a 

d elay  before ev id en ce  of virus growth was o b serv e d . The f irs t  sign of 

a c t iv e  virus growth was the formation of the ty p ica l  fo c i  of rounded c e l l s  

that is  c h a r a c te r is t ic  of HSV-induced CPE. Once CPE appeared i t  always 

progressed with the whole culture being destroyed within a few days .

At the e a r l ie s t  ev id ence  of CPE a s s a y  of the supernatant fluid for in fe c ­

tious virus showed no virus or only a very sm all amount. However, 

virus could alw ays be  recovered from freeze-th aw ed  c e l l s  a t th is  t im e .

The period of time betw een transfer  of cu ltures from 41C to 37C 

and the appearance  of CPE was defined a s  the lag  p eriod . When exoge­

nous virus was inocu lated  d irectly  onto c e l l s  at 3 7 C ,  CPE was alw ays 

se e n  within 3 d a y s .  Therefore , lag  periods of 4 days or longer indicated 

that there was a d elay  before  virus rep lica t ion  began at 3 7 C .  Table 4 

shows the data obtained from experim ents in which 2 00 cu ltures were in­

cubated at 41C for varying len gth s of time and then transferred to 3 7C .

3 4T h ese  cu ltu res  were in fected  with betw een 1x10 ~ l x l 0  TCD of virus
o u

at th e  s tart  of incubation  at 4 1 C .
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TABLE 4

RECOVERY OF HSV AT 3 7C AFTER INCUBATION AT 41C IN RK CELLS

Number of cu ltu res  in which virus was recovered 
after  incubation at 37C

Number of cultures 
incubated at 41C

Incubation period 
at 41C  (days)

for 1 -3  days for 4 - 6  days for more than 
6 days

34 1-2 32 0 0

166 3 - 7 54 34 48

3 4NOTE: Cultures were in fected  with 1x10 - 1 x 1 0  TCD of virus and incubated at 4 1 C .  Cultures were 
transferred from 41C to 3 7C on each  of the next 7 d a y s .  Cultures were allowed to continue incubating at 
37C and were monitored daily  for CPE.
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Thirty-four cultures were incubated at 41C for 1 -2  d a y s .  CPE 

was observed in 32 of th e se  cultures within 3 days a fter  tran sfer  to 3 7 C . 

Of the 166 cu ltu res  incubated at 41C for 3 - 7  d a y s ,  virus was recovered 

from 54 of th e s e  cu ltu res  within 3 d a y s .  In 82 cultures from th is  group 

virus was recovered after lag  periods longer than 3 d a y s .  Thirty-four 

cultures had lag  periods of 4 - 6  days and 48 cultures had lag  periods in 

e x c e s s  of 6 d a y s .  The average lag  period of cultures in th is  l a s t  group 

was 1 5 .3  days and the lo n g est  lag period observed was 45 d a y s .  Over­

a l l ,  virus was eventually  recovered from 168 of the 200 cu ltu res  in it ia lly  

in fected  for a recovery  rate  of 84% . Eighty-two of th e s e  2 00 cu ltures 

(41%) had lag  periods in e x c e s s  of 3 days and 48 cu ltu res  (24%) had lag 

periods of longer than 6 d a y s .  In th e se  studies the cu ltu res  in which 

virus did not grow were routinely incubated for 4 5 - 6 0  days at 3 7C before 

being d isc a rd e d . Some cultures were incubated a s  long a s  150 d a y s .

D eterm ination of the Amount of Virus 
Surviving Incu bation  at 41C

O nce i t  becam e apparent that some of the inoculum virus was 

ab le  to survive incubation  at 41C for an extended period of time in viable  

c e l l s , attem pts were made to quantitate  th is  v ir u s . One method for 

quantitating virus survival involved using a v iab le  c e l l  a s s a y  a s  d e­

scribed  in th e  M a te r ia ls  and Methods se ctio n  of th is  pap er. This method 

involved removing monolayers of in fected  c e l l s  from 41C  in cu b atio n , 

d isp ersin g  th e  monolayers into individual c e l l s  and adding sp ecif ied

numbers of th e s e  c e l l s  to carrier  cultures of RK c e l l s  . The carrier  cultures



of RK c e l ls  were then incubated at 3 7C and monitored for CPE. Infected

c e l l s  incubated at 3 7C for 6 hours were treated in e x a c t ly  the sam e man­

ner and served a s  c o n tr o ls .  The resu lts  of th is  experiment are shown 

in Table 5 . Virus was transferred to carrier  monolayers with as  few as

9 c e l l s  from th e  control cu ltures incubated at 3 7C for 6 ho u rs . Virus was

2
transferred with 9x10  c e l l s  from 7 of 12 cultures that had been  incubated 

at 41C for 2 , 4 or 6 days . No virus was transferred with 9x10*  or 9 c e l l s  

from th e s e  c u l tu r e s .  This indicated  that a s  much a s  1% of the inoculum 

virus remained v ia b le  during incubation at 41C .

Carrier cu ltu res  which received  c e l l s  that had b e en  incubated at 

3 7C showed CPE within 3 d a y s .  In carrier  cultures that rece iv ed  c e l l s  

from 41C in c u b a t io n ,  extended la g  periods occurred in many cultures 

before  CPE was s e e n .  S in ce  virus growth occurred a fter  w idely-varying 

len gth s  of tim e in  th e s e  cu ltures , i t  was not p ra c t ica l  to  quantitate  virus 

by plaquing in  th is  s i tu a t io n .

In another experiment tube cultures were in fe c ted  with co n ce n tra ­

tion s  of virus ranging from 4 0 0 0  PFU /culture  to 4 PFU /cu ltu re  and incu ­

bated at 41C  for 2 , 4 or 6 days . After incubation at 41C  , cu ltu res  were 

transferred to  37C  and continued incubating at th is  tem perature. C ul­

tu res  at 3 7C were monitored d aily  for CPE (Table 6 ) .  Virus was eventu al­

ly  recovered from 19 of 24 cu ltures that had receiv ed  4 0 0 0  PFU of virus 

and from 15 of 24 cu ltu res  that had received  400  PFU. Virus was only 

recovered  from 3 cu ltu res  that had receiv ed  40  PFU and from no cultures 

that had re ce iv e d  4 PFU of v ir u s . This ind icated  th at a minimum of



TABLE 5

AMOUNT OF VIRUS SURVIVING INCUBATION AT 4 1C

Number of carrier  cu ltu res  in which 
virus was recovered a fter  the addition 
of the following number of c e l l s  from 
in fected  cultures

Incubation conditions 
of in fected  c e l l s

4
9x10 9 x l 0 3 9 x l 0 2 9 x 1 0 1 9 x 1 0 °

6 hours at 3 7C 4 /4 4 /4 4 /4 4 / 4 2 /3

2 days a t 41C 4 / 4 3 /4 3 /4 0 /4 0 /4

4 days a t 41C 4 /4 2 /4 3 /4 0 /4 0 /4

6 days a t 41C 4 / 4 3 /4 1/4 0 /4 0 /4

NOTE: Cultures were infected  with HSV and incubated  at 3 7C for 
6 hours or a t 41C  for 2 ,  4 or 6 d a y s . After incubation for the appropriate 
length of t im e ,  th e  c e l l s  were dispersed  with tryp sin , centrifuged and 
resuspended in growth medium. Seria l dilutions of the c e l l s  were made 
and carr ier  cu ltu res  at RK c e l l s  were inoculated with e a ch  d ilu tio n . Ten­
fold d ilutions of cu ltures originally  containing 1x10® c e l l s  gave the final 
co n cen tra tio n s  of c e l l s  shown h e re .  Carrier cu ltures were incubated at 
3 7C and monitored for CPE.



TABLE 6

AMOUNT OF VIRUS NEEDED TO ESTABLISH A LATENT INFECTION

Number of cu ltu res  (out of 8) in which virus was recovered at 
3 7 0  after  incubation at 41C with the following amount of virus 
(PF U /culture)

Length of the incubation 
period at 41C (days) 4000 400 40 4

2 7 /8 7 /8 2 / 8 0 /8

4 6 / 8 5 / 8 0 /8 0 / 8

6 6 /8 3 / 8 1 /8 0 /8

NOTE: Twenty-four cu ltu res  of RK c e l l s  were in fected  with each  dilution of virus and incubated at 
4 1 C .  After 2 , 4 and 6 days cu ltu res  were transferred to 3 7 0  and incubated at th is  tem perature. Cultures 
were monitored daily  for CPE. Values for the inocula were determined by sim ultaneously  a ssa y in g  the virus 
in RK c e l l s  .
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0 .25%  of th e  inoculum virus survived incubation at 4 1C .

In v estig atio n s  into the Stage  at which 
Virus Replication was Blocked

Attempts were made to determine the s tag e  at which virus re p l ic a ­

tion  was b lo c k e d .  Previously it  was shown that virus was ab le  to adsorb 

to  c e l l s  as  e f f ic ie n t ly  at 41C a s  at 3 7C (50). This was expected  b e ca u se  

i f  rep lica tion  were blocked previous to th is  s te p ,  whole in fe c t io u s  virus 

would have had to be  present and none was found.

Im m unofluorescence studies were in itiated  to determ ine i f  v iru s-  

induced an tigen s were produced in c e l l s  in fected  at 4 1 C .  It was n e c e s ­

sary to f irs t  determine at what s tag e  in the normal viral re p lica t io n  c y c le  

at 3 7C that virus antigens appeared. Cultures of RK c e l l s  were grown on 

g la s s  co v e rs l ip s  in Leighton tubes and in fected  with approxim ately 1x10^ 

PFU of virus (multiplicity of in fection  of 1 in fect io u s  virus p art ic le  per 

10 c e l l s ) .  After incubation at 3 7C for 2 ,  4 ,  6 ,  8 and 24 hours cultures 

were fixed in a c e to n e ,  stained by the indirect im m unofluorescence te c h ­

nique as  d escrib ed  in the M ateria ls  and Methods s e c t io n  of th is  paper 

and examined for the p resen ce  of v ir u s -s p e c i f ic  antigens . Uninfected ' 

control cu ltu res  were a lso  treated the same way and exam ined .

A c e r ta in  amount of background f lu o re sce n ce  was present in co n ­

trol cu ltu re s .  This f lu o re sce n ce  was lo ca liz e d  in the cytoplasm  of the 

c e l l s  and was very d if fu s e .  The n u cle i of uninfected c e l l s  were co n sp ic u ­

ous by their la c k  of f lu o r e s c e n c e .
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Cultures th at were incubated for 2 hours at 3 7C appeared in d is ­

tin gu ish ab le  from control cu ltu re s .  By 4 hours a fter  in fe c t io n  it was p o s­

s ib le  to d e te c t  f lu o re sce n ce  in the nuclei of a few c e l l s . Perinuclear 

cy to p lasm ic  f lu o re s c e n c e  could a lso  be detected  in some c e l l s  by th is  

t im e . In the 4 -h o u r cu ltures the nu cle i were s t i l l  d is t in c t  from the cy to ­

p lasm . In cu ltu res  incubated for 6 hours and 8 hours a fte r  in fe c t io n  many 

c e l l s  showed d efin ite  f lu o r e s c e n c e .  In th e s e  c e l l s  whole n u cle i  often 

f lu o re sc e d .  Some of the c e l l s  were rounded up, a c h a r a c te r is t ic  feature 

of e n d -s ta g e  HSV in fe c t io n .  The nu cle i of th e s e  c e l l s  were not d is t in c t  

and whole c e l l s  often flu oresced  brightly . C e l ls  from cu ltu res  that had 

been  incubated  for 24 hours were id en tica l  to c e l l s  from the 8-hour c u l­

tures . The in fe c t io n  p r o c e s s ,  however, involved nearly a ll  of the c e l l s  

in the 24-hou r c u l tu r e s .  Control c e l l s  and c e l l s  in fected  at 3 7C are 

shown in Figure 3 .

Tube cu ltu res  were in fected  with the same amount of virus (1x10^ 

PFU /culture) and incubated  at 41C  for 1 , 2 , 3 and 4 days a fter  which they 

were sta ined for v ir u s - s p e c i f ic  a n t ig e n s .  M ost of the c e l l s  in th e s e  c u l­

tures looked id e n tica l  to uninfected control c e l l s  a fter  being stained for 

virus a n t ig e n s .  There w ere ,  how ever, iso la ted  c e l l s  w hich showed in tra ­

nu clear or p erinu clear f lu o r e s c e n c e .  In some c e l l s  th e  entire  nu cle i 

f lu o re sce d .  Iso la te d  f lu oresc in g  c e l l s  could be se en  in cu ltu res  in cu bat­

ed for 1 , 2 , 3 or 4 days at 4 1 C .  C e l ls  from a culture incubated  for 3 days

are shown in Figure 3 .
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F i g . 3 . M onolayers o f RK c e l l s  stained by the in d irect immuno- 
f lo u re sce n ce  method. The c e l l s  in the top photograph were not in fected  
with virus and only background f lu o re sce n ce  can  be s e e n .  The c e l l s  in 
th e  middle photograph were incubated at 3 7C for 8 hours a fter  in fect io n  
with HSV. F lu orescing  and nonfluorescing c e l l s  can  be s e e n .  The 
c e l l s  in the bottom photograph were incubated at 41C for 3 days fo llow ­
ing in fe c t io n .  One f lu orescin g  c e l l  can  be s e e n .  M agn ification  is  
5 4 OX.
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A study was done to determine the number of in fected  c e l l s  that 

had to be presen t before f lu orescing  c e l l s  could be read ily  d e te c te d .  A 

s to ck  cu ltu re  of virus was diluted in HBSS to contain  betw een 1 x 1 0 ^ -  

1x10'*' PFU per 0 .2  m l.  C o verg lass  cultures were in fected  with 0 .2  ml of 

each  d ilu t io n . The virus was a ssa y ed  sim ultaneously  in RK c e l l s .  Cul­

tures were sta ined  for v ir u s - s p e c i f ic  antigens after 1 day of incubation at

3
4 1 C .  F lu oresc in g  c e l l s  were readily se en  in cu ltures th a t  receiv ed  1x10

or more PFU o f v iru s .  F lu o re sce n ce  could be se e n  in cu ltu res  that r e -  

2
ce iv ed  1x10 PFU but s in c e  there  alw ays was a ce rta in  amount of b a c k ­

ground f lu o re s c e n c e  it  was not e a sy  to d ifferen tia te  q u an tita tiv ely  b e ­

tw een th e s e  cu ltu res  and uninoculated control cu ltu re s .

When very few  c e l l s  in a culture were in fe c te d ,  i t  was not p o s­

s ib le  to d e te c t  morphologic a ltera tion s  by bright fie ld  m icro sco p y . CPE 

was noted only a fte r  sm all fo c i  of in fected  c e l l s  d ev elo p ed . Staining 

with acrid in e  orange (AO) proved to be  useful in identifying morphologic 

a ltera t io n s  in in fected  c e l l s  even when only iso la te d  in fected  c e l l s  were 

p re se n t .  This tech niqu e  was used to monitor c e l l s  productively infected 

with HSV at 37C and c e l l s  in fected  with virus a t 4 1 C .  Control cultures 

and cultures in fected  with 1x10^ PFU of virus were incubated  at 3 7C for 

1, 2 ,  4 ,  6 ,  8 and 24 hou rs. At each  time period cu ltures were removed 

from in cu b a tio n , f ix e d ,  and stained with AO as  described  in M ateria ls  

and M ethods .

The n u cle i  of control c e l l s  stained brightly green while the c y to ­

plasm flu o resced  with an orange c o lo r .  The n u cle i of th e s e  c e l l s  did not
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stain uniform ly. P atch es  of very in te n s e -s ta in in g  m aterial were se en  

against a background of m o d erate ly -sta in in g  m a te r ia l . The green f lu o re s­

cence of the n u cle i was due to  the binding of dye to DNA. It  i s  probable 

that th e  in te n s e -s ta in in g  m aterial were d ep o sits  of heterochrom atin . The 

areas of in te n s e -s ta in in g  m aterial were sca ttered  randomly throughout 

the n u c le i .  In ad d itio n , most of the nu cle i contained 1 or more sm a l l ,  

round a re a s  of o ran g e-f lu o re sc in g  m a ter ia l .  These  were presumed to be 

nucleoli.
Cultures incubated at 3 7C for 1 , 2 or 4 hours a fter  in fe c t io n  were 

id e n tica l  to control cu ltures . The f irs t  morphologic a ltera t io n s  in the 

n u c le i  of th e s e  c e l l s  were v is ib le  after 6 - 8  hours of in cu b a t io n . The 

e a r l ie s t  o b serv ab le  change in the nu cle i was the formation of a bright 

ring o f f lu o re sce n ce  around th e  periphery of the nucleus accom panied by 

a d e c re a s e  in f lu o re sce n ce  in the ce n te r  of the n u c le u s .  P o ss ib ly  the 

formation of th e  ring at th e  periphery was due to the D.NA in the c e l l  b e ­

ing pushed to the periphery in the cou rse  of the in fe c t io n .  This c h a r a c ­

te r i s t i c  feature was referred to as  "margination of the ch ro m a tin ."  Two 

additional a ltera t io n s  were noted in cu ltures incubated for 8 hours or 

lo n g e r .  The overall in ten s ity  of the nu clear sta in ing  in c r e a s e d .  The 

n u c le i  of in fected  c e l l s  were a lm ost yellow  in co n trast  to th e  green 

co lo r  of uninfected n u c le i .  In addition to th e s e  chan ges in the n u c le i ,  

c e l l s  incubated  for 8 hours or longer began to lo s e  th eir  normal spindle 

shap e  and started to  round u p . In cu ltu res  incubated for 24 hours , the 

in fe c t io n  had spread to most of the c e l l s  in the cultures . Individual
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c e l l s  were sim ilar to c e l l s  from 8-hour cu ltu res  although some m u lti-  

nucleated  g ian t c e l l s  could be s e e n .  C e l ls  from a control culture and 

a 24-h o u r culture  are shown in Figure 4 .

The s e n s it iv i ty  of the AO stain ing  tech niqu e in identifying in fe c t ­

ed c e l l s  was determ ined . Cultures of RK c e l l s  were in fected  with d ilu­

tion s  of virus contain ing  from 1x 1 0 ^ - l x l  O'* PFU and incubated for 10 

hours a t  3 7 C .  After 10 hours of in cu batio n , the cultures were stained

with AO and o b serv e d . Infected c e l l s  were readily  identified  in cultures

2
that had rece iv ed  1x10 or more PFU of v iru s .  In fected  c e l l s  could be

2
seen  in cu ltu res  in fected  with l e s s  than 1x10 PFU, but u n le ss  the 

s l id es  were c lo s e ly  scru tin iz ed , the few in fected  c e l l s  were often  

m is s e d .

C e l l s  incubated at 41C were a lso  followed by AO s ta in in g .  Cul­

tures were in fected  with 1x10^ PFU of virus and incubated at 41C for 1 ,

2 , 3 or 4 days . Cultures from 41C incubation appeared id e n tica l  to  un­

in fected  control c u ltu re s .  There was no evid ence  of "margination of the 

chrom atin" and the c e l l s  retained th eir  sp in d le-sh ap ed  morphology. 

Infected  c e l l s  from a culture incubated at 41C  for 4 days are shown in 

Figure 4 .

Attempt at E stab lish in g  a Latent Infection  
By Infectin g  C e l ls  a t 3 7C with a Low 
C oncentration  of Virus

W ith ce r ta in  a s s a y  procedu res, when a low con cen tratio n  of 

virus is  used a s  the inoculum , there is  a very long lag  period before 

ev id ence  of virus growth (58). It was p o ss ib le  that in our experiments



58



59

nearly a ll  o f  the inoculum virus was in activ ated  at 41C  and th a t the 

extended la g  periods were the resu lt  of a normal delay that acco m p anies  

in fe c t io n  with a very sm all amount of v iru s .  If th is  were tru e , how ever, 

th e  same phenomenon should o ccu r a t 3 7C when a very sm all co n ce n tra ­

tion  of virus was used as  the inoculum . To te s t  t h i s ,  a s to ck  culture of 

virus was s e r ia l ly  diluted and inoculated  onto RK c e l l s  a t 3 7C (Table 7 ) .  

E ighteen cu ltu res  were in fected  with each  dilution of v ir u s . Cultures 

were monitored daily  for CPE. In a ll  cu ltures which developed CPE, 

evid ence  of virus growth was v is ib le  within 3 d a y s . If CPE were not 

s e e n  within 3 d a y s , further incubation for up to 30 days resulted  in  no 

new development of C PE. It was not p o ss ib le  to  e s ta b l is h  a la te n t  in ­

fe c t io n  in th is  m anner.

Attempts at Modifying the Latent In fection  by 
Treatment of C e l l  Cultures with Various Hormones

Attempts were made to modify the la ten t  in fe c t io n  by treatm ent of 

c e l l  cu ltures with various hormones and certa in  other ch em ica l a g e n t s . 

In some studies the chem ical compounds were incorporated into th e  c e l l  

culture medium either prior to in fect io n  with virus or at th e  time of in ­

fe c tio n  with virus and incubation at 4 1 C .  In la ter  s tu d ies  cu ltu res  were 

a ls o  treated with ch em ica l agen ts  at the time of tran sfer  from 41C  to 

3 7 C .  Treatment of cu ltu res  prior to in fect io n  or at the time of in fection  

with virus was done to determine if  it  were p o s s ib le  to e ith er  prevent 

the formation of the la te n t  in fection  or to enhance the estab lish m en t of 

th e  la ten t  in fe c t io n .  Treatment of cultures a fter  in fe c t io n  with virus



TABLE 7

ATTEMPT AT ESTABLISHING A LATENT INFECTION IN RK CELLS AT 3 7C BY 
INOCULATING CULTURES WITH VERY LOW CONCENTRATIONS OF VIRUS

Amount of virus 
inoculated

ttC D 50>

Number of cu ltures 
inoculated

Showing 
CPE within 

3 days

Number of Cultures 
Not Showing 
CPE within 

3 days

Not Showing 
CPE within 

3 days 
but showing 
CPE within 

3 0 days

2500 18 18 0 —

250 18 18 0 —

25 18 17 1 0

2 .5 18 14 4 0

.25 18 13 5 0

NOTE: Cultures were in fected  with s e r ia l ly  diluted virus and incubated a t  3 7 C .  The number of c u l ­
tures showing CPE within 3 days was determined and the TCD^g value was determ in ed . Cultures not showing 
CPE within 3 days were incubated for an additional 2 7 d a y s .
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was done to determine if  it were p o ss ib le  to e ither enhance  the m ainte­

nance of the la te n t  in fect io n  or to terminate the la ten t in fe c t io n  e ither 

with or without the development of a concom itant productive in fe c t io n .  

Along with th e s e  experim ents to determine th e  e f fe c ts  of the various 

ch e m ica ls  on the la ten t in fe c t io n ,  control s tudies were run to determine 

i f  th e s e  c h e m ic a ls  a ffec ted  the productive in fe c t io n  at 3 7 C .

The e f fe c t  of hydrocortisone on the production of in fe c t io u s  HSV

at 3 7C i s  shown in Table 8 . Cultures were treated with 2 5 ug/m l of

2
hydrocortisone and in fected  with approximately 5x10  T C D ^  of v iru s .  

After incubation  at 3 7C for 2 days th ese  cu ltures and control cu ltu res  not 

treated with the hormone were freeze-th aw ed  3X and a ssa y e d  for virus in 

RK c e l l s .  Treatment of cultures with 25 yg/ml of hydrocortisone did not 

s ig n if ic a n tly  a f fe c t  the production of HSV at 3 7C . The hyd ro co rtiso n e- 

treated cu ltu res  produced nearly a s  much in fect io u s  virus a s  control c u l­

tures . Furthermore, m icroscop ic  observation  for CPE revealed  as  much 

c e l l  d estru ction  in the treated cultures a s  in control c u l tu r e s .

The e f fe c t s  of two other steroid horm ones, 17 B -e s tra d io l  and 

pro gestero n e , on the production of HSV at 3 7C were a ls o  in v e s t ig a te d .  

Table 8 shows that at co ncentratio ns of 2 -5  pg / m l , 17 B -e s tra d io l  did 

not markedly a f fe c t  production of HSV. Progestero n e, how ever, did 

a f fe c t  virus production at concentrations of 2 -5  pg / m l . W ith 5 pg/ml 

of progesterone in the c e l l  culture medium, the production of in fect io u s  

HSV was reduced by greater than 99% a s  compared to untreated control 

cu ltu re s .  CPE was markedly reduced in the treated cu ltu res  although
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TABLE 8

GROWTH OF HSVAT 3 7C IN UNTREATED RK CELLS AND 
IN CELLS TREATED WITH VARIOUS HORMONES

Treatment Amount of virus produced 
CTCD50 /m l)

None 3 x lO 5

25 y g /m l hydrocortisone 1 x lO 5

2 y g /m l 17 B -e strad io l 5 x lO 5

5 yg/m l 17 B -e strad io l 3 x lO 5

2 yg/m l progesterone 5 x lO 3

5 yg/m l progesterone 2 . 5 x l 0 3

.01 yg/m l L-epinephrine 1 x lO 5

1 .0 yg/m l L-epinephrine 5 x lO 5

2 yg/m l L-thyroxin 3 . 5 x l 0 5

NOTE: Hormones were added to the culture medium 5 days prior 
to in fe c t io n .  A second treatment was given at the time of in fe c t io n  with 
v iru s .  The sam e s to ck s  of hydrocortisone, progesterone and 17 B- 
estrad io l were used for both treatm ents . Fresh s to ck s  of L-epinephrine 
and L-thyroxin were prepared for each  treatm ent. Cultures were infected  
with 500 TCD50 of virus and incubated at 3 7 C . After 4 8 hours duplicate  
cultures were freeze-th aw ed  and assa y ed  for virus in RK c e l l s .  Maximum 
ti te rs  in  control cu ltu res  were reached at about 48  hours post in fe c t io n .
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fo c a l  areas  of c e l l  d estru ction  were seen  in th e s e  c u l tu r e s .  CPE spread 

slow ly in th e s e  cu ltu res  and high t i te rs  of virus were never o b ta in ed .

At 2 pg/m l of progesterone the inhibition of virus growth was a lm ost as 

great as  a t 5 ug / m l .

Two other horm ones, L-epinephrine and L-thyroxin  were a ls o  in ­

v e s t ig a te d .  In th e s e  studies L-epinephrine was added to th e  c e l l  c u l ­

ture medium at co ncentratio ns of .0 1  p g/m l and 1 p g /m l .  At th e se  c o n ­

cen tra t io n s  th ere  was no s ig n if ica n t e f fe c t  on th e  production of in fe c ­

tious virus a t 37C (Table 8) .  At a concentration  of 2 p g /m l ,  L-thyroxin  

a ls o  had no e f fe c t  on virus production at 3 7 C .

To t e s t  the e f fe c ts  of the various hormones on the la te n t  in f e c ­

t io n ,  cu ltu res  were treated with the various c h e m ic a ls ,  in fected  with

3
approxim ately 5x10 TCD of virus and incubated at 4 1 C .  Untreated

D U

cu ltu res  were in fected  with the same amount of virus and incubated 

along with the treated c u ltu re s .  Cultures were transferred to 3 7C after 

1 -7  days and allowed to continue incubating at th is  tem p erature . After 

tran sfer  to 3 7C cultures were monitored daily  for CPE (Table 9 ) .

H ydrocortisone treatment did not s ig n if ica n tly  a f fe c t  the co u rse  

of th e  la te n t  in fe c t io n .  Virus was eventually  recovered from 89% of the 

control cu ltu res  and from 85% of the cu ltures treated  with 25 pg/ml of 

h y d ro co rtiso n e . The average lag  period of th e  hyd ro co rtiso ne-treated  

cu ltures was s lig h tly  l e s s  than the average lag  period of the control 

cu ltures . This s light d ifferen ce  was not s t a t i s t i c a l ly  s ig n if ic a n t  a t the

05 le v e l  of c o n f id e n c e .



TABLE 9

RECOVERY OF HSV AT 37C  AFTER INCUBATION AT 41C IN UNTREATED RK 
CELLS AND IN CELLS TREATED WITH VARIOUS HORMONES

Number of cu ltu res  in  which virus was Average lag
recovered after  incubation  at 3 7C period (days)

for 1-3  for 4 - 6  for more than Total (%) 
days days 6 days

None 106 48 23 23 94 (89) 6 . 6

25 ug/ml hydrocortisone 40 19 11 4 34 (85) 4 . 7

2 pg/ml 17 B -e strad io l 26 9 10 3 22 (85) 4 . 7

2 ug/ml progesterone 26 5 7 2 14 (54) 8 .4

.01 pg/ml epinephrine 20 9 2 5 16 (80) 6 .3

1.0 yg/m l epinephrine 20 10 1 8 19 (95) 7 .3

2 ug/ml thyroxin 45 22 5 15 42 (93) 6 . 9

Treatment

Number of
cultures
treated

NOT^: Cultures were treated with the desired  co n cen tra tio n  of each  hormone, in fected  with approxi­
mately 5x10 TCDgg of v iru s ,  and incubated at 41C  along with untreated control c u ltu re s .  Cultures were 
transferred to 3 7C after 1 -7  days and continued incubating at 3 7 C . Cultures were monitored daily  for CPE 
and the lag period determ ined .
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The re su lts  that were obtained when cultures were treated  with 

17 B -e s tra d io l  were sim ilar to resu lts  obtained with hydrocortisone t r e a t ­

m ent. Virus was eventually  recovered from 85% of the e s tra d io l- trea ted  

cu ltu res  (Table 9 ) .  The average lag period of the treated  cu ltu res  was 

s lig h tly  l e s s  than the average lag  period of the untreated cu ltu res  but 

again  th is  d ifferen ce  was a ls o  not s t a t is t ic a l ly  s ig n if ic a n t .

Treatment of cultures with 2 pg/ml of progesterone at th e  time of 

in fe c t io n  with virus and incubation at 41C did a lte r  the co u rse  of the 

la te n t  in fe c t io n .  Virus was recovered from only 54% of the p ro gestero n e- 

treated  cu ltu res  as  compared to 89% of the control c u l tu r e s .  This d if ­

fe re n c e  in recovery  ra tes  was s ig n if ican tly  d ifferent a t the .001  l e v e l .  

The average la g  period of the p rogesterone-treated  cu ltures was slightly  

longer than the average lag  period of the control c u l tu r e s , but th is  d if­

fe re n ce  was not s ta t is t ic a l ly  s ig n if ic a n t .

When epinephrine was added to cu ltures that were in fected  with 

virus and incubated at 4 1 C ,  there was no e f fe c t  on the su bseq u en t re ­

covery  rate  of virus a fter  th e s e  cu ltures were transferred to 3 7C (Table 9 ) .  

Virus was eventually  recovered from 19 of 20 cu ltures treated with 

1 yg/ml of epinephrine and from 16 of 2 0 cu ltures treated with . Olpg/ml 

of ep inep hrine . Furthermore, there was no s ig n if ica n t d if fe ren ce  in the 

average lag  periods of the treated groups as  compared to the control 

g ro u p s .

Treatment of cultures a t 41C with 2 yg/ml of L-thyroxin a ls o  

had no e f fe c t  on the rate  of recovery of virus from th e s e  c e l l s  . Virus
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was eventu ally  recovered from 42 of 45 th yroxin-treated  cu ltu res  or from 

93% of the to ta l  (Table 9 ) .  Although th is  reactiv a tio n  ra te  was s lightly  

higher than th e  control r a te ,  it  was not s ig n if ic a n tly  h igh er. The av er­

age  lag  period of the thyroxin-treated  cu ltures was 6 . 9  d a y s .  This was 

a lso  not s ig n if ic a n tly  d ifferent from the control v a lu e .

Attempts a t Modifying the Latent Infection  
by Treatment of Cultures with M etabolic  
Inhibitors and a P hotosensitiz ing  dye

In addition to th e se  five hormones , three m etab olic  inhibitors , 

BUDR, IUDR and puromycin, and a pho tosen sit iz in g  d y e ,  neutral red , 

were in v e stig a te d  in th is  model la ten t in fe c t io n .  The e f fe c t s  of th e s e  

chem ical ag en ts  on the productive in fection  at 3 7C were a ls o  in v e s t ig a t­

e d .  Table  10 shows the marked inhibitory e f fe c ts  that BUDR had on the 

production of in fect io u s  HSV at 3 7 C .  There was a g reater  than 99% in ­

hibition with 25 yg/m l of BUDR. At a concen tratio n  of 100 yg/ml there 

was a g reater  than 4 log reduction in virus growth. In th e s e  c u ltu re s ,  

which were in it ia l ly  in fected  with about 500 TCD^^ of v iru s ,  CPE could 

be s e e n .  H ow ever, virus remained lo ca liz e d  to very sm all fo ca l  a r e a s .  

When cu ltu res  were treated with IUDR and in fected  with virus a t 3 7 C , 

the same inhibitory e f fe c ts  on virus m ultip lication were s e e n  with th is  

drug as  were se en  with BUDR (Table 10 ) .  There was a 99% inh ib ition  of 

virus growth in cultures treated with 25 yg/ml of IUDR and a 3 .5 log 

reduction in  cu ltu res  treated with 100 yg/m l. At a co n cen tra tio n  of 

100 tx j/m l, IUDR seemed to be more to x ic  to c e l l s  than was BUDR at
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TABLE 10

GROWTH OF HSVAT 37C IN UNTREATED RK CELLS 
AND IN CELLS TREATED WITH BUDR AND IUDR

Treatment Amount of virus produced 
(TCDs o /m l)

None 5 x l 0 5

25 y g /m l BUDR 5 x l 0 2

50 y g /m l BUDR l x l O 1

100 y g /m l BUDR 1x 10°

25 v g/ml IUDR 5 x l 0 3

100 y g /m l IUDR lx lO 2

NOTE: Cultures were treated with BUDR and IUDR at the time of 
in fe c t io n  with v iru s .  Cultures were in fected  with approxim ately 500 
TCD n of virus and incubated at 3 7 C . After 48 hours d u p lica te  cultures 
were0freeze-th aw ed  3 times and assa y ed  for virus in  RK c e l l s .
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th e  same co n ce n tra t io n .  Many c e l l s  becam e granular and detached  from 

the m onolayer. The remaining c e l l s  did not undergo m u ltip lication  to 

re p la ce  the sloughed c e l l s .  Much l e s s  to x ic i ty  was noted at 25 yg/ml 

and so  cu ltu res  were treated with th is  concen tratio n  in su bseq u en t e x ­

periments .

Cultures were treated with 100 u g/m l of BUDR, in fe c ted  with

3
5x 10  TCD of virus and incubated at 4 1 C .  Following in cu batio n  at

Q U

4 1 C ,  th e  cu ltu res  were transferred to 3 7 C . The BU D R-containing medi­

um was rep laced  with in h ib ito r-free  medium and the c e l l s  were incubated 

and monitored daily  for CPE (Table 11 ) .  Although treatm ent of c e l l s  with 

BUDR did greatly  suppress the growth of the virus a t 3 7 C ,  treatm ent of 

c e l l s  a t  the time of in fect io n  and incubation at 41C did not suppress the 

recovery of virus from th e se  c e l l s  after tran sfer  to 3 7 C .  Virus was re ­

covered from th e s e  c e l l s  after tran sfer  to 3 7 C . Virus was recovered 

from 57 out of 80 treated cultures (71%) a s  compared to only 3 0 out of 

50 control cu ltu res  (60%). Furthermore, virus was recovered within the 

f ir s t  s ix  days after tran sfer  to 37C from 49 of the 5 7 BU DR-treated c u l­

tures. a s  compared to only 17 of th e  30 control c u l tu r e s .  This d ifferen ce  

was s t a t i s t i c a l ly  s ig n if ican t at the .025  l e v e l .  This d ifferen ce  was re ­

f lec ted  in the average lag  periods of the treated and control g ro u p s .

The treated group had an average lag  period of 4 . 9  days a s  compared 

to 8 .3  days for the control group. This d ifferen ce  was s t a t i s t i c a l ly

s ig n if ican t at the .05  l e v e l .



TABLE 11

RECOVERY OF HSV AT 3 7C AFTER INCUBATION AT 41C IN UNTREATED RK CELLS AND IN CELLS TREATED 
WITH BUDR AT THE TIME OF INFECTION WITH VIRUS AND INCUBATION AT 41C

Treatment
Number of
cultures
treated

Number of cu ltu res  in which 
virus was recovered a fter  in ­
cu bation  at 3 7C

Average lag  period 
(days)

None 50 30 (60%) 8 .3

100 vjg/ml BUDR 80 57 (71%) 4 . 9

3
NOTE: Cultures were treated with 100 yg/ml of BUDR, in fected  with approxim ately 5x10 TCD50 of 

virus and incubated at 41C along with untreated control c u l tu r e s .  Cultures were transferred to 37C a fter  2 - 7  
d a y s .  The BUDR-containing medium was removed from the cu ltu res  and replaced with in h ib ito r-free  medium 
at the time of transfer  of cu ltures from 41C to 3 7C . Cultures at 3 7C were monitored daily  for CPE and th e  lag  
period determ ined .
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The same experiment was run using IUDR in stead  of BUDR. C u l-

3tures were treated  with 25 yg/ml of iUDR, in fected  with 5x10  TCD^^ of 

virus and incubated at 4 1 C .  The IU D R-containing medium was replaced 

with normal m aintenance medium when the cultures were transferred to 

3 7 C .  The re su lts  of th is  experiment are shown in Table 12 . There was 

a s ligh t reduction in the average lag period of th e  IU D R-treated cultures . 

This was sim ilar  to what was seen  with th e  BUDR trea tm en t.  The overall 

re a c t iv a tio n  ra te  of virus from the IUDR-treated cu ltu res  was greater  than 

the re a c t iv a tio n  rate  of virus from control c u l tu r e s . Virus was even tu al­

ly  recovered from 66% of the treated cu ltures and from 47% of the control 

c u l tu r e s .  This d ifferen ce  was s t a t is t ic a l ly  s ig n if ic a n t  a t  th e  .01  l e v e l .

W hen BUDR or IUDR was added to cu ltu res  a t th e  time of in fe c ­

tion with virus there  were no inhibitory e f fe c ts  on the eventual recovery 

of virus from th e s e  cu ltu re s .  In contrast to t h i s ,  i t  was found that when 

BUDR was added to cultures a t the time of tran sfer  from 41C  to 3 7C , 

there was a very d efin ite  inhibitory e f fe c t  (Table 1 3 ) .  Treatment of c u l­

tures for 4 days at 37C  with 100 ug/ml of BUDR alm ost com p lete ly  e lim i­

nated virus re ac tiv a tio n s  within the firs t  6 d a y s .  H ow ever, virus was 

not elim inated from the c e l l s  b e ca u se  su bsequ ent virus re a c t iv a tio n s  

did occur follow ing removal of the inh ib itor from the cu lture  medium.

The av erage  lag  period of the BUDR-treated cu ltures was over tw ice  as 

long a s  the average lag  period of the control cu ltures . This d ifferen ce  

was s ig n if ic a n t  at the .0 0 1  le v e l  of c o n f id e n c e .  This d iffe ren ce  was 

due to the reduction in the number of BUDR-treated cu ltu res  that had



TABLE 12

RECOVERY OF HSV AT 37C AFTER INCUBATION AT 41C IN UNTREATED RK CELLS AND IN CELLS TREATED
WITH IUDR AT THE TIME OF INFECTION WITH VIRUS AND INCUBATION AT 41C

Treatment
Number of
cu ltu res
treated

Number of cultures in which 
virus was recovered after in ­
cubation at 3 7C

Average lag period 
(days)

None 111 53 (4 7%) 9 .0

25 yg/m l IUDR 109 72 (66%) 6 .9

3
NOTE: Cultures were treated with 25 pg/ml of IUDR, in fected  with approximately 5x10 TCD of 

virus and incubated at 41C  along with untreated control c u ltu re s .  Cultures were transferred to 37C after  2 - 7  
d a y s .  IUD R-containing medium was removed from the cu ltu res  and replaced with in h ib ito r-free  medium at the 
time of tran sfer  of cultures from 41C  to 3 7C . Cultures at 3 7C were monitored daily  for CPE and lag  period 
determ ined.



TABLE 13

RECOVERY OF HSV AT 37C AFTER INCUBATION AT 41C IN UNTREATED RK CELLS AND IN CELLS 
TREATED WITH BUDR AT THE TIME OF TRANSFER OF CULTURES TO 3 7C

Number of Number of cu ltu res  in which virus was Average lag
Treatment cultures recovered after  incubation at 3 7C period

treated for 1-3  
days

for 4 - 6  for more than Total (%) 
days 6 days

(days)

None 32 14 4 7 25 (78) 5 .4

100 vig/ml BUDR 32 2 0 15 17 (53) 1 1 .5

3
NOTE: Cultures were in fected  with approximately 5x10  TCDgg of virus and incubated  at 41C for 2 - 7  

d a y s .  After incubation at 41C cultures were transferred to 3 7 C .  H alf of the cultures were treated with 
100 pg/ml of BUDR at th is  t im e . The BU DR-containing medium was replaced with in h ib ito r-free  medium 
4 days la t e r .  Cultures at 3 7C were monitored daily  for CPE and the lag  period determ ined .
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lag  periods of 6 days or l e s s  and to the in c r e a s e  in th e  number of cu ltu res  

th at had lag  periods in e x c e s s  of 6 d a y s .

In another experiment cu ltures were treated with 100 yg/ml of 

BUDR a t 2 or 5 days a fter  tran sfer  to 3 7 C .  By waiting before  applying 

th e  trea tm en t, i t  was p o ss ib le  to e lim inate  from the data a ll  cu ltu res  in 

which virus growth occurred soon a fter  tran sfer  to 3 7 C .  By elim inating 

th e s e  early  re a c t iv a tio n s  , the average lag  periods of both th e  control 

group and the BUDR-treated group were in crea se d  (Table 1 4 ) .  The r e la ­

tion sh ip  betw een the two groups remained the sam e; the av erage lag  pe­

riod of the BUDR-treated cu ltures was over tw ice  as  long a s  the average 

lag  period of the untreated c u l tu r e s . This d ifferen ce  in the length  of the 

average lag  periods was s ig n if ic a n t  at the .0 0 1  l e v e l .  F in a l ly ,  although 

the lag  periods were in crease d  by treatm ent of in fected  cu ltu res  with 

BUDR, the overa ll  re activ a tio n  rate  of virus from the BUDR-treated c u l­

tures was not a f fe c te d .

Puromycin, a potent inhibitor of protein sy n th es is  in mammalian 

c e l l s  (5 9) was te s te d  for e f fe c ts  on the normal productive in fe c t io n  at 

3 7C and for e f fe c ts  on the la ten t in fe c t io n .  This drug w as much l e s s  

inhibitory to  virus growth at 3 7C than were the thymidine a n a lo g u e s ,  

although there  was some inhibition of virus growth at a co n cen tra tio n  

of 10 yg/ml (Table 15) ,  a concentration  which approached the to x ic  

l e v e l .  No s ig n if ic a n t  reduction in virus growth was s e e n  a t  l e v e ls  of 

puromycin below  10 yg/m l and c e l l  to x ic i ty  was observed at co n ce n tra ­

tions of 2 0 -2 5  p g /m l. At th e se  le v e ls  nearly a ll  of the c e l l s  detached



TABLE 14

RECOVERY OF HSV AT 37C AFTER INCUBATION AT 4 1C IN UNTREATED RK CELLS AND IN CELLS
TREATED WITH BUDR EITHER 2 OR 5 DAYS AFTER TRANSFER TO 37C

Number of Number of cu ltu res  in which Average lag period
Treatment cultures virus was recovered after (days)

treated incubation at 3 7C

None 39 15 10 . 6

100 ug/ml BUDR 39 13 22 .5

3
NOTE: Cultures were in fected  with approximately 5x10 TCD50 o f virus and incubated  at 41C for 2 - 7  

days . After incubation a t  41C cu ltu res  were transferred to 3 7 C .  After 2 days and after  5 days a ll  cultures 
which had not yet shown CPE were divided into 2 groups. One group was treated with 100 u g/m l of BUDR. 
The other group served as  a control group. The BUDR-containing medium was rep laced  with in h ib ito r-free  
medium after  4 d a y s .  Cultures were monitored daily  for CPE and the lag  period determ ined.
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TABLE 15

GROWTH OF HSV AT 3 7C IN UNTREATED RK CELLS 
AND IN CELLS TREATED WITH PUROMYCIN

Treatment Amount of virus produced 
Crc D 50 /m i)

None lx l O 6

5 p g/m l Puromycin 5 x l 0 5

10 u g/m l Puromycin 5 x l 0 4

NOTE: Cultures were treated with Puromycin at th e  time of in fe c ­
tion  with virus . Cultures were in fected  with 1000 TCD^^ of virus and 
incubated at 3 7 C .  After 4 8 hours du p licate  cu ltures were freeze-th aw ed  
3 tim es and a s s a y e d  for virus in RK c e l l s  .
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from the monolayer within 2 -3  days .

Treatment of cu ltu res  with 15 ug/ml of puromycin at the time of

3
in fe c t io n  with 5x10  TCD of virus and incubation at 41C  had 2 e f fe c ts

0 u

on th e  la te n t  in fe c t io n .  Virus was subsequently  recovered from a greater 

proportion of purom ycin-treated cu ltures than from control cu ltu res  and 

the average la g  period of the treated cu ltures was s ig n if ic a n tly  longer 

than th e  av erage lag  period of the control group (Table 1 6 ) .

An attempt was made to elim inate  virus from the la te n t  in fect io n  

by exposing  in fected  cu ltures to neutral red , a p h o to sen sit iz in g  d y e , 

and then treating  the cu ltures with strong v is ib le  l ig h t .  C ultures were

3
infected  with 5x10  TCD of virus and incubated at 4 1 C .  When the

o u

cultures were transferred to 3 7 C , neutral red was added to the culture 

medium at a f in al dilution of 1 : 2 4 0 , 0 0 0 - 1 : 4 8 0 , 0 0 0 ,  and th e  cu ltures 

were incubated in the dark for 2 h o u rs . After 2 hours the dye was re ­

moved from the medium and the c e l l s  were washed in  HBSS and exposed 

to strong v is ib le  light for an additional 2 hours. The cu ltu res  were then 

incubated a t  3 7C in the dark along with control cu ltu res  and monitored 

for virus growth. The re su lts  of th is  treatment are shown in Table 1 7 .  

The re a c t iv a tio n  rate of virus from the ph o tosen sit ized  cu ltu res  was a l ­

most id e n t ica l  to the re a c t iv a tio n  rate of virus from control c u ltu re s .  

Virus was recovered  from 5 9% of both the neutral red -trea ted  cu ltu res  

and control c u l tu r e s .  Although the recovery rate was not a ltered  by the 

p h o to se n sit iza tio n  treatm ent, the average lag  period of th e  treated 

cultures was s ig n if ic a n tly  in c re a s e d .



TABLE 16

RECOVERY OF HSV AT 37C AFTER INCUBATION AT 41C IN UNTREATED RK CELLS AND IN CELLS TREATED
WITH PUROMYCIN AT THE TIME OF INFECTION WITH VIRUS AND INCUBATION AT 41C

Treatment
Number of 
cu ltures

Number of cu ltures in which virus was 
recovered after  incubation  at 3 7C

Average lag  
period

treated for 1-3  
days

for 4 - 6  
days

for more than 
6 days

Total (%) (days)

None 48 17 6 7 30 (63) 6 .3

10 yg/ml Puromycin 45 11 7 22 40 (89) 11 . 8

3
NOTE: Cultures were treated with 10 yg/ml of Puromycin, in fected  with approximately 5x10  TC D ^q 

of virus and incubated at 41C along with untreated control c u l tu r e s .  Cultures were transferred to 3 7C a fter  
2 - 7  d a y s .  Purom ycin-containing medium was removed from the cu ltures and rep laced  with in h ib ito r-free  
medium at the time of transfer  of cu ltu res  from 41C to 3 7C . Cultures a t  3 7C were monitored daily  for CPE 
and the la g  period determ ined .



TABLE 17

RECOVERY OF HSV AT 3 7C AFTER INCUBATION AT 41C IN UNTREATED RK CELLS AND IN CELLS TREATED
WITH NEUTRAL RED AND EXPOSED TO STRONG VISIBLE LIGHT AFTER TRANSFER TO 3 7C

Number of Number of cu ltu res  in which virus was Average lag
Treatment cultures recovered after  incubation at 3 7C period

treated for 1-3 
days

for 4 - 6  
days

for more than 
6 days

Total (%) (days)

None 44 20 4 2 26 (59) 3 .2

Neutral red 42 11 4 10 25 (59) 9 . 6

3
NOTE: Cultures were in fected  with approximately 5x10 TCD50 and incubated at 41C for 2 - 7  d a y s .  

Cultures were transferred to 3 7C a fter  incubation at 41C and divided into 2 grou ps. One group was treated 
with neutral red at a final dilution of 1 : 2 4 0 ,0 0 0 .  Cultures were treated in the dark for 2 ho u rs . After 2 hours, 
the dye was removed from the c e l l s ,  the c e l l s  were washed and fresh  medium contain ing  no dye was added 
to the c u l tu r e s .  Cultures were then exposed to strong v is ib le  light at a d is ta n c e  of 3 0 cm .for an additional 
2 ho u rs . Following t h i s ,  the treated  cultures and control cu ltures were incubated at 3 7C and monitored daily  
for C P E .



Establishm en t of the Latent 
In fectio n  in W I-3  8 C e l ls

One of the most important qu estions to be  answered in  th is  work 

was whether the la te n t  in fect io n  was a c h a ra c te r is t ic  featu re  of th e  virus 

in RK c e l l s  or whether a sim ilar in fection  could be e s ta b l ish e d  in other 

c e l l  types including c e l l s  of human o rig in . An attempt w as made to e s ­

ta b l ish  the la te n t  in fe c t io n  in W I-3  8 c e l l s . The f ir s t  s tep  was to d eter­

mine if  virus growth was blocked at 41C in th e s e  c e l l s .  Cultures were

3
in fected  with 2 .5 x 1 0  PFU of virus and incubated  at 4 1 C .  On the fo llow ­

ing 3 days d u p lica te  cultures were freeze-th aw ed  3X and a ssa y e d  for 

virus in RK c e l l s . As se e n  in Figure 5 , no virus was recovered from any 

cu ltu re .  M icro sco p ic  observation  of cultures incubated  at 41C showed 

no d e te c ta b le  CPE on any d ay . In c o n tra s t ,  the virus grew very w ell in

3
W I-3  8 c e l l s  a t  3 7C (Figure 5 ) .  When cultures were in fe c ted  with 1x10 

PFU of v iru s ,  the c e l l  cultures were com pletely  destroyed in 2 -3  d a y s .  

The maximum amount of virus that was obtained from th e s e  c e l l s  was 

7 .5 x 1 0 ^  P F U /m l. This t i te r  was actu a lly  higher than had been  obtained 

in RK c e l l s  .

2 4Cultures of W I-3 8  c e l l s  were in fected  with betw een 5x10  -1 x 1 0  

PFU of virus and incubated at 41C for 1 -6  d a y s .  Virus was a b le  to  sur­

vive in c e l l s  a t  41C b e c a u se  after tran sfer  to 3 7 C , virus growth resumed 

in some of th e  c u ltu re s .  Virus was recovered from 59 cu ltu res  out of the 

121 cu ltures orig inally  in fected  for a recovery rate  of 4 9% (Table 18 ) .

Of th e s e  cu ltu res  31% had lag periods of 4 or more days and 13% had
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TABLE 18

RECOVERY OF HSV AT 3 7C AFTER INCUBATION AT 41C 
IN W I-3 8  CELLS AND HK CELLS

Number of cu ltu res  Number of cu ltures in which virus was
C ell type incubated at 41C recovered after  incubation at 3 7C

for 1 -3  for 4 - 6  for more than
days days 6 days

W I-3 8 121 22 21 16

HK 62 4 4 0

2 4NOTE: Cultures were in fected  with 4x10  -1 x 1 0  PFU of virus and incubated at 41C  for 2 - 7  d a y s .  
After incubation at 41C cultures were transferred to 3 7C and continued incubating a t  that tem perature. C u l­
tures a t  37C were monitored daily  for CPE.
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lag  periods in e x c e s s  of 6 d a y s .  The average lag  period of th is  l a s t  

group was 2 6 . 8  days and the lo n g est  lag  period was 53 days . A la ten t  

in fe c t io n  s im ilar  to the one e s ta b lish e d  in RK c e l l s  was e s ta b lish e d  in 

W I-3 8  c e l l s  follow ing incubation at 4 1 C .

Failure  to E s ta b l is h  the Latent 
In fectio n  in Human Kidney C e l ls

The la te n t  in fe c t io n  in W I-3 8  c e l l s  was q u a lita tiv e ly  s im ilar  to 

the in fe c t io n  e s ta b lish e d  in RK c e l l s . Q u antitative  a s p e c t s  were a lso  

com p arab le . An attempt was made to e s ta b l is h  the la te n t  in fe c t io n  in a 

third c e l l  ty p e ,  in human kidney (HK) c e l l s .  The in ab ility  of th e  virus 

to  grow in HK c e l l s  at 41C  is  shown in Figure 6 . When cu ltu res  were 

inoculated  with a very high d o se  of v iru s ,  5x10^ PFU /tube c u ltu re ,  and 

incubated  at 41C  for 1-3  d a y s ,  only 10 PFU of in fe c t io u s  virus was re ­

covered on day 1 and none were recovered on days 2 and 3 . T h ese  c e l l s  

were disrupted by freeze-th aw in g  at the tim e of a s s a y .  The virus grew 

well in HK c e l l s  a t 3 7 C .  High t i te rs  of virus were recovered on days 2 

and 3 (Figure 6) .  At 3 7C cultures were entire ly  destroyed by the virus 

in 2 -3  days w hile no CPE was se e n  at any time during incubation  a t 4 1 C .

Attempts were made to recover virus from c e l l s  incubated  at 41C

by transferring v iab le  c e l l s  to 3 7C and incubating them at th is  tem pera-

2 3tu re .  C ultures were originally  in fected  with betw een 4x 10  - 8 x 1 0  PFU 

of v ir u s /c u l tu r e . The re su lts  are shown in Table 1 8 .  Virus was only 

recovered from 8 of 62 cu ltures (13%) after  they  were transferred from

41C  to  3 7C . The cu ltu res  from which virus was recovered had a ll  been
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incubated a t  41C  for 2 - 3  d a y s .  Virus was not recovered from any culture 

incubated at 41C  for longer than t h i s .  Furthermore, th e  lo n g e s t  la g  pe­

riod observed in any of th e s e  8 cu ltures was 5 d a y s .



DISCUSSION

Two b a s ic  hypoth eses  have been  proposed to  acco u n t for th e  

la te n t  HSV in fe c t io n  at the c e l lu la r  l e v e l .  T h ese  two hyp oth eses  are 

the dynamic s ta te  h ypoth esis  and the s ta t ic  s ta te  hyp o th esis  (2 6) .  The 

dynamic s ta te  hypoth esis  en v is ion s  a slow  but co n stan t re p lica t io n  of 

virus in the in fe c ted  c e l l s  during the la te n c y .  W h o le ,  in fe c t io u s  virus 

p a rt ic le s  are a lw ays present but in very low num bers. According to  the 

s ta t ic  s ta te  h y p o th e s is ,  the virus is  harbored in certa in  c e l l s  in which 

virus m u ltip licatio n  has been  b lo c k e d .  No in fect io u s  virus is  present 

during th e  la t e n c y .  It i s  not p o ss ib le  to s ta te  c a te g o r ic a l ly  that one or 

the other of th e  two hyp oth eses  is  c o r r e c t .  C ertain  ev id en ce  supports 

the dynamic s ta te  h ypoth esis  while other evid ence  supports th e  s ta t ic  

s ta te  h y p o th e s is .

The re su lts  reported in th is  paper support the s t a t ic  s ta te  hy­

p o th esis  . It  i s  not l ik e ly  that virus m ultip lication  were occurring at a 

very slow  rate  in our model la ten t  in fe c t io n .  It  is  a ls o  not l ik e ly  that 

w h o le , in fe c t io u s  virus p art ic le s  were present during the la te n t  in f e c ­

t io n .  W h o le ,  in fe c t io u s  virus was found to be very la b i l e  a t 4 1 C .  When 

virus was incubated  at 41C  in an environment devoid of v ia b le  c e l l s ,  in -  

fe c t iv i ty  d e cre a sed  a t  a logarithm ic ra te .  The h a l f - l i f e  of the virus 

under th e s e  cond itions was only about 36 m in u tes . The virus was

87
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stab ilized  s lig h tly  in  the p re sen ce  of v iab le  RK c e l l s ,  but in ac t iv a tio n  

was s t i l l  very rap id . The h a l f - l i f e  of the virus in v iab le  RK c e l l s  was 

about 100 m in u tes .  No virus was detected  in cu ltures th at were in cu ­

bated a t  41C  for 1 or more days when the c e l l s  were disrupted a t  the 

time of a s s a y .  During the co u rse  of th is  study, a minimum of 50 c u l­

tures were examined for virus a fter  f re e z e -th a w in g .  An additional 40 

cu ltures were a ls o  disrupted by so n ica tio n  in an u n s u c c e s s fu l  attempt 

to free  virus which might be p re se n t .  If virus m u ltip lication  were o ccu r­

ring during th is  period , or if  w hole , in fect io u s  virus p a r t ic le s  were p res­

e n t ,  it  should have been  p o ss ib le  to is o la te  some virus from th e s e  c u l­

tures .

In addition to the fa c t  th a t virus was never recovered from th e s e  

cu ltu res  a fter  incubation  at 4 1 C ,  it  was a lso  not p o s s ib le  to d e te c t  any 

CPE in the cu ltu res  incubated at 4 1 C .  If virus m u ltip lication  were o c ­

curring , although much l e s s  e f f i c ie n t ly ,  i t  would be  exp ected  that some 

CPE would develop during th is  time as  most of the virus would spread 

d irectly  from c e l l  to c e l l  and form fo ca l areas  of in fe c t io n .  Furthermore, 

i t  i s  hard to ra t io n a l iz e  the extended lag  periods that were s e e n  in a 

number of cu ltu res  a fter  tran sfer  to 37C with the idea that w h o le , in fe c ­

tious virus was present when th e s e  cu ltures were transferred to 3 7 C .

The c e l l s  were read ily  su sc e p tib le  to in fect io n  with exogenous virus 

im mediately a fter  tran sfer  to 3 7C .

It could be  postulated that most of the inoculum virus was in ­

activ ated  at 41C  and that the lag  periods observed in th e  cu ltu res  that
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were transferred from 41C  to 3 7C represented a normal d e la y  a s s o c ia te d  

with a very low  concentration  of v iru s .  If th is  were tru e ,  i t  should have 

been  p o s s ib le  to d u plicate  the extended lag  periods by inocu lating  a 

very sm all amount of virus onto c e l l s  a t  3 7 C .  The extended la g  periods 

could not be duplicated  in th is  manner. When virus was added to c e l l s  

in graded am ounts, virus growth alw ays occurred rapidly with CPE being 

v is ib le  within 1-3  days or no ev id ence  of virus growth was s e e n  at a ll  

when cu ltu res  were incubated for up to 30 d a y s .

Although w h o le , in fect io u s  virus was apparently not present in 

th e s e  cu ltu res  incubated at 4 1 C ,  the virus was evidently  not irre v e rs ib ­

ly  in activ a ted  b e c a u s e  when the cultures were transferred from 41C to 

37C and allow ed to continue incubating at th is  tem perature, virus was 

recovered from some c u l tu r e s . In the control s tudies  virus was re ­

covered from 168 cu ltu res  out of 2 00 cultures of RK c e l l s  . Virus was 

a lso  recovered from 59 out of 121 cu ltures of W I-3  8 c e l l s .  I t  was p o s­

s ib le  to show th at some cultures contained many la ten t  virus p a r t i c l e s .

4
When RK c e l l s  were in fected  with 1x10 TCD^^ of virus and incubated 

at 4 1 C ,  as much as 1% of the inoculum virus was ab le  to  survive up to 

6 d a y s .  In another study, a la ten t in fection  was e s ta b lish e d  in the ma­

jority  of the cu ltu res  that were in fected  with a s  few a s  400  PFU of virus 

and in a few cu ltu res  that had been  in fected  with only 4 0 PFU.

The re su lts  d escribed  in th is  paper concerning the development 

of v ir u s - s p e c i f ic  antigens in c e l l s  at 3 7C are in general agreem ent with 

the resu lts  of others (56, 6 0 - 6 4 ) .  H ow ever, d iffe ren ces  from study to
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study have b e en  n o ted . These  d iffe ren ces  m ay, in p art ,  be due to d if­

fe re n c e s  in th e  source  and quality  of the antiserum u s e d ,  d if fe ren ces  in 

the type of c e l l s  in fe c te d ,  d iffe ren ces  in virus s tra in s  used and d iffer­

e n c e s  in sta in in g  te ch n iq u e .  The antiserum used in th is  study was pre­

pared in a manner id e n tica l  to that used by Ross . W atson  and W ildy (56), 

and the tech niqu e  used in th is  study followed their te c h n iq u e .  It is  not 

su rp r is in g , th e r e fo r e , that the resu lts  reported here are in agreement with 

th e ir  re su lts  . In th eir  study f lu o re sce n ce  was d etected  in both the nu­

c le u s  and th e  cytoplasm  by 1-2  hours a fter  in fect io n  of BHK-21 c e l l s  

with HSV, and the in fected  c e l l s  were a m ass of f lu o re sc e n c e  by 9 hours 

post in fe c t io n .  In the study reported h e re ,  f lu o re sce n ce  was d etected  

in  both the n u cleus and cytoplasm  by 4 hours a fter  in fe c t io n .  By 8 hours 

th e  c e l l s  were f il led  with an in ten se  f lu o r e s c e n c e .  By th is  time many 

c e l l s  had rounded up and it  was not p o s s ib le  to d is tin gu ish  th e  nu cle i 

from the cytoplasm  of th e se  c e l l s  .

T h ese  stud ies  support the idea that the b lock  in virus rep lica tion  

a t  41C  o ccu rs  at some point a fter  com pletion of the in it ia l  events of the 

virus re p lica t io n  c y c l e .  F lu o re sce n ce  was seen  in both the nucleus and 

cytoplasm  of c e l l s  incubated at 41C  for 1 -4  d a y s .  S in ce  f lu o re sce n ce  

d o es  not appear in c e l l s  in fected  at 3 7C until 1 -4  hours a fter  in fe c t io n ,  

i t  would seem lik e ly  that the events which occur during th is  in it ia l  peri­

od are  a ls o  occurring in the c e l l s  incubated at 4 1 C .

Although it  could be  shown that ce rta in  c e l l s  contained v iru s-  

s p e c i f i c  an tigen s  at 4 1 C ,  it i s  not p o ss ib le  to say  that v iab le  virus was
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preserved in th e s e  c e l l s . No attempt was made to show th at the flu o­

re sc in g  c e l l s  w e re ,  in  f a c t ,  resp o n sib le  for virus su rv iv a l .  To show 

that the f lu orescing  c e l l s  were re sp o n sib le  for virus su rv iv a l,  i t  would 

have been  n e c e s s a r y  not only to show a corre la tio n  betw een th e  p re s ­

e n ce  of f lu o resc in g  c e l l s  at 41C  and reactiv a tio n  of virus upon tran sfer  

to 3 7 C , but a ls o  to show a correla tion  betw een the la c k  of f lu o re sce n ce  

at 41C  and a la c k  of virus re a c tiv a tio n s  upon tran sfer  to 3 7 C .

Further work should be done on th is  a s p e c t  of the problem.

C e l ls  should b e  followed for a longer period of time at 41C  to determine 

if  the number of c e l l s  that f lu o re sce  eventually  fa l ls  to  z e ro .  It should 

a ls o  be determined i f  some c e l l s  begin f lu orescin g  after  tran sfer  to 3 7C . 

F in a l ly ,  and m ost im portantly, it  should be determined whether or not 

the c e l l s  that are f lu orescin g  are re sp o n sib le  for the survival of virus .

F lu o re sc e n c e  m icroscopy of f luorochrom e-stained  cu ltures has 

proven to  be  a u sefu l method for following the in tra ce llu la r  events that 

occur in v iru s - in fe c te d  c e l l s .  AO is  a particu larly  useful fluorochrome 

b e c a u s e  under proper conditions of pH and io n ic  strength it d iffe ren tia l­

ly  s ta in s  DNA and RNA (65). Under u ltrav io let or near u ltrav io let l ig h t ,  

DNA has a green or g ree n -y e llo w  f lu o re sce n ce  while RNA has an orange 

or flam e-red  f lu o r e s c e n c e .  Armstrong, Hopper and Niven (66, 67) fo l ­

lowed by AO sta in in g  th e  changes that occurred in the n u cle i of 

ad en o v iru s-in fected  hep-2  c e l l s .  They observed an abnormal d is tr ibu ­

tion of chrom atin within 2 4 - 4 8  hours a fter  in fe c t io n .  In normal c e l l s  

the f lu o resc in g  m aterial was evenly  distributed within th e  nucleus .
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In the in fected  c e l l s  b lo ck s  of bright g ree n -y e llo w  f lu o re sce n ce  were 

se en  sca tte red  throughout the nu cle i and e s p e c ia l ly  around the periphery 

of the n u c le i .

In th e  study reported h e re ,  ch an ges in morphology of the nu cle i 

of RK c e l l s  in fected  with HSV were o b serv ed . T hese  ch an ges  resem ble  

the ch an ges  se e n  after  adenovirus in fe c t io n .  It i s  not surprising that 

s im ila r it ie s  were noted b e c a u se  both HSV and adenovirus are DNA 

v iruses that re p l ic a te  in the nu cle i of in fected  c e l l s  . In the norm al, 

uninfected RK c e l l s  areas  of bright f lu o re sce n ce  were commonly se en  

sca ttered  throughout the n u c le i .  In the in fected  c e l l s  th is  b r igh tly - 

f lu orescin g  m aterial was pushed to the periphery of the n u c le i .  These  

featu res  could f irs t  be seen  approximately 6 -8  hours a fter  in fe c t io n .  

Prior to th is  th e  in fected  c e l l s  resem bled the control c e l l s .

None of the chan ges that were observed in c e l l s  in fected  at 3 7C

were noted in c e l l s  that were in fected  with virus and incubated  at 41C

for 1 -4  d a y s .  T hese  c e l l s  appeared id e n tica l  to control c e l l s .  Cultures

incubated at 41C  were in fected  with a s  much as  1x10^ PFU of v i r u s /

c u ltu re . Even if  only 1% of th is  virus su rv iv ed , it  should have been

p o s s ib le  to o b serv e  the c h a ra c te r is t ic  c e l l s  b e c a u s e  in control s tudies

2
th e s e  ch an ges  could be  se en  when as  few a s  1x10 c e l l s  were in fected  

at 3 7 C .  B e ca u se  no c e l l s  were se en  with th e s e  featu res a fter  in cu b a­

tion at 4 1 C ,  i t  seem s l ik e ly  that the re p lica t io n  of virus was b locked  at

a time prior to  when th e s e  chan ges o ccu r .
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The re su lts  of the flu orescen t m icroscopy experim ents support 

the idea th at the virus rep lication  c y c le  was blocked at a point fo llow ­

ing com pletion of the in it ia l  events but before gross morphologic chan g­

es  o ccu r in the c e l l .  The e x act  part of the re p lica tion  c y c le  that was 

blocked is  not known. Other in v estig ato rs  have a ls o  found that re p l ic a ­

tion of HSV-2 is  inhibited at e levated  temperatures (16, 1 7 ,  6 8 ,  6 9 ) .  

Crouch and Rapp (70) reported that a ty p e-2  strain  of HSV was inhibited 

in ham ster embryo c e l l s  a t 3 9 C .  Transfer of cu ltu res  to 3 9C at any time 

during the f irs t  6 hours of in fect io n  resulted  in maximum in h ib it io n , but 

tran sfer  of cu ltu res  to 39C after  8 hours did n o t .  It was found that viral 

DNA sy n th e s is  was greatly  inhibited at 3 9C although some virus DNA 

sy n th es is  did occur at th is  tem perature, and the authors did not conclu de 

that inh ib ition  of viral DNA sy n th es is  was so le ly  re sp o n s ib le  for the in ­

hib ition of virus growth.

It has been  found that the thymidine k in a se  a c t iv i ty  induced in 

c e l l s  by HSV-2 is  very la b i le  at 40C (15). S in ce  th is  enzyme is  involved 

in the sy n th e s is  of virus DNA, it is  p o ss ib le  that the la c k  of virus growth 

at e lev ated  tem peratures is  due to the in ac tiv a tio n  of th is  enzym e.

The fa c t  that virus rep lica t io n  was blocked at 41C  does not n e c ­

e s s a r i ly  imply that a la ten t  in fect io n  was e s ta b l is h e d .  To f i t  the d e fin i­

tion of a la te n t  in fe c t io n  it  is  n e c e s s a ry  that virus growth be  blocked 

under cond itions that are normally p erm issive  to virus growth. CPE was 

seen  in some cu ltu res  soon after  transfer  from 41C to 37C . In th e s e  

cultures it  i s  p o s s ib le  that virus growth was blocked at some point at
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41C  and continued from that point upon tran sfer  to 3 7 C .  In other c u l ­

tures CPE was not s e e n  im mediately upon tran sfer  to 3 7 C , but was seen  

a fter  incubation  at 3 7C for a longer period of t im e .  It was in th e s e  c u l­

tures that th e  la te n t  in fect io n  was e s ta b l is h e d .  It would be  in terestin g  

to  determine i f  th ere  was a b io lo g ic  d ifferen ce  betw een the c e l l -v ir u s  

in tera c t io n s  in cu ltures which had no lag  periods before CPE was seen  

and cu ltu res  which had e x te n s iv e  lag  p e r io d s .  It i s  p o s s ib le  that the 

virus genome was damaged in some c e l l s  at 41C  and that the la g  periods 

represented  time needed for DNA rep a ir .  It i s  a ls o  p o s s ib le  that in the 

c e l l s  th a t  had la te n t  v iru s ,  the c e l l s  produced a rep resso r  su b sta n ce  

which inhibited  virus growth after  tran sfer  to 3 7 C . Although there  is  no 

ev id en ce  to support th is  idea in th is  model sy s te m , the development of 

a ly so g e n ic  in fe c t io n  in b a cter ia  by s p e c i f ic  bacterioph age depends upon 

th e  host c e l l  rep ress in g  ce r ta in  virus functions (71).

C erta in  fea tu res  of th is  in fe c t io n  proved to be c e l l -d e p e n d e n t as 

d if fe ren ces  were observed in the re sp o n ses  of 3 d ifferent c e l l  types to 

in fe c t io n  with th e  virus at 4 1 C .  The 3 c e l l  typ es in v estig a ted  were RK 

c e l l s ,  W I-3  8 c e l l s  and HK c e l l s  . The recovery  rate  of virus from the RK 

c e l l s  was 84% . Forty one percent of the cu ltures had lag  periods of 4 or 

more days be fore  virus growth was se e n  following tran sfer  to 3 7 C , and 

24% of th e  cu ltu res  had lag  periods of 7 or more d a y s .  The lo n g est  lag  

period observed was 45 days and th e  average lag  period of the cu ltures 

with lag  periods of 7 or more days was 1 5 .3  d a y s .
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Q u a lita t iv e ly  th e  resp o n se  of W I-3  8 c e l l s  was sim ilar to that of 

the RK c e l l s  although quantitative  d ifferen ces  e x is t e d .  The overall re ­

a c t iv a t io n  rate  in W I-3 8  c e l l s  was 4 9% . Thirty one percent of th e s e  

cu ltu res  had la g  periods of 4 or more days and 13% had lag  periods of 7 

or more d a y s . The lo n g e s t  lag  period was 53 days and th e  average lag  

period was 2 6 . 8  d a y s .

Although the recovery rate  of virus from the W I-3  8 c e l l s  was 

s ig n if ic a n tly  low er than th e  recovery rate from RK c e l l s ,  the d istribution 

of the re a c t iv a tio n s  was sim ilar in  both c e l l  ty p e s .  It  i s  p o s s ib le  that 

a t  l e a s t  some of the d ifferen ces  in the re a c tiv a tio n  ra te s  could be  e x ­

plained in terms of s l ig h t d iffe ren ces  in th e  amount of virus originally  

added to th e  c u l tu r e s .  Experiments with each  c e l l  type were run s e p a ­

r a te ly .  Some of the d iffe ren ces  are l ik e ly  to be c e l l -d e p e n d e n t d iffer­

e n c e s .  There a r e ,  no doubt, b a s ic  d ifferen ces  betw een the two c e l l  

t y p e s .  RK c e l l s  are a primary c e l l  type from New Zealand white rabbits  

and W I-3 8  c e l l s  are a lim ited p a ssa g e  c e l l  l in e  of human o rig in .

The resp o n se  of HK c e l l s  to in fect io n  with th e  virus a t 41C  was 

very much different from the re sp o n ses  of RK and W I-3  8 c e l l s .  After 

tran sfer  of HK c e l l s  from 41C  to 37C th e  rate  of recovery  of virus was 

very low (13%) and no extended lag  periods were o b se rv e d .  The reaso n  

for the low recovery  rate  from HK c e l l s  is  not known. It  i s  p o s s ib le  that 

virus was in activ a ted  in the c e l l s  at 4 1C and that a la te n t  in fe c t io n  was 

not e s ta b l is h e d .  On th e  other hand, i t  i s  p o s s ib le  that a la te n t  in fe c ­

tion  was e s ta b lish e d  in HK c e l l s  but that the c e l l -v ir u s  in terac tio n  was
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very s t a b le .  It  may b e  p o ss ib le  to determine betw een th e s e  two e x p la ­

n a t io n s .  If HK c e l l s  do harbor the virus in a very s ta b le  la ten t  in fe c t io n ,  

i t  may be  p o s s ib le  to d e te c t  virus antigens in th e s e  c e l l s  . Of c o u rs e ,  

d e tectin g  an tig en s  would not n e c e s s a r i ly  in d ica te  that a l l  of the virus 

genome i s  presen t or that i t  i s  undamaged and cap ab le  o f re p lica t in g .  

Antigens have been  observed in c e l l s  transformed by HSV, but the virus 

apparently never re a c t iv a te s  in th e s e  c e l l s  (33). If the virus is  present 

in  th e  HK c e l l s  and cap ab le  of growing, i t  may be  p o s s ib le  to induce 

r e a c t iv a t io n s .  The various methods that were used in th is  study in an 

attempt to in c r e a s e  th e  re activ ation  rate  of virus from RK c e l l s  may be 

u s e d .

The fa c t  th at ce ll-d e p e n d e n t d iffe ren ces  e x is t  in th is  la te n t  in ­

fe c tio n  in d ica te  that th is  may be a useful model system  in  which to in ­

v e s t ig a te  the nature of host c e l l  controlling facto rs  in  la te n t  HSV in fe c ­

t io n .

Many facto rs  have been a s s o c ia te d  with the periodic re a c t iv a ­

tions of la te n t  HSV th at occur in some of the people in fected  with th is  

v i r u s . Among th e  b e s t  documented stimuli of virus re a c tiv a tio n  is  t r i ­

geminal nerve surgery (2 0 ,  2 1 ) .  Other conditions reported to a c t iv a te  or 

predispose the individual to recurrent herpetic  in fe c t io n s  includ e various 

feb r ile  d i s e a s e s ,  particularly  pneum ococcal pneumonia and m alaria , 

a r t i f ic ia l  fever  th e ra p y , m enstruation, v a cc in e  adm inistration , emotional 

s t r e s s ,  traum a, sunburn and exposure to u ltrav io let l ig h t ,  and ce rta in  

a l le rg ic  conditions such  as  sy ste m ic  anaphylaxis  and th e  lo c a l iz e d
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Arthus re a c tio n  ( 7 2 -7 8 ) .  It has been  proposed that c e r ta in  of th e s e  stim ­

u li may be mediated through "in creased  endocrine a c t iv i ty "  (78). Three 

horm ones, c o r t is o n e ,  epinephrine and thyroxin have been  in v estig ated  

in  various model system s for e f fe c ts  on HSV in fe c t io n .  It  was shown 

that treatm ent of experimental HSV-induced co n ju n ctiv a l u lcers  in rab­

b its  with co r t iso n e  aggrevated the in fection  p ro cess  , resu lting  in more 

seriou s d is e a s e  ( 7 9 -8 2 ) .  In th e s e  experim ental in fe c t io n s  the virus was 

already a c t iv e ly  growing, and it  is  l ik e ly  that the treatm ent only made 

th e  t i s s u e  more su sc e p tib le  to the v ir u s . No attempt was made to a c t i ­

v ate  a la te n t  virus from in fected  c e l l s . The w ell-know n a b il i ty  of c o r t i ­

sone to reduce n o n -s p e c i f ic  inflammation and to c a u s e  involution of lym­

phatic t i s s u e s  could accou nt for the in crease d  s u s c e p tib i l i ty  of the 

treated  t i s s u e s  to th e  virus (83).

No reports were found in the literatu re  re lating  thyroid hormone 

to virus re a c t iv a t io n ,  although e x c e s s  thyroid hormone might be e x p e c t­

ed to  in flu en ce  virus reactiv a tio n s  b e ca u se  of i t s  tem p eratu re-elev atin g  

e f fe c ts  (83).  It  has been  reported , however, th at cu ltu res  of hep-2 

c e l l s  pretreated with 10 ug/ml of thyroid extract adsorbed HSV more 

readily  than did non-treated  control c e l l s  (84). W hile  th is  might be  of 

some co n se q u e n ce  in an in vivo s itu a tio n , it would not be  expected  to 

in flu en ce  th e  growth of virus in c e l l  cultures where the virus is  le f t  in 

co n tac t  with the c e l l s  con tin u ou sly .

In another experimental s i tu a tio n , an e n c e p h a l i t is - l ik e  in fection  

was e s ta b l ish e d  in young adult rabbits following an intracerebral
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in je c t io n  of HSV. Rabbits that recovered from the primary in fect io n  were 

treated with various chem ical agents in an attempt to p recip ita te  a s e c ­

ond a t t a c k .  Intram uscular in je c t io n s  of 2 mg of epinephrine precipitated 

a recurrence  of virus growth in 6 of 10 a n im a ls .  The in fect io n  in all 

6 anim als ended in a fa ta l e n c e p h a li t is .  W hile  the epinephrine tre a t­

ment did apparently lead  to the recurrence of a c t iv e  in fe c t io n ,  the virus 

was iso la te d  from brain t i s s u e  from 6 of 8 anim als which were not tre a t­

ed with epinephrine and which showed no evid ence  of virus growth.

This would imply that the epinephrine did not c a u s e  a re a c tiv a tio n  of a 

la te n t  virus but only predisposed the treated anim als to a serious in fe c ­

tion with the virus that was already present (78).

In our s tu d ies  treatm ent of RK c e l l s  with hyd ro co rtiso n e , thy­

ro x in , or epinephrine did not in c re a se  or d e c re a se  the su sc e p tib i l i ty  of

»

the c e l l s  to HSV. W hen virus was inoculated  onto c e l l s  a t 3 7 C ,  as  much 

CPE was s e e n  in cu ltu res  treated with each  of the three hormones as in 

control c e l l s  and as  much in fect io u s  virus was recovered from th ese  

c e l l s  as  from control c e l l s .  When virus was inoculated  onto hormone- 

treated c e l l s  th at were then incubated at 4 1 C ,  the re activ a tio n  rate  of 

virus from the treated  c e l l s  a fter  incubation at 3 7C was sim ilar to the 

re a c tiv a tio n  rate  from control c e l l s .  T hese  studies in d ica te  that the 

d irect a p p lica tio n  of th e s e  agents to in fected  c e l l s  in culture  was not 

e f fe c t iv e  in a c t iv a t in g  virus from what is  apparently a true la ten t  in fe c ­

t io n .  H ow ever, s in c e  the re la tionsh ip  betw een th is  in vitro la te n c y  and

the n aturally-occu rring  in vivo la ten cy  is  not known, it  is  not p o ss ib le
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to conclu d e  th at th e se  hormones do not, in f a c t ,  contribute  to the re ­

act iv a tio n  of virus in v iv o .

Although neither estrogens or progesterone have been  d irectly  

im plicated in a ffec tin g  la ten t  HSV, it  i s  p o ss ib le  that th e s e  hormones 

could have an e f fe c t  on the la ten t in fe c t io n .  C ertain  c l in ic a l  o b se rv a ­

tions have ind icated  a correlation  betw een the o n se t  of m enstruation in 

ce r ta in  individuals and the development of cold  sores (78), and exp eri­

mental s tu d ies  have indicated that m ice are more s u s c e p tib le  to HSV 

during pregnancy (85).  In our studies treatm ent of c e l l s  with 17 B- 

estrad io l a t 3 7C did not in flu en ce  the su sc e p tib i l i ty  of c e l l s  to HSV. 

H ow ever, progesterone treatm ent inhibited the growth of the v iru s .  When 

in fected  cu ltu res  were treated with 17 B -estrad io l and incubated at 4 1 C ,  

no e f fe c t  was observed on the subsequent re activ a tio n  rate  after  tran sfer  

to 3 7 C .  Progesterone treatm ent, how ever, s ig n if ica n tly  reduced the 

number of cu ltu res  from which virus was re a c t iv a te d .  The fa c t  that tre a t­

ment of c e l l s  with progesterone reduced the su sc e p tib i l i ty  of the c e l l s  to 

virus at 37C would accou nt for the d ecreased  re a c t iv a tio n  rate  a fter  in ­

fe c tio n  at 4 1 C .  The mechanism by which progesterone might induce in ­

cre ased  r e s is ta n c e  to the virus is  not known. M orphologic ch an ges 

were observed in the p rogesterone-treated  c u ltu r e s .  I t  i s  p o ss ib le  that 

the number of receptor s i te s  for HSV on th e  c e l l  su rface  was reduced .

It i s  a ls o  p o s s ib le  th at th is  hormone, which has a n t i -a n a b o lic  prop erties ,  

d ecreased  some s p e c i f ic  c e l l  function which was n e c e s s a r y  for maximum

virus growth (83).
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In a number of studies es tro gen ic  compounds have been  a s s o c i ­

ated with neoplasm s of the b r e a s t ,  vagina and ce rv ix  ( 8 6 -9 0 ) .  In at 

l e a s t  one experim ental study, progesterone antagonized the tumor- 

promoting e f fe c t s  of the synthetic  es tro gen ic  compound, d ie th y ls t i l -  

b estero l (91 , 9 2 ) .  If HSV-2 does have the potentia l to in it ia te  oncogenic  

ch an ges  in c e l l s ,  and if  the o ncogenic  potentia l is  enhanced by e s tro ­

gen ic  com pounds, c e l l  culture models may be helpful in  identifying t h i s .  

Long-term stu d ies  may be n e c e s s a r y ,  how ever. In our stud ies  the long­

e s t  period of time that cultures were treated with 17 B -e stra d io l or pro­

g estero n e  was 14 days . Perhaps more dramatic e f fe c ts  would have been 

observed follow ing long-term  treatment with th e s e  horm ones, e ither in ­

dividually  or in com bination .

The antiv ira l e f fe c ts  of the pyrimidine a n a lo g u e s , BUDR and 

IUDR have b e en  known for some tim e . Herrman was the f ir s t  to report 

that IUDR was an e f fe c t iv e  inhibitor of the rep lica t io n  of severa l DNA- 

containing  v ir u s e s ,  particularly  v a cc in ia  virus and HSV (93). Several 

reports have s in c e  confirmed that BUDR and IUDR inhibit HSV rep lication  

( 9 4 -9 8 ) .  U nlike fluorodeoxyurid ine, BUDR and IUDR are apparently in ­

corporated into  viral DNA and inhibit virus growth a fter  incorporation 

(99).

In our s tu d ies  there was a very defin ite  inh ibition  of virus 

growth in RK c e l l s  a t 3 7 C .  Virus production was reduced by greater 

than 99% at co n cen tra tio n s  of 25 pg/ml of e ither IUDR or BUDR and by 

3 - 4  lo gs at co n cen tra tio n s  of 100 pg/ml of either drug. The d e c re a s e



101

in virus production was paralle led  by a d e c re a s e  in the amount of CPE 

observed in th e  treated c u ltu re s .

Recent stud ies  have indicated that th e s e  two pyrimidine an a­

lo gu es can  stim ulate  a c t iv e  virus growth in c e l l s  that harbor virus in a 

la ten t  s t a t e .  Among the v iruses reported to be act iv ated  by th e s e  chem­

ic a l s  are members of the oncornavirus group (1 0 0 -1 0 7 ) ,  papovaviruses 

(108 , 109) and the Epste in-Barr Virus of the herpesvirus group (1 1 0 -1 1 6 ) .  

In addition to t h i s , IUDR pretreatment of c e l l s  has been  shown to en­

hance the re p lica t io n  of cy tom egaloviru s, another member of the h erp es­

virus group, perhaps by inhibiting some natural a n t i-v ira l  mechanism of 

the c e l l  (117 , 1 1 8 ) .  The finding that la te n t  v iru ses  can  be act iv a ted  by 

treatm ent of th e  c e l l s  with th e s e  m etabolic  inhibitors has not been  e x ­

tended to HSV.

In our RK c e l l  model no evid ence was obtained that would ind i­

c a te  that HSV could be  activated  from a la te n t  in fection  by treatm ent of 

the in fected  c e l l s  with BUDR. When c e l l s  were treated with BUDR 

either at the tim e of tran sfer  from 41C to 3 7C or up to 5 days a fter  tra n s ­

fer to 3 7 C ,  th e  re a c tiv a tio n  of virus in th e s e  cu ltu res  was tran sien tly  

b lo c k e d .  As a re su lt  of th is  tran sien t b lo c k ,  the lag  periods of many 

treated cu ltu res  was extended and the average lag  periods of the treated 

groups were correspondingly longer than that of control g ro u p s . Al­

though the re a c tiv a tio n  of virus in BUDR-treated cu ltu res  was temporar­

ily  b lo c k e d ,  th e  overall reactiv ation  rate of virus from th e s e  cultures 

was not s ig n if ic a n tly  re d u ced .
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It i s  p o ss ib le  that BUDR acted  to prevent the re a c t iv a tio n  of 

la ten t virus by some m e a n s . H ow ever, s in c e  BUDR was shown to be  a 

potent inhibitor of virus growth in control s tu d ie s ,  it  i s  p o s s ib le  that 

the temporary b lock  that occurred following BUDR treatm ent was due not 

to inh ibition  of virus re ac tiv a tio n s  but to the inh ibition  of a c t iv e  virus 

growth a fter  virus re a c tiv a tio n s  occu rred . In any e v e n t ,  the fa c t  that 

the overall re ac tiv a tio n  rate of virus in BUDR-treated cu ltu res  was s im i­

lar to  the re a c t iv a tio n  rate in control cultures would in d ica te  that BUDR 

treatm ent was not a b le  to e lim inate virus in the la ten t  s t a t e .

The inhibitory e f fe c ts  that were se en  when BUDR was added to 

RK c e l l s  at the time of tran sfer  from 41C  to 3 7C were not s e e n  when the 

cu ltures were treated  with the drug at the time of in fe c t io n  with virus 

and incubation  at 4 1 C .  In f a c t ,  BUDR treatm ent at th is  time in crease d  

the re a c tiv a tio n  rate of virus a fter  tran sfer  to 3 7C . In addition to th is  , 

the average lag  period of the cu ltures treated with BUDR was shorter 

than the average lag  period of the control cu ltures . Cultures treated 

with 25 yg/m l of IUDR at the time of in fect io n  with virus showed the 

same in crea se d  reactiv ation  rate  and the same shortened average lag  

period as  were se en  with BUDR treatm ent.

T h ese  findings with BUDR and IUDR in d ica te  that treatm ent of 

c e l l s  under conditions where virus m ultip lication was already blocked 

tended to preserve virus and allowed for the more rapid re a c t iv a tio n  of 

virus after  the in fected  cultures were transferred to perm issiv e  co n d i­

t io n s .  Treatment of the c e l l s  with th e se  potent m etabolic  inh ibitors may
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have acted  to prevent the degradation of virus by the c e l l s  or may have 

blocked a s p e c i f ic  s tep  n e c e ssa ry  for the formation of the la te n t  in fe c ­

t io n .  In any e v e n t ,  s in c e  th e s e  compounds are known to be  potent in ­

hibitors of virus growth after incorporation into the viral n u c le ic  a c i d , 

th e s e  re su lts  in d ica te  that virus m ultip lication at 41C was probably 

blocked prior to the sy n th es is  of DNA. In light of th e s e  f in d in g s ,  more 

work should be done to determine i f ,  in  f a c t ,  treatm ent of c e l l s  a fter  

tra n sfer  to 3 7C can  induce the reactiv a tio n  of la te n t  v iru s .  It might be 

p o s s ib le  to induce reactiv a tio n s  without preventing a c t iv e  virus growth 

by giving c e l l s  a very short treatment (1-4 hours) or by co cu ltiv a tin g  

treated  c e l l s  with non-treated  c e l l s .

Treatment of c e l l s  at 3 7C with puromycin resulted  in  a s l ig h t in ­

h ib ition  of virus growth. When c e l l s  were treated a t  4 1 C  a t  the time of 

in fe c t io n  with v iru s ,  the average lag period of th e s e  cu ltu res  was su b­

sequ en tly  lengthened a fter  tran sfer  to 3 7 C .  These e f fe c ts  could be due 

to  the inh ibitory  e f fe c ts  of th is  an tib io tic  on c e l l  m e ta b o lism . In addi­

tion  to  th e s e  r e s u l t s ,  the overall re activ a tio n  rate  of virus from cultures 

treated  with puromycin was greater than th e  re a c tiv a tio n  rate  of virus 

from control c u l tu r e s .  T hese  findings may a ls o  be due to  th e  inhibitory 

a c t io n  of th is  drug. Perhaps l e s s  of the inoculum virus was a b le  to be  

degraded in  protein sy n th e s is -su p p re sse d  c e l l s .

M any v iru ses  including HSV are known to be extrem ely la b i le  in 

th e  p re se n ce  of strong v is ib le  l ig h t after they have been  pretreated with 

a  l ig h t-ad so rb in g  dye such  a s  neutral red (119).  The m echanism  by
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which in a c tiv a tio n  occu rs is  referred to a s  p h o to se n s it iz a t io n .  S in ce  

p h o to se n sit iza tio n  is  now coming into widespread u se  a s  a treatm ent for 

recurring h erpetic  in fect io n s  (12 0 ,  1 2 1 ) ,  we fe lt  that it  would be worth­

while to s e e  how th is  treatm ent affec ted  the la ten t  in fe c t io n .  Cultures 

were treated  with neutral red dye and exposed to v is ib le  l ig h t a t  the 

time of tran sfer  of th e  cu ltures from 41C to 3 7 C . Treatment of cu ltures 

in th is  manner apparently did not a f fe c t  the la ten t  v ir u s . Virus was re ­

covered from th e  same proportion of treated cultures as  from control c u l­

tu r e s .  Although the recovery rate  was not altered by the p h o to se n s it iz a ­

tion trea tm en t, the average lag  period of the treated  cu ltu res  was s ig n if­

ic a n t ly  in c r e a s e d .  Fewer re ac tiv a tio n s  were se en  within 3 days after 

tran sfer  to 37C  in the group treated with neutral red . This inhibition 

could be due to inh ibition  of virus growth rather than inh ib ition  of virus 

re a c t iv a tio n s  . S in ce  ph o tosen sit iz in g  dyes resu lt  in breaks in DNA after 

binding to the n u c le ic  acid  (122),  i t  is  p o ss ib le  that virus in th e  la ten t 

s ta te  is  r e s is ta n t  to the binding by the d y e .



SUMMARY

R ep lication  of a type 2 strain  of HSV was inhibited  in  RK c e l l s  

when the cu ltu res  were incubated at 4 1 C .  Following tra n sfer  of th e  c u l­

tures to 3 7C after  incubation at 4 1 C ,  resumption of virus rep lica t ion  

occurred in 84% of the c u ltu re s .  H ow ever, in most of the cu ltu res  virus 

rep lica t io n  did not commence immediately a fter  tran sfer  to  3 7 C .  Forty 

one percent of the cultures had lag  periods of 4 or more days and 24% of 

the cu ltu res  had lag periods of 7 or more d a y s . During th e  period of 

time when no evid ence of virus growth was se e n  at 3 7C th e  virus was 

l a t e n t .

The virus was maintained in some form other than a s  whole in ­

fe c tio u s  virus p art ic le s  at 41C b e c a u s e  when th e  c e l l s  were disrupted by 

freeze-th aw in g  or by so n ica tio n  after  incubation a t  4 1 C ,  no virus was 

recovered from any cu ltu re .  Furthermore, ra te  of in a c t iv a tio n  studies 

ind icated  that in fectiou s  virus disappeared very rapidly a t 4 1 C .  The 

h a l f - l i f e  of in fe ct io u s  virus at 41C in the p re sen ce  of v iab le  RK c e l l s  

was only about 100 m in u tes . When v ia b le  c e l l s  were not p re se n t ,  the 

h a l f - l i f e  of the virus was even l e s s  .

Two stud ies  were done to quantitate  the amount of virus that sur­

vived incubation at 41C in a form other than a s  whole in fe c t io u s  virus 

p a r t ic le s .  From th e se  studies it  was estim ated that 0 .2 5 -1 %  of the

105
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inoculum virus was a b le  to survive incubation at 4 1 C .

Attempts were made to determine what s tag e  of the virus r e p l ic a ­

tion c y c le  was b lo ck e d .  Im m unofluorescence s tu d ies  ind icated  that 

v ir u s -s p e c i f ic  antigens were produced in c e l l s  in fected  with virus at 

4 1 C .  H ow ever, i t  was not p o ss ib le  to say  for sure that the same c e l l s  

that contained v ir u s -s p e c i f ic  antigens a lso  contained the virus that 

su rv iv ed .

AO sta in ing  revealed  that chan ges which occurred in the nu cle i 

of c e l l s  in fected  with HSV at 3 7C did not occur in c e l l s  in fected  with 

the virus a t 4 1 C .  S in ce  th e s e  chan ges occurred in the c e l l s  at 3 7C 6 -8  

hours a fter  in fe c t io n ,  the b lock  in virus re p lica tion  at 41C  m ost l ik e ly  

occurred at a s tag e  prior to th is  .

Two experim ents showed that although the virus fa ile d  to rep li­

c a te  in RK c e l l s  a t 4 1 C ,  preincubation of th e  c e l l s  at 41C  did not pre­

vent them from rep lica t in g  exogenous virus a fter  tran sfer  to 3 7 C .  Virus 

attached to c e l l s  preincubated at 41C as  readily  as  to c e l l s  preincubated 

at 3 7C , and c e l l s  preincubated at 41C produced a s  much in fe c t io u s  virus 

a s  c e l l s  preincubated at 3 7 C .

An attem pt was made to e s ta b l is h  a la ten t  in fe c t io n  by in o cu la t­

ing a very sm all concentration  of virus onto c e l l s  a t 3 7C . A la te n t  in ­

fectio n  could not be e s tab lish ed  in th is  manner. Growth of the virus 

occurred within 3 days or no growth occurred at a ll  when the cu ltures 

were incubated for up to 30 d a y s .
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The a b il i ty  to  e s ta b l is h  a la ten t in fe c t io n  was not a unique prop­

erty of the virus in  RK c e l l s .  A sim ilar in fe c t io n  was e s ta b lish e d  in 

W I-3 8  c e l l s .  An attempt to e s ta b l is h  a la te n t  in fe c t io n  in HK c e l l s  by 

th e  sam e method was u n s u c c e s s fu l ,  how ever. The b a s is  for th is  c e l l -  

dependent d ifferen ce  i s  not know n.

C ultures were treated with certa in  hormones and other chem ical 

ag en ts  in an attempt to  modify the la ten t  in fe c t io n .  Hormones that were 

used include h yd rocortisone , 17 B -e s t r a d io l , p ro g estero n e , 1-thyroxin 

and L -e p in e p h rin e . Treatment of cu ltures with progesterone at the time 

that the cu ltu res  were in fected  with virus and incubated at 41C  resulted 

in  a s ig n if ic a n t  reduction in the number of cu ltu res  from which virus was 

recovered a fte r  tra n sfer  to 3 7 C . In control s tud ies  progesterone in h ib it­

ed the production of in fe ct io u s  virus in c e l l s  at 3 7 C .  The other hormones 

te s ted  did not have th e s e  e f f e c t s .  Treatments did not reduce the number 

of virus re a c t iv a tio n s  from cultures treated at 41C  and did not a lter  the 

amount of virus produced in cu ltures a t 3 7 C .

Treatment of cu ltures with BUDR and IUDR s ig n if ic a n tly  affec ted  

the la ten t in fe c t io n .  When the cu ltures were treated  with BUDR at the 

time of tran sfer  from 41C  to 37C (after the la ten t  in fe c t io n  had already 

been e s ta b lish ed )  th e  average lag  period was in crea se d  although tre a t­

ment did not a f fe c t  the overall recovery  r a t e . When cu ltu res  were tre a t­

ed with BUDR or IUDR at the time of in fect io n  with virus and incubation 

at 4 1 C ,  the su bseq u ent lag  period after  tran sfer  to 37C was a c tu a lly  re ­

d u ced . In ad d ition , with IUDR the overall recovery rate  of virus from
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th e  treated  cu ltu res  was in c re a s e d .

W hen cu ltu res  were treated with puromycin, the average lag  peri­

od was in c r e a s e d .  The overall rate  of recovery of virus from the treated 

cu ltures was a l s o  in c re a s e d .

F in a l ly , treatm ent of cu ltures with neutral red and exposure of 

th e s e  cu ltu res  to strong v is ib le  light had no e f fe c t  on the overall re ­

co very  ra te  but did in c r e a s e  the average lag  period .
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The follow ing is  a l i s t  of terms which have b een  abbreviated  in 

th e  te x t  along with th e  corresponding a b b re v ia t io n s .

H erpes sim plex virus HSV

Herpes sim plex  virus type 1 HSV-1

H erpes sim plex  virus type 2 HSV-2

Rabbit kidney RK

H an ks' ba lan ced  s a l t  solution HBSS

Minimal e s s e n t ia l  medium MEM

W is ta r -3  8 W I-3 8

Human kidney HK

C ytopathogenic e f fe c t CPE

T issu e  culture in fe c t io u s  dose  -  50% TCD
50

Plaque forming units PFU

Acridine orange AO

F lu o re sce in iso th io cy a n a te FITC

Phosphate buffered sa l in e PBS

5 -brom o-2  -deoxyuridine BUDR

5-io d o ~2  -deoxyuridine IUDR
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