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DISSEMINATION OF HERPES SIMPLEX VIRUS 
IN THE PREGNANT RABBIT

CHAPTER I  

INTRODUCTION

The pathogeneses o f the  d isea ses  caused by herpes siiq>Iex 

v iru s  have no t been c le a r ly  determ ined. The exact mechanisms o f dissem­

in a tio n  o f th is  v iru s  from the  i n i t i a l  s i t e  o f in fe c tio n  to  the  many 

anatom ical a reas  which may be involved i s  no t com pletely desc rib ed . In  

some in stan ces  h e rp e tic  in c lu sio n  bodies have been observed and the  

v iru s  has been id e n t i f ie d  a f te r  is o la t io n  from autopsied  t is s u e s  of human 

beings idio d ied  o f c l in ic a l l y  diagnosed h e rp e tic  in fe c tio n s . In  the  ma­

j o r i t y  o f s tu d ie s  th e  e tio lo g ic  agent was no t dem onstrated. A survey of 

th e  l i t e r a tu r e  in d ic a te s  th a t  th is  v iru s  i s  be lieved  to  be spread along 

nerve pathways, by hematogenous dissem ination  o r by a coobination  of 

th ese  ro u te s . The e x ten t o f the  involvement of t is su e s  and organs as 

sequalae to  prim ary herpes s iap lex  v iru s  in fe c tio n  w ill  be reviewed.

D issem ination o f Herpes S iap lex  V irus 

The groundwork fo r  experim ental in fe c tio n  of anim als w ith  h e r­

pes simplex v iru s  was e s ta b lish e d  in  1912 by GrSter who rep o rted  (1920) 

th a t  when the  scrap ings from a h e rp e tic  le s io n  of a  human being were
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placed  on th e  s c a r i f ie d  cornea o f a  r a b b i t ,  the  animal developed an en­

c e p h a l i t i s .  He was ab le  to  m ain ta in  th e  v iru len ce  o f th e  v iru s  by ra b b it  

to  ra b b it  t r a n s fe r  w ith  in fe c te d  r a b b i t  b ra in  homogenate. Lowenstein 

(1919) in fe c ted  ra b b its  by co m ea l in o cu la tio n  w ith herpes s in ç lex  v iru s  

in  m a te ria l from e ru p tio n s  o f the  fa c e , l ip s  and g e n i ta l ia  o f human 

b e in g s.

Marinesco and Dragonesco (1923) rep o rted  th a t  herpes s iup lex  

v iru s  tra v e rsed  the  t is s u e  spaces and sheaths o f the  nerves o f ex p eri­

m enta lly  in fe c ted  ra b b its  r a th e r  th an  p rogressing  along th e  nerve . 

Friedenwald (1923) suggested th a t  a  k e ra to c o n ju n c tiv it is  and often tim es 

an e n c e p h a litis  re s u l te d  «hen ra b b i ts  were in fe c ted  w ith  p u s tu la r  f lu id  

from human h e rp e tic  le s io n s  by th e  co m ea l s c a r i f ic a t io n  techn ique. He 

p o s tu la te d  th a t  th e  v im s  was tra n sp o rte d  along the  sensory  nerves of 

th e  com ea and from th e re  to  th e  b ra in .  Goodpasture and Teague (1923a, 

1923b) proposed th a t ,  in  r a b b i t s ,  th e  p e rip h e ra l nerves (sen so ry , motor, 

o r  sy n p ath e tic ) were th e  p o r ta ls  o f e n try  to  the  c e n tr a l  nervous system 

from the s i t e  of i n i t i a l  in fe c t io n .  They dem onstrated a  s y e l i t i s  o f the 

luBhar reg io n  of the  sp in a l cord when th e  herpes sim plex v im s  was inoc­

u la te d  in to  any muscle innerva ted  by the  s c ia t i c  nerve . However, i f  

t h i s  nerve were c u t f i r s t ,  no m y e lit is  developed. Evidence was presen ted  

by Goodpasture (1925a, 1925h, 1929) vdiich suggested th a t  th e  v im s  tra v ­

e l le d  along a x is  cy lin d e rs  of p e r ip h e ra l nerves o f r a b b i ts  and so en­

te re d  c e n tra l  nervous system pathways. Abe (1926) m le d  o u t hematogen­

ous d issem ination  of th e  v i r u s .  He rep o rted  th a t  when th e  v iru s  was 

in ocu la ted  in to  th e  v itre o u s  humor o f a  r a b b i t 's  eye, i t  l e f t  the  area
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by way o£ th e  o p tic  nerve e x c lu s iv e ly , c rossed  th e  o p tic  chiasma and 

in fe c te d  the  o th e r eye. G iffo rd  and Lucic (1927) confirm ed Abe's f in d ­

in g s .

King (1940) dem onstrated in tra n u c le a r  in c lu s io n  bodies in  nerve 

c e l l s  o f mice which he inocu la ted  in  th e  v itre o u s  humor o f the  eye w ith 

herpes s isp le x  v i r u s .  From s e r ia l  m icroscopic se c tio n s  o f  the  nerves 

which inn erv a te  the  eye he concluded th a t  the  v iru s  was tran sp o rted  from 

t h i s  a rea  to  th e  c e n tr a l  nervous system along th e  f i f t h  nerve ra th e r  than 

th e  o p tic  nerve . Berry and S lav in  (1943) and S lav in  and Berry (1943a) 

re p o rte d  th a t  in tra n a sa l i n s t i l l a t i o n  of herpes s ia p le x  v iru s  in  mice 

was follow ed by prompt invasion  of th e  c e n tra l  nervous system by a l l  

a v a ila b le  neu ra l ro u te s .

Wildy (1954) gave what he termed "unequivocal evidence" th a t  a 

v irem ia  p layed no s ig n if ic a n t  p a r t  in  th e  spread o f herpes simplex v iru s  

from th e  p e riphery  to  th e  c e n tra l  nervous system in  m ice. He tre a te d  the  

h ind  fo o t pad w ith  hyperton ic  s a lin e  and then  in o cu la ted  the  v iru s  in to  

th e  pad . Most o f th e  mice developed p o s te r io r  p a ra ly s is  and many d ied .

An upward p ro g ression  o f th e  v iru s  along th e  nerve s tru c tu re s  was demon­

s t r a te d  by means o f t i t r a t i o n s  of fo o t, s c ia t i c  n erve , lumbar and c e rv i­

c a l  sec tio n s  of th e  sp in a l cord and b ra in . He rep o rted  th a t  only a  low 

grade v irem ia appeared la te  in  the  d ise a se . He d id  no t p o s tu la te  as to  

w hether axonal o r f lu id  spaces were involved . Boyse, a t  a l . (1956) con­

firm ed th e  fin d in g s  o f Marinesco and Dragonesco (1923) th a t  herpes simplex 

v iru s  was d isp ersed  through t is s u e  f lu id s  idiich surround th e  nerves of 

r a b b i ts  r a th e r  than along axonal pathways. They used rad io -io d in a ted
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serum p ro te in s  to  lo ca te  the inflammatory s i t e s  and to  determine the 

s e v e r ity  of the  re a c tio n s .

There i s  evidence to support the theory  of hematogenous dissem­

in a tio n  of herpes simplex v iru s  to  organs and to  the c e n tra l  nervous sys­

tem of an im als. A fte r ev a lu a tin g  th e i r  r e s u l t s  of experim ental in fe c tio n  

o f r a b b i ts ,  Doerr and vflchting (1920) proposed th a t th e  v iru s  was spread 

by way of the blood stream . Doerr and Schnabel (1921) inocu lated  ra b b its  

in travenously  w ith  herpes simplex v iru s  and the  anim als developed an en­

c e p h a l i t i s .  The in v e s tig a to rs  is o la te d  the v iru s  from the h e a r t 's  blood 

of these animals by corneal in o cu la tio n  of the  h e a r t 's  blood in to  normal 

r a b b i ts .  This second group of animals developed e n c e p h a litis  and d ied .

I t  was concluded th a t  the  v iru s  must e n te r  the  bloodstream  from the eye, 

th e  s i t e  of experim ental in o c u la tio n , and d ir e c t ly  invade the c e n tra l 

nervous system as a r e s u l t  of hematogenous d issem ination . Greenbaum and 

H arkins (1925) rep o rted  th a t  whole blood from a herpes simplex In fec ted  

ra b b i t  produced a h e rp e tic  k e ra to c o n ju n c tiv it is  when i t  was inocu lated  

onto the s c a r if ie d  cornea of normal r a b b i ts .  They were unable to  pro­

duce a c e n tra l nervous system involvement by th is  method. Fevre de A rric  

and M ille t (1926) found th a t in travenous in o cu la tio n  o f b i le  s a l t s ,  urea 

and o ther compounds in to  ra b b its  p r io r  to  corneal in o cu la tio n  of the  a n i­

mals w ith the herpes v iru s  caused a change in  perm eab ility  of the choroid 

p lexus. The v iru s  could e a s ily  invade the  b ra in  to  which i t  had been c a r­

r ie d  by the  blood from the s i t e  of i n i t i a l  in fe c tio n . They p o s tu la ted  

th a t  in  human h e rp e tic  in fe c tio n s  the  choroid plexus might be d isru p ted  

by c e l lu la r  breakdown products which r e s u l t  from the in fe c tio n  and the
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invasion of the  b ra in  by the v iru s  would be f a c i l i t a t e d .  Remlinger and 

B a illy  (1926*) inocu lated  ra b b its  in tr a c e re b ra lly  o r subcutaneously w ith 

blood from experim entally  in fec ted  ra b b its  and dogs which ex h ib ited  synp- 

toms of herpes simplex v iru s  in fe c tio n s . The in fec ted  ra b b its  d ied a f te r  

e x h ib itin g  c e n tra l  nervous system involvem ents. D efibrinated  flood  from 

the  in fe c ted  ra b b its  and dogs was inocu la ted  in travenously  in to  ra b b its  

and r e s u l t s  s im ila r  to  those described  above were ob ta ined . They were 

ab le  to  cause death in  only I of 7 ra b b its  inocu la ted  in tra c e re b ra lly  

w ith the  serums from the  in fec ted  anim als. Remlinger and B a illy  (1927) 

inocu la ted  ra b b its  subcutaneous1y and in tra c o rn e a lly  w ith herpes simplex 

v iru s . They p o s tu la ted  th a t  the e n ce p h a litis  which re su lte d  from th is  

procedure was due to  the  v iru s  which had been tran sp o rted  to  the b ra in  by 

the b lood . D espite the fa c t  th a t  they  were unable to  demonstrate herpes 

v iru s  in  the blood of experim entally  in fec ted  r a b b i ts ,  Urbain and Schaeffer 

(1927) n ev erth e le ss  suggested th a t  the  v iru s  was p re sen t in  the blood a t  

le a s t  fo r  a sh o rt tim e. G ildm eister and Heuer (1929) demonstrated the 

v iru s  in  the  blood of p a tie n ts  by the  in tra c e re b ra l in o cu la tio n  of the 

blood in to  normal r a b b i ts .  The ra b b its  subsequently  died as a r e s u l t  of 

e n c e p h a lit is .

Armstrong (1943) and Z a ra fo n e tis , e t  a l .  (1944) suggested th a t 

a virem ia played a ro le  in  the spread of the herpes v iru s  from the  p r i ­

mary le s io n  to  the  c e n tra l nervous system but they were unable to  iso ­

la te  the  v iru s  from the  blood of human beings who had been c l in ic a l ly  

diagnosed as having h e rp e tic  m ening itis  and e n c e p h a lit is .  Kipping and 

Downie (1948) iso la te d  the v iru s  from le s io n s  of p a tie n ts  by the  embryo-
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nated  egg and animal in o cu la tio n  techniques and they  b e lieved  th a t  these  

g en era lized  human herpes s in p lex  in fe c tio n s  re s u lte d  from the  dissem ina­

t io n  of the  v iru s  by the blood stream . Haymaker (1949) p o s tu la ted  th a t  

human h e rp e tic  e n c e p h a litis  in fe c tio n s  re s u lte d  from th e  spread of the 

v iru s  by the  blood from the  s i t e  of the  prim ary le s io n  to  the  c e n tra l  

nervous system,

Ruchman and Dodd (1950) recovered the  v iru s  from the blood of 

a p a t ie n t  w ith h e rp e tic  r h i n i t i s  by in tra c e re b ra l in o cu la tio n  of the 

blood in to  mice. They suggested th a t  a virem ia must e x is t  s in ce  meningi­

t i s ,  e n ce p h a litis  and d e rm a titis  o f te n  r e s u l t  from herpes simplex in fe c ­

t io n s ,  P a tie n ts  w ith fu lm inating  v is c e ra l  h e rp e tic  in fe c tio n s  and h e r­

p e t ic  h e p a t i t i s  were described  by Zuelzer and S tu lberg  (1952), These 

in v e s tig a to rs  p o s tu la ted  th a t  the v iru s  was dissem inated fay way of the 

blood stream  to  produce such an overwhelming in fe c tio n , Euddingh, e t  a l , 

(1953) rep o rted  s tu d ie s  of severe  h e rp e tic  s to m a titis  in fec ti_ r.s  in  c h i l ­

dren  in  which the causal agent was is o la te d  from specimens of mouth 

washings and s to o ls ,  bu t no t from blood, S co tt (1954) described  many of 

the c l in ic a l  m an ifesta tio n s  of herpes simplex v iru s  in fe c t io n s . He con­

cluded th a t  a virem ia occurred during the  prim ary in fe c tio n  and th a t  the  

d isp e rs io n  of the v iru s  throughout the  body was a sso c ia ted  w ith blood 

stream  d issem ination . In  d esc rib in g  K aposi's  v a r ic e ll ifo rm  eru p tio n  

(eczema herpeticum ) in  an 11% month o ld  in fa n t, Pugh, e t  a l , (1955) sug­

gested  th a t  th e re  was a hematogenous spread of the v iru s  to  many organs 

from the  s i t e  of prim ary in fe c tio n , Beale and H air (1956) used t is s u e  

c u ltu re  methods to  i s o la te  the v iru s  of herpes simplex from the  blood
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o f 2 p a tie n ts  w ith  K aposi's  v a r ic e ll ifo rm  e ru p tio n ,

A few in v e s tig a to rs  have suggested th a t  herpes s inp lex  v iru s  

may be d is t r ib u te d  to  various organs and t i s s u e s ,  inc lud ing  the  c e n tra l 

nervous system , by a contoination of n eu ra l ro u te s  and by hematogenous 

d issem in a tio n . Anderson (1939, 1940) dem onstrated h e rp e tic  le s io n s  and 

in c lu s io n  bodies on the c h o rio a lla n to ic  membrane and in  many of the 

organs of chick embryos which had been inocu la ted  on the  menbrane w ith 

herpes simplex v i r u s .  She p o s tu la ted  th a t  the  v iru s  was hematogenously 

d issem inated throughout the embryo, bu t suggested th a t  c e n tra l nervous 

system  involvement re su lte d  from c e n tr ip e ta l  and c e n tr ifu g a l transm ission  

of the  v iru s .  She in fec ted  ra b b its  by the  co rneal s c a r i f ic a t io n  method 

and iso la te d  th e  v iru s  from the f i f t h  nerve and ganglion by the ch o rio ­

a l la n to ic  membrane technique. By in tra c e re b ra l  in o cu la tio n  of m ice.

Berry and S lav in  (1940) demonstrated herpes v iru s  in  the  blood of young 

mice which had rece iv ed  the v iru s  by n asa l i n s t i l l a t i o n .  They believed  

th a t  invasion  of the  c e n tra l nervous system by the  v iru s  was independent 

o f blood tra n s p o r t .  A fte r studying  v is c e ra l  le s io n s  in  mice which had 

been inocu la ted  in tra n a sa lly  o r which had received  the v iru s  by in tr a -  

p e r ito n e a l in o c u la tio n , S lav in  and Berry (I943y) concluded th a t  hemato­

genous d issem ination  of the v iru s  was re sp o n sib le  fo r  i t s  estab lishm ent 

in  the  endothelium  of the  organs. They m ain tained , however, th a t  the  

c e n tra l  nervous system was invaded by tra n s p o r t  of the  v iru s  along nerve 

pathways. Evans, e t  a l .  (1946) in o cu la ted  the fo o t pads o f young mice 

and no ticed  th a t  they developed p a ra ly s is  of th a t  limb which was followed 

by p arap leg ia  and f in a l ly  an e n c e p h a li t is .  T i t r a t io n  s tu d ie s  fo r  v iru s
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in  various p a r ts  of the  f e e t  led  them to  conclude th a t  the  v iru s  invaded 

and tra v e led  along the  p e rip h e ra l nerves to  the c e n tra l  nervous system. 

They thought th a t  some of the v iru s  was tran sp o rted  by the  blood to  o ther 

p a r ts  o f the body where lo ca l fo c i of in fe c tio n  were e s ta b lish e d  and th a t  

from these  fo c i the  v iru s  invaded the nerves to  gain  en trance  to  the  b ra in  

along the  nerve t r a c t s .  They a lso  found th a t i f  immune serum were given 

to  the  mice sim ultaneously w ith the  v iru s ,  the  mice were p ro tec ted  

a g a in s t p a ra ly s is  and death . I f  the serum were adm in istered  more than 

12 hours a f te r  the  experim ental in o cu la tio n  of the v i r u s ,  p a ra ly s is  and 

death  re s u lte d  from the  in fe c tio n . In  re-exam ining th e  data  on the  de­

velopment of c e n tra l nervous system involvements which re s u lte d  from ex­

perim ental in o cu la tio n  of animals w ith herpes s in ç lex  v iru s .  F ie ld  (1952) 

found th a t  the v iru s  trav e rsed  the t is s u e  f lu id  spaces of nerve pathways 

as e a r l i e r  suggested by Marinesco and Dragonesco (1923). He suggested 

a lso  th a t  a tra n s ie n t  virem ia could p lay  an im portant ro le  in  some disease  

m an ifesta tio n s  of the v iru s .

From the l i t e r a tu r e  review  ju s t  p resen ted  i t  i s  ev iden t th a t 

th e  d issem ination  of herpes s inp lex  v iru s  throughout the  body may be ac­

complished by a combination of ro u tes  such as by 1) the  axons of nerve 

c e l l s ,  2) the sheaths and t is s u e  f lu id s  surrounding th e  nerve c e l l s ,  and 

3) hematogenous d issem ination . U nfortunately , many of the  re p o rts  are 

lack ing  in  d e f in i te  knowledge of the  id e n ti ty  of the  causal agen t.

S ite s  of V ira l In fec tio n

There a re  many re p o rts  in  the  l i t e r a tu r e  of the  d isease  mani­

f e s ta t io n s  and the organs and t is s u e s  involved in  herpes simplex in fec -
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tio n s  in  anim als. In  r a b b i ts ,  the v iru s  has been demonstrated in  ocu lar 

sec re tio n s  (S c o tt , e t  a l ,  1941), cereb rosp inal f lu id  (Urbain and Schaef­

f e r ,  1927), the c e n tra l  nervous system (Good, 1947), and the s a l iv a , 

nasa l s e c re tio n s , u r in e , fe c e s , spleen and suprarenals (Urbain and Schaef­

f e r ,  1927). The v iru s  has been found in  the b ra in  (S lavin  and Berry, 

1943g)* lungs, l iv e r ,  sp leen and the adrenals (S lavin  and Berry, 1943b) 

of mice. The estab lishm ent of a herpes simplex v iru s  in fec tio n  in  the 

guinea pig  was more d i f f i c u l t  and not as g en era lized . The foo t pad was 

su scep tib le  (Bedson and Crawford, 1927) and in fe c tio n  re su lte d  in  p a ra l­

y s is  of the inocu la ted  fo o t. Dermal in je c tio n  onto a s c a r if ie d  area of 

the sk in  re s u lte d  in  a lo ca l in fe c tio n  but w ith infrequent generalized  

in fe c tio n  (Bedson and Bland, 1928). Rats can be in fec ted  by in tra c e re ­

b ra l in o cu la tio n  and the v iru s  recovered from the b ra in  (Smith, e t  a l . 

194 l). When in tra c e re b ra lly  inoculated  w ith the  v iru s , monkeys developed 

a chronic e n c e p h a litis  resem bling the d isease  in  man (Z insser and Tang, 

1929). Remlinger and B ailly  (1926b, 1926^) e s ta b lish e d  the herpes v iru s  

in  the b ra in s  of c a ts  and dogs. The te ra to g en ic  e f fe c t  of the v iru s  on 

chick embryos was described  by Heath, e t  a l .  (1956) and Anderson (1939, 

1940) demonstrated the v iru s  in  many of the  v is c e ra l  organs and the 

b ra in s  of developing chick embryos.

S co tt (1954) reviewed the d isease m an ifesta tions which the 

herpes v iru s  causes in  human beings by describ ing  primary lesions of the 

mucocutaneous ju n c tio n  of the mouth, herpes g e n i ta l ia ,  ocu lar in fec tio n s  

and v is c e ra l and c e n tra l  nervous system involvements. He a lso  discussed 

the m an ifesta tions of h e rp e tic  s to m a titis  and re c u rre n t herpes simplex
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in fe c tio n s  which a re  u su a lly  confined to  the  g e n i ta l ia  o r mucocutaneous 

ju n c tio n  of the  mouth and can reappear d e sp ite  the  dem onstration of spe­

c i f i c  herpes s in p lex  an tib o d ie s  in  the p a t ie n t ’s serum.

Reports in  the  l i t e r a tu r e  which were based on c l in ic a l  and e p i­

dem iological observations describe  v i r a l  in fe c tio n s  o f the newborn and 

imply a p re n a ta l in fe c tio n . The f i r s t  c le a r  evidence of v i r a l  in fe c tio n  

of the fe tu s  from the mother was repo rted  by Gregg (1941). He c o rre la te d  

c l in ic a l  evidence of the  v i r a l  damage of the  o ffsp rin g  w ith epidem iologi­

c a l h is to ry  of exposure of the mother to  ru b e lla  v iru s .  Since then , nu­

merous such re p o rts  p a r t ic u la r ly  on the p re n a ta l e f f e c t  of ru b e lla  v iru s  

have been p resen ted , Haas (1941) inocu la ted  pregnant mice w ith the  v iru s  

of lymphocytic choriom ening itis  and recovered the  v iru s  from f e t a l  t i s ­

sues by mouse in o cu la tio n  techniques. Among the  o th e r v iru ses  rep o rted  

to  be the e tio lo g ic  agents of neonatal in fe c tio n s  a re  p o lio v iru s  (Torres 

Umana, 1951), v a r ic e l la  (Lucchesi, e t  a l .  1947), in fe c tio u s  h e p a t i t i s  

(Karlova, 1958), herpes z o s te r  (Feldman, 1952) and Coxsackie v iru s  

(Freudenberg, e t  a l , 1952).

D espite the frequency of neonatal v i r a l  in fe c tio n s  and the 

assumption th a t  f e t a l  in fe c tio n s  may occur th e re  i s  no unequivocal proof 

th a t  h e rp e tic  in fe c tio n s  of f e ta l  t is su e s  occur in  man o r in  experim ental 

anim als. To da te  the herpes v iru s  has not been is o la te d  and id e n tif ie d  

from p ren a ta l t i s s u e .  However, some re p o rts  in  the  l i t e r a tu r e  have in ­

crim inated herpes simplex v iru s  as the  e tio lo g ic  agent of f e ta l  in fe c ­

tio n s . Hass (1935) rep o rted  a f a ta l  neonatal in fe c tio n  of a 12 day o ld  

baby. He dem onstrated h e rp e tic - l ik e  in c lu s io n  bodies in  l iv e r  c e l l s  of
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the  p a t ie n t .  Smith, e t  a l . (1941) in v e s tig a te d  the  causa l agent o f death 

in  a  4 week o ld  c h ild  who su ffe re d  from acu te  e n c e p h a lit is .  A b ra in  

homogenate from the c h ild  produced death in  mice by in tra c e re b ra l  inocu­

la t io n .  Wenner (1944) is o la te d  herpes simplex v iru s  in  r a b b i ts ,  ham sters 

and guinea p ig s  from v e s ic u la r  f lu id  and b ra in  homogenates obtained  from 

specimens o f 4 in fa n ts  ^ o  d ied  o f eczema.

W ildi (195l) wrote of a mother who su ffe red  a g e n ita l herpes 

in fe c tio n  during the  f i f t h  month o f pregnancy. The in fa n t d ied  13 days 

a f te r  b i r t h  and the in v e s t ig a to r  dem onstrated h e rp e tic - l ik e  in c lu s io n  

bodies in  b ra in  t is s u e .  A f a t a l  neonata l in fe c tio n  in  an in fa n t tAiose 

mother su ffe re d  an a tta c k  o f herpes l a b ia l i s  9 days before  b ir th  was des­

c rib ed  by Q u illig an  and Wilson (1 9 5 l) . Herpes s iv ç lex  v iru s  was is o la te d  

from sk in  and l iv e r  le s io n s  of the  baby, Florman and M indlin (1952) r e ­

covered th e  herpes v iru s  from one of newborn premature t r i p l e t s .  From 

the  v e s ic u la r  f lu id  of le s io n s  of the  gen era lized  e ru p tio n  and l ip  b l i s ­

t e r s ,  the  v iru s  was is o la te d  on the  c h o rio a lla n to ic  membrane o f the de­

veloping  chick  embryo and in  mice and r a b b i ts .  Zuelzer and S tu lberg  

(1952) d iscussed  th e i r  observations of h e rp e tic  v is c e ra l  d isease  and hep­

a t i t i s  in  5 in fa n ts ,  5 to  13 days o f age. They suggested th a t  3 o f these  

c h ild re n  were m echanically in fe c te d  during the  b i r th  process from g e n ita l 

h e rp e tic  le s io n s  of the m others, and th a t  the o th e r 2 ch ild ren  were in ­

fe c ted  in  u te ro . France and Wilmers (1953) d id  not i s o la te  the  e tio lo g ic  

agent from newborn tw ins who d ied  soon a f t e r  b i r th  from c l in ic a l  h e rp e tic  

h e p a t i t i s  o r e n c e p h a lit is , b u t they found herpes simplex v iru s  in c lu s io n  

bodies in  the  l iv e r  of each baby. By use o f c h o rio a lla n to ic  membrane and
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mouse in o cu la tio n  techn iques, McDougal, e t  a l , (1954) is o la te d  the herpes 

v iru s  from the  l iv e r  of a baby who d ied  11 days a f te r  b i r t h .  The in fa n t’s 

mother had su ffe red  an undiagnosed "un sp ec ific  d e rm a titis "  during the 

pregnancy. Colebatch (1955) dem onstrated h e rp e tic  in c lu s io n  bodies in  

the  l iv e r  c e l l s  of severa l newborn in fa n ts  who succumbed to  severe gen­

e ra l iz e d  herpes s in ç lex  in fe c tio n s . Hepatic n ecro sis  in  2 neonatal pa­

t i e n t s  who d ied  of herpes simplex in fe c tio n  was rep o rted  by Williams and 

Jack  (1955). No sk in  le s io n s  were apparent in  e i th e r  case bu t micro­

scop ic  sec tio n s  of the l iv e r  of the  ch ild ren  gave evidence of necrosis  

and h e rp e tic  in c lu sio n  bodies were found. By the  suck ling  mouse, chorio­

a l la n to ic  mentrane and ra b b it  cornea in o cu la tio n  techn iques, the  v iru s  was 

is o la te d  from the l iv e r  of 1 c h ild . Heath, e t  a l . (1956) demonstrated 

the te ra to g en ic  e f fe c ts  of herpes s in ç lex  v iru s  on e a r ly  chick embryos.

By in o c u la tio n  of the v iru s  on the membranes, they observed d a ily  abnor­

mal changes in  the embryos. However, M ille r , e t  a l .  (1950) noted a h e r­

p e tic  in fe c tio n  in  a pregnant mother and a f t e r  b i r th  o f the  c h ild  i t  was 

observed fo r  9 months fo r neonatal h e rp e tic  le s io n s  o r m alform ations.

None were seen .

D etection  of Virus 

Herpes simplex v iru s  may be de tec ted  in  specimens of t is s u e s , 

organs and exudates by animal and t is s u e  c u ltu re  in o cu la tio n  techniques. 

The c h o rio a lla n to ic  membrane method of in o cu la tio n  of embryonated h en 's  

eggs (Beveridge and Burnet, 1946) is  probably the most w idely used, but 

animal in o cu la tio n  techniques a re  a lso  extrem ely v a lu ab le . The suckling 

mouse has been demonstrated to  be h igh ly  su scep tib le  to  the  herpes v iru s
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when inocu la ted  by the in tra p e r ito n e a l ro u te  (Kilbourne and H o rs fa ll,

1951). The corneal ro u te  of in o cu la tio n  of ra b b its  has long been used 

fo r  dem onstration of herpes v iru s  in  t is su e  homogenates and exudates from 

le s io n s  (Lowenstein, 1919 and G ru ter, 1920). Adult mice (S c o tt ,  1956) 

a re  a lso  used fo r  th is  purpose, Guinea p igs (Bedson and Crawford, 1927), 

ham sters (Z a ra fo n e tis , e t  a l .  1944) and the co tto n  r a t  (Florman and T rader, 

1947) have been used le s s  commonly fo r dem onstration o f the herpes v iru s . 

HeLa c e l l s  in  c u ltu re  have been widely adapted fo r use as an a id  in  the  

lab o ra to ry  d iagnosis of herpes s inp lex  v iru s  in fe c tio n s .

D irec t m icroscopic examinations a re  a lso  of a ss is ta n c e  in  the 

d e te c tio n  of th is  v iru s  in  t is s u e  se c tio n s . Since the  v iru s  as a u n it  

i s  submicroscopic in  s iz e ,  p h y s ic a l-o p tic a l exam ination of th is  e n t i ty  

has been lim ited  to  observation  of the pa th o lo g ica l le s io n s  o r  to  t is su e  

s ta in in g  techniques designed to  demonstrate in c lu sio n  bodies formed by 

c e r ta in  of the v iru se s . D iagnosis of v i r a l  d iseases in  general has de­

pended upon c l in ic a l  o b serv a tio n , se ro lo g ica l re a c tio n s  and in  some cases, 

is o la t io n  of the  v iru s  in  animals and t is su e  c u ltu re s  as p rev iously  des­

c r ib e d . The development of a h istochem ical immunologic s ta in in g  tech­

nique has proved to  be of g rea t a s s is ta n c e , no t only in  s p e c if ic  id e n ti­

f ic a t io n  of v iru se s  in  t is s u e ,  bu t a lso  in  the  rap id  id e n t i f ic a t io n  of 

v i r a l ,  b a c te r ia l  and p a ra s i t ic  sp ec ie s .

Early  in  the tw en tie th  cen tu ry , Bogert and Wright (1905) in ­

v e s tig a te d  the p o te n t ia l i t i e s  o f n itro -d e r iv a t lv e s  of f lu o re sc e in  as 

to o ls  fo r  sp e c if ic  la b e llin g  of antiserum s to  f a c i l i t a t e  the demonstra­

t io n  of an tigens in  t is s u e s .  The next im portant re p o rt was th a t  of Hop­
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kins and Wonnall (1933) who experimented w ith  p h en y lisocyanate-p ro te in  

compounds and the  immunologic re a c tio n s  which involved these  a n tig e n s . 

They conjugated phenylisocyanate and p-bromophenylisocyanate to  caseino- 

gen, g e la t in  and horse serum. They employed the  p re c ip i t in  technique to 

demonstrate s p e c if ic  an tigen-an tibody  re a c tio n s  by lay erin g  th e  an tigen  

and la b e lled  antibody in  a tube and observing the  r in g  of fluo rescence  

a t  the in te r fa c e , F ie se r  and Creech (1939) conjugated amino ac id s  w ith 

anthracene isocyanate  and 1,2 benzanthracene isocyanate and described  

the  chemical p ro p e rtie s  of the  conjugated p ro te in s , Creech and Jones 

(1940) conjugated 1,1 benzanthylisocyanate to  horse serum and used u l t r a ­

v io le t  l ig h t  to  determ ine i f  tru e  conjugation  occurred . During the  years 

s in ce  Bogert and Wright (1905) f i r s t  te s te d  "fluorescein  d e riv a tiv e s  as 

immunologic s ta in s ,  the  techniques and the compounds used were inproved 

by each subsequent in v e s t ig a to r ,

Coons, e t  al^, (1941) prepared beta-an th ry l-carbam ide d e riv a ­

tiv e s  and coupled them to  antipneumococcal type I I I  ra b b it  serum. The 

re s u l ts  dem onstrated l i t t l e  d iffe ren ce  between sp e c if ic  and n o n spec ific  

fluo rescence . The re p o r t of Coons, e t  a l ,  (1942) la id  the foundation 

fo r  the inproved f lu o resc en t antibody technique which now is  w idely used. 

They noted green fluorescence when th e i r  p rep a ra tio n  of f lu o re sc e in  is o ­

cyanate, vdxich had been conjugated to  antipneumococcal type I I I  serum, 

was used to  t r e a t  Diplococcus pneumoniae type I I I  in fec ted  mouse t is s u e .  

In  these p rep a ra tio n s  of in fec ted  t is s u e ,  only the  microorganisms f lu o ­

resced  and the background t is su e  did  n o t. When un in fected  t is s u e  was 

tre a te d  in  the  same manner as the in fec ted  t i s s u e ,  nonspecific  b lue  f lu o ­
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rescence bu t not sp e c if ic  green fluo rescence  was observed* The inproved 

method of f lu o resc en t antibody s ta in in g  which was developed by Coons and 

Kaplan (1950) is  the p re fe rre d  technique now in  general u se . They p re ­

pared f lu o re sc e in  amine f ra c t io n s  I  and I I  from b asic  chem icals. When 

f r a c t io n  I I  was converted to  the  isocyanate by trea tm en t w ith phosgene, 

c le a re r  and more c o n s is ta n t r e s u l ts  were obtained  than w ith  f r a c t io n  I ,

Many v i r a l  agents and th e i r  r e s u lt in g  in fe c tio n s  have been 

s tu d ied  w ith  the a id  of the flu o re sc en t antibody techn ique. These include 

mumps v iru s  (Coons, e t  1950, Watson, 1952g, 1952y), in flu en za  v iru s  

(Watson and Coons, 1954, L iu , 1955g, 1955y, 1956), canine d is te n p e r v iru s  

(Moulton and Brown, 1954, Moulton, 1956, Liu and C o ffin , 1956, 1957g, 

1957b), v acc in ia  v iru s  (Sawai, e t  a l . 1955, Noyes and Watson, 1955), in ­

fe c tio u s  canine h e p a t i t i s  v iru s  (C o ffin , e t  a l .  1953), p s i t t a c o s i s  v iru s  

(Buckley, e t  a l .  1955), prim ary a ty p ic a l pneumonia v iru s  (Liu and Eaton, 

1955), Shope papillom a v iru s  (Noyes and M ello rs, 1957), v a r ic e l la  and 

herpes z o s te r  v iru se s  (W eller and Coons, 1954) and Egypt 101 v iru s  (Noyes, 

1955). O’Dea and Dineen (1957) s tu d ied  the growth of v iru s  and the  r e ­

s u lt in g  morphological changes in  e p i th e l ia l  c e l l  c u ltu re s  in fe c te d  w ith 

herpes s in p lex  v iru s ,  and Lebrun (I956g, 1956b) used th i s  technique to 

in v e s t ig a te  c e l lu la r  lo c a l iz a t io n  of the  v iru s  in  in fe c ted  mouse b ra in s  

and human carcinoma c e l l s  ^  v i t r o .

F luorescence microscopy as improved by Coons and Kaplan (1950) 

has been used w idely. Not only has i t  found a p p lic a tio n  in  s tu d ie s  w ith 

v iru s e s , b u t a lso  w ith p ro tozoa , b a c te r ia ,  m icrobial p roducts and tis su e s  

in fe c ted  w ith these  ag en ts . The inform ation obtained i s  inv a lu ab le  espe-
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c ia l ly  because of the  r a p id i ty  and accuracy of th is  method as cotqpared 

w ith  prev ious methods.

In  order to  study the  pathogenesis o f d isease  m anifestions of 

herpes simplex v iru s  in  a d u lt pregnant r a b b i ts ,  a method o f d issem ination 

o f t h i s  agent from the i n i t i a l  s i t e  of in fe c tio n  to  the  various tis su e s  

and organs had to  be determ ined. I s o la tio n  and flu o rescen t antibody 

techniques were used to  determ ine the e x ten t of the v i r a l  d issem ination .



CHAPTER I I  

MATERIALS AND METHODS

Young a d u lt ,  white a lb ino  male and female ra b b its  which weighed 

approxim ately 8 pounds were obtained from a lo ca l ra b b itry  and used in  

th i s  s tudy . V irg in  females were bred by males of the same pure lin e  

s t r a in  fo r  s tu d ie s  of v i r a l  d issem ination  in  fe tu se s . Three-weeks-old 

w hite Swiss mice were obtained from breeders who furn ished  pure lin e  

anim als. In  some instances pure l in e  s tra in s  of mice were bred in  th is  

la b o ra to ry . The embryonated hen’ s eggs from A ustria  White and White 

Leghorn breeds of chickens were obtained  from a lo ca l ha tchery .

Three s t r a in s  o f herpes simplex v iru s  (HF, HFt and K) were used 

in  these  in v e s tig a tio n s . The HF and HFt s t r a in s  were obtained from the 

Communicable D isease C enter, Montgomery, Alabama, The HF s t r a in  had 

been propagated 56 times on the c h o rio a lla n to ic  membrane (CAM) and 7 

tim es in  the yolk sac (YS) of the  developing chick embryo, once in  the 

b ra in s  of white Swiss mice (MB) and once on the cornea of the r a b b i t .

The HFt s t r a in  had been propagated 7 tim es on HeLa c e l l s  in  c u ltu re  when 

i t  was receiv ed . Pools of v iru s  were prepared of each of the HF and HFt 

s t r a in s  of the herpes v iru s  by a combination of in fec ted  a l la n to ic  f lu id  

and homogenate of in fec ted  CAM. These pools which contained in  0 .5  ml 

a t  le a s t  10^ LD^g fo r  YS were used as the  inocula throughout these  s tu d ie s .

17
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The K s t r a in  was iso la te d  in  th is  lab o ra to ry  from a p a tie n t su ffe r in g  a 

h e rp e tic  le sio n  a t  the o ra l mucocutaneous ju n c tio n .

Throughout the in v e s t ig a tio n s , a l l  d ilu tio n s  of the v iru s  and 

a l l  blood and t is su e  homogenates were prepared in  approp ria te  amounts of 

s t e r i l e  buffered  g e la t in  s a lin e  (BGS) according to  S co tt (1956). For 

each ml of d ilu e n t, 200 u n its  of p e n ic i l l in  (prepared from c ry s ta l l in e  

p e n ic i l l in  G Merck, Sharpe and Dohme Conpany, P h iladelph ia) and 200 mg 

of streptom ycin (prepared from streptom ycin s u lfa te  Squibb, E. R. Squibb 

and Sons, New York) were added to  co n tro l p o ssib le  b a c te r ia l  contamina­

t io n . A ll g lassw are, instrum ents and o th e r m a te ria ls  were properly  

s te r i l i z e d  by the dry a i r  oven method (180 C fo r  2 hours) or by auto- 

c lav ing  (15 pounds p re ssu re , 121 C, fo r  15-30 m inutes). R epresentative 

samples of homogenates and v iru s  pools were te s te d  fo r  b a c te r ia l  s t e r i l i ­

ty  before use by p lacing  a liq u o ts  of the m a te ria l in  b ro th s  and on s o lid  

media fo r  aerobic and anaerobic b a c te r io lo g ic a l s tu d ie s .

Herpes sinp lex  immune serum was prepared by immunization of 

young ad u lt ra b b i ts .  One-half ml of a l la n to ic  f lu id  con tain ing  form alin 

in a c tiv a te d  herpes simplex v iru s  was in je c ted  subcutaneously in to  the 

animals 3 times a week fo r 2 weeks. A fter a lapse  of 1 week, 1 ml of 

the in ac tiv a ted  v iru s  suspension was inocu la ted  subcutaneously. The a n i­

mals were perm itted  to  r e s t  fo r  1 week and were then b led  a se p tic a l ly  

by card iac  puncture. The serums were c o lle c te d  and adsorbed w ith d ried , 

mouse l iv e r  powder to  remove nonspecific  flu o resc in g  m a te r ia l.

F luorescein  isocyanate prepared according to the  method of 

Coons and Kaplan (1950) was purchased from the Sylvania Chemical Company,
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Orange, New Je rse y , and i t  was conjugated to  the herpes simplex immune 

serum by the  follow ing method. Ten and one-half ml of phosphate b u ffered  

s a l in e  (PBS), 3 ml of carbonate-b icarbonate  b u ffe r  (0 .5  M, pH 9 .0 ) ,  2 .5  

ml of dioxane and 0 .5 ml of calcium  s u lfa te -d r ie d  acetone were p laced  in  

a 50 ml Erlenraeyer f la s k  which was in  an ice  b a th . When the  tem perature 

o f the m ixture dropped to  0 to  minus 2 C, 3 ml o f antiserum  was added.

In  a t e s t  tu b e , 0 .5  ml of f lu o re sc e in  isocyanate (based on the use of 

0.05 mg of f lu o re sc e in  amine I I  p er mg of p ro te in  in  the  gamma g lo b u lin  

f r a c t io n  of the  antiserum ) was added dropwise to  a m ixture of 1 ml of 

d rie d  acetone and 0 .5 ml of dioxane which did not co n ta in  an tiserum .

The f lu o re sc e in  isocyanate m ixture was then added to  the  co ld  an tiserum  

m ixture in  the  f la s k  and s t i r r e d  fo r  18 hours. A fte r th i s  p ro c e ss , the 

so lu tio n  was tra n s fe r re d  to  a cellophane sack and d ia lyzed  a g a in s t d a ily  

changes of PBS u n t i l  no fluo rescence  was observed when the  d ia ly z in g  

s a lin e  was examined w ith  u l t r a - v io le t  l ig h t  (5 to  6 days). The so lu tio n  

was then  cen trifu g ed  to  remove the  p re c ip i ta te  which formed and m erth io- 

l a t e  (1 /10,000) was added. The conjugate was s to red  a t  4 C in  a t ig h t ly  

stoppered  v i a l .

D issem ination of the V irus 

Rabbits were an es th e tiz ed  l ig h t ly  w ith e th e r and the corneas 

of both eyes of each ra b b it  were s c a r i f ie d  w ith a p iece  of s t e r i l e  w ire 

gauze. The wounding process p en e tra ted  the e p i th e l ia l  c e l l s .  O ne-tenth 

ml of the HF or K s t r a in  of herpes simplex v iru s  was massaged in to  the  

s c a r i f ic a t io n s  of the  l e f t  eye and 0 .1  ml of BGS which contained  no v iru s  

was massaged in to  the  r ig h t  eye of each anim al. Blood samples were ob­
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ta in ed  a s e p t ic a l ly  from the m arginal e a r vein  24 and 48 hours a f te r  inoc­

u la t io n  from a l l  r a b b its  s tu d ied . From the f i r s t  5 animals a d d itio n a l 

blood sattp les were removed every 6 hours fo r 102 hours; from 5 more, 

samples were taken every 12 hours fo r  132 hours and from a group of 6 

more ra b b i ts ,  the  b leeding  schedule was every 12 hours fo r  ISO hours . 

Normal ra b b its  which had been in ocu la ted  only w ith BGS were tre a te d  in  a 

s im ila r  manner to  the  v iru s  in o cu la ted  anim als. Specimens from these  

anim als served as c o n tro ls  to  determ ine i f  the plaques formed on the  CAM 

were caused by the  blood o r the  v iru s .  The blood samples were inocu la ted  

onto CAM in  0 ,1 ml amounts according to  the method of Beveridge and Burnet 

(1946) and incubated fo r  72 hou rs . The meiribranes were then h arv ested  and 

examined fo r  p laques as evidence of h e rp e tic  in fe c tio n .

F o r ty -e ig h t hours a f t e r  in o cu la tio n  o f the r a b b i ts ,  washings 

were obtained  from the  l e f t  and r ig h t  eyes of each anim al. S te r i le  BGS 

was dropped in to  each eye and th e  eyes were swabbed w ith  s t e r i l e ,  co tto n - 

tipped  a p p lic a to r s .  One-tenth ml of th i s  m a te ria l was used to  in o cu la te  

CAM to  determ ine i f  the v iru s  were p re sen t in  the  washings.

Rabbits which died as a  r e s u l t  of the  experim ental co rneal in ­

fe c tio n  were au to p sied  and homogenates of b ra in , h e a r t ,  h e a r t ’s b lood, 

kidney, l i v e r ,  lungs and sp leen  were prepared in  BGS contain ing  a n tib io ­

t i c s  and were in o cu la ted  onto CAM, The presence of the  v iru s  was d e te r ­

mined by the p roduction  of ty p ic a l h e rp e tic  plaques on the CAM,

In  o rd e r to  determine i f  the v iru s  could spread from the s i t e  

of i n i t i a l  in o c u la tio n  on the cornea of the eye to  the fe tu s  of the ra b ­

b i t ,  the fo llow ing s tu d ie s  were made.
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Young a d u lt ,  w h ite , v irg in  female ra b b its  were bred by males 

o f th e  same s t r a in .  From 7 to  14 days a f te r  b reed ing , the females were 

l ig h t ly  an es th e tized  w ith e th e r  and inoculated  on the  s c a r if ie d  cornea 

w ith  a  suspension of the  pooled v iru s .  Two animals were inoculated  on 

each of the follow ing days a f te r  the breeding p rocess; 7 days, 8 days, 11 

days and 13 days. Three ra b b its  were inoculated  14 days a f te r  breeding. 

Blood specimens were withdrawn 24 and 48 hours follow ing inocu la tion  w ith 

the v iru s  and a t  the time surgery  was performed. Ocular washings were 

taken  48 hours a f te r  the corneal in o cu la tio n  of the anim als. These spec­

imens were te s te d  on the CAM fo r evidence of the presence of the v iru s .

At 54 o r 96 hours follow ing in o cu la tio n , the  animals were anes­

th e tiz e d  w ith e th e r  o r nembutal and su rg ica l procedures were used to r e ­

move 1 gravid  horn of the b ifu rc a te  u te ru s . The fe tu se s  from the excised 

horns were d issec ted  a s e p tic a l ly  from the p lacen ta l t is s u e  and washed 

thoroughly in  s t e r i l e  ph y sio lo g ica l s a l in e . Some of the  fe tu se s  from 

each ra b b it  were p laced  in  s t e r i l e  tu b es, rap id ly  frozen  a t  minus 52 C 

and s to red  a t  th is  ten p era tu re  u n t i l  l a t e r  when m icroscopic sec tions were 

p repared . Fetuses from normal ra b b its  were removed, prepared and s to red  

in  a s im ila r  manner to  those from herpes simplex v iru s  in fec ted  anim als. 

The remaining fe tu se s  from each v iru s  in fec ted  and normal ra b b it were 

ground in  a s t e r i l e  t is s u e  g rin d er and homogenates were prepared with BGS 

as the  d ilu e n t. The homogenates of the fe tu ses  from each ra b b it  were 

then  inoculated  onto th e  CAM of embryonated eggs to  determ ine the presence 

of the v iru s .

The f lu o re sc en t antibody technique of Coons and Kaplan (1950)
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was used as another means of proving th a t  the  v iru s  had spread from the 

a d u lt to  i t s  embryos. Frozen m icroscopic sec tio n s  of fe tu ses  from non­

in fe c ted  and herpes s ittç lex  v iru s  in fec ted  anim als were prepared and 

p laced on g la ss  s l id e s .  Some of these  sec tio n s  were tre a te d  w ith f lu o ­

re s c e in - la b e lle d  sp e c if ic  immune serum in  the  follow ing manner. The 

s l id e s  were p laced  in  P e tr i  dishes con ta in ing  a p iece  of moist c o tto n .

One drop of the  labelled -an tibody  was p laced  on the sec tio n  and allowed 

to  remain fo r  20 minutes during which tim e th e  P e tr i  d ish  was covered to  

prevent evaporation of the conjugate. The s l id e s  were then gen tly  washed 

fo r  10 minutes in  frequen t changes o f PBS. C overslip  mounts were p re ­

pared w ith 10 percen t g lycero1-phosphate b u ffe r  and sea led  with S e a l i t  

(F isher S c ie n tif ic  Conpany). A R eichert ’T lu o rex ” 200 w att mercury vapor 

a rc  burner and the  R eichert f i l t e r  system fo r  flu o re sc en t microscopy were 

used as the  source of illu m in a tio n . The system co n sis ted  o f 4 f i l t e r s ,

2 of which were u l t r a - v io le t  tra n sm ittin g  f i l t e r s  and the o th ers  were 

opaque to  v is ib le  l ig h t .  Of the u l t r a - v io le t  tran sm ittin g  f i l t e r s ,  1 

(co lored  black) was 1.5 mm th ick  and th e  o th e r (co lo red  v io le t)  was 1 tan 

th ic k . Two blue f i l t e r s  wsre used to  s top  the  transm ission  of v is ib le  

l ig h t  and a f i f t h  f i l t e r ,  green in  c o lo r, was a ttach ed  to  the  ocu lar to 

prevent damage to  the  eye from the u l t r a - v io le t  ra y s . The p repara tions 

were examined w ith a Bausch and Lomb monocular microscope f i t t e d  w ith  a 

standard  Bausch and Lomb card io id  dark f i e ld  condenser and a 12 X o c u la r . 

Low power exam inations were made w ith a 10 X o b je c tiv e  and h igh , dry 

exam inations were made w ith a  43 X o b je c t iv e . Photomicrographs were 

taken w ith an Exa camera on Anscochrome d ay lig h t co lo r 35 nm film  (Ansco
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Company) and on K135 T ri X b lack  and white 35 mm film  (Eastman Kodak Com­

pany), FRX500 developer and Kodak acid  stop  were used to  develop the 

n eg a tiv es . Exposure tim e, when the low power o b jec tiv e  was used, ranged 

from 30 to  45 seconds. The exposure time when the  high power ob jec tive  

was used ranged from 1% to  3 m inutes.

As co n tro l s l id e s  fo r  f lu o rescen t s tu d ie s , sec tio n s  were p re­

pared from the follow ing m a te ria ls  and tre a te d  in  the same manner as the 

s l id e s  of f e t a l  se c tio n s : I) CAN in fec ted  w ith v iru s  is o la te d  from the

blood of herpes simplex v iru s  inocu lated  r a b b i ts ;  2) normal CAM inocu­

la te d  w ith  s t e r i l e  BGS; 3) CAM in fec ted  w ith  v acc in ia  v iru s ;  4) normal 

ra b b it  fe tu s e s ;  5) MB inocu la ted  w ith v iru s  is o la te d  from the blood of 

herpes simplex v iru s  in fe c ted  ra b b i ts ;  6) normal MB inocu la ted  w ith BGS. 

As an a d d itio n a l co n tro l frozen  sec tio n s  of the  fe tu se s  from herpes 

simplex in fe c ted  ra b b its  were tre a te d  w ith unconjugated s p e c if ic  immune 

serum. These co n tro ls  made i t  p o ssib le  to  t e s t  fo r  the  s p e c i f ic i ty  of 

the an tigen-an tibody  re a c tio n  under the given co n d itio n s . A re a c tio n  

between sp e c if ic  immune serum (conjugated) and herpes simplex v iru s  pro­

duced a yellow  to  yellow -green fluo rescence . Areas of heavy concentra­

tio n  of the  v iru s  appeared to  be almost w hite due to  in ten se  f lu o re s ­

cence. N onspecific fluo rescence  due to re a c tio n s  o th e r than an tigen- 

antibody were b lue in  c o lo r .

R epresen tative  m icroscopic sec tio n s  from fe tu ses  of each herpes 

simplex v iru s  in fec ted  ra b b i t  were s ta in ed  w ith hematoxylin and eosin  ac­

cording to  H arris  (1957) and examined fo r the presence of herpes simplex 

v iru s  in c lu s io n  bo d ies. Examinations were made w ith a L e itz  l ig h t  micro-
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scope using  the o i l  immersion, o b jec tiv e  (95 X), Photomicrographs were 

made w ith Kodak KI35 Plus X black and w hite 35 mm film . Exposure time 

was 2 seconds w ith a l ig h t  source of 1,6 fo o t cand les.

To confirm  the  is o la t io n  of herpes s in ç lex  v iru s  from the blood 

of the co rn ea lly  in fec ted  ra b b its  by the  CAM technique homogenates of 

the  in fe c ted  CAM were prepared in  BGS and in tra c e re b ra lly  inocu la ted  in to  

MB, To a id  in  the  id e n t i f ic a t io n  of the  v iru s  is o la te d  from the  blood 

and fe tu se s  of herpes simplex v iru s  in fe c ted  r a b b i ts ,  n e u tra liz a tio n  

te s t s  were performed according to  the  method of Sco tt (1956), S e ria l 

d ilu tio n s  of the v iru s  (10® to  10“®) were prepared in  BGS, These d ilu ­

tio n s  were combined w ith herpes simplex v iru s  s p e c if ic  immune serum 

(0 ,50  ml v iru s  p lu s 0,50 ml an tiserum ). Following incubation  fo r  1 hour, 

the m ixtures were inocu la ted  onto CAM, The membranes were harvested  

a f t e r  incubation  and examined fo r  evidence o f decreased in f e c t iv i ty  of 

the v iru s  fo r  CAM in  the  presence of the  immune serum. The r e s u l t s  ob­

ta in ed  were conpared w ith those from an o th er, p a ra l le l  s e r ie s  in  which 

BGS was used in s tead  of immune semmn.



CHAPTER I I I

RESULTS

F o rty -e ig h t hours a f te r  corneal in o cu la tio n  w ith herpes s in ç lex  

v iru s , the  l e f t  eye o f each of the ra b b its  e id iib ited  severe sw elling and 

redness w ith m u ltip le  v e s ic le s  on the cornea and n ic t i t a t in g  membrane. 

When the 48 hour ocu lar washing from the l e f t  eye of each ra b b it  was 

inocu lated  onto the  c h o rio a lla n to ic  membranes o f the developing chick 

embryos (CAM), ty p ic a l h e rp e tic  le s io n s  developed. The co n tro l ( r ig h t)  

eye of each ra b b it  was normal in  gross appearance. No lesio n s  were ob­

served on th e  CAM which had been Inoculated  w ith  the washings from the 

r ig h t  eye of each ra b b i t .

Herpes s in p lex  v iru s  was demonstrated on the CAM a f te r  inocu­

la t io n  w ith blood sanç les  from 16 ra b b its  which had been in fec ted  p re­

v iously  on the  cornea of the  l e f t  eye w ith th is  v iru s . A summary of the 

number of tim es the v iru s  was iso la te d  i s  shown in  Table 1. The time is  

recorded in  hours. The number of p o s itiv e  v i r a l  iso la tio n s  is  shown as 

the  numerator and the  number of is o la tio n s  attem pted i s  recorded as the 

denominator. On only 2 occasions was the v iru s  not iso la te d  from the 

specimens bu t due to  the sm all number of anim als in  these  groups the  r e ­

s u l ts  a re  no t s t a t i s t i c a l l y  s ig n if ic a n t .

The number of hours a f te r  corneal in o cu la tio n  ïAien the  v iru s

25



TABLE 1

SUMMARY OF HERPES SIMPLEX VIRUS ISOLATIONS FROM THE BLX)D
OF RABBITS AFTER CORNEAL INOCULATION

Hours a t  Which Blood Samples Were Taken

24 48 54 60 66 72 78 84 90 96 102 108 120 132 144 156 168 180

V irus I s o la t io n s 10 10 6 13 4 5 0 7 1 12 0 8 7 7 3 3 3 4
Number o f I s o la ­ 16 16 7 16 5 16 2 16 5 16 4 11 11 11 6 6 5 5

tio n s  A tteirpted

to
o \
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was demonstraced in  blood specimens o f each ind iv idua l ra b b it i s  shown 

in  Table 2. The v iru s  was demonstrated in  rep eated  sanples which were 

obtained a t  d if f e r e n t  times from each ra b b it .  There were times when 

v iru s  was not is o la te d  from ind iv idua l r a b b i ts .  In  f a c t ,  c e r ta in  blood 

specimens were obtained  from each ra b b it  from which v iru s  was not recov­

e red . Typical h e rp e tic  le sio n s  were not demonstrated on CAM a f te r  inoc­

u la tio n  w ith blood specimens and ocu lar washings from the 3 co n tro l a n i­

mals which had been inocu la ted  w ith BGS.

Nine of the  ra b b its  on which v i r a l  d issem ination s tu d ie s  were 

done died a f te r  the development of symptoms in d ic a tiv e  of a c e n tra l n e r­

vous system involvement. Six of these  were au topsied . The l iv e r  of 

each was d isco lo red  and en larged . Other organs appeared to  be normal 

except fo r the b ra in s  which were s o f t .  H e rp e tic - lik e  le sio n s  were p ro­

duced on CAM a f te r  in o cu la tio n  w ith  homogenates o f b ra in , h e a r t ,  h e a r t 's  

b lood, kidney, l iv e r ,  lungs and sp leen . Iso la tio n s  of herpes v iru s  from 

organ homogenates of ind iv idua l ra b b its  a re  recorded in  Table 3. The 

v iru s  was demonstrated in  a l l  homogenates of ra b b it  numbers 3, 13 and 14. 

However, the v iru s  was not is o la te d  from a l l  homogenates of a l l  the 

ra b b its .

The time of death a f te r  corneal in o cu la tio n  as shown in  Table 

3 i s  of in te r e s t .  One ra b b it  died a t  approxim ately 96 hours, I a t  156 

hours, 3 between the  tw e n ty -f ir s t  and tw en ty -th ird  days and 1 a t  3 

months. Rabbit number 10 had apparen tly  recovered from the corneal in ­

fe c tio n  and i t  was being immunized w ith a form alin  in ac tiv a ted  v iru s  in ­

fec ted  a lla n to ic  f lu id  suspension. This animal received  3 subcutaneous



TABLE 2

HERPES SIMPLEX VIRUS ISOLATED FROM BLOOD OF
RABBITS AFTER CORNEAL INOCULATION

Animal
Number

Hours a t  I'Jhich Blood Samples Were Taken

24 48 54 60 66 72 78 84 90 96 102 108 120 132 144 156 168 180

* 1 + . + + + _ + +
* 2 - - + + + - - - + -
* 3 - - + - - + - - - -

10 - - + + + — — - - + -
11 + + + + + — — - - + -
12 + + + - + + + + -
13 + - - + + + + - -
14 + - - - - + - - -

** 16 - + + + - - + - +
17 + - + - - - + + +
19 + + + + - + + + + + + -

21 + + + + - - - + + + + + - -
27 + + + - + + - + + + - + +
28 + + + + + + - + - - - +
29 - + + - + + + + + + + +
30 + + + - + + - - + + + +

***Contro1 1 - - - - - — w - - -

C ontro l 2
C ontrol 3 • - — — — - ~ -

to
00

* Data o b ta in ed  from Lee H. R ile y , J r . ,  M. D.
** K -s tra in  of v iru s  used w ith  th i s  r a b b i t ;  th e  HF s t r a in  used w ith  th e  o th e r s .  

**Vf C on tro ls  in o c u la ted  w ith  b u ffe re d  g e la t in  s a l in e .
+ H erp e tic  le s io n s  observed on th e  c h o r io a lla n to ic  tneirbranes.

No h e rp e tic  le s io n s  observed on th e  c h o r io a l la n to ic  membranes.



TABLE 3

HERPES SIMPLEX VIRUS ISOLATED FROM ORGAN HOMOGENATES
OF RABBITS WHICH DIED OF ENCEPHALITIS

Animal
Number

Time o f Death 
A fte r 

In o c u la tio n

Presence o f V irus in  Organ Homogenates

B rain H eart H e a rt '
Blood

s Kidney L iver Lungs Spleen

I 96 h r s . + - + - + - +

3 21 days + +

10 3 mos. + - + - + + +

13 21 days + + + + + +

14 23 days + + + + +

19 156 hrs* + - + + + -

to
vO

+ H erp e tic  le s io n s  observed on c h o r io a lla n to ic  mendsranes.
No h e rp e tic  le s io n s  observed  on c h o r io a l la n to ic  m entranes.
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in je c tio n s  of th is  suspension during a 1 week p e rio d . The day a f te r  the 

th i r d  in je c tio n  the animal developed an e n c e p h a litis  and d ied . V irus 

was is o la te d  from t is s u e  homogenates.

Eleven female r a b b its  vdiich weîTe in  the  e a r ly  g e s ta tio n  period 

were inocu la ted  w ith herpes s in p lex  v iru s  by the corneal s c a r i f ic a t io n  

method. Typical h e rp e tic  le s io n s  were observed on CAM which had been 

in o cu la ted  w ith blood specimens th a t  were obtained a t  24 and 48 hours 

a f t e r  in o cu la tio n  of th ese  anim als w ith the  herpes v iru s . The v iru s  was 

dem onstrated, a lso , in  blood specimens obtained a t  the time o f su rg ica l 

removal of the fe tu se s  (54 hours a f te r  com eal in o cu la tio n  of 9 ra b b its  

and 96 hours a f te r  in fe c tio n  of 2 o th e r s ) ,  as w ell as in  o cu la r washings 

c o lle c te d  48 hours a f t e r  experim ental in fe c tio n .

Typical herpetic; le s io n s  were produced on CAM a f te r  in o cu la tio n  

w ith  homogenates of fe tu se s  which were removed s u rg ic a lly  a t  54 o r 96 

hours a f t e r  v i r a l  in o c u la tio n . R esults of these  s tu d ie s  a re  recorded in  

Table 4 . The v iru s  was is o la te d  from homogenates o f fe tu se s  of 11 exper­

im en ta lly  in fec ted  mother r a b b i t s .  The age o f the  fe tu ses  a t  time of in ­

fe c t io n  of the  mother, as shown in  Table 4 under the  heading "Days Elapsed 

between Breeding and In o c u la tio n " , was v a ried  bu t was n o t, ap p aren tly , an 

im portant fa c to r  because homogenates of fe tu ses  from a l l  the experim ental 

animals contained the v i ru s .  When blood specimens, ocu lar washings and 

f e t a l  homogenates from 2 u n in fec ted  ra b b its  were inocu la ted  onto CAM, 

ty p ic a l h e rp e tic  le s io n s  were not observed. An in te re s t in g  exatiçle of 

re c u rre n t herpes simplex was observed in  ra b b it  nvmiber 25. When she de­

liv e re d  3 f u l l  term o ffsp r in g s , th is  animal su ffe red  a severe re c u rre n t
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TABLE 4

HERPES SIMPLEX VIRUS ISOLATED FROM FETAL HOMOGENATES 
OF EXPERIMENTALLY INFECTED RABBITS

Animal
Number

Days Elapsed 
between Breeding 

and Inocu la tion

Hours A fter 
Ino cu la tio n  When 

Fetuses Were Removed

Presence of Virus 
in  F e ta l 

Homogenates

19 14 54 +
23 7 54 +
24 7 54 +
25 8 54 +
26 8 54 +
27 11 54 +
34 11 54 +
35 13 54 +
36 13 54 +
37 14 96 +
38 14 96 +

+ H erpetic  le sio n s  observed on c h o rio a lla n to ic  metrfsranes.
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k e ra to c o n ju n c tiv it is  of the eye which had p rev iously  healed  a f te r  the 

i n i t i a l  corneal in fe c tio n . S h o rtly  a f t e r  t h i s ,  she developed an encepha­

l i t i s  and d ied .

Frozen m icroscopic sec tio n s  from fe tu se s  taken from 10 of the 

11 ra b b its  were s tu d ied  a f t e r  they were s ta in e d  w ith f lu o re sc e in - la b e lle d  

herpes s in p lex  v iru s  immune serum. When these  p rep a ra tio n s  were examined 

by u l t r a - v io le t  microscopy, a reas of yellow -green to  green fluorescence 

were seen ^ i c h  in d ica ted  s p e c if ic  an tigen-an tibody  re a c tio n . These 

a re as  o f sp e c if ic  re a c tio n  were w ith in  the  t is s u e s  o f the fe tu se s  and 

in d ic a ted  th a t  herpes siiq>lex v iru s  was p re sen t in  the  t i s s u e s .  The mor­

phology of the  a reas o f s p e c if ic  fluorescence v a rie d . Sm all, s c a tte re d  

flu o re sc e n t a reas were observed as w ell as la rg e  a reas  o f in ten se  f lu o re s ­

cence \dilch probably rep resen ted  maximum co n cen tra tio n  o f the  v iru s .

There was no c o rre la tio n  between the  type o f m icroscopic le s io n  observed 

and the  age of the  fe tu s  a t  the  time of in fe c tio n  o f the  r a b b i t .  The 

tim e of surgery  a f te r  the  experim ental in fe c tio n  ap paren tly  d id  no t in ­

fluence  the  observed r e s u l t s .  F igures I through 10 a re  photomicrographs 

of sec tio n s  of f e t a l  t is s u e s  from 5 of the 11 ra b b its  s tu d ie d . Two mag­

n i f ic a t io n s ,  120 X and 5l6  X a re  included . The b r ig h t w hite appearing 

spo ts a re  a reas  of sp e c if ic  fluorescence  w hile the la rg e r  s c a tte re d  a reas 

o f le s s  in te n s i ty  a re , in  p a r t ,  a reas of luminescence from the  in tense  

a reas  of fluo rescence .

No a reas of s p e c if ic  fluorescence could be seen in  frozen  micro­

sec tio n s  o f fe tu se s  taken from u n in fec ted  co n tro l ra b b its  s ta in e d  w ith 

f lu o re sc e in  la b e lle d  herpes simplex immune serum (F igures 11 and 12).
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FIGURE 1

A f lu o r e sc e in - la b e lle d  s p e c if ic  andserum  sta in ed  s e c t io n  of
fe tu s  from rab b it 34 lA ich  was in fec te d  w ith herpes sim plex v iru s 7
days a fte r  breed ing, (X 120),
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FIGURE 2

A f lu o r e sc e in - la b e lle d  s p e c if ic  antiserum sta in ed  sec tio n  of
fe tu s  from rab b it 34 which was in fec te d  with herpes s ii iç le x  v iru s 7
days a fte r  breeding. (X 5 l6 ) .
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FIGURE 3

A f lu o r e sc e in -la b e lle d  s p e c if ic  antiserum sta in ed  se c t io n  o f
fe tu s  from rabbit 25 which was in fected  with herpes sitq>lex v iru s 8
days a fte r  breeding. (X 120),
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FIGURE 4

A f lu o r e sc e in -la b e lle d  s p e c if ic  antiserum  sta in ed  se c t io n  o f
fe tu s  from rabbit 25 which was in fec te d  with herpes simplex v iru s 8
days a fte r  breeding, (X 5 l6 ) ,
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FIGURE 5

A f lu o r e s c e in - la b e lle d  s p e c if ic  antiserum  sta in ed  se c t io n  of
fe tu s  from rab b it 37 which was in fec te d  w ith herpes sin p lex  v iru s 11
days a fte r  breed ing, (X 120).
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FIGURE 6

A flu o r e sc e in - la b e lle d  s p e c if ic  antiserum sta in ed  sec tio n  o f
fe tu s  from rab b it 37 which was inoculated  with herpes s in p lex  v irus II
days a f te r  breed ing, (K 516),
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FIGURE 7

A f lu o r e sc e in - la b e lle d  s p e c if ic  antiserum sta in ed  se c t io n  o f
fe tu s  from rabbit 27 which was in fec te d  with herpes s in p lex  v iru s 13
days a f te r  breeding. (X 120).
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FIGURE 8

A flu o r e sc e in - la b e lle d  s p e c if ic  antiserum sta in ed  se c t io n  of
fe tu s  from rabb it 27 which was inoculated  w ith herpes simplex v iru s 13
days a fte r  breeding, (X 516).
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FIGURE 9

Â flu o r e s c e in - la b e lled  s p e c if ic  anciserum sta in ed  se c t io n  of
fe tu s  from rabbit 36 which was inocu lated  w ith herpes s in ç le x  v iru s 14
days a f te r  breeding. (X 120),
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FIGURE 10

A f lu o r e sc e in -la b e lle d  s p e c if ic  antiserum sta in ed  s e c t io n  o f
fe tu s  from rabbit 36 which was inocu lated  w ith herpes sinç>lex v iru s 14
days a fte r  breeding. (X 5 l6 ) ,
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FIGURE 11

A flu o re sc e in - la b e lle d  sp e c if ic  antiserum  s ta in e d  sec tio n  of 
fe tu s  from an un in fec ted  r a b b i t ,  (X 120),



44

FIGURE 12

A flu o resce in * lab e lled  sp e c if ic  an tiserum  s ta in ed  sec tio n  of 
fe tu s  from an un infected  ra b b i t .  (X 5 l6 ) ,
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This t e s t  then  in d ica ted  the  absence of v iru s  in  the  t is s u e s  of the  con­

t r o l  anim als.

In  a d d itio n  to  the fe tu se s  from ra b b its  which were no t in fe c ted  

o th e r  c o n tro ls  were included. White Swiss mice were inocu la ted  in t r a -  

c e re b ra lly  w ith herpes s in ç lex  v iru s  which had been iso la te d  on CAM from 

th e  blood of an experim entally  in fe c te d  r a b b i t .  This v iru s  produced 

death  in  mice in  a manner ty p ic a l o f herpes simplex in fe c tio n . Frozen 

m icroscopic sec tio n s  of the b ra in s  of u n in fec ted  as w ell as those of in ­

fe c ted  mice were p repared , s ta in ed  w ith  f lu o re sc e in - la b e lle d  antibody and 

examined by u l t r a - v io le t  l ig h t  m icroscopy. Areas o f sp e c if ic  f lu o re s ­

cence, s im ila r  to  those in  the in fe c te d  f e t a l  s e c tio n s , were observed in  

sec tio n s  of in fe c te d , bu t no t o f u n in fe c ted , mouse b ra in s  (F igures 13 

through 16). The c h o rio a lla n to ic  membranes of embryonated h en 's  eggs 

which had been in fe c ted  w ith herpes sim plex v iru s  is o la te d  from the  blood 

o f experim entally  in fe c ted  r a b b i ts ,  v acc in ia  v iru s  in fec ted  CAM and un­

in fe c te d  CAM were a lso  examined by th e  f lu o re sc e n t antibody techn ique. 

Whereas a reas of s p e c if ic  fluo rescence  were observed in  the  herpes sim­

p lex  v iru s  in fe c ted  membranes, no s p e c if ic  fluorescence  was observed in  

th e  v acc in ia  v iru s  in fec ted  o r u n in fec ted  menbranes. As an a d d itio n a l 

c o n tro l ,  sec tio n s  of fe tu se s  from herpes simplex v iru s  in fec ted  ra b b its  

s ta in e d  w ith unconjugated sp e c if ic  immune serum y ie lded  no evidence o f a 

s p e c if ic  an tigen -an tibody  re a c tio n  in  the  form of green fluorescence 

(F igure 17).

R epresen tative  m icroscopic sec tio n s  of fe tu ses  of herpes sim­

p lex  v iru s  in fe c ted  ra b b its  were s ta in e d  by the  hematoxylin and eosin
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FIGURE 13

A se c t io n  o f mouse brain in fected  with herpes sitcplex v iru s
and sta in ed  w ith f lu o r e sc e in - la b e lle d  s p e c if ic  antiserum , (X 120),
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FIGURE 14

A se c t io n  o f mouse brain in fec te d  with herpes sim plex v iru s
and sta in ed  with f lu o r e sc e in - la b e lle d  s p e c if ic  antiserum . (X 5 l6 ) ,
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FIGURE 15

S ection  of un in fected  mouse b ra in  which was s ta in ed  w ith 
f lu o re sc e in - la b e lle d  sp e c if ic  an tiserum . (X 120).
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FIGURE 16

S ection  of uninfected  mouse b ra in  which was s ta in ed  with 
f lu o re sc e in - la b e lle d  sp e c if ic  antiserum , (X 516)^
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FIGURE 17

U nlabelled s p e c if ic  antiserum sta in ed  se c t io n  o f fe tu s  from
rabbit 37 which was in fected  with herpes s in ç le x  v iru s II days a fte r
breeding, (X 120),
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method and examined fo r  h e rp e tic  inc lu sio n  b o d ies . These p rep a ra tio n s  

were s ta in e d  f i r s t  w ith  f lu o re sc e in - la b e lle d  s p e c if ic  antiserum  and la te r  

s ta in ed  w ith  hem atoxylin and eo sin . Typical h e rp e tic  in c lu s io n  bodies 

appear in  the  nucleus and the  cytoplasm of c e l l s  as pink masses enclosed 

in  a c le a r  h a lo . Such in c lu s io n  bodies as seen in  F igures 18 through 20 

were observed in  re p re se n ta tiv e  sanples of fe tu s e s  from each of the  10 

ra b b its  s tu d ie d . M ultinucleated  c e l l s  and vacuola ted  c e l l s  were observed 

as well as in tra n u c le a r  and in tracy top lasm ic in c lu s io n  b od ies. A m u lti­

nucleated  c e l l  w ith  sev e ra l in c lu sio n  bodies i s  shown in  Figure 18.

N e u tra liz a tio n  t e s t s  were performed to  a id  in  the id e n t i f ic a ­

t io n  of the v iru s  is o la te d  from the blood and from the fe tu se s  of ex p eri­

m entally  in fe c ted  r a b b i ts .  The in fe c t iv i ty  fo r  the  CAM of the v iru s  

which was is o la te d  from the  blood was g re a tly  reduced in  th e  presence of 

sp e c if ic  immune serum as compared w ith the  in f e c t iv i ty  of the v iru s  

d ilu te d  in  BGS. The conparative  in fe c t iv i ty  t i t e r s  o f the v iru se s  iso ­

la te d  from the blood of ra b b i t  numbers 16 and 17 a re  shown in  Table 5 .

The conparative  in f e c t iv i ty  t i t e r s  of the v iru se s  is o la te d  from the 

fe tu se s  from ra b b i t  numbers 26 and 35 a re  shown in  Table 6 . The reduc­

tio n  of in f e c t iv i ty  in  the  presence of s p e c if ic  immune serum id e n t i f ie s  

the  v iru s  is o la te d  from the  blood and fe tu se s  of in fe c ted  animals as 

herpes s in p lex  v iru s .

When homogenates of CAM in fec ted  w ith  the  herpetifo rm  plaque 

producing ag en t, which was is o la te d  from the blood of in fec ted  r a b b i ts ,  

was in je c te d  in tr a c e re b ra lly  in to  mice, symptoms of e n c e p h a litis  were ob­

served . This c e n tra l  nervous system involvement was ty p ic a l of th a t  pro­

duced by herpes s in p lex  v iru s .
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FIGURE 18

A hem atoxylin and eosin  s ta in e d  sec tio n  of herpes s in p lex  
v iru s  in fe c ted  fe tu s  from ra b b it  34, Note the  m u ltinuc lea te  c e l l s  and 
th e  presence o f in tran u c le a r in c lu s io n  b o d ies . The s l id e  was f i r s t  
s ta in ed  w ith  f lu o re sc e in - la b e lle d  sp e c if ic  antiserum  fo r  f lu o resc en t 
s tu d ie s  (F igures 1 & 2 ), (X 950),
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FIGURE 19

A hematoxylin and eosin  s ta in e d  sec tio n  o£ herpes simplex 
v iru s  in fec ted  fe tu s  from ra b b it  27, Note the  presence of the in t r a ­
nuc lear in c lu s io n  body. The s l id e  was f i r s t  s ta in ed  w ith flu o rescein - 
la b e lle d  sp e c if ic  antiserum  fo r  flu o re sc en t s tu d ies  (F igures 7 & 8 ),
(X 950).
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FIGURE 20

A hematoxylin and eosin  s ta in ed  se c tio n  o£ herpes s inp lex  
v iru s  in fec ted  fe tu s  from ra b b it  37. Note th e  presence of the  I n t r a ­
nuclear in c lu sio n  bod ies. The s lid e  was f i r s t  s ta in ed  w ith flu o resce in - 
lab e lled  sp e c if ic  antiserum  fo r  flu o rescen t s tu d ie s  (F igures 5 & 6 ) .
(X 950).



TABLE 5

IDENTIFICATION OF HERPES SIMPLEX VIRUS ISOLATED FRCM BLOOD
OF RABBITS BY COMPARATIVE INFECTIVITY TITRATIONS

Animal In o c u la tio n
D ilu tio n  o f V irus

Nurriber on CAM
ID® 10-1 10-2 10-3 iQ-4 10-5 10-6 10-7 10-8

V irus-A ntiserum
M ixture

++++ ++++ +++ ++ + — - - -

16
V iru s -S a lin e

M ixture
++++ ++++ ++++ ++++ +++ ++ +

V irus-A ntiserum
M ixture

++++ +++ +++ ++ - - - - -

17
V iru s -S a lin e

M ixture
++++ ++++ +++ ++ ++ +

V
U1

CAM C h o rio a lla n to ic  mendaranes.
++++ More th an  25 p laques observed  on CAM. 

+++ From 16-25 p laques observed  on CAM. 
++ From 6-15 p laques observed  on CAM,

+ From 1-5 p laques observed  on CAM.
No p laques observed on CAM,



TABLE 6

IDENTIFICATION OF HERPES SIMPLEX VIRUS ISOLATED FROM FETAL HOMOGENATES
OF RABBITS BY COMPARATIVE INFECTIVITY TITRATIONS

Animal In o c u la tio n
D ilu tio n  o f V irus

Number on CAM
10® lQ-1 10-2 10-3 10-4 10-5 10-G 10-7 10-8

V irus-A ntiserum
M ixture

+ + + + + + + + + + + + + + + + +  + - - -

26
V iru s -S a lin e

M ixture
+ + + + + + + + + + + + + + + + + + + +  + + + + + +

V i r u s -Ant i  serum 
M ixture

+++ +++ ++ + + - - -

35
V iru s -S a lin e

M ixture
++++ ++++ +++ ++ ++ + +

Ln
<T>

CAM C h o rio a lla n to ic  m enbranes.
++++ More th an  25 p laques observed on CAM, 

+++ From 16-25 p laques observed  on CAM, 
++ From 6-15 p laques observed  on CAM,

+ From 1-5 p laques observed on CAM,
No p laques observed on CAM,



CHAPTER IV

DISCUSSION

The dem onstration of the  v iru s  in  the  blood of 16 ra b b its  a f te r  

estab lishm ent of experim ental in fe c tio n  w ith herpes simplex v iru s  proves 

conclusively  th a t  a re g u la rly  occurring  virem ia can e x is t  during c e r ta in  

stages of the  d isease . An optim al time fo r  the dem onstration of the 

v irem ia cannot be s ta te d  because of the v a r ia t io n  of the numbers of iso ­

la t io n  a t te n p ts  a t  the various time in te rv a ls .  This lack  of s t a t i s t i c a l  

v a l id i ty  can only be overcome by the  use of la rg e  numbers of specimens 

a t  each tim e in te rv a l . The r e s u l ts  in d ic a te  th a t  while the  virem ia may 

be t r a n s ie n t ,  i t  i s  not a c c id e n ta l. The to ta l  du ra tion  o f the virem ia 

is  not known; the v iru s  was p resen t in  the  180 hour blood specimens of 4 

of 5 ra b b its  te s te d .  I t  is  p o ssib le  th a t  the  eventual disappearance of 

the  v iru s  from the blood of these  experim entally  in fec ted  anim als can be 

c o rre la te d  w ith  the appearance of an e f fe c t iv e  concen tra tion  o f sp e c if ic  

herpes simplex an tibod ies in  the  blood.

When Bedson (1931) used a form alized suspension of herpes sim­

p lex  v iru s  to  immunize guinea p ig s , an tib o d ie s  appeared in  7 to  8 days. 

Burnet and Lush (1939) repo rted  th a t  an tib o d ies  to  herpes simplex v iru s  

appeared on the  seventh day a f te r  in tra c e re b ra l inocu la tion  of mice w ith 

the v iru s . By use of the n e u tra liz a tio n  t e s t  Florman and Trader (1947)

57
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determined th a t a s ig n if ic a n t  t i t e r  o f herpes v iru s  antibody occurred 

from 3 to  6 weeks in  ra b b its  which had been in fec ted  w ith the  v iru s  by 

the corneal s c a r if ic a t io n  method. Buddingh, e t  a l . (1953) examined the 

serums from blood specimens of ch ild ren  who were su ffe rin g  from a severe 

s to m a tit is  on admission to  the  h o s p ita l .  The In v e s tig a to rs  demonstrated 

the  appearance of herpes s in p lex  v iru s  an tib o d ies  from the fo u rth  to  the  

seventh day a f te r  the appearance o f the  c l in ic a l  le s io n . The exact time 

when these an tibod ies f i r s t  appear has not been e s ta b lish e d ; th a t  i s ,  

the  dura tion  of time from in o cu la tio n  (incubation  period  p lus acu te  phase 

in  a c l in ic a l  d isease) u n t i l  an tib o d ies  a re  dem onstrable. Such a study 

would a id  in  explain ing  the  disappearance of v iru s  from the  b lood.

There is  evidence derived from s tu d ie s  of lab o ra to ry  animal 

and human in fec tio n s  th a t o ther v iru se s  a re  spread by the blood. Cheatham 

(1953) confirmed the idea th a t the v iru s  of herpes z o ste r is  spread by 

the blood stream  from lo ca l le sio n s  to  a reas throughout the body, Kilham 

(1949) p o stu la ted  th a t mumps v iru s  e n ce p h a litis  re su lte d  from the  hema­

togenous dissem ination of the v iru s  from the p a ro tid  glands to  the cen­

t r a l  nervous system, S h a ffe r, e t  a l , (1941) in fec ted  ch ild ren  by inoc- 

c u la tin g  them with blood from p a tie n ts  in  the  e a r ly  s tages o f ru b e lla  

in fe c tio n , Bodian (1954) and Horstman (1952) rep o rted  the  ex isten ce  of 

a virem ia stage in  animals which had been experim entally  in fec ted  with 

the p o lio m y e litis  v iru s . The re p o rts  of these  in v e s tig a to rs  toge ther 

w ith the evidence subm itted in  th is  re p o rt emphasize the f a c t  th a t  the 

hematogenous dissem ination of v iru se s  from the s i t e  o f primary in fe c tio n  

to  o th e r p a r ts  of the body i s  of g re a t importance in  some of the  d isease
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m an ifesta tions which r e s u l t  from v i r a l  in fe c tio n s .

From the  p re sen t study fu r th e r  evidence o f the  s ig n if ic a n c e  of 

the  hematogenous spread  of the herpes v iru s  i s  ob ta ined  from demonstra­

tio n  of the v iru s  in  homogenates of t is s u e s  and organs o f ra b b its  which 

died  of h e rp e tic  e n c e p h a li t is .  However, i t  should be poin ted  ou t th a t ,  

although the v iru s  was is o la te d  from these  homogenates, i t s  presence in  

fo c i of in fe c tio n  w ith in  the t is s u e  c e l l s  was no t confirm ed. I t  i s  pos­

s ib le  th a t  the v iru s  was p resen t in  the  re s id u a l blood in  the  o rgans. 

Reports of f a t a l  h e p a t i t i s  in fec tio n s  of in fa n ts  and dem onstration of 

h e rp e tic  in c lu s io n  bodies in  the l iv e r  c e l l s  of these  c h ild re n , to g e th e r 

w ith  the gross p a th o lo g ica l involvement o f th e  l iv e r s  of the  ra b b its  

s tud ied  h e re , seem to  in d ic a te  th a t  the  v iru s  was c a r r ie d  to  the  organs 

by the blood stream .

The ro le  o f c irc u la t in g  an tib o d ies  in  th e  p reven tion  o f rec u r­

re n t a tta ck s  of th i s  d isease  has not been adequately  s tu d ie d . B rain  (1932) 

and Jaw etz, e t  a l ,  (1952) have shown th a t  th e re  i s  no c o rre la tio n  between 

the t i t e r  of n e u tra liz in g  antibody and the  s e v e r i ty  of re c u rre n t in fe c ­

t io n s .  The t i t e r s  of antibody of ra b b it  numbers 10 and 25 were no t d e te r­

mined; however, a re c u rre n t in fe c tio n  occurred in  each as demonstrated 

by v i r a l  i s o la t io n .  The recovery from the  prim ary in fe c tio n  and the 

healthy  appearance of th ese  animals between the prim ary and secondary 

a tta ck s  gave no evidence of continuing  in fe c t io n . The herpes v iru s  must 

have been dormant in  th e  t is su e s  of th ese  r a b b its  a f t e r  recovery  from 

the prim ary in fe c tio n . The immunization process which may have involved 

a h y p e rse n s itiz a tio n  to  the  v iru s  inoculum may have been the p ré c ip i ta -
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t in g  fa c to r  in  the  re c u rre n t d isease  in  ra b b it  number 10 ^ i l e  the  s t r e s s  

o f the  n a tu ra l b i r th  process may have played a s im ila r  ro le  w ith ra b b it  

number 25, These same fa c to rs  have been im plicated  in  re c u rre n t in fec ­

t io n s  in  human beings along w ith o th e r tr ig g e r in g  mechanisms such as 

fe v e r , shock, m enstruation  and em otional d is tu rb an ce .

Herpes simplex v iru s  was recovered from homogenates o f fe tu ses  

of experim entally  in fec ted  pregnant ra b b its  by the  c h o r io a lla n to ic  mem­

brane in o cu la tio n  method. To prove th a t  the v iru s  was p re sen t in  the  

f e t a l  t i s s u e ,  h istochem ical techniques were used. F luo rescen t antibody 

s tu d ie s  produced evidence th a t the  v iru s  was p re sen t in  sec tio n s  of the 

t is s u e s  of the  in fec ted  fe tu s e s . S ite s  o f s p e c i f ic i ty  were observed to 

be yellow -green to  green f lu o resc en t a reas where an tigen-an tibody  reac ­

tio n s  occurred . C erta in  co n tro ls  dem onstrated the s p e c i f ic i ty  of the 

flu o rescen ce . Sections of herpes siirç>lex v iru s  in fe c ted  mouse b ra in , 

when tre a te d  in  the  same manner as the  sec tio n s  of in fe c ted  fe tu se s , 

gave s im ila r  r e s u l t s .  No evidence of sp e c if ic  fluo rescence  was seen in 

sec tio n s  of u n in fec ted  fe tu ses  and mouse b ra in s . No a reas  of sp e c if ic  

fluo rescence  were observed when v acc in ia  in fec ted  and u n in fec ted  chorio­

a l la n to ic  mentoranes were tre a te d  w ith  f lu o re sc e in - la b e lle d  herpes simplex 

immune serum and examined under u l t r a - v io le t  microscopy. S ig n if ic a n tly , 

herpes simplex v iru s  in fec ted  chick enfcryo membranes showed areas of 

s p e c if ic  an tigen-an tibody  re a c tio n  by th is  technique. To demonstrate 

fu r th e r  the  s p e c i f ic i ty  of th is  techn ique, sec tio n s  o f herpes v iru s  in ­

fe c ted  fe tu se s  were tre a te d  w ith  unconjugated sp e c if ic  antiserum . Exami­

n a tio n  of these  sec tio n s  revealed  no flu o rescen ce . Thus the  r e l i a b i l i t y
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of th is  method as a research  to o l and d iag n o stic  a id  i s  d e f in i te ly  e s ­

ta b lish e d . Although the  v iru s  was demonstrated to  be p resen t in  the  t i s ­

sues of the fe tu s e s , the  type of c e l l  or t is s u e  in fec ted  was not d e te r­

mined.

The dem onstration of the  invasion and in fe c tio n  of f e ta l  t i s ­

sue by th is  v iru s  was fu r th e r  su b s ta n tia te d  by the dem onstration of her­

p e tic  in c lu s io n  bodies in  re s ta in e d  sec tio n s  o f fe tu ses  in  which sp e c if ic  

fluorescence had been observed. Thus, the c la s s ic a l  methods of is o la tio n  

and id e n tif ic a t io n  of a v iru s  (th e  n e u tra liz a tio n  t e s t s ,  the demonstra­

t io n  of h e rp e tic  in c lu sio n  bodies and the  is o la t io n  of the v iru s  on the 

c h o rio a lla n to ic  membranes of developing chick embryos) have been s a t i s ­

f ie d  and the  r e s u l t s  obtained by the  flu o re sc en t antibody technique have 

been confirmed.

The dem onstration of the  invasion of f e ta l  t is su e s  of pregnant 

ra b b its  by herpes s inp lex  v iru s  gives fu r th e r  evidence of the ro le  which 

hematogenous d issem ination of the  v iru s  may p la y . I t  a lso  suggests an­

o th e r p o ssib le  e t io lo g ic  agent of d isea se , including  congenital m alfor­

m ations, in  newborn in fa n ts . F e ta l anomalies which re su lte d  from the 

in fe c tio n  of pregnant mothers w ith o ther v iru se s  have been described . 

Gregg (1941, 1945), Swan (1944, 1949), Swan, e t  a l , (1944), and Swan, e t  

a l , (1943) and many o th e r workers have p resen ted  overwhelming c l in ic a l  

and epidem iological evidence which has incrim inated  the  ru b e lla  v iru s  as 

a major cause of congenital anom alies. Fox, e t  a l ,  (1948) and Holowach, 

e t  a l . (1957) rep o rted  th a t m aternal m easles, mumps and chickenpox in fe c ­

tio n s  during pregnancy cause ab o rtio n  and u n i la te ra l  h a i r l ip  in  in fa n ts .



62

Freudenberg, e t  a^ . (1952) iso la te d  Coxsackie v iru s  from a n y o s it is  of 

the hip of an in fa n t undergoing re p a ira t iv e  surgery to c o rre c t a b i l a t e r ­

a l  hip  m alform ation. With th is  evidence i t  is  possib le  to  p o s tu la te  th a t  

some of the  abortions and m alform ations of in fan ts  might r e s u l t  from 

herpes s in ç lex  v iru s  re cu rren t in fe c tio n s  of the mother. These re cu rren ­

ces may not be evident to the p a tie n t s in c e , in  general, the  population  

is  unaware th a t  "fever b l i s te r s "  are  m an ifesta tions of a v i r a l  in fe c tio n . 

C lin ica l and epidem iologic s tu d ie s  might y ie ld  fu r th e r inform ation on 

the e f fe c t  of m aternal herpes simplex in fec tio n s  on the unborn c h ild .

I f  herpes simplex v iru s  is  resp o n sib le  fo r  congenital anom alies, the 

dem onstration of the type of f e ta l  t is s u e  fo r which i t  may have an a f f in ­

i ty  could prove of value in  fo rec a s tin g  the  type of malformation to  

expect.



CHAPTER V

SUMMARY

A re g u la r ly  occurring  virem ia was demonstrated in  16 r a b b i ts ,  

which had been inocu la ted  on the  s c a r i f ie d  cornea w ith herpes simplex 

v iru s . The presence of the  v iru s  in  the blood of the anim als was proved 

by c h o rio a lla n to ic  membrane (CAM) and mouse in o cu la tio n  techniques. No 

v iru s  was recovered  from th e  blood of c o n tro l ra b b its  in ocu la ted  w ith 

bu ffered  g e la t in  s a l in e .

Typical h e rp e tic  le s io n s  were observed on CAM a f t e r  in o cu la tio n  

w ith homogenates of organs ob tained  from 6 ra b b its  which died  from h e r­

p e tic  e n c e p h a li t is .

Eleven pregnant ra b b its  were in o cu la ted  with the  herpes v iru s  

on the s c a r i f ie d  cornea o f the  eye. Fetuses from these animals were r e ­

moved s u rg ic a lly  and examined fo r  the presence of the v iru s .  The v iru s  

was dem onstrated by the form ation of herpes simplex plaques on the CAM 

and by s p e c if ic  fluorescence  observed in  f lu o re sc e in - la b e lle d  antibody 

s ta in ed  t is s u e  sec tio n s  of fe tu se s  from 10 of the  r a b b i ts .  In  the  same 

f lu o re sc e in  s ta in e d  sec tio n s  the presence o f ty p ic a l h e rp e tic  in c lu s io n  

bodies in  hem atoxylin and eosin  s ta ia e d  sec tio n s  demonstrated th a t  fo c i 

of v i r a l  in fe c tio n  e x is ted  in  the  t i s s u e .  The homogenates of fe tu ses  

from u n in fec ted  ra b b its  d id  no t produce le s io n s  on the CAM and f lu o re s ­
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c e in -s ta in e d  se c tio n s  of un in fected  fe tu se s  d id  not con tain  areas of 

s p e c if ic  flu o rescen ce . The in fe c t iv i ty  fo r  the  CAM of the  v iru ses  which 

were iso la te d  from the  blood and fe tu ses  were g re a tly  reduced in  the 

presence of s p e c if ic  immune serum. This proved th a t  th e  v iru ses  iso la te d  

:%re herpes s in p lex  v iru s .
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