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THE FATE OF INTRAVENOUSLY INJECTED HERPESVIRUS IN HAMSTERS

CHAPTER I 

INTRODUCTION

The pathogenesis of most v i r a l  d iseases includes a viremia by 

which the in fec tious  agent i s  spread to organs and t i s su e s  fa r  removed 

from the o r ig in a l s i t e  of en try . Generalized herpe tic  in fec t io n s  with 

involvement of many organ systems can be produced experimentally in an i­

mals, and many cases of disseminated v isce ra l  disease  have been described 

in humans, p a r t ic u la r ly  in newborn in fa n ts .  Studies by many in ves t iga ­

to rs  have indicated th a t  spread of the herpesvirus to the cen tra l  nervous 

system and other organs occurs not only by neural pathways, but also by 

hematogenous rou tes .

Few stud ies  have been made on the fac to rs  involved in the spread 

of blood-borne v iru s .  The macrophages of the re t ic u lo e n d o th e l ia l  system 

(res) have been shown to play a ro le  in the removal of v iru ses  from the 

blood s im ila r  to th a t  known to  occur with o ther p a r t i c l e s ,  both l iv ing  

and in e r t .  P a r t ic le  s ize ,  the presence of opsonins, and size of the 

inoculum a ffe c t  uptake of p a r t i c le s .  Uptake of v iruses is  a more complex 

phenomenon, however, since i t  involves a dynamic in te ra c t io n  between the 

host and p a r t ic le s  which may have the cap a b i l i ty  for a ttaching  to ,  or in ­

fec t in g ,  host c e l l s .  This may r e s u l t  in destruction  of the agent, or in
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some cases may be a means of spread to  other t i s s u e s .  Thus the u ltim ate 

fa te  of the host, e i th e r  recovery or disseminated disease  and death, may 

be decided by the response of the fixed macrophages to  v i r a l  p a r t ic le s  

presen t in the bloodstream.

The present research  was undertaken to study some of the events 

which occur when herpesvirus is  introduced in to  the blood of a su scep ti­

b le  nonimmune animal. Experiments were designed to  determine ( l )  the 

ra te  of clearance of the v irus  from the c i rc u la t in g  blood, (2) the fac­

to rs  involved in the disappearance of the v iru s ,  and (3) the lo c a l iz a ­

t ion  and fa te  of the v iru s  in animal t i s su e s  as ind ica ted  by t i t r a t i o n s  

of organs and f luorescen t antibody s ta in in g .



CHAPTER I I  

REVIEW OF THE LITERATURE

Although the d isease ,  herpes f e b r i l i s ,  was c le a r ly  described as 

a c l in ic a l  e n t i ty  by Richard Morton as e a r ly  as 1694 (Beswick, 1962), the 

causative  agent was not iso la ted  u n t i l  the ea r ly  years of the tw entie th  

century. Gru’t e r  (1920) inoculated scrapings from a d e n d r i t ic  u lce r  of a 

human cornea onto the corneas of ra b b i ts  and demonstrated th a t  a s im ila r  

le s ion  occurred in the animals. In some ins tances  en cep h a li t is  developed, 

and the agent could be maintained by ra b b i t  to  r a b b i t  passage of in fec ted  

brain  t i s s u e .

G rü te r 's  basic  discovery of the t r a n s m is s ib i l i ty  of herpesvirus 

s tim ulated  extensive s tud ie s  of the mechanisms involved in the spread of 

the  agent in animal t i s s u e s .  Material from les ions  of the various c l i n i ­

cal forms of human herpe tic  in fec tions  were found to  in fe c t  experimental 

animals (Lbwenstein, 1919), and the re s u l t in g  pathologic findings in an i­

mals were shown to  be l ik e  those in the human, including the presence of 

s p ec if ic  in tran u c lea r  inc lusions  (Lipschütz, 1921). Later, i t  was ob­

served th a t  inocula tion  of the ra b b i t  cornea re su lted  in a drawing of 

the head toward the a ffec ted  side and was followed by symptoms of encepha­

l i t i s .  Although the b ra in  contained demonstrable v iru s ,  changes in other 

t i s s u e s  were not observed, and i t  was concluded th a t  nerve t i s s u e  was 

p a r t i c u la r ly  suscep tib le  to herpesvirus (Doerr and Vochting, 1920).
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Pathogenesis of Herpesvirus

Neural Transmission 

Evidence fo r the neural transm ission of v irus to  the cen tra l 

nervous sytem (CNS) was reported  almost simultaneously by two groups of 

workers. Goodpasture and Teague ( 1923a) observed th a t  v irus  inoculated 

p e r ip h e ra l ly  in to  ra b b i ts  was re a d i ly  transm itted  d i re c t ly  to  the CNS 

along sensory, motor, or sympathetic nerve f ib e r s .  They believed th a t  

transm ission  occurred within axons by invasive p ro l i f e r a t io n  of the v irus  

and not by passive t ra n sp o r t .  Although these  workers did not p o s i t iv e ly  

ru le  out spread of the v iru s  by growth in endoneural c e l l s ,  considera­

t io n  of t h i s  route  was discarded since pathologic changes in these c e l l s  

were not ev ident.

Further in v es t ig a t io n s  by Goodpasture (1925a, b, c, 1929) of 

the  pathogenesis of he rpe tic  in fec tio n s  in ra b b i ts  estab lished  the axonal 

pathway as a route  of v i r a l  transm ission .

Viral transmission through perineu ra l  lymphatic spaces as a pos­

s ib le  pathway to  the CNS was suggested by Marinescc and Draganescc (1923). 

This concept was l a t e r  supported by Boyse e t  (1956), who inoculated 

v iru s  in to  various periphera l nerves and l a t e r  in jec ted  iodine-labeled- 

homologous plasma p ro te in s  in travenously . The rad ioactive  p ro te ins  accu­

mulated p re fe re n t ia l ly  a t  s i t e s  of v ira l- induced  inflammation. Since in ­

flammatory changes were detected outside of axons, v i r a l  spread might be 

explained b e t te r  on the basis  of d ispersion  through t is su e  f lu id s  than 

along axonal pathways.

The spread of herpesvirus along nerve t r a c t s  has since been con­

firmed by other workers, who used various experimental approaches in
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d i f f e r e n t  species of animals. Anderson (1940) inoculated v irus  into em- 

bryonated eggs by various rou tes ,  and reported  th a t  th ree  modes of v i ra l  

transm ission occurred in th i s  system; ( l )  invasion of the epithelium by 

d i re c t  contact and spread from c e l l  to  c e l l ;  (2) c e n tr ip e ta l  and c e n t r i ­

fugal transm ission along nerves; and (3) hematogenous spread to  e s ta b l ish  

a generalized in fec tio n .  She found th a t  s e r ia l  passage increased v i ru ­

lence fo r  the chick embryo; th a t  increased a b i l i t y  to  in fe c t  mesodermal 

and entodermal t is su e s  corresponded with a decrease in ectodermal or neu­

ronal s u s c e p t ib i l i ty .

Slavin and Berry (1943a) i n s t i l l e d  v iru s  in t r a n a sa l ly  in suck­

ling  mice and reported th a t  transm ission to  the CNS, as shown by h is to ­

logic  s tu d ie s ,  was along trigem inal and o lfac to ry  nerves. Beswick (i960) 

inoculated unadapted v iru s  in t ra p e r i to n e a l ly  in to  one-day-old mice and 

produced an ascending m y e l i t is  with p a ra ly s is  ot the  hind limbs. Pass­

aged s t r a in s  of v irus  never produced p a ra ly s is  and seldom produced h is to ­

logic changes in the CNS. Conversely, increased viscerotropism  was char­

a c t e r i s t i c  of the passaged s t r a in s .  Burnet (i960) described work of 

Wildy (in  p re s s ) ,  who presented evidence of c e n tr ip e ta l  spread of herpes­

v iru s  within nerves. He inoculated v irus  in to  the pads of the hind fee t  

of mice and followed the upward progression of the v irus  to  the CNS by 

d e ta i led  t i t r a t i o n s  of nerves serving the in jec t io n  s i t e s .

Most of these experimental procedures are subjec t to question 

since they u t i l iz e d  e i th e r  gross t i t r a t i o n s  of t i s s u e s ,  or pathologic 

and c l in ic a l  c r i t e r i a  to  determine routes  of spread within animals. A 

recen t study of the pathogenesis of herpes en cep h a li t is  and m yelitis  has 

been made with more soph is tica ted  t i t r a t i o n  techniques coupled with
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lo c a l iz a t io n  of the v i r a l  antigen in t i s su e s  by f luo rescen t antibody 

s ta in ing  (Johnson, 1964a). After in t ra c ra n ia l  in jec t io n  of v irus  in 

mice, the v irus  dispersed rap id ly  in the cerebrospinal f lu id .  This was 

followed by v i r a l  m u lt ip l ica t io n  in the meninges and ependyma with in ­

vasion of both neuronal and g l i a l  c e l l s  in the underlying parenchyma. 

Inoculation by subcutaneous or in tran asa l  routes  re su lted  in  spread of 

the v iru s  along corresponding periphera l and c ran ia l  nerves. Apparently 

th is  spread was not within the axon, but re su lted  from c e n tr ip e ta l  in fec­

tion  of endoneural c e l l s  (Schwann c e l l s  and f ib r o b la s t s ) .  Antigen was 

not found in axons even a f t e r  in fec tion  could be demonstrated around the 

nuclei of corresponding ganglion c e l l s .

Hematogenous Transmission 

Although transmission of herpesvirus along neural pathways has 

been d e f in i te ly  es tab lished  as a mode of v i r a l  d issem ination, equally  

convincing evidence of the ro le  of viremia as a means of spread has been 

documented. Soon a f te r  the o r ig in a l  iso la t io n  of herpesv irus, Doerr and 

Schnabel (1921) reported th a t  encepha li t is  developed in ra b b i ts  follow­

ing intravenous in jec t io n  of m ateria l from herpetic  le s io n s .  When blood 

from these infec ted  animals was inoculated on the s c a r i f ie d  corneas of 

other animals an en cep h a li t is  re su lted .  I t  was assumed th a t  a viremia 

was produced a f te r  i n i t i a l  corneal in fec t io n ,  and th a t  subsequent in fec­

t io n  of the brain  re su l ted  from hematogenous tran sp o r t  of the in fec ting  

agent. Later, Greenbaum and Harkins (1925) postu la ted  th a t  he rpe tic  d is ­

ease was a generalized in fec tion  in r a b b i ts ,  and th a t  v i r a l  dissemination 

occurred by way of the bloodstream. This conclusion was reached by dem­

on s tra tin g  th a t  blood from infected  animals, which had been concentrated
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by drying, produced a k e ra to co n ju n c tiv i t is  in the s c a r i f ie d  corneas of 

r a b b i t s .  Remlinger and B ailly  (1926) extended these findings by in fe c t ­

ing ra b b i ts  by various rou tes  of inocula tion  with serum, de fib r in a ted  

blood, and whole blood from animals with experimentally produced her­

p e t ic  in fe c t io n s .  Smith ( l9 3 l)  studied the pathogenesis of a s t r a in  of 

herpesvirus which had been adapted to  produce sp ec if ic  le sions  in the 

adrenal glands of r a b b i t s .  Intravenous inocu la tion  of th i s  v i r a l  s t ra in  

produced c h a r a c te r i s t i c  foc i  of necrosis  in  both the  cortex and medulla 

of the adrenals of 15 of 17 animals» When v iru s  was inoculated concur­

r e n t ly  with herpes antiserum, pathologic le s ions  could not be detec ted .

In 1940 the f i r s t  d i r e c t  evidence fo r  he rpe tic  in fec t io n  of the 

vascu la r  endothelium was described by Anderson in chick embryos. Al­

though dissemination of the v irus  occurred by other pathways, she demon­

s t r a te d  th a t  hematogenous spread also occurred. Inclusions were found 

in  endo thelia l  c e l l s  of large blood vesse ls  and c a p i l l a r i e s ,  which in ­

d ica ted  th a t  bloodborne v irus  had lo ca l ized  and m u ltip l ied  in these c e l l s .  

M etastasis  of v iru s  to  o ther t i s su e s  re su l ted  from these es tab lish ed  fo c i .

Slavin and Berry (1943b) had noted in previous s tud ies  th a t ,  f o l ­

lowing in tran asa l  inocu la tion  of v irus  in suckling mice, sp ec if ic  herpe tic  

le s ions  were produced in a v a r ie ty  of organs and t i s s u e s ,  in addition  to 

those in the b ra in . Further s tudies  ind ica ted  th a t  organs of the RES were 

p a r t i c u la r ly  involved. This observation led them to  conclude th a t  dissem­

in a tion  of v iru s  had occurred, and th a t  invasion of parenchymal t i s su e  was 

by growth through the endothelium of the organs.

More re c en t ly ,  B iegeleisen £ t  a l .  (1957; 1958) used two d i f f e r e n t  

s t r a in s  of herpesvirus to produce experimental viremias in r a b b i ts .  Virus



inoculated by corneal s c a r i f ic a t io n  was recovered regu la rly  from the 

blood, a t  varying time in te rv a ls ,  from 24 to  180 hours. Various organs 

from ra b b i ts  dying from herpetic  encephalitis  were also shown to  contain 

v i ru s .  Transplacental passage of the v irus  to the fe tuses of rabb its  

was reported  a lso ; Virus was iso la ted  from f e ta l  t i s s u e  homogenates; 

sp e c if ic  in tran u c lea r  inclusions were detected in f e ta l  t i s s u e s ;  lo c a l­

iz a t io n  of the v irus  within t is su e s  was revealed by fluorescen t s ta in ­

ing.

Further evidence fo r  transp lacen ta l  passage of herpesvirus in 

experimental animals was reported by Rapp and Falk (1964). A v a rian t 

s t r a in  of v i ru s ,  p reviously  characterized by plaque s ize  and virulence 

fo r  weanling mice, was inoculated in to  pregnant mice and hamster. This 

v a r ia n t  s t r a in  (LPV X IIl) was recovered from hamster embryos a t  a time 

when v iru s  could no longer be detected in maternal blood. Transplacen­

t a l  passage of o ther v a r ia n ts  te s ted  could not be demonstrated in ham­

s t e r s ,  nor was such passage of any herpesvirus s t ra in  shown to  occur in 

mice.

When the HF s t r a in  of herpesvirus was inoculated intravenously 

in to  pregnant hamsters ea r ly  in the gesta tion  period, there  was no h is to ­

lo g ica l  evidence of in fec t io n  of fe ta l  t is su e s  (Ferro and Low, 1965). The 

v iru s  produced m ultip le  foc i of acute necrosis in the adrenal cortex , 

sm aller areas of necrosis  in the l iv e r ,  and necrotic  le sions  in the 

"cho r io a l lan to ic  p lacen tas"  of the mothers. I f  v irus were in jec ted  on the 

th i r t e e n th  day of g e s ta t io n ,  however; t races  of v irus could be recovered 

c o n s is te n t ly  from f e ta l  t i s su e s .

Other s tud ies  implicating blood-borne virus in the pathogenesis
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of he rpe tic  in fec tions  have been reported recen tly .  P l a t t  (1964) found 

th a t  v iru s  inoculated subcutaneously in to  the m etatarsal pads of guinea 

pigs produced local ves ic le s  containing large amounts of v iru s .  Viremia 

or g enera liza tion  of in fec tion  did not occur in animals inoculated by 

th i s  ro u te .  However, when v irus  was inoculated in travenously , a general­

ized in fec tio n  developed in which eyes, skin, vascular endothelium, ad­

re n a ls ,  and brain  were a ffec ted .

Johnson ( 1964a) has also reported  an e f fe c t  of route  of inocula­

t io n  on spread of v irus  in herpetic  in fec tions  in mice. Following ex tra -  

neural inocu la tion , he found th a t  the v irus  reached the CNS by both hem­

atogenous and neural pathways. After in tr ap e r i to n ea l  or in tran asa l  in ­

ocu la t ion , v irus  m ultip lied  in the v isce ra  and produced a viremia. Spread 

to  the brain  occurred through invasion of vascular endo thelia l c e l l s  by 

blood v irus  with development of in fec ted  foci in the t i s s u e  surrounding 

small cerebra l vesse ls .

Although herpesvirus!had long been suspected as a cause of human 

e n ce p h a l i t is ,  the f i r s t  case in  which the v irus  was iso la ted  from the 

brain was reported  by Smith e t  a l .  in 1941, Viral iso la t io n  was made 

from brain  t i s s u e  of a four weeks-old child  who died with symptoms of 

acute en ce p h a l i t is .  In addition to  demonstrating sp ec if ic  herpe tic  in ­

clusions in the bra in , v irus was id e n t i f ie d  by cross n e u tra l iz a t io n  t e s t s  

with known herpes s t r a in s  and a n t is e ra .  Two years l a t e r ,  a s t r a in  of 

herpesvirus was iso la ted  from the sp inal f lu id  of a p a t ie n t  with menin­

geal svrnsptoms which suggested a mild case of choriomeningitis (Armstrong, 

1943). The c l in ic a l  h is to r ie s  of these cases led the reporting  physi­

cians to  conclude th a t  hematogenous dissemination of v irus  had occurred.
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o ther proven cases of human herpesvirus encep h a li t is  have been reported 

in adu lts  (Zarofonetis e t  £ l », 1944; Haymaker, 1949). France and Wilmers 

(1953) described the disease  in a newborn in fan t  twin and noted th a t  both 

twins showed pathologic evidence of herpe tic  h e p a t i t i s .

Generalized skin in fec t io n s  (eczema herpeticum) suggest blood- 

borne dissemination of herpesvirus by th e i r  abrupt onset and d is t r ib u t io n  

of the le s ions  (Kipping and Downie, 1948; Beale and Hair, 1956).

Hass (1935) described necro tic  le sions  and in tran u c lea r  in c lu ­

sions which occurred in the l iv e r  and adrenals of a premature in fan t  who 

died two weeks a f t e r  b i r t h .  The observed hepatoadrenal necrosis  probably 

re su l ted  from herpes viremia. Numerous cases of disseminated v isce ra l  

d isease ,  in which herpesvirus was iso la ted  from various organs, have been 

reported  in support of Hass's f indings (Quilligan and Wilson, 1951; 

Zuelzer and Stulberg, 1952; Pugh e t  , 1954; Colebatch, 1955; Brain e t  

a l . , 1957; Bird and Gardner, 1959; Bird e t  , 1963). All of the above 

cases occurred in premature or newborn in fa n ts .  Recently, m a lnu trit ion  

has a lso  been incriminated as a fa c to r  conducive to disseminated herpe tic  

in fec t io n s  of older ch ildren  (McKenzie e t  ^ . ,  1959; McKenzie, 1961).

Transplacental in fec tio n  re su l t in g  in disseminated herpe tic  d is ­

ease is  the explanation offered in several reported  human cases in which 

v i r a l  in fec tion  was present a t  the time of b i r th  and no other p o r ta l  of 

en try  could be determined (Zuelzer and Stulberg, 1952; McDougal e t  a l . , 

1954; M itchell and McCall, 1963; White, 1963).

More d i re c t  evidence th a t  a viremia occurs in human herpe tic  in ­

fec tions  has been obtained by iso la t io n  of herpesvirus from the blood, as 

reported  by Ruciunan and Dodd (l950) in the case of a boy with a primary
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herpe tic  le s ion  in the nose. Specific  n eu tra l iz in g  antibody developed 

in  th i s  p a t ie n t  during convalescence. Recently, White (1963) iso la ted  

v iru s  from the blood of an in fan t who died of a fulminating herpe tic  in ­

fe c t io n .  The paucity  of rep o r ts  of v i r a l  i s o la t io n s  from the blood in 

human in fec tio n s  may have been due to  ( l )  f a i lu re  to  attempt is o la t io n s ,  

(2 ) obtaining blood samples a t  a time when viremia i s  no longer p resen t,  

and ( 3 ) the use of v i ru s - in h ib i t in g  an ticoagulants  when c o l le c t in g  blood 

sangles (Nahmias and Kibrick, 1964).

Review of the l i t e r a tu r e  in d ica tes  th a t  spread of herpesvirus 

can occur by a combination of routes  depending upon one or more of a v a r i ­

e ty  of fa c to rs :  d iffe rences  in v i r a l  s t r a in s ;  host f a c to r s ,  such as age,

n u t r i t io n a l  s ta tu s ,  and immunological h is to ry ;  s i t e  of en try  of the in ­

fec t in g  agent. Viremia plays an important ro le  in the pathogenesis of 

h e rpe tic  in fe c t io n s ,  although few s tud ies  have been made on the mechanisms 

involved in the spread of v irus  by th i s  rou te . In an e x ce l le n t  review, 

Mims (1964) discussed the possib le  ro le  of the macrophages in the patho­

genesis of v i r a l  d iseases .  These c e l l s  are widely d is t r ib u te d  throughout 

the t i s su e s  and, th e re fo re ,  come in contact with v i r a l  p a r t i c l e s  e a r ly  in 

in fe c t io n .  Macrophages in the sinusoids of the l iv e r  and spleen monitor 

the c i rc u la t in g  blood and presumably in te r a c t  with v i r a l  p a r t i c l e s  as 

they do with o ther foreign p a r t i c le s  p resen t in the blood. L i t t l e  is  

known about clearance of p a r t i c le s  from the blood and most of what i s  

known has been obtained from stud ies  on clearance of in e r t  p a r t i c l e s .  The 

remainder of th is  review w il l  be concerned with reported  s tud ies  on the 

removal of p a r t i c l e s ,  both l iv ing  and in e r t ,  from the c i r c u la t in g  blood
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Studies on Blood Clearance

Non-living P a r t ic le s  

In jec tion  of various dye and carbon p a r t ic le s  in to  animals has 

long been used to  demonstrate phagocytic c e l l s  of the RES or to de linea te  

lymphatic or blood v esse ls .  The f i r s t  attempt to  q uan tita te  removal of 

in e r t  p a r t ic le s  from the blood was reported by Drinker and Shaw in 1921. 

These workers in jec ted  co llo ida l manganese dioxide intravenously in to  

c a ts ,  and studied i t s  r e la t iv e  d is t r ib u t io n  in various organs. Manganese 

dioxide was used because i t  was nontoxic, contained no p a r t i c le s  g rea te r  

than one micron in diameter, and could e a s i ly  be assayed or observed 

m icroscopically  in the t i s s u e s .  Manganese could not be detected in  the 

c irc u la t in g  blood a f t e r  18 minutes in most of the animals te s te d .  One 

hour a f te r  in je c t io n ,  approximately 90% of the in jec ted  m ateria l was r e ­

covered in the lungs, l iv e r ,  and spleen (47%, 38%, and 4%, re sp ec t iv e ly ) .  

These s tudies  were l a t e r  extended to include other animals (dog, ra b b i t ,  

guinea pig , r a t ,  chicken, and tu r t l e )  to  determine i f  species d ifference  

occurred (Lund e t  _al,, 1921). In a l l  animals except the ca t ,  p a r t ic le s  

were removed prim arily  by the l iv e r .  In the ca t,  lungs and l iv e r  were 

equally  e ffec t iv e  in e a r ly  removal of p a r t i c le s .  Twelve hours a f te r  in ­

je c t io n ,  however, p a r t i c le s  which were formerly found in the lungs began 

to  appear in the l iv e r .

The clearance and organ d is t r ib u t io n  of various co llo id a l  p a r t i ­

c les  from the blood have since been studied by a number of workers, Ja ffe  

and Berman (1928) in jec ted  a fine  f a t  emulsion (Oleokoniol) intravenously 

in to  rab b its  and dogs, and noted th a t  the  drop le ts  disappeared from the 

blood within five to  six minutes. The fa t  appeared f i r s t  in the Kupffer
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c e l l s  of the l iv e r  which rap id ly  transm itted  th e i r  f a t  content to the 

l iv e r  c e l l s .  They reported  th a t  a f te r  the Kupffer c e l l s  became sa tu ra ted , 

the phagocytes of the spleen took p a r t  in f a t  storage»

The fa te  of co llo id a l  iron in jec ted  in to  the blood of rab b its  

was studied by Poison (1928; 1929), who observed th a t  most of the iron 

appeared in the lungs, l i v e r ,  and spleen. Iron was present in the lungs 

as emboli in blood v e sse ls ,  but i t  was located within macrophages of the 

l iv e r  and spleen. Later, Penniger and Hutt (l956) also found th a t  iron 

was taken up in organs of the RES. When large doses were given, increased 

uptake occurred in the lungs,

Pohle and R itchie  (1934) made h is to lo g ic a l  and roentgenological 

s tud ies  of the l iv e r ,  spleen, and bone marrow of rab b its  in jec ted  with 

co llo id a l  thorium dioxide. Presence of the c o llo id ,  as ind ica ted  by rad io ­

opacity , appeared within 15 to  45 minutes a f te r  in jec t io n  and la s ted  in 

the  spleen fo r as long as 493 days. H is to lo g ica lly ,  thorium was demon­

s t ra b le  in the macrophages of l iv e r ,  spleen, and bone marrow; i t  was s c a t ­

te red  in f ine  granules throughout l iv e r  c e l l s .

McClean and Hinrichs (1938) noted th a t  phosphate, added to  serum 

in v i t r o , combined with calcium to  form a c o l lo id a l ,  phys io log ica lly  in ­

ac tive  compound. The preformed co llo id a l calcium phosphate suspended in 

serum was rap id ly  removed from the blood when in jec ted  in travenously .

The co llo id  was also formed vivo in the r a t  (Gersh, 1938a) a f te r  in ­

travenous in jec t io n  of calcium ch loride . Calcium phosphate formed in the 

plasma was phagccytizcd ch ie f ly  by macrophages in the l iv e r ,  spleen, and 

bone marrow. Further experiments in the dog confirmed th a t  lo c a l iza t io n  

of the p a r t ic le s  occurred in the l iv e r  and spleen, with l i t t l e  uptake by
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macrophages of the bone marrow» Considerable uptake of co llo id a l  p a r t i ­

c les  occurred in the bone marrow of the ra b b i t  i f  la rge  amounts were in ­

je c ted  (Gersh, 1938b).

Jones e t  (1944) in jec ted  P^^-labeled chromic phosphate in to  

the t a i l  veins of mice, and l a t e r  examined samples of spleen, l iv e r ,  and 

lung fo r  ra d io a c t iv i ty .  Ninety percent of the co llo id  was found in the 

l iv e r .

In 1949, Gofman reported  th a t  co llo id s  containing rad io iso topes 

of y ttr ium , zirconium, columbium, and lanthanum should be useful for 

studying se le c t iv e  lo c a l iz a t io n  of the isotopes in organs of animals f o l ­

lowing intravenous in je c t io n .  By varying molar r a t io s  of c i t r a t e  or la c ­

ta te  s a l t s  to  the oxide or hydroxide of zirconium or y ttr ium , co llo ids  

with d i f f e r e n t  p a r t i c l e  s ize s  could be prepared. Exact s ize  of p a r t ic le s  

was not determined, but the  p reparations  were roughly separable in to  r e l ­

a t iv e ly  la rg e , in term edia te , and small p a r t i c le  co llo id s  by cen tr ifuga­

t io n .  Studies on ra te s  of clearance of the p repara tions  showed d i f f e r ­

ences due to  the s ize  of the p a r t i c le s  (Dobson e t  ^ . , 1949). Large par­

t i c l e  suspensions were ra p id ly  cleared from the blood, and were taken up 

p rim ari ly  in the l iv e r  and spleen. The rap id ly  disappearing component 

represented 90% of the in jec ted  c o llo id ,  while 10% of the in jec ted  pa r­

t i c l e s  disappeared more slowly. Reinjection of blood containing th is  

slow component in to  a second animal was again followed by slow clearance, 

which indica ted  th a t  the depressed r a te  of clearance fo r th is  f rac t io n  

was not due to  sa tu ra tio n  of the phagocytizing c e l l s .  Intermediate sized 

p a r t i c l e s  disappeared more slowly from the blood, and were taken up in 

large amounts by the bone marrow, as well as by the l iv e r  and spleen.
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Similar r e s u l t s  were reported  when rad io ac tiv e  gold co llo id  was 

in jec ted  in to  the dog (Sheppard e t  , 1951). The ha lf- t im e  fo r  ra te  of 

disappearance of t h i s  co llo id  was one and one-half minutes, A very low 

re s id u a l  level of r a d io a c t iv i ty  was reached in about 10 to  20 minutes and 

p e rs is te d  fo r some time. Separation of the various blood c e l l  components 

showed th a t  r a d io a c t iv i ty  was associated  with the buffy coat f rac t io n  of 

the blood. The p e r s i s t in g  or uncleared f r ac t io n  of co llo id  was believed 

to  r e s u l t  from adsorption of the p a r t i c l e s  to  blood c e l l s  preventing th e i r  

uptake by re t ic u lo e n d o th e l ia l  c e l l s .

Z ilversm it e t  (1952) studied the e f f e c t  of p a r t i c l e  s ize  on 

clearance of rad ioac tive  gold co llo id s  in dogs. P a r t i c le s  40 mp, in diam­

e te r  were removed more rap id ly  than smaller ones (10 to  27 mpj. The l iv e r  

and spleen took up 80 to  90% of the in jec ted  p a r t i c l e s  reg a rd le ss  of th e i r  

s iz e .  When logarithms of the concentration of p a r t i c l e s  were p lo t ted  

aga ins t  time, a biphasic  curve was obtained. I f  the r a te  of removal of 

the gold p a r t i c l e s  had been p roportional to  the concentration in the blood, 

a s t r a ig h t  l in e  curve should have been obtained with a semilog p lo t .  The 

data  suggested th a t  s a tu ra t io n  of the phagocytic c e l l s  had occurred. Re­

peated in je c t io n s  of co llo id  in to  the same animal were a l l  c leared , how­

ever, and th i s  would ind ica te  th a t  there  was no blockade of the RES, The 

authors postu la ted  th a t  p e rs is ten ce  of the slower d isappearing co llo id a l  

f r a c t io n  was due possib ly  to  the presence of small gold p a r t i c l e s  in the 

inoculum which were removed more slowly than the large p a r t i c l e s ;  or a l ­

te rn a t iv e ly ,  to  adsorption of the p a r t i c l e s  to  blood c e l l s ,

Schoenberg e t  ( l9 6 l)  reported  th a t  in je c t io n  of polystyrene 

la te x  p a r t i c l e s  in to  ra b b i ts  a lso  re su l ted  in a small uncleared f rac t io n
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in the blood. They pointed out th a t  nonhomogeneity of p a r t i c l e  s ize  

probably was not a fa c to r ;  th e i r  p a r t i c le s  were known to  be uniform in 

s iz e .  Histologic study of organs showed th a t  only a small percentage of 

the  re t ic u lo en d o th e lia l  c e l l s  contained p a r t ic le s  regard less  of the num­

ber in jec ted .  Incomplete clearance was thought to  be due to  constant r e ­

newal of the phagocytic c e l l s ,  with a l te rn a te  re lease  and uptake of pa r­

t i c l e s  from the c irc u la t in g  blood.

A se r ie s  of q u an ti ta t iv e  s tud ies  on fac to rs  influencing c le a r ­

ance of carbon p a r t ic le s  were reported in 1951 (Halpern e t  ; Biozzi 

^  a l . ). In i n i t i a l  s tud ies  these workers used a carbon suspension which 

was s ta b i l iz e d  in sh e llac .  Results in these experiments were influenced 

by the to x ic i ty  of the s ta b i l iz in g  agent, which caused coagulation of 

f ib r in  _in vivo when high doses were administered. When, in fu r th e r  stud­

ie s ,  a s tab le  and nontoxic carbon suspension of known p a r t i c l e  s ize  was 

in jec ted  intravenously in to  r a t s ,  90 percent of the in jec ted  m ateria l 

was removed by phagocytes of the l iv e r  and spleen (Halpern e t  , 1953; 

Biozzi e t  a ^ . , 1953). If  logarithms of the concentration of carbon were 

p lo t te d  against time, the clearance curve formed a s t r a ig h t  l in e  and 

could be expressed by the equation;

log Cl - log C;  ̂  ̂ (1,

^ 2 -  h

in which and C2 were carbon concentrations a t  and T2 , re sp ec tiv e ly , 

and K (the phagocytic index) was a measure of the ra te  of clearance of 

carbon p a r t i c le s  by the RES for a given dose of carbon. The phagocytic 

index was shown to be inversely  p roportional to  the dose according to  the
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formula ;

K X D = constant (2)

when K is  the constant from equation ( l )  and D is  the dose of carbon in ­

je c ted .  Using th i s  q u a n ti ta t iv e  method of evaluation, the workers showed 

th a t  the fac to rs  which influenced the clearance of carbon from the blood

were the quan tity  in jec ted  (s ize  of the dose), and the degree of sa tu ra ­

t ion  of c e l l s  by the phagocytized p a r t i c l e s .  I t  was fu r th e r  demonstrated 

th a t  previous in je c t io n s  of carbon slowed the clearance of subsequent 

doses, as ind ica ted  by decreasing values fo r  the phagocytic index. Dif­

ferences in phagocytic a c t iv i ty  among animals species, in jec ted  with 

id e n t ic a l  doses of carbon, were shown to  be due to  d iffe ren ces  in the 

r e l a t iv e  s izes  of the l iv e r s  and spleens. A correction  fa c to r  to  com­

pensate fo r  d i f f e r e n t  ra te s  due to  organ s ize  was derived, and th i s  cor­

rec ted  phagocytic index (cc) could be expressed by the equation;

a . J L  (3 )
Wls

where W i s  the t o t a l  body weight, Wls i s  the combined weight of the l iv e r  

and spleen, and K is  the phagocytic index obtained in equation ( i ) .  Ex­

perim entally , the phagocytic index (K) was varied with the cube of the 
W

r a t io  although the reason for th i s  re la t io n sh ip  is  not known. The 

clearance of carbon in ra t s  was l a t e r  confirmed for o ther co llo ids  

(saccharated iron oxide, chromium phosphate, pigeon e ry th rocy tes ,  albumin- 

g lobulin  complexes) in d i f f e r e n t  species of animals (Benacerraf e t  a l . ,  

1957) .

Other fac to rs  have been shown to  influence the r a te  a t  which 

co llo id s  are removed from the blood. Brauer e t  (1956), working with
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perfused r a t  l iv e r s ,  noted an inverse c o r re la t io n  between the v e lo c i ty  of 

blood flow pas t  the phagocytes and the e ff ic ie n cy  of removal of co llo id s  

from the blood by the phagocytic cells»  These findings were in agreement 

with r e s u l t s  obtained in l iv in g  animals by Dobson and Jones (1956). They 

found the blood perfusion v e lo c i ty  in man to  be 1.0  to 1»2 ml/gm/min., 

with an average e f f ic ie n cy  fo r chromic phosphate uptake of 85%. In the 

mouse the perfusion v e lo c i ty  was higher (1 .4  to  1.7 ml/gm/min.) and the 

e f f ic ie n cy  of uptake was lower (70 to  75%).

An e f f e c t  on clearance of agents used to  s t a b i l i z e  co llo id a l  

suspensions has been noted by some workers. Murray and Katz (1955) r e ­

ported  th a t  increasing  concentrations of g e la t in  used as a s ta b i l i z in g  

agent re su l te d  in  decreasing ra te s  of clearance of a constant number of 

gold p a r t i c l e s .  They speculated th a t  the decreased ra te  might be due to  

the  formation of a gelatin-gold-plasm a complex which in te r fe re d  with pa r­

t i c l e  uptake. Further in v es t ig a tio n  revealed th a t  g e la t in  alone was 

phagocytized by Kupffer c e l l s  in locations  in the l iv e r  lobules id e n t ic a l  

to  those taking up g e la t in - s ta b i l iz e d  co llo id  (Seaman and Murray, 1956).

Serum fa c to rs  as _in v i t ro  requirements for optimal phagocytosis 

by v e r teb ra te  c e l l s  had been pointed out by other in v es t ig a to rs  (Penn, 

1921; Nelson and Lebrun, 1956; Hirsch and S trauss , 1964). The nature of 

these  fac to rs  and th e i r  function in phagocytosis in vivo have not been 

studied  u n t i l  re cen t ly .  Jenkin and Rowley (1961) invest iga ted  the c le a r ­

ance of both b ac te r ia  and other co llo id s  in mice and reported  th a t  both 

kinds of p a r t i c le s  required serum fac to rs  (opsonins) fo r phagocytosis.

A dep le tion  of serum opsdnins was demonstrated in mice following in je c ­

t io n  of 3 large dose of co l lo id .  They suggested th a t  the reduced ra te
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of c learance of a second dose of co llo id  or b ac te r ia  was due to lack of 

serum fa c to rs ,  since add ition  of serum or plasma produced normal c le a r ­

ance r a t e s .  Biozzi ^  al .̂ (1963) repeated these experiments and re p o r t­

ed th a t  they could not find evidence th a t  serum fac to rs  e i th e r  a lte red  

the  r a te  of carbon clearance or removed a carbon-induced "blockade" of 

the RES. Results of t h e i r  experiments ind ica ted  th a t  sa tu ra tio n  of the 

phagocytic c e l l s  of the RES was the p r in c ip a l  mechanism involved in re ­

duced carbon clearance.

Recently, Normann and Benditt ( 1965a; 1965b) re investiga ted  the 

clearance mechanism by measuring, in r a t s ,  the induced in h ib it io n  of 

c learance caused by the competitive action of two d i f f e r e n t  co llo id s .

They found th a t  a reduction in the r a te  of carbon disappearance occurred 

when heat-aggregated albumin was administered during the course of carbon 

c learance . This in h ib i t io n  was elim inated when the carbon p a r t ic le s  were 

p re t re a te d  with homologous serum. Serum fa c to r ( s )  which prevented in ­

h ib i t io n  of clearance was shown to  be lim ited  in quan tity  and could be 

s e le c t iv e ly  adsorbed on carbon. I t  was a lso  discovered th a t  the r a t io  of 

carbon to  serum was c r i t i c a l ,  and th i s  fa c t  might explain the d if f e re n t  

r e s u l t s  obtained by o ther workers. They concluded th a t  any concept of 

RES blockade must take in to  account th a t  diminished capacity  of the sys­

tem fo r phagocytosis may be due e i th e r  to  c e l l  sa tu ra t io n ,  or to a lim­

i t a t i o n  in availab le  serum components, or both.

Bacteria

The rap id  disappearance of l iv in g  bac te r ia  from the bloodstream 

has been observed since the ea r ly  days of bacterio logy. Wyssokowitsch 

(1886) demonstrated th a t  when species of pathogenic and non-pathogenic
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bac te r ia  were in jec ted  intravenously in to  ra b b i ts ,  they were quickly stored 

in the l iv e r ,  spleen, and bone marrow. Histologic examinations of organs 

following in jec t io n  of Micrococcus te traqenus and the typhoid b ac il lu s  in ­

dicated th a t  they were taken up in the endothelia l c e l l s  of these organs. 

Later, Kyes (1916) in jec ted  suspensions of the pneumococcus into pigeons, 

a species in suscep tib le  to  in fec tion  with th is  organism» He noted th a t  

the b a c te r ia  were rap id ly  cleared from the blood and loca lized  in the l i ­

ver and spleen within fixed phagocytes, where they were rap id ly  destroyed. 

Bull (1915) reported th a t  the typhoid b a c i l lu s  was rap id ly  agglutinated 

and removed when in jec ted  in to  the bloodstream of ra b b i t s .  The clumped 

b ac te r ia  accumulated in the l iv e r  and spleen where they were digested and 

destroyed by phagocytes. These findings were confirmed by B a r t le t t  and 

Ozaki (1916) who in jec ted  Micrococcus aureus intravenously in to  dogs.

The same year, Manwaring and Coe (1916) perfused pneumococci, suspended 

in immune and nonimmune se ra ,  and R inger's  so lu tion , through iso la ted  rab­

b i t  organs. They reported  the presence of an "opsonin or b ac te r io trop in  

in anti-pneumococcus serum which caused the bac te r ia  to  adhere to endothel­

ia l  c e l l s  l in ing  hepatic  c a p i l l a r i e s . "  This phenomenon was not observed 

in the perfused lungs, kidneys, or in te s t in e s  of the animals. The fa te  of 

hemolytic s trep tococci following intravenous in jec t io n  in suscep tib le  

( rab b it)  and nonsusceptible (ca t)  animals was studied by Hopkins and Parker 

(1918). The bac te r ia  quickly disappeared from the c i rc u la t in g  blood of 

the cat and were found predominantly in lungs and to a le s s e r  ex ten t in 

the l iv e r  and spleen. Streptococci in jec ted  in to  the ra b b i t  were also 

promptly removed from the c i rc u la t io n ,  but were d is t r ib u te d  in  the organs 

in d i f f e r e n t  p roportions. The l iv e r  and spleen took up as many bacte ria
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as the lungs and many were localized  in sk e le ta l  muscle.

Factors which influence the disappearance and e f fe c t iv e  removal 

of bac te r ia  have been studied by numerous in v e s t ig a to rs .  The virulence 

of the in jec ted  b a c te r ia  has been shown to  be important. Wright (1927) 

showed th a t  v i ru le n t  pneumococci were removed rap id ly  from the blood of 

ra b b i t s ,  but within a short time there  was an increase in numbers recov­

ered, presumably due to the a b i l i t y  of the s t r a in  to  m ultip ly  in the t i s ­

sues and to reinvade the blood. These observations have been confirmed 

by various o ther in v es t ig a to rs  fo r d i f f e r e n t  b ac te r ia  and were reviewed 

by Wilson and Miles (1964).

Disappearance of in jec ted  b a c te r ia  is  accelerated  by the p res ­

ence of sp ec if ic  antibody. Wright (1927) noted th a t  immunization en­

hanced removal of the pneumococcus from the c i rc u la t in g  blood of rab b its  

and prevented the appearance of a secondary bacteremia. He also observed 

th a t  p r io r  contact with the organism stimulated clearance r a te s  in the an­

imals before sp ec if ic  antibody could be de tec ted . Cannon e t  (1932) 

confirmed th i s  observation by using l iv in g  staphylococci and paratyphoid 

b a c te r ia .  These workers reported th a t  phagocytosis and in t r a c e l lu la r  

d igest ion  of the organisms were enhanced by immune serum. Later s tud ies  

by Sullivan e t  (1934), with the same organisms, showed th a t  the de­

gree of lo c a l iza t io n  of the in jec ted  b ac te r ia  in d i f f e r e n t  organs was not 

s ig n i f ic a n t ly  a l te red  by immunization, but th a t  more rapid  removal did 

occur. Teale (1935) reported th a t  v i ru le n t  b a c te r ia  to which the normal 

animal had no de tec tab le  antibody and. was highly suscep tib le  were rap id ly  

cleared from the c irc u la t in g  blood. On the other hand, K lebsie lla  pneu­

moniae was reported  to  be cleared more rap id ly  in dogs iimnunized both
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a c t iv e ly  and pass ive ly , than in normal animals (Kerby e t  a l . ,  1950). 

L a te r ,  i t  was shown th a t  a nonmucoid v a r ia n t  of F r ied lan d e r 's  b ac i l lu s  

was removed more ra p id ly  than encapsulated s t r a in s  of the same species 

(Kerby, 1950).

Normal human, r a t ,  and mouse sera were found to  exert an opsonic 

e f f e c t  upon phagocytosis of Escherichia c o l i  in the  perfused r a t  l iv e r  

(Howard and Wardlaw, 1958). Studies using heated serum, serum absorbed 

with homologous organisms, and zymosan absorbed serum ind ica ted  th a t  the 

opsonic serum fac to rs  were sp ec if ic  antibody, complement, and another 

h e a t - la b i le  fac to r  which probably was properdin. A comparative study of 

various species of b a c te r ia  was reported  by the same workers a year l a t e r  

(Wardlaw and Howard, 1959). Seven Gram-negative and seven Gram-positive 

b a c te r ia l  s t ra in s  were s tudied by perfusion through iso la ted  r a t  l iv e r s .  

Three f la g e l la te d .  Gram-negative s t r a in s  suspended in Ringer-Locke so lu­

t io n  were taken up by the l iv e r ,  whereas the th ree  nonflage lla ted . Gram- 

negative s t r a in s  were not. All of the Gram-negative s t r a in s  were phago­

cytized  i f  they were suspended in normal serum. Heating a t  56 C. r e ­

duced the opsonic a c t i v i ty  of the serum fo r a l l  of the Gram-negative 

s t r a in s .  Four Gram-positive s t ra in s  were re a d i ly  phagocytized from 

Ringer-Locke so lu tion , but both heated and unheated serum reduced phago­

c y to s is .  Two c lo s t r i d i a l  s t ra in s  behaved as Gram-negative s t r a in s ,  and 

an encapsulated pneumococcus was not removed, in to  the t i s s u e s ,  from 

e i th e r  Ringer-Locke so lu tion  or serum suspensions.

In 1959; Benacerraf e t  made a study of the clearance of 

Staphylococcus aureus and Escherichia co li  in mice using the q u a n t i ta ­

t iv e  methods which they had developed for the study of phagocytosis of
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32i n e r t  co llo id a l  p a r t i c l e s .  Clearance of P -labeled  h e a t-k i l le d  E; co li  

and staphylococci was found to  be exponential in respect to  time, and the 

b a c te r ia  were taken up p rim ari ly  by the l iv e r  and spleen. Staphylococci 

were removed a t  a maximum ra te  in mice which had average serum agglutinin 

t i t e r s  of 1:32, and the e ff ic ien cy  could not be improved by increasing 

sp e c i f ic  antibody. The r a te  of clearance of E. c o l i , however, was d i ­

r e c t ly  re la te d  to  the concentration of sp ec if ic  agglu tin ins  in the blood. 

Normal mice with low E. c o l i  agg lu tina ting  t i t e r s  cleared the organism 

slowly, and the r a te  of clearance could be increased to a maximum by the 

add ition  of e i th e r  sp ec if ic  antiserum or pretreatm ent of the mice with 

heterologous endotoxin. Enhanced clearance of E. co li  could also be 

t ra n s fe r re d  to  normal mice by the serum of endotoxin-treated  mice.

Jenkin and Rowley (1961) in jec ted  both v iru len t  and av iru len t 

unopsonized s t r a in s  of Salmonella and K le b s ie l la , in travenously, into 

mice and followed th e i r  clearance from the blood. All av iru len t  s t ra in s  

were removed a t  a f a s te r  r a te  than were the v i ru le n t  s t r a in s .  Treatment 

of the v i ru le n t  s t r a in s  with pig serum which had a high t i t e r  of opsonins, 

even though unre la ted  to  sp ec if ic  0 antibody, g rea tly  increased the c le a r ­

ance r a t e s .  V irulent s t r a in s  trea ted  with mouse an ti-lipopolysaccharide  

serum also  enhanced clearance ra te s ,  but to  a le sse r  degree.

Recent s tud ies  ind ica te  th a t  the RES is  functional a t  an early  

age; r a te s  of clearance remaining s tab le  from time of b i r th  to  weaning, 

when increased phagocytic function occurs, (Reade and Jenkin, 1965).

After carbon in je c t io n ,  h is to lo g ic  s tudies  showed th a t  d is t r ib u t io n  and 

uptake of p a r t i c le s  in macrophages of f e ta l  r a t  organs was s im ila r  to  th a t  

found in adulLs (Reade and Casley-Smith, 1965).
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Plant and B ac te ria l  Viruses

Inves tigations  of the clearance of v iruses from animal blood 

are fewer than those which have been reported for in e r t  p a r t i c le s  or bac­

t e r i a .  Many of these s tud ies  have been made with p lan t v iru ses  or bac­

teriophages which obviously lack the a b i l i t y  to m ultiply in animal c e l l s  

and, the re fo re , provide l i t t l e  information concerning v i r a l  pathogenesis. 

Since p lan t  and b a c te r ia l  v iruses  are comparable to many animal v iruses 

in s ize  and, in most cases, are r e la t iv e ly  simple to  assay, they have been 

useful in studying physical in te ra c t io n s  between v iruses and animal c e l l s .  

Smirnow and Goldin (1931) in jec ted  Shigella  bacteriophage intravenously 

in to  guinea pigs and 24 hours l a t e r  recovered the phage, in low concen­

t r a t io n s ,  in the blood, l iv e r ,  spleen, and kidney. Tissue examination fo r 

phage was not attempted p r io r  to  24 hours, which possib ly  accounted for 

the  reported  low recovery ra te .  Nungester and Watrous (1934) demonstrated 

th a t  staphylococcal phage in jec ted  intravenously in to  r a t s  accumulated in 

the spleen and l iv e r  to  the same general degree as b a c te r ia .  Two hours 

a f t e r  inocu la tion , the organs contained g rea te r  amounts of v iable  phage 

p a r t i c le s  than did the blood.

The fa te  of B acillus  megatherium bacteriophage inoculated in t r a -  

p e r i to n e a l ly  in to  mice was investigated  by Keller and Engley (1958).

Three hours a f t e r  inoculation  there was a decrease of 90% in the number 

of phage p a r t i c le s  p resent in the blood. Twelve hours a f te r  inoculation 

when phage p a r t i c le s  were no longer recoverable from the blood, lungs, 

kidneys, and b ra in , p a r t ic le s  could be found in the l iv e r  and spleen. 

Phages introduced o ra l ly  were also co n s is ten tly  recovered from the c ircu ­

la t in g  blood. Results suggested th a t  p a r t ic le s  of th is  s ize  could enter
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d i r e c t ly  in to  the blood through the c a p i l la ry  endothelium and be concen­

t r a te d  in the organs of the RES. In a l a t e r  study, using the same phage 

in jec ted  intravenously  in to  dogs, Keller and Zatzman (1959) reported  th a t  

the  r a te  of disappearance was rapid  fo r  the f i r s t  15 minutes, and a t  20 

minutes declined to  a more gradual r a te  of disappearance which p e rs is te d  

u n t i l  term ination of the  experiments a t  90 minutes. Factors a ffec t in g  

disappearance of the bacteriophage from the blood were pos tu la ted  to  be 

( l )  plasma in h ib i to r s ,  (2) nonspecific  adsorption to  c e l l  su rfaces , (3) 

excretion  of p a r t i c l e s  in to  e x t ra c e l lu la r  f lu id s .  That uptake by organs 

of the RES was a lso a fa c to r  in the disappearance of the p a r t i c l e s  was 

ind ica ted  by a concentration of phage p a r t i c l e s  in the l iv e r  and spleen 

196 to  873 times g re a te r  than th a t  found in the blood plasma a t  the same 

time.

Sulkin e t  (1957) reported  th a t  normal r a b b i t  serum in h ib ited  

staphylococcal phage iji v i t r o ; in h ib i t io n  could be reversed by heating 

serum or adsorbing i t  with zymosan. Clearance ra te s  of ra b b i ts  which 

were p re trea ted  with zymosan four hours p r io r  to  intravenous inocula tion  

of phage were th ree -  to  tenfo ld  higher than those of un trea ted  animals.

In th i s  work, i t  was not determined whether the e f fe c t  of zymosan on 

clearance was due to  blockade of the phagocytic c e l l s  or to  d i r e c t  neu­

t r a l i z a t i o n  of the in h ib ito ry  plasma f ra c t io n .

Localization  of tobacco mosaic v irus  in the organs of the RES 

a f te r  intravenous inocula tion  in to  animals has a lso been shown to  occur 

(Gavosto and Ficq, 1953; 1954). Virus labeled with was found p r i ­

marily in the l iv e r  and spleen, with le s s e r  amounts p resen t in lymph 

nodes and kidneys. Virus was taken up by macrophages in the red pulp
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of the spleen, and was found in both Kupffer c e l l s  and parenchymal c e l l s  

in  the l iv e r .

Animal Viruses

In ea r ly  s tud ies  on the pathogenesis of p o liom ye lit is  and small­

pox, experimentally produced viremias were s tudied as p o ss ib le  rou tes  of 

transm ission . Flexner and Amoss (1912) in jec ted  po liov iru s  in to  the blood 

of monkeys and noted th a t  v irus  appeared rap id ly  in the spleen and bone 

marrow, but was not de tec tab le  in kidneys, sp inal f lu id ,  or b ra in .  Clark 

e t  a l . (1914) reported  th a t  when large and overwhelming q u a n t i t ie s  of 

po lio v iru s  were in jec ted  in to  monkeys, the v iru s  p e rs is te d  in the blood 

fo r  a t  l e a s t  72 hours and could lead to  d isea se .  A fter 10 days, when 

p a ra ly t ic  symptoms developed in the animals, v irus  could no longer be de­

tec ted  in the blood. After intravenous in je c t io n  of vacc in ia  v iru s  in to  

r a b b i t s ,  lungs, l i v e r ,  spleen, and adrenals were the organs most commonly 

in fec ted ; v irus  was i r r e g u la r ly  recovered from the blood up to  s ix  days 

a f t e r  in je c t io n  (Douglas e t  ; 1929). L a te r .  Smith (1929) reported  th a t  

vaccin ia  v irus  inoculated in travenously in to  rab b i ts  was rap id ly  fixed by 

the formed elements of the blood. F rac tiona tion  of the blood a f t e r  inoc­

u la t io n  showed th a t  the v irus  was a ttached to  e i th e r  white c e l l s  or p l a t e ­

l e t s  and could not be detected in whole blood. Masking of v i r a l  presence 

was said  to  be due to  antibody formation as e a r ly  as the second day follow­

ing inocu la tion . Plasma antibody apparently  did not a f f e c t  c e l l - f ix e d  

v irus  since washed c e l l s  could i n i t i a t e  in fec t io n  in o ther animals.

During s tud ies  on R if t  Valley fever v irus  in mice, Mims ( 1956a, b) 

found th a t  v iru s  inoculated in to  the bloodstream was quickly adsorbed by 

su scep tib le  c e l l s ;  75% of the inoculum disappeared within 30 minutes.
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When the v irus  disappeared from the blood i t  was no longer detec tab le  in 

o ther t i s su e s ,  even when the e n t i re  mouse carcass was examined. Within 

5 to  7 hours one growth cycle of v irus  had occurred in c e l l s ,  and the new­

ly  re leased  v irus was taken up by uninfected c e l l s .  Virus did not r e ­

appear in the c irc u la t in g  blood u n t i l  fu r th e r  growth cycles infected a l l  

c e l l s .  I f  su f f ic ie n t  doses of v irus  were given, so th a t  a l l  susceptib le  

c e l l s  were infected a t  once, v irus  appeared in the blood in high t i t e r  

a f t e r  one growth cycle.

Later, in s tud ies  on ectromelia v irus  in mice, Mims (1959a) 

found th a t  90% of the intravenously in jec ted  v irus  was removed from the

blood within 2 to  3 minutes. T i tra t io n  of organs f ive  minutes a f te r

v i r a l  inoculation showed th a t  95% of the v irus  was present in the l iv e r ,

whereas less  than 4% could be found in the spleen, and only 0.3% of the

in jec ted  v irus  remained in the c ircu la t in g  blood. Virus was shown to  be

p resen t in the macrophages lin ing  the l iv e r  sinusoids by fluorescent

antibody s ta in in g , but none of the hepatic c e l ls  appeared to contain 

v iru s .  A small proportion of v iru s ,  which p e rs is te d  in the blood a f te r  

most had been taken up by phagocytic c e l l s ,  was associated  with c ircu ­

la t in g  p la t e l e t s  or leucocytes and therefore  could not be removed from 

the blood by macrophages. Further studies on the growth of the v irus  in 

the l iv e r  (Mims, 1959b) indicated th a t  hepatic c e l l s  were not infected 

u n t i l  v irus was re leased following a cycle of growth in the macrophages. 

New v irus  from these c e l l s  l a t e r  infected neighboring l iv e r  c e l l s .  After 

th ree  nr more stepwise increases in the s ize  of the infec ted  foc i,  when 

almost a l l  of the l iv e r  c e l l s  were in fec ted , the mice died. Several

v iruses  of smaller s ize  than ectromelia were also te s ted  to determine i f
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p a r t i c l e  s ize  affected  uptake of the v iru s .  All of the v iru ses  te s ted  

were taken up by the l i t t o r a l  c e l l s  of the l iv e r  and none of the p a r­

t i c l e s  reached hepatic  c e l l s  during the time of observation. C lear­

ance and uptake of po liov irus  was slower than other v iruses  te s te d ,  pos­

s ib ly  because of i t s  smaller p a r t i c le  s ize ,  A subsequent study of in ­

fluenza v irus  (Mims, 1960) showed th a t ,  although th is  v iru s  was taken up 

by macrophages in the l iv e r ,  i t  did not grow in these c e l l s  or in fe c t  

hepatic  c e l l s  unless massive doses of v irus  were in jec ted .  Hepatic c e l l s ,  

however, were re a d i ly  infec ted  when the macrophages were by-passed by in ­

je c t in g  v irus  d i r e c t ly  in to  the l iv e r  v ia the b i l i a r y  t r a c t .

The k in e t ic s  of blood clearance of two P^^-labeled v iru se s ,  ve­

s ic u la r  s to m a ti t is  and Newcastle d isease , were studied by Brunner e t  a l .  

( i960 ) . Both v iruses were c leared rap id ly  when in jec ted  in to  mice. In 

the  f i r s t  stage of clearance most of the rad ioactive  p a r t i c l e s  disappeared 

with a f i r s t  order r a te .  This was followed by a second stage of re s id u a l 

r a d io a c t iv i ty  which c ircu la ted  fo r  a longer period of time. This p e r s i s t ­

ing a c t iv i ty  was thought to  be due to  smaller or le ss  phagocytizable par­

t i c l e s .  Most of the labeled v iruses were recovered from the l iv e r ,  with 

sm aller amounts being recovered from lungs, spleen, and kidneys. Blockade 

of the RES with th o ro t ra s t  slowed the ra te  of c learance, with over 60% of 

v i r a l  a c t iv i ty  s t i l l  p resent in the blood a t 20 minutes and an associated , 

g rea t  decrease in l iv e r  uptake. Incubation of Newcastle d isease  v irus  

with antiserum before in jec t io n  accelerated  clearance s ig n i f ic a n t ly ,  and 

v i r a l  uptake by the l iv e r  was increased. In mice in jec ted  with anticerum 

p r io r  to  v i r a l  inocu la tion , the i n i t i a l  r a te  of clearance was the same as 

th a t  observed in control mice. Blood concentrations measured 15 to  20
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minutes a f t e r  in jec t io n  of v iru s ,  however, were s ig n i f ic a n t ly  lower in the 

antiserum tre a ted  mice.

An in h ib i to ry  e f fe c t  of a c o r t ic o s te ro id  upon the clearance of 

po liov irus  from the c i rc u la to ry  system of the mouse has been described 

(Byatt and Rasmussen, 1964). Decreased ra te s  of v i r a l  c learance were r e ­

ported to  occur in p redn iso lone-trea ted  mice. This was associated  with 

a marked increase in v i r a l  uptake in the spleen desp ite  the f a c t  th a t  

spleens in t re a te d  mice were s ig n i f ic a n t ly  smaller than those of untreated 

animals.

Studies of herpesvirus clearance have not been reported  other 

than one by G eller e t  a l .  (1953) who worked with eleven human vo lun teers . 

These were p a t ie n ts  who a l l  had various neop las tic  d iseases ,  as well as 

measurable lev e ls  of a n t i -h e rp e t ic  an tibodies in th e i r  serum. No s ig n i ­

f ic a n t  amount of v iru s  was recovered from th e i r  blood following in t r a ­

venous in je c t io n s  of large amounts of herpesv irus. F a ilu re  to recover 

v iru s  from these ind iv idua ls  was possib ly  due to  one or more of the f o l ­

lowing fa c to rs ;  ( l )  presence of sp ec if ic  an tibodies in the blood; (2 ) 

a nonspecific , h e a t - la b i le  a n t iv i r a l  fa c to r  demonstrated in the plasma 

of one ind iv idua l;  (3) removal of v irus  by organs of the RES. In d irec t  

evidence fo r  RES uptake was indicated by a noticeable  rap id  r i s e  in neu­

t r a l i z in g  antibody lev e ls  in some of the sub jects  following intravenous 

in je c t io n  of v iru s .  This response suggested th a t  antigen must have r e ­

mained ava ilab le  to  the body as an an tigenic  stimulus fo r  a period of 

time.



CHAPTER I I I  

MATERIALS AND METHODS 

Virus S tra in

The HF s t r a in  of herpes simplex v iru s  (HSV) (Flexner and Amoss, 

1925) used in these s tud ies  was received from the Communicable Disease 

Center, A tlan ta , Georgia, and has since been maintained in t h i s  labora­

to ry  through numerous passages in HeLa c e l l s .  This ce ll-adap ted  s t r a in  

was used in the production of sp ec if ic  hyperimmune serum in r a b b i t s .

Virus was passed th ree  times in the yolk sac of e igh t to  ten  day-old em- 

bryonated eggs fo r  growth adaption p r io r  to  preparation  of the v i r a l  pools 

used in  hamster clearance s tu d ie s .

Animals

Adult male, random bred hamsters (Cricetus c r i c e tu s ). obtained 

from the Lakeview Hamster Colony,^ were used in a l l  clearance s tu d ie s .  

Animals varied in s ize  from 110 to  150 grams with an average weight of 

130 grams, and were fed a d ie t  of mouse breeder p e l le t s  and water in th is  

labora to ry . Newly obtained hamsters were allowed to  ad just  to  th e i r  new 

environment for one to  two weeks before they were used experimentally.

Young albino ra b b i ts  which weighed approximately 2 kg and were

30
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obtained lo ca l ly ,  and were used for the production of antiserum.

Tissue sections fo r  t i t r a t i o n  of fluorescein  labeled antiserum 

were prepared from three  to  five  day-old suckling mice of the Webster 

s ta in  from an inbred colony maintained a t  th i s  in s t i tu t io n .

Embryonated Honegger white Leghorn eggs which had been incubated 

for nine to  eleven days were used for preparing chick embryo c e l l  cu l­

tu res  and embryo e x tra c t .  Viral pools employed in clearance s tud ies  were 

prepared from extraembryonic f lu id s  of seven to  nine day-old embryonated 

eggs.

Reagents

Deionized g a l s s - d i s t i l l e d  water was used for the p reparation  of 

a l l  so lu tions  and media and served as the f in a l  r in se  fo r a l l  glassware. 

Reagent grade chemicals were employed in the p reparation  of a l l  so lu tions 

unless otherwise designated.

Balanced s a l t  so lu tions  fo r the preparation of c e l l  cu ltu re  

media, v i ra l  d i lu en ts ,  and t i s su e  r in ses  were prepared as formulated by 

Hanks and Wallace (1949), or by Earle s t  _al, (1943), Hanks' (IIBSS) or 

E a r le 's  (EBSS) balanced s a l t  so lu tions were made by d i lu t in g  stock con­

cen trated  solu tions in d i s t i l l e d  water before they were s t e r i l i z e d  by 

p o s i t iv e  pressure f i l t r a t i o n  through Seitz  f i l t e r s ^ .

Phosphate-buffered g e la t in  saline  (BGS) fo r the preparation  of 

v irus  d i lu t io n s ,  in some instances, was prepared as described by Scott, 

(1956).

Since heparin has been reported to  combine with HSV and thus

"Seitz EK s t e r i l i z in g  f i l t e r  shee ts . Republic Seitz  F i l t e r
Corp., M illdale, Conn.
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prevent attachment to c e l l s  (Nahmias and Kibrick, 1964), the possible  in ­

h ib i to ry  e f fe c ts  of sodium c i t r a t e  and ethylene diamine te t r a - a c e t i c  acid, 

disodium s a l t  (EDTA), anticoagulant compounds were te s te d .  Solutions con­

ta in ing  sodium c i t r a t e  proved to  be the most su i tab le  fo r  experimental use. 

Growth medium (HLY-10, to be described la t e r )  or 0.85% sa lin e  containing 

2% sodium c i t r a t e  as an anticoagulant were used for co lle c t in g  blood sam­

p le s .
O

A 2% stock solution of tryps in  was prepared according to  the 

method of Wallis e t  ( l96 l)  f i l t e r  s t e r i l i z e d ,  and s tored in conven­

ie n t  amounts a t  -25 C. Working so lu tions (O.l or 0=2%) were prepared by 

d i lu t in g  stock so lu tions in s t e r i l e  calcium and magnesium free  buffer 

fo r  use in the p reparation  of primary c e l l  cu ltu res  and fo r  d ispersing  

c e l l  monolayers.

Chick embryo ex tra c t  (EE50) was e i th e r  obtained commercially^, 

or prepared according to  th e  method of Schmidt (1964). Extrac ts  were 

s tored a t  -25 C u n t i l  needed. After thawing, the e x tra c t  was c la r i f i e d  

by centr ifuging  a t  1000 x g fo r 10 minutes.

P e n ic i l l in ^  and streptomycin^ stock so lu tions  were prepared in 

s t e r i l e  d i s t i l l e d  water and stored a t  -25 C in one ml amounts. They were 

added as needed to  media and reagents to  provide a f in a l  concentration of 

200 un its  of p e n ic i l l in  and 200 meg of streptomycin per ml.

^Trypsin 1:250, Difco Laboratories, D e tro it ,  Mich. 

^Microbiological Associates, Bethesda, Md.

5
Potassium p e n ic i l l in  G, E li L ily  and Co., Indianapolis , Ind. 

^Streptomycin su l fa te ,  E. R. Squibb and Co., New York, N. Y.
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Newborn c a l f  serum was in ac t iv a ted  by heating a t  56 C for 30 

minutes and stored a t  -25 C» The serum was thawed, s t e r i l i z e d  by Seitz  

f i l t r a t i o n ,  and added in appropriate concentration to  t i s su e  cu lture  

media or v i r a l  d iluentso  Hamster serum was prepared from blood obtained 

by cardiac  puncture. The blood was allowed to c lo t  a t  room temperature 

and was placed a t  4 C fo r  c lo t  r e t r a c t io n .  The serum was co llec ted  and 

cen tr ifuged  a t  1000 x g fo r 15 minutes to remove the c e l l s .  The c l a r i ­

f ied  serum was inac t iv a ted  a t 5.6 C fo r  30 minutes, f i l t e r  s t e r i l i z e d ,  

and stored a t  -25 C.

Tissue Culture Media

HeLa c e l l s  were grown in a medium (HLY-IO) containing 0.5% la c t -

8 9albumin hydrolysate , 0 . 1% yeast e x tra c t  , and 10% in ac t iv a ted  c a l f  serum

suspended in HESS. When monolayers were complete, c e l l s  were maintained

in a lactalbumin hydrolysate-yeast e x t ra c t  medium in EBSS containing 5%

in ac t iv a ted  c a l f  serum (ELY-5).

Pig kidney c e l l s  (PK.) were grown in the chemically defined mini­

mum e s s e n t ia l  medium of Eagle (1959), supplemented with added nonessential 

amino acids'^ and 10% inac tiva ted  c a l f  serum in Hanks' so lu tion  (HMEM-IO). 

C ells  were maintained in a s im ila r  medium which contained only 5% serum 

and EBSS as a base (EMEM-5).

Tube cu ltu res  of primary chick embryo c e l l s  were grown in a

^Lot #274638, Grand Island B iological Company, Grand Is land , N.Y.

^N utri tiona l Biochemical Corporation, Cleveland, Ohio.

^Difco Company, Inc .,  D e tro i t ,  Mich.
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lactalbum in-yeast e x t ra c t  outgrowth medium in HBSS containing '2% c a lf  

serum and 4% EE50. The maintenance medium used fo r chick embryo tube 

cu ltu res  was HMEM without serum.

Cell Lines and Propagation Procedures

Continuous Cell Cultures

Continuous-passage c e l l  cu ltu res  were used in c e r ta in  phases of 

these  s tu d ie s .  A s t r a in  of c e l l s  derived from an ep ith e lo id  carcinoma 

of the human cervix (HeLa) o r ig in a l ly  is o la ted  by Gey e t  &1. (1952), was 

obtained from the Carver Foundation, Tuskegee, Alabama, in 1962. I t  has 

been maintained by weekly passage in t h i s  labora tory  since th a t  time.

A continuous l in e  of porcine kidney c e l l s  (PK) was obtained from 

Dr. A. J .  Knaizeff, Chief Cell Culture D ivision, Naval B iological Labora­

to ry ,  Oakland, C a l i fo rn ia .  These c e l l  cu l tu re s  were derived from a cu l­

tu re  e s tab lished  a t  the C u tte r  Laboratories , Berkeley, C a l ifo rn ia ,  and 

cloned in the labora to ry  of Dr. Morgan Harris  a t  the University  of 

C a l ifo rn ia .

Stock cu ltu re s  of HeLa and PK c e l l s  were grown in 250 ml Kimax 

b o t t le s  a t  36 C. When monolayers were complete, the medium was asp ira ted , 

replaced with 10 ml of t ryps in  so lu tion , and incubated a t  36 C for 10 min­

u te s .  The c e l l s  were detached from the g lass  by gentle  p ip e t t in g  and were 

packed by cen tr ifu g a tio n  a t  500 x g fo r five  minutes a t  room temperature. 

Cells  were resuspended in growth medium and counted. Approximately 3 X 10^ 

c e l l s  were added to  250 ml b o t t le s  and 2-3 X 10 c e l l s  were used to  seed 

tube or coverslip  monolayers. Growth medium was changed every th ree  days 

and monolayers were u sua lly  complete in f ive  to  seven days.
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Stable l in e s  of c e l l  cu ltu res  were p e r io d ic a l ly  t re a ted  with 

Kanamycin-0 (100 mcg/ml) fo r  10 days to  ensure th a t  they remained free  

from pleuropneumonia-like organisms.

Primary Chick Embryo Cell Cultures 

Nine to  11 day-old embryos were harvested and eyes, beaks, wings, 

and legs were removed and discarded. Torsos were r insed  th ree  times in 

warm HBSS and minced in to  th ree  mm pieces with f ine  s c is s o rs .  After th ree  

add itiona l washes, minced t i s su e s  were forced through a 50 ml syringe in­

to  a 250 ml f lu ted  try p s in iz in g  flask^^. F i f ty  ml of try p s in  so lu tion  

was added to  the r insed  t i s su e  and the mixture was s t i r r e d  with a magnetic 

s t i r r e r  for 15 minutes. The c e l l s  were decanted through six  layers  of 

s t e r i l e  gauze in to  a 250 ml centrifuge  tube a t  room temperature. The pro­

cess was repeated u n t i l  a t o t a l  of four 15-minute t ry p s in iz a t io n  periods 

were completed. The c e l l s  were centrifuged a t  80 x g fo r  10 minutes to 

remove the t ry p s in ,  resuspended in  HBSS, and recen tr ifuged  fo r  10 minutes. 

The packed c e l l s  were suspended in 50-100 ml of outgrowth medium and 

counted. Suspensions containing 2-3 X 10^ v iab le  c e l l s  per ml were placed

in one-half ml amounts in rubber-stoppered pyrex tubes and incubated a t

1936 C as s ta t io n ary  cu ltu res  in racks inc lined  a t  an angle of 10 degrees 

from the ho rizon ta l .  Monolayers were usually  complete in 48 hours and r e ­

mained in ta c t  fo r one week when prepared in th i s  manner.

Viable c e l l  counts were made in a counting f lu id  containing 0.1%

l%anamycin s u l f a te ,  B r is to l  Laboratories , Syracuse, N. Y. 

l lB ellco  Glassware Company, Vineland, N. J .  

l^Seelye Craftsman, Minneapolis, Minn.
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trypan blue with 0 . 1% sodium c i t r a t e  added to  minimize c e l l  clumping. 

C ells  were counted in each corner square and in the c en tra l  square of 

each chamber of a hemacytometer (10 square m illim eters  in a l l )  using 

lOX ob jective  and ocular lenses (Merchant e t  , 1964). Counts were 

computed by multiplying the number of unstained c e l l s  in  10 squares by 

an appropria te  d i lu t io n  fa c to r .

Production of Viral Pools

Vaccine

Confluent HeLa c e l l  monolayers grown in 250 ml d i lu t io n  b o t t le s  

in  HLY-10 were inoculated with 10^'® TCID^g of v irus  contained in 0.2 ml. 

Virus was allowed to  adsorb fo r  2-3 hours a t  room temperature before ad­

d i t io n  of 10 ml of EMEM-5 per b o t t l e .  After 48 hours of incubation a t 

36 C, the inoculated monolayers were beginning to slough from the g la ss .  

Virus was re leased  from the  c e l l s  by th ree  a l te rn a te  freeze-thaw cycles 

a t  -70 C and 37 C, re sp ec tiv e ly .  The pooled supernatant f lu id s ,  removed 

a f t e r  c en tr ifuga tion  in the cold a t  1000 x g for 15 minutes, were stored 

a t  -70 C. The t i t e r  of the v i r a l  pool used for the production of vaccine 

was 6 .2  log TCID^q per ml. Vaccine was prepared by mixing equal p a r ts  of 

th i s  l iv e  v irus  with Freund 's complete adjuvant^.

Clearance Studies 

Yolk sacs of embryonated eggs were inoculated with egg-adapted
3

v iru s  containing approximately 1.6 X 10 TCID^g per 0.5 ml. Embryos 

dying within 36 hours a f t e r  inoculation were discarded. After incubation

1 3
Spencer Bright-Line Hemacytometer, American O ptical Company, 

Buffalo, N. Y.
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a t  36 C fo r 72 hours when more than 50% of the embryos were dead, a l lan ­

to ic  and amniotic f lu id s  were harvested, pooled, and immediately p re ­

pared fo r concentration of the v iru s .  Crude v iru s  contained in the pooled 

f lu id s  was centrifuged  a t  1000 x g fo r  10 minutes to  remove extraneous 

t i s s u e s .  The supernatant f lu id  was placed in 30 to  40 ml amounts in 

s t e r i l e  polypropylene cen tr ifuge  tubes and centrifuged a t  22,000 x g for 

60 minutes in a Type RG-2 Servall r e f r ig e ra te d  cen tr ifu g e .  The supernat­

ant f lu id  was decanted and v i r a l  p e l l e t s  were resuspended in one-tenth 

volumes of e i th e r  d i s t i l l e d  water or HBSS which contained 10% inactivated  

c a l f  or hamster serum. Suspensions were allowed to  stand overnight a t  4 C. 

P e l le t s  were resuspended by gentle  p ip e t t in g ,  pooled, and centr ifuged a t  

1200 X g fo r  15 minutes in the cold. The supernatant f lu id  from th i s  cen­

t r i fu g a t io n  was d is t r ib u te d  in convenient amounts in rubber stoppered 

pyrex tubes. D is t i l le d  water p repara tions  were kept a t  4 C and used with­

in one week with l i t t l e  loss  of t i t e r .  Serum prepara t ions  were s tored a t  

-70 C u n t i l  used. T i te rs  of v i r a l  pools prepared in th i s  manner usually  

contained 10^*^ to  10^*^ TCID^g per ml.

Virus T i t ra t io n s  

Samples to  be assayed for v i r a l  content were thawed rap id ly  in 

a 37 C water bath. All tubes and reagents were maintained in an ice 

bath . Separate one ml p ipe ts  were used to  prepare each d i lu t io n .  Seria l 

ten - fo ld  d i lu t io n s  of stock v iru s ,  blood, serum-virus m ixtures, or t i s ­

sue suspensions were prepared in BGS or HLY-10 and inoculated in 0.1 or 

0 .2 ml amounts in r e p l ic a te  tube monolayers. After adsorption for three 

a t  room temperature, monolayers were r insed  twice to  remove hemoglobin 

and t i s s u e  debris  and 0.5 ml of maintenance medium was added. Monolayers
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were incubated a t  36 C fo r  one week and observed for the appearance of 

the c h a r a c te r i s t i c  g ian t c e l l  cytopathic e f fe c t  (CPE) as described by 

Gray e t  , 1958. T ite rs  were computed according to  the method of Reed 

and Muench (1938) and are expressed as the pos it ive  log^Q of the d i lu t io n  

producing in fec tio n  in 50^ of the monolayers inoculated with one ml vo l­

umes (Log^o TCID50 per ml). T ite rs  reported  fo r organs are expressed as 

T C ID ^q  per g or per organ.

Preparation of Antiserum 

Adult albino r a b b i t s ,  a f t e r  preimmunization bleedings, were in­

oculated in tram uscularly  a t  two week in te rv a ls  for a to t a l  of th ree  immu­

n iza t io n s  (Table 1). Two weeks a f t e r  the th i rd  in jec t io n ,  animals were 

bled by card iac  puncture and the s t e r i l e  inac t iva ted  serum was checked 

fo r  n eu tra l iz in g  a c t i v i ty .  I f  low lev e ls  of antibody were p resen t,  in ­

je c t io n s  were continued u n t i l  s a t i s fa c to ry  neu tra liz ing  t i t e r s  were pro­

duced. Animals were bled by cardiac puncture; the re su l t in g  sera were 

in a c t iv a ted  by heating a t  56 C fo r 30 minutes, f i l t e r  s t e r i l i z e d ,  and 

were stored  a t  -25 C before te s t in g .

N eu tra liza tion  Tests 

The constant v irus-decreasing  serum method of n eu tra l iz a t io n  

t e s t  was used. Fourfold d i lu t io n s  of an tise ra  were made in HBSS so th a t  

f in a l  concentrations of serum when mixed with an equal volume of v irus 

were 1:4 , 1:16 , 1:64 , 1:256, and 1:1024. Virus was d ilu ted  to contain 

250 TCIDtsn when mixed with d i lu ted  a n t is e ra .  Virus-serum mixtures were 

incubated fo r  one hour a t  room temperature before 0.2  ml of each d ilu t io n  

was added to  each of five  re p l ic a te  monolayers. After an adsorption
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TABLE 1

IMMUNIZATION SCHEDULE FOR PRODUCTION 
OF RABBIT ANTIHERPES SERUM

In jec tio n
Number Antigen Amount

In jec tion
S ite

Time Elapsed, 
Last In jec tion

T ria l
Bleedings

I
Virus
adjuvant 1 ml R. thigh^ 0 Pre in jec tion

2
Virus
adjuvant 1 ml L. thigh 2 weeks

3
Virus
adjuvant I ml R. th igh 2 weeks

4
Virus
adjuvant 1 ml L. thigh I month

6 weeks

5
Virus
adjuvant 1 ml R. thigh I month

TOTAL IMMUNIZATION PERIOD 4 months

Equal p a r ts  of l iv e  v irus  (6 .2  log TCID^q per ml) plus Freund's 
complete adjuvant.

^Intramuscular in je c t io n .
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period of th ree  hours, monolayers were r insed  twice to  remove res idua l 

serum and maintenance medium was added. Monolayers were incubated a t 36 

C and observed for one week for c h a r a c te r i s t ic  CPE. N eu tra liza tion  in ­

d ices were computed as described by Lennette, (1964).

Preparation of Fluorescein Labeled Globulin

Frac tiona tion  of Serum Proteins 

Both ra b b i t  antiherpes and normal r a b b i t  sera were frac t io n a ted .  

Twenty ml of serum were added to  an equal volume of cold d i s t i l l e d  water 

in an 125 ml erlenmeyer f lask  containing a magnetic s t i r r i n g  bar. The 

mixture was ag ita ted  slowly in an ice bath during the dropwise addition 

of 40 ml of 4.1 M ammonium s u lfa te  from a separatory  funnel. The f i r s t  

p r e c ip i ta te  was allowed to  stand a t  4 C overnight, followed by c e n tr i fu ­

gation a t  1000 X g fo r  30 minutes to  pack the g lobulin . The supernatant 

f lu id  was discarded and the globulin was dissolved in measured amounts 

of cold d i s t i l l e d  water. The globulin was p re c ip i ta te d  and redisso lved  

two add itiona l times using amounts of sa tu ra ted  ammonium s u lfa te  equal 

to  the volumes of water necessary to  d isso lve  the g lobulin . The f in a l  

p re c ip i ta te  was dialyzed in 0.005 M phosphate buffered sa l in e ,  pH 7.2, 

u n t i l  su l fa te  was no longer de tec tab le  in the d ia ly sa te  as shown by the 

addition  of sa tu rated  barium chloride .

Protein Determination 

Protein  concentration of the dialyzed globulin was determined 

using the b iu re t  reac tion  of Gornall e t  (1949). Protein  standards^^

^^C rysta lline  bovine albumin. Armour Pharmaceutical Company, 
Kankakee, 111.
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were prepared to  contain 0 ,5 , 1,0, 1,5, 2 .0 , and 2,5 mg p ro te in  per ml. 

Unknown globulins were d i lu ted  1:10 and 1:20 in d i s t i l l e d  water. To one 

ml portions  of t e s t  so lu tions  (s tandards, unknowns, and d i s t i l l e d  water) 

in cuve ttes ,  four ml of b iu re t  reagent were added and allowed to  stand 

a t  room temperature fo r  30 minutes. O ptical density  was read a t  540 m|j, 

using a Coleman ju n io r  spectrophotometer, and the concentration of pro­

te in  in the globulin was determined from a standard curve for known pro­

t e in .

Labeling of Globulins

The globulin  was d i lu ted  to  contain 10 mg of p ro te in  per ml in

carbonate-bicarbonate bu ffe r ,  pH 9, and sa l in e .  The mixture was c h i l le d

15to  0-4 C, and fluorescein  isothiocyanate  was added a t  a r a t i o  of 0.05 

mg fo r  each mg of p ro te in  in so lu tion . The mixture was placed in the 

r e f r ig e r a to r  and s t i r r e d  with a magnetic s t i r r e r  fo r  18 h o u ^ .

Removal of Unbound Fluorochrome 

The conjugate was dialyzed overnight in a l i t e r  of 0.005 M phos­

phate buffered sa l in e ,  pH 7 .2 , containing 10 grams of Dowex^^. The 

buffer  was discarded, fresh  buffer without Dowex added, and d ia ly s is  was 

continued u n t i l  no dye appeared in the d ia ly sa te .  The dialyzed conjugate 

was passed through an amberlite^^ column prepared by washing with 3 N

l^lsomer 1, c ry s ta l l in e  M. A., Mann Research Laboratories , New 
York, N. Y.

i^Dowex 2-X4; chloride form, 20-50 mesh, J .  T. Baker Company, 
P h il l ip sb u rg ,  N. J .

l^Amberlite, C G 400, chromatographic grade, 100-200 mesh, 
f.'a llinckrodt Chemical Works, S t. Louis, Mo.
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HCl and r in s in g  in phosphate buffer u n t i l  the pH of the column was re ­

s tored  to 7.2 to 7.5.

Absorption of Nonspecific Protein 

Conjugates were absorbed p r io r  to use with hamster l iv e r  powder 

prepared commercially^® as described by Coons e t  (1955). Powder 

washed in phosphate buffered sa line  was added a t  a concentration of 100 

mg per ml of conjugate. After absorbing for one hour a t  room temperature, 

absorbant was removed by cen tr ifuga tion  a t 10,000 x g for 10 minutes. A

second treatment using ra b b i t  bone marrow powder^^ was s im ila r ly  performed.

20Aqueous m erth io la te  was added to the absorbed conjugate a t  a concentra­

t io n  of 1: 10,000, and one ml portions were placed in  stoppered pyrex tubes 

and s tored a t  -25 C.

T itra t io n  of Labeled Globulin 

Twofold d i lu t io n s  of the labeled globulin were prepared in phos­

phate buffered s a l in e .  Frozen sec tions of infected t is su e s  were a i r  

d r ied ,  fixed in acetone fo r 5 to  10 minutes, and allowed to a i r  dry. The 

various d i lu t io n s  of conjugate were added to  sections and incubated in a 

moist atmosphere fo r  30 minutes a t room temperature. S lides were rinsed 

twice in buffered saline  and coverslips  were mounted over sections in a 

drop of buffered glycerol s a l in e .  S lides were examined with a Reichert 

fluorescence microscope equipped with a dark fie ld  condenser. The l ig h t  

source was a mercury BBC 200 burner using Corning 5970 or 5840 ex c ite r

l®Pel-Freez B iologicals , In c . ,  Rogers, Ark. 

-^Baltimore B iologicals Company, Baltimore, Md, 

2®Eli Lily and Company, Indianapolis , Ind.
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f i l t e r s  and a Wratten 2A b a r r ie r  f i l t e r .  The highest d i lu t io n  of conju­

gate producing maximum sp ec if ic  fluorescence and minimum background s ta in ­

ing was selec ted  fo r experimental use.

Clearance Studies

Adult male hamsters with an average weight of 130 grams were an-

91es th e tized  by in trap e r i to n e a l  in jec t io n s  of sodium pen tobarb ita l  in 

doses recommended by Whitney (1963). Intravenous in jec t io n s  of one ml 

volumes of v iru s  were made in the exposed l e f t  jugular vein . Blood sam­

p les  were removed from a l te rn a te  jugu lar  veins or from the hear t  using 

tubercu lin  syringes with one-half inch, 26 gauge disposable needles.

They were mixed with equal volumes of HLY-10 with added 2% sodium c i t r a t e  

and frozen a t  -70 C. Samples were taken before v irus in je c t io n ,  within 

one minute a f te r  in je c t io n ,  and a t  f ive  or 10 minute in te rv a ls  th e re a f te r  

fo r  90 minutes. Preinoculation samples of blood which were added to 

equal volumes of d i lu en t  and v iru s ,  served as the input v irus  con tro l for 

each animal. T i te rs  of samples removed one minute a f te r  v i r a l  in jec t io n  

were p lo t ted  as c i rc u la t in g  v iru s  t i t e r s  a t  time zero. Average t i t e r s  

observed for these samples agreed within 0 .3  loam  TCID..  ̂ of th e o re t ic a l- iu Ou

t i t e r s  adjusted fo r  blood d i lu t io n ,  when blood volumes were ca lcu la ted  as 

8% of the to ta l  body weight of an animal. Organs were removed a t  varying 

time in te rv a ls  a f t e r  v i r a l  in je c t io n .  Gallbladders and extraneous t i s ­

sues were removed, and organs were rinsed  in HESS and frozen a t  -70 C. 

Organs were thawed a t  37 C and ground in a TenBroeck t i s su e  homogenizer.

A 20% weight-to-volume suspension was made in HLY-10 for assay of v i ra l

Diabutal, Diamond Laboratories , Des Moines, Iowa
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a c t iv i ty .  Concentration of v irus  in organs compared to th a t  present in 

the c irc u la t in g  blood a t  the time of organ removal was estimated using 

organ blood volume measurements fo r normal r a t s  as reported by Lewis e t  

a l . (1952). Concentration fac to rs  were obtained by dividing the actual 

t i t e r s  of organs by the t i t e r s  estimated to  be due to  organ blood con­

te n t .

Serum Inh ib it ion  Studies

Blood was obtained from anesthetized  adu lt male hamsters by car­

diac puncture, allowed to c lo t  a t  room temperature, and kept a t  4 C over­

n igh t.  Pooled sera (NHS) were centrifuged to  remove blood c e l l s  and 

stored a t  -70 C u n t i l  used. Inactivated  hamster serum (IHS) was prepared 

by heating NHS a t  56 C for 30 minutes. Serum d e f ic ie n t  in properdin (RP) 

was prepared by a m odification of P il lem er 's  method as follows (Barlow 

e t  ^ . ,  1958). Zymosan was suspended in s t e r i l e  0.85% sa lin e  so th a t  

th ree  mg were contained in 0.1 ml. Both serum and zymosan suspensions 

were brought to  16 C in a constant temperature water bath and 0.2 ml of 

the zymosan suspension was added to  two ml of serum which was mixed, and 

maintained a t 16+1 G fo r one hour. Samples were shaken a t  10 minute in ­

te rv a ls .  Suspensions were centrifuged a t  1200 x g for 15 minutes in the 

cold, the supernatant f lu id  decanted, and the procedure was repeated.

The c lea r  supernatant f lu id  was stored a t  -70 C u n t i l  used. Heat i n a c t i ­

vated serum which served as a zymosan control (RPI) was s im ila r ly  prepared. 

Assays fo r serum in h ib i t io n  were made with s e r i a l  tenfo ld  d i lu t io n s  of 

v iru s ,  1:10 d ilu ted  v iru s ,  and undiluted v iru s .  These were incubated

99  , ,—Lot #5818, Immunological grade. N u tr it iona l Biochemical Corp., 
Cleveland, Ohio.
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with equal volumes of serum a t  35 C for varying time pe rio d s .  Serum sam­

p les  mixed with undiluted or ten fo ld  d i lu te d  v irus  were s e r i a l l y  d i lu ted  

in HLY-10 and assayed in r e p l ic a te  tube monolayers a f t e r  the  various in ­

cubation periods .

Blockade of the  R eticu loendothe lia l System 

Blockade of the re t ic u lo e n d o th e l ia l  system was accomplished with 

an e thy l s te a ra te  emulsion (Cooper and S tu a r t ,  1961; S tu a rt  and Cooper,
no

1962; Cooper and S tu a r t ,  1962). One gram of e thy l s te a ra te  was added
24

to  four ml of dextrose water containing 0.04 ml of Tween 20 and heated

to  50 C. The suspension was homogenized fo r f ive  minutes a t  high speed
25

in a Servall  Omnimixer and kept a t  40 C u n t i l  used. Animals were in ­

je c ted  in t r a c a r d ia l ly  24 hours p r io r  to clearance s tu d ie s  with e i th e r  the

l ip id  emulsion or pyrogen-free sa line^^ . The blocking dose administered 

was one mg of e thyl s te a ra te  per gram of t o ta l  body weight of the animal.

Assay of Blood Components

Blood was withdrawn from the hamster h ear t  30 to  60 minutes

a f t e r  intravenous inocula tion  of v iru s .  I t  was mixed with an equal volume 

of 2% c i t r a t e - s a l i n e  so lu tion  and centr ifuged a t  550 x g fo r  10 minutes 

in a r e f r ig e ra te d  cen tr ifuge . C itra ted  plasma was removed from the packed 

c e l l s  and centr ifuged  a t  2000 x g fo r 30 minutes to  bring down the

^%astman Organic Chemicals, Rochester, N. Y.

24polyoxyethylene so rb itan  monolaurate, Sigma Chemical Company, 
S t. Louis, Mo.

25ivan Sorvall ,  In c . ,  Norwalk, Conn.

Z^Cutter Laboratories , Berkeley, C a l if .
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p l a t e l e t s ü P la te le t s  were washed twice with 10 ml volumes of HESS a f te r  

which they were resuspended for t i t r a t i o n  in a volume of HLY-10 equal to 

the o r ig in a l volume of blood withdrawn. Cells were washed five  times in 

10 ml volumes of HESS and were also  brought back to  i n i t i a l  blood concen­

t ra t io n  in HLY-10. Samples of undiluted blood, c e l l  r in s e s ,  and blood 

c e l l s  were assayed for v i r a l  content.

Studies on the Fate of Injected 
Virus in Organs

Groups of hamsters were anesthetized and inoculated with one ml
7

of v irus  10 TCID^q in t r a c a r d ia l ly .  Animals were sac r i f ice d  a t  varying 

time in te rv a ls  for th ree  days, samples of blood taken, and organs removed 

and washed in HESS.

Preparation of Tissue Sections

Tissues for fluorescen t antibody s ta in ing  were placed in alumi­

num f o i l ,  frozen on dry ice blocks, and stored a t  -25 G. Sections (4 to  

6 microns in th ickness) were cut in a c ryos ta t  a t  -25 C. Sections on 

g lass  s l id e s  were dried  a t  room temperature fo r one hour, fixed in acetone 

fo r 10 minutes, and dried a t  room temperature for 10 minutes. F luores­

cent antibody s ta in ing  was done by both the d i re c t  and in d ire c t  methods.

Direct method. Fixed sections were trea ted  with fluorescein  

labeled ra b b it  antiherpes globulin for 30 minutes a t  room temperature in 

a moist atmosphere to  prevent drying. Slides were washed in two changes 

of phosphate buffered sa l in e ,  pH 7.5, 10 minutes each wash. One p a r t  of 

rhodamine-conjugated bovine albumin"^ was added to 20 p a r ts  of f luorescein  

conjugate as a countersta in  to  minimize nonspecific fluorescence. After 

two add itiona l washes for 10 minutes in buffered sa l in e ,  sec tions  were
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mounted in buffered glycerol sa line  and examined with a Reichert micro­

scope equipped with a cardioid d a rk fie ld  condenser and appropria te  f i l ­

t e r s .  The l ig h t  source was an Osram HBO 200 high pressure mercury lamp. 

S p e c if ic i ty  of s ta in ing  was determined by s ta in ing  normal t i s su e s  with 

sp ec if ic  conjugate; s ta in ing  infected t is su e s  with normal ra b b i t  conju­

gate; and, in h ib it io n  of spec if ic  s ta in ing  in infected t i s su e s  by p re­

treatment with immune ra b b i t  serum.

In d irec t  method. Acetone-fixed t i s su e  sections were t rea ted  

with pooled human-antiherpes serum for 30 minutes, washed twice in buff­

ered sa line  fo r 20 minutes, and sta ined  with rab b it  anti-human globulin 

(Weller and Coons, 1954) fo r 30 minutes. Both sera were absorbed with 

hamster l iv e r  powder, and rhodamine-conjugated bovine albumin was added 

to the fluorescein-conjugated globulin as a coun ters ta in . Microscopic 

examination was s im ila r  to  th a t  employed with the d i re c t  method.

Photomicrographs of preparations s tained by both the d i re c t  and

in d irec t  methods were taken with a 35 mm Leica camera f i t t e d  with a
9 7  9 8Micro-Ibso attachment . Both Kodacolor-X and Kodak Tri-X Pan films

were used.

Conventional h is to lo g ica l  s ta in ing  of t is su e  with hematoxylin 

and eosin was performed on formalin fixed t is su e s  and on frozen sec tions .

T i t ra t io n s  for V iral Content 

Blood and organ samples were t i t r a t e d  for v i ra l  content as p re­

v iously  described except th a t  p a r ts  of organs were used instead  of whole 

organs.

2 7-  E. L eitz , In c . ,  New York, N. Y. 

^^Eastman Kodak Co., Rochester, N. Y.



CHAPTER IV

E ffect of Anticoagulants Upon Herpesvirus 

I t  was necessary to  use an an ticoagulant in the co l le c t io n  of 

blood samples in order to  prevent c lo t t in g  p r io r  to v i r a l  t i t r a t i o n .

Since heparin was known to  in h ib i t  the v irus  used in these  s tud ies  

(Nahmias and Kibrick, 1964), the e f f e c t  of o ther an ticoagulant substan­

ces upon the v iru s  was in v es t ig a ted .  Comparative t i t r a t i o n s  of HSV were 

made in the presence of two other an ticoagu lan ts .  Representative r e ­

s u l t s  of these experiments are presented in Table 2. 1/l/hen compared with 

the  con tro l t i t r a t i o n  in buffered g e la t in  s a l in e ,  no in h ib i t io n  of v i r a l  

in f e c t iv i t y  occurred when so lu tions  containing v irus  and 2% sodium c i t ­

r a te  were incubated in an ice  bath fo r two hours p r io r  to  assay. Similar 

incubation of the v irus  in a 1% solu tion  of the disodium s a l t  of ethylene 

diamine t e t r a - a c e t i c  acid (EDTA) re su l ted  in a 69% loss of v i r a l  a c t i v i ty .  

As a r e s u l t  of these f ind ings, d i lu en ts  containing 2% sodium c i t r a t e  were 

used subsequently in a l l  blood c o l le c t in g  procedures.

Production of Antiherpes Serum in Rabbits 

N eutralizing  t i t e r s  of a n t is e ra  produced in four rab b i ts  are p re ­

sented in Table 3. None of the animals had demonstrable n eu tra l iz in g  a n t i ­

body t i t e r s  p r io r  to  immunization. Low, but de tec tab le ,  antibody t i t e r s

48
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TABLE 2

EFFECT OF ANTICOAGULANTS ON VIRAL INFECTIVITY

Concentration of 
Anticoagulant Viral T iter^

Percent
Inh ib it ion

Sodium c i t r a t e ,  2% 6.4 0

EDTA, 1% 5.7 69

BGŜ  + v iru s  
(C on tro l)

6.2

aLogio TCID^^ per ml. 

^Buffered g e la t in - s a l in e .
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TABLE 3

NEUTRALIZING ACTIVITY OF ANTIHERPES 
AND YIELD PER RABBIT

SERUM

Animal
Id en tity

Serum Samples
Final
Yield
(ml)

Preimmunization
Post-immunization

Six Weeks Four Months

A NÂ 1:56^ 1:500 55

B NA 1:16 1:110 35

C NA 1:11 1:110 18.5

D NA 1:11 1:28 43

“No a c t iv i ty .

^Dilution of serum which neu tra lized  250 TCIDcjQ of HSV.
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were observed in a l l  animals six  weeks a f t e r  immunization was begun. Serum 

from animal A contained a f ivefo ld  g rea te r  a c t iv i ty  than did th a t  of other 

animals. Five in je c t io n s  and approximately four months a f t e r  beginning 

the immunization s e r ie s ,  t i t e r s  were higher fo r  a l l  animals» Approximately 

ten fo ld  increases in n eu tra liz in g  a c t iv i ty  were shown for a l l  animals ex­

cept D, and the t i t e r  of th i s  animal's  serum was two and one-half times 

g rea te r  than th a t  obtained in previous t e s t s .  One animal (A) produced an 

antiserum with a t i t e r  approximately five  times g rea te r  than th a t  of any 

o ther animal. Yields of serum are l i s t e d  in Table 3; volumes ranged from 

a high of 55 ml to  18.5 ml. Only 50 ml of blood was removed from the an­

imal y ie ld ing  the lowest volume of serum.

T i tra t io n  of F luorescein-labeled  Globulin 

Results of t i t r a t i o n  of f luo resce in - labe led  an tiherpes g lobulin 

prepared from serum obtained from animal A are shown in Table 4. Acti­

v i ty  of the conjugated globulin was r e l a t iv e ly  low, since maximum f lu o r ­

escence was not p resent in v i ra l - in fe c te d  sections s ta ined  with d i lu t io n s  

g rea te r  than 1:4. S p e c if ic i ty  of the observed reac tions  was indica ted  

by lack of sp ec if ic  fluorescence in uninfected t i s su e  sec tions  and in 

in fec ted  t i s su e s  t re a ted  with sp ec if ic  antiserum.

Concentration of Virus fo r 
Clearance Studies

Results of concentration procedures of four rep resen ta t iv e  v i r a l

pools are shown in Table 5. Final in f e c t iv i ty  t i t e r s  of concentrated

and p a r t i a l l y  p u r if ied  v iru s  were from th ree  to  e ight times g rea te r  than

t i t e r s  obtained fo r  the o r ig ina l pooled a l la n to ic  and amniotic f lu id s .

In addition to achieving g rea te r  concentration of v i r a l  p a r t i c l e s  per
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TABLE 4

TITRATION OF FLUORESCEIN-LABELED 
ANTIHERPES GLOBULIN̂

Preparation

D ilutions

1:2 1:4 1:8

Tissue sec t io n s ,  in fec ted  
with herpesvirus + + + +

Tissue sec t io n s ,  un infected  + + 0*̂  0

Tissue sec t io n s ,  in fec ted  
with he tpesv irus , p re -  0 0 0 0
t r e a te d  with sp ec if ic  
antiserum

^Globulin absorbed with hamster l iv e r  and ra b b i t  bone marrow 
powders. I t  a lso  contained 5% rhodamine-albumin.

^Maximum yellow-green fluorescence observed, in fec ted  c e l l s  
sharply  defined.

^Some yellow fluorescence noted, c e l l s  not sharply defined,

^No d e f in i te  sp ec if ic  fluorescence observed; blue auto­
fluorescence seen.
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TABLE 5

CONCENTRATION OF HERPESVIRUS BY CENTRIFUGATION'

Pool
Number

Crude Virus^ Concentrated Virus'^
Concentration

T iter^ Volume
(ml)

T iter^ Volume
(ml)

1 6.0 200 6.7 20 5x

2 6.5 320 7.0 32 3.2x

3 6.2 420 7.0 42 6.3x

4 6.6 240 7.5 24 8x

^Pooled a l la n to ic  and amniotic f lu id s from inJFected smbryonated
eggs.

^Viral p e l l e t  resuspended in BBSS + 10% ca lf  serum, one tenth 
o r ig in a l  volume.

'"Titers expressed as p o s i t iv e  log^^ TCID^^ per ml.
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volume of d i lu en t ,  concentration procedures also permitted the removal of 

egg f lu id s  and debris  from the v i r a l  p e l l e t  and resuspension in the de­

s ired  medium.

S e n s i t iv i ty  of Cell Cultures to  Virus 

Results obtained from comparative t i t r a t i o n s  of v irus  in HeLa 

and primary chick embryo (CE) c e l l  cu ltu res  led to the adoption of the 

l a t t e r  for the assay of v irus  p resent in blood and t i s s u e s .  T ite rs  were 

co n s is ten tly  10 times higher in CE c e l l  cu ltu res  than in HeLa cellso  The 

r e s u l t s  of a comparative t i t r a t i o n  are presented in Table 6 .

S ta b i l i t y  of Viral Pools in Storage 

The preparation  of high t i t e r e d  v i r a l  pools fo r  use in long term 

experiments requ ires  th a t  l i t t l e  loss  of a c t iv i ty  occurs in storage.

Since i t  was necessary to  use v iru s  suspended in d i s t i l l e d  water in cer­

ta in  phases of th is  in v es t ig a t io n ,  s tud ies  to determine the s t a b i l i t y  of 

HSV suspended in water as compared to  preparations in HESS and 10% serum 

were performed. A decline  in t i t e r  of 0.2 log^^ TCID^q occurred with 

v irus  suspended in d i s t i l l e d  water when i t  was stored a t  4 C fo r one week 

(Table 7 ) . Virus suspended in water and stored in th i s  manner was always 

used within one week a f t e r  preparation . T iters  of v irus  suspended in 

serum and stored a t  -70 C declined 0.5  log^^ TCID^q a f te r  18 days. Sam­

ples te s ted  as long as 75 days a f t e r  p reparation  showed no loss in t i t e r  

from th a t  observed a t  approximately th ree  weeks.

E ffec t of Serum on Viral Clearance 

Since i t  was possib le  th a t  serum used to  s ta b i l iz e  the v irus 

during long term storage a t  -70 C might influence clearance ra te s  in
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TABLE 6

SENSITIVITY OF TWO CELL CULTURES TO HERPESVIRUS

Culture Log^Q TCID^q per ml

Primary chick f ib ro b la s ts  7.2

HeLa 6 .2
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STABILITY OF STORED VIRAL POOLS

Days After Preparation
Viral T iter^

Water*^
c

Serum

0^ 7.4 7.5

4 7.2 ---

7 7.2 ---

18 ---- 7.0

75 ---- 7.0

^Log ^ TCID per ml.
10 50

^Suspended in  d i s t i l l e d  water and s tored a t  4 C. 

‘'Suspended in 10% c a lf  serum and s tored  a t  -70 C. 

^Original t i t e r .
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in travenously -in jec ted  hamsters, v i r a l  pools were prepared in homologous 

and heterologous (c a l f )  sera as well as in d i s t i l l e d  water to determine 

the e f f e c t  of the suspending medium upon clearance of v iru s .  Figure 1 

summarizes r e s u l t s  of experiments in which t i t e r s  were obtained fo r r e ­

s idua l v iru s  in the blood a t  varying time in te rv a ls  a f te r  intravenous 

in je c t io n  of three  v i r a l  p repara t ions . T iters  for each in te rv a l  are aver­

age values obtained from four animals for each v i ra l  suspension. In a l l  

p repara t ions  50% of the v irus  disappeared five  minutes a f t e r  inoculation . 

Times by which h a lf  of the in jec ted  v iru s  had disappeared (T/2) were five 

minutes fo r  the d i s t i l l e d  water preparation , and th ree  minutes for both 

serum p repa ra t ions . In 10 minutes 90% of the c irc u la t in g  v irus  was not 

d e tec tab le  in any p repara t ion . Individual times of 90% disappearance ob­

served fo r  d i s t i l l e d  water, hamster serum, and c a lf  serum suspensions 

were e ig h t ,  nine, and seven minutes, re sp ec tiv e ly .  At 30 minutes, 99% 

of the v iru s  had disappeared, although low levels  of v irus  were detected 

in  the  c irc u la t in g  blood fo r  the duration of the experiments (90 minutes). 

No s ig n i f ic a n t  d iffe rence  in disappearance ra te s  were noted for v irus 

suspended in d i s t i l l e d  water or in e i th e r  of the inac tiva ted  serum prep­

a ra t io n s .  Results of these experiments indicated th a t  c a l f  serum could 

be used as a s ta b i l iz in g  agent in v i r a l  pools without influencing c le a r ­

ance r a t e s ,  and a l l  subsequent experiments were performed using v irus 

prepared in th is  manner.

Clearance of Herpesvirus from Hamster Blood 

A ty p ica l  curve showing the disappearance of v irus  from the c i r ­

cu la t in g  blood of the hamster is  shown in Figure 2. Each point on the 

curve rep resen ts  the average blood t i t e r  for four animals and v e r t ic a l
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bars represen t the range of t i t e r s  obtained for each time in te rv a l .  Half 

times (T/2) of v i ra l  disappearance always occurred within f ive  minutes 

a f te r  inocu la tion . By 10 minutes, 90% of the v iru s  was no longer d e te c t ­

able, and a t 30 minutes 99% of the v irus  had disappeared. After the in ­

i t i a l  rapid  clearance of most of the v iru s ,  low, but d e tec tab le ,  leve ls  

(500 TCID^q) of v irus  p e rs is te d  in the c i rc u la t in g  blood for a t  l e a s t  90 

minutesj

The possib le  e f f e c t  of smaller q u a n t i t ie s  of v iru s  upon c le a r ­

ance was te s ted  by in je c t in g  a 1:100 d i lu t io n  of the usual v irus  dose 

( i c /  TCID^q). The c h a r a c te r i s t i c  p a t te rn  of clearance obtained with large 

doses was also observed with the smaller inoculum (Figure 3 ). Half of 

the in jec ted  v irus  disappeared within th ree  minutes and 90% and 99% of 

the v irus  was no longer de tec tab le  in the blood a t  f ive  and 20 minutes, 

re sp ec tiv e ly .  Although only 99% of the usual v iru s  dose was in je c ted ,  an 

uncleared f rac t io n  of v irus  (32 TCID^^) was p resent in the c i rc u la t in g  

blood fo r  one hour. The t i t e r  of the p e rs is t in g  v i r a l  f r a c t io n ,  however, 

was lower than th a t  found in animals in jec ted  with the la rge r  inoculum.

Fractions of Hamster Blood Containing Virus

Experiments were performed to  determine i f  the small amount of 

v iru s  p e rs is t in g  in the c i rc u la t in g  blood might be associated  with ce r­

ta in  formed blood elements. Blood removed from animals one hour a f te r  

in je c t io n  of v irus  was placed in 2% c i t r a t e - s a l i n e  and c e l l s  were sepa­

ra ted  from plasma by cen tr ifu g a tio n .  Approximately 73% of the v i r a l  ac­

t i v i t y  present in whole blood one hour a f te r  in je c t io n  was recovered in 

various blood components a f te r  cen tr ifuga tion  and washing procedures 

(Table 8 ). Most of t h i s  a c t iv i ty  (62.5%) was in the plasma f rac t io n .
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TABLE 8

VIRUS IN HAMSTER BLOOD FRACTIONS ONE HOUR 
AFTER INTRAVENOUS INOCULATION

Blood
Fraction TCID^o/ml Percentage^

Whole blood 1600 100

Plasma, 550 x g 1000 62.5

Plasma, 2000 x g 1000 62.5

Washed p la t e l e t s < 1 0

Washed RBC & WBC 160 10

Total recovered 1160 72.5

^Percentage of v irus  obtained from blood f rac t io n s .
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The f rac t io n  containing red and white c e l l s ,  which had been washed five 

times in 10 volumes of KBSS, contained 10% of the v i r a l  a c t i v i ty .  No ac­

t i v i t y  was associated  with washed p l a t e l e t s .

Recovery of Virus in Hamster Organs 

Although 99.9% of the in jec ted  v iru s  disappeared from the c i r ­

cu la t ing  blood a t  90 minutes, t i t r a t i o n  of l iv e r  and spleen homogenates 

revealed th a t  only n eg lig ib le  amounts could be recovered from these organs 

(Table 9 ) . Total amounts of v irus  recovered from blood, l iv e r ,  and spleen 

a t  t h i s  time were le ss  than 4% of the in jec ted  v i ru s .  The degree of con­

cen tra t io n  of v iru s  in the organs as compared to  th a t  of the c irc u la t in g  

blood a t  the time of organ removal, was estimated according to  the organ 

blood volume measurements reported by Lewis e t  (1952) for normal r a t s .  

With these values, the expected concentration of v iru s  within an organ 

due to  blood volume alone could be determined. The concentration fac to r  

was computed by div id ing  the actual t i t e r  of the organ by the calcu la ted  

t i t e r  due to  organ blood volume. Concentration fac to rs  fo r th ree  v i ra l  

p reparations  ranged from 210 to  260 in the spleen and from 280 to  710 in 

the l iv e r  (Table 9),

Since the observed low level of recoverable v irus  possib ly  could 

be due to  adsorption to  c e l l s  of organs of the RES with subsequent entry  

in to  the ec lip se  phase, organs removed 10 minutes a f t e r  v irus  inoculation 

were assayed for v i r a l  content. Lungs, b ra in , h ea r t ,  adrenals , and kid­

neys were examined in addition  to  the spleen and l iv e r .  As shown in Table 

10, 57% of the in jec ted  v irus  was recovered in the organs examined. Or­

gans o ther than c i rc u la t in g  blood which contained s ig n if ic a n t  amounts of 

v iru s  were the l iv e r  (16%), spleen (0.8%), and the lungs (22%), The



TABLE 9

V I R U S  I N  HAMSTER ORGANS N I N E T Y  M I N U T E S  A F T E R  I N J E C T I O N

V i r a l

T C I D ^ O p e r  O r g a n V i r u s C o n c e n t r a t i o n
F a c t o r

P r e p a r a t i o n

L i v e r S p l e e n B l o o d I n p u t ^ R e c o v e r e d ®
P e r c e n t a g e
R e c o v e r e d L i v e r S p l e e n

D i s t i l l e d
w a t e r 2 4 0 , 0 0 0 1 1 ,0 0 0 7 , 6 0 0 1 0 , 0 0 0 , 0 0 0 2 6 0 , 0 0 0 2 . 6 4 5 0 2 6 0

H a m s t e r
s e r u m ,  10% 9 1 , 0 0 0 5 , 8 0 0 3 , 8 0 0 4 , 0 0 0 , 0 0 0 1 0 0 ,0 0 0 2 . 5 2 8 0 210

C a l f
s e r u m ,  10% 2 9 0 , 0 0 0 8 , 2 0 0 5 , 5 0 0 7 , 9 0 0 , 0 0 0 3 0 0 , 0 0 0 3 . 8 7 1 0 2 6 0

o-f=-

E x p r e s s e d  a s  TCI D,5 0
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TABLE 10

VIRUS IN HAMSTER ORGANS TEN MINUTES AFTER INJECTION

Organ Recoverable Virus

Id e n t i ty Weight
(g) per gram

TCID50 
per organ Percentage^

Liver 4.85 32,000 160,000 16.0

Spleen 0.25 32,000 8,000 0.8

Adrenals 0.05 1,600 80 0.008

Kidneys 1.05 3,200 3,400 0.34

Lungs 0.7 320,000 220,000 22.0

Heart 0.5 3,200 1,600 0.16

Brain 0.65 100 65 0.0065

Blood 11 ml 16,000 180,000 18.

Totals 570,000 57.0

^Obtained by dividing TCID^q per organ by input v iru s .  Input 
v irus  was 1 x 1Q6 TCID^q.
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kidney, hear t ,  brain and adrenals contained a lower percentage of the 

to t a l  v iru s .  Estimated concentration fac to rs  in organs fo r which blood 

volume estimates were availab le  are presented in Table 11. The degree 

of concentration of v irus  in the l iv e r  (11.4) and spleen (4.2) was con­

s iderab ly  lower a t 10 minutes than a t  90 minutes, although percent r e ­

covery per organ was g rea te r  a t  10 minutes than a t  90 minutes. A high 

concentration fac to r  of 32 was observed to  occur in the lungs which was 

3 to  8 times g rea te r  than th a t  found in the l iv e r  and spleen. L i t t l e  

uptake of v irus  occurred in the kidneys as indicated by a concentration 

fa c to r  of 0.72.

Recovery of v irus  in l iv e r  and lungs a t  various time in te rv a ls  

a f t e r  intravenous inoculation are presented in Figure 4. A s ing le  entry  

i s  l i s t e d  for both h ear t  and lungs since organ blood volume estim ates 

used in computing concentration fa c to rs  were reported for combined organs. 

T i t ra t io n s  of both organs separa te ly  ind ica ted  th a t  combined t i t e r s  rep­

re sen t  v irus  present in the lungs almost exclusively , since heart t i s su e  

did  not take up v irus  to an appreciable ex ten t .  Computations are based 

on average values obtained from a t  le a s t  two animals fo r  each time period. 

At five  minutes, 75% of the in jec ted  v irus  was recovered in the organs 

examined. The l iv e r  contained 58% of the input v iru s ,  whereas only 0.6% 

was present in the lungs. The c i rc u la t in g  blood contained 18% of the in ­

je c ted  v irus a t  five minutes. A marked decline in v irus  recoverable in 

organs was observed over the one and one-half hour period of each experi­

ment. Most of the recovered v irus  was present in the l iv e r  a t  each time 

in te rv a l .  Associated with the decline  in percent of recoverable v irus  in 

organs, as i l l u s t r a t e d  in Figure 4, was a concurrent increase in amount



TABLE 11

UPTAKE OF V I R U S  I N  HAMSTER ORGANS TEN M I N U T E S  P O S T - I N O C U L A T I O N

O r g a n T C I D 50  p e r O r g a n

I d e n t i t y
W e i g h t

(g)
TCID^^

p e r  g r a m

B l o o d  v o l .  
( m l )  p e r  
g r a m  o f  

o r g a n ®
C a l c u l a t e d ^ A c t u a l

C o n c e n t r a t i o n
F a c t o r ' "

L i v e r 4 . 8 5 3 2 , 0 0 0 0 . 1 7 8 1 4 , 0 0 0 1 6 0 , 0 0 0 1 1 . 4

S p l e e n 0 . 2 5 3 2 , 0 0 0 0.481 1 , 9 0 0 8 , 0 0 0 4 . 2

K i d n e y s 1 . 0 5 3 , 2 0 0 0.278 4 , 7 0 0 3 , 4 0 0 0 . 7 2

H e a r t  & L u n g s  
( c o m b i n e d ) 1 . 2 0 3 2 3 , 0 0 0 0 . 3 7 9 7 , 3 0 0 2 3 0 , 0 0 0 3 2 . 0

^ V a l u e s  f o r  r a t  w e r e  u s e d  ( L e w i s  e t  ,  1 9 5 2 ) .

^ C a l c u l a t e d  t i t e r  e q u a l s  o r g a n  w e i g h t  ( g )  x  b l o o d  v o l u m e  p e r  g r a m  o f  o r g a n  x  b l o o d  t i t e r  a t  
10  m i n u t e s .

^ C o n c e n t r a t i o n  f a c t o r  e q u a l s  a c t u a l  t i t e r  o f  o r g a n  c a l c u l a t e d  t i t e r .
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of v iru s  within organs for the same time in te rv a l  (Table 12). Uptake of 

v irus  in the l iv e r  occurred more rap id ly  than in the spleen and lungs; 

degree of concentration in the l iv e r  was 20 times g rea te r  a t  90 minutes 

than the amount recovered a t  five  minuteso L i t t l e  v irus  was concentrated 

in e i th e r  spleen or lungs a t  five  minutes, but s ig n if ic a n t  amounts oc­

curred in these organs l a t e r .  Concentration fac to rs  for the lungs were 

not availab le  for the 90 m inu te-tim e-in terval.

Serum In h ib i t io n  Studies 

F inke ls te in  e t  (1959) reported  the in ac t iv a tio n  of e ight 

s t r a in s  of herpesvirus by an in h ib i to r ,  which they id e n t i f ie d  as properdin, 

p resen t in unheated r a t  serum. Since th i s  agent might play a ro le  in the 

disappearance of in travenously in jec ted  v iru s ,  iri v i t r o  experiments were 

performed to  determine i f  t h i s  type of in h ib i t io n  was ac tive  in normal 

hamster serum. Time and temperature conditions approximating those oc­

curring in clearance s tud ies  in the l iv in g  animal were used. A p re lim i­

nary experiment using heated and unheated pooled hamster serum showed 

th a t  98.4% (1.8 log^^ TCID^q) of v i r a l  a c t i v i ty  was lo s t  in 90 minutes 

in the presence of normal hamster serum. No loss of a c t iv i ty  occurred 

in heated serum nor in the buffered g e la t in - s a l in e  control (Table 13):

This experiment was repeated with pooled sera from a d i f f e r e n t  group of 

animals using both heated serum and zymosan t re a ted  serum as contro ls  

(Table 14). Zymosan absorption of serum a t  16 + 1 C is  reported to  r e ­

move properdin s e le c t iv e ly  (Pillemer e t  , 1956). An in h ib it io n  index 

of 1.3 logjQ TCID^q representing  a loss of 95% of v i r a l  a c t iv i ty  was ob­

ta ined  with normal hamster serum at 90 minutes. Small losses in v i ra l  

a c t iv i ty  (0.3 l o g ^ Q  T C ID ^ q ) were noted in  both the v irus  control (HLY-IO)
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TABLE 12

UPTAKE OF VIRUS IN HAMSTER ORGANS AT VARIOUS 
TIMES AFTER INTRAVENOUS INOCULATION

Organ

Concentration factor^

5 minutes 30 minutes 90 minutes

Liver 35.0 310 710

Spleen 0.63 110 260

Heart & Lungs 0.83 66 NR*̂

^Concentration fa c to r :  Actual organ t i t e r / c a lc u l a te d  organ

Calculated t i t e r :  Organ weight (g .)  x blood v o l . /g .  of organ
X blood t i t e r  a t  time organ was removed.

Heart and lungs not t i t r a t e d  a t  th is  time in te rv a l .
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VIRAL

TABLE 13

INHIBITION IN POOLED NORMAL HAMSTER SERUM

V iral Log TCID^q 
per ml

Inh ib ition^
Preparation® index

BGŜ
(co n tro l)

6.2 - - -

Heated
Serum 6.2 0.0

Unheated
Serum 4.4 1.8

^ T n r n h a  + o H  a +  9 R  C. QH m - i r m + o c

^In h ib it io n  index is  the d iffe rence  in Login TCID^g between 
con tro l and t e s t  preparationso

^Buffered g e la t in  s a l in e .
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VIRAL INHIBITION IN POOLED TREATED AND UNTREATED 
NORMAL HAMSTER SERUM̂

Viral
Preparation

Log TCID^q 
per ml

Inh ib ition^
index

HLY-lO^, time zero 6.8 ----

HLY-IO, 90 min. 6.5 0.3

Normal hamster serum (NHS) 5.5 1.3

Zymosan t re a te d  serum, (RP) 6.8 0.0

Zymosan t re a te d ,  
heated serum (RPI) 6.5 0.3

^Incubated a t  35 C, 90 minutes.

^ In h ib i t io n  index is  
con tro l  and t e s t  p repara t ion .

the d iffe rence  in Log^g TCID^q between

^Lactalbumin-yeast e x tra c t  medium in HESS and 10% inactiva ted  
c a l f  serum.
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and the zymosan control (RPI) at 90 minutes.

In order to  determine the e f fe c t  of time of incubation on v i ra l  

in h ib i t io n  with the same pooled normal serum, an experiment was designed 

in which undiluted v irus  was mixed with several serum preparations and in ­

cubated for varying lengths of time before t i t r a t i o n  (Table 15). No in ­

h ib i t io n  of v irus  in f e c t iv i ty  occurred in the normal hamster serum under 

the conditions of the experiment. Since in h ib it io n  occurred when normal 

serum was mixed with ten fo ld  s e r ia l  d i lu t io n s  of v irus  before incubation 

(Table 14), and did not occur when undiluted v irus  was mixed with serum 

(Table 15), add itiona l s tud ies  on the e f f e c t  of v i r a l  d i lu t io n  upon serum 

in h ib i t io n  were made. Results of these s tud ies  are presented in Figure 

5. When v iru s ,  in s e r ia l  tenfo ld  d i lu t io n s ,  was mixed with serum, incu­

bated fo r the indica ted  time periods, and t i t r a t e d ,  a progressive increase 

in  the in h ib i t io n  index was observed. The in h ib i t io n  index increased from 

0.8 log^Q TCID^o a t  10 minutes to 1.5 log^Q TCID^q a t  90 minutes. When 

v irus  was d i lu ted  1:10 in serum (the approximate d i lu t io n  which re s u l t s  

in vivo with intravenous in jec t io n )  before incubation, in h ib i t io n  was 

maximum a t  10 minutes (0.5 log^Q TCID^q), and remained a t  th i s  level 

throughout the 90 minute experimental period. Again, no in h ib it io n  was 

observed when undiluted v irus  was mixed with serum before incubation.

E ffect of Blockade of the RES 
on Viral Clearance

I f  the disappearance of v irus observed in clearance s tud ies  was 

due to  uptake by macrophages lin ing  the endothelium of organs of the RES, 

blockade of the phagocytic function of these c e l l s  should not only de­

crease clearance of v irus  from the blood, but should also  a f fe c t  the
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TABLE 15

LACK OF INHIBITION OF HERPESVIRUS IN TREATED AND UNTREATED 
NORMAL HAMSTER SERUM USING UNDILUTED VIRUS

Reaction
Incubation time, minutes

mixture^
10 30 60 90

Virus, buffered g e la t in -  
s a l in e  (BGS)b 5 . 5C 5.5 6.2 5.5

Virus, Normal hamster 
serum (NHS) 6.0 5.2 6.0 5.5

Virus, heate r  hamster 
serum (IHS) 6.0 6.0 5.5 6 .0

Virus, zymosan tre a ted  
serum (RP) 6.0 6.0 6 .0 5.5

Virus, heated and 
zymosan t rea ted  
serum (RPI) 5.5 6 .2 6 .2 6.0

^Incubated a t  35 C,

b l i t e r  of v irus  plus BGS a t  time zero (v irus  co n tro l) ,  5.5 
log TCID^o/ml,

^T iter expressed as Log^^ TCID^g per ml.
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Figure 5. In h ib i to ry  e f fe c t  of normal hamster serum on in fe c ­
t i v i t y  with d i lu te d  v iru s .
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amount of v iru s  taken up by the various organs. Attempts to  demonstrate 

t h i s  e f f e c t  were made with e thyl s tea ra te  as the blocking agent. A com­

parison of the ra te s  of v i r a l  clearance in animals t re a ted  with 120 mg 

of e thy l s te a ra te  and pyrogen-free sa line  24 hours p r io r  to  v irus  inoc­

u la t io n  i s  shown in Figure 6. L i t t l e  decline in c irc u la t in g  blood t i t e r s  

was noted in the blocked animals 20 minutes a f te r  inoculation of v iru s .

At 38 minutes, 90?̂  of the v irus  was no longer present in the blood, and 

one hour a f te r  in jec t io n  98^ of the v irus  had disappeared. Rapid i n i t i a l  

clearance of v irus  from the blood occurred in the control animals; there  

was 50% disappearance of v irus  a t  th ree  minutes, 90% a t  10 minutes, and 

99.5% a t  one hour. Percentage v i r a l  recovery in organs removed one hour 

a f t e r  inocula tion  from blocked and control animals i s  shown in Table 16. 

Greater amounts of the inoculated v iru s  were recovered in each of the 

organs te s te d  from control animals. Most of the v irus  was recovered from 

the  l iv e r  and lungs of both groups of animals. Percentage uptake in 

l i v e r ,  as well as in lungs and spleen of normal animals were 25 and 15 

times g re a te r ,  re sp ec tiv e ly ,  than uptake in the corresponding organs of 

blocked animals. Conversely, c ircu la t in g  blood t i t e r s  a t  the time of or­

gan removal were three  and one-half times g rea te r  in blocked than in con­

t r o l  animals. Concentrations of v irus in organs from both groups of an i­

mals are presented in Table 17. Approximately 60 to  64 times g rea te r  

concentrations of v irus  occurred in organs of control animals than in 

blocked animals.
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Figure 6. Effect of e thy l s te a ra te  on herpesvirus clearance 
from hamster blood.
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TABLE 16

EFFECT OF RES BLOCKADE WITH ETHYL STEARATE ON RECOVERY 
OF HERPESVIRUS IN ORGANS ONE HOUR AFTER INOCULATION

Organ

Virus Recovered 
TCID^o/organ

Percentage
Recovered^

Control Blocked Control Blocked

Liver 270,000 69,000 5.4 0.22

Spleen 15,000 4,800 0.3 0.02

Heart and Lungs 110,000 40,000 2.1 0.13

Adrenals 1,900 250 0.04 0.0007

Kidneys - 8,000 - 0.03

Blood 14,000 310,000 0.27 0.96

^Input v irus  was 10^'^ TCID^q in the contro l animals and 10^'^
TCID^q fo r blocked animals.



TABLE 17

EFFECT OF BLOCKADE WITH ETHYL STEARATE ON UPTAKE OF HERPESVIRUS 
IN ORGANS ONE HOUR AFTER INOCULATION

Organ
Blood t i t e r C a lc u la te d  v i r a l  t i t e r  

in  organ due to  blood®
A ctual v i r a l  

t i t e r  in  organ
C o n ce n tra t io n ^

F a c to r

C on tro l Blocked C ontro l Blocked C o n tro l Blocked C o n tro l Blocked

L iver 160cf 32,OO0f 1500^ 25,OO0f 270,000^ 69 ,000 f 180 2 .8

Spleen 1600 32,000 120 2,300 15,000 4,800 125 2.1

H eart  and 
lungs 1600 32,000 640 15,000 110,000 40,000 172 2 .7

Kidneys 1600 32,000 NR^ 7,100 NR 8,000 NR 1.1

k idneys  =
^Blood v o l .  p e r  g of 

0 .2 7 8 . Lewis e t  al^.
organ ( r a t ) ;  
, 1952.

l i v e r  = 0 .178 ; sp leen  = 0. 481; h e a r t and lungs = 0 .3 7 9 ;

’A ctual t i t e r s  d iv id e d  by th e  c a l c u l a t e d  t i t e r  

^TCID^Q p e r  ml.

vD

clNR -  no t run.
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The Fate of the Virus in Hamster Organs

Assay of Virus by T i tra t io n  
in  Cell Cultures

Tissues were examined a t  extended time in te rv a ls  a f te r  in t r a -  

venous inoculation  in order to  determine whether v irus which was lo c a l ­

ized in organs m ultip lied  and spread to  other c e l l s ,  or was destroyed be­

fore re p l ic a t io n  occurred. Replication of v irus  within organs was ana­

lyzed by in fe c t iv i ty  t i t r a t i o n s  in c e l l  cu ltu res  and by f luo rescen t a n t i ­

body as well as by conventional h is to lo g ic a l  s ta in ing  techniques. Groups
7

of adult hamsters were inoculated in t r a c a r d ia l ly  with 10 TCID^q of v iru s .  

At each of several time in te rv a ls  up to  72 hours, a t  le a s t  two animals 

were bled and organs were removed for p reparation  of sec tions  or were 

s tored a t -70 C for subsequent t i t r a t i o n .

Evidence th a t  v i r a l  re p l ic a t io n  occurred in c e r ta in  hamster o r­

gans a f te r  intravenous inoculation is  presented in Table 18, Viral t i t e r s  

of l iv e r ,  lungs, and adrenals removed a t  24 hours were higher than those 

obtained a t 12 hours. A marked increase was noted in the amount of v irus

in the adrenals during the 12 hour in te rv a l ;  the t i t e r  was 500 times

g re a te r  a t 24 hours than a t  12 hours. Smaller increases in v i r a l  t i t e r s  

occurred in 24 hours in the lungs and l iv e r  (32 and 1.6 times g re a te r ,  

re sp ec t iv e ly ) .  A decline in v i r a l  t i t e r s  was observed in a l l  organs r e ­

moved 72 hours a f te r  inoculation. This decrease in t i t e r  was most no tice ­

able in the l iv e r ;  no v irus could be detected in th is  organ a t  72 hours. 

Lungs and adrenals removed from the same animals a t  72 hours, however, 

contained v iru s ,  although t i t e r s  were d e f in i te ly  lower than those obtained 

a t  24 hours. No v irus  was iso la ted  from the blood of any animal a t  12

hours, 24 hours, or 72 hours.
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TABLE 18

REPLICATION OF VIRUS IN HAMSTER ORGANS FOLLOWING 
INTRAVENOUS INOCULATION

Organ

Log^Q TCID^g per g of organ

12 hr. 24 hr. 72 hr.

Liver 3.5 3.7 o"

Spleen 0 0 0

Lungs 2.0 3.5 2.0

Adrenal 2,5 5.2 4 .0

Blood 0 0 0

^No cytopathic e f fe c t  in any of the r e p l ic a te  CE monolayers in ­
oculated with a 1:10 d i lu t io n  of t is su e  homogenate.
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Fluorescent Antibody Stained Sections

Frozen sec tions  prepared from organs removed 30 minutes, 12 

hours, 24 hours, and 72 hours a f te r  intravenous inocula tion  of v irus  were 

prepared by e i th e r  the d i r e c t  or in d irec t  method of f luo rescen t antibody 

s ta in in g  and examined fo r  the presence of v i r a l  an tigen. Localization 

of antigen was not observed in sec tions  prepared from organs removed 30 

minutes a f t e r  in je c t io n .

Organs removed a t  12 hours. Examination of the l iv e r  revealed 

the presence of m ultip le  foc i of fluoresc ing  c e l l s  throughout the sec­

t io n .  Fluorescing c e l l s  were not loca lized  around blood v esse ls ,  but 

were sca t te red  without a d e f in i te  p a tte rn  throughout the sinusoidal areas . 

From two to  s ix  foci were p resen t per f i e ld  (200X m agnifica tion), each 

focus was made up of one to  th ree  fluoresc ing  c e l l s .  A few fluorescing 

nuc le i were seen, but most of the c e l l s  showed only cytoplasmic f lu o r ­

escence. Two adjacent in fec ted  c e l l s  are shown in a l iv e r  section s t a in ­

ed by the  d i r e c t  method in Figure 7. Both the cytoplasm and nucleus of 

each of these c e l l s  exhibited  sp ec if ic  greenish fluorescence. A s im ilar 

sec tion  of l iv e r  which was t re a ted  with sp ec if ic  an tiherpes serum before 

s ta in in g  i s  shown in Figure 8. No sp ec if ic  areas of fluorescence were 

notedo A section  of l iv e r  removed a t  12 hours and sta ined  by the in d irec t  

method i s  presented in Figure 9. In the photograph, a t  l e a s t  f ive  foci 

of fluoresc ing  c e l l s  can be counted, and each focus contains one to  three  

c e l l s .  The adrenals a lso  showed evidence of v i r a l  in fec t io n  a t 12 hours. 

Groups of fluorescing  c e l l s  were seen p rim ari ly  in the cortex of th is  

organ. Foci (four to  e igh t per 200X f ie ld )  usually  consis ted  of one or 

two fluoresc ing  c e l l s  (Figure 10). Sections of lung and spleen showed
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Figure Section of hamster l iv e r  removed 12 hours a f t e r  v i r a l  
inocu la tion  and s ta ined  with f lu o resce in - lab e led  globulin  by d i r e c t  method, 
400 X. Note apple-green fluo resc ing  c e l l s .

Figure 8. Section of hamster l iv e r  removed 12 hours a f te r  v i ra l  
inocu la tion  and t re a te d  with sp ec if ic  antiserum before s ta in in g  with f l u ­
oresce in- labeled globulin  by d i r e c t  method, 400 X. Note the absence of 
sp ec if ic  fluoresc ing  c e l l s .
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Figure 9. Section of hamster l iv e r  removed 12 hours a f te r  v i r a l  
inoculation  and stained with fluo resce in - labe led  globulin by in d irec t  
method, 200 Xa Note apple-green f luoresc ing  c e l l s .

Figure 10. Section of hamster adrenal removed 12 hours a f te r  
v i r a l  inoculation and sta ined  with f luo rescein - labe led  g lobulin  by in ­
d i re c t  method. 200 X. Note apple-green fluorescing c e l l s .
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occasional f luoresc ing  c e l l s ,  but no d e f in i te  foci were observed.

Organs removed a t  24 hours. Foci in the l iv e r  had enlarged a t 

24 hours and many contained 12 to  16 c e l l s  (Figure 11). Although foci 

were la rg e r ,  i . e . ,  contained more fluoresc ing  c e l l s ,  they did not appear 

to  increase in number. The few fluoresc ing  c e l l s  noted in foc i of the 

cortex of the adrenals a t  12 hours had increased markedly a t  24 hours. 

Cells  in fluorescing  foc i had begun to  lose t h e i r  ou tl ine  and were d i f f i ­

c u l t  to  count although progression of in fec t io n  was obvious. Figure 12 

shows foci in the adrenal cortex a t  200X magnification, while Figure 13 

shows a s im ila r  area magnified 400X. Fluorescing foci were not observed 

in the lungs and spleen.

Organs removed a t  72 hours. Areas of in fec tion  in the l iv e r  

had decreased in in te n s i ty  of fluorescence a t  72 hours. Cells  in the 

c en tra l  area of a fluoresc ing  focus appeared to  be destroyed and only 

periphera l fluorescence of low in te n s i ty  was observed. In the adrenals, 

fluorescing  in te n s i ty  had faded and areas of destroyed c e l l s  were appar­

ent in cen tra l  areas surrounded by more b r ig h t ly  stained c e l l s  a t  the 

periphery (Figure 14),

Hematoxylin and Eosin Stained Sections 

Examination of hematoxylin and eosin s tained sections  of organs 

which were removed 72 hours a f te r  v i r a l  in je c t io n  confirmed observations 

made with immunofluorescent s ta in ing  techniques. With both procedures 

areas of necrosis were demonstrated in the adrenal cortex and l iv e r .  

Typical type A inclusion  bodies occurred in c e l l s  a t  the periphery of the 

n ecro tic  foci (Figure 15). Histologic evidence of in fec tion  was not found 

in the spleen, lungs and bra in .
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Figure 11. Section of hamster l iv e r  removed 24 hours a f t e r  v i r a l  
inocu la tion  and s ta ined  with f lu o resce in - lab e led  g lobulin  by in d ire c t  
methods 200 X. Note increase in number of fluoresc ing  c e l l s .

Figure 12. Section of hamster adrenal cortex removed 24 hours
î f t e r  v i r a l  inocu la tion  and stained ï i t h  f lu O r e sc e in - la b e le d  g lobu l in  by
in d i r e c t  method, 200 X. Note large areas of sp ec if ic  fluorescence.
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Figure 13» Section of hamster adrenal removed 24 hours a f te r  
v i r a l  inocu la tion  and s ta ined  with f luo resce in - labe led  globulin by in ­
d i r e c t  method, 400 X.

Figure 14. Section of hamster adrenal removed 72 hours a f te r  
v i r a l  inocula Lion and s ta ined  with f luo resce in - labe led  globulin by in ­
d i r e c t  method, 400 X. Note areas of necrosis .



Figure 15. Section of hamster adrenal removed 72 hours a f te r  
v i r a l  inoculation and sta ined  with hematoxylin and eosin , 1000 X. Note 
type A in tranuc lear  inc lus ions.



CHAPTER V

Determination of v irus  t i t e r s  in the c i rc u la t in g  blood of ham­

s te r s  required th a t  samples of blood be withdrawn from the animals a t  

timed in te rv a ls  following inocu la tion . I t  was necessary, th e re fo re ,  to  

s to re  the blood samples in a d i lu en t  which, in addition to  s ta b i l iz in g  

the v iru s ,  would a lso  prevent c lo t t in g .  Since heparin had been reported  

to  combine with herpesvirus and prevent i t s  attachment to  c e l l s  in cu l­

tu re  (Nahmias and Kibrick, 1961), the e f f e c t  of o ther anticoagulant com­

pounds upon the t e s t  s t r a in  of v irus  was in ves t iga ted . Sodium c i t r a t e ,  

in a concentration of 2 mg per ml, did not in h ib i t  herpesvirus and, when 

added to  HLY-IO, was s a t i s fa c to ry  for sample s torage. The chela ting  

agent, EDTA, although known to  be an e f fe c t iv e  an ticoagulant, was inh ib ­

i to ry  to  the t e s t  v iru s  under the conditions of these experiments and 

was not used in these s tu d ie s .

T iters  of a n t is e ra  produced in ra b b i ts  fo r  experimental use were 

qu ite  v a r iab le .  I t  is  recognized th a t  the r a te  and amount of antibody 

formed in animals as a response to v i r a l  in fec tion  varies  according to 

the s t r a in  of v irus  used, i t s  s ta te  of v i a b i l i t y ,  the route of inocula­

t io n ,  use of adjuvant, and individual as well as species d iffe ren ces .  

Rabbits have been reported to  show considerable individual v a r ia t io n  in

89
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immune response to  herpesvirus according to  Tokumaru and Scott (1964)t 

These workers recommended inducing an actual in fec tio n  in the animals by 

corneal s c a r i f ic a t io n  followed by liv e  v irus  booster in je c t io n s .  Using 

th i s  method they obtained a n t is e ra  with t i t e r s  as high as 1:1024 in an 

occasional ra b b i t ,  although t i t e r s  of 1:128 to 1:256 are the ru le  follow- 

a r t i f i c i a l  immunization^ Corneal in fec tio n  was not used in the present 

s tud ie s  because of the r i s k  of losing the animal by producing encephali­

t i s ,  The antigen employed was l iv e  v irus  em ulsified in Freund's complete 

adjuvant, since antibody response to  many v i r a l  antigens have been r e ­

ported to  be g rea te r  with an adjuvant (Rhodes and van Rooyen, 1962). Pos­

s ib ly  the low antibody t i t e r s  observed a t  s ix  weeks following in jec t io n  

r e f le c te d  slow re lease  of the v i r a l  antigen from the s i t e  of inocula tion  

due to the e f fe c t  of the  adjuvant. Further booster in je c t io n s  a t  longer 

time in te rv a ls  re su lted  in s ig n i f ic a n t ly  higher t i t e r e d  sera (Table 3). 

Since the crude v i r a l  antigen had been prepared in HeLa c e l l s ,  a he tero ­

logous c e l l  l in e  (PK monolayers) was used in n e u tra l iz a t io n  t e s t s .  The 

p o s s ib i l i ty  th a t  a n t i c e l lu l a r  antibodies might in h ib i t  v i r a l  cytopathic 

e f f e c t s  in c e l l  c u l tu re s ,  presumably by blocking the c e l lu la r  recep tors  

and hence rendering them unavailable fo r v i r a l  attachment, was thus 

avoided (Quersin-Thiry, 1958).

The a c t iv i ty  of the f luo resce in - labe led  an tiherpes globulin  prep­

a ra t io n  was r e l a t iv e ly  low (Table 4), desp ite  the fa c t  th a t  th i s  conju­

gate was prepared with the ra b b i t  antiserum which had the highest neu­

t r a l i z a t i o n  of i n f e c t iv i ty  t i t e r .  Other workers have reported te s t in g  

numerous herpe tic  a n t is e ra  before obtaining one which gave adequate in ten ­

s i t y  of fluorescence. The fluorescing  a c t iv i ty  of labeled globulin  is
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apparently  unre la ted  to  n e u tra l iz a t io n  of in f e c t iv i ty  t i t e r s  (Johnson. 

1964). B righter s ta in in g  re su lted  with the more s en s i t iv e ,  but time con­

suming, in d i re c t  method, an observation also made by other workers who 

applied  t h i s  s ta in ing  technique to v i r a l  infected t is su e  sections (Mims, 

1959; Johnson, 1964). Absorption with acetone-dried t i s su e  powders has 

proved to  be an e f fe c t iv e  means of removing non-specific  fluorescence 

(Coons e t  a le ,  1955). In th i s  in v es t iga tion , absorption of conjugates 

with both hamster l iv e r  powder and ra b b i t  bone marrow powder minimized 

background fluorescence in t i s su e  sec tions . S p e c if ic i ty  of the labeled 

conjugates was ind ica ted  by: ( l )  f a i lu re  of normal t is su e s  to s ta in ,

(2) blocking of sp ec if ic  fluorescence in sec tions p re trea ted  with speci­

f i c  an tiherpes serum, and (3) the lack of sp ec if ic  s ta in ing  in sections 

t r e a te d  with labeled normal g lobulin . In sections s tained by the in ­

d i r e c t  method, su b s t i tu t io n  of normal unlabeled serum for sp ec if ic  a n t i ­

serum before treatm ent with labeled a n t i - r a b b i t  globulin was an additional 

co n tro l .

The th e rm o lab il i ty  of herpesvirus and i t s  in s t a b i l i t y  when stored 

in  sa l in e  so lu tions  in the  absence of p ro tec tive  p ro te in  in the suspend­

ing medium pose spec ia l problems in i t s  preservation  and handling.

Skimmed milk, egg yolk, and serum-containing d ilu en ts  have been reported 

to  preserve the a c t iv i ty  of herpesvirus fo r as long as 10 months ( Specit 

e t  a l . , 1951). P a r t i a l ly  p u r if ied  and concentrated v irus  r e ta in s  a c t iv i ty  

in d i s t i l l e d  water, but not in sa line  so lu tions , fo r  short periods of time 

when s tored a t  4 C (Munk and Ackerman, 1953). Added p ro te in  apparently 

p ro te c ts  the v iru s  from tox ic  ions which may be p resen t in sa line  solu­

t io n s .  v irus suspended in HESS with 10% inactivated  ca lf  serum added as
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a p ro tec t iv e  p ro te in  during storage a t  -70 C, was used in these in v e s t i ­

gations except for preliminary s tu d ie s ,  in which d i s t i l l e d  water prepara­

t io n s  were used. Virus in d i s t i l l e d  water showed l i t t l e  loss  in t i t e r  

when s tored for one week a t  4 C. Only s l ig h t  loss of t i t e r  of the serum- 

suspended v irus  occurred for as long as 75 days a t  -70 C. By s t a b i l i t y  

t e s t s  both preparations proved to  be s a t i s fa c to ry  fo r the purposes and 

conditions of th i s  in v es t ig a t io n .

Jenkin and Rowley ( l9 6 l)  reported  th a t  both b a c te r ia  and carbon 

p a r t i c l e s  requ ire  nonspecific serum opsonins in order to  be phagocytized 

by the macrophages of the RES. They postu la ted  th a t  depressed clearance 

of p a r t i c le s  and blockade of the RES was due to  depletion of serum 

opsonins by adsorption to  large doses of co llo ida l p a r t i c l e s .  In th is  

in v es t ig a t io n  l i t t l e  d ifference  was observed in r a te s  of clearance of 

herpesvirus which was suspended in  10^ inactiva ted  ca lf  or hamster sera, 

compared to  clearance of v irus  suspended in d i s t i l l e d  water. Half of the 

v iru s  was cleared from the blood stream within five  minutes a f te r  in je c ­

t io n  of each of the th ree  p repara t ions , and, in each instance , almost 

id e n t ic a l  levels  of res idua l v irus  were found to  p e r s i s t  throughout the 

experimental period. Furthermore, no s ig n if ic a n t  d ifference  in organ up­

take of v irus  was noted for the th ree  p repara t ions . Lack of opsonic e f ­

f e c t  may have been more apparent than re a l ,  due to  the r e la t iv e ly  small 

mass of v i r a l  p a r t i c le s  in jec ted . I f  the postu la ted  serum fac to rs  were 

heat la b i le  th e i r  e ffec t iveness  would have been destroyed since the serum 

in which v irus  was suspended was h e a t- in ac tiv a ted .  Specific  antiserum 

has been reported  to  cause a more rapid  increase in clearance of some 

v iru ses  than does normal serum. Brunner e t  (1960) reported  th a t
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32P -labeled Newcastle d isease virus incubated in antiserum fo r 30 minutes 

and inoculated in to  mice was cleared more rap id ly  than v iru s  without 

serum. The e f fe c t  of sp ec if ic  antiserum is  thought to  be due to forma­

tio n  of la rg e r  aggregates of serum and v iru s .  Larger p a r t i c l e s  are known 

to be phagocytized more e f f i c i e n t ly  than smaller p a r t i c le s  (Z ilversm it 

e t  , 1952; Benacerraf e t  , 1957),

Herpesvirus disappeared ra p id ly  from the c irc u la t in g  blood of 

adu lt hamsters for the f i r s t  20 minutes a f te r  inocu la tion . At 30 minutes, 

the clearance r a te  s t a b i l i z e s ,  and there  remains in the blood an unclear­

ed f rac t io n  of v iru s ,  which represen ts  a very small percentage of the 

amount o r ig in a l ly  in je c ted .  The biphasic  nature of the clearance curve 

appears to  be a general fea tu re  with v iru se s .  I t  has been reported  to 

occur with R if t  Valley fever (Mims, 1956), ectrom elia (Mims, 1959), 

Newcastle d isease and v es icu la r  s to m a ti t is  (Brunner e t  ad . ,  1960), and 

Try bacteriophage and vaccin ia  (Mims, 1964) v iru se s .  Rates of v i r a l  

clearance appear to  be affec ted  by p a r t i c l e  s ize ,  as is  a lso true  in the 

case of in e r t  p a r t i c le s  (Z ilversm it e t  a l . ,  1952; Dobson, 1957), Large 

v iruses  (250 mp) such as vaccinia and ectrom elia  have been reported  to  

be removed more rap id ly  than are smaller v iru se s ,  such as the (30 mp) 

v iruses  of po liom yelit is  and R if t  Valley fever (Mims, 1964), The rapid 

and e f f i c i e n t  clearance of herpesvirus observed in th is  inves t ig a t io n  

might have been pred ic ted  i f  one considers i t s  s ize ,  which i s  in the 

range of 165 to 180 mp according to  measurements obtained by e lec tron  

microscopy (Epstein, 1962),

Intravenous in jec t io n  of small amounts of v irus  re su lted  in a 

clearance curve p r a c t ic a l ly  id en t ic a l  to  th a t  obtained when 99% more
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v iru s  was in jec ted .  Similar f indings have been reported  with Newcastle

d isease  v irus  by Brunner _et ( i960). These workers observed no d i f -

32Terence in clearance curves in mice when amounts of P - labe led  v irus  

were increased or decreased by a fac to r  of two. Large doses of both 

in e r t  p a r t i c le s  and b a c te r ia  are known to  reduce clearance r a t e s ,  and i t  

has been postu la ted  th a t  the decreased ra te s  are due to  sa tu ra t io n  of the 

phagocytic c e l l s  of the RES (Benacerraf e t  a l . ,  1957). Examination of 

mouse l iv e r s  by microautoradiographs a f t e r  the in jec t io n  of large doses 

of rad io -labe led  Newcastle d isease  v iru s  revealed th a t  many of the phago­

cy tic  c e l l s  did not contain v i ru s .  Brunner and co-workers, 1960, con­

cluded th a t  although large doses of v irus  were in jec ted ,  as measured by 

in f e c t iv i ty  t i t e r s ,  the mass of p a r t i c le s  in jec ted  was r e l a t iv e ly  small 

in terms of the capacity  of the RES. This in te rp re ta t io n  could explain 

the id e n t ic a l  ra te s  of clearance observed in the p resen t s tud ie s  when 

doses of v irus  d i f f e r in g  one hundred-fold were inoculated in to  hamsters.

P e rs is t in g  f rac t io n s  of p a r t i c le s  in the blood may be due to 

inhomogeneity in p a r t i c l e  s ize  with re su l t in g  va riab le  ra te s  of c le a r ­

ance fo r  the d if  fe ren t  sized p a r t i c le s  (Z ilversm it e t  , 1952; Mims, 

1964). Adsorption of v iru s  to  c e l lu la r  elements in  the c i rc u la t in g  

blood may also be a fa c to r  which influences clearance (Sheppard e t  a l . ,  

1951; Mims, 1959). Although small amounts of herpesvirus were detected 

in the c e l lu la r  f ra c t io n  of the blood one hour a f te r  inocu la tion , most 

of the res idua l v irus  was p resen t in the plasma. Cell-adsorbed v irus  

alone did not account fo r the presence of uncleared v irus  in the blood. 

Inhomogeneity of p a r t i c l e  s ize  may well have been a fa c to r  in the p e r s i s t ­

ence of v irus  in the plasma. Although p a r t i a l l y  p u r if ied  v irus  was used
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in these s tud ies ,  sedimentation and e lec tron  microscopic s tudies  reported 

by iviunk and Ackerman (1953) indicated th a t  v i ra l  p a r t ic le s  in various de­

velopmental stages and s izes  (naked capsids, one or two envelopes, and ag­

gregates) were present in s im ila r  p reparations.

Uptake in organs has been described for v i r a l  p a r t ic le s  as well 

as fo r  bac te r ia  and in e r t  p a r t i c le s  (Mims, 1959; Brunner e t  a l^ , 1960; 

Byatt and Rasmussen, 1964), The percentage of v irus  recovered in the 

l iv e r  and spleen 90 minutes a f te r  inoculation  was le ss  than 4% of the 

amount inoculated. Computations of the degree of concentration of v irus 

within these organs indicated th a t  v irus  had been taken up in noticeably 

higher amounts than was p resent in the blood. I t  was possib le  th a t  the 

r e l a t iv e ly  small amount of v iru s  de tec tab le  in organs a t  90 minutes could 

be explained by adsorption of v irus  to  c e l l s  and entry  in to  the eclipse  

phase. At th i s  stage in the re p l ic a t io n  cycle the v irus  cannot be de­

tec ted  by in fe c t iv i ty  t i t r a t i o n s .  Studies of the growth of herpesvirus 

in embryonated eggs and in monolayers of ra b b it  corneal c e l l s  (Scott 

e t  a l , .  1953a; 1953b) showed th a t  i n i t i a l  adsorption of v irus  to  c e l l s  

i s  rap id ; 99% is  adsorbed in one hour. The adsorbed v irus  quickly en ters  

the la te n t  stage which la s t s  from two to  12 hours. The length of th is  

stage is  dependent upon the host infected and the number of in fec tious  

p a r t i c l e s  in the inoculum. S ig n if ican tly  higher recoveries  of v irus  

were obtained from the lungs, l iv e r ,  and spleen, a t  10 minutes than at 

90 minutes. In co n tra s t ,  the degree of concentration of v irus  within 

these organs a t 10 minutes was lower than th a t  occurring a t 90 minutes. 

This possibly  was due to the r e la t iv e ly  higher c irc u la t in g  blood t i t e r  

a t  10 minutes than a t 90 minutes. Evidence th a t  ear ly  adsorption and
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en try  in to  the ec lip se  phase had occurred was obtained by t i t r a t i n g  organs 

a t  periods from five through 90 minutes (Figure 4). Approximately 75% of 

the input v irus  was recovered a t  f ive  minutes, and 58% was in the l iv e r .  

T i trab le  v irus  in organs decreased progressively  during the t e s t  période 

This decrease was in te rp re ted  to mean th a t  v irus  had been taken up in 

organs; and a f te r  uptake, i t  was e i th e r  in the ec lip se  phase, or was de­

stroyed within the organs. The progressive increase of v iru s  within o r­

gans indica ted  th a t  a t  l e a s t  some of the adsorbed v irus  was not destroyed.

Inactivation  of 95 to  98% of herpesvirus by normal hamster serum 

confirmed the observations th a t  F inke ls te in  e t  (1959) made with r a t  

serum. Reversal of v i r a l  in ac t iv a t io n ,  by heating the serum or by ad­

sorp tion  with zymosan a t  16 C, indicated th a t  the in h ib i to r  was properdin. 

In ac tiva tion  was not observed to  occur when v irus  was incubated with un­

d ilu ted  v iru s .  Conversely, when s e r i a l l y  d i lu ted  v irus  was added to nor­

mal serum and incubated, marked and progressive v i r a l  in h ib i t io n  occurred 

as time of incubation was increased. Sim ilar findings were reported  by 

F in k e ls te in  e t  a l^ , 1959° D efin ite ,  but reduced, in h ib i t io n  was observed 

by these workers in serum mixed with undiluted v iru s .  Rat serum, which 

i s  known to contain high concentrations of properdin (P illem er e t  a l° ,  

1954), was used in the c i ted  experiments. Although t i t e r s  of properdin 

in hamster sera were not determined, lower concentrations of properdin 

in these sera possibly  could explain the lack of in h ib i t io n  observed 

when undiluted v irus was te s te d .  Increased in h ib it io n  of d i lu ted  v irus  

by normal serum was postu la ted  by F inke ls te in  e t  (1959) to  be due to 

the presence of host substances in undiluted v i ra l  pools which in te rac ted  

with the serum in h ib i to r  and prevented i t s  action . D ilu tion of the
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v iru s ,  and concurrently  the contaminating host m ate ria l ,  would act to min­

imize or remove the in te r fe r in g  m ateria l and leave the v iru s  susceptib le  

to  the e f fe c t  of the serum in h ib i to r .  The e f fe c t  of properdin upon v i ­

ruses iri vivo is  not known. Sulkin e t  al^, (1957) t re a ted  ra b b i ts  possess­

ing known properdin t i t e r s  with zymosan, and l a t e r  in jec ted  bacteriophage 

intravenously» Amounts of phage iso la te d  in animals p re tre a ted  with 

zymosan were th ree  to  ten fo ld  higher than in untreated animals. These 

workers reported  th a t  zymosan "reduced the  e ff ic ien cy  of mechanisms r e ­

sponsible fo r  phage c lea rance ."  However, they did not determine i f  higher 

leve ls  of phage in zymosan t re a ted  animals were due to n e u tra l iz a t io n  of 

the properdin system, or were due to  blockade of the phagocytic function 

of the RES. The e f fe c t  of properdin upon disappearance of the v irus  from 

the blood of animals in the present s tud ie s  is  not known. That plasma 

in h ib i to r s  did not destroy  a l l  of the  v iru s  inoculated is  apparent, since 

in fec t io n  and spread in organs was shown to  occur. In add ition , in d irec t  

evidence th a t  properdin in ac t iv a tio n  did not occur in vivo may be in ferred  

from clearance s tud ies  in blocked animals. Levels of in fe c t iv e  v irus  did 

not decrease s ig n i f ic a n t ly  for a t  l e a s t  20 minutes in animals p re trea ted  

with e thyl s te a ra te  and inoculated with v irus  24 hours l a t e r ,  a time when 

a l l  of the l ip id  is  presumably removed from the blood. Rate s tud ies  on 

serum in h ib it io n  _in v i t r o  (Figure 5) with d i lu ted  v iru s ,  showed th a t  69 

to 92% of the v irus  had been inac t iva ted  a t  20 minutes depending on the 

degree of v i r a l  d i lu t io n .  No loss of th is  magnitude was found to  occur 

in blocked animals in 20 minutes when v irus  was d i lu ted  approximately one 

to ten in the c i rc u la t in g  blood plasma.

Ethyl s tea iace  is  reported to  depress clearance by a ffec t ing
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only fixed macrophages of the l iv e r  and spleen without apparent changes 

in o ther c e l lu la r  systems or organs (Cooper and S tu a r t ,  1962). Block­

ade of the phagocytic c e l l s  of the RES was indicated  in the p resen t study 

by decreased ra te s  of clearance and by lower recoveries  of v iru s  in o r­

gans. Virus was concentrated in organs of control animals approximately 

60 times th a t  in blocked animals. Less v iru s  was recovered and concen­

t r a te d  in organs of blocked animals desp ite  the presence of higher levels  

of v iru s  in the c i rc u la t in g  blood a t  the time the organs were removed. 

Levels of re s id u a l v irus  remained high fo r  a t  l e a s t  20 minutes a f t e r  in ­

ocu la t ion . A marked decrease occurred l a t e r ,  and one hour a f t e r  v i r a l  

in je c t io n ,  98^ of the v iru s  could not be de tec ted . Levels of v iru s  in 

the  blocked animals were always higher than those which occurred in  con­

t r o l s .  Lower blood t i t e r s  noted fo r the t re a te d  animals a f t e r  20 min­

u tes  suggested th a t  only a p a r t i a l  block of the RES was accomplished, or 

th a t  v iru s  which disappeared was not phagocytized by RES macrophages, 

but was adsorbed to  vascular endothelium or to  o ther t i s s u e s .  In support 

of the l a t t e r  hypothesis, Benacerraf e t  a l . ,  1959, reported  th a t  carbon 

clearance was reduced a f t e r  treatment of mice with T horo trast.  Non- 

phagocytized p a r t i c l e s  remained in the blood in  high concentration and 

carbon was found to  be loca lized  in the c a p i l la ry  endothelium of these 

animals. Even i f  phagocytosis or adsorption to  t i s su e s  did not occur, 

v irus  present in the c irc u la t in g  blood fo r  extended periods of time 

would be expected to  disappear as the r e s u l t  of thermal in a c t iv a t io n .

The h a l f - l i f e  of herpesvirus is  reported  to  be one and one-half to 

th ree  hours a t  37 C (Powell, 1959; Farnham and Newton, 1959), and about 

th ree  hours a t  31 C (Scott e t  a i . ,  1961). The finding th a t  blockade of
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the RES resu lted  in decreased uptake of v irus in organs as compared to 

th a t  observed in untreated animals, provided fu r th e r  evidence th a t  phago­

cy tosis  of herpesvirus by the macrophages of the RES had occurred. This 

observation p a ra l le l s  th a t  of Brunner e t  a l . ,  1960, with Newcastle d i s ­

ease v irus  in mice. These workers blocked the phagocytic function of 

the RES with Thorotrast and noted a marked decrease in  r a te s  of v i r a l  

clearance and in uptake of v irus  in organs.

Mims (1964) assigned an important ro le  to  the macrophage sys­

tem of c e l l s  in v irus  in fec t io n s .  Since macrophages monitor the various 

body compartments of animals, they are in a pos it ion  to  contro l the en try  

of v iruses  into organs. The s u s c e p t ib i l i ty  of animals to  v iruses  may be 

determined a t  the macrophage lev e l .  Virus which i s  taken up in macro­

phages may be destroyed, or i t  may in fe c t  the phagocytizing c e l l s  with 

subsequent t ra n s fe r  to  surrounding c e l l s .  In add ition , the macrophage 

may take up the v i r a l  p a r t i c le  and t ra n s fe r  i t  to  other c e l l s  without an 

i n i t i a l  r e p l ic a to r /  stage within the phagocyte. Virus, which was cleared 

from the blood and concentrated in organs in th i s  study, was presumed to 

be taken up by macrophages, p a r t ic u la r ly  those in the l iv e r ,  spleen, and 

adrenals . Direct evidence of the presence of v i r a l  antigen in macrophages 

was not obtained in f luo rescen t antibody stud ies  of sec tions  of organs r e ­

moved a t  10 and 30 minutes a f te r  in jec t io n  of large doses of v iru s .  Re­

p l ic a t io n  of v irus  in the l iv e r ,  adrenals , and lungs was indica ted  by in ­

creased v i r a l  t i t e r s  in the organs removed 24 hours a f t e r  inoculation  com­

pared to  those obtained a t 12 hours. Viral m u lt ip l ica t io n  was p a r t i c u la r ­

ly  noticeable  in the adrenals , and the pecu lia r  s u s c e p t ib i l i ty  of th is  o r­

gan to in fec tion  with herpesvirus has been noted by Hass (1935), who f i r s t
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described i t s  occurrence in newborn human beings. Herpetic necrosis in 

the adrenals of rab b its  and pregnant hamsters a lso was noted by Smith 

(1931) and by Perm and Low (1965), re sp ec tiv e ly .  In the l a s t  study, h is ­

to lo g ic  evidence of extensive destruc tion  of the adrenal cortex was p res ­

ent in a l l  the in jec ted  adu lt animals. Small areas of necrosis  were also 

found in the l iv e r .  Despite the severe involvement of the adrenal glands 

and le s s e r  degrees of in fec tio n  in o ther t i s s u e s ,  the animals survived 

and delivered  normal o ffsp ring . Replication of v irus  was not noted in 

i n f e c t iv i ty  t i t r a t i o n s  of spleen in the p resent study, although uptake of 

v irus  in th is  organ was shown to occur in clearance s tu d ie s ;  but to  a 

le s s e r  degree than in the l iv e r .  The s u s c e p t ib i l i ty  of sp len ic  macro­

phages to  the v irus  may be d i f f e r e n t  from those in o ther organs. An un­

expected finding was v i r a l  r e p l ic a t io n  in the lungs following in traven­

ous inocu la tion , since th is  organ does not contain macrophages which mon­

i t o r  the c ircu la t in g  blood as do organs of the RES. Clearance s tud ies  a l ­

so showed th a t  v irus  was taken up and concentrated within th i s  organ. De­

tec tab le  v irus  a t  12 and 24 hours could not have been due to  the large 

volume of blood in th i s  organ, since v irus  was not p resen t in the c ircu ­

la t in g  blood a t  th is  time. T i te rs  of v irus  in a l l  organs were reduced a t 

72 hours as compared with those observed a t  24 hours. This was p a r t i c u la r ­

ly  noticeable  in the l iv e r  since no in fec tious  v irus  was obtained a t  72 

hours in th is  organ. Adult hamsters inoculated with herpesvirus by the 

intravenous route usually  do not d ie .  Symptoms of in fec tio n  may or may 

not occur a f te r  inocu la tion . Animals with symptoms usually  recover a f te r  

a few days and continue to  gain weight and appear normal. Decline in 

t i t e r s  of infected organs was, th e re fo re ,  not su rp ris ing .
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Confirmatory evidence of v i r a l  re p l ic a t io n  in the l iv e r  and ad­

rena ls  a t  24 hours p o s t- inocu la tion  was obtained in f luo rescen t antibody 

s tud ies  of sec tions  of these organs. Infected foci in the l iv e r  and ad­

ren a ls  became p rogressive ly  la rg e r  in time as shown by sp ec if ic  f lu o r ­

escence in increased numbers of parenchymal c e l l s .  Spread of v irus  from 

in fec ted  c e l l  to  adjacent un ifec ted  c e l l  appeared to increase  c en tr i fu -  

g a l ly .  At 72 hours, the decreased numbers of f luoresc ing  c e l l s  and d i ­

minished in te n s i ty  of fluorescence plus lower in f e c t iv i ty  t i t e r s  in the 

organs ind ica ted  th a t  m u lt ip l ica t io n  and spread of the v iru s  was reduced. 

Virus was not i so la ted  from the blood of the animals a t  any time during 

the extended s tud ies  in organs. This can be explained by the nature of 

the lim ited  in fec tio n  in adu lt animals, and the known a b i l i t y  of th is  

v iru s  to  in fe c t  neighboring c e l l s  through d i r e c t  c e l l  to  c e l l  v i r a l  

transm ission (Hoggan and Roizman, 1959).

Johnson ( 1964b) has re cen tly  reported  th a t  re s is ta n c e  of mice 

to  in fec t io n  with herpesvirus develops with age and occurs a t  the level 

of the macrophage system. Macrophages from both adu lt and suckling mice 

were e a s i ly  in fec ted  jjn vivo and v i t r o , and no d iffe rence  in develop­

ment of the v i r a l  antigen was apparent during the f i r s t  growth cycle. 

Macrophages from suckling mice were capable of t ransm itt ing  in fec tiv e  

v iru s  to  o ther c e l l s  in contact with them, whereas macrophages from adult 

animals could not. The occurrence of a macrophage " b a r r ie r " ,  as described 

by Johnson in adult mice, was not observed in the adult hamsters used in 

th i s  study. The progressive spread of v i r a l  antigen to  adjacent c e l ls  

during thé Course of the in fec t io n ,  in the absence of v irus  in the c i r ­

cu la t ing  blood, would appear to  ru le  cut l im ita t io n  of v i r a l  spread a t
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the  macrophage le v e l .  An a l te rn a te  explanation fo r the lim ited  spread of 

v i r a l  in fec t io n  in adu lt  animals i s  suggested in recent repo rts  by Baron 

e t  a l . (1966a, b ) .  These workers showed th a t  production of in te rfe ron  is  

a r a th e r  general response by animals to  virem ias. C ircu la ting  in te rfe ron  

was shown to  be produced within a few hours a f t e r  onset of viremia and 

p ro tec ted  various organs from v i r a l  in fe c t io n .  Evidence th a t  production 

of in te rfe ro n  i s  r e la te d  to  the age of the animal was presented by 

Heineberg e t  (1964). Lethal in fe c t io n s  re su l ted  when neonatal mice 

were inoculated with Coxsackie B v iru s .  On the  other hand, adu lt animals 

were found to  be r e s i s t a n t  to  in fec t io n  with t h i s  agent, and re s is tan ce  

was reported  to  be due to  reduced v i r a l  re p l ic a t io n  and enhanced in te r ­

feron production in in fec ted  t i s s u e s .



CHAPTER VI

SUMMARY

Following intravenous in je c t io n  of large doses of herpesvirus in ­

to  adu lt hamsters, sequentia l t i t r a t i o n s  of re s idua l in fec t iv e  v irus  in 

the c ircu la t in g  blood revealed th a t  90% had disappeared within a period 

of 10 minutes. Half-times of v i r a l  disappearance occurred within five 

minutes a f t e r  inocu la tion , and by 30 minutes, 99% of the v iru s  had d is ­

appeared, Low lev e ls  of v irus p e rs is te d  in the blood for a t  l e a s t  90 min­

u te s .  Iden tica l ra te s  of clearance were observed when 99% le ss  v irus  was 

in jec ted  except th a t  the t i t e r  of the uncleared v i r a l  f ra c t io n  with the 

smaller inoculum was lower. No d iffe rence  in ra te s  of clearance was noted 

fo r  v irus  suspended in d i s t i l l e d  water, and in homologous or heterologous 

serum.

Seventy-three percent of the v irus  which p e rs is te d  in the c i r ­

cu la t ing  blood a t  60 minutes was recovered in the plasma f rac t io n .  Ten 

percent remained with a frac tion  containing red and white blood c e l ls  

a f te r  f ive  washings. V iral a c t iv i ty  was not observed in a f rac t io n  com­

posed of washed p l a t e l e t s .

T i t ra t io n s  of organs f ive  minutes a f te r  v i r a l  inoculation  reveal­

ed th a t  most of the in fec tious  v irus was p resent in the l iv e r ,  spleen, and 

lungs, T i t ra tab le  v irus  in organs removed a t  various time in te rv a ls  a f te r
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inocu la tion  decreased progressively , although the amount of v irus  in the 

organs was g rea te r  than th a t  in the blood.

The disappearance of v irus  from the bloodstream proved to  be due 

to  uptake by macrophages of the re t icu lo e n d o th e l ia l  system as demonstrated 

by blocking the function of the phagocytic c e l l s  with e thyl s te a ra te .  As 

a r e s u l t  of such blockade, there  was decreased clearance and le ss  concen­

t r a t io n  of v irus within organs.

In v i t ro  in h ib i t io n  of in f e c t iv i ty  of 95 to  98% of herpesvirus 

was found to  occur when d i lu ted  v irus  was incubated fo r  90 minutes with 

pooled normal hamster serum. The r a te  of in h ib it io n  icreased from 92% a t  

10 minutes to  98% a t  90 minutes when serum was mixed with s e r i a l l y  d i ­

lu ted  v iru s .  When the v iru s  was d i lu ted  1:10 with serum before incuba­

t io n ,  maximum in h ib it io n  (70%) occurred a t  10 minutes and did not in ­

crease throughout the t e s t  period. In h ib i t io n  was not observed when un­

d i lu te d  v irus  was used. Lack of in h ib i t io n  in  e i th e r  zymosan t re a te d  or 

hea t- in ac t iv a ted  serum indicated th a t  the in h ib i to r  was properdin.

When compared to  those obtained a t  12 hours v i r a l  t i t e r s  of o r­

gans removed 24 hours a f t e r  v i r a l  inoculation  were 500 times g rea te r  in 

the adrenals , and 32 and 1.6 times in the lungs and l iv e r ,  re sp ec tiv e ly .

A decline in recoverable v irus  occurred in a l l  organs a t  72 hours. Virus 

was not detected in the spleen and blood a t  12 hours nor a t  any time 

th e re a f te r .

Examination of t is su e s  by immunofluorescent s ta in ing  showed th a t  

numbers of fluorescing  c e l l s  per in fec ted  focus increased progressively  

from 12 to  24 hours, although numbers of foci did not increase . At 72 

hours, increased numbers of fluorescing  c e l l s  were not observed, in te n s i ty
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of fluorescence was decreased, and evidence of c e l lu la r  necrosis  a t  cen­

t e r s  of foci was p resen t .  Fluorescing foci of in fec ted  c e l l s  were not 

seen in the lungs or in the spleen.
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