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HEMAGGLUTINATION WITH HERITES SIMPLEX VIRUS 

CHAPTER I 

INTRODUCTION

D ir e c t  Hcma;;;;l u t inaLion  

I t  has been known for  many y ea rs  that red blood c e l l s  could  be 

a g g lu t in a t e d  by c e r t a in  m ic r o b ia l  a g e n t s .  Kraus and Ludwig (1902) f i r s t  

d e s c r ib e d  d i r e c t  b a c t e r i a l  h em a g g lu t in a tio n  w ith  Micrococcus and V ibrio  

s p e c i e s .  S u b seq u en tly ,  a number o f  o th e r  b a c t e r ia  has been d e sc r ib e d  as 

p o s s e s s in g  t h i s  a c t i v i t y .  Fukuhara (1909) d e sc r ib e d  t h i s  p r i n c ip l e  w ith  

S arc in a  and S a lm on ella  s p e c i e s ,  o f  E s c h e r ic h ia  c o l i , V ibr io  comma, and 

Corynebacterium d ip h t h e r ia e . Guyot (1908) a l s o  d esc r ib e d  the hemagglu

t i n a t i v e  a c t i v i t y  w ith  E s c h e r ic h ia  c o l i . The s p e c ie s  o f  b a c t e r ia  th a t  

h em agg lu tin ate  sh are  no taxonomic r e l a t i o n s h i p s .  Among the members o f  

the fam ily  E n te r o b a c te r ia c e a e , for  example, the  A lk a le s c e n s - Dispar  

group are a c t i v e  (Gupta, 1950) and the  o th er  S h i g e l l a  groups are i n 

a c t i v e  ( G r i f f i t h s ,  1948). Even w i t h in  the same s p e c i e s ,  Kauffmann 

(1948) has shown th a t  th e r e  are h e m a g g lu t in a t iv e  and non-hem agglutin-  

a t i v e  s t r a i n s .

The donor s p e c ie s  o f  the red blood c e l l s  may p lay  a part  as  to  

the  h e m a g g lu t in a t iv e  a c t i v i t y  o f  c e r t a in  b a c t e r i a l  s p e c i e s .  Most 

s t r a i n s  o f  the A lk a le s c e n s - D ispar group are a c t i v e  w ith  human c e l l s .
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will il' o n ly  .1 fi'w s l r a i n s  a g g lu t in a t e  animal c e l l s  such as  r a b b i t ,  sheep  

and guinea  pig,. The reason io r  th e se  d i f f e r e n c e s  in  a c t i v i t y  o f  var iou s  

b a c t e r ia  toward e r y th r o c y t e s  from v a r io u s  animal s p e c i e s  i s  not c le a r  a t  

the p r e sen t  tii.ie.

Many o f  the h e m a g g lu t in a t iv e  a n t ig e n s  have been e x t e n s i v e ly  

s tu d ie d ,  F ish e r  (1948 and 1950) s tu d ie d  the  a n t ig e n  o f  Hemophilus 

p e r t u s s i s  and found th a t  i t  i s  heat  l a b i l e  and i s  i n h i b i t e d  by l i p i d  

components e x t r a c t e d  from red blood c e l l s .  He was a l s o  ab le  to show 

th a t  the e r y th r o c y te  r e c e p to r  fo r  the  H. p e r t u s s i s  h em agg lu tin in  d i f f e r s  

from the r e c e p to r  fo r  influein^a v ir u s  ( F i s h e r ,  1 9 4 9 ) .  Lowenthal and 

Lamanna (1951) were ab le  to dem onstrate  th a t  the h e m a g g lu t in a t iv e  f a c t o r  

o f  C lo s tr id iu m  botulinum  was d i s t i n c t  from i t s  t o x in .  The hem agglutin 

a t i v e  f a c t o r  o f  Corynebacterium d ip h t h e r ia e  was found by Learned and 

M etca lf  (1952) to  be an a n t ig e n ic  l i p i d .

The r e c e p to r  o f  the  red blood c e l l  which a c t s  w ith  the hemagglu- 

c in a t i v e  p r i n c i p l e  o f  b a c t e r ia  i s  n o t  i d e n t i c a l  w ith  the  r e ce p to r  o f  

in f lu e n z a  v ir u s  because  n e i t h e r  in f lu e n z a  v i r u s  nor the  r e ce p to r  

d e s tr o y in g  enzyme (d e sc r ib e d  on page 4) i n t e r f e r e s  w ith  d i r e c t  b a c t e r i a l  

h e m a g g lu t in a t io n .  S in ce  c e r t a in  l i p i d s  i n h i b i t  b a c t e r i a l  hem agglutin  

a t io n ,  i t  i s  the  g e n e r a l  o p in io n  th a t  l i p i d  components o f  the  red blood  

c e l l s  may s e r v e  as r e c e p t o r s .

This  h e m a g g lu t in a t iv e  c a p a c i t y  i s  n o t  r e s t r i c t e d  to  b a c te r ia  

nor are e r y th r o c y t e s  the  on ly  c e l l s  th a t  can be a g g lu t in a t e d .  S ince  th e  

s t u d ie s  o f  L a n d ste in er  and R au bitschek  (1907) i t  has been known th a t  the  

seed s  o f  c e r t a in  p l a n t s ,  such as  R lc in u s  communis and a number o f  

legum es, c o n ta in  su b sta n c es  which a g g l u t i n a t e  human red blood c e l l s .
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Boyd and Reguera (1949)  s u g g e s te d  the  use o f  seed  e x t r a c t s  in  th e  typ in g  

o f  human blood gr o u p s .  Bachrach ej  ̂ (1957) s tu d ie d  e x t r a c t s  o f  p la n ts  

o f  I s r a e l  and found 12 e x t r a c t s  th a t  a g g lu t in a te d  red b lood c e l l s  o f  a l l  

human blood groups and two th a t  were a c t iv e  a g a in s t  groups and A2 . 

A g g lu t in a t iv e  s u b s ta n c e s  have been found in fu n g i  by Bernheimer and Par

kas (1 9 5 3 ) ,  and O'Conner (1945) showed the h e m a g g lu t in a t io n  phenomenon 

w ith  R i c k e t t s i a  o r i e n t a l i s .

The d i r e c t  p r i n c i p l e  o f  h em agg lu t in a tion  w ith  v i r u s e s  was 

d e sc r ib e d  in d e p e n d e n t ly  by H ir s t  (1941)  and M cClelland and Hare (1 9 4 1 ) .  

They observed  th a t  when f l u i d  from an embryo i n f e c t e d  w ith  in f lu e n z a  

v ir u s  was mixed w ith  fowl red blood c e l l s ,  g r o s s  clumping o c c u r re d .

This d i s c o v e r y  has had g r e a t  p r a c t i c a l  importance fo r  the  i d e n t i f i c a t i o n  

and t i t r a t i o n  o f  v i r u s e s  and as a method of c o n c e n tr a t io n  o f  v i r u s e s .  I t  

a l s o  s e r v e s  as a model fo r  s tu d y in g  v i r u s - c e l l  i n t e r a c t i o n .  H ir s t  

(1942a) c o n t in u ed  th e  work and d e v ise d  a method to  determ ine the  hemagglu

t i n a t i v e  t i t e r  o f  i n f e c t e d  f l u i d  by the  measurement o f  the number o f  red 

blood c e l l s  removed from the su p ern atan t  f l u i d .  T h is  method o f  t i t r a 

t io n  does n o t  have th e  w idespread  use  to -day  as  does the  se d im e n ta t io n  

method o f  Salk  ( 1 9 4 4 ) .  However, the  e a r ly  work o f  H ir s t  (1 9 4 2 b ) ,  

e s t a b l i s h e d  th r e e  f a c t s  concern ing  the  h em agg lu tin a tion  phenomenon.

They were: (1 )  h e m a g g lu t in a t io n  i s  a s s o c ia t e d  w ith  the a d s o r p t io n  o f  

v ir u s  to the  c e l l s ,  ( 2 ) the h e m a g g lu t in a t iv e  t i t r a t i o n  g iv e s  a d i r e c t  

measure o f  the  amount o f  v i r u s  p r e s e n t ,  and (3) th e r e  i s  an e l u t i o n  o f  

the  v i r u s ,  when in c u b a ted  a t  37 C fo r  s e v e r a l  hours .  The red b lood  c e l l s  

from which the  v i r u s  p a r t i c l e s  have e lu te d  l o s e  t h e i r  power to  readsorb  

v i r u s ,  but the  l i b e r a t e d  v ir u s  r e t a i n s  i t s  h e m a g g lu t in a t iv e  power.
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The e s s e n t i a l  r e a c t io n s  between in f lu e n z a  v iru s  and the red blood c e l l s  

are a d so r p t io n  and e l u t i o n  w ith  a m o d if ic a t io n  o f  the  red c e l l  s u r fa c e .  

H ir s t  (1942b) in t e r p r e t e d  t h i s  sequence as an a c t io n  o f  an enzyme i n 

corporated  a t  the v i r a l  s u r fa c e .  S ep aration  o f  enzym atic  a c t i v i t y  from 

the v i r a l  p a r t i c l e  has n o t  been r e p o r te d ,  but enzymes from f i l t r a t e s  o f  

b a c t e r i a l  s p e c i e s  have been o b ta in ed  that have s im i la r  r e a c t io n s  toward 

the red c e l l  s u r fa c e .  McCrea (1947) reported  an enzyme in  C lostr id ium  

w e l c h i i  f i l t r a t e s  th a t  was capab le  o f  rendering  red c e l l s  in s u s c e p t ib le  

to h e m a g g lu t in a t io n  by in f lu e n z a  v i r u s e s .  Burnet and Stone (1947) 

dem onstrated a more a c t i v e  enzyme p rep a ra tio n  in  V ib r io  c h o lera e  c u l 

t u r e s .  T h is  enzyme has come to be known as the r e c e p to r  d e s tr o y in g  

enzyme (RDE). In many r e s p e c t s  i t  i s  i d e n t i c a l  w ith  the enzyme o f  the  

in f lu e n z a  v i r u s e s .

F r a n c is  (1947) observed  t h a t  a l l  normal s e r a  conta ined  a sub

s ta n c e  capab le  o f  i n h i b i t i n g  h em a g g lu t in a tio n  by h eated  in f lu e n z a  v iru s  

B. T his  f in d in g  s t im u la t e d  r e se a r c h  on the  c h a r a c t e r iz a t io n  o f  the  r e c e p 

tor  o f  the  red c e l l  s u r f a c e .  When a l l a n t o i c  f l u i d  i n f e c t e d  w ith  the Lee 

s t r a i n  o f  in f lu e n z a  B v ir u s  i s  h e a ted  to 55 C fo r  t h i r t y  minutes i t  does  

not l o s e  i t s  power o f  h em a g g lu t in a t io n ;  i t  does l o s e  i t s  power o f  e l u t i o n .  

The c a p a c i t y  o f  the v i r u s  to  ac t  as  an enzyme has been l o s t  (Briody,

1 948 ) .  When heated  v i r u s  was used  to  t e s t  the h e m a g g lu t in a t iv e  i n h i b i 

tory  t i t e r s  o f  normal and immune s e r a ,  very  h igh  t i t e r s  were ob ta in ed  

w ith  both ty p e s  o f  s e r a .  This i n h i b i t o r  in  normal serum, c a l l e d  the  

F ran c is  i n h i b i t o r  or a lpha  i n h i b i t o r ,  can be d e s tr o y e d  both by RDE and 

by a c t i v e  in f lu e n z a  v i r u s  (Anderson, 1948) .  T his  l e d  to  the d isc o v e r y  

o f  a wide v a r i e t y  o f  p h y s i o l o g i c a l  s e c r e t io n s  and t i s s u e  e x tr a c t s  th a t
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have a s im i la r  in h ib i t o r y  a c t i v i t y  (Burnet e_t. ii_L* > 1947). A l l  o f  th ese  

su b stan ces  are o f  a complex nature and c o n ta in  mucoid or mucoprotein  

m a te r ia l .  Some o f  th e se  mucoid m a te r ia ls  have been found in  human red 

blood c e l l s  (DeBurgh e t  a l . ,  1948), mucus from human c e r v ix  (Burnet,  

1948), human and pork lung (R ice and S te v en s ,  1957 ) ,  meconium (C urta in  

e_t a l . , 1953) ,  e g g -w h ite  (G o ttsc h a ik  and Lind, 19 4 9 ) ,  human urine  

(Tamm and H o r s f a l l ,  1950) ,  and an e x tr a c t  from the submandibular s a l i 

vary gland o f  the sheep (McCrea, 1951). C erta in  p la n t  products  such 

as apple  p e c t i n  (Green and W oolley , 1947) w i l l  i n h i b i t  v ir u s  hemagglu

t in a t i o n .

The i n h i b i t o r  i s o l a t e d  from urine by Tamm and H o r s f a l l  in 1950 

was found to be an unusual type o f  m ucoprotein. I t  was s o lu b le  in  d i s 

t i l l e d  w ater ,  but became l e s s  s o lu b le  in  s a l i n e  as  the  s a l t  co n c e n tr a 

t io n  was in c r e a s e d .  I t  behaved l i k e  the  alpha i n h i b i t o r  and was the  

f i r s t  i n h i b i t o r  p r e p a r a t io n  o b ta in ed  in  a c h e m ic a lly  pure s t a t e  (Tamm 

and H o r s f a l l ,  1952) (Perlman ejt , 1952). The i n h i b i t o r  i n  e g g -w h ite ,  

on the o th er  hand, cou ld  be p a r t i a l l y  p u r i f i e d  by d i l u t i o n  i n  a large  

volume o f  d i s t i l l e d  water where i t  was p r e c ip i t a t e d  in  the ovomucin  

f r a c t io n  ( G o t ts c h a ik  and L ind, 1949 ) .  This ovomucin f r a c t i o n  was shown 

by Sharp e t  a l .  (1951)  to c o n ta in  three  components, when su b je c te d  to 

e l e c t r o p h o r e s i s ,  o n ly  two o f  which were b i o l o g i c a l l y  a c t i v e .

In a d d i t io n ,  th e re  i s ,  in  normal human serum, another  kind o f  

i n h i b i t o r  o f  h e m a g g lu t in a t io n  d e s ig n a te d  "b eta  in h ib i t o r "  or "Chu i n 

h ib i to r "  (Chu, 1 9 5 1 ) .  I t  can be r e a d i ly  dem onstrated by u s in g  ch ick en  

red blood c e l l s  and unheated p rep a ra tio n s  o f  r e c e n t ly  i s o l a t e d  i n f l u e n 

za A v ir u s  which has not been adapted to m ice. T h is  i n h i b i t o r  may
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n e u t r a l i z e  Liu- LiU'ecLivity o f  in f lu e n z a ,  mumps, and N ew castle  d i s e a s e  

v i r u s e s .  It  i s  not i n a c t i v a t e d  by c r y s t a l l i n e  t r y p s in  (Sampaio and 

I s a a c s ,  1953). in e l e c t r o p h o r e t i c  s t u d ie s  o f  serum, T y r r e l l  (1954) was 

ab le  to  se p a r a te  s p e c i f i c  a n t ib o d ie s ,  alpha i n h i b i t o r  and beta  in h i b i t o r  

a g a in s t  in f lu e n z a  v i r u s e s .  He dem onstrated th a t  th e  s p e c i f i c  a n t ib o d ie s  

m igrated with tiie pamma g l o b u l in ,  the beta  i n h i b i t o r  w ith  the beta  g lo b u 

l i n  and the a lpha  i n h i b i t o r  w ith  the alpha g l o b u l i n s .

H ir s t  (1949) and Fazekas de S t .  Groth (1949) observed  that  

changes in  the v i r u s - r e d  blood c e l l  com bination co u ld  be produced by 

treatm ent w ith  very  d i l u t e  p e r io d a te  s o l u t i o n s .  Fazekas de S t .  Groth 

t r e a te d  red b lood  c e l l s  w ith  m etaper iod ate  and r e p o r te d  t h a t ,  w h ile  ad

so r p t io n  o f  in f lu e n z a  v ir u s  o ccu rred , spontaneous e l u t i o n  did not occu r .  

H ir s t  t r e a te d  th e  in f lu e n z a  v i r u s  w ith  sodium p e r io d a te  and determined  

a l s o  th a t  i t  was adsorbed w e l l  on red c e l l s  but lack ed  the  c a p a c ity  fo r  

spontaneous e l u t i o n .  With la r g e r  amounts o f  p e r io d a te  the  c e l l s  become 

in c a p a b le  o f  ad sorb in g  v i r u s .  This e v id e n c e  p o in t s  s t r o n g ly  toward the  

l ik e l ih o o d  th a t  the s p e c i f i c  c o n f ig u r a t io n  o f  c e r t a in  carbohydrate u n i t s  

i s  r e s p o n s ib le  fo r  a d s o r p t io n  o f  the v i r u s  and s u s c e p t i b i l i t y  to  enzyme 

a c t i o n .  The a c t io n  o f  the enzyme i s  not to  break up the carbohydrate  

m acrom olecules but to s p l i t  o f f  fu n c t io n a l  groups. According to  G o tt

sc h a ik  (1 9 5 1 ) ,  t h e s e  f u n c t i o n a l  groups are probably “N -s u b s t i t u t e d  i s o -  

hexosamine u n i t s "  a t ta c h e d  to  a hexose  u n i t  o f  th e  main p ar t  o f  the  

m o le c u le .  The f u n c t i o n a l  u n i t s  may be c h e m ic a l ly  i d e n t i c a l  but d i f f e r  

in  t h e i r  a c c e s s i b i l i t y  to  enzyme a t ta c k .  These d i f f e r e n c e s  are probably  

r e s p o n s ib le  f o r  the  " r e c e p to r  g rad ien t"  d e sc r ib e d  by Burnet (1945) and 

the  " in h ib i t o r  g r a d ie n t"  d e s c r ib e d  by Stone (1949) and H ir s t  (1 9 5 0 ) .
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Wlien red blood c e l l s  are t r e a t e d  with  the  s p e c i f i c  enzyme e i t h e r  

in  the form o f  a c t i v e  v i r u s  or  RDE th e re  is  a c h a r a c t e r i s t i c  sequence o f  

changes. The c e l l s  show minor changes in  t h e i r  imm unological r e a c t i v i t y  

(Burnet and Anderson, 1 9 4 7 ) ,  they  l o s e  th e ir  c a p a c i ty  to be a g g lu t in a t e d  

by v i r u s e s  o f  the m um ps-influenza-N ew castle  d i s e a s e  group ( H i r s t ,  19 5 0 ) ,  

and they  show d im in ish e d  e l e c t r o p h o r e t i c  m o b il i ty  (Hanig, 1948) (Ada and 

S to n e ,  1950).

While most o f  th e  d i r e c t  v i r a l  h em agg lu t in a tive  s t u d i e s  have been 

made w ith  the  in f lu e n z a  v i r u s e s ,  the  range o f  h e m a g g lu t in a t iv e  v i r u s e s  

i s  more e x t e n s i v e .  A l l  s t r a i n s  o f  in f lu e n z a  have been shown to  a g g l u t i n 

a te  e r y th r o c y te s  (Burnet and B u l l ,  1943) .  N ew cast le  d i s e a s e  v i r u s  (Bur

n e t ,  1942), pneumonia v i r u s  o f  mice (M il ls  and Dochez, 19 4 4 ) ,  and the  

v i r u s e s  o f  mumps (Levens and Enders, 1945), fow l p lague (Lush, 19 4 3 ) ,  

v a c c in i a  (B urnet, 1945) .and e c tr o m e l ia  (Burnet and Boake, 1946) a l l  

a g g lu t in a t e  red b lood  c e l l s .  Under s p e c ia l  c o n d i t io n s  the  T h e i l e r  v ir u s  

s t r a i n  GD VII ( L a h e l le  and H o r s f a l l ,  1949), Japanese B e n c e p h a l i t i s  

v ir u s  (Sab in  and B u escher , 1950) and S t .  L ou is , West N i l e  and R ussian  

spring-summer e n c e p h a l i t i s  v i r u s e s  (Sabin , 1951) w i l l  h em a g g lu t in a te .

Moolton and Clark (1951) reported  th e  d e t e c t io n  o f  herpes  s im plex  

v ir u s  i n  the  c i r c u l a t i n g  b lood  o f  p a t ie n t s  e x h i b i t i n g  vary in g  d e g r e e s  o f  

a u to h e m a g g lu t in a tio n  and h em o ly t ic  anemia. They b e l ie v e d  th a t  t h e i r  

d e t e c t io n  o f  v i r u s  i n  th e  red blood c e l l  In v iv o  p a r a l l e l e d ,  i n  c e r t a in  

r e s p e c t s ,  v i r a l  h e m a g g lu t in a t io n  iur v i t r o . T h eir  work has n o t  been con

firm ed . S e l l e r  e_t a l . (1953) s t a t e  th a t  h em a g g lu t in a tio n  w ith  herpes  

s im plex  v ir u s  has not been dem onstrated  c o n c lu s iv e ly  e i t h e r  v iv o  or  

in  v i t r o .
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C e l l s  o th e r  than e r y th r o c y t e s  may be a g g lu t in a t e d .  R osenthal  

(1943) found th a t  E s c h e r ic h ia  c o l i  caused clumping o f  l e u k o c y te s ,  throm

b o c y t e s ,  sperm atozoa, p o l l e n  and spores  o f  molds.

I n d ir e c t  H em agglutination  

S e v e r a l  ty p es  o f  i n d i r e c t  h em agg lu t in a tion  can be dem onstrated  

as shown in  Table I .  They are (1 )  c o n d it io n e d  h e m a g g lu t in a t io n ,  (2)  

h e m a g g lu t in a tio n  o f  e r y th r o c y t e s  t r e a te d  w ith  a n t ig e n -a n t ib o d y  m ix tu res ,  

(3) red blood c e l l  l in k e d  a n t ig e n  h em a g g lu t in a tio n ,  (4) the Thomsen- 

F r ie d e n r e ic h  h e m a g g lu t in a t io n  phenomenon, (5) h em a g g lu t in a tio n  by 

a n t ib o d ie s  a g a in s t  c h e m ic a l ly  a t ta c h e d  p r o te in  a n t ig e n s ,  and ( 5) hema

g g l u t i n a t io n  o f  ta n n ic  a c id  p r e tr e a te d  e r y th r o c y t e s .  Each o f  th e se  

typ es  r e q u ir e s  a m o d i f i c a t io n  or an a l t e r a t i o n  in  the  red b lo o d  c e l l .

They a l s o  r e q u ir e  th e  a c t i o n  o f  the  s p e c i f i c  antibody to  produce a g g lu 

t i n a t i o n  in  c o n t r a s t  to  the  d i r e c t  h em agg lu t in a tion  in  which ca se  the  

s p e c i f i c  an t ib od y  i n h i b i t s  the a g g lu t in a t io n .

C on d it ioned  H em agglutination  

A la r g e  v a r i e t y  o f  b a c t e r i a l  s p e c ie s  c o n ta in  a n t ig e n s  th a t  are  

r e a d i ly  adsorbed on u n tr e a te d  red blood c e l l s ,  thereby r en d er in g  th e s e  

m od if ied  e r y th r o c y t e s  s p e c i f i c a l l y  a g g lu t in a b le  by homologous a n t ib o d ie s .  

Almost w ith o u t  e x c e p t io n  th e s e  e r y th r o c y te  m odifying a n t ig e n s  c o n ta in  

p o ly s a c c h a r id e s  as the  a c t i v e  component. L i t t l e  i s  known r e g a rd in g  the  

mechanism in v o lv e d  in  th e  m o d if i c a t io n  o f  the e r y th r o c y te .  The m ic r o b ia l  

a n t ig e n  i s  adsorbed on s p e c i f i c  r e c e p to r s  on the  red blood c e l l  su r fa c e  

thereby s e n s i t i z i n g  the  e r y th r o c y t e .  The r e c e p to r s  fo r  the b a c t e r i a l  

a n t ig e n s  a r e ,  e v i d e n t l y ,  s p e c i f i c  s in c e  the a c t i v i t i e s  o f  A, B, or Rli



TABLE I

TYPES OF tIEMAGGLUTINATION WITH MICROBIAL AGENTS

Types R eaction  Sequence

D ir e c t  ( b a c t e r i a l  or  
v i r a l )

MA + RBC = HA

I n d ir e c t

C onditioned MA + RBC = m od if ied
RBC

+ Ab = HA

Treated  w ith  a n t ig e n -  
antib ody  m ixtures

MA +  Ab + RBC HA

Red c e l l  l in k e d  a n t ig e n MA + complex* + RBC = m odified
RBC

+ Ab = HA

T hom sen-Friedenreich
phenomenon

b a c t e r i a l
enzyme

+ RBC a l t e r e d
RBC

+ RBC
Ab

= HA

C hem ically  a t ta c h e d  
a n t ig e n s

MA + chem ical  
complex

-1- RBC m odified
RBC

-r Ab = HA

Tannic a c id  p r e tr e a te d  
c e l l s

MA + tanned
RBC

m od if ied
RBC

+ Ab = HA

* = Antibody a g a in s t  p r o t e in  o f  RBC
iMA " M ic r o b ia l  a n t ig e n  
HA = H em agg lu tination  
RBC = Red Blood C e l l s  
Ab = Antibody
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ant. 1 I'll.•; pia .si’uL on t ho red hiuod ce 1 la arc  not blocked when E s c h e r ic h ia  

CO 1 i i s  adsorbed on Lliese eryLlirucyLes (NeLcr c_t a^. , 1952). Tlie treaC-  

meiiL o i  red blood c e l l s  w ith  RDE docs not i n t e r f e r e  w ith  m o d if ic a t io n  o f  

the c e l l  by b a c t e r i a l  p o ly sa c c h a r id e  (H ayes , 19 5 1 ) .  L ip id  s t r u c t u r e s  

probably se rv e  as the r e c e p to r s  as i t  has been observed  by N eter  et  ̂ a l . 

(1955) th at  a ttachem en t o f  b a c t e r i a l  a n t ig e n s  to  the c e l l s  can be i n h i b 

i te d  by c e r t a in  l i p i d s  such as l e c i t h i n , c h o l e s t e r o l  and serum l ip o p r o 

t e i n s .  I t  has been shown by N eter  e^  a l . (1952 and 1956) and Landy

(1954) th at  s e v e r a l  b a c t e r i a l  a n t ig e n s  can be adsorbed on the red blood  

c e l l  w ithout one a n t ig e n  b lo c k in g  the a d s o r p t io n  o f  a n o th er . T his  ob

s e r v a t io n  im p l ie s  th a t  th e re  are r e c e p to r s  s p e c i f i c  fo r  each b a c t e r i a l  

a n t ig e n .  However, Spaun (1952) found i n t e r f e r e n c e  between the  0 a n t ig e n  

and Vi a n t ig e n  o f  S a lm on ella  typhosa when t h e s e  a n t ig e n s  were mixed, 

Spaun's o b s e r v a t io n s  have been confirm ed by Landy and C e p p e l l in i  (1 9 5 5 ) .  

Neter  and Z a lew sk i (1953) dem onstrated t h a t  e l e c t r o l y t e s  are n e c e s s a r y  

fo r  the a d s o r p t io n  o f  th e se  b a c t e r i a l  a n t ig e n s  on the red c e l l s .  They 

n o t ic e d  th a t  the m o d if i c a t io n  d id  n o t  o ccu r  in  5 per ce n t  g lu c o s e  s o l u 

t io n  but d id  occu r  in  the p resen ce  o f  i s o t o n i c  sodium c h l o r i d e ,  p o tass iu m  

c h lo r id e  or sodium c i t r a t e  s o l u t i o n s .  The m o d if i c a t io n  took p la c e  in  a 

few minutes to  an hour a t  37 C but o n ly  to  a s l i g h t  e x te n t  a t  4  C. N eter  

e t  a l . (1952) showed th a t  e r y th r o c y te s  from man, dog, r a b b i t ,  sheep ,  

g u in e a -p ig ,  r a t  and ch ick en  were e q u a l ly  w e l l  m od if ied  by E. c o l i  a n t ig e n .  

Boyden (1950) found th a t  d i f f e r e n t  amounts o f  the  b a c t e r i a l  a n t ig e n  were  

needed fo r  m o d i f i c a t io n  o f  e r y th r o c y te s  from d i f f e r e n t  animal s p e c i e s .

With t h i s  m o d i f i c a t io n ,  the  red b lo o d  c e l l s  acq u ire  a new 

s e r o l o g i c a l  s p e c i f i c i t y .  Homologous b a c t e r i a l  a n t ib o d ie s  cause  s p e c i f i c



11

a g g l u t i n a t i o n .  The p r o c e ss  i s  not l im i t e d  to  b a c t e r i a l  a n t ig e n s  nor to  

e r y t h r o c y t e s .  Chang (1953) o b ta in e d  from r i c k e t t s i a e  an e r y t h r o c y t e -  

s e n s i t i z i n g  su b stan ce  (ESS) which m o d if ie s  red blood c e l l s  and a l lo w s  

subsequent h e m a g g lu t in a tio n  i n  the  p resen ce  o f  homologous a n t ib o d ie s .

A s im i la r  procedure has been dem onstrated  by Muniz (1950) w ith  trypano-  

somes, by Kagan (1955) w ith  s c h is t o s o m e s ,  Dy Vogel and C o l l in s  (1955)  

w ith  Candida, by Norden (1949) w ith  H istop lasm a and by McEntegart  

(1952) w ith  Trichomonas.

Boyden (1953) o b serv ed  th a t  the  b a c t e r i a l  a n t ig e n  cou ld  be 

adsorbed on l e u k o c y te s ,  and A dler  (1952) succeeded in a t t a c h in g  b a c t e r 

i a l  a n t ig e n s  to  h e te r o lo g o u s  b a c t e r i a .  B a c t e r ia l  a n t ig e n s  can a l s o  be 

adsorbed onto  p a r t i c l e s  o th e r  than c e l l s ,  such as c o l l o d i o n  p a r t i c l e s  

and io n  exchange r e s in s  (Evans and H a in es ,  1954). Nelson (1953) de

s c r ib e d  a r e a c t io n  between b a c t e r i a  and e r y th r o c y te s  known as the  

immune-adherence phenomenon. He observed  the  attachm ent o f  s p i r o c h e t e s  

and D ip lo c o c c u s  pneumoniae to  red b lood  c e l l s  i f  homologous a n t ib o d ie s  

and complement were p r e s e n t .

H em agg lu tin ation  o f  E r y th r o c y te s  Treated  

w ith  A n tigen -A n tib od y  M ixtures  

Boyden and Anderson (1955) made the i n t e r e s t i n g  o b s e r v a t io n  

th a t  m ix tu res  o f  t u b e r c u lo - p r o t e in  and c e r t a in  rab b it  a n t i s e r a  a g a in s t  

the  t u b e r c l e  b a c i l l u s  a g g l u t i n a t e  normal sheep e r y th r o c y t e s .  They a l s o  

found t h a t  s tr o n g e r  a g g l u t i n a t io n  was o b ta in ed  when the g l o b u l in  f r a c 

t io n  o f  an tiseru m  was used than when whole serum was u sed . The s u g g e s t 

ed e x p la n a t io n  i s  the  removal o f  a normal serum i n h i b i t o r  in  the  albumin
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f r a c t io n .  When complement was added to  the  sy s tem , h e m o ly s is ,  n o t  hemag

g l u t i n a t i o n  o c c u r re d .  T h is  r e a c t io n  d i f f e r s  from th a t  o f  the c o n d it io n e d  

h em a g g lu t in a tio n  t e s t  in  th a t  the a n t ig e n  i s  a p r o t e in  in s te a d  o f  a 

p o ly s a c c h a r id e .  The r e a c t io n  becomes d i s s o c i a t e d  upon rep ea ted  w ash in gs .  

The s e n s i t i z a t i o n  o f  the e r y th r o c y te s  w ith  the  a n t ig e n -a n t ib o d y  m ixture  

and subsequent h e m a g g lu t in a t io n  takes p la c e  r e a d i l y  a t  both 37 C and 4 C. 

Middlebrook (1952) made a s im i la r  o b s e r v a t io n  and assumed th a t  the  r e 

a c t io n  was due to  the  red blood c e l l  s e n s i t i z i n g  p o ly s a c c h a r id e .  I f  

t h i s  were the c a s e ,  then i t  would d i f f e r  from the r e a c t io n  ob served  by 

Boyden.

Red C e l l  Linked A ntigen  H em agg lu tination  T est  

A red b lood  c e l l  l in k e d  a n t ig e n  h e m a g g lu t in a tio n  t e s t  was 

d e v ise d  by Coombs ^  (19 4 5 a ,b )  as a means o f  d e t e c t in g  weak and

"incom plete" Rh a g g l u t i n i n s .  These workers coup led  n o n b a c te r ia l  p r o t e in  

a n t ig e n s  to  in c o m p le te  Rh a n t ib o d ie s  (Coombs £t_ a l . , 1952), to  ox red  

blood c e l l  a n t ib o d ie s  (Coombs e^ , 1953), and to  Forssman a n t ib o d ie s  

(Coombs and F i s e t ,  1954) by chem ical means. By th em se lves  such e r y th r o 

c y te  a n t ib o d ie s  do n o t  cau se  h e m a g g lu t in a tio n  but they s e r v e  as c a r r i e r s  

fo r  the p r o t e in .  E r y th r o c y te s  t r e a te d  w ith  such an a n t ig e n -a n t ib o d y  

complex then become a g g lu t in a b le  in  the  p r e sen ce  o f  homologous a n t i 

b od ies  to the a r t i f i c i a l l y  a t ta c h e d  a n t ig e n .  The a p p l i c a t io n  o f  the  

a n t ig l o b u l i n  tec h n iq u e  o f  Coombs has been d e s c r ib e d  by W ilson and 

M e r r i f i e ld  (1951)  w ith  B r u c e l la  a g g l u t i n i n s .  By t h i s  method they  showed 

a s i g n i f i c a n t  t i t e r  in  17 c a s e s  which were n e g a t iv e  by c o n v e n t io n a l  

methods. The Coomb's tech n iq u e  has a l s o  been a p p l ie d  by Morgan and
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Schutze (1946) w ith  Sh l^c11a sh lu a  and Sa lm onella  typ h i and by Stewart  

and McKeever (1950)  w ith  "0“ a n t ig e n  s u sp e n s io n s  o f  S a lm on ella  t y p h i .

The T h om sen-F riedenre ich  H em agglutination  Phenomenon

Thomsen (1927) observed  th a t  o c c a s i o n a l ly  a b lood specimen witli  

b a c t e r i a l  con tam in ation  would be changed so th a t  the e r y th r o c y te s  became 

p a n a g g lu t in a b le . An e x t e n s i v e  i n v e s t i g a t i o n  o f  t h i s  phenomenon which i s  

known as the T h om sen-F riedenre ich  h em agg lu tin a tion  phenomenon was ca r r ie d  

out by F r ie d e n r e ic h  ( 1 9 3 0 ) .  F r ie d e n r e ic h  demonstrated th a t  the  f i l t e r 

ab le  f r a c t io n  o f  b a c t e r i a l  c u l t u r e s  con ta in ed  an a c t i v e  substance  

capable  o f  tran sform in g  the  l a t e n t  r e c e p to r s  o f  the red blood c e l l s  to  

an a c t i v e  a n t ig e n ,  the "T a n t ig e n ."  S tu d ie s  o f  the a c t i v i t y  and the 

p h y s ic a l  p r o p e r t i e s  o f  th e  b a c t e r i a l  f i l t r a t e  in d ic a te d  th a t  the substance  

was an enzyme or  enzymes. T a g g l u t i n i n s  are p resen t  in  normal human adu lt  

s e r a  but a b sen t  in  the s e r a  o f  newborns (F r ie d e n r e ic h ,  1928) .  The changes  

in  the  red c e l l s  are very  s im i la r  to th o se  produced w ith  in f lu e n z a  v i r u s .  

L ik e w ise ,  they  are s im i la r  to  th e  changes brought about in  the  red blood  

c e l l s  w ith  the  r e c e p to r  d e s t r o y in g  enzyme o f  V ibrio  c h o l e r a . Both the  

v ir u s  and the  RDE cause  changes in  a d d i t io n  to  p a n a g g l u t i n a b i l i t y . Chu 

(1948) showed th a t  many b a c t e r i a l  s p e c ie s  cause p a n a g g l u t in a b i l i t y  o f  

e r y th r o c y t e s  w ith o u t  some o f  the  o th e r  changes a s s o c ia t e d  w ith  RDE.

Study o f  the  a c t i v i t y  o f  b a c t e r i a l  enzymes which cause p a n a g g lu t in a t io n  

has r e v e a le d  im portant in fo r m a t io n  on the chem ical i d e n t i t y  o f  the r e c e p 

t o r .  Other w e l l  known enzymes such as t r y p s in  (Morton and P i c k l e s ,  1947),  

and f i c i n  (Weiner and K atz ,  1951) can e f f e c t  th e se  changes.

The b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  pehnomenon l i e s  in  the f a c t
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Lhiit c o a l  .'iinlii.'i I Ion oi  a b looi l s p e c  line a w i L l i  p a a a j j j j l u t i n a U i v e  b a c t e r i a  

l e a d s  t o  e i r o a i - o a s  r i - s a l l s  i n  b l o o d  , ; r o u p ia ; ; .  Very  l i t t l e  i s  known 

c o a c e r a l a ; ;  t h e  a c t i v i t y  o l  t h i s  plu' .aomenoa 1^  v i v o . h o w e v e r ,  W r i g h t  a n d  

S l c i n  ( 1 9 5 1 )  we re  a b l e  t o  d e i a o a s t r a t e  a d e c r e a s e  i n  t i t e r  o f  T a g g l u t i n 

i n s  i a  e x p e r i t a e a t a  1 a n t h r a x  i a l e c t i o n  i n  r a b b i t s .

lleiiiagg lu t  in a t io n  by A n t ib o d ie s  a g a in s t  

Chemically Attached P r o te in  A n tigens  

A method was d e v ised  by Pressman e_t al_. (1942) to a t ta c h  p r o t e in  

a n t ig e n s  to  e r y th r o c y t e s  by chem ica l l in k a g e .  The method employs b i s -  

d ia z o t ix e d  b e n z id in e  as the p r o t e in  c o n ju g a t in g  m a te r ia l .  S t a v i t s k y  

and A r q u i l la  (1955) a p p lied  t h i s  method to the stu dy  o f  d ip h th e r ia  

t o x in .  Cole and F a r r e l l  (1955) coupled  t u b e r c u l in  p u r i f i e d  p r o t e in  

d e r iv a t i v e  (PPD) to  fo rm a lin iz ed  e r y th r o c y t e s  by t h i s  method and o b ta in e d  

a g g l u t i n a t io n  o f  th e s e  c e l l s  when exposed  to PPD an t ib od y . T h eir  method 

had advantages over  some o f  the o th e r  methods, in  th a t  the f o r m a l in iz e d  

e r y th r o c y te  p r e p a r a t io n  was s t a b l e .  Cole e_t (1955) a p p l ie d  t h e i r  

tech n iq u e  to  the  se r a  o f  h o s p i t a l  tu b e r cu lo u s  p a t i e n t s  and noted  s i g n i f 

i c a n t  t i t e r s  in  92 per cent o f  the  spec im ens. T his  h e m a g g lu t in a t iv e  

method w arrants more e x te n s iv e  t r i a l  w ith  o th e r  m ic r o b ia l  a g e n ts  both  

as a means o f  measuring b a c t e r i a l  p r o t e in  and as a d ia g n o s t i c  c r i t e r i o n .

H em agg lu tination  o f  Tannic Acid P r e tr e a te d  E r y th r o c y te s  

Boyden (1951) used a number o f  su b s ta n c es  to t r e a t  the red b lood  

c e l l s  in  an e f f o r t  to  render them ca p a b le  o f  ad sorb in g  p r o t e in  a n t ig e n s .  

C erta in  i n u l i n  p r e p r a t io n s  were found to  be e f f e c t i v e ,  but ta n n ic  a c id  

proved su p e r io r  to a l l  o th e r s .  The tech n iq u e  in v o lv e s  pretrea tm en t o f
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the red b lood c e l l s  w ith  very d i l u t e  s o l u t i o n s  o f  tan n ic  a c id .  The p r e 

t r e a t e d  c e l l s  are  then exposed to  the  p r o t e in  a n t ig e n  and thus acquire  

a new s e r o l o g i c  s p e c i f i c i t y  as e v id en ce d  by s p e c i f i c  a g g lu t in a t io n  in  

homologous a n t i - p r o t e i n  serum. T h is  method has been shown by S ta v it s k y  

(1954a) be v ery  s e n s i t i v e .  He found th a t  amounts as sm all  as 0 .001  

microgram o f  d ip h t h e r ia  to x o id  co u ld  be measured a c c u r a te ly .  The 

homologous a n t ib o d ie s  can be t i t r a t e d  by t h i s  h em a g g lu t in a t iv e  t e s t  and 

th e  a n t ig e n s  can be t i t r a t e d  by h e m a g g lu t in a t io n - in h ib i t io n .  The tann ic  

a c id  p r e tr e a te d  e r y th r o c y te s  are capab le  o f  ad sorb ing  two a n t ig e n s  

s im u lta n e o u s ly  as  shown by S t a v i t s k y  (1954b) w ith  d ip h th e r ia  and te tan u s  

t o x o id s .  P o ly s a c c h a r id e s  may a l s o  be adsorbed onto  the ta n n ic  ac id  

t r e a t e d  c e l l s  but th ere  i s  a d i f f e r e n c e  in  time and tem perature. Chen 

and Meyer (1954) used a tem perature o f  37 C for  one hour fo r  p o ly s a c 

c h a r id e  a d s o r p t io n  and room tem perature  fo r  15 m inutes for  the  p r o te in  

a d s o r p t io n .  Not a l l  p r o t e in  a n t ig e n s  can be adsorbed on the  tan n ic  

a c id  c e l l s .  Working w ith  v a r io u s  chem ica l f r a c t i o n s  o f  the  tu b e r c le  

b a c i l l i ,  Boyden and Sorkin  (1955) ob served  th a t  some f r a c t io n s  were more 

a c t i v e  than o t h e r s .  They a l s o  o b served  th a t  d i f f e r e n t  a n t ib o d ie s  could  

be d e t e c t e d  by t h e  ta n n ic  ac id  h e m a g g lu t in a t io n  t e s t  depending on which  

chem ica l f r a c t i o n  was used  to  s e n s i t i z e  the  tanned c e l l s .

The ta n n ic  a c id  h e m a g g lu t in a t io n  t e s t  has been used to  study many 

a n t ig e n -a n t ib o d y  r e a c t io n s .  Boyden and Sork in  (1955) have s tu d ie d  the  

t u b e r c u lo - p r o t e in s  e x t e n s i v e l y  by t h i s  method. S ta v i t s k y  (1954b) has 

u sed  the  method fo r  a s s a y s  o f  a n t i t o x i n s  a g a in s t  Corynebacterium and 

C lo s tr id iu m . Boyden (1951) i n v e s t i g a t e d  the  p r o t e in  o f  S tr ep to c o c c u s  

p y o g e n e s . and th e  p r o t e in s  and t o x in s  o f  the  p lagu e  b a c i l l u s  were
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s tu d ie d ,  w ith  t h i s  method, by Chen and Meyer (1 9 5 4 ) ,  MeCrumb e t  a l .  

(1 9 5 5 ) ,  Landy and Trapani (1954) and Warren (1 9 5 5 ) .  Kagan

(1955) employed t h i s  method w ith  sc h is to so m e  a n t ig e n s ,  and Kagan and 

Bargai (1956) used the  method in  the  s tu d y  o f  t r i c h i n o s i s .  Feinberg  

e t  a l . (1956) a p p l ie d  t h i s  ta n n ic  a c id  method to  the  d e t e c t io n  o f  a n t i 

b o d ies  to  c e r t a in  p o l l e n  e x t r a c t  a n t ig e n s  in  the se r a  o f  t r e a te d  and 

u n tr e a te d  h ay fever  p a t i e n t s .  The tan n ic  a c id  tech n iq u e  has been u t i l i z 

ed to  t e s t  for rheumatoid a r t h r i t i s  by H e l l e r  et  ̂ al_. (1 9 5 4 ) .  They s e n 

s i t i z e d  the  ta n n ic  a c id  t r e a t e d  sheep e r y th r o c y te s  w ith  human plasma 

f r a c t i o n  I I  (gamma g lo b u l in )  and added i t  to s e r i a l  d i l u t i o n s  o f  the  

t e s t  serum. T h is  was d e s ig n a te d  the  FII  t e s t  and should  not be confused  

w ith  the  t e s t  in which u n t r e a te d  sheep c e l l s  were s e n s i t i z e d  w ith  non

a g g lu t in a t in g  c o n c e n tr a t io n s  o f  r a b b it  serum c o n ta in in g  sheep e r y th r o 

c y t e  a g g lu t in in s  (SEA).

The development o f  a new s e r o l o g i c a l  tech n iq u e  for  the  d e t e c t io n  

and study o f  herpes s im plex  v i r u s  and a n t i - h e r p e s  s im plex  a g g l u t i n i n s ,  

and an e v a lu a t io n  o f  the  c r i t i c a l  f a c t o r s  in v o lv e d  in  t h i s  tech n iq u e  are  

p r e se n te d  in  t h i s  d i s s e r t a t i o n .  Experim ents which prov ide  e v id en ce  fo r  

th e  s p e c i f i c i t y  o f  the  r e a c t io n  w i l l  be d e s c r ib e d .



CHAPTER II  

MATERIALS AND METHODS 

V ir a l  A ntigen

The HF s t r a i n  o f  herpes s im plex  v i r u s ,  ob ta in ed  from the  

Communicable D is e a s e  Center, Montgomery, Alabama, was used as seed  

inoculum . I t  had been propagated 60 tim es on the  c h o r i o - a l l a n t o i c  

membranes (CAM) and 9 tim es in  the  y o lk  sa c s  (YS) o f  d e v e lo p in g  ch ick  

embryos, 3 tim es in  the  bra ins o f  w h ite  Sw iss m ice, and tw ice  on the  

corneas  o f  r a b b i t s .  Seed v ir u s  was in o c u la t e d  in to  the  YS o f  the ch ick  

embryo and the  i n f e c t e d  a l l a n t o i c  f l u i d  was h a r v e s te d  upon death o f  the  

embryo. The v i r u s  in f e c t e d  a l l a n t o i c  f l u i d  was p a r t i a l l y  p u r i f i e d  and 

c o n c e n tr a te d  by d i f f e r e n t i a l  c e n t r i g u a t io n  a t  450 X G for  15 m inutes  

fo l lo w e d  by c e n t r i f u g a t i o n  a t  2 4 ,5 0 0  X G for  two hours. T his  c y c le  was 

r e p e a te d  th r e e  t im es  in  order to  remove as much o f  the h o s t  p r o t e in  as 

p o s s i b l e .  A f te r  each h igh  speed c e n t r i f u g a t i o n  pH 7 .2  b u ffer e d  s a l i n e  

was added to  the  sedim ent which was then  incubated  a t  4 C o v e r n ig h t  to 

a l lo w  r e su sp e n s io n  o f  the  v i r u s .  A f te r  the  l a s t  c e n tr ig u a t io n  the  v ir u s  

was resuspended  i n  b u ffer e d  s a l i n e  to make a t e n - f o l d  c o n c e n tr a t io n .

The c o n c e n tr a t io n  and p u r i f i c a t i o n  p r o to c o l  i s  i l l u s t r a t e d  in  F igure  1.
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Pooled infected allantoic fluid 
(Centrifuge at 450 X G for 15 M in.)

I
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(Centrifuge a t 24,500 
X G for 2 hr*.)
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1 —
Supernatant
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Fig. 1 -  Protocol for concentration and purification of viral antigen by
differential centrifugation.
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A n t is e r a

P re-im m un ization  s e r a  were o b ta in e d  from r a b b i t s  fo r  use as  

c o n t r o l s .  Herpes s im p lex  v ir u s  a n t i s e r a  were produced in  r a b b i t s  in  

response  to  a s e r i e s  o f  subcutaneous i n j e c t i o n s  o v e r  a p er iod  o f  s ix  

weeks. A b u f fe r e d  s a l i n e  su sp e n s io n  o f  herp es  s im plex  i n f e c t e d  mouse 

brain  which had been i n a c t i v a t e d  w ith  form alin  (1 part  per thousand)  

was i n j e c t e d  d uring  th e  f i r s t  part  o f  the immunization sch ed u le  and a 

b u ffered  s a l i n e  su sp e n s io n  o f  a c t i v e  v ir u s  i n f e c t e d  mouse bra in  was 

i n j e c t e d  during  the l a s t  p a r t .  The imm unization sch ed u le  i s  shown in  

Table I I .  Blood sam ples taken from the r a b b i t s  four  weeks a f t e r  the  

f i r s t  i n j e c t i o n  were t e s t e d  for  h e m a g g lu t in a t iv e  t i t e r .  Immunization  

was continu ed  f o r  two weeks more. Large q u a n t i t i e s  o f  post-im m uniza-  

t io n  se ra  were o b ta in e d  from the  r a b b i t s  by c a r d ia c  puncture one week 

a f t e r  c e s s a t i o n  o f  i n o c u l a t i o n s .  A l l  s e r a  were i n a c t i v a t e d  by h e a t in g  

a t  56 C fo r  30 m inutes  and were adsorbed w ith  ta n n ic  a c id  t r e a te d  sheep  

e r y th r o c y te s  to  remove n o n - s p e c i f i c  a g g l u t i n i n s .

B u ffered  S a l in e

B u ffered  s a l i n e  was prepared by m ixing  equa l volumes o f  0 .8 5  

per c e n t  s a l i n e  and phosp hate  b u f fe r  s o l u t i o n .  The phosphate b u f fe r  

s o lu t i o n  was o b ta in e d  by m ixing the  proper amounts o f  0 .1 5  M Na2HP0  ̂

and 0 .1 5  M KH2PO4 to  g iv e  th e  d e s ir e d  pH. U n le s s  o t h e r w is e  s t a t e d  pH 

7 .2  b u f fe r e d  s a l i n e  was u se d .

E r y th r o c y te s

Whole sheep b lo o d  was c o l l e c t e d  a t  a l o c a l  a b a t t o i r  and s to r e d
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TABLE I I

IMMUNIZATION SCHEDULE FOR PRODUCTION OF HERPES 
SIMPLEX VIRUS ANTISERA IN RABBITS

Time o f  
I n o c u la t io n *

Amount o f  
Inoculum

Type o f  
Inoculum

1s t  week
Mon. 0, 5  ml. Forraalinized v iru s
Wed. 0 .5  m l. II II
F r i . 0 .5  m l. It It

2nd week
Mon. 0 .5  m l . II II
Wed. 0 .5  m l . It It
F r i . 0 .5  m l. II II

3rd week
Mon. 0 .2 5  ml. A c t iv e  v iru s
Wed. 0 .2 5  ml. It I!

F r i . 0 .2 5  ml. It tt

4 th  week
Mon. 0 .2 5  ml. 11 11
Wed. 0 .2 5  ml. tt It

F r i . 0 .5  m l . tt IK

Rabbit s e r a t e s t e d  fo r  an tib ody c o n te n t .

5 th week
Mon. 0 .5  m l. Form alin ized  v ir u s
Wed. 0 .5  m l. It It

F r i . 0 .5  m l. II II

6th week
Mon. 0 .5  m l . A c t iv e  v iru s
Wed. 0 .5  m l . It 11

F r i . 1 .0  m l. It It

S a t . 2 . 0  m l . It It

7 th  week

R abbits  were b le d  fo r  a n t i s e r a .

^Subcutaneous i n j e c t i o n s
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in  an equal volume o f  s t e r i l e  m od if ied  A i s e v e r ' s  s o lu t i o n  (Bukantz e^  a l . , 

1946). S t e r i l e  p oo led  c i t r a t e d  ch ick en  b lo o d ,  r a b b it  blood and horse  

blood were o b ta in e d  from Chappel L a b o r a to r ie s ,  West C h ester ,  P en n sy lvan ia .  

Human red b lood c e l l s  (group “0") suspended in  c i t r i c  a c id -d e x tr o s e  s o l u 

t io n  (Strum ia e_t aj .̂ , 1947) were o b ta in ed  from a l o c a l  blood bank. The 

e r y th r o c y t e s  were washed th ree  tim es in  b u f fe r e d  s a l i n e ,  packed by 

c e n t r i f u g in g  a t  450 X G fo r  15 m inutes and resuspended to the 2 .5  per  

cen t  e r y th r o c y t e s  c o n c e n tr a t io n  used throughout t h i s  s tu dy .

Serum D i lu e n t

A 1:100 d i l u t i o n  o f  pre-im m un izat ion  r a b b i t  serum in  buffered  

s a l i n e  was used fo r  d i l u t i n g  th e  an tiseru m  in  the  t e s t .  In one e x p e r i 

ment normal c h ic k e n  and sheep s e r a  were a l s o  used  to d i l u t e  the a n t i 

serum. A l l  s e r a  had been i n a c t iv a t e d  p r e v io u s l y  and adsorbed w ith  

ta n n ic  a c id  t r e a t e d  sheep e r y t h r o c y t e s .  The u se  o f  the  serum d i lu e n t  

p r e v e n ts  n o n - s p e c i f i c  a g g l u t i n a t io n .

Tannic Acid

A 1:100 d i l u t i o n  o f  M a ll in ck ro d t  r e a g en t  grade ta n n ic  ac id  in  

0 .8 5  per cen t  s a l i n e  was prepared and kept  a t  5 C as a s to ck  s o lu t i o n .  

D i l u t i o n s  fo r  th e  v a r io u s  experim ents  were made as needed from t h i s  

s to c k  s o l u t i o n .

Tannic A cid  T reated  C e l l s

One volume o f  th e  su sp en s io n  o f  2 .5  per  c e n t  sheep e r y th r o c y te s  

was mixed w ith  an equa l volume o f  f r e s h l y  prepared  1 : 20 ,0 00  d i l u t i o n  o f  

ta n n ic  a c id .  T h is  m ixture  was in cu b ated  in  a 37 C w ater bath for  10



m in u tes ,  c e n tr l fu ; ;o i l , washed once w ith  one volume o f  b u ffered  s a l i n e ,  

and the r e s u l t in g  sediment was resuspended in  one volume o f  th e  same 

s a l i n e .

S e n s i t i a a t i o n  o f  Tannic Acid  Treated C e l l s  

Four volumes o f  pH 6 .4  b u ffer e d  s a l i n e ,  one volume o f  c o n c e n tr a te d  

and p u r i f i e d  v ir u s ,  and one volume o f  ta n n ic  a c id  t r e a te d  sheep  e r y t h r o 

c y t e s  were mixed in  that ord er . The m ixture was incubated  f o r  15 m inutes  

a t  room tem perature , c e n tr i fu g e d ,  washed w ith  two volumes o f  serum

d i lu e n t  and resuspended in  one volume o f  the serum d i l u e n t .  Three a l i 

quots o f  tan n ic  a c id  t r e a te d  e r y th r o c y t e s  were s e n s i t i z e d  w ith  th r ee  

d i l u t i o n s  o f  v iru s  in  bu ffered  s a l i n e  1 :1 0 ,  1 :2 0 ,  and 1 :5 0 ,  r e s p e c t i v e l y .  

A l l  o f  the  tan n ic  a c id  t r e a t e d - v i r u s  s e n s i t i z e d  e r y th r o c y te s  were s to r e d  

at  5 C and were used w ith in  48 hours .

A d sorption  o f  Immune Serum w ith  V ir a l  P rep ara tion

Tannic ac id  t r e a t e d  and v ir u s  s e n s i t i z e d  sheep e r y t h r o c y t e s  were

mixed in  eq u a l  amounts w ith  herpes s im p lex  immune serum and a l lo w ed  to  

in cu b ate  o v e r n ig h t  a t  25 C. The serum was removed, mixed w ith  f r e s h  

tan n ic  a c id  tr e a te d  v ir u s  s e n s i t i z e d  sheep  e r y t h r o c y t e s ,  and a g a in  

allow ed  to  incubate  o v e r n ig h t  a t  25 C. The v ir u s  which was adsorbed on 

the ta n n ic  a c id  t r e a te d  e r y th r o c y t e s  had been i n a c t i v a t e d  p r io r  to  u s e .  

The serum was removed from the c e l l s  by low speed c e n t r i f u g a t i o n  fo l lo w e d  

by c e n t r i f u g a t i o n  a t  24 ,500  X G f o r  two hours to  remove any e x c e s s  v i r u s .  

The serum was then s t e r i l i z e d  by p a s s in g  i t  through a Swinny f i l t e r .

T his  serum w i l l  be r e fe r r e d  to as ta n n ic  a c id  v ir u s  c e l l  adsorbed serum  

(TVCS).
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P r e p a r a t io n  o f  C ontrol Serum for  A d sorp tion  S tu d ie s  

The above procedure  was rep ea ted  w ith  another  a l iq u o t  o f  the  same 

herpes s im p lex  immune serum, e x c e p t  th at  the ta n n ic  a c id  t r e a t e d  sheep  

e r y th r o c y t e s  were not s e n s i t i z e d  w ith  the v i r u s .  T h is  serum w i l l  be 

r e fe r e d  to  as ta n n ic  a c id  c e l l  adsorbed serum (TCS).

H em a g g lu tin a t iv e  T i t r a t i o n s  o f  A n t i s e r a  

S e r i a l  d i l u t i o n s  o f  p r e -  and p o s t- im m u n iza tion  se ra  were made in  

the  serum d i lu e n t  in  0 .5  ml volum es. To each tube o f  the  d i lu t e d  sera  

0 .0 5  ml o f  the ta n n ic  a c id  t r e a t e d - v i r u s  s e n s i t i z e d  sheep e r y th r o c y t e s  

were added. R e s u l t s  o f  t i t r a t i o n  were recorded a c c o rd in g  to  Salk  (1944)  

and S t a v i t s k y  (1954a) ^ fber  an in c u b a t io n  p e r io d  o f  th r e e  hours a t  room 

tem perature or a f t e r  16 hours a t  5 C. A p o s i t i v e  p a t te r n  o f  a g g l u t i n a 

t io n  c o n s i s t e d  o f  an un iform  t h in  la y e r  o f  red b lood  c e l l s  w i th  i r r e g u 

la r  edges which covered  the  bottom  o f  the t e s t  tu b e .  The end p o in t  was 

the  h ig h e s t  d i l u t i o n  o f  serum which gave t h i s  p o s i t i v e  p a t t e r n .  The 

n e g a t iv e  p a t te r n  c o n s i s t e d  o f  a round "button" o f  sed im ented  red blood  

c e l l s  w ith  r e g u la r  e d g e s .  Examples o f  p o s i t i v e  and n e g a t iv e  p a t te r n s  

are shown i n  F igure  2. The t i t r a t i o n  p r o to c o l  i s  shown in  Table I I I .

The c o n t r o l s ,  as  shown in  T able  IV, in c lu d e :  (1) serum d i lu e n t  

p lu s  ta n n ic  a c id  t r e a t e d - v i r u s  s e n s i t i z e d  c e l l s ,  ( 2 ) serum d i lu e n t  p lu s  

ta n n ic  a c id  t r e a t e d  c e l l s  s e n s i t i z e d  by normal a l l a n t o i c  f l u i d  concen

tr a t e d  in  a s im i la r  manner as  the  v ir u s  i n f e c t e d  a l l a n t o i c  f l u i d ,  (3)  

serum d i lu e n t  p lu s  t a n n ic  a c id  t r e a t e d  c e l l s ,  (4 )  a n tiseru m  p lu s  ta n n ic  

a c id  t r e a t e d  c e l l s ,  (5 )  a n t iseru m  p lu s  u n tr e a te d  c e l l s  and v i r u s ,  and
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Fig, 2 .  Posit ive  and n e g a t iv e  sed imentat ion  patterns. Top row shows pos i t ive
patterns and bottom row shows n e g a t iv e  patterns.



TABLE I I I

PROTOCOL FOR THE HEMAGGLUTINATION TITRATION OF ANTISERUM

Tube Number 1 2 3 4 5 6 7 8 9 10

1s t D i lu te d  serum 0 .5 * 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 . 6

Row TAV 1:10 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5

2nd D i lu te d  serum 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5

Row TAV 1:20 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5

3rd D i lu te d  serum 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5

Row TAV 1:50 0 .0 5 • 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5

4 th D i lu te d  serum 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5

Row TAN 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5 0 .0 5

tS5
Ln

*Amounts shown are in  m i l l i l i t e r s .
TAV - Tannic a c id  t r e a t e d - v i r u s  s e n s i t i z e d  e r y t h r o c y t e s .
TAN - Tannic a c id  t r e a te d  e r y th r o c y t e s  w ith  normal c o n c e n tr a te d  a l l a n t o i c  f l u i d .



TABLE IV

PROTOCOL FOR THE CONTROLS USED WITH THE HEMAGGLUTINATION TITRATION OF ANTISERUM

Tube Number 1 2 3 4 5 6 7 8

Serum d i lu e n t 0 .5 * 0 .5 0 .5 0 .5 0 .5

TAV 1:10 0 .0 5

TAV 1:20 0 .0 5

TAV 1:50 0 .0 5

TAN 0 .0 5

TAG 0 .0 5 0 .0 5

D i lu te d  A n t is e r a 0 .5 0 .5 0 .5

U n trea ted  c e l l s  
p lu s  v ir u s

0 .0 5

2.5% Suspension  
Sheep red c e l l s

0 .0 5

N J
cr

*Amounts shown are in  m i l l i l i t e r s .
TAV -  Tannic acid  tr e a te d -v ir u s  s e n s i t iz e d  e r y th r o c y te s .
TAG - Tannic a c id  t r e a t e d  e r y t h r o c y t e s .
TAN -  Tannic a c id  t r e a t e d  e r y th r o c y t e s  w ith  normal c o n c e n tr a te d  a l l a n t o i c  f l u i d .
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( 6) an tiserum  p lu s  2 .5  per  c e n t  c e l l  su sp e n s io n .

Virus T i t r a t i o n s  i n  P r e sen ce  o f  S a l i n e . TVCS and TCS

-2  -7Ten f o ld  d i l u t i o n s  o f  10 through 10 o f  the  HF s t r a i n  o f  herpes  

sim plex v ir u s  were made i n  serum d i l u e n t .  Each d i l u t i o n  o f  t h i s  v i r u s  was 

mixed w ith  an equal volume o f  u n d i lu te d  serum, TVCS or TCS. The m ixtures  

o f  v ir u s  and serum were in c u b a ted  in  an ic e - w a t e r  bath a t  8  ̂ C fo r  one 

hour. A f t e r  in c u b a t io n ,  0 .0 5  ml o f  each m ixture was in o c u la t e d  onto  the  

CAM o f  12 days o ld  d e v e lo p in g  c h ick  embryos by the method d e s c r ib e d  by 

Beveridge and Burnet ( 1 9 4 6 ) .  These were incubated  fo r  72 hours a t  36 

C, the CAM were h a r v e s te d  and i n f e c t i v i t y  o f  the  membranes was d e t e r 

mined. H e r p e t ic  p laques  on the  membrane d en otes  a p o s i t i v e  r e a c t io n  

and a n e g a t iv e  r e a c t io n  was the  lack  o f  l e s i o n s  on the  membrane.

The c o n t r o l s  in c lu d e d :  (1) s a l i n e  p lu s  TVCS, (2 )  s a l i n e  p lu s  

TCS, and (3) each  d i l u t i o n  o f  v i r u s  p lu s  s a l i n e .  The p r o t o c o l  fo r  the  

p rep a ra tio n  o f  th e se  m ix tu res  i s  shown in  Table V.
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TABLE V

PROTOCOL OF MIXTURES FOR VIRUS INFECTIVITY TITRATIONS
WITH TVCS, TCS AND SALINE

Virus D i lu t io n s
Tube

No.
10-2 lQ-3 lQ-4 lO'S lO'G 10-7 TVCS TCS S a l in e

1 0 .5 * 0 .5

2 0 .5 0 .5
3 0 .5 0 .5
4 0 .5 0 .5

5 0 .5 0 .5
6 0 .5 0 .5

7 0 .5 0 .5
8 0 .5 0 .5
9 0 .5 0 .5

10 0 .5 0 .5
11 0 .5 0 .5

12 0 .5 0 .5
13 0 .5 0 .5

14 0 .5 0 .5
15 0 .5 0 .5
16 0 .5 0 .5

17 0 .5 0 .5
18 0 .5 0 .5
19 0 .5 0 .5

20 0 .5 0 .5

*Amounts shown are in  m i l l i l i t e r s .
TVCS - Serum adsorbed w ith  ta n n ic  ac id  t r e a t e d - v i r u s  s e n s i t i z e d  

e r y t h r o c y t e s .
TCS -  Serum adsorbed w ith  ta n n ic  a c id  t r e a te d  e r y th r o c y t e s .



CHAPTER I I I

RESULTS

T i t r a t i o n  o f  A n t is e r a  

The r e s u l t s  o f  t y p i c a l  h e m a g g lu t in a t iv e  t i t r a t i o n s  o b ta in ed  for  

the se ra  o f  18 r a b b i t s  are shown in  Table VI. The t i t e r s  are e x p ressed  

as the r e c ip r o c a l  o f  the serum d i l u t i o n s .  The t i t e r s  ranged from 0 to  

128. T i t r a t io n s  o f  each serum have been made s e v e r a l  t im es w ith  the same 

and d i f f e r e n t  p r e p a r a t io n s  o f  a n t ig e n  and th e se  t i t e r s  are t y p i c a l .

Rabbit Number 18 in  Table VI was immunized by the  same procedure as the  

o th e r  17 excep t th a t  u n in fe c te d  mouse b r a in ,  which was prepared in  the  

same manner as th e  v i r a l  inoculum , was u sed  in s te a d  o f  v ir u s  i n f e c t e d  

mouse b ra in .  The c o n tr o l  t e s t s ,  performed accord ing  to  the  p r o to c o l  in  

T able  IV, were n e g a t iv e  fo r  h e m a g g lu t in a t io n .

The e f f e c t  o f  the  c o n c e n tr a t io n  o f  v i r u s  on h e m a g g lu t in a t iv e  

t i t e r s  i s  shown i n  Table V II. When ta n n ic  ac id  t r e a te d  sheep e r y th r o 

c y t e s  were s e n s i t i z e d  by exposure  to  th ree  d i f f e r e n t  d i l u t i o n s  o f  the  

v ir u s  a n t ig e n ,  the  h e m a g g lu t in a t iv e  t i t e r s  ob ta in ed  v a r ie d  d i r e c t l y  w ith  

the  c o n c e n tr a t io n  o f  the a n t ig e n .

The r a b b i t s  were b le d  d u r in g  the immunization sch ed u le  a t  the end 

o f  four weeks to t e s t  the  h e m a g g lu t in a t iv e  t i t e r s .  Table V III  shows the  

t i t e r s  o f  sera  b e f o r e ,  d u r in g ,  and a t  the com p let ion  o f ,  the  immunization

29
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TAULE VI

lUiSULTS ÜF riTRiVriON OF ANTISERA WITH HERPES SIMPLEX 
HEMAGGLUTINATION TEST

Rabbit
H em agglutination T i t e r s  o f  Sera*

Sera
Pre-im m unization P ost-im m unization

No. 1 0 32

No. 2 0 8

No. 3 0 16

No. 4 0 16

No. 5 0 16

No. 6 0 32

No. 7 0 16

No. 8 0 8

No. 9 0 8

No. 10 0 4

No. 11 0 32

No. 12 0 16

No. 13 0 64

No. 14 0 32

No. 15 0 32

No. 16 0 32

No. 17 0 128

N o .18** 0 0
*Expressed as  th e  r e c ip r o c a l  o f  serum d i l u t i o n .

**Rabbit No. 18 was immunized w ith  u n in fe c te d  mouse b ra in  
in s te a d  o f  v i r u s  i n f e c t e d  mouse b ra in .
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o f  ten r a b b i t s .  I t  was n o t  p o s s ib l e  to d em onstrate  h em agg lu tin a

t iv e  a n t ib o d ie s  in  the se ra  o f  th r ee  o f  the r a b b i t s  a t  the end o f  four  

weeks. One week a f t e r  the c e s s a t io n  o f  i n o c u l a t i o n s ,  however, a n t ib o d ie s  

were dem onstrable  in  the  s e r a  o f  a l l  ten  r a b b i t s .

A d so rp t io n  S tu d ie s  as E vidence fo r  S p e c i f i c i t y

H em a g g lu tin a t iv e  T i t r a t i o n s  w ith  TVCS, TCS and S a l in e  

The h e m a g g lu t in a t iv e  procedure was perform ed w ith  the  two s e r a ,

TVCS and TCS. T w o-fo ld  d i l u t i o n s  o f  the  s e r a  were made in  serum d i l u e n t .  

T y p ica l  n e g a t iv e  h e m a g g lu t in a t iv e  r e a c t io n s  were o b ta in ed  w ith  t i t r a t i o n s  

o f  TVCS, the serum from which a l l  dem onstrable  s p e c i f i c  a n t ib o d ie s  had 

been removed by a d s o r p t io n  w ith  herp es  s im p lex  v i r u s  - t a n n ic  a c id  t r e a t e d  

e r y t h r o c y t e s .  P o s i t i v e  h e m a g g lu t in a t iv e  r e a c t io n s  were o b ta in ed  w ith  

t i t r a t i o n s  o f  TCS, th u s ,  dem onstrating  th a t  the s p e c i f i c  a n t ib o d ie s  had 

not been removed from the serum adsorbed w ith  ta n n ic  a c id  t r e a t e d  e r y th r o 

c y te s  w ith o u t  v i r u s .  Table IX shows t y p i c a l  r e s u l t s  o b ta in ed  in  hemagglu

t i n a t i v e  t i t r a t i o n s  w ith  the  two s e r a .  I t  a l s o  shows r e s u l t s  o f  the  t e s t  

u s in g  non-adsorbed serum as a p o s i t i v e  c o n t r o l  and u s in g  non-immune serum 

and s a l i n e  as n e g a t iv e  c o n t r o l s .

V irus I n f e c t i v i t y  T i t r a t i o n s  w ith  S a l in e ,

TVCS and TCS

T yp ica l  r e s u l t s  o f  rep ea ted  v ir u s  t i t r a t i o n s  w ith  s a l i n e ,  TVCS 

and TCS are shown in  Table X. The p r e sen ce  o f  h e r p e t i c  l e s i o n s  on the  

CAM was recorded a s  p o s i t i v e  and the  a b sen ce  o f  h e r p e t i c  l e s i o n s  as 

n e g a t iv e .  In  th e  t a b le ,  the  numerator r e p r e s e n t s  the  number o f  p o s i t i v e



TABLE VII

EFFECT OF CONCENTRATION OF VIRUS ON HEMAGGLUTINATIVE TITERS OF ANTISERA

P ost-im m u n iza tion

H em a g g lu tin a t iv e  T i t e r s  w ith  Varying  
C o n cen tra t io n s  o f  V irus*

Sera
1:10 1:20 1:50

d i l u t i o n d i l u t i o n d i l u t i o n

Rabbit No. 16 32 16 0

Rabbit No. 17 128 16 8

*E xp resssd  as the  r e c ip r o c a l  o f  serum d i l u t i o n .

U )
to
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TABLE V III

HEMAGGLUTINATIVE TITERS WITH SERA BEFORE, DURING AND AT 
COMPLETION OF IMMUNIZATION

Rabbit
T i t e r s  o f  Sera*

Number
Before  in o c u la t io n s A f te r  4 weeks A fte r  7 weeks

1 0 4 32

2 0 4 8

3 0 16 16

4 0 0 16

5 0 4 16

6 0 32 32

7 0 8 16

8 0 0 8

9 0 4 8

10 0 0 4

*Expressed as th e  r e c ip r o c a l  o f serum d i l u t i o n .
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TABLE IX

HEMAGGLUTINATIVE TITERS WITH TVCS, TCS AND SALINE

Sera H em agglutinative  T i t e r s *

TVCS 0

TCS 32

S a l in e 0

Unadsorbed
immune 32

Unadsorbed
non-immune 0

^Expressed as the  r e c ip r o c a l  o f  the serum d i l u t i o n .  
TVCS - Serum adsorbed w ith  ta n n ic  a c id  t r e a t e d - v i r u s  

s e n s i t i z e d  e r y t h r o c y t e s .
TCS - Serum adsorbed w ith  ta n n ic  a c id  t r e a te d  

e r y t h r o c y t e s .
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TABLE X 

TITRATIONS WITH TVCS, TCS AND SALINE

V irus D i l u t i o n TVCS TCS S a l in e

i o "2 4 /4 * 5 /5 4 /4

10-3 6 /6 3/5 5 /5

10-4 4 /4 1/6 3/3

10-5 5 /5 1/3 5/5

10-5 3 /3 0 /6 2/6

10-7 0 / 4 0 /5 0 /6

S a l in e 0 / 2 0 /5 —

*The numerator r e p r e s e n t s  the  number o f  p o s i t i v e  membranes; 
the denominator the t o t a l  number o f  embryos in o c u la t e d .

TVCS - Serum adsorbed w ith  t a n n ic  a c id  t r e a t e d - v i r u s  
s e n s i t i z e d  e r y t h r o c y t e s .

TCS - Serum adsorbed w ith  ta n n ic  a c id  t r e a t e d  
e r y t h r o c y t e s .
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membranes; the denom inator the  t o t a l  number o f  embryos in o c u la t e d  w ith  

th a t  p a r t i c u l a r  m ixture o f  v i r u s  and serum. I t  was dem onstrated  th a t  the  

s p e c i f i c  n e u t r a l i z i n g  a n t ib o d ie s  were removed by a d so r p t io n  w ith  ta n n ic  

a c id  t r e a t e d - v i r u s  s e n s i t i z e d  e r y t h r o c y t e s .  In the immune s e r a  which 

had not been adsorbed by the  v i r u s ,  the n e u t r a l i z in g  a n t ib o d ie s  remained. 

R e s u l ts  o f  t i t r a t i o n s  w ith  s a l i n e - v i r u s  m ixtures i n d i c a t e  the  i n f e c t i v 

i t y  o f  the  v i r u s  and can be compared with  r e s u l t s  o f  t i t r a t i o n s  o f  serum 

in  which the  n e u t r a l i z i n g  a n t ib o d ie s  have been removed to  show s i m i l a r 

i t y  between s a l i n e  and adsorbed immune serum. I t  can be seen  th a t  th ere  

i s  100 per ce n t  i n f e c t i v i t y  w ith  both TVCS-virus m ix tu res  and s a l i n e -  

v ir u s  m ix tu res  w ith  th e  d i l u t i o n  o f  v iru s  used as sm all as 10"^.

F a c to rs  I n f lu e n c in g  the Herpes Simplex

H em agglu tination  T est  

In order  to determ in e  the  optimum c o n d i t io n s  n e c e s s a r y  for  the  

proper perform ance o f  t h i s  t e s t ,  a number o f  f a c t o r s  in v o lv e d  in  the  

p r e p a r a t io n  o f  r e a g e n ts  and the  mechanics o f  the t e s t  were i n v e s t i g a t e d .  

Two p o o ls  o f  s e r a  were u se d .  The f i r s t  co n ta in ed  the p re-im m un ization  

se r a  o f  te n  r a b b i t s  and w i l l  be r e fe r r e d  to  as the  non-immune serum. The 

second p oo l  c o n ta in e d  the  p o s t- im m u n iza t io n  sera  o f  ten  r a b b i t s  and w i l l

be r e fe r r e d  to  as th e  immune serum. These two p o o ls  o f  s e r a  were used

throughout th e s e  i n v e s t i g a t i o n s  in  order to  g iv e  a more un iform  e v a lu a 

t io n  by th e  u se  o f  i d e n t i c a l  serum specim ens. The c o n c e n tr a t io n  o f  

v ir u s  used  throughout th e s e  s t u d ie s  was 1:10 u n le s s  o th e r w is e  s t a t e d .

The p r e p a r a t io n  o f  a l l  m a te r ia l s  and the procedures f o l lo w e d  were as 

p r e v io u s ly  d e sc r ib e d  e x c e p t  th e  m o d if i c a t io n s  as w i l l  be p o in te d  out in
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each experim ent th a t  f o l l o w s .

E f f e c t  o f  S i z e  o f  T est  Tube Used in  the  T est  

The herpes s im plex  h em a g g lu t in a tio n  t e s t  was performed in  t r i p l i 

c a t e ,  in  which a d i f f e r e n t  s i z e  t e s t  tube was used in  each o f  the t e s t s .  

The s i z e s  o f  the t e s t  tubes were 10 mm X 75 mm, 12 mm X 75 mm and 13 mm 

X 100 mm. No d i f f e r e n c e s  were observed  in  t i t e r s  o f  the  se ra  ob ta in ed  

in  the v a r iou s  s i z e s  o f  t e s t  tubes and no d i f f e r e n c e s  were observed in  

the  ea se  w ith  which the  se d im e n ta t io n  p a t te r n  could  be read in  the  

bottom o f  the tube . Because the  13 mm X 100 mm s i z e  t e s t  tube i s  

standard equipment in  most s e r o l o g i c a l  l a b o r a t o r i e s ,  i t  was chosen as 

the one to be used throughout t h i s  study.

E f f e c t  o f  Time o f  Incubation  on the T est  

The time which e la p se d  between the exposure o f  a serum to the  

ta n n ic  a c id  t r e a t e d - v i r u s  s e n s i t i z e d  e r y th r o c y te s  and the  read in g  o f  

the se d im e n ta t io n  p a t te r n  was in v e s t ig a t e d  f o r  optimum r e s u l t s .  Three 

d i f f e r e n t  in c u b a t io n  t im es  were employed: four h o u r s ,  o v e r n ig h t  and fo r  

th ree  days . A l l  t e s t s  were incubated  at room tem peratu re . The p a t 

ter n s  ob ta in ed  in  fou r  hours and o v e r n ig h t  were comparable and r e s u l t e d  

in  i d e n t i c a l  t i t e r s .  The t e s t  incubated for  three  days cou ld  n o t  be 

read because  th e  e r y th r o c y t e s  p a r t i a l l y  ly s e d  and th e  se d im e n ta t io n  

p a t te r n  was d i s t o r t e d .

E f f e c t  o f  Temperature o f  In cu b at ion  on T est  

Four h e m a g g lu t in a t io n  t e s t s  were performed w hich were a l i k e  

excep t for  the f i n a l  in c u b a t io n  tem perature. These t e s t s  were in c u 

bated a t  4 C, 25 C, 37 C, and 56 C r e s p e c t iv e l y  fo r  four hours a t
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which time no d i l f c r c n c c s  in  Liler.s wore noted . A f te r  con tin u ed  incuba

t io n  o v e r n ig h t ,  the two t e s t s  incubated  a t  4 C and 25 C gave t i t e r s  

i d e n t i c a l  w ith  th o se  read a t  four hours , but l y s i s  o f  the red blood c e l l s  

incubated  at 37 C and 56 C i n t e r f e r r e d  with s a t i s f a c t o r y  read in gs  o f  the 

t e s t .

E f f e c t  o f  C on centration  o f  Tannic Acid on Test

From ta n n ic  a c id  s to c k  s o lu t io n  (1 :200  d i l u t i o n  ta n n ic  a c id  in

0 .8 5  per cen t  s a l i n e ,  pH 7 .2 )  d i l u t i o n s  o f  1 :1000 , 1 :5000 , 1 :1 0 ,0 0 0 ,  

1 :2 0 ,0 0 0  and 1 :5 0 ,0 0 0  were prepared. Sheep e r y th r o c y te s  were tre a te d  

w ith  each o f  th e se  d i l u t i o n s  o f  ta n n ic  a c id  b e fo re  they were s e n s i t i z e d

w ith  the  v ir u s  and u sed , su b se q u e n t ly ,  as the a n t ig e n  in  the hemagglu

t i n a t i o n  t e s t .  T i t e r s  o b ta in ed  w ith  the v a r io u s  c o n c e n tr a t io n s  o f  

tan n ic  a c id  are  p r e sen te d  in  Table XI. I t  can be seen  th a t  the d i l u 

t io n s  o f  1 :2 0 ,0 0 0  and 1 :5 0 ,0 0 0  gave comparable r e s u l t s  and th a t  the  

use o f  h igh er  c o n c e n tr a t io n s  o f  ta n n ic  a c id  r e s u l t e d  in  a d e c r e a s e  or 

even e l im in a t io n  o f  h em a g g lu t in a t iv e  t i t e r .

E f f e c t  on T est  o f  pH o f  S a l in e  in  Virus S e n s i t i z a t i o n  

o f  Tannic Acid T reated  E r y th r o c y te s  

Each o f  s i x  a l iq u o t s  o f  s a l i n e  was b u f fe r e d  to  a d i f f e r e n t  pH, 

and to each a l i q u o t  v ir u s  and tan n ic  a c id  t r e a te d  e r y th r o c y t e s  were 

added. These p r e p a r a t io n s  were then used as the a n t ig e n s  i n  the herpes  

s im plex  h em a g g lu t in a t io n  t e s t s .  The pH used for  each a l iq u o t  and the  

r e s u l t s  o b ta in ed  are  shown in  Table X II .  No h em a g g lu t in a t io n  occurred  

in  t e s t  c o n ta in in g  n e u tr a l  or a lk a l in e  s a l i n e .  The p r e p a r a t io n s  w ith  

b u ffer e d  s a l i n e  o f  pH 5 .2  and pH 5 .8  gave t i t e r s  o f  4  and 8 r e s p e c t i v e l y .
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TABLE XI

TUE EFFECT OF CONCENTRATION OF TANNIC ACID ON TEST

H em a g g lu t in a t iv e  T i t e r s *
C o n cen tra t io n  o f  

Tannic A cid
Immune Serum Non-immune Serum

1:1000 0 0

1:5000 4 0

1 : 10 ,000 8 0

1 : 2 0 ,0 0 0 32 0

1 :5 0 ,0 0 0 32 0

*F.xpressed as the r e c i p r o c a l  o f  the serum d i l u t i o n .
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TABLE XII

EFFECT ON TEST OF pH OF SALINE IN VIRUS SENSITIZATION OF 
TANNIC ACID TREATED ERYTHROCYTES

pH o f  S a l in e  used  i n  
Virus A n tigen  

P rep a ra tio n

H em agglu tinative  T i t e r s *

Immune Serum Non-immune Serum

pH 5 . 2 4 0

pH 5 .8 8 0

pH 6 .4 32 0

pH 7 .0 0 0

pH 7 .6 0 0

pH 8 .2 0 0

*Expressed as the  r e c ip r o c a l  o f  the  serum d i l t u i o n .
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whereas a t i t e r  o f  32 was o b ta in ed  with  pH 6 .4  b u ffe r e d  s a l i n e .

E f f e c t  on T est  o f  Time o f  Exposure o f  Virus to 

Tannic A cid  Treated E r y th r o c y te s  

To determ ine the  optimum time fo r  the s e n s i t i z a t i o n  o f  tan n ic  

a c id  t r e a te d  e r y th r o c y te s  w ith  v i r u s ,  b u f fer e d  s a l i n e  (pH 6 . 4 ) ,  the 

v i r u s ,  and ta n n ic  ac id  t r e a t e d  e r y th r o c y te s  were mixed and the  mixture  

was d iv id e d  in t o  seven equal p o r t io n s .  Each p o r t io n  was a l lo w ed  to  

in cu b a te  a t  room tem perature fo r  d i f f e r e n t  p e r io d s  o f  time which ranged  

from one minute to 24 hours .  At the end o f  the  d e s ig n a te d  t im e , each  

p r e p a r a t io n  was washed w ith  th e  serum d i l u e n t ,  resuspended in  serum 

d i lu e n t  and then  was used as the  a n t ig e n  in  the herpes sim plex  hemag

g l u t i n a t i o n  t e s t .  The v a r io u s  in c u b a t io n  tim es during  which th e  ta n n ic  

a c id  t r e a te d  e r y th r o c y te s  were exposed to  the v ir u s  and the in f lu e n c e  

o f  th e s e  t im es  on h em a g g lu t in a t io n  t i t e r  are shown in  Table X I I I .  

A pparently  a minimum exposure time o f  ten  minutes was needed fo r  

a d so r p t io n  o f  the  v ir u s  on the  e r y th r o c y t e s ;  30 and 60 minutes were 

e q u a l ly  e f f e c t i v e .  At s i x  hours the  non-immune serum gave a t i t e r  o f  

4 ,  w h ile  the immune serum d id  not g iv e  as  h igh  a t i t e r  as th o se  prepa

r a t io n s  in cu b ated  for  sh o r te r  p e r io d s  o f  t im e. In 24 hours the e r y th r o 

c y t e s  were p a r t i a l l y  hemolyzed and a s a t i s f a c t o r y  se d im e n ta t io n  p a t te r n  

cou ld  not be se e n .

E f f e c t  o f  E r y th r o c y te s  o f  D i f f e r e n t  S p e c ie s  on T est  

Herpes s im plex  h em a g g lu t in a tio n  was performed w ith  e r y th r o c y te s  

o f  f i v e  d i f f e r e n t  s p e c ie s  to  determ ine i f  one k ind  was su p e r io r  to 

another  in  the  t e s t .  The e r y th r o c y t e s  o f  r a b b i t ,  sheep , c h ic k e n ,  h o r se
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TABLE X III

THE EFFECT ON TEST OF TIME OF EXPOSURE OF VIRUS TO TANNIC 
ACID TREATED ERYTHROCYTES

Time o f  
Exposure

H em agg lu tin a t ive  T i t e r s *

Immune Serum Non-immune Serum

1 minute 0 0

5 m inutes 0 0

10 minutes 32 0

30 minutes 32 0

60 minutes 32 0

6 hours 16 4

24 hours Not readab le Not readable

*E xpressed  as the  r e c ip r o c a l  o f  the serum d i l u t i o n .
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and human (b lood  group ”0") were t r e a te d  i n d i v id u a l l y  w ith  ta n n ic  ac id  

and each was s e n s i t i z e d  by the v i r u s .  When th e s e  p r e p a r a t io n s  were used  

as the a n t ig e n  in  the herpes s im p lex  h e m a g g lu t in a t io n  t e s t ,  the r e s u l t s  

shown in  Table XIV were o b ta in e d .  Sheep c e l l s  gave the most c l e a r - c u t  

r e s u l t s .  The h orse  and human c e l l s  gave r e s u l t s  comparable to  the sheep  

c e l l s  w ith  the inmiune serum but the s e d im e n ta t io n  p a t te r n  w ith  the  non-  

immune serum was d o u b tfu l  as i t  d id  not p r e s e n t  the  p i c t u r e  o f  e i t h e r  a 

c l e a r - c u t  p o s i t i v e  or n e g a t iv e  r e a c t io n .  The r a b b i t  and ch ick en  c e l l s  

were hemolyzed when tr e a te d  w ith  ta n n ic  a c id .

E f f e c t  on T est  o f  Type o f  Serum Used fo r  Serum D i lu e n t  

Normal r a b b it  serum, normal ch ick en  serum, and normal sheep serum 

were t e s t e d  fo r  use  as the d i lu e n t  in  the  t e s t .  These s e r a  were adsorbed  

w ith  ta n n ic  a c id  t r e a te d  sheep e r y th r o c y t e s  to  remove any n o n - s p e c i f i c  

a g g l u t i n i n s .  A 1:100 d i l u t i o n  o f  the serum o f  each animal s p e c ie s  was 

used to  d i l u t e  the  antiserum  in  each t i t r a t i o n .  The t i t e r s  ob ta in ed  f o r  

the  a n t i s e r a  thus d i lu t e d  were r e a so n a b ly  comparable as shown in  Table  

XV. However, when the d i lu e n t  a lo n e  was mixed w ith  the ta n n ic  a c id  

t r e a t e d - v i r u s  s e n s i t i z e d  e r y t h r o c y t e s ,  absence o f  a g g l u t i n a t io n  was 

o b ta in e d  o n ly  w ith  the r a b b it  serum. Both the  ch ick en  and sheep sera  

showed some a g g l u t i n a t io n  in  t h e s e  c o n tr o l  tu b e s .  Because o f  the  

r e s u l t s  o b ta in ed  w ith  the  c o n t r o l  tu b e s ,  r a b b i t  serum was employed as 

th e  serum d i lu e n t  in  subsequent t e s t s .  An added advantage in  u s in g  

r a b b i t  s e r a  was th a t  the  pre-im m un ization  s e r a  from the r a b b i t s  could  

be used  as  the  normal r a b b it  s e r a  in  the  d i l u e n t .
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TABLE XIV

EFFECT OF ERYTtlROCYTES OF DIFFERENT SPECIES ON TEST

E r y th r o c y te s
Source

H em agg lu tin a tive  T i t e r s *

Immune Serum Non-immune Serum

Sheep 32 0

Horse 32 +

Human 32 +

Rabbit C e l l s  hemolyzed when t r e a te d  w ith

Chicken

ta n n ic  a c id .

C e l l s  hemolyzed when t r e a te d  w ith  
ta n n ic  a c id .

*E xpressed  as th e  r e c ip r o c a l  o f  the serum d i l u t i o n .  
+Reading d o u b t fu l .  A t y p i c a l  p o s i t i v e  or n e g a t iv e  p a t te r n  

was n o t  o b ta in e d .
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TABLE XV

EFFECT ON TEST OF TYPE OF SERUM USED FOR SERUM DILUENT

Serum
D ilu e n t

V ira l
C on cen tra tion

H em agglu tin ative  T i t e r s *

Immune Serum Non-immune Serum

NRS 1:10 32 0

NRS 1:20 16 0

NRS 1:50 0 0

NSS 1:10 64 4

NSS 1:20 32 4

NSS 1:50 0 0

NCS 1:10 64 4

NCS 1:20 32 0

NCS 1:50 16 0

*E xpressed  as r e c ip r o c a l  o f  the  serum d i l u t i o n .  
NRS - Normal r a b b it  serum 
NSS -  Normal sheep serum 
NCS - Normal ch ick en  serum
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E f f e c t  o f  Age o f  the V ira l A iitigcn on the T es t  

Three p r e p a r a t io n s  o f  v i r a l  a n t ig e n ,  prepared in  a s im i la r  

manner, were t e s t e d  to  se e  the e f f e c t  o f  ag in g  o f  the v i r a l  a n t ig e n  on 

the t e s t .  The a n t ig e n s  were con cen tra ted  and p a r t i a l l y  p u r i f i e d  by 

d i f f e r e n t i a l  c e n t r i f u g a t i o n  and then m ainta ined  a t  4 C u n t i l  used in  

the t e s t s .  The th r e e  a n t ig e n s  were prepared in A p r i l ,  June and October  

o f  the  same y e a r .  They were used in  the herpes s im plex  h em agg lu t in a 

t io n  t e s t  in  December o f  the  same year w ith  a number o f  p r e v io u s ly  

t i t r a t e d  immune and non-immune s e r a .  I d e n t i c a l  t i t e r s  were d em onstra t

ed by a l l  t h r e e  a n t ig e n  p r e p a r a t io n s .  T h is  experim ent proved not on ly  

th a t  the  a n t ig e n  remained s t a b le  when kept a t  4 C, but a l s o  th a t  d i f 

f e r e n t  p r e p a r a t io n s  o f  the  v i r a l  an t ig e n  gave r e p r o d u c ib le  r e s u l t s .

E f f e c t  o f  P r e s e r v a t iv e s  on the  V ir a l  A n tigen  

V ir a l  a n t ig e n  prepared as d e sc r ib e d  above was se p a r a te d  in to  

two a l iq u o t s .  To one a l iq u o t  was added m e r t h io la t e  to  g iv e  a f i n a l  

c o n c e n tr a t io n  o f  0 .1  per c e n t .  To the secon d  a l iq u o t  fo rm a lin  was 

added to  g iv e  a f i n a l  c o n c e n tr a t io n  o f  0 . 3  per c e n t .  These p rep a ra 

t i o n s  were r e f r ig e r a t e d  a t  4 C fo r  approx im ate ly  25 months. They were 

then used as  th e  a n t ig e n  i n  the herpes s im p le x  h e m a g g lu t in a t io n  t e s t  

w ith  a n t i s e r a  which had been p r e v io u s ly  t i t r a t e d .  There were no d i f 

f e r e n c e s  i n  t i t e r s  o f  the a n t i s e r a  when t e s t e d  w ith  f r e s h l y  prepared  

or  p r e ser v e d  v i r u s .  Nor was th e re  any d e v i a t i o n  in  t i t e r s  o f  th e  a n t i 

s e r a  between t h o s e  t i t r a t i o n s  performed w ith  fo r m a l in iz e d  v i r u s  or  

m e r th io la te d  v i r u s .
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E f f e c t  oil Test o f  pll o f  B u ffered  S a l in e  Used to Resuspend  

the C oncentrated  V irus  

The l a s t  high speed c e n t r i f u g a t i o n  in  the c o n c e n tr a t io n  and 

p u r i f i c a t i o n  o f  the v ir u s  ( f i g .  1) gave a "button" o f  sed im ented  p ro 

t e i n  m a te r ia l  which was resuspended in  b u f fe r e d  s a l i n e  to  o n e - te n th  

the o r i g i n a l  volume o f  a l l a n t o i c  f l u i d .  iVn experim ent was d e v is e d  to  

determ ine the e f f e c t  o f  the pH o f  the  b u ffe r e d  s a l i n e  used to  r e s u s 

pend the  v i r u s .  S ix  a l iq u o t s  o f  v i r u s  i n f e c t e d  a l l a n t o i c  f l u i d  were  

co n c e n tr a te d  and p u r i f i e d  by d i f f e r e n t i a l  c e n t r i f u g a t i o n .  The s i x  

a l iq u o t s  were resuspended in  s a l i n e  b u f fe r e d  a t  pH v a lu e s  o f  5 . 2 ,

5 . 8 ,  6 . 4 ,  7 . 0 ,  7 .6  and 8 . 2 ,  r e s p e c t i v e l y  and then used to  s e n s i t i z e  

ta n n ic  a c id  tr e a te d  e r y t h r o c y t e s .  The s e n s i t i z e d  c e l l s  were then  

used in  the herp es  s im p lex  h e m a g g lu t in a t io n  t e s t  w ith  a n t i s e r a  o f  

known t i t e r .  The r e s u l t s  o b ta in ed  are  shown in  Table XVI. Those 

p r e p a r a t io n s  o f  v i r a l  a n t ig e n  in  a c id  b u f fe r e d  s a l i n e  d id  n o t  produce  

c l e a r - c u t  p o s i t i v e  and n e g a t iv e  s e d im e n ta t io n  p a t t e r n s ,  whereas th o se  

in  pH 7 .0  or above were w e l l  d e f in e d .  Those p r e p a r a t io n s  o f  v i r a l  

a n t ig e n  in  a c id  pH gave f a l s e  p o s i t i v e  r e a c t io n  p a t te r n s  w ith  the  non- 

immune serum and c o r re sp o n d in g ly  in c r e a s e d  t i t e r s  w ith  the  immune serum. 

S a l in e  b u f fe r e d  to pH 7 .2  was chosen as the  suspending f l u i d  for  a l l  

v i r a l  p r e p a r a t io n s .

E f f e c t  o f  Methods o f  P r e p a r a t io n  and Storage  

o f  V ir a l  A n tigen  on T e s t  

In  t h i s  experim ent s e v e r a l  methods o f  p r e p a r a t io n  and s to r a g e



48

TABLE XVI

EFFECT ON TEST OF pH OF BUFFERED SALINE USED TO RESUSPEND THE
CONCENTRATED VIRUS

pH o f  B uffered
H em agg lu tin a t ive  T i t e r s *

S a l in e
Immune Serum Non -immune Serum

pH 5 .2 256 16

pH 5 .8 256 16

pH 6 .4 128 8

pH 7 .0 32 0

pH 7 .6 32 0

pH 8 .2 32 0

*Expressed  as r e c ip r o c a l o f  the  serum d i l u t i o n .
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o f  the v i r a l  a n t ig e n  were used to  e s t a b l i s h  -.ot o n ly  th e  optimum methods 

but a l s o  the  p o s s i b l e  range o f  s a t i s f a c t o r y  methods. The methods i n v e s 

t ig a t e d  in c lu d ed  ( 1) u n con cen tra ted  i n f e c t e d  a l l a n t o i c  f l u i d ,  h a r v e s te d  

and frozen  a t  minus 20 C, (2) u n con cen tra ted  i n f e c t e d  a l l a n t o i c  f l u i d ,  

h a r v e s te d  and s to r e d  a t  4 C, (3 )  co n c e n tr a te d  i n f e c t e d  a l l a n t o i c  f l u i d ,  

d i lu t e d  1:10  and s to r e d  a t  minus 20 C, (4 )  c o n c e n tr a te d  in f e c t e d  a l l a n 

t o i c  f l u i d ,  d i lu t e d  1:10 and s to r e d  at 4 C, (5 )  con cen tra ted  i n f e c t e d  

a l l a n t o i c  f l u i d ,  d i l u t e d  1:100 and s to r e d  a t  4  C, and ( 6) con c e n tr a te d  

i n f e c t e d  a l l a n t o i c  f l u i d ,  d i lu t e d  1:1000 and s to r e d  a t  4 C, Each o f  

th e se  s i x  v i r a l  p r e p a r a t io n s  was o b ta in ed  from the same pool o f  in f e c t e d  

a l l a n t o i c  f l u i d  and was m ainta ined  at th e  s to r a g e  tem perature u n t i l  i t  

was used to  s e n s i t i z e  the ta n n ic  a c id  t r e a t e d  e r y t h r o c y t e s .  The r e s u l t s  

o f  t e s t s  w ith  immune and non-immune sera  are  shown in  Table XVII. The 

t i t e r s  o b ta in e d  w ith  the  p r e p a r a t io n s  o f  v i r u s ,  unconcentra ted  a t  minus 

20 C, co n c e n tr a te d  d i lu t e d  1:10 a t  minus 20 C, and c o n cen tra ted  d i lu t e d  

1:10 a t  4 C, were i d e n t i c a l .  Use o f  the  1:100 and 1:1000 d i l u t i o n s  o f  

th e  c o n cen tra ted  v i r a l  a n t ig e n  s to r e d  a t  4  C and o f  the  unconcentra ted  

a n t ig e n  a t  4  C y i e ld e d  t i t e r s  o f  16, 8 and 4 ,  r e s p e c t i v e l y .  The d i f f e r 

ence in  t i t e r  between s to r a g e  o f  un con cen tra ted  p r e p a r a t io n s  a t  minus 20 

C and 4 C i s  8- f o l d .  No d i f f e r e n c e  in  t i t e r s  was noted  between concen

t r a t e d  p r e p a r a t io n s  s to r e d  a t  minus 20 C and 4 C. However, d i f f e r e n c e s  

i n  t i t e r s  were noted  among c o n cen tra ted  p r e p a r a t io n s  which were d i lu t e d  

1 :1 0 ,  1:100 and 1:1000 and s to r e d  a t  4 C. These t i t e r s  were 32 , 16 and 

8 r e s p e c t i v e l y .
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TABLE XVII

EFFECT OF METHODS OF PREPARATION AND STORAGE 
ANTIGEN ON TEST

OF VIRAL

Methods

H em agglu tinative  T i t e r s *

Immune Serum Non-immune Serum

U nconcentrated  
Minus 20° C. 32 0

U nconcentrated  
4° C. 4 0

C on centrated , d i lu t e d  
1:1 0 , Minus 20° C. 32 0

C on centrated , d i lu t e d  
1:1 0 , 4°  C. 32 0

C on centrated , d i lu t e d  
1:100 , 4 °  C. 16 0

C on centrated , d i lu t e d  
1:1000 , 4°  C. 8 0

*Expressed  as r e c ip r o c a l  o f  th e  serum d i l u t i o n .



CHAPTER IV

DISCUSSION

The developm ent and e v a lu a t io n  o f  a new h e m a g g lu t in a t iv e  method 

which i s  s p e c i f i c  fo r  herp es  sim plex  v ir u s  has been p r e s e n te d .  A p p l i 

c a t i o n  o f  the u s u a l  v i r a l  h e m a g g lu t in a t iv e  tech n iq u e  as d e s c r ib e d  by 

H ir s t  (1941) and M cClelland and Hare (1941) to  herpes  s im p lex  was 

found by most w orkers to  be i n a c t i v e .  A c o n t r a d ic t o r y  f in d in g  was r e 

p or ted  by M oolten and Clark (1951) who were a b le  to  i s o l a t e  h erp es  

s im p le x  in  the  c i r c u l a t i n g  b lo o d .  They b e l i e v e d  th a t  t h i s  d e t e c t io n  

o f  the  v ir u s  i n  th e  c i r c u l a t i n g  blood c e l l  was the  e q u iv a le n t  o f  the  

h e m a g g lu t in a t io n  r e a c t io n  in  the t e s t  tube. T h e ir  work has n o t  been  

confirm ed  and G e l l e r  et  ̂ al^. (1953) showed th a t  herpes  s im p lex  v i r u s  

w i l l  n o t  a g g l u t i n a t e  e r y th r o c y t e s  by the  d i r e c t  method. The method 

d e s c r ib e d  here i s  an i n d i r e c t  type o f  h e m a g g lu t in a tio n  i n v o lv in g  the  

p re trea tm en t  o f  th e  e r y th r o c y t e s  w ith  ta n n ic  a c id .  The ta n n ic  a c id  

t r e a t e d  e r y t h r o c y t e s  are cap ab le  o f  adsorb ing the  v i r a l  p r o t e in  and 

w i l l  a g g l u t i n a t e  when exposed  to  the homologus immune serum. T h is  

t ech n iq u e  may p rove  to  be u s e f u l  in  the d i a g n o s t i c  la b o r a to r y  and 

most c e r t a i n l y  can be adapted to  o th er  v i r u s e s  which do n o t  have the  

c h a r a c t e r i s t i c  o f  d i r e c t  h e m a g g lu t in a t io n .

The a d s o r p t io n  o f  a l l  se ra  w ith  ta n n ic  a c id  t r e a te d  e r y th r o c y t e s

51
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was found to  be e s s e n t i a l  in  ord er  to  remove the  n o n - s p e c i f i c  a g g l u t i n 

i n s .  This was done w ith  the  p r e -  and p o s t- im m u n iza t io n  s e r a  and w ith  

the sera  used as  the  d i l u e n t s .

The amount o f  v i r u s  used in  the  s e n s i t i z a t i o n  o f  th e  ta n n ic  

a c id  t r e a te d  e r y th r o c y t e s  had a d i r e c t  e f f e c t  on the  h e m a g g lu t in a tiv e  

t i t e r .  In Table VII i t  can be seen  th a t  th e re  was a d e c r e a se  in t i t e r  

as s m a ller  amounts o f  v i r u s  were u sed . T h is  f a c t  in d ic a t e d  that a sp e 

c i f i c  a n t ig e n -a n t ib o d y  r e a c t io n  had taken p la c e .

As a d d i t io n a l  e v id e n c e  fo r  a n t ig e n -a n t ib o d y  s p e c i f i c i t y ,  s t u d ie s  

were done w ith  two s e r a ,  TVCS and TCS, which were prepared by a d so rp t io n  

te c h n iq u e s .  The herp es  s im p lex  h e m a g g lu t in a t io n  t e s t  and a v ir u s  in -  

f e c t i v i t y  tech n iq u e  in v o lv in g  v i r a l  n e u t r a l i z a t i o n  were used to i n v e s t i 

g a te  whether a s p e c i f i c  a n t ig e n -a n t ib o d y  r e a c t io n  was in v o lv e d .  The 

n e g a t iv e  r e s u l t s  o b ta in e d  in  the  h e m a g g lu t in a t io n  t e s t s  w ith  immune se ra  

which had been adsorbed w ith  v i r a l  a n t ig e n  dem onstrated  th a t  the s p e c i f i c  

a n t ib o d ie s  were removed from th o s e  s e r a .  The e f f e c t  o f  a d so r p t io n  o f  th e  

s e r a  on th e  i n f e c t i v i t y  o f  the  v i r u s  a l s o  dem onstrated th a t  the s p e c i f i c  

n e u t r a l i z i n g  a n t ib o d ie s  had been removed from the immune s e r a .  The v i r u s  

adsorbed serum (TVCS) d id  n o t  n e u t r a l i z e  th e  v a r io u s  d i l u t i o n s  o f  v ir u s  

as shown i n  Table X. The 100 per ce n t  i n f e c t i v i t y  o f  the  CAM which were  

in o c u la te d  w ith  the v i r u s  and serum (TVCS) m ixture c o n ta in in g  v ir u s  

d i lu t e d  from 10“  ̂ through 10“  ̂ showed th a t  no dem onstrab le  n e u t r a l i z in g  

a n t ib o d ie s  were p r e s e n t .  As a com parison, the  immune serum adsorbed  

w ith  ta n n ic  a c id  t r e a t e d  e r y th r o c y t e s  w ith o u t  v i r u s  (TCS) n e u t r a l i z e d  

the  v i r u s .  The r e s u l t s  o f  t h e s e  a d s o r p t io n  s t u d ie s  on the  h em agglu tin 

a t i v e  r e a c t io n  and v i r u s  i n f e c t i v i t y  add e v id en ce  to  support the f a c t
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th a t  a s p e c i f i c  a n t ig e n -a n t ib o d y  r e a c t io n  i s  in v o lv e d  in  t h i s  hemagglu

t i n a t i o n  t e s t  w ith  h erp es  s im p lex  v i r u s .

S in ce  the  a n t ib o d ie s  which r e a c t  in  the  h e m a g g lu t in a t iv e  and 

n e u t r a l i z a t i o n  p roced u res  are  both  removed by the  same ad so r p t io n  

tec h n iq u e ,  i t  appears th a t  the  n e u t r a l i z in g  and h em a g g lu t in a tin g  a n t i 

b o d ies  in  th e  immune s e r a  may be i d e n t i c a l .

When performed under c o n t r o l l e d  c o n d i t io n s ,  the  herpes s im plex  

h e m a g g lu t in a t io n  t e s t  has a h igh  degree  o f  s p e c i f i c i t y  and s e n s i t i v i t y .  

V arious f a c t o r s  i n f l u e n c i n g  the  t e s t  were i n v e s t i g a t e d  to  determ ine the  

optimum c o n d i t io n s  and th e  a c c e p ta b le  range under which i t  could  be p e r 

formed. W hile the  t e s t  i s  r e s t r i c t e d  by c e r ta in  f a c t o r s  such as an 

optimum hydrogen io n  c o n c e n t r a t io n  and the  c o n c e n tr a t io n  o f  ta n n ic  ac id  

used  to  t r e a t  th e  e r y t h r o c y t e s ,  i t  can be operated  e f f i c i e n t l y  under  

v a r ia b le  c o n d i t i o n s ,  i n c lu d in g  age o f  v i r a l  a n t ig e n  and tem perature o f  

in c u b a t io n  o f  t e s t ,  which a l lo w  some d i v e r s i t y  o f  performance and scope  

o f  a p p l i c a t i o n .

The s i z e  o f  the  t e s t  tube used in  the t e s t  i s  one o f  the v a r i a 

b le s  th a t  can be a d ju s te d  to  th e  conven ience  o f  the  p erson  perform ing  

the  t e s t  w ith o u t  a f f e c t i n g  th e  r e s u l t s .  S ta v i t s k y  (1954a) in v e s t i g a t e d  

two s i z e s  o f  t e s t  t u b e s ,  10 X 100 mm and 13 X 100 mm, i n  h i s  hemagglu

t i n a t i v e  tech n iq u e  w i t h  b a c t e r i a l  t o x in s  and he a l s o  found th at  tube  

s i z e  d id  n o t  in f lu e n c e  th e  t i t e r s .

The tem perature a t  which th e  t e s t  was incubated  was another

v a r ia b le  i n  th a t  no one tem perature  gave c o n s i s t e n t l y  b e t t e r  r e s u l t s

than th e  o t h e r s .  However, when the  tim e o f  in c u b a t io n  was a l s o  taken

in t o  ac c o u n t ,  i t  was found t h a t  th e  h ig h e r  in c u b a t io n  tem peratures for
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prolonged t im es  were u n s a t i s f a c t o r y .  The com bination o f  in c r e a se d  time  

and h igher  tem peratures  caused  the  e r y th r o c y t e s  to ly se  w ith  consequent  

d e s tr u c t io n  o f  the se d im e n ta t io n  p a t te r n .  The a c c ep ta b le  com bination  

o f  time and tem perature proved to  be ( 1) a l l  tem peratures t e s t e d  for  

four hours, o r  (2) in c u b a t io n  a t  4 C and 25 C for  four hours or o v e r 

n ig h t .  In cu b a t io n  fo r  lon ger  than o v e r n ig h t  i s  not recommended because ,  

r e g a r d le s s  o f  the tem perature , the  o ld e r  red c e l l s  tend to l y s e  and 

d i s t o r t  the s e d im e n ta t io n  p a t te r n .  In cu b at ion  a t  room tem perature  

(25 C) for  fo u r  hours or o v e r n ig h t  proved to  be most co n v en ien t  and 

req u ired  the u se  o f  no tem perature c o n t r o l l i n g  equipment, such as 

r e f r ig e r a t o r  o r  water bath. T h is  com bination o f  time and tem perature  

was fo llo w ed  by S t a v i t s k y  (1 9 5 4 a ) ,  but Boyden (1951) incubated  h i s  t e s t  

a t  4 C o v e r n ig h t .

The c o n c e n tr a t io n  o f  the  ta n n ic  a c id  used  to t r e a t  th e  e r y th r o 

c y t e s  must be weak enough to n e i t h e r  hem olyse nor a g g lu t in a t e  the c e l l s  

during  trea tm en t .  Boyden (1951) found th a t  e r y th r o c y te s  t r e a t e d  w ith  

1 :2 0 ,0 0 0  d i l u t i o n  o f  ta n n ic  a c id  and t u b e r c u l in  PPD gave most s a t i s f a c 

to ry  r e s u l t s  i n  the p resen ce  o f  anti-H37Rv ( s t r a i n  o f  Mycobacterium  

t u b e r c u lo s i s )  serum. A ta n n ic  a c id  d i l u t i o n  o f  1 :20 ,000  a l s o  gave good 

r e s u l t s  in  the  herpes s im plex  h e m a g g lu t in a t io n  t e s t  as  shown i n  Table  

XI.

The pH o f  the s a l i n e  used  to s e n s i t i z e  the  tan n ic  a c id  tr e a te d  

e r y th r o c y te s  w i t h  th e  v ir u s  must be a c id  for  proper a d s o r p t io n .  A pH 

o f  6 .4  was found to  be the  b e s t .  This i s  c o n s i s t e n t  w ith  the  f in d in g s  

o f  Boyden (1951)  and S t a v i t s k y  (1 9 5 4 a ) .  The time o f  exposure n e c e s s a r y  

fo r  the  a d so r p t io n  o f  v ir u s  on ta n n ic  a c id  tr e a te d  red c e l l s  had a
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r e l a t i v e l y  wide range but req u ired  a raininnjm o f  10 m in u tes .  The optimum 

time was between 10 m inutes and one hour. In l e s s  than ten  m inutes the  

a d s o r p t io n  does not take  p la c e  and the f r e e  v ir u s  i s ,  a p p a r e n t ly ,  removed 

during the  washing p r o c e ss  fo l lo w in g  the a d so r p t io n  s t e p .  I f  the  s e n s i 

t i z a t i o n  p e r io d  i s  pro longed  fo r  more than one hour, h e m o ly s is  and 

d i s t o r t i o n  o f  th e  s e d im e n ta t io n  p a t te r n  o c c u r .  T h is  rapid  a d so r p t io n  

o f  the v i r a l  a n t ig e n  on the e r y th r o c y te s  d i f f e r s  from the c o n d it io n e d  

type o f  h e m a g g lu t in a t io n  where the  a n t ig e n  i s  a p o ly s a c c h a r id e .  From 

one to s e v e r a l  hours are req u ired  for  the  a d s o r p t io n  o f  the  p o ly sa c c h a 

r id e  a n t ig e n  on u n tr e a te d  e r y th r o c y t e s ,  w h ile  a p r o t e in  a n t ig e n  can be 

adsorbed on t a n n ic  a c id  t r e a t e d  e r y th r o c y t e s  in  10 m in u tes .

While sheep  red blood c e l l s  gave e x c e l l e n t  r e s u l t s  in  the  herpes  

s im plex  h e m a g g lu t in a t io n  t e s t ,  i t  was a l s o  p o s s i b l e  to employ e r y th r o 

c y t e s  from o th e r  animal s p e c i e s .  In Table XIV i t  can be se en  th a t  horse  

e r y th r o c y t e s  and human (b lood  group "0") e r y th r o c y t e s  may be used but 

th a t  the  c h ick en  and r a b b i t  e r y th r o c y te s  hemolyzed when t r e a t e d  w ith  

the ta n n ic  a c id .  The a p p l i c a t i o n  o f  human e r y t h r o c y t e s  has advantages  

in  many la b o r a t o r i e s  because  they are more e a s i l y  o b ta in e d  than th o se  o f  

v a r io u s  animal s p e c i e s .  Sheep e r y th r o c y te s  were used  throughout t h i s  

stu d y .  The r e p r o d u c i b i l i t y  o f  the t e s t  w i l l  vary  to  a s l i g h t  degree  

w ith  d i f f e r e n t  sam ples o f  red blood c e l l s  from the same anim al s p e c i e s .  

T h e r e fo r e ,  serum specim ens th a t  need com parative e v a l u a t i o n s ,  such as 

a cu te  and c o n v a le s c e n t  sam p les ,  should  be examined by the  same a l iq u o t  

o f  red b lood  c e l l s  under i d e n t i c a l  c o n d i t io n s .  I t  i s  a lways a d v is a b le  

in  t h i s  t e s t ,  as  w e l l  as  in  any s e r o l o g i c a l  t e s t ,  to  in c lu d e  c o n tr o l  

s e r a ,  both  p o s i t i v e  and n e g a t iv e .
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As a d i lu e n t  in  t h i s  t e s t  normal r a b b it  serum proved to be su p er

i o r  to  sheep serum or  ch ick en  serum and, t h e r e f o r e ,  a l l  serum samples  

t e s t e d  in  t h i s  s tu dy  were d i lu t e d  w ith  i t .  A l l  se ra  to  be used  as the  

d i lu e n t  were adsorbed w ith  ta n n ic  a c id  t r e a t e d  e r y th r o c y t e s  to  remove 

n o n - s p e c i f i c  a g g l u t i n i n s  and then  d i lu t e d  1:100 in  s a l i n e .  Boyden 

(1951) showed t h a t  when the  serum d i lu e n t  was used a t  a d i l u t i o n  o f  

1:100 the  e r y th r o c y t e s  were p r o t e c t e d .  The u se  o f  the  serum d i lu e n t  

p r e v e n ts  h e m o ly s is  and n o n - s p e c i f i c  a g g l u t i n a t io n .

The v i r a l  a n t ig e n s  were prepared and s to r e d  by a v a r i e t y  o f  

methods w ith  a c c e p ta b le  r e s u l t s .  The age o f  the  v i r a l  a n t ig e n  d id  not  

i n f l u e n c e  the  t i t e r s  o b ta in ed  i f  i t  was s to r e d  a t  4 C. I t  cou ld  a l s o  

be p reserved  w ith  form alin  or m e r t h io la t e  and then s to r e d  a t  4 C u n t i l  

used w ith  r e s u l t s  comparable to f r e s h  p r e p a r a t io n s .  There were no 

d i f f e r e n c e s  in  t i t e r s  o b ta in ed  when the a n t ig e n  was s to r e d  a t  4  C or  

when i t  was fro z e n  a t  minus 20 C. C oncentrated and p u r i f i e d  v i r a l  

a n t ig e n s  were s u p e r io r  to unconcentra ted  in fefcted  a l l a n t o i c  f l u i d .  

However, in  one l o t  o f  v i r a l  a n t ig e n ,  as shown in  Table XVII, uncon-  

co n c e n tr a te d  a l l a n t o i c  f l u i d  fr o z e n  a t  minus 20 C gave r e s u l t s  comparable  

w ith  the  co n c e n tr a te d  and p u r i f i e d  v i r u s .  T h is  f in d in g  was probably  due 

to  the ex trem ely  h igh  c o n c e n tr a t io n  o f  v ir u s  i n  the  a l l a n t o i c  f l u i d .

For r e p r o d u c ib le  r e s u l t s  the c o n c e n tr a te d  and p u r i f i e d  p r e p a r a t io n s  

were more dependab le . The pH o f  the  b u ffer e d  s a l i n e  used  to  resuspend  

th e  v i r u s  a t  the com p let ion  o f  th e  c o n c e n tr a t io n  and p u r i f i c a t i o n  p ro

cedure d id  have some e f f e c t  on th e  t i t e r s .  In  Table XVI, i t  can be seen  

th a t  th e  v ir u s  resuspended in  b u f fe r e d  s a l i n e  pH 7 .0  or above was 

su p e r io r  to  th a t  in  a c id  b u f fe r e d  s a l i n e .  The v ir u s  resu sp en ded  in  a c id
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b u ffe r e d  s a l i n e  gave some f a l s e  p o s i t i v e  p a t te r n s  in  the non-immune 

serum. S a l in e  b u ffe r e d  at pH 7 . 2  was chosen to  be used throughout  

th e s e  s t u d i e s .

T h is  h e m a g g lu t in a t io n  t e s t  i s  s e n s i t i v e ,  s p e c i f i c  and ea sy  to  

perform . I t  has advantages o f  e a se  o f  p r e p a r a t io n  o f  rea g en ts ,  and 

i t  r e q u ir e s  sm a ll  amounts o f  r e a g e n t s .  While th ere  are l i m i t a t i o n s  

in  the  p r e p a r a t io n  o f  r e a g en ts  and performance o f  the  t e s t ,  th e r e  are  

a l s o  some v a r ia b le s  th a t  w i l l  a l lo w  d i v e r s i t y  in  performance. The 

a p p l i c a t i o n  o f  t h i s  techn iqu e  has many p o s s i b i l i t i e s .  It had p r e v io u s 

ly  been e x p lo red  w ith  b a c t e r i a l  p r o t e i n s  and some genera l p r o t e i n s ,  

such as ovalbum in, h orse  serum g l o b u l in  and albumin, and c h ick en  serum 

g lo b u l in  by Boyden (1 9 5 1 ) .  He e s t a b l i s h e d  th a t  the  technique was 

a p p l i c a b le  to a n t ig e n i c  p r o t e in s  in  g e n e r a l .  T h is  technique may prove  

to  be o f  d i a g n o s t i c  v a lu e  w ith  c e r t a in  v i r u s e s  th a t  now r e q u ire  e x 

p e n s iv e  n e u t r a l i z a t i o n  and p r o t e c t io n  t e s t s  in  order  to  e s t a b l i s h  a 

d i a g n o s i s .  I t  has p o s s i b i l i t i e s  o f  a p p l i c a t i o n  in  the  a n a ly s is  o f  

t i s s u e  c u l tu r e  f l u i d s .  In f a c t ,  v i r t u a l l y  a l l  a n t ig e n ic  p r o t e in s  

which are not h e m o ly t ic  may be a p p l i c a b le  to  th e se  methods.



CHAPTER V

SUMMARY

1. Herpes s im p lex  v i r u s ,  which by the usua l techn iqu e  o f  

h em a g g lu t in a tio n  i s  i n a c t i v e ,  has been shown to  produce h em agg lu t in 

a t io n  in  the  p resen ce  o f  s p e c i f i c  immune s e ra .

2. When herpes s im p lex  v ir u s  was adsorbed on sheep e r y th r o c y t e s  

which were p r e tr e a te d  w ith  ta n n ic  a c id ,  the s e n s i t i z e d  e r y th r o c y t e s  

were a g g lu t in a te d  in  the  p r e sen ce  o f  s p e c i f i c  immune serum.

3. The amount o f  v i r u s  used in  the s e n s i t i z a t i o n  p r o c e ss  had

a d i r e c t  e f f e c t  upon the  h e m a g g lu t in a t iv e  t i t e r s  o f  the  immune serum.

4 .  The p r e p a r a t io n  o f  r e a g en ts  and the procedures for  the

herpes s im plex  h e m a g g lu t in a t io n  t e s t  have been d e s c r ib e d .

5 . The antib ody  i n  herpes s im p lex  immune sera  can be removed

by a d so r p t io n  w ith  ta n n ic  a c id  t r e a t e d - v i r u s  s e n s i t i z e d  e r y t h r o c y t e s .  

The removal o f  t h i s  an tib od y  as dem onstrated by both h e m a g g lu t in a t iv e  

and i n f e c t i v i t y  te c h n iq u e s  i n d i c a t e s  th a t  the herpes s im plex  n e u t r a l i z 

in g  and h e m a g g lu t in a t in g  a n t ib o d ie s  are  probably i d e n t i c a l  and t h a t  a 

s p e c i f i c  a n t ig e n -a n t ib o d y  r e a c t io n  i s  in v o lv e d  in  the herpes s im p lex  

h em a g g lu t in a tio n  t e s t .

6 . F ac tors  a f f e c t i n g  the herpes sim plex  h e m a g g lu t in a tio n  t e s t  

were examined to show the  range and optimum requirem ents n e c e ssa r y  fo r
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the proper performance o f  the t e s t .  F actors  i n v e s t i g a t e d  were: (1) the  

s i z e  o f  the t e s t  tube employed i n  the  t e s t ,  ( 2) the  time and temperature  

o f  in cu b a t io n  o f  the t e s t ,  (3 )  the  c o n c e n tr a t io n  o f  ta n n ic  a c id  used to 

t r e a t  the e r y t h r o c y t e s ,  (4 )  the pH o f  the s a l i n e  a p p l ied  in  the  s e n s i t i 

z a t io n  o f  the c e l l s  w ith  v i r u s ,  (5) the time requ ired  fo r  t h i s  s e n s i t i 

z a t i o n ,  ( 6) the  u t i l i z a t i o n  o f  e r y th r o c y t e s  from d i f f e r e n t  s p e c i e s ,  (7)  

the type o f  serum used  fo r  the  serum d i lu e n t ,  and ( 8 ) v a r io u s  methods o f  

p r e p a r a tio n  and p r e s e r v a t io n  o f  the  v i r a l  a n t ig e n .

7. The herp es  s im p lex  h em a g g lu t in a tio n  t e s t ,  when c o n t r o l l e d  

by l im i t i n g  f a c t o r s ,  i s  a s e n s i t i v e ,  s p e c i f i c  and r e p r o d u c ib le  new 

s e r o l o g i c a l  t e s t .
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