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SUM M ARY

T h e fin d in g s  em b o d ied  in  th is  t h e s is  h a v e  b een  

d is c u s s e d  in th e fo llo w in g  tw o s e c t io n s .

A . C o m p a r a tiv e  S e r o lo g y

T h e in d ir e c t  f lu o r e s c e n t  an tib od y  t e s t  (IF A ) and th e  

e n z y m e  “lin k ed  im m u n o so r b e n t a s s a y  t e s t  (ELISA) h a v e  b een  

in v e s t ig a te d  fo r  th e ir  s e n s i t iv i t y  in  d e te r m in in g  IgG  an tib od y  

le v e l s  in  hum an  s e r a  to  H e r p e s  s im p le x  v ir u s  ty p e  1, 

C o x s a c k ie v ir u s  and R o ta v ir u s , T he r e s u lt s  o b ta in e d  h a v e  

b een  c o r r e la te d  w ith  th o se  o b ta in ed  fr o m  n e u tr a lis a t io n  or  

c o m p le m e n t f ix a tio n  t e s t s  in an  a tte m p t to e v a lu a te  the  

r e le v a n c e  o f  the a n tib o d ie s  d e te c te d  b y  th e s e  s e r o lo g ic a l  

p r o c e d u r e s .

B . V ir u s  A n tib od y  P r o f i l in g

A  n o v e l tech n iq u e  fo r  d is c r im in a t in g  b e tw e e n  hum an  

b lo o d s ta in s  h a s  b een  d e v e lo p e d  and th e s u ita b il i ty  o f th e  IF A  

and E L ISA  t e s t s  fo r  u se  in  th is  p r o c e d u r e  h a s  b e e n  in v e s t ig a te d .



INTR O D U CTIO N

A d d r e s s in g  a d e le g a te  c o n fe r e n c e  a t W .H .O , G eneva  in  

M a rc h , 1979, th e  D ir e c to r  o f S p e c ia l P r o g r a m m e s  r e la t in g  to  

Im m u n o lo g y  d r e w  a tte n tio n  to  th e  p le th o r a  o f ty p e s  o f  t e s t  a v a ila b le  

w o r ld -w id e  fo r  m e a s u r in g  im m u n ity  to m an y  d if fe r e n t  ty p e s  o f  

a n tig e n . H is  a d d r e s s  ra n g ed  o v e r  to p ic s  fr o m  im m u n ity  to  

p a r a s it e s  to  im m u n ity  to  b a c te r ia  and v ir u s e s .  H e co n c lu d ed  th a t,

"the s c ie n t i f i c  c o m m u n ity  w i l l  so o n e r  or  la te r  h a v e  to  s i t  down and  

m a k e  s o m e  h a rd  d e c is io n s  ab ou t th e  s ig n if ic a n c e  and r e le v a n c e  o f  

th e  v a r io u s  m e th o d s  a v a ila b le  fo r  m e a su r in g  im m u n ity  in  d if fe r e n t  

s itu a t io n s  and to  d if fe r e n t  im m u n o g e n s . In  p a r t ic u la r ,  i t  i s  

b e c o m in g  in c r e a s in g ly  im p e r a t iv e  th at w e m ak e d e c is io n s  about 

tw o s itu a t io n s .

F i r s t l y ,  w e  n eed  to  d e f in e  a s im p le , r e l ia b le  and if  p o s s ib le ,  

rap id  t e s t  w h ich  w ou ld  in d ic a te  in fe c t io n  w h ich  i s  c u r r e n t  and r e q u ir e s  

tr e a tm e n t , i f  su ch  Is a v a ila b le .

S e c o n d ly , w e u r g e n tly  n eed  a s in g le ,  s im p le  and  r e l ia b le  t e s t  

w h ich  w ou ld  in d ic a te  In a  p a r t ic u la r  d is e a s e  s itu a tio n  and in  a 

p a r t ic u la r  c o u n tr y , th a t a p o p u la tio n  group w a s  im m u n e  to  a p a r t ic u la r  

a n tig e n  and th a t th e im m u n ity  w a s  p r o te c t iv e . O n ly  w hen  th e s e  tw o  

t e s t s  h a v e  b e e n  d e fin ed  can  w e b eg in  to c o m e  to t e r m s ,  on a g lo b a l  

s c a le ,  w ith  th e  p r o b le m s  o f  d is e a s e  ca u sed  b y  in fe c t io n s  o f  a l l  

d e s c r ip t io n s  fr o m  p a r a s it e s  to b a c te r ia  and v ir u s e s " .

In v ie w  o f th e  c o m p le x ity  o f th e  p r o b le m , th is  m a y  w e l l  be  

a p io u s  h o p e , but the fa c t  th at WHO o f f ic ia ls  a r e  su g g e s t in g  a m o r e  

c o n c e n tr a te d  fo c u s s in g  on th e m ea n in g  and s ig n if ic a n c e  o f  im m u n ity  

m e a s u r e m e n ts  s t a r t s  to  r e in fo r c e  the su b jec t  m a tte r  of th is  t h e s i s .



r e la t in g  to v ir u s e s .  T he p r o b le m  is  v a s t  and c o m p le x  -  m o r e  

w ith  p a r a s it e s  than  w ith  v ir u s e s  b e c a u se  o f th e  la r g e r  s i z e ,  

o r g a n iz a tio n a l and a n t ig e n ic  c o m p le x ity  o f the fo r m e r .

V ir u s e s  v a r y  in  s iz e  fr o m  a p p r o x im a te ly  10 nm  th rou gh  

300 n m  and v a r y  c o n s id e r a b ly  In a n tig e n ic  c o m p le x ity . T o so m e  

ex ten t it w ould  b e tru e  to s ta te  that DNA v ir u s e s  a r e  m o r e  

c o m p le x  than a r e  th o se  co n ta in in g  R N A ,

B e fo r e  p r o c e e d in g  to d is c u s s  th e p o s s ib le  m eth o d s  o f  

im m u n o lo g ic a l a p p ro a ch  to  u n r a v e llin g  th e  s ig n if ic a n c e  o f  

a n tib o d y  m e a s u r e m e n t , I w ould  l ik e  to g iv e  a b r ie f  r e s u m e  

r e la t in g  to  th e s tr u c tu r e  and c o m p o s it io n  o f tw o v ir u s e s  -  one  

s im p le  (p ic o r n a v ir u s)  and th e  o th er  c o m p lic a te d  b y  s iz e  and  

a n t ig e n ic  c o m p le x ity  (in flu en za  v ir u s ) .  B y  d o in g  so  I s h a ll  be  

a b le  to e la b o r a te  so m e  o f th e  r e le v a n t  and c o m p le x  fa c to r s  w h ich  

h a v e  a b ea r in g  on  an tib od y  m e a s u r e m e n t .

F o r  b r e v ity  and r e le v a n c e  to m y  c h o se n  su b je c t , I 

s h a ll  d is c u s s  o n ly  th e  h u m o r a l r e s p o n se  (as o p p o se d  to  the  

s e c r e to r y  s y s te m )  and I s h a ll  n ot c o n s id e r  the c e l lu la r  a s p e c t s  

o f  Im m u n ity ,

P e r h a p s  the g r e a te s t  am ou n t o f In v e s t ig a t iv e  w o rk  h a s  

b een  done on the r e la t iv e ly  s im p le  p ic o r n a v ir u s  w h ich  c a u s e s  

fo o t and m outh  d is e a s e  (FM D V ), T h is  b e lo n g s  to  a v a s t  grou p  o f  

t in y  (a p p r o x im a te ly  23 n m -d ia m e te r )  RNA v ir u s e s  w h ich  in c lu d e  

th e  e n te r o v ir u s e s  (p o lio , c o x s a c k ie  and ECHO) a l l  o f  w h ich  a r e  

a c id  s ta b le , and the r h in o v ir u s e s  p lu s FM D V  w ith  a p p r o x im a te ly  

95 and s e v e n  d is t in c t  s e r o ty p e s  r e s p e c t iv e ly .  B oth  o f th e s e  la t te r



g ro u p s  a r e  a c id  la b ile  and h a v e  m a n y  su b ty p es a m o n g st  th e ir  

c o n v e n tio n a l s e r o ty p e s .

M o st  p lc o r n a v ir u s e s  h a v e  fou r  v ir u s  p o ly p ep tid e  

su b u n its  w ith in  th e  ca p s  id (V P l -  4 ) , o ften  In th e r a t io  o f  1:1:1:0, 5 

and so m e  h a v e  a h ig h e r  m o le c u la r  w e ig h t p ep tid e  w h ich  h a s ,  

c u r io u s ly , b een  la b e l le d

D u r in g  th e c o u r s e  o f v ir u s  s y n th e s is  in  in fe c te d  c e l l s  

v a r io u s  non  c a p s ld  v i r u s - s p e c i f i c  p r o te in s  a r e  p ro d u ced . 

m -R N A  is  t r a n s la te d  to  la r g e  m o le c u la r  w e ig h t p r o te in  p ro d u c ts  

w h ich  a r e  c le f t  d u rin g  o r  su b seq u en t to tr a n s la t io n  in to  a  n u m b er  

o f s m a lle r  p r o te in s .  S o m e o f t h e s e  la t te r  b e c o m e  p a r t o f th e  

v ir u s  c a p s id  a s  V 1 -V 4  p o ly p e p tid e s  but o th e r s  do not b e c o m e  p a r t  

o f th e v ir u s  s t r u c tu r e . T he a s s o c ia t io n  o f th e s e  w ith  a n y  

s p e c if ic  v ir a l  fu n ctio n  h a s  n o t b een  p ro v ed  but th ey  a r e  a l l  a n t ig e n ic ,  

C ow an  and G r a v e s  (1966) c o n cen tra ted  f lu id s  fr o m  B H K -21  

in fe c te d  c e l l  c u ltu r e s  and o b ta in ed  th r e e  p r e c ip it in  b an d s in  d ou b le  

im m u n e -d if fu s ion  t e s t s  w hen  th e y  u se d  s e r a  fr o m  c o n v a le s c e n t  

a n im a ls .  A fte r  a s e r i e s  o f p u r if ic a t io n  s te p s  th e y  w e r e  a b le  to  

sh o w  th a t one band w a s  due to in ta c t  v ir io n s  (14OS a n tig e n );  one  

to s e v e r a l  p r o te in  su b u n its  (128), w h ile  the th ird  w a s  due to  non  

c a p s id  v ir u s  p r o te in  (V IA ). C ow an  and G r a v es  (1966) w e r e  a b le  

to  d e m o n str a te  th e  s a m e  th r e e  a n tig e n s  in  v e s i c l e s  o f a n im a ls  

w h ich  w e r e  in fe c te d  w ith  F M D V . B ra d ish  e t . a l ,  (I960) sh ow ed  

th a t tr e a tm e n t  o f th e p u r if ie d  140S a n tig en  w ith  d if fe r e n t  a c id s  

r e s u lte d  in  th e b reak d ow n  o f  the v ir io n  to RNA and 128 p r o te in  

su b u n its  e a c h  w ith  d ia m e te r  of 7 nm . C ow an (196 8 ) fu r th e r



p u r if ie d  th e 12S com p on en t by  D E A E  c e l lu lo s e  ch ro m a to g ra p h y  

and o b se r v e d  th at th e  im m u n o lo g ic a l r e la t io n s h ip  b e tw een  the  

14OS and th e 12S co m p o n en t d e r iv e d  fr o m  it w a s  q u ite  d is t in c t .

It a p p e a r e d  th a t th e 12S com p on en t b o re  no o b v io u s  r e la t io n  to  the  

140S a n tig e n  a s  p r e v io u s ly  su g g e s te d  b y  Brown and C r ic k  (1958), 

and b y  C e g lo w s k i (1965), A  s im ila r  ap p aren t la c k  of  

r e la t io n s h ip  w a s  show n  fo r  to b a c c o  m o s a ic  v ir u s  and tu rn ip  

y e llo w  m o s a ic  v ir u s  b y  R ap p ap ort e t , a l ,  (1965), J e r n e  (I960) 

c o n s id e r e d  th e  n a tu re  o f a n tig e n ic  d e te r m in a n ts  and co n clu d ed  

th at co n fo r m a tio n a l fa c to r s  m a y  p la y  a r o le .  T h e s itu a tio n  w a s  

r e s o lv e d  b y  C ow an  (1968) who im m u n ise d  gu in ea  p ig s  w ith  12S 

a n tig e n  and d e m o n str a te d  th at th e  su b seq u en tly  p ro d u ced  an tl-12S  

a n tib o d y  r e a c te d  a l s o  (in  im m u n o d iffu sio n  t e s t s )  w ith  th e  14OS 

a n tig e n . T a lb o t and B row n  (1972) su b se q u e n tly  d e m o n str a te d  

th a t th e v ir u s  w a s  c o m p o se d  o f 60 su b u n its , e a c h  o f w h ich  con ta in ed  

a  m o le c u le  o f V P l,  V P 2  and V P 3 . T r im e r s  o f  th e s e  th r e e  su b u n its  

a c tu a lly  c o m p r is e  th e  12S a n tig e n  and th is  r e p r e s e n t s  th e  20  

tr ia n g u la r  f a c e s  of th e  ic o s a h e d r a l s tr u c tu r e  o f th e v ir u s .  T h e  

V P 4  p o ly p ep tid e  had th e r e fo r e  to  be lo c a te d  a t th e a p p o s it io n  o f  

th e  ic o s a h e d r a l f a c e s  and th is  m a th e m e t ic a l ly  s a t is f ie d  th e  

o c c u r r e n c e  w h ich  w a s  a lr e a d y  e s ta b lis h e d  o f  one h a lf  o f  th e m o la r  

c o n c e n tr a tio n  o f  V P 4 p o ly p ep tid e  a s  co m p a red  w ith  V P l- 3 ,

Roxdands e t ,  a l ,  (1971) sh ow ed  that tr y p s in  red u ced  

in fe c t iv ity  o f FM D V  and a ls o  d e c r e a s e d  its  a b il i ty  to  fo r m  

n e u tr a liz in g  an tib o d y . B u r r o u g h s , e t . a l ,  (1971) a ls o  d e m o n str a te d  

a s im ila r  fin d in g  but w e r e  a b le  su b seq u en tly  to  sh ow  that th is



c a m e  ab ou t b e c a u s e  V P l w a s  c le f t  fr o m  th e ic o sa h e d r o n  b y  

tr y p t ic  d ig e s t io n .  V P l w a s  th e r e fo r e  in v o lv ed  in  a d so r p tio n  o f  

v ir u s  to s u s c e p t ib le  c e l l s  and w a s  the p r im a r y  s i t e  o f  a c t io n  

o f n e u tr a liz in g  a n tib o d y  (R ow lan d s e t .  a l ,  1971).

T h e o c c u r r e n c e  o f  R N A -fr e e  c a p s id  h a s  b e e n  r e p o r te d  

fo r  p o lio v ir u s  b y  le  B o u v ie r  (1955, 1959) and b y  M & yer e t ,  a l .

(1957), fo r  c o x s a c k ie  v ir u s  b y  S ch m id t e t , a l ,  (1963), fo r  s e v e r a l  

EC HO v ir u s  e s  b y  F o r s g r e n  (1968). T h e s e  p a r t ic l e s  h o ld  

c o n s id e r a b le  in t e r e s t  b e c a u s e  o f p o s s ib le  r e le v a n c e  to  s tr u c tu r e  

and  s y n th e s is  and a ls o  to d ia g n o s t ic  m a te r ia l ,  v a c c in e s  and th e  

n a tu re  o f  th e  a n tib o d y  r e s p o n s e ,  P o l io v ir u s  h a s  b e e n  stu d ied  

in  g r e a te s t  d e ta i l  and i s  know n to  co n ta in  tw o v i r u s - s i z e d  p a r t ic le s  -  

on e R N A  co n ta in in g  (D -a n tig e n ) and the o th er  R N A -fr e e  (C a n tig en )  

(M ayer  e t ,  a l .  , 1957). T he D a n tig en  m a y  be c o n v e r te d  to th e C 

a n tig e n  b y  v a r io u s  d en a tu r in g  p r o c e d u r e s  su ch  a s  h e a tin g  to  56°C  

o r  e x p o s in g  to  u lt r a v io le t  lig h t  ( le  B o u v ie r , 1959; R o iz m a n , e t .  a l ,  

1 9 5 9 ). K a ta g ir i e t .  a l .  (1967) s u g g e s te d  that th e  in te r a c t io n  

b e tw e e n  v ir a l  R N A  and c a p s id  p r o te in  p r o d u c e s  a s p e c if ic  s u r fa c e  

c o n fig u r a tio n  w h ich  is  ch an ged  w hen  v ir a l  R N A  is  r e le a s e d ,  

r e s u lt in g  in  th e D to C c o n v e r s io n . Such c o n v e r s io n  r e s u l t s  in  th e  

l o s s  o f  V P 4  but B r e in d ^  (1971) sh ow ed  th a t, d e s p ite  th is  l o s s  and  

d e s p ite  th e  s u g g e s t io n  th at V P 4  w a s  an  in te r n a l co m p o n en t, V P 4  

is  a c tu a lly  a su r fa c e  co m p on en t and r e s p o n s ib le  fo r  b in d in g  

D - r e a c t iv e  a n t ib o d ie s . K r is  and M andel (1972) sh ow ed  th a t s u r fa c e  

co n fo r m a tio n  w a s  e x tr e m e ly  im p o rta n t by  d e m o n str a t in g  in



e le c tr o p h o r e t ic  e x p e r im e n ts  w ith  p o lio v ir u s ,  that the in te r a c t io n  

o f  a virion w ith  ev e n  a s in g le  m o le c u le  of a n tib o d y  w h ich  cou ld  

o n ly , a f te r  a l l ,  r e a c t  w ith  a  s in g le  su r fa c e  subun it ( V P l- 3 ,  o r  

V P 4 ) r e s u lte d  in  a ch an ge o f e v e r y  subunit b y  c o -o p e r a t iv e  or  

a l l o s t e r ic  tr a n s it io n .  Such a c t io n  r e s u lte d  in  o b v io u s  ch a n g es  in  

e le c tr o p h o r e t ic  c h a r a c t e r is t ic s  o f the v ir io n  and c o n se q u e n tly  

a lte r a t io n s  o f a n t ig e n ic  c h a r a c t e r is t ic s  m ig h t e a s i l y  a r i s e .

P la n t  e r o  s e ,  e t .  a l .  (1963) p ro v ed  that th e h e a t - la b i le

c o m p le m e n t  f ix in g  a n tig e n  cou ld  n ot be r e la te d  to 140 o r  123

a n t ig e n s  in  F M D V , T h is  le d  to  C ow an and G r a v e s  (1966)

d e m o n str a t io n  o f  a th ird  a n t ig e n ic a lly  d is t in c t  a n t ig e n  (V IA ),

T h is  cou ld  n ot be a s tr u c tu r a l co m p on en t of F M D V  and if  a n im a ls

w e r e  im m u n iz e d  w ith  p u r if ie d  but in a c tiv a te d  F M D V  no a n tib od y

to th is  a n tig e n  cou ld  be d e m o n str a te d . A n tib od y  w a s  o n ly  p r e s e n t

in  th e  s e r u m  o f  a c t iv e ly  in fe c te d  a n im a ls  d u r in g  c o n v a le s c e n c e

and c o n s e q u e n tly  th is  a n tig e n  w a s  c a lle d  v ir u s  In fe c tio n  a n tig e n  (V IA ).

C ow an  and G r a v e s  (1966) a ls o  sh ow ed  that s e r a  fr o m  a n im a ls

in fe c te d  w ith  d if fe r e n t  s e r o ty p e s  o f FM D V  r e a c te d  w ith  VIA

a n tig e n  p r e p a r e d  fr o m  T y p e  A  v ir u s .  VIA w a s  th e r e fo r e  n o t typ e

s p e c if ic  and w a s  a ls o  th e r e fo r e  p o te n t ia lly  e x tr e m e ly  u s e fu l  fo r
♦

d ia g n o s is ,  C ow an  and G r a v e s  (1966) su g g e s te d  th a t th is  VIA m u st  

be a v ir u s - in d u c e d  co m p on en t and P o la tn ic k , e t ,  a l  (1967) sh ow ed  

that VIA w a s , in fa c t ,  v ir a l  R N A -d e p e n d e n t-R N A -p o ly m e r a se .

T h is  w a s  p r o d u c e d  in  la r g e  enough q u antity  d u rin g  in fe c t io n  to  be  

r e c o g n is e d  a s  a fo r e ig n  p r o te in  by  the h o s t  and to g e n e r a te  an  

a n tib o d y  r e s p o n s e .

A n e x a m p le  o f a m o r e  c o m p lic a te d  v ir u s  w ou ld  b e  in f lu e n z a .



In flu en za  v ir io n s  v a r y  in s iz e  and m o rp h o lo g y  but a r e  

g e n e r a l ly  s p h e r ic a l  w ith  a d ia m e te r  o f  80 to 120 n m . F r e s h ly  

is o la te d  s tr a in s  a r e  o b s e r v e d  c o m m o n ly  to  h a v e  a f i la m e n to u s  

fo r m  o f  a  s im ila r  d ia m e te r  and up to 7 pm in  len g th ,(C h o p p in ,

M urphy and  Tamawi, I9 6 0 ).

U n lik e  th e  r e la t iv e ly  s im p le  p ic o r n a v ir u s , m o r e  c o m p le x  

v ir u s e s  su ch  a s  p o x v ir u s e s ,  h e r p e s v ir u s e s  and a ls o  m y x o v ir u s e s  

m a y  co n ta in  s ig n if ic a n t  a m o u n ts  o f  lipU  and ca rb o h y d ra te  in  

a d d itio n  to  th e  e x p e c te d  p r o te in  and n u c le ic  a c id  c o n s t itu e n ts .

T h e in flu e n z a  v ir io n  i s  c o m p o se d  o f  60-75%  p r o te in , 18-37%  

l ip id , 5-7%  n u c le i  a c id  ca rb o h y d ra te  and 0 .8-1%  R N A  (F r o m m h a g e n , 

K n igh t and F r e e m a n , 1959). W h e r e a s  th e v ir a l  R N A  o f  

p lc o r n a v ir u s e s  is  a s in g le  s tra n d ed  m o le c u le ,  th e  R N A  g f  In flu en za  

v ir u s  a p p e a r s  to c o n s is t  o f  f iv e  o r  s ix  s m a lle r  m o le c u le s  g iv in g  

a  to ta l  m o le c u la r  w eight o f a p p r o x im a te ly  2 , 5 x  10^ d a lto n s  (D u e sb e r g ,  

1968),

T h e v ir io n  c o n s is t s  o f a h e l ic a l  n u c le o c a p s id  co n ta in in g  th e  

v ir a l  R N A  and p r o te in , so m e  o f  w h ich  is  te r m e d  th e  in te r n a l  

so lu b le  (S) o r  r lb o n u c le o p r o te in  (R N P) a n tig en  (K in g sb u ry  and  

W e b s te r , 1969). T h e in flu en za  v ir u s e s  a r e  d iv id ed  in to  T y p e s  

A , B and C , b a se d  on th e im m u n o lo g ic a l d is t in c t iv e n e s s  o f  the  

R N P  a n tig e n  in  c o m p le m e n t f ix a tio n  t e s t s .

S u rrou n d in g  th e n u c le o c a p s id  is  an e n v e lo p e  c o v e r e d  in  " sp ik e s" .  

T h e e n v e lo p e  co n ta in s  3 d is t in c t  co m p o n en ts  - th e  h a e m a g g lu tin in  

and th e  e n z y m e  n e u r a m in id a s e , w h ich  o c c u r  on m o r p h o lo g ic a lly  

d if fe r e n t  ty p e s  o f  * sp ik es*  (L a v e r  and V a le n t in e , 1969) and a h o s t



c e l l  a n tig e n  (H a rb o e , 1963) w h ich  is  p r im a r i ly  ca rb o h y d ra te  and  

a p p e a r s  to  be a tta ch ed  to v ir a l  p r o te in s .

E x a m in a tio n  o f p u r if ie d  in flu e n z a  v ir u s  b y  e le c t r o p h o r e s is  

on  a c r y la m id e  g e ls  h a s  d e m o n str a te d  s e v e n  d is t in c t  p o ly p e p tid e s .

T h r e e  w e r e  ca rb o h y d ra te  f r e e  and fou r w e r e  g ly c o p r o te in s  

(C o m p a n s, K len k , C o lig u ir i and C hopp in , 1970). R e m o v a l o f  

th e  sp ik e s  fro m  th e v ir io n  b y  tr e a tm e n t w ith  p r o te o ly t ic  e n z y m e s  

a ls o  r e s u lte d  in  th e l o s s  o f h a em a g g lu tin a tln g  and n e u r a m in id a se  

a c t iv i ty  a s  w e ll  a s  the fo u r  g ly c o p r o te in s .  T h u s th e  n u c le o c a p s id  

co n ta in ed  3 n o n ca rb o h y d ra te  co n ta in in g  p r o te in s ,  w h e r e a s  th e  

fo u r  g ly c o p r o te in s  w e r e  a s s o c ia t e d  w ith  th e en v e lo p e  .
o

T h e  h a e m a g g lu tin in  subunit is  a p p r o x im a te ly  140 A  lo n g  and  

c o m p o se d  o f  2 d is t in c t  g ly c o p r o te in s .  L a v er  (1971) sh ow ed  th at  

th e s e  p o ly p e p tid e s  h ave  m o le c u la r  w e ig h ts  o f 6 0 , 0 0 0  and 1 2 , 0 0 0  

d a lto n s , A  m o le c u le  o f  ea c h  i s  jo in ed  by d isu lp h id e  bonds to  fo r m  

d im e r s  and th e  h a e m a g g lu tin in  su bu n it in  turn  i s  c o m p o se d  o f 2 d im e r s .

T h e  n e u r a m in id a s e  subun it w a s  a ls o  r e p o r te d  to  c o n s is t  o f  

2 p o ly p e p tid e s  h a v in g  m o le c u la r  w e ig h ts  o f a p p r o x im a te ly  58 , 000  

d a lto n s  (W e b ste r , 1970).

T h e p r o te in s  o f  th e  n u c le o c a p s id  a r e  ca rb o h y d ra te  fr e e  but 

d iffe r e n t  in v e s t ig a to r s  s u g g e s t  d if fe r e n t  n u m b e rs  o f p r o te in  p r e s e n t .  

T h r e e  p r o te in s  w e r e  d em o n str a te d  by C om p an s e t . a l ,  (1970) 

w h e r e a s  S k e h e l and S ch ild  (1971) in d ica ted  4 p r o te in s ,  S ch u lze  

(1972) p r o v id e d  e v id e n c e  th at tlie n u d e  op rote in  c o r e  o f th e v ir u s  

w a s se p a r a te d  fr o m  the en v e lo p e  p r o te in s  by  a co n tin u ou s la y e r  o f



lU

lip id  w h ich  p r o te c te d  the in te r n a l p r o te in s  fr o m  th e  e f fe c t  o f  

p r o te o ly t ic  e n z y m e s .

W ith in  the lip id  co a t the v ir a l  RNA w a s a s s o c ia t e d  w ith  V P 2  

to  fo r m  th e R N P  w hich  in turn  w a s  su rrou n d ed  b y  a la y e r  o f  

p r o te in  V P 3 . C how  and S im p so n  (1971) s u g g e s t  th at th e  th ird  

n u c le o p r o te in  (V P l) w as R N A -d e p e n d a n t-R N A -p o ly m e r a se .

T hus b e c a u s e  in flu en za  v ir u s e s  h ave  m o r e  s tr u c tu r a l co m p o n en ts

than  F M D V , the in flu en za  v ir u s e s  a r e  a ls o  a n t ig e n ic a lly  m o r e  c o m p le x .

T he h a e m a g g lu tin in  subunit is  th e  m ea n s  b y  w h ich  the v ir u s  

a tta c h e s  to  s p e c if ic  g ly c o p r o te in  r e c e p to r  s i t e s  on th e  c e l l  and i s  

r e s p o n s ib le  fo r  in d u cin g  a n tib od y  w h ich  n e u tr a l iz e s  v ir u s  

in fe c t iv ity  (W e b ste r , L a v e r  and K ilb o u rn e , 1968), S ch ild  (1970) 

d e m o n str a te d  th at s e r a  fr o m  r a b b its  im m u n ized  w ith  p u r if ie d  

h a e m a g g lu tin in  had a h igh  l e v e l  o f v ir u s  n e u tr a liz in g  and  

h a e m a g g lu tin a tio n -in h ib it in g  a c t iv i ty ,  but w e r e  fr e e  o f a n tib o d y  to  

n e u r a m in id a se  o r  th e  in te r n a l R N P  a n tig en .

T h e  a b il i ty  o f  e th e r  o r  d e te r g e n t  d isr u p te d  v ir u s  a s  w e l l  a s  

h a e m a g g lu tin in  su b u n its  to  in d u ce  the fo rm a tio n  o f  n e u tr a liz in g  

a n tib o d y  i s  o f  c o n s id e r a b le  in t e r e s t  s in c e  th e s e  tr e a tm e n ts  a b o lish  

th e  p y r o g e n ic  a c t iv i ty  o f in ta c t  v ir u s  v a c c in e s  (F a z e k a s  de S t, G roth , 

W e b ste r  and D a v en p o r t, 1969) p e r m itt in g  the p r e p a r a t io n  o f a m o r e  

" d e s ir a b le "  p ro d u ct.

T h e o th er  " sp ik e"  a n tig e n  on the v ir u s  s u r fa c e  is  the e n z y m e  

n e u r a m in id a s e  w h ich  h y d r o ly s e s  te r m in a l s ia l ic  a c id  (N -a c e ty l  

n e u r a m in ic  a c id )  fr o m  the v ir a l  h a em a g g lu tin in  g ly c o p r o te in  

r e c e p to r s  on  th e  c e l l  su r fa c e  p e r m itt in g  the e v e n tu a l e lu t io n  o f  the



v ir io n s  (G o ttsc h a lk , 1 9 6 6 ) , A n tib od y  to n e u r a m in id a s e  d o e s  not  

p r e v e n t  th e in fe c t io n  o f s u s c e p t ib le  c e l l s  but d o e s  c a u se  an  

in h ib it io n  o f  th e  n e u r a m in id a se  a c t iv i ty  and a r e s u lta n t  fa ilu r e  

o f th e  v ir u s  to be r e le a s e d  fr o m  th e  in fe c te d  c e l l s .  I t h a s  b een  

s u g g e s te d  b y  S ch u lm a n  (1969) th a t a lth ou gh  a n tib o d y  to 

n e u r a m in id a s e  la c k s  tr u e  n e u tr a liz in g  c a p a b il i t ie s ,  it  m a y  p la y  a  

s ig n if ic a n t  r o le  in  p r o te c t io n  to th e  d i s e a s e .

T h e  tr u e  a n t ig e n ic  c o m p le x ity  o f in flu en za  v ir u s  i s  o n ly  

p a r t ia l ly  s u g g e s te d  by  th e  d e m o n str a tio n  o f a n u m b e r  o f  

a n t ig e n ic a l ly  d is t in c t  c o m p o n e n ts . G radu al a n t ig e n ic  v a r ia t io n  

o f  in flu en za  A  v ir u s e s  m a y  o c c u r  a s  a c o n se q u e n c e  o f m in o r  c h a n g e s  

in  th e h a e m a g g lu tin in  o r  n e u r a m in id a s e , o r  both .

T h u s on en co u n ter in g  an in vad in g  v ir u s ,  th e  in d iv id u a l's  

im m u n e s y s t e m  is  e x p o se d  to  a m u ltitu d e  o f v ir a l  c o m p o n e n ts , 

th e  m a jo r ity  o f  w h ich  a c t  a s  im m u n o g en s  ( i . e .  s u b s ta n c e s  ca p a b le  

o f  e l ic i t in g  th e fo r m a tio n  o f  s p e c if ic  an tib o d y  m o le c u le s ) .  T h e  

d e te c t io n  and m e a s u r e m e n t  o f  su ch  an  im m u n e r e s p o n s e  i s  th e  

fu n ctio n  o f  a  b ra n ch  o f  im m u n o lo g y  c a lle d  s e r o lo g y .

F  ro m  th e  b eg in n in g  o f  th is  cen tu ry  a b e w ild e r in g  a r r a y  of 

s e r o lo g ic a l  te c h n iq u e s  h a v e  b een  d ev e lo p e d  to  a id  in th e  

d e te r m in a t io n  o f th e  an tib o d y  r e s p o n s e  to in fe c t io n . T h e fo llo w in g  

l i t e r a tu r e  s u r v e y  s e r v e s  to  su m m a r iz e  so m e  o f th e p r o c e d u r e s  

in v o lv e d  and o u t lin e s  th e ir  co n c o m m lta n t a d v a n ta g e s  and d if f ic u l t ie s .

In  a d d itio n  to  in d ic a tin g  th e e x is te n c e  o f  a s p e c if ic  m ic r o b ia l  

in fe c t io n  in  an  in d iv id u a l and th e ir  im m u n e s ta tu s  s e r o lo g y  a ls o



o f fe r s  th e  p o s s ib i l i t y  o f d iffe r e n tia t in g  one p e r s o n  fr o m  a n o th er  by  

m e a n s  o f  th e s p e c if ic  a n tib o d ie s  w h ich  th e ir  s e r u m  co n ta in s .

A n tib o d ie s  b e lo n g in g  to  th e  IgG  c la s s  can  be found a t  

r e la t iv e ly  unchanged  l e v e ls  in  th e  b lood  m a n y  y e a r s  a f te r  e x p o su r e  

to  an  in vad in g  m ic r o -o r g a n is m  (K ing, W e r r e tt  h  W h iteh ead , 1976). 

F u r th e r m o r e ,  IgG  a n tib o d ie s  a r e  s ta b le  in  and r e a d ily  e x tr a c te d  

fr o m  d r ie d  b lood  (W e r r e tt , K ing & W h iteh ead , 1976).

E x p o su r e  to  v a r io u s  v ir u s e s  during  an  In d iv id u a l's  l i f e t im e  

th e r e fo r e  le a v e s  a m e a s u r a b le  r e c o r d  o f  im m u n o lo g ic a l  

e x p e r ie n c e  w h ich  m a y  en a b le  an id e n tif ic a t io n  o f  an  in d iv id u a l to  

b e m a d e  fr o m  a sa m p le  o f h is  b lood  e ith e r  a s  a s e r u m  sp e c im e n  o r  

a s  a b lood  s ta in .

T h e  p o s s ib i l i t y  th e r e fo r e  e x i s t s  that a b io lo g ic a l  "fingerprinlf®  

m a y  b e  o b ta in ed  in  the fo r m  o f  an  "antibody p r o f ile "  fr o m  a b lood  

s ta in  w h ich  co u ld  be u se d  in  fo r e n s ic  s c ie n c e  fo r  th e  id e n tif ic a t io n  

o f a s u s p e c t .  It i s  im p o rta n t, th e r e fo r e ,  th a t a s in g le ,  s e n s i t iv e ,  

r e l ia b le  s e r o lo g ic a l  tech n iq u e  sh ou ld  be found w h ich  w ould  be  

a p p lic a b le  to  th is  s itu a tio n .

T h is  t h e s is  c o n c e n tr a te s  on ex a m in in g  tw o s e r o lo g ic a l  

te c h n iq u e s , n a m e ly :  th e  in d ir e c t  f lu o r e s c e n t  a n tib o d y  t e s t  and  

e n z y m e - l in k e d  im m u n o so rb en t a s s a y  w hich  sh ow  th e g r e a te s t  

p o te n t ia l fo r  fu lf i l l in g  th e  a fo r e m e n tio n e d  c r i t e r ia  in  both c l in ic a l  

and fo r e n s ic  a p p lic a t io n s .



C H A P T E R  ï

L IT E R A T U R E  REVIEW



(a) S e r o lo g ic a l  t e s t s  In v ir u s  d is e a s e  d ia g n o s is

T h e  m a in  fu n ctio n  o f  a h o s p ita l v ir u s  d ia g n o s t ic  la b o r a to r y  

i s  to p r o v id e  a d ia g n o s t ic  r e p o r t  fr o m  a p a th o lo g ic a l sp e c im e n  w h ich  

w il l  en a b le  th e  c l in ic ia n  to c o n fir m  h is  d ia g n o s is  and a id  in  p r e s c r ib in g  

th e a p p r o p r ia te  tr e a tm e n t . M any p r o c e d u r e s  h a v e  b e e n  d e v is e d  o v e r  

th e  y e a r s  fo r  v ir u s  a n tib od y  d e te c t io n  and the m o s t  su ita b le  a r e  

g e n e r a l ly  th o se  w h ich  a r e  s im p le ,  in e x p e n s iv e  and c a p a b le  o f e x a m in in g  

la r g e  n u m b e r s  o f s e r u m  s a m p le s  q u ick ly  and e f f ic ie n t ly .

T h e  s ig n if ic a n c e  o f  the r e s u l t s ,  fr o m  th e  c l in ic ia n s  p o in t o f  

v ie w , u s u a lly  d ep en d s  upon e ith e r  d e te c t io n  o f  (a) s p e c if ic  a n t iv ir a l  

a n tib o d ie s  a t  a  p a r t ic u la r  p r e d e te r m in e d  l e v e l  o r  (b) a fo u r - fo ld  o r  

g r e a te r  r i s e  in  t i t r e  o f  s p e c if ic  a n t iv ir a l  a n t ib o d ie s  b e tw e e n  tw o s e r u m  

s a m p le s ,  ta k en  10-14 d a y s  a p a r t, d u rin g  the a c u te  and c o n v a le s c e n t  

p h a s e s  o f  th e  i l l n e s s .

T o d a te , th e  m o s t  co m m o n ly  e m p lo y ed  s e r o lo g ic a l  t e s t s  fo r  

th e  d e te c t io n  and  q u an tita tio n  o f  a n t iv ir a l  a n t ib o d ie s  h a v e  b e e n  th e  s o -  

c a l le d  " c la s s ic a l"  r e a c t io n s  su ch  a s  th e c o m p le m e n t  f ix a t io n  t e s t ,  

h a e m a g g lu t in a t io n - in h ib it io n  and "in  v i t r o " and "in v iv o "  n e u tr a lis a t io n  

te c h n iq u e s . T h e s e  p r o c e d u r e s , a lth ou gh  h av in g  b e e n  a c c e p te d  b y  m o s t  

v ir o lo g y  la b o r a to r ie s  a r e ,  h o w e v e r , s t i l l  su b je c t to  n u m e r o u s  

d if f ic u l t ie s ,

1) C o m p le m e n t F ix a t io n  T e s t  (C F T )

C o m p le m e n t c o n s is t s  o f 9 se r u m  p r o te in s  th a t c o n s t itu te  ab ou t 10% 

o f th e  g lo b u lin s  in  m an  and o th er  v e r te b r a te s .  It fo r m s  an  e s s e n t ia l  

p a r t  o f th e  im m u n e r e s p o n s e  b y  c o -o p e r a t in g  in th e le th a l  a c t io n  ( ly s is )



o f  a n tib o d y  on b a c te r ia  and o th er  c e l l s  w h ich  a r e  fo r e ig n  to th e  hum an  

b od y .

T h e C F T  (C a s a ls ,  1947) d ep en d s on the a b il i ty  o f a n ti g e n -a n tib o d y  

c o m p le x e s  to  b ind or  **fix" th e  9 co m p o n en ts  (C 1-C 9) o f  c o m p le m e n t  

in  an  o r d e r e d  s e q u e n c e . W hen th e  f ir s t  com p on en t C lq  (one o f  th r e e  

m a in  sub fr a c t io n s  o f  C l, i ,  e ,  C lq , C lr ,  C ls )  i s  a c t iv a te d  b y  an  im m u n e  

c o m p le x , it  a c q u ir e s  th e  a b il i ty  to  a c t iv a te  s e v e r a l  m o le c u le s  o f  th e  

n e x t com p o n en t and so  on p ro d u c in g  a c a sc a d e  e f f e c t  w ith  a m p lif ic a t io n .

In  th is  w a y  th e  a c t iv a t io n  o f on e m o le c u le  o f C l can  le a d  to  the  

a c t iv a t io n  o f  th o u sa n d s o f  th e  la t e r  co m p o n en ts , c u lm in a tin g  in  th e  

b in d in g  and a c t iv a t io n  o f  m a n y  C 8 and C 9  p r o te in s  w h ich  h a v e  th e  

a b il i ty  to d isr u p t  th e c e l l  m e m b r a n e  on w h ich  th e y  a r e  f ix e d .

T he a b il i t y  o f c o m p le m e n t to c a u se  the l y s i s  o f s u ita b ly  s e n s i t iz e d  red  

b lood  c e l l s  p r o v id e s  th e In d ica to r  s y s te m  fo r  th e C F T  w h ich  is  b e s t  

c o n s id e r e d  in  tw o s t a g e s .

S ta g e  1 ; S e r ia l  d ilu t io n s  o f  a n ti s e r u m  a r e  p r e p a r e d  in  a su ita b le

b u ffe r , e . g .  V e r o n a l b u ffer  and in cu b a ted  a t  4°C  o v e r n ig h t  

w ith  c a r e fu l ly  m e a s u r e d  a m ou n ts  o f  v ir u s  a n tig e n  and  

c o m p le m e n t . I f  th e  a p p ro p r ia te  A b -A g  c o m p le x e s  a r e  

fo r m e d , c o m p le m e n t i s  " fixed" , 1. e ,  p r e v e n te d  fr o m  

tak in g  p a r t  in  th e  sec o n d  s ta g e  o f th e  t e s t .

S ta g e  2 : T o d e te c t  th e  p r e s e n c e  or a b se n c e  o f f r e e  c o m p le m e n t ,

in d ic a to r  c e l l s  c o n s is t in g  u su a lly  o f sh e e p  red  b lood  

c e l l s  s e n s i t iz e d  by co a tin g  w ith  ra b b it a n t ib o d ie s  to  sh eep  

e r y th r o c y te s  (h a e m o ly s in ) a r e  added  and  in cu b a ted  a t  

37°C  fo r  a fu r th e r  30 m in u te s .



R e s u lt  : A . H a e m o ly s is  o f the red  c e l l s  in d ic a te s  th a t f r e e  c o m p le m e n t  

h a s  p e r s is t e d  and th e r e fo r e  that an  e f fe c t iv e  A g -A b  r e a c t io n  

h a s  n ot o c c u r r e d  in S tage 1, i. e ,  th e  a n ti s e r u m  d id  not 

co n ta in  a n tib o d ie s  to  th e  v ir a l  A g under in v e s t ig a t io n .

B . T he a b s e n c e  o f h a e m o ly s is  in d ic a te s  that c o m p le m e n t  

h a s  b e e n  f ix e d  and th e r e fo r e  that an  A g -A b  r e a c t io n  h a s  

o c c u r r e d  in  S tage 1. T he am ount o f s p e c if ic  a n t iv ir a l  

a n tib o d y  e x is t in g  in  th e se r u m  sa m p le  i s  in d ica te d  by  

d e te r m in in g  th e  f in a l d ilu tio n  o f a n ti s e r u m  in  the t itr a t io n  

to  g iv e  l e s s  than  50% ly s i s  o f  the red  b lood  c e l l s .

T h e c o m p le m e n t f ix a t io n  t e s t  i s  th e  m o s t  w id e ly  u se d  o f  th e  c l a s s i c a l  

s e r o lo g ic a l  r e a c t io n s ,  h o w e v e r , it  s u ffe r s  fr o m  s e v e r a l  fu n d a m en ta l 

p r o b le m s .

D ue to th e  la r g e  n u m b er o f r e a c ta n ts  in v o lv e d  in  th e  a s s a y ,  a c c u r a te  

s ta n d a r d iz a tio n  o f  a l l  the t e s t  r e a c ta n ts  is  o f p r im e  im p o r ta n c e  fo r  a 

r e l ia b le  C F T , S in c e  th e  t e s t  c o n s is t s  o f 5 v a r ia b le s ,  3 o f w h ich , i .  e ,  

a n tig e n , c o m p le m e n t and h a e m o ly s in , a r e  a s s a y e d  fo r  u s e  on  th e b a s is  

o f  a  fou rth  v a r ia b le  -  sh eep  e r y th r o c y te s ,  the u tm o st  a c c u r a c y  in  

m e a s u r e m e n t  o f  th e r e a c ta n ts  is  req u ir ed  e s p e c ia l ly  w hen  s m a ll  v o lu m e s  

of r e a g e n ts ,  e ,  g , 0 ,0 2 5  m l,  a r e  u se d , a s  in  th e  m ic r o t i t r e  m eth o d  

d ev e lo p e d  b y  S e v e r  (1962), W ith the 5th r e a g e n t , th e  s e r u m  under  

in v e s t ig a t io n , b e in g  y e t  a n o th er  v a r ia b le  in  th e s y s t e m , th e  t e s t  i s  

o b v io u s ly  open  to an o v e r a l l  e r r o r  g r e a te r  than the e x p e c te d  e r r o r  

due to  ea ch  o f th e  v a r ia b le s .

F o r  th is  r e a s o n , a n u m b er of c o n tr o ls  m u st  b e  in c o r p o r a te d  into  

th e  C F T  to  m o n ito r  the r e l ia b i l i t y  o f ea ch  co m p o n en t o f  th e  s y s t e m , e ,  g .



1) S e n s it iz e d  e r y th r o c y te s  a lo n e  m u st  show  no ly s i s  

d u r in g  th e ir  in cu b a tio n  in  V e r o n a l b u ffe r ,

2) S e n s it iz e d  e r y th r o c y te s  + c o m p le m e n t m u st  show  

c o m p le te  l y s i s  a t  th e  end  o f  th e  a s s a y  p r o c e d u r e ,

3) A n tig e n  + c o m p le m e n t + e r y th r o c y te s  m u st  sh ow  

c o m p le te  l y s i s ,

4) A n tib o d y  + c o m p le m e n t + e r y th r o c y te s  m u st  show  

c o m p le te  l y s i s .

T h e s e  la s t  tw o c o n tr o ls  m o n ito r  th e p h en o m en o n  know n a s  

a n t ic o m p le m e n ta r ity , i .  e .  th a t e ith e r  rea c ta n t -  A g  o r  A b  d o e s  not 

in a c t iv a te  o r  "fix"  c o m p le m e n t w ith ou t th e  o th e r . Such a d if f ic u lty  

i s  o ften  e x p e r ie n c e d  w ith  a n t ig e n ic  m a te r ia l  w h ich  h a s  b e e n  o b ta in e d  

fr o m  in fe c te d  t i s s u e ,  e , g ,  v ir u s ,  r lc k e t t s ia  and c h la m y d ia ,p r o p a g a tio n .

T h is  p r o b le m  can  o ften  be o v e r c o m e  by pu rify in g  th e  a n t ig e n s  v ia  

e x tr a c t io n  w ith  a c e to n e  o r  b e n z e n e  (E spana and H am m on , 1948), by  

r e m o v a l o f  n o n - s p e c i f ic  p r o te in  b y  p r é c ip ita n ts  su ch  a s  f lu o r o c a r b o n s  

o r  b y  h ig h  sp eed  c e n tr ifu g a tio n  (L en n ette  and S ch m id t, 1964).

U n d ilu ted  or s l ig h t ly  d ilu ted  a n t is e r a  a r e  a ls o  fr e q u e n tly  a n ti c o m p le m e n ta r y  

u s u a lly  ow in g  to so m e  d en a tu red  and a g g r e g a te d  im m u n o g lo b u lin s . In  

so m e  p a t ie n t s ,  r e p e a te d  b le e d in g s  w i l l  c o n s is t e n t ly  y ie ld  s e r a  w h ich  a r e  

a n t ic o m p le m e n ta r y  w h e r e a s  in  o th e r s  the s e r a  m a y  be a n t ic o m p le m e n ta r y  

on so m e  o c c a s io n s  but not a l l  (L ig h te r , 1953). O ften  th is  p r o b le m  can  

be o v e r c o m e  b y  fo llo w in g  a m in o r  m o d if ic a tio n  o f th e  m eth o d  d e s c r ib e d  

b y T a ran  (1946). T he s e r u m  is  in cu b ated  w ith  g u in ea  p ig  c o m p le m e n t  

a t 4°C  o v e r n ig h t , th en  a t  37°C  fo r  30 m in u tes  b e fo r e  b e in g  in a c tiv a te d  

a t  5 6 -6 0 °C  fo r  30 m in u te s .



F i n a l l y , a n t ic o m p le m e n ta r y  r e a c t io n s  o f s e r a  m a y  b e due to  

e x tr a n e o u s  fa c to r s  n a m e ly  b a c te r ia l  or  c h e m ic a l co n ta m in a tio n .

A lc o h o l ,  a n tic o a g u la n ts  (su ch  a s  c i tr a te ,  o x a la te  and h ep a r in ) ^  

p r e s e r v a t iv e s  can  a l l  g iv e  r i s e  to  a n t ic o m p le m e n ta r y  p r o p e r t ie s  in  

th e  s e r u m  but by  fa r  th e  c o m m o n e s t  c a u se  o f a n t ic o m p le m e n ta r y  

a c t iv i ty  i s  b a c te r ia l  co n ta m in a tio n  o f  the s p e c im e n  (L en n ette , e t .  a l ,

1 9 6 4 ). Im p r o v e m e n ts  in  s e n s i t iv i t y  and s p e c i f ic i t y  o f  th e  C F T  w ould  

a ls o  b e  d e s ir a b le  but it  h a s  b een  su g g e s te d  b y  S ch u b er t, S tan ford  

and T iffa n y  (1951) th at t h e s e  tw o fa c to r s  h ave  an  in v e r s e  r e la t io n s h ip .

B y  e x a m in in g  th e  r e la t iv e  s e n s i t iv i t i e s  and th e  r e la t iv e  s p e c i f i c i t ie s  

o f th e 5 c o m p le m e n t f ix a t io n  te c h n iq u e s  fo r  the R lc k e t t s io s e s ,  S ch u b e r t, 

e t .  a l ,  co n c lu d ed  th a t th e  m o s t  s e n s i t iv e  t e s t  w a s  th e  l e a s t  s p e c if ic ;  

th e  m o s t  s p e c if ic  t e s t  w a s  th e  l e a s t  s e n s it iv e  and th e o th e r  th r e e  t e s t s  

w e r e  p la c e d  b e tw een  th e s e  tw o e x tr e m e s .

I d e a lly ,  h ig h ly  s e n s i t iv e  t e s t s  fo r  the d e te r m in a t io n  o f lo w  l e v e l s  

of s p e c if ic  a n tib o d y  in  s e r a  a r e  r e q u ir e d  w hen  d e a lin g  w ith  s e r o lo g ic a l  

s u r v e y s  to  d e te r m in e  th e e x te n t  to  w h ich  im m u n ity  to  a p a r t ic u la r  

o r g a n is m  is  p r e s e n t  in  a p o p u la tio n . H o w ev er , w hen  fa c e d  w ith  a  

s itu a tio n  w h e r e  in c r e a s e d  s e n s i t iv i t y  le a d s  to  d e c r e a s e d  s p e c i f ic i t y  

r e s u lt in g  in f a l s e  p o s it iv e  o r  n e g a t iv e  r e s u lt s  (S ch u b e rt, e t ,  a l ,  1951), 

th e  v a lu e  o f su ch  a t e s t  in  th e v ir u s  d ia g n o st ic  la b o r a to r y  i s  q u e s t io n a b le .  

R e c e n t ly , h o w e v e r , Z i s s i s  and C lin e t  (1974), r e c o g n iz in g  th e  

t e c h n ic a l  d if f ic u l t ie s  en co u n te r e d  in  the CF r e a c t io n , d e s c r ib e d  a 

m o d ifie d  t e s t  w h ich  in v o lv e s  a ch an ge in  the h a e m o ly t ic  s y s t e m . B y  

u s in g  a 0,2%  red  b lood  c e l l  su sp e n s io n , in s te a d  o f  the u su a l 2% 

c o n c e n tr a t io n , w ith  a 1 /8 0  - 1/100 d ilu tio n  o f c o m p le m e n t  and a 1/1000 -  

1 /2 0 0 0  d ilu tio n  o f h a e m o ly s in , th e y  c la im  fou r b a s ic  im p r o v e m e n ts



a) a  s ta b le  rea d in g  w h ich  can  be ta k en  a t d if fe r e n t  t im e s  d ep en d in g  

on in cu b a tio n  te m p e r a tu r e ,b )  e x c e l le n t  r e p r o d u c ib ility , c) s m a lle r  

q u an tity  o f  a n tig e n  r e q u ir e d , d) in c r e a s e d  s e n s i t iv i t y .

2) H a e m a g g lu tin a tlo n  -In h ib itio n  (HAI)

H a e m a g g lu tin a tio n , i. e .  th e  c a p a b ility  o f  a g g lu tin a tin g  red  

b lood  c e l l s  w a s  f i r s t  d is c o v e r e d  b y  H ir s t  (1941) fo r  in flu en za  v ir u s .

S in c e  th en  m a n y  v ir u s e s ,  fr o m  th e  v e r y  s m a ll  o n e s  su ch  a s  fo o t and  

m outh  d is e a s e  v ir u s  (a p ic o r n a v ir u s )  to  la r g e  o n e s  su ch  a s  p o x v ir u s e s  

h a v e  b e e n  found to  c a u se  h a e m a g g lu tin a tio n  o f  e r y t h r o c y te s .

S u b seq u en tly , s p e c if ic  a n t iv ir a l  an tib o d y  w a s  show n  to  p r e v e n t  

o r  in h ib it  h a e m a g g lu tin a tio n  i f  th e  v ir u s  w a s  p r e m ix e d  w ith  th e  a n t is e r u m ,  

T h is  p h en o m en o n  p r o v id e s  the b a s is  fo r  th e  h a e m a g g lu t in a t io n - in h ib it io n  

t e s t ,  th e  m e c h a n is m  fo r  w h ich  i s  v e r y  s im p le , i . e .  a tta ch m en t o f  

a n tib o d y  m o le c u le s  to  the v ir io n  h in d e r s  a d so r p tio n  to  th e r ed  b lood  

c e l l s .

T h e  HAI t e s t  i s  p o te n t ia lly  su p e r io r  to  th e  C F T  in  t e r m s  

o f  s im p lic i ty ,  HAI m e r e ly  c o n s is t s  o f

1) T h e a d d itio n  o f  a s ta n d a r d iz e d  am ou n t o f  v ir u s  to 

d ilu tio n s  o f  th e  se r u m  u n der In v e s t ig a t io n ,

2) A f te r  in cu b a tio n  fo r  1 h ou r a t  3 7 ^ 0 , a su ita b le  d ilu tio n  

o f e r y th r o c y te s  o f  th e a p p r o p r ia te  a n im a l s p e c ie s  is  

ad d ed  and le f t  a t  ro o m  te m p e r a tu r e  fo r  a p p r o x im a te ly

30 m in u te s  to  s e t t le  out e ith e r  a s  (a) a n  a g g lu tin a te d  la y e r  

o f red  b lo o d  c e l l s  in d ica tin g  the a b s e n c e  o f  s p e c if ic  

a n t iv ir a l  an tib o d y  in  th e  sp e c im e n  o r  (b) a s  a button  

in d ic a tin g  the p r e s e n c e  o f  s p e c if ic  a n t iv ir a l  a n tib o d ie s  

in  the a n ti s e r u m .



HAI, th e r e fo r e ,  c o n ta in s  fa r  fe w e r  v a r ia b le  co m p o n en ts  

th an  th e C F T  but e v e n  so  it  h a s  tw o m a in  d if f ic u l t ie s .

F i r s t l y ,  the e x tr e m e  s p e c if ic i t y  o f  the HAI t e s t  can  b e  

a p r o b le m .

In  th e c a s e  o f in flu en za  v ir u s e s  (o r th o -m y x o v ir u s e s ) ,  

im m u n o lo g ic a l su b ty p es  a r e  d is t in g u ish e d  by m a jo r  a n t ig e n ic  d if f e r e n c e s  

o f th e e x te r n a l a n t ig e n s , i ,  e .  th e  h a em a g g lu tin in  and n e u r a m in id a s e .

T h e h a e m a g g lu tin in  in  p a r t ic u la r  u n d e r g o e s  a n t ig e n ic  c h a n g e s , r e la te d  

to a m in o r  ch a n g e  in  i t s  a m in o  a c id  s e q u e n c e , e v e r y  fe w  y e a r s ,  but u s u a lly  

o n ly  a s in g le  su b typ e i s  p r e v a le n t  a t  a n y  one t im e .  In  th e  HAI t e s t ,  

t h e r e fo r e ,  th e  h a e m a g g lu tin in  u se d  a s  A g m u st  be o f  th e  sa m e  su btyp e  

a s  th a t on th e  p r e v a le n t  in fe c tin g  in flu en za  v ir io n s .  I f a d if fe r e n t  

h a e m a g g lu tin in  w e r e  to  b e em p lo y e d  in  th e HAI s y s t e m  fr o m  th a t on  

th e  v ir io n  in fe c t in g  th e p a tie n t  and e l ic it in g  th e  fo r m a tio n  p f  s p e c if ic  

a n t i- in f lu e n z a  a n t ib o d ie s ,  a  f a ls e  n e g a tiv e  HAI t e s t  w ou ld  r e s u l t .

Id e a lly ,  th en , th e  h a e m a g g lu tin in  u se d  a s  A g in the HAI t e s t s  sh ou ld  b e  

b ro a d  in  s c o p e  and m o n ito r e d  ea c h  s e a s o n  to c o n f ir m  th a t it  i s  

c o m p a tib le  w ith  th e  in flu en za  s tr a in  c u r r e n t ly  p r e v a le n t  in  th e c o m m u n ity .

T h is  id e a l i s  s e ld o m  a c h ie v e d , h o w e v e r , and u s u a lly  c l in ic a l  

HAI t e s t s  c a l l  for  th e  u s e  o f  s e v e r a l  ty p e s  of h a e m a g g lu tin in  to  a s s u r e  

th e  d e te c t io n  o f th e  a p p r o p r ia te  v ir a l  an tib o d y . T h e C F T , on  th e  o th e r  

h an d , in v o lv e s  th e  grou p  s p e c if ic  in te r n a l o r  n u c le o c a p s id  a n tig e n  

w h ich  d o e s  not u n d ergo  a n t ig e n ic  ch a n g es  and th u s  is  a  s im p le r ,  l e s s  

t im e  co n su m in g  and m o r e  r e l ia b le  a s s a y  to p e r fo r m  e v e n  a llo w in g  fo r  

a l l  i t s  co n c o m ita n t d if f ic u l t ie s .



T h e sec o n d  d if f ic u lty  a r i s e s  fr o m  the p r e s e n c e  o f  n o n ­

s p e c if ic  in h ib ito r s  o f h a e m a g g lu tin a tio n  w h ich  a r e  p r e s e n t  in  a l l  

p a tien t* s  s e r a  and w i l l  o b s c u r e  th e  s p e c if ic  in h ib itio n  c a u se d  b y  

a n t iv ir a l  a n t ib o d ie s .

F r o m  th e  v e r y  f i r s t  a p p lic a tio n  o f the HAT t e s t  in  V ir o lo g y ,  

fo r  th e d e te c t io n  o f  in flu en za  a n tib o d ie s  (H ir s t , R ic k a r d , W hitm an  & 

H o r s fa l l ,  1942), it  w a s  r e c o g n is e d  th at the r e l ia b i l i t y  o f  th e  m eth o d  

w a s  a f fe c te d  b y  th e a c t io n  o f  s e r u m  c o n s t itu e n ts ,  o th e r  th an  s p e c if ic  

a n tib o d ie s  (S m ith  and W estw o o d , 1950; F r a n c is ,  1947), w h ich  cou ld  

in h ib it in f lu e n z a  v ir u s  h a e m a g g lu tin a tio n .

W ith in  9 y e a r s ,  th r e e  ty p e s  o f n o n - s p e c i f ic  in h ib ito r  to  

m y x o v ir u s e s  had b e e n  d is c o v e r e d  ( I sa a c s  and B o z z o ,  1951),

M cC rea  (1946) d e s c r ib e d  an  in h ib ito r  found in  n o r m a l ra b b it  

s e r a ,  F r a n c i s  (1947) d e s c r ib e d  an  in h ib ito r  o f n o r m a l h u m an  s e r a  and  

fu r th e r m o r e , c h a r a c te r is e d  it  a s  a m u c o p o ly s a c c h a r id e . G in sb e r g  

and H o r s fa l l  (1949) d e s c r ib e d  an  in h ib ito r  in  h u m an , g u in ea  p ig , m o u s e  

and ra b b it s e r a  w h ich  in h ib ite d  h a e m a g g lu tin a tio n  and p r e v e n te d  

in fe c t io n  w ith  in flu e n z a  v ir u s .  T h e p r e s e n c e  o f th is  in h ib ito r  w a s  la t e r  

su b sta n tia te d  b y  C hu (1951) w ith  h is  w ork  on n o r m a l m o u se  s e r a ,

HAI te s t in g  ca n  o n ly  be u n d ertak en  i f  th e  e f f e c t s  o f  th e s e  

n o n - s p e c i f ic  in h ib ito r s  o f  v ir u s  h a e m a g g lu tin a tio n  a r e  e l im in a te d .

T h is  can  s o m e t im e s  be a c h ie v e d  q u ite  e a s i ly  d ep en d in g  upon th e  ty p e  

o f  in h ib ito r  in v o lv e d . S o m e o f th em  a r e  h ea t la b i l e ,  e .  g , Chu in h ib ito r s ,  

and can  b e  d e s tr o y e d  by s im p ly  h e a tin g  the s e r a  a t  56^ 0  fo r  30 m in u te s .  

H eat s ta b le  in h ib ito r s ,  on  th e  o th er  hand, e . g .  F r a n c i s  in h ib ito r , p o s e



tue.

much, m o r e  o f  a  p r o b le m . W ith an  in c r e a s e  in  th e u n d ersta n d in g  o f  

th e  in te r a c t io n  o f o r th o m y x o v ir u s e s  w ith  c e l l  s u r f a c e s ,  h o w e v e r ,  

c h e m ic a ls  h a v e  b een  found w h ich  can  n e u tr a liz e  th e s e  n o n - s p e c i f ic  

s u b s ta n c e s .

O r th o m y x o v ir u se s  a tta c h  to  r e c e p to r s  on th e m em b ra n e  o f  

red  b lo o d  c e l l s  v ia  th e h a e m a g g lu tin a tln g  sp ik e s  o f th e v ir io n , e n v e lo p e .  

T h e e r y th r o c y te  r e c e p to r s  a r e  m u c o p r o te in s  w ith  t e r m in a l  N -  

a c e ty ln e u r a m in ic  a c id  (NANA) r e s id u e s  ( s e e  d ia g r a m  A ) ,  T h e s e  

r e c e p to r s  can  b e in a c t iv a te d  by  p e r io d a te  w hich  o x id is e s  g ly c o l  

g ro u p s o f  s u g a r s  o r  b y  n e u r a m in id a s e , w h ich  s p l it s  o ff  N -a c e ty ln e u r a m in ic  

a c id .

H M COC/^

H O O C

 ̂ N  -a  c e ty lg a la  cto  sa m in e

no N -a c e ty ln e u r a m in ic  a c id
(NANA)

h.

H C O  H

H C O H

C Hj O H

D ia g r a m  A j E r y th r o c y te  R e c e p to r



S ia l ic  a c id -c o n ta in in g  m u c o p r o te in s  w ith  te r m in a l  N AN A  

r e s id u e s ,  e . g .  the F r a n c is  in h ib ito r  w h ich  b in d s to  th e v ir io n s  

ha em a  g g lu t in a tin g  sp ik e s  and c o m p e t it iv e ly  in h ib its  h a e m a g g lu tin a tio n ,  

ca n  be in a c tiv a te d  b y  r e m o v in g  th e  te r m in a l N AN A  r e s id u e s*

P r e - t r e a t m e n t  o f  s e r a  fo r  u se  in  HAI t e s t s  w ith  n e u r a m in id a se  o r  

p o ta s s iu m  p e r io d a te  th e r e fo r e  m in im is e s  the e f f e c t  o f  th e s e  n o n - s p e c i f ic  

in h ib ito r s  o f  h a e m a g g lu tin a tio n . N e u r a m in id a se  i s  o b ta in ed  fr o m  

c u ltu r e  f i l t r a t e s  o f  V ib r io  c h o le r a  and is  c o m m o n ly  r e fe r r e d  to  a s  

r e c e p to r  d e s tr o y in g  e n z y m e  ( R .D .E , ) .

T h e  r e s u lt  o f n o n - s p e c i f ic  in h ib itio n  o f  h a e m a g g lu tin a tio n  is  

im p o r ta n t  fr o m  s e v e r a l  a s p e c t s .  In th e  c a s e  o f c h ild r e n , th e ir  s e r a  

o ften  co n ta in  a high, l e v e l  o f  n o n - s p e c i f ic  in h ib ito r s  and v ir tu a l ly  no 

a n tib o d y  fo r  c e r ta in  v ir u s  s t r a in s  (H iller:m an and  W e r n e r , 1953),

A ls o ,  in h ib ito r s  m a y  p r e v e n t a g g lu tin a tio n  a t  m u ch  h ig h e r 'd ilu t io n s  

than  th e s p e c if ic  a n t ib o d ie s  so  th a t a tru e  d ia g n o s t ic  r i s e  in  an tib o d y  

t i t r e  m a y  b e  m a sk e d  and m a y  n ot be d e te c ta b le  u n til th e  s e r a  a r e  t r e a te d  

w ith  R D E ,

R e m o v a l o f  n o n - s p e c i f ic  in h ib ito r s  fr o m  se r u m  i s  th e r e fo r e  

v it a l ly  im p o r ta n t i f  b a s ic  a n tib o d y  l e v e l s  to th e  v a r io u s  s tr a in s  o f  

in flu e n z a  v ir u s  a r e  to  b e  r e l ia b ly  d e te r m in e d . P r o b le m s  o f  n o n - s p e c i f ic  

in h ib itio n  a r e  by  no m e a n s  r e s t r ic t e d  to  th e  o r th o m y x o v ir u s e s ,  h o w ev er*

In th e c a s e  o f th e  a r th ro p o d  b orn e v ir u s e s  (T o g a v ir u s e s ) ,  

th e s itu a tio n  is  c o m p le x . T he v ir u s  h a e m a g g lu tin in  to , fo r  e x a m p le ,

S t, L o u is  e n c e p h a lit is  v ir u s  (SLE) is  d e r iv e d  fr o m  in fe c te d  m o u se  b r a in s .  

M o u se  b r a in s , h o w e v e r , a r e  a ls o  th e so u r c e  o f n o n - s p e c i f ic  in h ib ito r s  

w h ich  a r e  g e n e r a l ly  lip o p r o te in  in  n a tu re  (C ha n o ck  and S ab in , 1953).

T h is  n o n - s p e c i f ic  in h ib ito r  i s  v e r y  d if f ic u lt  to  r e m o v e  fr o m  th e



h a e m a g g lu tin in  su sp e n s io n , p o s s ib ly  b e c a u se  it  i s  bound to  the

h a e m a g g lu tin in  in v iv o  . T he t e s t  is  fu r th er  c o m p lic a te d  b y  the fa c t  

th a t in h ib ito r  to  SL E  i s  a ls o  found in  n o rm a l s e r a  w h ich  d o e s  not 

con ta in  s p e c if ic  a n tib o d ie s  to  S L E . A  s im ila r  s itu a tio n  a r i s e s  w hen  

J a p a n e se  B e n c e p h a lit is  v ir u s  is  t e s te d  by HAI. T he n o r m a l in h ib ito r  

in  s e r u m  a g a in s t  th is  h a em a g g lu tin in  can  be r e m o v e d  w ith  c h lo r o fo r m  

(Sabin and  B u e s c h e r , 1950), h o w e v e r , s im ila r  tr e a tm e n t  o f  s e r u m  in  

th e  SL E  t e s t  r e m o v e d  o n ly  75% o f th e  in h ib ito r , not en ou gh  to  p e r m it  

it s  u se  in  HAI t e s t s  fo r  s p e c if ic  an tib od y .

P r e c ip ita t io n  by an a p p r o p r ia te  a m ou n t o f  a c e to n e  w ith  

su b seq u en t w a sh in g s  o f the p r e c ip ita te  by a c e to n e  i s  r e q u ir e d  to  y ie ld  

a fr a c t io n  that i s  s u f f ic ie n t ly  d evo id  o f  in h ib ito r  fo r  a r e l ia b le  HAI 

r e s u lt  (C a sa ls  and B row n , 1954).

T he s e n s i t iv i t y  and r e l ia b il ity  o f the HAI t e s t  can  be  

in c r e a s e d  b y  th e  p r e tr e a tm e n t  o f s e r a  to  r e m o v e  h e a t  la b ile  and h e a t  

s ta b le  n o n -s p e  e i f i c  in h ib ito r s ,  but su ch  p r o c e d u r e s  add a p p r e c ia b ly  

to  the t im e  in v o lv e d  in  p e r fo r m in g  the t e s t s .

3 , N e u tr a lis a t io n  T e s t s

T h e  n e u tr a lisa t io n  t e s t  i s  the m o s t  s e n s i t iv e  o f th e  " c la s s ic a l"  

im m u n o lo g ic a l r e a c t io n s .  It i s  fo llo w e d  in s e n s i t iv i t y  by  

h a e m a g g lu tin a tio n -in h ib it io n  and f in a lly  c o m p le m e n t f ix a t io n . T h e s e  

d if f e r e n c e s  p a r a l le l  the am ou n t o f a n tig en  req u ir ed  fo r  ea ch  t e s t ,  e . g .

3
w ith  in flu en za  v ir u s  about 10 v ir a l  p a r t ic le s  a r e  r e q u ir e d  fo r

7n e u tr a lis a t io n  t e s t s ,  a t l e a s t  10 fo r  h a e m a g g lu tin a tio n -in h ib it io n  and  

an  e v e n  g r e a te r  n u m b er fo r  c o m p le m e n t f ix a tio n  (D a v is , D u lb e c c o ,  

E is e n , G in sb erg  & W ood, 1973).



F o r  t h e s e  r e a s o n s ,  th e  n e u tr a lis in g  a n t ib o d ie s  u su a lly  h a v e  

h ig h e r  t i t r e s  (h en ce  a r e  d e te c te d  m o r e  e a s i ly )  than h a e m a g g lu t in a t io n -  

in h ib itin g  o r  c o m p le m e n t fix in g  a n t ib o d ie s .

T h e n e u tr a lisa t io n  t e s t  is  b a se d  on th e p r in c ip le  that w hen  

a s p e c if ic  im m u n e  s e r u m  i s  ad d ed  to i t s  c o r r e sp o n d in g  v ir u s ,  th e  

v ir u s  i s  r e n d e r e d  n o n - in fe c t iv e  o r  " n e u tr a lise d " .

V a r io u s  m e th o d s  fo r  d e te c t in g  n e u tr a lis in g  a n tib o d ie s  h a v e  

b e e n  d e v e lo p e d  o v e r  the y e a r s .  W hich  tech n iq u e  is  u se d  is  d ep en d an t  

upon th e  v ir u s  in  q u e s tio n  s in c e  d if fe r e n t  v ir u s e s  p ro d u ce  o b s e r v a b le  

in fe c t iv e  a c t iv i ty  in  d if fe r e n t  t e s t  s y s t e m s .

D e m o n str a t io n  o f  in fe c t iv ity ,  th e r e fo r e ,  r e q u ir e s  the u se  o f  

l iv in g  t i s s u e s ,  e . g .  (a) in  v iv o  s y s t e m s  In vo lv in g  v a r io u s  a n im a ls  su ch  

a s  th e w h ite  m o u s e ,  (b) in  o v o  s y s t e m s  in v o lv in g  e m b ry o n a ted  h e n 's  

e g g s ,  (c) in  v i t r o  s y s t e m s  in v o lv in g  v a r io u s  ty p e s  o f  t i s s u e  cu ltu re  

c e l l  m o n o la y e r s .

P r o b le m s  o f  s ta n d a r d isa t io n  w e r e  e n c o u n te r e d  in  th e p a s t  

w hen  in  v iv o  and in  ovo  t e s t s  w e r e  co m p a red .

F o r  e x a m p le , a  m ix tu r e  o f s e r u m  and v ir u s  w h ich  a p p e a r e d  

to  be c o m p le te ly  n e u tr a lis e d  a s  ju d ged  by t e s t s  in  on e h o s t  s y s t e m ,  

w e r e  o ften  h ig h ly  in fe c t iv e  in  a n o th er  (T y rreU a n d  H o r s fa l l ,  1953).

In th e  c a s e  o f in flu e n z a  v ir u s  m a n y  m ix tu r e s  o f v ir u s  and im m u n e s e r a  

w h ich  a r e  n o n - in fe c t iv e  in  the m o u se  a r e  in fe c t iv e  in  th e  c h ic k  e m b r y o .  

T h is  is  d ep en d ant la r g e ly  upon th e fa c t  that the am o u n t o f u n -n e u tr a lis e d  

v ir u s  r e q u ir e d  to in fe c t  the m o u se  i s  m u ch  g r e a te r  th an  that r e q u ir e d  

to in fe c t  th e  c h ic k  e m b r y o . T he u se  o f  the c h ic k  e m b r y o , th e r e fo r e ,  

la r g e ly  s u p e r se d e d  th e ra b b it o r  m o u se  a s  an  e x p e r im e n ta l h o s t  fo r  

in v e s t ig a t io n s  o f  v ir u s e s  su ch  a s  v a c c in ia , v a r io la  and h e r p e s  s im p le x .



T he m a in  p r o c e d u r e  fo r  the d e te r m in a tio n  o f  th e n e u tr a lis in g  

t i t r e  o f s e r a  in  t e s t s  in v o lv in g  c h ic k  e m b r y o s  is  b a se d  on the a b il i ty  

o f  the v ir u s  u n der in v e s t ig a t io n , e . g . v a c c in ia , v a r io la ,  to  p ro d u ce  

p la q u es  o r  p o c k lik e  le s io n s  on th e c h o r io a lla n to ic  m e m b r a n e  (B u rn et  

and L u sh , 1939). P la q u e s  a r e  z o n e s  o f c e l l  l y s i s  c a u se d  b y  v ir u s  

r e p lic a t io n  d is s e m in a t in g  fr o m  a s in g le  in fe c te d  c e l l .

P o c k  fo r m a tio n , l ik e  th at o f  a p la q u e , b e g in s  w ith  the  

in fe c t io n  o f a s in g le  c e l l .  S in ce  th e  c h o r io a lla n to ic  m e m b r a n e  is  

c o m p le x , h o w e v e r , and co n ta in s  s e v e r a l  d if fe r e n t  c e l l  ty p e s  and b lood  

v e s s e l s ,  th e  r e s p o n s e  to  the lo c a l  in fe c t io n  i s  a ls o  c o m p le x ;  it  in v o lv e s  

both  c e l l  p r o l i f e r a t io n  and c e l l  d ea th , a c c o m p a n ie d  b y  o e d e m a  and  

h a e m o r r h a g e . P o c k s ,  th e r e fo r e ,  a p p ea r  a s  opaque a r e a s ,  u su a lly  w h ite  

and o ften  h a e m o r r h a g ic  on th e  tr a n sp a r e n t  c h o r io a lla n to ic  m e m b r a n e .  

T h e n e u tr a lis in g  c a p a c ity  o f th e  se r u m  is  th e r e fo r e  r e la te d  to  th e  

q u a n tita tiv e  r e d u c tio n  in  th e n u m b er o f v ir u s  p a r t ic le s  ca p a b le  o f  

p ro d u c in g  l e s i o n s ,  w h ich  i s  in d ica te d  by the n u m b er o f p la q u e s  p ro d u ced .

T h is  p r o c e d u r e , h o w e v e r , i s  t im e  c o n su m in g  an d  is  su b je c t  

to  a n u m b er o f  in a c c u r a c ie s  (B u rn et and P a r i s ,  1942) in tro d u ced  by  

n o n - s p e c i f ic  l e s i o n s ,  u s u a lly  o f the u lc e r  typ e c a u se d  b y  s m a ll  

h a e m o r r h a g e s  o f  the m e m b r a n e , v a r ia b le  d is tr ib u t io n  o f in o cu la  on  

m e m b r a n e s  and p e r s o n a l  in te r p r e ta t io n s  in  th e  d e fin it io n  o f  l e s io n s .

Q u a n tita tiv e  s tu d ie s  o f h e r p e s  s im p le x  v ir u s  and an tib o d y  by  

the p o ck  cou n tin g  m eth o d  a r e  fu r th e r  c o m p lic a te d  b y  th e lo w  v ir u le n c e  

fo r  th e c h ic k  em b ry o  o f f r e s h ly  r e c o v e r e d  s tr a in s  (K ilb o u rn e , 1951).

A  s in g le  c o n c e n tr a tio n  o f v ir u s  ca p a b le  o f  p ro d u c in g  a 

r e a s o n a b le  n u m b er o f p o ck s  and a s in g le  c o n c e n tr a tio n  o f  s e r u m  a r e  

u s u a lly  em p lo y e d  in e s t im a t in g  the am ount o f  n e u tr a lis in g  a n tib o d y .



D iffe r in g  a m o u n ts  o f a n tib o d ie s  a r e  e s t im a te d  on th e  b a s is  o f th e  e x te n t  

o f the re d u c tio n  in  th e n u m b er of p o c k s  w hich  d e v e lo p  (B u rn et, e t ,  a l .  

1 9 3 9 ) but it  h a s  b e e n  r e p o r te d  (S h affer  and E n d e r s , 1939) th at a ten fo ld  

ch an ge in  an tib o d y  c o n c e n tr a tio n  m a y  not a lt e r  th e p ock  cou n t.

W ith th e  u s e  o f t i s s u e  cu ltu re  te c h n o lo g y , h o w e v e r , th e s e  

p r o b le m s  h a v e  la r g e ly  b een  o v e r c o m e .

T w o m a in  m e th o d s  o f  d e te r m in in g  th e l e v e l s  o f  n e u tr a lis in g  

a n tib o d ie s  in  s e r a  h a v e  b een  d e v e lo p e d .

a) D e te r m in a t io n  o f a 50% t i t r e  o f n e u tr a lis in g  a n tib o d y  by a  

50% en d p oin t m eth o d .

T h is  t itr a t io n  can  be p e r fo r m e d  in tw o w a y s .

1) u s in g  a c o n sta n t in o cu lu m  o f v ir u s  to in fe c t  th e  

a s s a y  s y s t e m  and d ilu t io n s  o f s e r u m  to in v e s t ig a te  

th e  n e u tr a lis in g  t i t r e  o f the a n t is e r u m , i . e .  " co n sta n t  

v ir u s -v a r y in g  s e r u m  titra tio n " .

2) u s in g  one p a r t ic u la r  c o n c e n tr a tio n  o f  s e r u m  and d ilu t io n s  

o f  v ir u s  in o cu lu m , i .  e .  " con stan t s e r u m -v a r y in g

v ir u s  t itr a t io n " .

T h e f i r s t  p r o c e d u r e  i s  th e  m o s t  c o m m o n ly  e m p lo y e d  s in c e  

it  i s  s t a t is t ic a l ly  m o r e  a c c u r a te  than th e c o n sta n t s e r u m - 

v a r y in g  v ir u s  t itr a t io n  (TyrreM, e t . a l .  1953).

T h e a d op tion  o f th is  p a r t ic u la r  p r o c e d u r e  fo r  u se  in  

n e u tr a lis a t io n  t e s t s  fo llo w e d  a c o n tr o v e r s y  w h ich  ra g ed  

in  th e 1940*s o v e r  th e  hum an im m u n e r e s p o n s e  to  h e r p e s  

s im p le x  v ir u s .



B u r n e t and L u sh  (1939) had d e v is e d  a m eth o d  fo r  a c c u r a te ly  

m e a s u r in g  h e r p e t ic  an tib od y  in  w h ich  m ix tu r e s  o f undilu ted  

s e r u m  and on e o r  m o r e  d ilu tio n s  o f eg g  p a s s a g e d  h e r p e s  

s im p le x  v ir u s  w e r e  in o cu la te d  onto th e c h o r io a lla n to ic  

m e m b r a n e s  o f c h ic k  e m b r y o s , i . e .  th e  c o n sta n t s e r u m -  

v a r y in g  v ir u s  t itr a t io n .

T h e r e s u l t s  w e r e  e x p r e s s e d  a s  the p e r c e n ta g e  r e d u c tio n  o f  

m e m b r a n a l le s io n s  o r  p o c k s , in  c o m p a r is o n  w ith  th e  n u m b er  

o f l e s io n s  d e v e lo p in g  on v ir u s  c o n tr o l m e m b r a n e s . T he  

d e g r e e  o f  v ir a l  n e u tr a lisa t io n , d e te r m in e d  in  th is  m a n n e r ,  

w a s  thought to  b e  d ir e c t ly  r e la te d  to  the a m o u n ts  o f  a n tib o d y  

in  the s e r u m . T h e a c tu a l fin d in g s  in d ic a te d  th at hum an  

s e r a  e ith e r  co n ta in ed  la r g e  am o u n ts  o f h e r p e t ic  a n tib od y  

o r  n on e a t  a l l .  B u rn et and L u sh , th e r e fo r e ,  co n c lu d ed  th a t  

th e  h u m an  im m u n e r e s p o n s e  to in fe c t io n  w ith  h e r p e s  s im p le x  

v ir u s  w a s ,  " a ll o r  n oth in g" . T h is  fin d in g  w a s  su b se q u e n tly  

e n d o r se d  by  H azard  (1949) and D udgeon  (1950). R o s e  (1952), 

h o w e v e r , in  a s e r i e s  o f e x p e r im e n ts ,  t e s t e d  hum an s e r a  

fo r  h e r p e t ic  an tib od y  by tw o ty p e s  o f n e u tr a lis a t io n  t e s t .

In o n e , th e  p r in c ip le  w a s  to  em p lo y  c o n sta n t a m o u n ts  of 

u n d ilu ted  s e r u m  and e ith e r  one o r  s e v e r a l  c o n c e n tr a t io n s  

o f  v ir u s ,  w h ile  in th e o th e r , the c o n c e n tr a tio n  o f v ir u s  w a s  

h e ld  c o n sta n t and the am ou n t o f s e r u m  w a s  v a r ie d .

S ig n if ic a n t  v a r ia t io n s  in  the n e u tr a lis in g  c a p a c ity  o f s e r a  

co n ta in in g  h e r p e t ic  a n tib od y  w e r e  n ot d e te c te d  w hen  th e  

u n d ilu ted  s e r a  w e r e  te s te d  a g a in s t  s in g le  o r  m u lt ip le



c o n c e n tr a tio n s  o f v ir u s ;  th e s e  sa m e  s e r a ,  h o w e v e r , show ed  

c o n s id e r a b le  d if f e r e n c e s  in  th e ir  a b il i ty  to  n e u tr a lis e  v ir u s  

w hen  th e y  w e r e  s e r ia l ly  d ilu ted  and te s te d  a g a in s t  a s in g le  

c o n c e n tr a tio n  o f v ir u s .

C o n sta n t v ir u s  -v a r y in g  se r u m  t itr a t io n s  w e r e ,  th e r e fo r e ,  

g e n e r a lly  ad op ted  and the n e u tr a lisa t io n  t i t r e  o f th e  se r u m  

w a s c a lc u la te d  a s  th e  s e r u m  d ilu tio n  a t w h ich  50% o f th e  

t e s t  u n its  w e r e  p r o te c te d . In th is  c a s e  th e  t e s t  u n its  can  

b e o f  m ic e ,  ch ick  e m b r y o s  o r  t is s u e  c u ltu r e  tu b e s ,  

b) P la q u e  r e d u c tio n  t e s t .

T h is  m eth o d  i s  the m o s t  s e n s it iv e  o f th e  n e u tr a lisa t io n  

a s s a y s .  T he p r o c e d u r e  In v o lv es  in cu b atin g  an  in ocu lu m  

o f  about 100 p laq u e fo r m in g  u n its w ith  a s e r ia l  d ilu tio n  o f  

th e  s e r u m  under t e s t .  E a ch  m ix tu r e  is  th en  ad d ed  to a 

m o n o la y e r  c u ltu r e , w h ich  is  o v e r la id  w ith  a g a r  and in cu b a ted . 

T h e en d p oin t i s  an 80% red u ctio n  o f the n u m b er  o f p la q u es  

a s  a g a in s t  a s im ila r ly  in fe c te d  c o n tr o l c u ltu r e  con ta in in g  

no a n t is e r u m . T h is  a s s a y  i s  m o r e  t im e  c o n su m in g  and m o r e  

e la b o r a te  than  the f ir s t  m eth o d , but e v e n  s o ,  it  r e p r e s e n ts  

a r e l ia b le  m eth od  fo r  q u antita tin g  n e u tr a lis in g  a n tib o d ie s  

to v ir u s e s  w h ich  do n ot r e p lic a te  su ita b ly  in  o r d in a r y  c e l l  

c u ltu r e  s y s t e m s  but do p ro p a g a te  under c o n d itio n s  fa v o u ra b le  

to  p laq u e fo rm a tio n  (L en n ette  & S ch m id t, 1964).



S in c e  th e ir  o r ig in a l d e s c r ip t io n , th e c l a s s i c a l  im m u n o lo g ic a l  

r e a c t io n s  h a v e  b een  ca p a b le  o f d e te r m in in g  o v e r a l l  s e r u m  a n tib od y  

l e v e l s  to  th e  m a jo r ity  o f  th e  c o m m o n ly  in fe c t in g  v i r u s e s .  H o w ev er  

d if f ic u lt ie s  h a v e  b e e n  e n co u n tered  b e c a u se  th e s e  t e s t s  d ep en d  upon  

an  in d ic a to r  s y s t e m  and m a n y  e x tr a n e o u s  f a c t o r s ,  su ch  a s  

a g g r e g a te d  im m u n e g lo b u lin  (a n t i-c o m p le m e n ta r y  s e r u m ) o r  n o n ­

s p e c if ic  in h ib ito r s  can  s e r io u s ly  a f fe c t  the in te r p r e ta t io n  o f t h e s e  

t e s t  s y s t e m s  u n le s s  s tr in g e n t  p r e c a u tio n s  a r e  e m p lo y e d  to  e x c lu d e  

th e s e  p o te n t ia l d i f f ic u l t ie s .  O th er  p r o b le m s  a r e  a s s o c ia t e d  w ith  

t h e s e  p r o c e d u r e s .  T he s e n s i t iv i t y  o f the c o m p le m e n t  f ix a t io n  t e s t  

te n d s  to  b e  r a th e r  lo w  and both  co m p lem e n t f ix a t io n  and  

n e u tr a lis a t io n  a r e  f a ir ly  t im e  c o n su m in g . T h e s e  o b je c t io n s  to  the  

u se  o f th e  c l a s s i c a l  r e a c t io n s  in  the d ia g n o s is  o f v ir u s  d i s e a s e  h a v e  

g a in ed  g r e a te r  im p o r ta n c e  w ith  th e  p o te n tia l a d v en t o f  a n t iv ir a l  

c h e m o th e r a p y . R e s e a r c h  h a s  th e r e fo r e  tu rn ed  i t s  a tte n tio n  to  

d e v e lo p in g  te c h n iq u e s  w h ich  a r e  s e n s i t iv e ,  r e l ia b le  and  a b le  to  

p r o v id e  a  rap id  v ir u s  d ia g n o s is  w ith in  a few  h o u r s  o f  th e  p a t ie n t 's  

a d m is s io n  to  h o s p ita l .  S o m e  o f t h e s e  te c h n iq u e s , su ch  a s  e le c tr o n  

m ic r o s c o p y  and f lu o r e s c e n c e  m ic r o s c o p y  a r e  now  in  ro u tin e  u s e .  

O th er  te c h n iq u e s  su ch  a s  e n z y m e - lin k e d  a s s a y s  and g a s  

ch r o m a to g r a p h y  r e q u ir e  fu r th e r  a s s e s s m e n t  and d e v e lo p m e n t.

T w o o f th e s e  p r o c e d u r e s  ( f lu o r e s c e n c e  m ic r o s c o p y  and  

E n z y m e - lin k e d  Im m u n o so rb en t A s s a y )  h ave  b e e n  e v a lu a te d  in  

t e r m s  o f th e ir  s e n s i t iv i t y  and r e le v a n c e  in th e c o u r s e  o f th is  p r o je c t  

and th e r e fo r e  w i l l  b e  d e a lt  w ith  in  d e ta il  in su b se q u e n t c h a p te r s  

o f th e l i t e r a tu r e  r e v ie w .



R e le v a n c e  is  an  a s p e c t  o f  s e r o lo g y  w h ich  h a s  b een  l i t t le  

in v e s t ig a te d . M o st s tu d ie s  h a v e  b een  c o n c e r n e d  w ith  in ta c t  

v ir io n s  and r a th e r  l e s s  a tte n tio n  h a s b een  g iv e n  to th e  

im p o r ta n c e  o f is o la te d  su b u n its , in c o m p le te  v ir io n s  and to  

th e v a r io u s  " so lu b le"  and o th er  v ir u s - a s s o c ia t e d  a n t ig e n s .

F r o m  im m u n iza tio n  s tu d ie s  it  h a s  long b een  know n that  

im m u n iz a tio n  w ith  in a c tiv a te d  (but not p h y s ic a l ly  or  

c h e m ic a lly  d en a tu red ) v ir io n s  p r o d u c e s  a n t ib o d ie s  o n ly  fo r  the  

s u r fa c e  co m p o n en ts  o f  th e v ir u s .  T h e s e  a n t ib o d ie s  h a v e  

n e u tr a liz in g  and o fte n  h a e m a g g lu tin a tio n  -  in h ib itin g  a c t iv i t ie s  

a g a in s t  th e  v ir io n s  a s  w e l l  a s  c o m p le m e n t f ix in g  and  

p r e c ip ita t in g  a c t iv i t ie s  w ith  a n tig e n s  o f the v ir a l  c o a t . V ir u s e s  

w h ich  m u lt ip ly  in  th e h o s t  c e l l s  le a d  to  th e fo r m a t io n  o f  

a n tib o d ie s  a g a in s t  a l l  the v ir a l  a n tig e n s  p ro d u ced  in  th e  c o u r s e  

o f  th e ir  r e p l ic a t io n  In clu d in g  n e u tr a liz in g  o r  ha em a  g g lu tin a  tio n  -  

in h ib itin g  a n t ib o d ie s  fo r  s u r fa c e  a n tig e n s  and c o m p le m e n t f ix in g  

o r  p r e c ip ita t in g  a n tib o d ie s  fo r  both  su r fa c e  and in te r n a l  

a n t ig e n s . Im m u n iza tio n  w ith  in te r n a l c o m p o n en ts  o f th e  v ir io n s  

p r o d u c e s  c o m p le m e n t f ix in g  and  p r e c ip ita t in g  a n t ib o d ie s  a g a in s t  

th e co m p on en t, a n t ig e n s  (D a v is , e t , a l .  1973). T h e r e fo r e ,  the  

a n tib o d ie s  w h ich  r e a c t  in  th e ■various im m u n o lo g ic a l a s s a y s  a r e  

p ro b a b ly  n ot id e n t ic a l.

T he s ig n if ic a n c e  o f th e  a n tib od y  r e s p o n s e  to  a v ir u s  m a y  

be c o n s id e r e d  fro m  m an y  d if fe r e n t  p o in ts  o f v ie w  d ep en d en t upon  

th e  in t e r e s t s  of the in v e s t ig a to r .  In th e d ia g n o s is  o f  a v ir u s  

in fe c t io n  it  i s  o b v io u s ly  im p o rta n t th at th e  s e r o lo g ic a l  t e s t



in v o lv e d  sh ou ld  d e te c t  s p e c if ic  a n t iv ir a l  a n tib o d ie s  fo r m e d  b y  the  

h o s t  in r e s p o n s e  to th e  d i s e a s e .  H o w ev er , it h a s  b een  r e p o r te d  

b y  s o m e  in v e s t ig a to r s  that in  a s m a ll  p e r c e n ta g e  o f  c a s e s ,  d if fe r e n t  

a n t iv ir a l  a n tib o d y  t i t r e s  to  a s p e c if ic  v ir u s  in fe c t io n  ca n  be  

d e te c te d  fr o m  th e sa m e  se r u m  sa m p le  by d if fe r e n t  s e r o lo g ic a l  

te c h n iq u e s .

In 1972, N o r r b y  and  G o llm a r  in v e s t ig a te d  th e  a p p e a r a n c e  and  

p e r s i s t e n c e  o f a n t ib o d ie s  p ro d u ced  a f te r  in fe c t io n  w ith  m e a s le s  v ir u s .  

T w o s e r o lo g ic a l  t e s t s  w e r e  s tu d ie d , n a m e ly  the h a e m a g g lu t in a t io n -  

in h ib itio n  t e s t  (HAI) and th e h a e m o ly s is - in h ib it io n  t e s t  (H LI), 

A c c o r d in g  to  N o r r b y , p r e v io u s  s tu d ie s  o f p a r a m y x o v ir u s e s  in d ica te d  

th a t th e h a e m o ly s in  a c t iv i ty  o f th e s e  v ir u s e s  b e c o m e s  e x p r e s s e d  

e f f ic ie n t ly  o n ly  w hen  th e h a e m o ly s in  w a s  a s s o c ia t e d  w ith  the  

h a e m a g g lu tin in  s t r u c tu r e s .  A s  a c o n se q u e n c e  o f  th is ,  a n tib o d ie s  

w h ich  in h ib ite d  h a e m a g g lu tin a tio n  a ls o  in h ib ited  h a e m o ly s is .

H o w e v e r , th e  r e v e r s e  n eed  n o t be tr u e  if  a h a e m a g g lu tin in  not 

a s s o c ia t e d  w ith  h a e m o ly s in  i s  u se d  a s  t e s t  a n t ig e n . T h e r e fo r e ,  

t h e s e  tw o  s e r o lo g ic a l  t e s t s  fo r  d e te r m in in g  a n tib o d y  t i t r e s  to  m e a s le s  

v ir u s  s o m e t im e s  g iv e  c o n flic t in g  r e s u l t s .  W hen N o r r b y , e t ,  a l ,  

in v e s t ig a te d  15 la te  c o n v a le s c e n t  m e a s le s  s e r a  b y  HAI and  H L I, one  

s e r u m  w a s  found to co n ta in  a h igh  t i t r e  of HLI a n t ib o d ie s  and v ir tu a l ly  

no HAI a n t ib o d ie s .  S im ila r  c h a r a c t e r is t ic s  w e r e  d isp la y e d  by  

2 o f 15 s e r u m  s a m p le s  c o l le c te d  fr o m  p a tie n ts  w ith  m u lt ip le  s c l e r o s i s .  

T h e s e  fin d in g s  p ro m p ted  S a lm i, N o r r b y  and P a n e l iu s  (1972) to  

in v e s t ig a te  the r e l ia b i l i t y  o f o th er  s e r o lo g ic a l  te c h n iq u e s  to m e a s u r e  

m e a s le s  a n t ib o d ie s  in  the se r u m  and c e r e b r o s p in a l f lu id  fr o m  p a t ie n ts



su ffe r in g  fr o m  su.bacu.te s c le r o s in g  p a n e n c e p h a lit is  (SSP E ) o r  

m u lt ip le  s c l e r o s i s  (M S), M atch ed  s e r u m  and c e r e b r o s p in a l  flu id  

s a m p le s  fr o m  8 c a s e s  o f SSP E  and  15 c a s e s  o f MS w e r e  in v e s t ig a te d  

fo r  m e a s le s  a n tib o d y  b y  n e u tr a liz a t io n , HEX, HAI, C F  and  

im m u n o d iffu s io n  t e s t s .  S a lm i, e t .  a l ,  found a h igh  d e g r e e  o f  

c o r r e la t io n  b e tw e e n  t i t r e s  o f n e u tr a liz in g  and HLI a n t ib o d ie s  bu t a 

l e s s  s t r ic t  c o r r e la t io n  b e tw e e n  t e s t s  o f  HLI and HAI a n t ib o d ie s .

S e r u m  fr o m  2 c a s e s  o f MS and one c a s e  of SSPE  co n ta in ed  h igh  

t i t r e s  o f  HLI and  n e u tr a liz in g  a n tib o d ie s  in  the p r e s e n c e  o f o n ly  low  

t i t r e s  o f HAI a n t ib o d ie s .  T h e HLI tech n iq u e  w a s  th e r e fo r e  o f  

g r e a te r  v a lu e  than th e HAI t e s t  in  th e  d e te r m in a tio n  o f m e a s le s  

a n tib o d y . S a lm i, e t .  a l .  a ls o  found that the m a jo r  fr a c t io n  o f  

a n tib o d ie s  d e te c te d  in th e  C F  and im m u n o d iffu sio n  t e s t s  r e a c te d  w ith  

m e a s le s  n  u c le o c a p s id  and fu r th e r m o r e  th e r e  w a s  a te n d e n c y  fo r  

n u c le o c a p s id  C F  a n tib o d y  t i t r e s  (as co m p a red  to  n e u tr a liz a t io n  and  

HLI a n tib o d y  t i t r e s )  to b e h ig h e r  in  sa m p le s  fr o m  p a t ie n ts  w ith  SSP E  

than  fr o m  c a s e s  o f M S.

R e c e n t  w o rk  b y  A r m s tr o n g , F r a s e r  and S h ir o d a r ia  (1979) 

co n firm s S a lm i, e t ,  a l .  *s f in d in g s  th a t hum an s e r a  co n ta in  h ig h e r  t i t r e s  

o f  h a e m o ly s in  in h ib itin g  a n t ib o d ie s  than  HAI a n t ib o d ie s .  T h e  

h a e m o ly s in  o f m e a s le s  v ir u s  h a s  b e e n  show n to be fu n c t io n a lly  and  

a n t ig e n ic a l ly  s e n s i t iv e  to  a c e to n e  (A r m str o n g , e t .  a l .  1979), 

th e r e fo r e ,  a b so r p tio n  o f hum an s e r a  w ith  a c e to n e  t r e a te d , m e a s le s  

v ir u s  in fe c te d  V e r o  c e l l s  r e m o v e s  a n tib o d ie s  to a l l  m e a s le s  

s tr u c tu r a l a n t ig e n s  e x c e p t  h a e m o ly s in . T h is  p r o c e d u r e  th u s  p r o v id e s  

a s im p le  and u s e fu l m eth o d  fo r  th e p r e p a r a tio n  o f m o n o s p e c if ic  

a n t is e r a  to m e a s le s  v ir u s  h a e m o ly s in .



S tu d ie s  o f a n o th er  p a r a m y x o v ir u s , m u m p s v ir u s  (H en le ,

H a r r is  and  H e n le , 1948) d e m o n str a te d  that hum an C F a n tib o d ie s  

a g a in s t  S a n tig e n  (m u m p s n u c le o c a p s id s )  a p p ea red  e a r l ie r  and  

d isa p p e a r e d  m o r e  r a p id ly  than th o s e  a g a in s t  V a n tig en  (en v e lo p e ).

In th e d ia g n o s is  o f  c u r r e n t  o r  r e c e n t  m u m p s in fe c t io n , m e a s u r e m e n t  

o f  C F a n t ib o d ie s  a g a in s t  S o r  V a n tig en  w ould  th e r e fo r e  be e q u a lly  

r e le v a n t  but in  the d e te r m in a t io n  o f  the im m u n e s ta tu s  o f an  

in d iv id u a l b e fo r e  a d m in is tr a t io n  o f  m u m p s v a c c in e ,  o n ly  th e a b s e n c e  

o f  C F  a n tib o d y  to  V a n tig e n  w ould  be d ee m e d  to b e  r e le v a n t .

In the c a s e  o f R u b e lla  v ir u s ,  a n tib o d ie s  can  be d e te c te d  by  

H AI, n e u tr a lis a t io n , C F , R a d ia l h a e m o ly s is  or  R a d io im m u n o a ss a y  

t e s t s .  H o w e v e r , fo r  th e  d e te r m in a t io n  o f im m u n ity  to R u b e lla  

v ir u s ,  HAI a n tib o d y  d e te c t io n  Is m o r e  r e le v a n t  th an  C F  a n tib o d y .

C F  an tib o d y  l e v e l s  r i s e  w ith in  4 w e e k s  o f in fe c t io n  and  th en  d e c l in e  

to  a lo w e r  l e v e l  in  a p p r o x im a te ly  6 m on th s a f te r  in fe c t io n  w ith  R u b ella , 

HAI a n t ib o d ie s  ten d  to  p e r s i s t  a t h ig h e r  l e v e l s .  HAI a n t ib o d ie s  to  

R u b e lla  a ls o  p a r a l le l  n e u tr a liz in g  a n tib o d ie s  and the p r e s e n c e  of 

e ith e r  a n tib o d y  can  be in te r p r e te d  a s  r e f le c t in g  p r o te c t iv e  im m u n ity  

(S c h lu e d e r b e r g , H o r stm a n n , A n d im a n  and R a n d o lf, 1978),

In a r e c e n t  p u b lica tio n  fr o m  th is  la b o r a to r y , M a c fa r la n e  (1972) 

sh o w ed  th a t t i s s u e  cu ltu re  grow n  v ir u s e s  in o cu la te d  in to  g u in ea  p ig s  

p ro d u ced  a n t is e r a  w h ich  gave  c o n f lic t in g  r e s u lt s  w hen  te s te d  b y  

n e u tr a lis a t io n , c o m p le m e n t f ix a tio n  and the in d ir e c t  f lu o r e s c e n t  

a n tib o d y  t e s t s .  In so m e  c a s e s  h ig h  le v e l s  o f n e u tr a liz in g  a n t ib o d ie s  

w e r e  d e te c te d  in gu in ea  p ig  a n t is e r a  to r e s p ir a to r y  s y c y t ia l  v ir u s  

(RSV) w h e r e a s  low  l e v e l s  o f a n tib od y  w e r e  d e te c te d  b y  C F  o r  IF  A .



ô b

In the c a s e  o f g u in ea  p ig  a n t is e r a  to h e r p e s  s im p le x  v ir u s  ty p e  1, 

h igh  l e v e l s  o f a n t ib o d ie s  w e r e  d e te c te d  by n e u tr a lisa t io n  and IF A  

t e s t s  but non e b y  C F . D is c r e p a n c ie s  h a v e  a ls o  b e e n  r e p o r te d  

b etw een  C F  and E L ISA  t e s t  p r o c e d u r e s  in d e te r m in in g  a n tib o d y  

l e v e l s  to  h e r p e s  s im p le x  v ir u s  (G ilm an  and D o c h e r ty , 1977). In a 

su r v e y  o f 30 hum an  se r u m  s a m p le s ,  one sp e c im e n  p ro d u ced  a h igh  

C F  r e s u lt  and an  a b n o r m a lly  lo w  a n tib o d y  l e v e l  by  E L IS A .

A n o th er  s e r u m  w ith  a lo w  C F  t i t r e  show ed  a h igh  t i t r e  w hen  t e s te d  

b y  E L IS A , G ilm a n  and Do c h e r ty  sp e c u la te d  th a t th e s e  d if f e r e n c e s  

r e f le c t e d  the typ e  o f im m u n o g lo b u lin  d e te c te d  b y  th e tw o t e s t  

s y s t e m s  s in c e  C F  d e te c ts  IgM  and th r e e  o f th e  fo u r  s u b c la s s e s  o f  

IgG  in d is c r im in a te ly  w h e r e a s  E L ISA  (b e c a u se  o f the n a tu re  o f  the  

an tib od  y -e n z y m e  con ju gate) w a s  p r im a r i ly  d ir e c te d  a t IgG  (a ll  

s u b c la s s e s ) .

G r if f ith s , B u ie  and H eath  (1978), d e s c r ib e d  s im ila r  

d is c r e p a n c ie s  b e tw e e n  r e s u lt s  ob ta in ed  fro m  C F  and  tw o IF  A  a s s a y s  

fo r  CM V a n tib o d ie s  in  hum an  s e r a .  S in ce  th e  n o r m a l IF  A  t e s t ,  

in  th e  h an d s o f  an  in e x p e r ie n c e d  o p e r a to r , can  b e  c o m p lic a te d  by  

n o n - s p e c i f ic  b in d in g  o f IgG to  F c r e c e p to r s  w h ich  a r e  p ro d u ced  w hen  

CM V in fe c t s  f ib r o b la s t  c e l l  c u ltu r e s  (K e lle r , P e i t c h e l ,  G oldm an  

and G old m an , 1976) an a lte r n a t iv e  s ta in in g  p r o c e d u r e , th e  a n t i-  

c o m p le m e n t  im m u n o f lu o r e s c e n c e  t e s t  (A C IF) ( s e e  C h a p ter  I, s e c t io n  C) 

w h ich  i s  u s u a lly  u n a ffe c ted  by  n o n - s p e c i f ic  F c b in d in g  w a s  a ls o  

e m p lo y e d  in th e ir  s e r o lo g ic a l  s u r v e y . Of 406 s e r a  in v e s t ig a te d , 5 

s e r a  (1.2%) g a v e  r e s u lt s  w h ich  w e r e  c o n s is t e n t ly  d is c o r d a n t . T h r e e  

w e r e  se r o tp o s it iv e  in both  im m u n o flu o r e sc e n c e  a s s a y s  but n e g a t iv e  in  

th e C F t e s t ,  G r if f ith s ,  e t .  a l ,  su g g e s te d  that th is  w a s  due to  the



g r e a te r  s e n s i t iv i t y  o f th e  im m u n o flu o r e sc e n c e  a s s a y s  o v e r  th e C F  

t e s t .  T h e fou rth  se r u m  sa m p le  w a s  p o s it iv e  in the AC IF t e s t ,  

but n e g a t iv e  in the o th er  2 a s s a y s .  T he a u th o rs  s u g g e s te d  that  

th is  r e s u lt  in d ic a te d  a s l ig h t  s u p e r io r ity  o f the AC IF t e s t  o v e r  the  

n o r m a l IF  A  t e s t  fo r  d e te c t in g  lo w  t i t r e  a n t ib o d ie s . H o w e v e r , s in c e  

th is  sa m e  se r u m  sa m p le  sh ow ed  a n t ic o m p le m e n ta r y  a c t iv i t y  to  a 

t i t r e  o f 4  in  the C F  t e s t  it  w a s  p o s s ib le  that th e AC IF t e s t  m a y  a ls o  

h a v e  b e e n  a f fe c te d  by  th is  a c t iv i ty .  T h e fifth  se r u m  sa m p le  had a 

C F  t i t r e  o f  8 but w a s  n e g a t iv e  in  both  o f  the im m u n o f lu o r e s c e n c e  

a s s a y s .  T h is  d if fe r e n c e  w a s  c o n s is te n t ly  ob ta in ed  and s u g g e s te d  

th e p o s s ib i l i t y  th a t th e  C F  t e s t  m a y  o c c a s io n a l ly  d e te c t  s p e c if ic  

a n tib o d ie s  o f  a  d if fe r e n t  n a tu re  fr o m  th o se  d e te c te d  b y  the  

im m u n o f lu o r e s c e n c e  a s s a y s .

T h is  la s t  o b se r v a t io n  of G r if f ith s , e t . a l ,  w a s  su b sta n tia te d  

b y  B o o th , H anning ton , A z iz  and S te r n  (1979) w ho r e p o r te d  fr e q u e n t  

d is c r e p a n c ie s  b e tw e e n  E L ISA  r e s u l t s  and C F a n tib o d y  t i t r e s  w hen  

e x a m in in g  90  hum an  s e r a  ; fo r  i CM V a n t ib o d ie s . A c c o r d in g  to  

B o o th , e t .  a l ,  th e s e  d is c r e p a n c ie s  cou ld  n ot b e  s a t i s f a c t o r i ly  

ex p la in e d  by p oor  r e p r o d u c ib ility  o f  e ith e r  t e s t  o r  b y  th e v a r ia b le  

p r e s e n c e  o f n o n s p e c if ic  in h ib ito r s  o r  b y  the p r e s e n c e  in  the a n tig en  

p r e p a r a t io n s  o f  the n o n s p e c if ic ,  in tr  a c y to p la s m ic  F c  r e c e p to r  that  

d e v e lo p s  in  C M V -in fe c te d  c e l l s .  T he s im p le s t  ex p la n a tio n  a p p e a r e d  

to  be th a t hum an  s e r a  co n ta in ed  v a r ia b le  m ix tu r e s  of CMV IgG  

a n t ib o d ie s ,  o n ly  so m e  o f w h ich  r e a d ily  f ix  c o m p le m e n t , w h e r e a s  

th e E L ISA  te c h n iq u e , b a sed  on a g lo b u lin -a n tig lo b u lin  r e a c tio n  

m e c h a n is m  had  a m u ch  w id e r  r e c o g n it io n  ra n g e  fo r  a n tib o d y .



A ll  th e  p r e v io u s  r e p o r ts  h a v e  d ea lt  w ith  d is c r e p a n c ie s  

w h ich  h a v e  a r i s e n  b e tw een  s e r o lo g ic a l  t e s t s  b a se d  on d if fe r e n t  

in d ic a to r  s y s t e m s ,  su ch  a s  C F , HAI, IF A , e tc .  T h e m a in  p u r p o se  

o f  m y  p r o je c t  w a s  to e x a m in e  tw o t e s t s  b a sed  on the s a m e  g lo b u lin -  

a n tig lo b u lin  r e a c t io n  m e c h a n is m , n a m e ly  IF A  and E L ISA  and  

in v e s t ig a te  th e  c o r r e la t io n  of a n tib o d y  t i t r e s  to th r e e  v ir u s e s  

(H e r p e s  s im p le x  typ e  1, C o x sa c k ie  v ir u s  and R o ta v ir u s ) ,  w h ich  

w e r e  d e te c te d  in  hum an  s e r a .

T h e  r e le v a n c e  o f the a n t ib o d ie s  b e in g  d e te c te d  b y  th e s e  tw o  

t e s t s  w a s  a l s o  in v e s t ig a te d  by  ex a m in in g  their c o r r e la t io n  w ith  

n e u tr a lis a t io n  t e s t s  fo r  H SV l and C o x sa c k ie  B^ ( s u g g e s t in g  th e  

e x is t e n c e  o f p r o te c t iv e  an tib od y  in  th e s e r a ) .

S in c e  h u m an  R o ta v ir u s  can o n ly  be grow n  in a h u m an  k id n ey  

t i s s u e  c u ltu r e  c e l l  s y s t e m , the IF A  tech n iq u e  h a s  r e l ie d  h e a v ily  

upon th e d e te c t io n  o f  a n tib o d ie s  in  hum an se r a  d ir e c te d  a g a in s t  a c lo s e  

a n t ig e n ic a l ly  r e la te d  c a lf  R o ta v ir u s  w h ich  can  be c u lt iv a te d  in  P r im a r y  

C a lf  K id n ey  c e l l s .  T h e r e le v a n c e  o f the IFA  and  E L ISA  R o ta v ir u s  

a n tib o d y  t i t r e  r e s u l t s  w a s  „ th e r e fo r e ,  in v e s t ig a te d  b y  c o r r e la t in g  

th em  w ith  th e a n tib o d y  t i t r e s  o b ta in e d  w ith  the sa m e  h u m an  s e r a  in  

a C F  t e s t  w h ich  u sed  a hum an R o ta v ir u s  fro m  a f a e c a l  e x tr a c t  a s  

a n tig e n .



b) F o r e n s ic  S e r o lo g y

In tro d u ctio n

T h e tw o m a in  s itu a t io n s  in w hich  b lood  grou p  s e r o lo g y  h a s  

a fo r e n s ic  a p p lic a t io n  a r e ; -

1) In th e so lu t io n  o f  p r o b le m s  o f doubtfu l p a te r n ity .

(P o le s k y  & K r a u s , 1977)

2) In th e id e n tif ic a t io n  o f  s ta in s  frorh body f lu id s ,  

e s p e c ia l ly  b lood  but a ls o  s e m in a l f lu id , s a l iv a ,  e tc .

(D odd, 1972), a s  to  typ e and p o s s ib le  s o u r c e .

T h e se c o n d  a s p e c t  (b lood s ta in s )  i s  th e  su b je c t  o f  th is  r e v ie w  

b e c a u s e  th e p r e s e n c e  o f  b lood  a s  a d r ie d  s ta in  can  y ie ld  v a lu a b le  

in fo r m a tio n  to  h e lp  c o n v ic t  o r  a cq u it  a s u s p e c t .

D ia g n o s t ic  T e s t  fo r  B lood

T h e f i r s t  t e s t  a p p lied  to a sa m p le  r e c e iv e d  fo r  s e r o lo g ic a l  

a n a ly s is  m u s t  c o n f ir m  th at th e  s ta in  on the m a te r ia l  i s  b lo o d  and not  

red  d y e , r e d  p a in t , e t c .  T h is  i s  u s u a lly  e s ta b lis h e d  b y  e x a m in in g  the  

s ta in  fo r  th e  p r e s e n c e  o f  p e r o x id a s e .  V a r io u s  s u b s tr a te s  

(p h en o lp h th a le in  o r  le u c o m a la c h ite  g reen ) can be u s e d  w ith  h y d ro g en  

p e r o x id e  to  c o n f ir m  th e p r e s e n c e  o f  p e r o x id a s e ,  p r o d u c in g  fr e e  

w h ich  in  tu rn  o x id is e s  a h y d ro g en  donor to a c o lo u r e d  com p ou n d .

In so m e  c a s e s ,  p la n t p e r o x id a s e s  m a y  be a co n ta m in a n t but a n im a l  

and p la n t p e r o x id a s e s  can  be d if fe r e n t ia te d  on the b a s is  o f th e ir  

th e r m o s ta b il i ty ,  i . e .  p lan t p e r o x id a s e s  a r e  r a p id ly  in a c t iv a te d  a t  

100°C w h e r e a s  a n im a l p e r o x id a s e s  a r e  r e la t iv e ly  s ta b le  fo r  up to  5 

m in u te s  a t  100°C (C u llifo r d , 1971).

P r e c ip it in  R e a c t io n

Im m u n o p r é c ip ita t io n  is  th en  u sed  to a s s e s s  w h e th e r  th e b lood



i s  human, o r  a n im a l in  o r ig in .

P r e c ip ita t in g  se r u m  a n tib o d ie s  w e r e  o r ig in a l ly  d e s c r ib e d  

in  1897 w hen  K ra u s  p ro d u ced  p r e c ip ita te s  w ith  c h o le r a  a n t is e r a  

m ix e d  w ith  V ib r io  c h o le r a  c u ltu r e  f i l t r a t e s .

S p e c ie s  s p e c if ic  p r e c ip ita t in g  a n t is e r a  a r e  u se d  a s  f o l lo w s : -  

If a  d ilu te  e x tr a c t  o f  hum an b lood  fr o m  a s ta in  i s  c a r e fu l ly  

la y e r e d  on top  o f an  a n t is e r u m  r a is e d  in  a rab b it a g a in s t  hum an  

b lo o d , a  p o s it iv e  r e a c t io n  i s  in d ica te d  by  th e d e v e lo p m e n t  o f  a 

p r e c ip it in  Ine a t  th e  in te r fa c e  o f th e  tw o s o lu t io n s . S e e  d ia g r a m  b e lo w .

A  : S a lin e  e x tr a c t  o f hum an b lo o d s ta in  

C : P r e c ip ita te  

B : A n tih u m an  a n ti se r u m

T h e p r e c ip it in  r e a c t io n  can  a ls o  b e v is u a l iz e d  in  a g a r  g e l s .

In th e  d o u b le  d if fu s io n  m eth o d  o f  O u ch ter lo n y  (1962) a n tig e n  and  

a n tib o d y  p la c e d  in  w e l l s  cu t in  a g a r  g e l ,  d if fu se  to w a r d s  e a c h  o th er  

and w i l l  p r e c ip ita te  to  fo r m  an  opaque lin e  in  th e r e g io n  w h e r e  th e y  

m e e t  in  o p t im a l p r o p o r t io n s  if  th e  a n tib o d ie s  a r e  s p e c i f i c  fo r  th e  

a n t ig e n s .

A  m o r e  s o p h is t ic a te d  d e v e lo p m e n t o f  th e s e  r e la t iv e ly  s im p le  

te c h n iq u e s  w a s  in tr o d u c e d  in  1953 b y  G rabar and W il l ia m s  b y  

c o m b in in g  th e  p r in c ip le  o f  p r e c ip ita t io n  in  g e ls  w ith  th e s e p a r a t io n  

o f p r o te in  fr a c t io n s  on th e b a s is  o f  th e ir  v a r y in g  e le c t r o p h o r e t ic  

m o b i l i t i e s .  In  1964, C u llifo r d  d em o n str a te d  th e  s e n s i t iv i t y  o f  c r o s s e d  

o v e r  e le c t r o p h o r e s is  fo r  th e  d e te c t io n  o f b lood  s p e c ie s  in  fo r e n s ic  

s e r o lo g y .



B lood  Grouping;

T h e  d e te r m in a tio n  o f g ro u p s , e . g .  A , B , O o r  M , N  and  

fa c to r s  su ch  a s  red  b lood  c e l l  e n z y m e s  in  b lood  s ta in s  h a s  

d e v e lo p e d  s in c e  a g g lu tin a tio n  b e tw een  V ib r io  c h o le r a  and  the red  

c e l l s  o f  v a r io u s  a n im a l s p e c ie s  w a s  f ir s t  d e s c r ib e d  b y  B o rd e t (1896). 

T h e s e  in it ia l  f in d in g s  le d  to th e  d is c o v e r y  by L a n d s te in e r  (1899) 

th a t a g g lu tin a tio n  w a s  a b io lo g ic a l  p h en om en on  w h ich  p e r m itte d  the  

c la s s i f i c a t io n  o f  hum an b lood  in to  d is t in c t  g r o u p s . L a n d s te in e r 's  

th e o r y  w a s  s im p ly  th a t, " N ever  iss a g iv e n  a g g lu tin o g en  and its  

ow n a g g lu tin in  p r e s e n t  in one and th e sa m e  b lo o d . " T h is  r a is e d  th e  

q u e stio n  o f  the in d iv id u a lity  o f  f r e s h  and d r ie d  b lo o d .

T h e m o s t  w id e ly  u sed  red  c e l l  a n tig en  s y s t e m  is  the ABO  

s y s te m  w hich  c l a s s i f i e s  b lood  a c c o r d in g  to g e n e t ic a l ly  d e te r m in e d  

ty p e s  o f  m u c o p o ly s a c c h a r id e s  on th e su r fa c e  o f e r y th r o c y te s .  T he  

p r o p o r tio n  o f  p e o p le  in ea ch  b lood  group r e m a in s  f a ir ly  co n sta n t  

w ith in  a p a r t ic u la r  co m m u n ity . W ide v a r ia t io n s , h o w e v e r , ca n  be  

e n c o u n te r e d  fr o m  co u n try  to co u n try . S ee  T a b le  A

Q A  B A B
U n ited  S ta te s  (a v e r a g e  o f  the S ta te s  
of N ew  Y ork  and O h io -m ix e d  r a c e s ) 38 41 15 6

U nited  K in gd om  (m a in ly  A n g lo -S a x o n ) 47 42 8 3

P u n jab  (ty p ic a l o f a l l  n o n -D r a v id ia n  
In d ia n s) 42 23 34 1

T a b le  A . D is tr ib u tio n  o f B lood  G roups (in p e r c e n ta g e s )
(Kind & O v e rm a n , 1972)

In liq u id  b lood  s a m p le s ,  the p r e s e n c e  o r  a b s e n c e  o f  a p a r t ic u la r  

a n tig en  is  e s ta b lis h e d  b y  o b se r v in g  w h eth er  or  n ot th e  e r y th r o c y te s  

a r e  a g g lu tin a ted  b y  an a n t is e r u m  con ta in in g  know n s p e c if ic  a n tib o d ie s



to  the m u c o p o ly s a c c h a r id e s  on  the su r fa c e  o f the e r y th r o c y te s .

T h u s an  a n t is e r u m  co n ta in in g  a n tib o d ie s  to group  A  r ed  b lood  c e l l  

a n tig e n s  w i l l  a g g lu tin a te  o n ly  r e d  c e l l s  o f  the grou p  A  ty p e .

In d r ie d  b lo o d s ta in s ,  h o w e v e r , th e e r y th r o c y te s  m a y  ru p tu re , 

th e r e fo r e ,  d ir e c t  a g g lu tin a tio n  t e s t s  a r e  not p o s s ib le  but the  

m u c o p o ly s a c c h a r id e  a n t ig e n s  a r e  r e la t iv e ly  s ta b le  in  th e  d ry  s ta te .

T h e A BO  a n t ig e n s  s u r v iv e  fo r  m a n y  y e a r s  and r e ta in  th e  c a p a b ility  

o f co m b in in g  w ith  s p e c if ic  a n tib o d ie s  (C u llifo r d , 1971).

T h e  fo r m a tio n  o f  v is ib le  a n t ig e n /a n t ib o d y  c o m p le x e s  p r o v id e s  

th e  b a s is  o f  a l l  th e  m eth o d s  em p lo y ed  in  the d e te c t io n  o f  e r y th r o c y te  

a n tig e n s  in  d r ie d  b lo o d s ta in s  and s e v e r a l  n o v e l m e th o d s  h a v e  now  

b e e n  d e v e lo p e d  fo r  th e ir  d e te c t io n .

1. A b so r p tio n  -  in h ib itio n

T h is  m eth o d  h a s  b e e n  in  u s e  fo r  s e v e r a l  d e c a d e s .  A liq u o ts  o f  

a n im a l a n ti s e r a  to  on e o f  th e  ABO  s y s te m  b lood  g ro u p s  a r e  added  to  

p o r tio n s  o f  s ta in  o r  e x tr a c ts  o f s ta in  and a f te r  a s u ita b le  p e r io d  o f  

a b so r p tio n , th e  r e s id u a l  s e r a  a r e  t e s te d  w ith  r ed  c e l l  s u sp e n s io n s  

o f a p p r o p r ia te  grou p  ( e .g .  grou p  A  e r y th r o c y te s  a r e  added  to a n t i-A  

s e r a ) .  T h e d e g r e e  o f  a g g lu tin a tio n  p ro d u ced  is  c o m p a red  w ith  

c o n t r o ls  c o n ta in in g  the s a m e  a m o u n ts  o f s p e c if ic  a n ti s e r u m  and  

a n t ig e n s , A  s u b s ta n t ia l r e d u c tio n  in  the a b ility  o f  a s e r u m , added  

to s ta in e d  m a te r ia l ,  to  a g g lu tin a te  the red  c e l l  su sp e n s io n  in d ic a te s  

the p r e s e n c e  o f th e  a p p r o p r ia te  a n tig en  in the s ta in .

T h is  m eth o d  i s  r e la t iv e ly  in s e n s it iv e  co m p a red  w ith  m o r e  r e c e n t  

te c h n iq u e s  and in  p r a c t is e  h a s  p r o v e d  to be s a t is fa c to r y  o n ly  fo r  

g rou p in g  In the A BO  s y s te m  (C u llifo r d , 1971). A c c o r d in g  to N ic k o lls  

and P e r e ir a  (1962) th e m eth od  s u ffe r s  fro m  fu n d a m en ta l d is a d v a n ta g e s ; -



a) W hen d e a lin g  w ith  v e r y  s m a ll  o r  fa in t b lood  s ta in s ,  o r  w ith  w eak  

a n t ig e n s , a lth ou gh  a c e r ta in  am ount o f a b so r p tio n  m a y  h a v e  tak en  

p la c e ,  the fa l l  in  t i t r e  o f  th e  a n t is e r a  m a y  be too  s m a ll  to b e o f  

a n y  s ig n if ic a n c e  o r  m a y  ev en  be so  s lig h t  that it i s  u n r e c o g n isa b le .

b) T h e r e  i s  a p o s s ib i l i t y  th a t in  c e r ta in  c ir c u m s ta n c e s  th e a b so rb ed  

a n tib o d y  is  e lu te d  out a g a in , th u s v it ia t in g  th e r e s u l t .

c) A ny  fo r e ig n  m a t e r ia l  p r e s e n t  in  th e s ta in , s in c e  it  cannot a lw a y s  

be r e m o v e d  p r io r  to  t e s t in g ,  m a y  a f fe c t  e ith e r  th e a n ti s e r u m  by  

i t s e l f ,  c a u s in g  a n  a b so r p tio n  o r  the red  c e l l  s u sp e n s io n  by  ca u s in g  

l y s i s  o r  a g g lu tin a tio n  ; a n y  o f th e s e  e f f e c t s  r e n d e r s  th e  t e s t  

v a lu e le s s .

T e c h n iq u e s  h a v e  a ls o  b een  in v e s t ig a te d  in  w h ich  im m u n e r e a c t io n s  

a r e  o b ta in ed  d ir e c t ly  fr o m  the an tib o d y  a b so r b e d  to  th e  a n tig e n  in  

th e  s ta in ,

111 1 9 5 6 , C o o m b 8 , B ed fo rd  and R o u illa r d  d e s c r ib e d  a m eth o d  o f 

sh ow in g  th e  p r e s e n c e  o f  A  and B group  a n tig e n s  in  h u m an  e p id e r m a l  

c e l l s  b y  w hat i s  e s s e n t ia l ly  an  a d d itiv e  p r o c e s s .  T h e e p id e r m a l c e U s  

w e r e  tr e a te d  w ith  un d ilu ted  hum an a n t i-A  o r  a n t i-B  grou p  s e r a .

A fte r  on e h o u r , the a n t is e r u m  w a s  r e m o v e d , th e  e p id e r m a l c e l l s  w e r e  

w a sh ed  and th e  a p p r o p r ia te  red  c e l l  su sp e n s io n  w a s  added  to the  

e p id e r m a l c e l l s ,  A  p o s it iv e  r e a c t io n  w a s  d e te r m in e d  m ic r o s c o p ic a l ly  

b y  o b s e r v in g  the red  c e l l s  c lu s te r in g  round th e e p id e r m a l c e l l s  and  

a d h er in g  to  th e m .

S ee  d ia g r a m  B.



H um an  
e p id e r m a l  
c e l l  w ith  A  
a n tig e n  on  
c e l l
m e m b r a n e

H um an  
e p id e r m a l  
c e l l  w ith  B  
a n tig e n  on  
c e l l
m e m b r a n e

E f fe c t  o f e x p o s in g  e p id e r m a l c e l l  to

U n tr ea ted  A n ti A  s e r a  x  A d d itio n  o f
e p id e r m a l and su b seq u en t group  A
c e l l  w a sh in g  r e d  c e l l s

X o

X X

M ixed
a g g lu t in ­
a tio n

N o
m ix e d
a g g lu t in ­
a tio n

D ia g r a m  B M ix ed  e r y th r o c y te -e p id e r m a l c e l l  a g g lu tin a tio n

r e a c t io n  fo r  d e te c t io n  o f the A  a n tig e n  on  e p id e r m a l  

c e l l s  o f  hum an  sk in

T h is  a p p ro a ch  le a d s  to g r e a te r  s e n s i t iv i ty  (C u llifo r d , 1971), A  

p o s it iv e  r e a c t io n  can  be d e te c te d  w hen  a s m a ll  p r o p o r tio n  o f  th e  

a n tib od y  co n ten t o f  th e  grou p  A  o r  group B an ti s e r u m  i s  a b so r b e d  to 

th e e p id e r m a l c e l l s ,

C o o m b s and D odd (1961) m o d if ie d  th is  p r o c e d u r e  s l ig h t ly  to  

a llo w  i t s  u se  fo r  typ in g  b lood  s ta in e d  m a te r ia l .  T h e n ew  tech n iq u e  

(c a lle d  m ix e d  a g g lu tin a tio n ) is  u se d  to  group d r ie d  b lo o d s ta in s  o f  

th e  A B O  s y s t e m . It w o rk s  in  p r a c t ic e  a s  f o l lo w s : -

B lo o d s ta in e d  f ib r e s  a r e  to ta lly  su b m er g ed  in  v a r io u s  s p e c if ic  

a n t is e r a  (a n ti-A , a n t i-B , e t c .  ) and a f te r  a p e r io d  to  a llo w  a b so r p tio n  

o f  s p e c if ic  a n t ib o d ie s  to the a n tig e n s  in the b lood  s ta in , th e  unbound  

an tib o d y  i s  w a sh e d  a w a y . T h e f ib r e s  a r e  th en  su b m e r g e d  in  

in d ic a to r  c e l l  s u sp e n s io n s  o f a p p ro p r ia te  b lood  grou p  (A, B , e t c .  )



and  in cu b a ted . D urin g  th is  p e r io d  a g g lu tin a tio n  o f red  c e l l s  s p e c if ic  

fo r  th e  an tib o d y  a b so r b e d  to the f ib r e s  w il l  o c c u r . W hen v ie w ed  

m ic r o s c o p ic a l ly ,  th e  f ib r e s  w i l l  be s e e n  to  be co a ted  w ith  a la y e r  

o f red  c e l l s  o f  th e  sa m e  a n t ig e n ic  group a s  th e s ta in , (See f ig u r e  

b e lo w ). A

P o s i t iv e  r e a c t io n  
E r y th r o c y te s  a g g lu tin a ted
and co a tin g  th e  b lo o d sta in e d  
f ib r e s

N e g a tiv e  r e a c t io n  
E r y th r o c y te s  f lo a t in g  fr e e  
in  su sp e n s io n

M ix ed  a g g lu tin a tio n  h a s  p r o v e d  to be v e r y  S a t is fa c to r y  fo r  

the A B O  s y s te m  and can  be u sed  on e x tr e m e ly  s m a ll  s ta in s  - ev en  

a few  b lo o d sta in e d  f ib r e s  (C u llifo r d , 1971), E v en  s o ,  th e 's e n s it iv i t y  

o f  th is  tech n iq u e  h a s  b e e n  in c r e a se d  by th e in tro d u ctio n  o f  the  

a b s o r p t io n -e lu t io n  p r o c e d u r e  w h ich  w o rk s  l ik e  t h i s ; -

A fte r  a b so r p tio n  o f b lo o d sta in  a n tig en  to  s p e c if ic  a n ti s e r u m  

(a n t i“A  o r  a n t i - B ,  e t c . )  and su b seq u en t r e m o v a l o f unbound a n t is e r u m  

b y  w a sh in g , a s  in  th e m ix e d  a g g lu tin a tio n  p r o c e d u r e , th e  an tib od y  

a tta c h e d  to th e a g g lu tin a te d  e r y th r o c y te s  on the b lo o d s ta in e d  f ib r e s  

i s  e lu ted  b y  r a is in g  th e te m p e r a tu r e  of the r e a c ta n t so lu t io n  to 5 6 °C . 

T he e lu a te  is  th en  t e s te d  w ith  in d ic a to r  red  b lood  c e l l s  o f an  

a p p r o p r ia te  group  and a g g lu tin a tio n  in d ic a te s  th e p r e s e n c e  o f an  

a n tig en  o f th e sa m e  typ e  a s  th at o f the in d ic a to r  e r y th r o c y te s .

A b s o r p t io n -e lu t io n  i s  cap ab le  o f A  B O grou p in g  on s ta in s  a s
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s m a ll  a s  1 m m  d ia m e te r  (C u llifo r d , 1971). It can  a ls o  b e u sed  fo r  

typ in g  o th er  red  c e l l  a n tig e n s  su ch  a s  M N  and R h e su s  (Rh) in  d r ie d  

b lo o d s ta in s  b e c a u s e  it  i s  m o r e  s e n s i t iv e  than m ix e d  a g g lu tin a tio n .

O ne p r o p o se d  r e a s o n  fo r  i t s  g r e a te r  s e n s i t iv i ty  i s  th a t in m ix e d  

a g g lu tin a tio n , th e im m u n e r e a c t io n  o n ly  ta k e s  p la c e  a t  th e  a n tig e n ic  

s i t e s  e x p o se d  on th e s u r fa c e  o f th e  b lo o d sta in ed  f ib r e s ,  w h e r e a s  in  

a b s o r p t io n -e lu t io n , th e  su b m e r g e d  s i t e s  a r e  a ls o  u lt im a te ly  

in v o lv e d . C u llifo r d , 1971, h a s  s u g g e s te d  th a t red  c e l l s  a g g lu tin a te  

m o r e  r e a d i ly  w ith  ea ch  o th er  than w ith  d e b r is  a d h e r in g  to  f ib r e s .  

C la s s i f ic a t io n  o f  a hum an b lo o d sta in  is  n ot r e s t r ic t e d  to  

a n a ly s is  o f  i t s  r e d  c e l l  a n t ig e n ic  g ro u p . M any o th e r  s y s t e m s  h a v e  

b e e n  d e v e lo p e d  to  c h a r a c te r is e  th e  b lood  fu r th e r , an  e x a m p le  b e in g  

c h a r a c te r iz a t io n  o f  th e  r ed  c e llo s  p o ly m o r p h ic  e n z y m e  s y s t e m s .

P o ly m o r p h ic  fo r m s  o f hum an red  c e l l  p h o sp h o g lu c o m u ta s e  

(PGM ) w e r e  f i r s t  d e s c r ib e d  b y  S p e n c e r , H opk ins on & H a r r is  in  1964, 

T h e y  d is c o v e r e d  tw o a l l e l e s  a t  on e lo c u s ,  the h e te r o z y g a te  and the  

tw o h om o z y  gat e s  g iv in g  th r e e  c o m m o n ly  o c c u r r in g  v a r ia n ts ,  PG M  1, 

PG M  2-1  and PG M  2 . T h e s e  v a r ia n ts  can  be d e te c te d  and  

c h a r a c te r iz e d  by  e le c t r o p h o r e s is .  O th er e n z y m e s  w h ich  can  b e  

d e te c te d  b y  su ch  m e th o d s  in c lu d e  A d en y la te  k in a s e ,  6 p h o sp h o g lu co n a te  

d e h y d r o g e n a se , g lu c o s e  6 -p h o sp h a te  d e h y d r o g e n a se , a d e n o s in e  

d ea c^ v in a se  and p s e u d o c h o l in e s te r a s e  (C u llifo r d , 1971),

P o ly m o r p h ic  p r o te in  s y s t e m s  a r e  a ls o  fr e q u e n tly  e m p lo y e d  

in  c h a r a c te r is in g  b lo o d  s ta in s ,  e , g , p o ly a c r y la m id e  g e l  

e le c t r o p h o r e s is  is  u se d  to id en tify  v a r io u s  h a e m o g lo b in  (Hb) v a r ia n ts  

su ch  a s  Hb A , H b S , H b C , Hb D and Hb E , w h ich  m a y  e x i s t  in  b lo o d .



A ll  t h e s e  s y s t e m s  a r e  b a se d  on  th e  e x is t e n c e  o f g e n e t ic a lly  

c o n tr o lle d  p o ly m o r p h is m s . U sin g  the in fo rm a tio n  g a in ed  b y  .blood  

grou p in g  and r e la t in g  it  to  th e fr e q u e n c y  o f o c c u r r e n c e  o f  p a r t ic u la r  

co m b in a tio n s  o f  g ro u p s  w ith in  a d e fin ed  p o p u la tion  s e v e r a l  b lo o d s ta in s  

m a y  be d is t in g u ish e d  and th is  m a y  red u ce  th e p o p u la tio n  s iz e  fro m  

w h ich  th e b lood  c o u ld  h a v e  o r ig in a te d .

N o n -g e n e t ic  m a r k e r s

T h e r e s u l t s  o f  e x p e r im e n ts  on th e  id e n t if ic a t io n  o f  a n t i - p a r a s it ic  

a n tib o d ie s  in  b lo o d s ta in s  (an tibody  p r o filin g ) by  K ing (1974) in tro d u ced  

th e  n ew  co n cep t to  fo r e n s ic  s e r o lo g y  o f the u se  o f  n o n -g e n e t ic  

m a r k e r s  fo r  th e c h a r a c te r iz a t io n  o f in d iv id u a ls . U sin g  th e  in d ir e c t  

f lu o r e s c e n t  a n tib o d y  tech n iq u e  to  d e te r m in e  the b lood  a n tib o d y  con ten t  

to  5 d if fe r e n t  m ic r o b ia l  a n t ig e n s . K ing  o b ta in ed  a d is c r im in a t in g  

p o w er  e q u a l to th at o f  th e A B O  b lood  grou p in g  m eth o d .

K ing & W h iteh ead  (1975) su b se q u e n tly  sh ow ed  th a t th is  tech n iq u e  

cou ld  be u se d  w ith  a h igh  d e g r e e  o f c o n fid en ce  to id e n t ify  th e  a g e  

ran ge o f  th e  d o n o r  o f  a b lo o d s ta in . T h u s, a n tib o d y  p r o f il in g  w a s  a b le  

to d is c r im in a te  b e tw e e n  b lood  s a m p le s  and a ls o  to  p r o v id e  u s e fu l  

in fo r m a tio n  r e g a r d in g  a g e  o f  d o n o r .

H o s te , B r o c te u r , D on ea  & A n d re  (1977) in v e s t ig a te d  th e  u s e  o f  

th e h e p a t it is  B v ir u s  to  d is t in g u is h  b e tw een  s ta in s .  T h is  a n tig e n  

w a s sh ow n  to b e v e r y  s ta b le  in  th e d r ie d  s ta te  fo r  a t l e a s t  6 m o n th s . 

H o w e v e r , in v iv o , the p e r s is t e n c e  o f H B s a n tig en  v a r ie d  g r e a t ly  

fr o m  one in d iv id u a l to a n o th e r . In a h ea lth y  c a r r ie r  o r  in  a su b jec t  

w ith  c h r o n ic  hepatitis^  H B s a n tig en  m a y  p e r s i s t  fr o m  1 m onth  to 6 -7  

y e a r s  fo llo w in g  in fe c t io n  w h e r e a s  in  c a s e s  o f a c u te  in fe c t io n  th e a n tig en



m a y  n ot b e d e te c ta b le  a fte r  on e o r  tw o w e e k s .

I f  H B s a n tig e n  w a s  found in  a b lo o d sta in , it  m a y  n ot a lw a y s  

b e p o s s ib le  to  a s s o c ia t e  the s ta in  w ith  the s u sp e c t  e s p e c ia l ly  if  

th e  in d iv id u a l s u ffe r e d  fr o m  a c u te  h e p a t it is  and m o r e  than  2 w e e k s  

had e la p s e d  b e tw e e n  th e  d e p o s it io n  o f  the b lo o d sta in  and th e  

c o l le c t io n  o f  a  b lo o d  sa m p le .

T h is  p r o b le m  i s  not r e le v a n t  w hen  d e a lin g  w ith  a n tib o d ie s  

a s  m a r k e r s  in  b lo o d  and s ta in s .  T h e h a lf  l i f e  o f  so lu b le  a n t ib o d ie s  

in  d r ie d  b lo o d  h a s  b e e n  show n to  b e a p p r o x im a te ly  6 w e e k s  (W e r r e tt ,

K ing  & W h iteh ea d , 1976). A n tib o d y  in  v iv o , p e r s i s t s  a t  a  b a s a l  

l e v e l  th rou gh ou t l i f e  (K ing, W e r r e tt  & W h iteh ead , 1976). A n tib od y  

p r o f il in g ,  th e r e fo r e ,  o f fe r s  m o r e  sc o p e  for  d e v e lo p m e n t.

In th e  2 y e a r s  b e tw e e n  co n cep tio n  and the s ta r t  o f th is  p r o je c t  

a l i t t le  fu r th e r  in v e s t ig a t iv e  w o rk  had b een  p e r fo r m e d  by K ing , e t . a l ,  

(1975) w ho had  u se d  it  s u c c e s s f u l ly  to  d is c r im in a te  b e tw een  b lo o d s ta in s  

fr o m  a d u lts  and c h ild r e n  u s in g  5 m ic r o b ia l  a n t ig e n s . In  1976, W e r r e tt  

and K ing sh ow ed  th a t th e  p r e s e n c e  o f s p e c if ic  a l l e r g e n - a s s o c ia t e d  

a n tib o d ie s  o f  th e  IgE  ty p e  cou ld  be d e te c te d  and q u an tita ted  in  

b lo o d s ta in s  by  a r a d io im m u n o a s sa y  tech n iq u e know n a s  th e  

r a d io a lle r  go so r b e n t t e s t  (R A ST ). T h is  w ork  w a s  p a r t ic u la r ly  

a t tr a c t iv e  s in c e  a l l e r g ie s  sh ow  g e o g r a p h ic a l s p e c i f ic i t y .  T h u s a l le r g y  to  

ra g w e e d  a f f e c t s  a la r g e  n u m b er o f  th e in h ab itan ts  o f th e  N o r th e r n  

U n ited  S ta te s  o f A m e r ic a  but i s  a lm o s t  unknown in  E u r o p e ,

T h e co n cep t o f an tib od y  p r o f il in g , th e r e fo r e ,  o f fe r e d  the  

p o s s ib i l i t y  o f d if fe r e n t ia t in g  b e tw e e n  b lo o d s ta in s  and y ie ld in g  

q u a lita t iv e  in fo r m a tio n  w h ich  co u ld  p ro v e  u s e fu l in  a d is c r im in a to r y

m a n n e r .



T h e se c o n d  s e c t io n  o f th is  t h e s is  r e c o r d s  the r e s u l t s  o f  

v ir u s  an tib o d y  p r o f ilin g  t r ia l s  and a tte m p ts  to  a n a ly s e  the  

s ig n if ic a n c e  o f th e s e  r e s u l t s .



c) F L U O R E SC E N T  A N T IB O D Y  TECH NIQ UE

P r in c ip le  o f f lu o r e s c e n c e

A c c o r d in g  to  U d en fr ien d  (1962), *An o v e r s im p lif ie d

d e f in it io n  o f  f lu o r e s c e n c e  i s  th a t i t  i s  th e  im m e d ia te  e m is s io n  o f

lig h t  fr o m  a m o le c u le  o r  a to m  fo llo w in g  the a b so r p tio n  o f  r a d ia t io n , *

T h e e n e r g y  c h a n g e s  a s s o c ia t e d  w ith  f lu o r e s c e n c e  can  b e

u n d e r s to o d  b y  ta k in g  a s im p le  d ia to m ic  m o le c u le  a s  a m o d e l s y s te m

and lo o k in g  a t  i t s  p o te n t ia l e n e r g y  a s  a fu n ctio n  o f  n u c le a r

se p a r a t io n  (F o th e r g i l l ,  1964), s e e  F ig u r e  C. T h e p r in c ip le  is

s im ila r  fo r  m o r e  c o m p lic a te d  m o le c u le s .  T h e n o r m a l, o r  grou n d ,

s ta te  o f  th e  m o le c u le  w hen  in  e q u ilib r iu m  w ith  i t s  su r r o u n d in g s  a t

r o o m  te m p e r a tu r e , i s  r e p r e se n te d  b y  cu rv e  G (F ig , C ), C u r v e  E |

c o r r e s p o n d s  to  th e f i r s t  e x c ite d  s ta te  o f  th e  m o le c u le .  T he

h o r iz o n ta l l in e s  a s s o c ia t e d  w ith  e a c h  cu rv e  d e p ic t  the v a r io u s  e n e r g y

le v e l s  w h ich  th e m o le c u le  can  sh ow  d ep en d in g  on th e  v ib r a t io n a l

s ta te s  o f  th e  m o le c u le .

T r a n s it io n  *A*, due to  th e  a b so r p tio n  o f  a q u a n tu m  o f  lig h t

d e p ic t s  the in c r e a s e  in  th e p o te n t ia l e n e r g y  o f th e  m o le c u le  fr o m  th e

ground  s ta te  G to  one o f  th e  h ig h e r  l e v e l s  o f th e  e x c ite d  s ta te  E^.

T h e  v ib r a t io n a l e n e r g y  o f th e  e x c ite d  m o le c u le  i s  th en  u s u a lly

lo s t  th rou gh  c o l l i s io n s  w ith  o th er  m o le c u le s  u n til th e  lo w e s t

v ib r a t io n a l l e v e l  o f  th e e x c ite d  s ta te  is  e v e n tu a lly  r e a c h e d . I f  th is

-8
l e v e l  i s  m a in ta in ed  fo r  a p p r o x im a te ly  10 s e c o n d s , it  b e c o m e s  

p o s s ib le  fo r  th e  m o le c u le  to  lo s e  a quantum  o f ra d ia tio n  ( tr a n s it io n  F ) 

th e r e b y  re tu rn in g  to on e o f  th e h ig h e r  v ib r a t io n a l l e v e l s  o f th e ground  

s ta te .
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N u c le a r  se p a r a tio n

F ig u r e  C . E n e r g y  d ia g r a m  o f a s im p le  

d ia to m ic  m o le c u le  sh ow in g  

a b so r p tio n  o f r a d ia tio n  and  

e m is s io n  o f f lu o r e s c e n c e  

(F o th e r g il l ,  1964)



F r o m  F ig u r e  C , it  can  b e s e e n  th at the e n e r g y  d if fe r e n c e  o f  

A  is  g r e a te r  than  th at o f F ,  P la n c k ’s L aw  s ta te s  th a t, ’’th e e n e r g y  

o f r a d ia tio n  is  d ir e c t ly  p r o p o r tio n a l to i t s  fr e q u e n c y  and in v e r s e ly  

p r o p o r t io n a l to  i t s  w a v e le n g th ,"  I t ,  th e r e fo r e ,  fo l lo w s  th a t th e  

ra d ia tio n  o f t r a n s it io n  *A* w il l  be o f h ig h er  fr e q u e n c y  and  sh o r te r  

w a v e le n g th  than  tr a n s it io n  F . In o th er  w o r d s , th e f lu o r e s c e n c e  

e m itte d  by  th e  m o le c u le  w i l l  be o f  lo n g e r  w a v e len g th  than th e  ra d ia tio n  

r e q u ir e d  to  e x c i t e  it  (S to k e’s L aw ) e , g ,  the p eak  a b so r b a n c e  l e v e l  o f  

f lu o r e s c e in  i s  490  n m  (v io le t)  but i t s  f lu o r e s c e n t  e m is s io n  p ea k  i s  a t  

525 nm  (y e l lo w -g r e e n ) .

A p p lic a tio n  in  M ic r o s c o p y

T h e  im m u n o flu o r e s c e n t  te ch n iq u e  h a s  i t s  b e g in n in g s  in  a p a p er  

p u b lish ed  b y  M ar r a c k  (1934) in w h ich  he w a s  a b le  to  d e m o n str a te  th at  

typ h o id  b a c te r ia  a g g lu tin a te d  b y  an tib od y  la b e l le d  w ith  a red  dye cou ld  

b e v is u a l i s e d  m ic r o s c o p ic a l ly  a s  d is t in c t  red  c lu m p s . F o r  th e  f i r s t  

t im e ,  It had  b e c o m e  p o s s ib le  to  d e m o n str a te  an  a n tig e n -a n tib o d y  

in te r a c t io n  d ir e c t ly ,  w ith ou t r e s o r t in g  to th e u s e  o f s e c o n d a r y  p h en om en a  

su ch  a s  th e  c o m p le m e n t f ix a t io n , h a e m a g g lu tin a tio n  o r  p r e c ip ita t io n  

r e a c t io n s .

In a ttem p tin g  to  im p r o v e  th is  te ch n iq u e , 7 y e a r s  la t e r ,  C o o n s , 

C r e e c h  & J o n e s  (1941) e m p lo y ed  a f lu o r e s c e n t  d ye  c a l le d  a n th r a c e n e ,  

a tta c h e d  to p n e u m o c o c c a l an tib o d y  to  id en tify  p n e u m o c o c c a l b a c te r ia  

m ic r o s c o p ic a l ly .  F lu o r e s c e n t  d y e s  ( f lu o r o c h r o m e s)  h a v e  s in c e  

g a in ed  fa v o u r  fo r  u s e  a s  la b e ls  b e c a u s e  th ey  can  be s e e n  a t m u ch  lo w e r  

c o n c e n tr a t io n s  than  o r d in a r y  d y e s  (N a irn , 1964) and th e r e fo r e ,  g r e a t ly  

in c r e a s e  th e s e n s i t iv i t y  o f th e  p r o c e d u r e  (U d en fr ien d , 1962). T he  

m a jo r  d isa d v a n ta g e  o f a n th r a c e n e  a s  a f lu o r e s c e n t  m a r k e r , h o w e v e r .
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l i e s  in  th e fa c t  th a t it  p r o d u c e s  a b r ig h t b lu e  f lu o r e s c e n c e ,  very- 

s im i la r  to  th e b lu e -g r e e n  a u to f lu o r e s c e n c e  o f  o r d in a r y  m a m m a lia n  

t i s s u e  w hen  e x p o se d  to  u lt r a v io le t  (u .v .  ) l ig h t  in  a m ic r o s c o p ic  

p r e p a r a t io n .

T h e fo llo w in g  y e a r ,  h o w e v e r , C o o n s , C r e e c h , J o n e s  and  

B e r l in e r  (1942) im p ro v ed  th e t e s t  b y  su b stitu tin g  th e  a n th r a c e n e  w ith  

f lu o r e s c e in  is o c y a n a te  w h ich  f lu o r e s c e s  w ith  a b r i l l ia n t  a p p le  g r e e n  

c o lo u r , s u f f ic ie n t ly  d if fe r e n t  fr o m  th e b lu e -g r e e n  a u to f lu o r e s c e n c e  o f  

t i s s u e  to  p e r m it  i t s  u s e  in  tr a c in g  a n tig e n s  w ith  la b e l le d  an tib od y  

in  s itu  , in  h is t o lo g ic  p r e p a r a t io n s . The p ro d u ctio n  o f  th is  con ju gate  

w a s  a te d io u s  a f fa ir ,  h o w e v e r , s in c e  f lu o r e s c e in  iso c y a n a te  o n ly  

c o u p le s  to  p r o te in  in  th e p r e s e n c e  o f  p h o sg en e  g a s .

O th er  f lu o r e s c e n t  m a r k e r s  fo llo w e d  ( s e e  F ig u r e  D ), W eb er  

(1952) in tro d u ced  l-d im e th y la m in o n a p h th a le in -5 -s u lp h o n ic  a c id  

(d a n s ) w h ich  h a s  an  in te n se  y e l lo w -g r e e n  f lu o r e s c e n c e ;  C h ad w ick , 

M cE n teg a r t & N a ir n  (1958a) o v e r c a m e  th e d if f ic u l t ie s  o f  co lo u r  c o n tr a s t  

b y  u t i l i s in g  th e  o r a n g e  f lu o r e s c e n t  la b e l ,  l i s s a m in e  rh o d a m in e  B  

(RB 2 00 ); but th e  f lu o r o c h r o m e  f lu o r e s c e in  I so th io c y a n a te  (F IT C ), 

(R ig g s , S e iw a ld , B u r c k h a lte r , D ow n s & M e tc a lf ,  1958) h a s  b e e n  the  

m o s t  c o m m o n ly  u se d  due to  i t s  s im p le  co n ju g a tio n  p r o c e d u r e  to  lin k  

i t  w ith  a n tib o d y . T he im m u n o flu o r e s c e n c e  te c h n iq u e , th e r e fo r e ,  

w a s o r ig in a l ly  d e v is e d  and d e v e lo p e d  a s  a m eth o d  fo r  tr a c in g  a n t ig e n s  

by la b e l le d  a n tib o d ie s  but it  h a s  su b se q u e n tly  b e e n  u sed  fo r  th e  

d e te c t io n  and c h a r a c te r is a t io n  o f  s p e c if ic  s e r u m  a n t ib o d ie s  by stu d y in g  

th d r  r e a c t io n s  w ith  know n a n t ig e n s .

In sh o r t , the f lu o r e s c e n t  a n tib od y  m eth o d , in tro d u ced  b y  

C o o n s , e t .  a l  (1941) and su b se q u e n tly  a p p lied  to V ir o lo g y , h a s  co m b in ed  

th e s e n s i t iv i t y  and s p e c if ic i ty  o f Im m u n ology  w ith  th e  p r e c i s io n  o f
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m ic r o s c o p y  t o : -

a) y ie ld  n ew  in fo r m a tio n  on the v ir u s  m u lt ip lic a t io n  c y c le  in  

in fe c te d  h o s t  c e l l s  and

b) g r e a t ly  d e c r e a s e  th e  a s s a y  t im e  tak en  to m e a s u r e  th e  im m u n e  

r e s p o n s e  to  v ir a l  in fe c t io n s  in  ro u tin e  s e r o lo g y .

C on ju gation

I d e a lly ,  th e  con ju g a tio n  o f f lu o r o c h r o m e s  to  in d iv id u a l se r u m  

p r o te in s  sh ou ld  p ro d u ce  co n ju g a tes  w ith  a h igh  f lu o r e s c e n c e  e m is s io n ,  

w h ile  r e ta in in g  th e b io lo g ic a l  c h a r a c te r is t ic s  o f  th e  n a tiv e  p r o te in  

m o le c u le s .  I t i s  now  f a ir ly  w e l l  e s ta b lis h e d  th a t co n ju g a tio n  o f  a  

s m a ll  n u m b er  o f  f lu o r o c h r o m e  m o le c u le s  to  a s in g le  m o le c u le  o f  

se r u m  p r o te in  h a s  l i t t le  e f f e c t  upon th e a n t ig e n ic ity  o f  the p r o te in  

(F o th e r g i l l ,  1964).

T h e  f lu o r e s c e n t  b r ig h tn e s s  o f  th e  co n ju g a te  d ep en d s upon th e  

n u m b er  o f  f lu o r o c h r o m e  m o le c u le s  w h ich  a r e  c h e m ic a lly  bound to th e  

p r o te in  m o le c u le s .  T h e la b e l lin g  o f a s in g le  p r o te in  m o le c u le  w ith  

a la r g e  n u m b e r  o f  f lu o r o c h r o m e  m o le c u le s ,  h o w e v e r , n eed  not  

p ro d u ce  b r ig h te r  f lu o r e s c e n c e ,  C o o n s and K ap lan  (1950) co m p a red  

th e  b r ig h tn e s s  o f  s ta in in g  o f  f lu o r e s c e in  is o c y a n a te  c o n ju g a te s  o f  

d iffe r e n t  d e g r e e s  o f  la b e l l in g  and found that th e  f lu o r e s c e n c e  in te n s ity  

o f the s ta in e d  p r e p a r a t io n  in c r e a s e d  a t f i r s t  w ith  in c r e a s in g  r a tio  o f  

f lu o r o c h r o m e  to  p r o te in  and th en  d e c r e a s e d .

T h e  c r i t ic a l  fa c to r  in  ob ta in in g  m a x im u m  f lu o r e s c e n c e ,  

th e r e fo r e ,  d ep en d s upon the r a tio  o f f lu o r o c h r o m e  m o le c u le s  p er  

m o le c u le  o f  p r o te in .



T h e m o le c u la r  r a t io  o f f lu o r o c h r o m e  to  p r o te in  in  a p u r if ie d  

con ju g a te  ca n  b e c a lc u la te d  q u ite  s im p ly  by  m e a s u r in g  th e f lu o r o c h r o m e  

and p r o te in  c o n c e n tr a t io n s  and su b stitu tin g  th e  v a lu e s  in  the e q u a tio n ;-

M o le s  f lu o r o c h r o m e  _ O , D .
M o le s  p r o te in

w h e re  0 » D ,  = o p t ic a l  d e n s ity  a tV m a x  fo r  th e  f lu o r o c h r o m e
co m p on en t

C = c o n c e n tr a tio n  o f  p r o te in  in  m g /m l ,
^ (con ju g a te  i s  u s u a lly  d ilu ted  about 1:100 in

p h o sp h a te  “b u ffe r e d  sa lin e  to y ie ld  a p r o te in  
c o n c e n tr a tio n  o f a p p r o x im a te ly  0, 5 m g /m l)

X = fa c to r  d e r iv e d  fr o m  m o le c u la r  w e ig h ts  and
e x t in c t io n  c o e f f ic ie n t s  (the v a lu e  o f  x  i s  1. 9 fo r  
F IT C , 1 ,4  fo r  R B 200  and 25 fo r  DANS c o n ju g a te s ) ,

A  fu r th e r  fa c to r  w h ich  in f lu e n c e s  th e f lu o r e s c e n c e  o f  co n ju g a te s  

i s  th e  pH o f  th e  su rro u n d in g  en v ir o n m e n t. T h e f lu o r e s c e n c e  in te n s ity  

o f  f lu o r e s c e in  co n ju g a te s  v a r ie s  m a r k e d ly  w ith  pH , w ith  a m a x im u m  

b r ig h tn e s s  arou n d  pH  8 , 0, R B 200  co n ju g a te s  sh ow  l i t t le  v a r ia tio n

arou n d  pH  7 , 0 but th e ir  f lu o r e s c e n c e  e m is s io n  i s  a p p r o x im a te ly  

d ou bled  a t  pH  4  and pH 10, 5 , DANS c o n ju g a te s , h o w e v e r , a p p ea r  to  

p ro d u ce  f a ir ly  c o n sta n t f lu o r e s c e n c e  o v e r  th e r a n g e  pH 1, 6 to  14 

(W eb er , 1952).

T h e  c r i t e r ia  in flu en c in g  th e  c h o ic e  o f a s u ita b le  f lu o r o c h r o m e  

fo r  u s e  in  im m u n o f lu o r e s c e n c e  h a v e  b een  l i s t e d  b y  C h a d w ick , e t .  a l ,  

(1958b).

1. It sh ou ld  h a v e  c h e m ic a l g rou p s w h ich  w il l  c o v a le n tly  bond  

to  p r o te in  m o le c u le s ,  w ith  an y  u n rea c ted  f lu o r e s c e n t  

m a te r ia l  b e in g  e a s i ly  r e m o v e d . (C r e e c h  and J o n e s ,  1941, 

sh ow ed  that th e m o s t  p ro b a b le  s ite  o f  co n ju g a tio n  b e tw een  

g lo b u lin  and FIT C  o r  R B 200 o c c u r r e d  th rou gh  the F  -a m in o  

g ro u p s  o f  ly s in e ) .



2 . It sh ou ld  r e ta in  a h igh  f lu o r e s c e n c e  e f f ic ie n c y  w hen  

co n ju g a ted  to  the p r o te in , (T he f lu o r e s c e n c e  e m is s io n

o f  R B  200 c h a n g e s  fr o m  y e llo w  to o ra n g e  w hen  con ju gated  

to  p r o te in ;  f lu o r e s c e in  on th e o th er  hand h a s  the sa m e  

c o lo u r  w h e th e r  con ju gated  o r  n o t),

3 , T h e  c o lo u r  o f i t s  f lu o r e s c e n c e  e m is s io n  sh ou ld  c o n tr a s t  

s u ff ic ie n t ly  w ith  th e  b ack grou n d  a u to f lu o r e s c e n c e  o f th e  

in fe c te d  t i s s u e ,  th u s p e r m itt in g  u n am b igu ou s in te r p r e ta t io n s  

to  be m a d e .

4 ,  T h e con ju g a te  shou ld  be s ta b le  and r e ta in  i t s  

im m u n o lo g ic a l c h a r a c t e r is t ic s  under n o r m a l s to r a g e  

c o n d it io n s .

5 . I ts  co n ju g a tio n  to p r o te in  should  be a s im p le ,  sh o rt  

p r o c e d u r e .

C on ju gate  p r e p a r a t io n

T h e  la b e l l in g  o f  s p e c if ic  c l a s s e s  o f a n t iv ir a l  a n t ib o d ie s ,  e . g .  

IgG , IgA  w ith  f lu o r o c h r o m e s  d em a n d s a p u re  a n t i-g lo b u lin  r a is e d  in  

an  a n im a l im m u n ise d  w ith  a  h ig h ly  p u r if ie d  a n t ig e n . V ir a l  a n tig e n s  

p ro p a g a ted  in  t i s s u e  c u ltu r e  c e l l s  m u st  be fr e e d  fr o m  an y  

co n ta m in a tin g  c e l l  d e b r is  b e fo r e  in o cu la tio n  in to  a la b o r a to r y  a n im a l,  

to a v o id  r a is in g  a n tib o d ie s  to  th e  " foreign "  t i s s u e  c u ltu r e  c e l l  

c o m p o n en ts  a s  w e l l  a s  the v ir a l  a n tig e n . T h is  is  q u ite  c r i t i c a l  if  

th e  r e s u lt in g  g lo b u lin  i s  to  be u se d  to d e te c t  v ir u s  in  th e sa m e  t i s s u e  

c u ltu r e  s y s t e m .

M a c F a r la n e , M cL u re  & S o m m e r v il le  (1971) h a v e  r e p o r te d  a 

p r o c e d u r e  w h ich  can  be a p p lied  to m a n y  v ir u s  ty p e s  and r e s u lt s  in  

the r e m o v a l o f  m o r e  than  90% o f the co n ta m in a tin g  p r o te in  fr o m  th e
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v ir u s  s u sp e n s io n . M a c F a r la n e , e t . a l  (1971) p r e p a r e d  a 60% 

su s p e n s io n  o f  b a r iu m  su lp h a te  in  d e m in e r a liz e d  w a te r  by  m ix in g  

e q u im o la r  q u a n tit ie s  o f b a r iu m  c h lo r id e  and so d iu m  su lp h a te . T he  

r e s u lt in g  w h ite  p r e c ip ita te  w a s  h a r v e s te d  b y  c e n tr ifu g a tio n  a t 500 g 

fo r  5 m in u te s  and added  to th e v ir u s  s u sp e n s io n  a s  a p a s te  in  th e  r a t io  

o f  6 , 5 p a r ts  b a r iu m  su lp h a te  ; 10 p a r ts  v ir u s  su s p e n s io n . T h is  

m ix tu r e  w a s  sh a k en  on a r e c ip r o c a t in g  sh a k er  a t 37*^C fo r  60 m in u te s .  

T h e b a r iu m  su lp h a te  w ith  a tta ch ed  v ir u s  w a s  th en  d e p o s ite d  by  

c e n tr ifu g a tio n  (500  g , 5 m in u te s )  and th e c le a r  su p ern a ta n t w a s  

d is c a r d e d . V ir u s  w a s  e lu ted  fr o m  th e b a r iu m  su lp h a te  b y  r e  su sp en d in g  

th e  d e p o s it  in  5 . 0 m l 0 . 25  M so d iu m  c itr a te  and sh a k in g  fo r  60 m in u te s  

a t  4°C  on th e r e c ip r o c a t in g  sh a k e r . V ir u s  f r e e  b a r iu m  su lp h a te  w a s  

th en  se d im e n te d  b y  c e n tr ifu g a tio n  (500 g , 5 m in u te s )  and the r e s u lt in g  

p u r if ie d  v ir u s  su s p e n s io n  in  so d iu m  c itr a te  w a s  a s p ir a te d  o ff.

F o r  th e  in d ir e c t  s ta in in g  tech n iq u e , an  a n t i - s p e c ie s  g lo b u lin  

i s  r e q u ir e d  fo r  co n ju g a tio n  w h ich  m u st  a ls o  b e f r e e  fr o m  n o n - s p e c i f ic  

a n t ib o d ie s .  T h e r e q u ir e d  g lo b u lin  fr a c t io n  can  b e s e p a r a te d  fr o m  th e  

o th e r  c o m p o n en ts  o f im m u n e se r u m  by v a r io u s  m e th o d s  su ch  a s  

a m m o n iu m  su lp h a te  p r e c ip ita t io n  o f  s e r u m  IgG  (S te lo s ,  1967) o r  

so d iu m  su lp h a te  p r e c ip ita t io n  (S o m m erv i l l e ,  1967).

T h e  co n ju g a tio n  o f  a f lu o r o c h r o m e  su ch  a s  F IT C  to p u r if ie d  

im m u n o g lo b u lin  i s  a c h ie v e d  b y  s lo w ly  adding 3 m g  F IT C  to e v e r y  1 m l  

o f  im m u n o g lo b u lin  in  0 , 5 M c a r b o n a te -b ic a r b o n a te  b u ffe r  pH 9 .0  and  

s t ir r in g  a t  4°C  w h ils t  th e  f lu o r o c h r o m e  is  added  o v e r  a p e r io d  o f  

about 15 m in u te s .  S t ir r in g  i s  con tinued  o v e r n ig h t a t 4 ° C . T he



r e s u lt in g  con ju gate  can  b e fu r th er  p u r if ie d  and u n r e a c te d  f lu o r e s c e n t  

m a te r ia l  r e m o v e d  b y  p a s s a g e  th rou gh  a co lu m n  o f G -2 5  S ep h a d ex , 

pH 7 .2  w h ich  r e ta in s  f r e e  f lu o r e s c e in  and o th er  m o le c u le s  up to  

5 , 000 m o le c u la r  w e ig h t , w h ile  th e  con ju gated  g lo b u lin  p a s s e s  

s tr a ig h t  th ro u g h  a s  a h o m o lo g o u s  band.

P o o r  q u a lity  co n ju g a tes  p ro d u cin g  a  h ig h  l e v e l  o f  n o n - s p e c i f ic  

f lu o r e s c e n c e  a r e  u s u a lly  a ttr ib u ta b le  t o : -

a ) in a d eq u a te  p u r if ic a t io n  o f  the im m u n is in g  a n tig e n

b) p o o r  fr a c t io n a t io n  o f th e  im m u n o g lo b u lin  fr o m  th e  r e s u lt in g  a n ti s e r u m

c) o v e r  co n ju g a tio n  u s in g  too  h igh  a ra tio  o f  f lu o r o c h r o m e  to  p r o te in

d) n e g a t iv e ly  c h a r g e d  co n ju gated  p r o te in s .

W ith F IT C  c o n ju g a te s , G o ld s te in , S l lz y s  & C h a se  (1961) found  

th a t th e  h ig h e r  th e ra tio  o f f lu o r e s c e in  to p r o te in  w a s , the m o r e  

n e g a t iv e ly  c h a rg ed  th e p r o te in  b e c a m e . T h e s e  h ig h ly  c h a rg ed  m o le c u le s  

cou ld  th en  a b so r b  n o n - s p e c i f ic a l ly  to  t i s s u e  c e l l s  and  o b s c u r e  tr u e  

s p e c if ic  s ta in in g . T h e ir  r e m o v a l fro m  th e  co n ju g a te  ca n  b e  e f fe c te d  

b y  a b so r p tio n  w ith  a c e to n e  d r ie d  t i s s u e  p o w d er  su ch  a s  h u m an  l iv e r  

o r  p la c e n ta  o r  b y  p a s s a g e  th rou gh  D E A E  c e l lu lo s e .

N o w a d a y s , h o w e v e r , c o m m e r c ia lly  p r e p a r e d  and r e la t iv e ly  

p u r if ie d  co n ju g a te s  to a la r g e  n u m b er o f v ir u s e s  and a n t is p e c ie s  

g lo b u lin s  a r e  a v a ila b le .

M ic r o s c o p y  

E ig h t s o u r c e

T h e  f lu o r e s c e n t  an tib o d y  t e s t  r e q u ir e s  eq u ip m en t ca p a b le  o f  

p ro d u c in g  lig h t  in  th e  b lu e  to u ltr a v io le t  w a v e le n g th s  to e x c i t e  th e  

f lu o r o c h r o m e  m o le c u le s  in  th e s p e c im e n . T w o su ita b le  lig h t  s o u r c e s  

a r e  in  co m m o n  u s e : -



a) th e  m e r c u r y  vap ou r la m p  w h ich  e m its  a w id e s p e c tr u m  of 

l ig h t  ex ten d in g  fr o m  th e u ltr a v io le t  ran ge to th e  in fr a -r e d

b) the q u a r tz - io d in e  la m p . T h is  lam p  d o e s  not e m it  u ltr a v io le t  

lig h t  but sh o r t  w ave v is ib le  b lu e -v io le t  lig h t  w h ich  m a k e s  it 

u n su ita b le  fo r  ex a m in in g  p o o r ly  f lu o r e s c e n t  m a te r ia l .

P r im a r y  f i l t e r s

V a r io u s  f i l t e r s  a r e  lo c a te d  in  th e lam p  h o u s in g . T h e s e  f i l t e r s  

r ed u ce  th e  am ou n t o f h e a t  r e a c h in g  th e s p e c im e n  and e x c lu d e  th e  

unw anted  in fr a -r e d  and v is ib le  w a v e le n g th s  th u s p e r m itt in g  o n ly  

u lt r a - v io le t  and b lu e  lig h t  to  il lu m in a te  the sp e c im e n .

B a r r ie r  f i l t e r s

F i l t e r s  a r e  a ls o  p la c e d  b etw een  the o b je c t iv e  le n s  and th e  e y e  

o f th e m ic r o s c o p  i s t .  T h e s e  f i l t e r s  s e r v e  tw o fu n c tio n s  ;

a ) to  p r e v e n t  h a r m fu l u .v ,  lig h t  fr o m  rea c h in g  th e o b se r v e r * s  e y e

b) to o b ta in  su ita b le  c o lo u r  c o n tr a s ts  in  the s p e c im e n  b e tw een  

n a tu r a l t i s s u e  a u to f lu o r e s c e n c e  and s p e c if ic  f lu o r o c h r o m e  

f lu o r e s c e n c e .

D ark grou n d  il lu m in a tio n

T h e p ro d u ctio n  o f  a b r ig h t sp e c im e n  im a g e  a g a in s t  a dark  

b ack grou n d  can  b e a c h ie v e d  in  tw o w a y s

a) b y  th e u se  o f a d ark  ground c o n d e n se r  w h ich  p r o d u c e s  a "cone"  

o f lig h t  su ch  th a t no lig h t  w i l l  en ter  the o b je c t iv e  le n s  u n le s s  it  

h a s  b e e n  d iv e r te d  by  an o b je c t  (or e m itte d  by  an  o b jec t) on the  

m ic r o s c o p e  s ta g e .

b) by  m e a n s  o f r in g  c o n d e n se r s  fo rm in g  an in te g r a l p a r t  o f  th e  

o b je c t iv e  le n s , i .  e ,  in c id e n t lig h t  il lu m in a tio n . H e r e  th e  lig h t  

p a s s e s  dow n th e  o u ter  r in g  o f  the o b je c t iv e  le n s  and o n ly  lig h t



w h ich  h a s  b een  r e f le c te d  (or em itte d ) fr o m  th e  s p e c im e n  

e n te r s  th e  c e n tr a l  le n s  o f  th e  o b je c t iv e .

T h e  in s tr u m e n t u sed  in  th e  c o u r s e  o f th is  p r o je c t  w a s  a  L e itz  W e z la r  

O rth o lu x  11 b in o c u la r  m ic r o s c o p e  equ ipped  w ith  in c id e n t lig h t  

d a rk grou n d  o b je c t iv e s  and a SOW su p er  p r e s s u r e  m e r c u r y  la m p .

F lu o r e s c e n t  a n tib o d y  te c h n iq u e s

T h e r e  a r e  fo u r  w a y s  in  w h ich  the f lu o r e s c e n t  a n tib o d y  t e s t  can  

b e  p e r fo r m e d  d ep en d in g  upon w h e th e r  a n tig en  o r  a n tib o d y  i s  to  b e  

d e te c te d . S e e  F ig u r e  El-

a) D ir e c t  t e s t

A n tig e n  p r e s e n t  in  t i s s u e  cells and f ix e d  on a m ic r o s c o p e  s l id e  

can  be v is u a l i s e d  b y  r e a c tin g  it  w ith  a f lu o r o c h r o m e  la b e l le d  a n tib o d y . 

T h is  p r o c e d u r e  r e q u ir e s  a co n ju g a te  m ad e s p e c i f i c a l ly  fo r  th e  

Id e n tif ic a t io n  o f  e a c h  p a r t ic u la r  a n tig e n . V is u a lis a t io n  o f  d if fe r e n t  

ty p e s  o f  a n t ig e n s  th e r e fo r e  r e q u ir e s  a la r g e  v a r ie ty  o f  in d iv id u a lly  

la b e l le d  s e r a .  T h is  s itu a tio n  can  b e  a v o id ed  b y  u s in g  a d o u b le  la y e r  

m e th o d ,

b) I n d ir e c t  t e s t  (W e lle r  & C o o n s , 1954)

H e r e  th e  a n tig e n  i s  f i r s t  r e a c te d  w ith  s p e c if ic  a n t is e r u m  and  

th en , a f t e r  r e m o v a l o f  a l l  unbound se r u m , e x p o se d  to  f lu o r  e s  c e n t ly  

la b e l le d  a n ti g lo b u lin  an tib o d y . In th is  w ay , m a n y  d if fe r e n t  

u n la b e lle d  h u m an  a n t is e r a  can  b e  u se d  w ith  o n ly  a s in g le  p r e p a r a t io n  

o f  f lu o r e s c e n t  rab b it a n ti-h u m a n  g lo b u lin .

T h is  p r o c e d u r e  is  r o u t in e ly  u sed  in  s e r o lo g y  to in v e s t ig a te  

and t it r a te  unknow n s e r a  fo r  th e  p r e s e n c e  o f a n t ib o d ie s  to  s p e c if ic  

a n t ig e n s ,

A  fu r th e r  ad va n ta g e  o f th is  m eth o d  r e la t e s  to  the fa c t  th a t th e
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n u m b er  o f f lu o r o c h r o m e  m o le c u le s  p e r  m o le c u le  o f  a n tig e n  i s  

g r e a te r  than  in  the d ir e c t  t e s t .  T he r e s u lt  is  a b r ig h te r  f lu o r e s c e n t  

im a g e  and a m o r e  s e n s i t iv e  a s s a y  tec h n iq u e .

c) S an d w ich  t e s t

T h is  i s  a d ou b le  la y e r  p r o c e d u r e  to v is u a l i s e  s p e c if ic  a n tib o d y . 

A n tib o d y  co n ta in in g  c e l l s ,  e . g ,  in  a p r e p a r a tio n  o f ly m p h o id  t i s s u e ,  

a r e  f i r s t  o f  a l l  e x p o se d  to  a so lu t io n  o f h o m o lo g o u s  a n t ig e n . A fte r  

r e m o v a l o f  su r p lu s  unbound a n tig e n , a seco n d  la y e r  o f  f lu o r e s c e n c e  

la b e l le d  a n tib o d y  i s  a p p lie d  to  lo c a te  th o se  c e l l s  w h ich  had  s p e c i f i c a l ly  

bound th e  a n tig e n ,

d) C o m p le m e n t t e s t

T h e  f in a l  m eth o d  in v o lv e s  f lu o r e s c e n c e  la b e l le d  a n tib o d y  to  

c o m p le m e n t (u su a lly  C 4 ). It w a s  in tro d u ced  in  1958 by G old  w a s  s e  r 

and S h ep ard  fo r  p o lio  v ir u s  ty p e  1 a n tib od y  d e te c t io n . C o m p le m e n t  

b in d s  o r  " fix e s"  to  a n tib o d y  in  a n tig e n -a n tib o d y  r e a c t io n s .  T h e  

p r e s e n c e  o f su ch  im m u n e c o m p le x e s  cou ld  th e r e fo r e  b e  v is u a l i s e d  b y  

in tr o d u c in g  an  an ti -c o m p le m e n t  con ju gate  in to  th e  t e s t  s y s t e m .
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F ig u r e  E; F lu o r e s c e n t  an tib od y  te c h n iq u e s



d) E N Z Y M E  IM M UNO ASSAY (EIA)

In tro d u ctio n

E n z y m e  la b e l le d  a n t ib o d ie s  h ave  b een  u sed  fo r  th e d e te c t io n  

and lo c a l iz a t io n  o f  im m u n e r e a c ta n ts  in  h is t o lo g ic a l  p r e p a r a t io n s  

s in c e  th e  o r ig in a l  d e s c r ip t io n  by N a k a n e , S r i R am  and  P i e r c e  in  1966. 

S im ila r  e n z y m e  p r e p a r a t io n s  h a v e  s in c e  b een  u se d  fo r  th e  

v is u a li s a t io n  o f  p r e c ip it in  l in e s  in  im m u n o d iffu sio n  and  

I m m u n o e le c tr o p h o r e s is ,  e . g .  e n z y m e  lin k ed  im m u n o e le c tr o d if fu s lo n  

a s s a y  (E L IE D A ) (P in on  h  D r o p sy , 1977).

T h e  u s e  o f e n z y m e s  to la b e l  a n t ig e n s , h a p ten s  and a n t ib o d ie s  

in  im m u n o lo g ic a l t e s t s  and q u a n tita tiv e  im m u n o a ssa y s  w a s  in v e s t ig a te d  

in d ep en d en tly  b y  tw o g ro u p s  o f  In v e s t ig a to r s  (E ngva 11 & P e r lm a n n , 1971 

and 1972; V an W eem e n  & S c h u u r s , 1971, 1972 and 1974).

In 1971, E ng v a i l  and P e r lm a n n  d e v is e d  an  e n z y m e  im m u n o a s sa y  

fo r  th e q u a n tita tio n  o f  rab b it im m u n o g lo b u lin  G, T h is  a s s a y  c o n s is t e d  

o f  a m o d if ie d  v e r s io n  o f th e  ra d io im m u n o so r b e n t te ch n iq u e  (RIST) o f  

W ide and P o r a th  (1966), In R IST , u s e  is  m ad e o f r a d io a c t iv e ly  

la b e l le d  a n tig e n  and  in s o lu b iliz e d  a n t ib o d ie s , c o v a le n t ly  co u p led  to  

c e l lu lo s e  o r  S ep h a d e x . T h e b in d in g  o f la b e lle d  a n t ig e n  i s  c o m p e t it iv e ly  

in h ib ite d  b y  u n la b e lle d  a n tig e n  in  stan d ard  so lu t io n s  o r  unknow n s a m p le s .  

E n g v a ll and  P e r lm a n n , h o w e v e r , d is c o v e r e d  th a t la b e l l in g  o f  th e  a n tig e n  

(rab b it IgG ) w ith  th e e n z y m e  a lk a lin e  p h o sp h a ta se  fr o m  c a l f  in te s t in a l  

m u c o sa  b y  u s e  o f  g lu ta ra d d eh y d e  (A v ra m eu s, 1969), r e s u lt e d  in a 

m o r e  s ta b le  la b e l le d  a n tig e n  w h ich  req u ir ed  s im p le r  eq u ip m en t fo r  i t s  

d e te c t io n  and m e a s u r e m e n t  than  the c o m p le x  s c in t i l la t io n  co u n ter  

r e q u ir e d  fo r  r a d io a c t iv e ly  la b e l le d  com p ou n d s.



N o m e n c la tu r e

V a r io u s  n a m e s  a r e  g iv e n  to the a s s a y s  w h ich  in v o lv e  e n z y m e s  

a s  la b e ls :

E . I . A ,  " E n z y m e -im m u n o a ssa y "  i s  g e n e r a l ly  a p p lied  to  e v e r y

m eth o d  in  w h ich  th e e x te n t o f b in d in g  o f e n z y m e -  

la b e l le d  a n t ig e n , h ap ten  or  an tib od y  to  it s  im m u n e  

r e a c ta n t  i s  m e a s u r e d ,

E , M ,I , T ,  " E n z y m e -m u lt ip lie d  im m u n o a s sa y  tech n iq u e"  i s  a tr a d e

n a m e  o f  th e  Syva C o r p o r a tio n , U .S .A .  and i s  u se d  

e x c lu s iv e ly  fo r  a s p e c ia l  group o f  a s s a y s ,  th e  

h o m o g e n e o u s  e n z y m e  im m u n o a s sa y s . (B a s t ia n i, 1978).

A  d ia g r a m m a tic  o u tlin e  o f  th is  ty p e  o f  a s s a y  i s  g iv e n  

in  F ig u r e  F-

T h is  a s s a y  h a s  b een  a p p lied  to  th e  d e te c t io n  o f  d ru g s  

o f  a b u s e , e . g .  m o r p h in e , b a r b itu r a te s ;  fo r  th e  d e te c t io n  

o f  c a r d io v a s c u la r  d r u g s , e . g .  d ig o x in , q u in ld in e; and  

fo r  th e  a s s a y  o f  h o r m o n e s  su ch  a s  c o r t i s o l ,  o e s t r io l  

and th y r o x in e  T 4  (B a s t ia n i, 1978).

In  th e  h o m o g e n e o u s  e n zy m e  im m u n o a s s a y  e n z y m e s  su ch  

a s  ly s o z y m e ,  m a la te  d eh y d r o g e n a se  o r  g lu c o s e - 6 -  

p h o sp h a te  d e h y d r o g e n a se  a r e  u se d  to la b e l  h a p ten  in  

su ch  a w a y  th a t th e e n z y m e  r e ta in s  i t s  a c t iv i ty .  On  

r e a c t io n  o f  th e  la b e l le d  hapten  w ith  a n tib o d y , h o w e v e r ,  

th e  a c t iv i ty  o f  th e  e n z y m e  la b e l in  th e  h ap ten  a n tib o d y  

c o m p le x  is  in h ib ite d . In  the a s s a y ,  th e  unknow n



sa m p le  i s  m ix e d  w ith  the la b e lle d  h a p ten  and w ith  

s p e c if ic  an tib o d y  to  the h a p ten . If h ap ten  i s  p r e s e n t  in  

th e  unknown s a m p le , it  c o m p e te s  w ith  the la b e l le d  h ap ten  

fo r  th e  l im ite d  am ou n t o f an tib od y  w ith  th e  r e s u lt  th a t  

th e r e  i s  l e s s  a n tib o d y  a v a ila b le  to  in h ib it  th e  e n z y m e  

a c t iv i t y  o f  the la b e l le d  h ap ten .

C . E . L . I . A ,  " C o m p etit iv e  e n z y m e - lin k e d  im m u n o so r b e n t a s s a y "  i s  a 

t e r m  g iv e n  to  a p a r t ic u la r  typ e  o f  E IA  d e v e lo p e d  by  

Y o r d e , S a s s e ,  W ang, H us sa  & G a r a n c is  (1976). In  

t h is  t e s t ,  th e b in d in g  o f a n tib od y  to  a n t ig e n  lin lced  to  

a g a r o s e  i s  c o m p e t it iv e ly  in h ib ited  b y  th e f r e e  a n tig e n  to  

b e  m e a s u r e d . T h e  am ou n t o f f i r s t  a n tib o d y  bound to th e  

im m u n o so r b e n t (a g a r o s e )  i s  m e a s u r e d  by an  e n z y m a tic  

tec h n iq u e  in  w h ich  a h e te r o lo g o u s  b r id g in g  a g e n t and a 

so lu b le  a n t ib o d y -e n z y m e  im m u n e c o m p le x  a r e  a p i  lie d  in  

s e q u e n c e .

E . L . I . S . A ,  " E n z y m e -lin k e d  im m u n o so rb en t a s s a y " .  T h is  te r m

is  u s u a lly  a p p lied  to a n tib od y  a s s a y s  and  i s  p e r h a p s  th e  

m o s t  u s e fu l t e r m  s in c e  it  id e n t i f i e s  th e  h e te r o g e n e o u s  

e n z y m e  a s s a y  y e t  a t th e sa m e  t im e  c le a r ly  d if f e r e n t ia te s  

i t  f r o m  th e  t e s t s  w h ich  em p lo y  a n t ib o d y -p e r o x id a s e  

c o n ju g a te s  fo r  s ta in in g  r e a c t io n s  in  m ic r o s c o p y .

A  d ia g r a m m a tic  r e p r e se n ta t io n  o f  th e  in d ir e c t  m eth o d  

o f  E L ISA  fo r  th e a s s a y  o f an tib o d y  i s  g iv e n  in  F ig u r e  G. 

T h is  p r o c e d u r e  w a s  ev a lu a ted  and u t i l i s e d  d u r in g  the  

c o u r s e  o f m y  p r o je c t .
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In  th e sa m e  y e a r , 1971, V an  W eem en  and S ch u n r s  s u c c e e d e d  

in  d e v e lo p in g  a  s im i la r  e n z y m e  im m u n o a ssa y  fo r  th e  d e te c t io n  o f  

hum an  c h o r io n ic  gon ad otrop h in  (HCG). In th is  c a s e  th e  a n tig e n  HCG  

w a s co n ju g a ted  w ith  the e n z y m e  h o r s e  r a d ish  p e r o x id a s e  by u se  o f  

g lu te r a ld e h y d e .

In th e  fo llo w in g  y e a r ,  1972, V an W eem en  and S ch u u r s  a p p lied  

th e  e n z y m e  im m u n o a s sa y  tech n iq u e  to  the d e te r m in a t io n  o f  h a p te n s .

T h e y  u se d  o e s t r a d io l  and o e s t r io l ,  cou p led  th rou gh  s u c c in y l b r id g e s  

to  h o r s e  r a d ish  p e r o x id a s e  and a n tib o d ie s  a g a in s t  th e s e  s te r o id  

h o r m o n e s .

B y  1 9 7 4 , V an  W eem en  and S ch u u rs had s u c c e s s f u l ly  la b e l le d  

a n tib o d ie s  w ith  h o r s e  r a d ish  p e r o x id a s e  to m e a s u r e  h u m an  c h o r io n ic  

g o n a d o tro p h in . T h is  fo llo w e d  E n g v a ll and P e r lm a n n * s  e x p e r im e n ts  

in  1 9 7 2  w hen  th e y  la b e l le d  sh eep  a n ti -r a b b it  IgG  w ith  th e  e n z y m e  

a lk a lin e  p h o sp h a ta se  fo r  th e q u a n tita tio n  o f s p e c if ic  a n t ib o d ie s  in  lx!.man 

s e r u m  a lb u m in  c o a te d  tu b e s . It i s  th is  la t te r  a p p lic a t io n  o f  e n z y m e s ,  

fo r  th e  d e te c t io n  o f  s p e c if ic  a n t ib o d ie s ,  w h ich  w i l l  b e  th e  m a in  s u b je c t  

o f  th is  r e v ie w .

E n z y m e  im m u n o a s sa y s  can  be c la s s i f i e d  a s  e i th e r  h o m o g e n e o u s  

o r  h e te r o g e n e o u s  (R u b en ste in , S c h n e id er  & U lim a n , 1972) th u s : -

a) A s s a y s  in  w h ich  th e la b e l  in  th e la b e l le d  r e a g e n t  b e h a v e s  d if fe r e n t ly  

d ep en d in g  on w h e th e r  o r  n ot it  is  bound to i t s  s p e c if ic  c o u n te r p a r t  

in  the im m u n e r e a c t io n , and w h ich  th e r e fo r e  do n o t r e q u ir e  a 

p h y s ic a l  s e p a r a t io n  o f th e  r e a c ta n ts  into tw o f r a c t io n s ,  a r e  c a lle d  

" h o m o g en eo u s  e n z y m e  - im m u n o a ss a y s "

(R u b en ste in , e t ,  a l ,  , 1972),



b) A s s a y s  in  w h ich  th e la b e l  b e h a v e s  m o r e  or l e s s  id e n t ic a lly  

ir r e s p e c t iv e  o f  w h e th e r  o r  not it  i s  bound to  i t s  s p e c if ic  

co u n te r p a r t in  th e  im m u n e r e a c t io n , and w h ich  th e r e fo r e  r e q u ir e  

a se p a r a t io n  o f th e  r e a c ta n ts  (a s in f lu o r e s c e n c e  o r  

r a d io im m u n o a ssa y )  in to  tw o fr a c t io n s ,  a r e  c a l le d  " h e te r o g e n e o u s  

e n z y m e  im m u n o a s sa y s " .

T h e  s e p a r a t io n  o f  th e  bound and fr e e  com p o n en ts  o f  th e h e te r o g e n e o u s  

a s s a y  h a s  b e e n  a tte m p te d  in  v a r io u s  w a y s , a s  f o l lo w s : -

S e v e r a l  e n z y m e  im m u n o a s sa y s  h a v e  b een  d e s c r ib e d  in  w h ich  th e  Im m une  

c o m p le x  fo r m e d  w a s  p r e c ip ita te d  out of so lu tio n  w ith  a se c o n d  a n tib o d y  

(double a n tib o d y  te c h n iq u e ) , e .  g , « - f o e t o p r o t e in  (B e la n g e r , H a m e l, 

D ufou r & P o u lio t ,  1976), (K irk p a tr ick , W e p s lc  & N a k a m u r a , 1977) and  

c o r t i s o l  (C o m o g lio  & C elada., 1976). In one p a r t ic u la r  stu d y  b y  L a u er  

and E r la n g e r  (1974) the a n tig e n  and an tib o d y  c o n c e n tr a t io n s  u se d  w e r e  

so  h ig h  th a t th e  im m u n e  c o m p le x e s  p r e c ip ita te d  d ir e c t ly ,  i .  e .  w ith ou t  

th e  a d d itio n  o f  s e c o n d  a n tib o d y . In th is  c a s e  th e  bound and f r e e  fr a c t io n s  

cou ld  th e r e fo r e  be se p a r a te d  b y  lo w  sp eed  c e n tr ifu g a t io n .

M o st o f  th e  o th e r  h e te r o g e n e o u s  e n z y m e - im m u n o a s s a y s ,  

h o w e v e r , a r e  p e r fo r m e d  w ith  a so lid  p h a se  w h ich  i s  p r e p a r e d  p r io r  

to  u s e  in  th e  a s s a y .

T w o d if fe r e n t  p r in c ip le s  o f so lid  p h a se  su p p o rt h a v e  b e e n  

d e s c r ib e d ; -

a) P a r t ic u la te  m a te r ia l  su sp en d ed  in  th e t e s t  m ed iu m

1) C e l lu lo s e  p o w d er  w a s  u sed  in  the p r e v io u s ly  d e s c r ib e d

p io n e e r in g  e x p e r im e n ts  o f  E n g v a ll and P e r lm a n n  (1971) and  

V an  W eem e n  and S ch u u r s  (1971, 1972, 1974). It w a s  a ls o  th e  

m a te r ia l  o f  c h o ic e  fo r  th e  d e te c t io n  o f to ta l o e s t r o g e n s  and



hum an p la c e n ta l  la c to g e n  d e v e lo p e d  by B o s c h , van  H e ll ,  B r a n d s ,  

V an W eem en  and S c h u u r s , (1975) and su b se q u e n tly  in v e s t ig a te d  

b y  B a rb o u r  (1976). C e l lu lo s e  h a s  a ls o  b een  u se d  s u c c e s s f u l ly  

b y  M a io lin i & M a s s e y e f  (1975) fo r  the a s s a y  o f ra t and hum an  

cx - fo e to p r o te in ,  

ii)  A g a r o s e  h a s  b e e n  u sed  in  th e a s s a y  o f  hum an  IgG  b y  K ato ,

H a m a g u ch i, F u k u i & Ish ik a w a  (1975) and in the a s s a y  o f  hum an  

c h o r io g o n a d o tro p h in  by  Y a rd e , S a s s e ,  W ang, H u ssa  &

G a r a n c is  (1976),

B oth  c e l lu lo s e  and a g a r o s e  h a v e  a n tig en  o r  (seco n d ) a n tib o d y  

bound to th em  b y  m e a n s  o f  th e  m eth od  d e v e lo p e d  b y  A x e n , P o r a th  

& E rn b a ck  (1967), T h is  p r o c e d u r e  in v o lv e s  tw o s t a g e s .

F i r s t l y ,  a " r e a c t iv e  in te r m e d ia te "  i s  fo r m e d  b y  tr e a t in g  th e  

p o ly s a c c h a r id e  ( c e l lu lo s e  o r  a g a r o s e )  fo r  a sh o r t  p e r io d  w ith  

a q u eo u s  c y a n o g en  h a lid e  so lu tio n  under a lk a lin e  c o n d it io n s .  

S e c o n d ly , th is  " r e a c t iv e  in te r m e d ia te "  is  co u p led  w ith  p r o te in  

o r  p ep tid e  in  a  n e u tr a l o r  p r e fe r a b ly  s l ig h t ly  a lk a lin e  a q u eo u s  

m e d iu m .

T h e u s e  o f  cy a n o g en  h a lid e s  fo r  th is  p u r p o se  g iv e s  a  h ig h  y ie ld  

o f  bound p o ly p ep tid e  o r  p r o te in  w hich  r e ta in s  a su b s ta n t ia l p a r t  

o f  i t s  a c t iv i ty ,

( ii i)  P l a s t i c  d i s c s ,  a s  so lid  p h a se  su pp ort fo r  h o r s e  a n tib o d y  to  

h e p a t it is  B su r fa c e  a n tig e n  ( H B^Ag) w e r e u s e d  b y  H a lb e r t  &

A nk en  (1977) in  an e n z y m e - la b e l le d  " san d w ich "  a s s a y  fo r  the  

d e te c t io n  o f H B ^A g.
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iv ) G ilm an  and D o c h e r ty  (1977) d e s c r ib e d  a p la s t ic  b ea d  so lid  

p h a se  s y s te m  fo r  the d e te c t io n  o f h e r p e s  s im p le x  a n tib o d y  

by E L IS A , T h is  bead  s y s te m  h a s  c e r ta in  a d v a n ta g e s  o v e r  

the o th e r  p r o c e d u r e s  p r e v io u s ly  d e s c r ib e d , e . g .

a) T h e b e a d s  can  be ob ta in ed  w ith  u n ifo rm  d ia m e t e r s ,  

th e r e fo r e  th e y  h a v e  u n ifo rm  su r fa c e  a r e a s .

b) T h e y  ea ch  c o n ta c t th e  b a s e  of a c o n ta in e r  a t  o n ly  on e  s m a ll  

p o in t,

c) T h e y  can  be to ta lly  im m e r s e d  in r e a g e n t  s o lu t io n s .

F o r  th e s e  r e a s o n s  s p h e r ic a l  b e a d s  g iv e  h ig h ly  r e p r o d u c ib le  r e s u l t s  in  

E L ISA  p r o c e d u r e s  (S m ith  & G e h le , 1977). P r o c e s s in g  and t r a n s fe r r in g  

th e  b e a d s  d u rin g  th e  E L ISA  t e s t ,  h o w e v e r , le f t  m u ch  to b e  d e s ir e d .

T h e u s e  o f  fo r c e p s  to  t r a n s fe r  ea ch  b ead  fr o m  on e r e a g e n t  

in  the a s s a y  to  th e  n e x t  w a s  t e d io u s , t im e  co n su m in g  and su b je c t  to  

in a d v e r te n t  s m a ll  v a r ia t io n s  in e v ita b le  w ith  m a n u a l h a n d lin g .

S m ith , e t ,  a l ,  (1977) th e r e fo r e  im p ro v ed  th is  tech n iq u e  u s in g  

f e r r o m a g n e t ic  s p h e r e s  co a ted  w ith  an  o u ter  la y e r  o f  p o ly c a r b o n a te  

to  w h ich  th e  v ir a l  a n t ig e n s  w e r e  a b so r b e d ,

A  s p e c ia l ly  d e s ig n e d  m a g n e t ic  tr a n s fe r  d e v ic e  c o n s is t in g  o f  

2 4 , 1 /4  X 1 /4  in ch  c y l in d r ic a l  m a g n e ts  in  a 4 x  6 a s s a y  w a s  th en  u se d  

to  t r a n s fe r  the b e a d s  (24 a t  a t im e )  fr o m  one a s s a y  r e a g e n t  to  a n o th e r ,

b) T h e in n e r  w a ll  o f  a so lid  p h a se  c o n ta in e r .

i) F o r  m a n y  t e s t s  p o ly s ty r e n e  tu b es  h ave  b e e n  u se d , e . g , in  the  

d e te c t io n  o f  s e r u m  a n ti-D N A  an tib od y  in  S y s te m ic  L upus  

E r y th e m a to s u s  ( P e s c e ,  M en d o za , B o r e is h a , G a iz u tis  P o l la c k ,  

1974) o r  fo r  th e  a s s a y  o f a n tib o d ie s  to p la sm o d iu m  v iv a x  and  

p , fa lc ip a r u m  (V o ile r , H uldt, T h o r s  & E n g v a ll ,  1975).
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i i)  T h e  w e l l s  o f m ie  r ô t it  ra tio n  p la te s  a ls o  p r o v id e  su ita b le  

so lid  p h a se  s u r fa c e s  onto w h ich  a n tig en  o r  a n tib o d y  can  

b e a b so r b e d . P la t e s  h a v e  b e e n  u sed  s u c c e s s fu l ly ,  fo r  

e x a m p le  th e  a s s a y  o f C hagas*  d is e a s e ,  i . e .  A m e r ic a n  

t r y p a n o s o m ia s is  c a u se d  b y  T ry p a n o so m a  c r u z i (V o ile r ,

D r a p e r , B id w e ll  Sc B a r t le t t ,  1975).

R u iten b erg  and van  K napen (1977) su b se q u e n tly  a p p lied  th e  

E L ISA  to  th e  d e te c t io n  o f  a n tib o d ie s  to  both  h e lm in th s  

(T r ic h in e l la  s p ir a l i s ,  T o x o c a r a  c a n is )  and p r o to z o a  

(T ry p a n o so m a  s p e c ie s  and T o x o p la sm a  gon d ii) u s in g  both  

tu b es  and p la te s  and te n ta t iv e ly  co n c lu d ed  th at p la te s  r e s u lte d  

in  an  a s s a y  o f h ig h e r  s e n s i t iv i t y  than th e tube t e s t s .

In  th e h e te r o g e n e o u s  e n z y m e  im m u n o a s sa y , one can  c h o o se  fo r  a 

p a r t ic u la r  s y s t e m  and w ith in  l im it s  in  w h ich  o f  th e  tw o p h a s e s  th e  

e n z y m e  la b e l  w i l l  b e  d e te r m in e d . T h e  u se  o f  th e  liq u id  p h a se , o r  

su p e r n a ta n t , fo r  th is  p u r p o s e , h o w e v e r , h a s  s e v e r a l  d isa d v a n ta g e s :  

th e  n e c e s s i t y  o f  t r a n s fe r r in g  th e  liq u id  to  a se c o n d  t e s t  tube and th e  

p o s s ib i l i t y  o f  in te r fe r e n c e  o f  th e  e n z y m e  r e a c t io n  b y  c o n s t itu e n ts  o f  

th e  a s s a y  f lu id .

I f ,  on  th e o th e r  h and , th e  la b e l  i s  d e te r m in e d  in  th e s o lid  p h a s e ,  

th e  p r o c e d u r e  fo r  w a sh in g  th e  s o lid  p h a se  sh ou ld  b e  g iv e n  a d eq u ate  

a tte n t io n . A n  in c o m p le te  w a sh in g  o f th e unbound a s s a y  c o m p o n en ts  

fr o m  th e  im m u n o so r b e n t w i l l  a f f e c t  th e  a c c u r a c y  and p r e c i s io n  o f  th e  

e v e n tu a l a s s a y .



In th e in d ir e c t  m eth od  o f E L ISA , th e a n tig e n  is  

im m o b il is e d  on to th e s o lid  p h a se . T e s t  s e r a  a r e  

th en  in cu b ated  w ith  th e  so lid  p h a se  and a n y  a n tib o d y  in  

th e t e s t  s e r a  b e c o m e s  a tta ch ed  to  th e a n tig e n  on the  

s o lid  p h a se . A fte r  w a sh in g  to  r e m o v e  u n r e a c te d  s e r u m  

c o m p o n e n ts , an  a n tig lo b u lin  e n z y m e  co n ju g a te  i s  ad d ed  

and in cu b a ted . T h is  w i l l  b e c o m e  a tta c h e d  to  a n y  a n tib o d y  

a lr e a d y  f ix e d  to  th e a n tig e n . W ash in g  a g a in  r e m o v e s  

u n r e a c te d  m a te r ia l  and f in a lly  th e e n z y m e  su b s tr a te  i s  

a d d ed . T h e  d e g r e e  o f  c o lo u r  ch an ge w i l l  b e  a m e a s u r e  o f  

th e am ou n t o f th e  co n ju g a te  f ix e d . T h is  in  turn  is  

p r o p o r tio n a l to th e  an tib o d y  l e v e l  in  th e  t e s t  s a m p le .

C h o ic e  o f  e n z y m e s

E n z y m e s  m a k e  a d m ir a b ly  su ita b le  la b e ls  b e c a u s e  th e ir  c a ta ly t ic

p r o p e r t ie s  a llo w  th e m  to a c t  a s  a m p lif ie r s .  So m u ch  so  in fa c t ,  th a t

5
m a n y  e n z y m e  m o le c u le s  can  c a ta ly z e  th e  fo r m a tio n  o f  m o r e  than  10 

p ro d u ct m o le c u le s  p e r  m in u te  (W isd om , 197 6). N o s in g le  e n z y m e  h a s  

y e t  b e e n  found th at i s  id e a l fo r  u s e  a s  a la b e l in  e v e r y  E IA . In s te a d ,  

th e  e n z y m e  w h ich  is  m o s t  su ita b le  fo r  a p a r t ic u la r  a s s a y  s y s t e m  h a s  

to  be e v a lu a te d  w ith  c a r e .

T h e m a in  c r i t e r ia  w h ich  a r e  im p o rta n t fo r  th e  c h o ic e  o f an  

e n z y m e , fo r  u s e  in  an  im m u n o a s sa y , can  be s u m m a r iz e d  a s  fo l lo w s :

a) A v a ila b le  c h e a p ly  in  h ig h e s t  p u r ity

b) H igh  s p e c if ic  a c t iv i ty  ( i . e .  tu r n o v e r  n u m ber)

N o te : th e  tu r n o v e r  n u m b er  is  th e n u m b er of su b s tr a te  

m o le c u le s  c o n v e r te d  to p ro d u ct p e r  e n zy m e  s i t e  p e r  u n it o f  t im e .



A n o th er  w a y  o f fo r m u la tin g  th is  c r ite r io n  cou ld  be th e e n z y m e  

a c t iv i ty  e x p r e s s e d  in  In te r n a tio n a l U n its  p er  m o le  o f e n z y m e .

c) S ta b le  under a s s a y  and s to r a g e  co n d itio n s

d) S o lu b le

e) A s s a y  m eth o d  w h ich  i s  s im p le ,  s e n s i t iv e ,  rap id  and ch eap

f) A b se n t  fr o m  b io lo g ic a l  f lu id s  o r  p r e s e n t  in m in u te  a m o u n ts  w h ich  

w il l  n o t a p p r e c ia b ly  in c r e a s e  th e  am ou n t o f  su b s tr a te  d eg r a d e d .

g) S u b s tr a te , in h ib ito r s  and d is tu r b in g  fa c to r s  a b s e n t  fr o m  

b io lo g ic a l  f lu id s

h) C a p a b le  o f r e ta in in g  a c t iv i ty  w h ile  u n d erg o in g  a p p r o p r ia te  

lin k a g e  r e a c t io n s

i) S ta b le  a t  r e a c t io n  tem p era-tu re ,

S o m ew h a t s u r p r is in g ly ,  m a n y  e n z y m e s  h a v e  b e e n  d e s c r ib e d  in  th e  

l i t e r a tu r e  th a t can  s a t is f y  m o s t  o f th e s e  c o n d it io n s . T h e fo llo w in g  

e n z y m e s  h a v e  b e e n  u se d  a s  la b e ls  in  h e te r o g e n e o u s  EIA  : h o r s e ­

r a d ish  p e r o x id a s e ;  a lk a lin e  p h osp h atase;^ ? - D - g a la c t o s id a s e ;  g lu c o s e  

o x id a s e ;  g lu e  o a m y la  s e  ; ca r b o n ic  a n h  yd r a s e  and a c e t y lc h o l in e s t e r a s e  

(S ch u u rs and  van  W e e m e n , 1977),

T h e  f i r s t  tw o e n z y m e s , n a m e ly , h o r s e - r a d is h  p e r o x id a s e  and  

a lk a lin e  p h o sp h a ta se  a r e  th e m o s t  w id e ly  e m p lo y e d  In E L IS A . A t a 

r e c e n t  m e e t in g  on "ELISA fo r  In fe c t io u s  A g en ts"  (N a tio n a l I n s t itu te s  

o f  H e a lth , B e th e s d a , M a ry la n d , U . S . A . ,  S e p te m b e r  9 -1 0 , 1976) it  w a s  

co n c lu d ed  th a t h o r s e - r a d is h  p e r o x id a s e  and a lk a lin e  p h o sp h a ta se  w e r e  

ab ou t eq u a l in  p e r fo r m a n c e , but th at h o r s e - r a d is h  p e r o x id a s e  w a s  to  

b e p r e fe r r e d  b e c a u s e  o f  a v a ila b i l i ty  and the b r ig h tn e s s  o f  th e  c o lo u r  

d e v e lo p e d .
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O b jection s a r e  now  b e in g  r a is e d ,  h o w e v e r , to  the u se  o f h o r s e - r a d is h  

p e r o x id a s e  s in c e  th e  m a jo r ity  o f its  m o s t  c o m m o n ly  u sed  s u b s tr a te s  

su ch  a s  5 - a m in o - s a l ic y l ic  a c id  and cr _ p h en y len e  d ia m in e  a r e  

p o te n t ia lly  c a r c in o g e n ic .

C h a r a c t e r i s t ic s  o f  e n z y m e - im m u n o a s s a y s

I n v e s t ig a to r s  w ork in g  in  ELISA  r e s e a r c h  u s u a lly  o u tlin e  th e  

a d v a n ta g e s  o f  E L ISA  a s  f o l lo w s : -  

1. S p e c if ic  a s s a y s  o f  w id e  a p p lic a b ility ,

E L ISA  h a s  b e e n  in v e s t ig a te d  in  a lm o s t  e v e r y  b ra n ch  o f  b io lo g ic a l

s c ie n c e ,  e ,  g . 

E n d o c r in o lo g y ;

Im m u n o lo g y ;

H a e m a to lo g y :

V ir o lo g y ;

A s s a y  o f hum an c h o r io n ic  g o n ad otrop h in  

(Van W eem en  & S c h u u r s , 1971), 

D e te r m in a t io n  o f o e s t r a d io l  and o e s t r io l  

(V an W eem en  & S c h u u r s , 1972).

Q u a n tita tiv e  a s s a y  o f  im m u n o g lo b u lin  G 

(E n g v a ll & P e r lm a n n , 1971).

M e a s u r e m e n t  o f s e r u m  a n ti-D N A  a n tib o d y  

in  s y s t e m ic  lu p u s e r y th e m a to s u s ,

( P e s c e ,  e t .  a l .  , 1974),

A s s a y  o f  F a c to r  VIII r e la te d  a n t ig e n ,  

(B a r t le t t ,  D o rm a n d y , H aw k ey , S ta b le fo r th  & 

V o ile r ,  1976).

A s s a y  o f R u b e lla  a n t ib o d ie s .

(V o ile r  & B id w e ll ,  1975).

D e te c t io n  o f a n t ib o d ie s  to  m e a s le s  and  

c y to m e g a lo v ir u s  in fe c t io n s  

(V o ile r  & B id w e ll , 1976).



7 b

Ba c te  r io lo g y ;

P a r a s ito lo g y :

A g r ic u ltu r e :

D e te c t io n  o f h e p a t it is  B s u r fa c e  a n tig e n ,

(W e lte r s , K u ijp e r s , K a ca k i & S c h u u r s , 1976). 

A s s a y  o f a n tib o d ie s  to  sa lm o n e lla  O a n t ig e n s  

(C a r ls s o n , L ln d b erg  & H a m m a r s tr b m , 1972), 

D e te c t io n  o f  to x o p la sm a  a n tib o d y .

(V o ile r , B id w e ll , B a r t le t t ,  F le c k ,  P e r k in s  

& O la d eh in , 1976).

D e te c t io n  o f  7 p lan t v ir u s e s  in c lu d in g  a r a b is  

m o s a ic  v ir u s  (AM V), p lu m  p o x  v ir u s  (P P V )  

and r a s p b e r r y  r in g  sp o t v ir u s  (R R V ),

(C lark  & A d a m s , 1977).

A s s a y  fo r  a p r e g n a n c y  a s s o c i a t e d -m a c r o g lo b u lin  

(S tlm so n  & S in c la ir ,  1974).

S tudy o f  hum an R o ta v ir u s  T y p e s  I and 2 ,

(Y olk en , W yatt, Z i s s i s ,  B ra n d t, R o d r iq u e z ,

K im , P a r r o t t ,  U r r u tia , M ata , G r e e n b e r g ,  

K ap ik ian  & C han ock , 1978).

2 , S e n s it iv ity  o f  a s s a y s .  D ir e c t  c o m p a r iso n s  b e tw e e n  s e n s i t iv i t i e s  

of a s s a y s  a r e  d if f ic u lt  fo r  a n u m b er  o f r e a s o n s  (S ch u u r s, e t ,  a l .  1977), i . e .

a) S e n s i t iv i t ie s  a r e  d ep en d en t on the a f f in ity  o f A g -A b  

r e a c t io n s  and can  th e r e fo r e  be in flu en ce d  by th e q u a lity  o f  

th e  a n t i8e r a .

b) S e n s i t iv i t i e s  d ep en d  on the n a tu re  and  m o le c u la r  w e ig h t o f  

a n tig e n  o r  h ap ten , so  th at s e n s i t iv i ty  c o m p a r is o n s  b e tw een  

d if fe r e n t  a n t ig e n s  o r  h a p ten s m a y  be o f q u e s tio n a b le  v a lu e .

B io c h e m is tr y ;

E p id e m io lo g y :
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c) A s s a y  c o n d it io n s , su ch  a s  typ e  o f  sa m p le  f lu id , r e a g e n t  

c o n c e n tr a t io n s , in cu b a tio n  p e r io d , in cu b a tio n  te m p e r a tu r e ,  

a r e  o f  the u tm o st  im p o r ta n c e .

F o r  t h e s e  r e a s o n s ,  o n ly  b ro a d  g e n e r a l is a t io n s  can  be m a d e . T he  

s e n s i t iv i t y  ( i .  e ,  th e  l e a s t  a m ou n t o f a n tib od y  d e te c ta b le )  v a r ie s  w id e ly  

a s  r e p o r te d  b y  d if fe r e n t  in v e s t ig a to r s ,  but l e v e l s  a s  lo w  a s  1 p g /1  

o f  s p e c if ic  a n tib o d y  a r e  r e p o r te d  to  h a v e  b een  m e a s u r e d  a c c u r a te ly  

(W isd o m , 1 9 7 6 ) ,  E L ISA  i s ,  h o w e v e r , g e n e r a l ly  a c c e p te d  to  be m o r e  

s e n s i t iv e  than a g g lu tin a tio n , q u a n tita tiv e  p r e c ip ita t io n  and  

im m u n o f lu o r e s c e n c e  (W isd om , 1976). O th er im p o rta n t a d v a n ta g es  

o f  th e  E L ISA  r e la te d  to  s e n s i t iv i t y  a r e  (a) the s m a ll  am ou n t o f  sa m p le  

r e q u ir e d , m a k in g  it  a d m ir a b ly  su ita b le  fo r  d e te c t in g  a n tib o d y  in  th e  

s e r a  o f  in fa n ts  o r  in  c ir c u m s ta n c e s  w h e re  o n ly  l im ite d  a m o u n ts  o f  

sa m p le  a r e  a v a ila b le ,  su ch  a s  in  fo r e n s ic  s e r o lo g y .  V o i le r ,  D r a p e r ,  

B id w e ll  & B a r t le t t  (1975) r e p o r t  th a t a s  l i t t le  a s  10 p i o f s e r u m  is  

su ff ic ie n t  fo r  s e v e r a l  a s s a y s  o f  an tib od y  to d if fe r e n t  a n t ig e n s ,

(b) th e  g r e a te r  s e n s i t iv i t y  a llo w s  sh o r te n in g  o f  th e t im e  in te r v a l  

b e tw e e n  s u c c e s s iv e  s a m p le s  o f  s e r u m  fo r  d e te c t in g  a r is in g  an tib o d y  

t i t r e  in  v ir a l  in fe c t io n s , fr o m  10-14 d ays to  a s  l i t t le  a s  2 -3  d ays  

(L e in ik k i & P a s s i l a ,  1977).

3 , E q u ip m en t r e q u ir e d  i s  r e la t iv e ly  ch eap  and w id e ly  a v a ila b le*

In i t s  s im p le s t  fo r m , E L ISA  r e q u ir e s  o n ly  th e s p e c ia l  gra d e  o f  s o lid  

p h a se  su p p o rt and  r e a g e n ts .  S o m e  in v e s t ig a to r s  r e p o r t  r e l ia b le  

r e s u lt s  b e in g  o b ta in ed  fr o m  s im p le  v is u a l  d e te r m in a t io n  o f  th e s e r u m  

t itr a t io n  and p o in ts ,  e . g .  d e te c t io n  o f a n tib o d y  to R u b e lla  v ir u s  

(G r a v e n , D o r  s e t t ,  G u ten son  & L e y , 1977) and a s s a y  o f  an tib o d y  to  

H e r p e s  s im p le x  v ir u s  (S m ith , e t . a l .  1977).
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H o w e v e r , to  e n su r e  o b je c t iv ity , th e r e s u l t s  a r e  b e s t  m e a s u r e d  

s p e c tr o p h o to m e tr ic a l ly .  T h e eq u ip m en t u sed  h a s  ra n g ed  fr o m  s im p le  

s p e c tr o p h o to m e te r s  to  c o m p le x  s p e c ia l ly  d e s ig n e d  E L ISA  r e a d e r s ,

( e .g .  M u ltisk a n  p la te  r e a d e r , F lo w  L a b o r a to r ie s ,  I r v in e ,  S co tla n d ),

4 , R e a g e n ts  a r e  r e la t iv e ly  ch eap  and have a lo n g  s h e lf  l i f  e .  T he

r e a g e n ts  in v o lv e d , su ch  a s  the a n tig e n  and co n ju g a te  can  be p r e p a r e d

b y  th e in v e s t ig a to r ,  th e r e b y  r e d u c in g  the c o s t  p e r  t e s t  ev en  m o r e .

T h e e n z y m e s  u se d  a r e  g e n e r a l ly  v e r y  s ta b le  and do n o t s u ffe r  fr o m

th e  d isa d v a n ta g e  o f  a  l im ite d  h a lf  l i f e  su ch  a s  th e  c o m m o n e s t

125R a d io im m u n o a ss a y  r e a g e n t  I w h ich  h a s a h a lf  l i f e  o f  o n ly  2 m o n th s .

In th e ly o p h il is e d  s ta te ,  s h e lf  l i v e s ,  fo r  a lk a lin e  p h o sp h a ta se  co n ju g a ted  

a n ti-h u m a n  IgG , o f  o v e r  7 y e a r s  h a v e  b een  r e p o r te d  to  d ate  ( in s t itu te  

V ir io n  L td . ).

5 , M a n ip u la tio n s  a r e  s im p le .

E L ISA  t e s t s  do n o t r e q u ir e  h ig h ly  tr a in e d  p e r s o n n e l .  R e lia b le  r e s u l t s  

a r e  e a s i l y  o b ta in ed  p r o v id e d  th e  t e s t  i s  p e r fo r m e d  w ith  r e a s o n a b le  c a r e  

and  a c c u r a c y .

6 , A s s a y s  can  be v e r y  ra p id .

M o st a s s a y s  can  be p e r fo r m e d  in  a s  l i t t le  a s  5 h o u r s  (V o ile r ,  B id w e ll ,

& B a r t le t t ,  1976),

7 , P o te n t ia l  fo r  a u to m a tio n .

A u to m a ted  t itr a t io n  s y s t e m s ,  p la te  w a sh e r s  and E L ISA  r e a d e r s  g r e a t ly  

in c r e a s e  th e  n u m b er  o f s e r o lo g ic a l  s p e c im e n s  w h ich  can  b e  p r o c e s s e d  

in a w o rk in g  d ay .



8. N o  r a d ia tio n  h a z a r d s ,

E L ISA  is  not a f fe c te d  by the s t r ic t  r e g u la to r y  s a fe ty  le g is la t io n  

g o v e r n in g  r a d io a c t iv e  is o to p e  s to r a g e ,  m a n ip u la tio n  and d is p o s a l ,  

a lth ou gh  b io h a z a r d s  r e m a in  a s  in  a n y  t e s t  s y s t e m  u s in g  unknown  

s e r u m  s a m p le s .

N O T E

T h e fo llo w in g  c h a p te r  (C hap ter II) r e c o r d s  th e p r o c e d u r e s  in v o lv e d  

in  p e r fo r m in g  th e  v a r io u s  e x p e r im e n ts  w h ich  w e r e  u n d ertak en  in  

th e  c o u r s e  o f  th is  p r o je c t .

T h e r e a d e r  i s  a d v is e d ,  h o w e v e r , th a t the ex p la n a tio n  o f th e  r e s u l t s  

ta b u la te d  in  C h a p ter  III i s  co n fin ed  to th e d is c u s s io n  s e c t io n  

(C h ap ter  IV , p a g e s  252 th rou gh  2 8 6 ).
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C H A P T E R  II

E X P E R IM E N T A L  D ATA (1)

M A T E R IA L S h  M ETHODS



a) In d ir e c t  F lu o r e s c e n t  A n tib o d y  T ech n iq u e

In tro d u ctio n

T h e inÆ rect f lu o r e s c e n t  an tib od y  te ch n iq u e  dem ands, 

e x tr e m e  p u r ity  o f  v ir u s  and v ir u s  a n tig e n ic  m a t e r ia l .  T h e  

fo llo w in g  i s  th e r e fo r e  a su m m a r y  o f cu ltu re  te c h n iq u e s  w h ich  w e r e  

em p lo y e d  in p ro p a g a tin g  th e v ir u s e s  u sed  in  th is  p r o je c t .

T is s u e  c u ltu r e  te c h n iq u e s  

I .  G e n e r a l R e q u ir e m e n ts

(a) G la s s w a r e :  A l l  g la s s w a r e  fo r  t i s s u e  c u ltu r e  m u st  b e  sc r u p u lo u s ly

c le a n e d  to  r e m o v e  g r e a s e  and d ir t  w h ich  w ould  o th e r w is e  p r e v e n t c u ltu r e  

c e l l s  fr o m  a d h e r in g  to th e  g la s s  s u r fa c e s .  T h e c o n ta in e r s  m u st  a ls o  

b e s t e r i l i s e d  to  k i l l  b a c te r ia ,  y e a s t s ,  fu n g i, e t c .  w h ich  w ould  

co n ta m in a te  th e  c u ltu r e  c e l l s  d u rin g  the c o u r s e  o f th e ir  p r o p a g a tio n .

T h e fo llo w in g  w a sh in g  p r o to c o l w a s  th e r e fo r e  a d o p ted  fo r  th e  

p r e p a r a tio n  o f a l l  g la s s w a r e .

1. I m m e r s e  in  1% c h lo r o s  fo r  1 hour

2 . I m m e r s e  in  0 .1  N H C l fo r  1 hour

3 . I m m e r s e  in  0.2%  p y ro n eg  fo r  1 hour

4 . R in s e  6 t im e s  in  tap  w a te r , em p ty in g  b e tw e e n  r in s e s

5 . R in s e  3 t im e s  in  d e io n iz e d  w a ter

6. D r y  in h ot a ir  o v en  (160^C)

7 . A u to c la v e  a t 121*^C fo r  20 m in u te s  (15 lb s  /  sq . in . )

N o te : S te p s  1 -5  o f th is  p r o c e d u r e  m a y  a ls o  be p e r fo r m e d  in  a 

p r o g r a m m a b le  a u to m a tic  g la s s w a r e  w a sh in g  m a c h in e .



(b) R e a g e n ts :  T is s u e  c u ltu r e  c e l l s  r e q u ir e  i) the c o r r e c t  p h y s ic a l

co n d itio n s  o f pH and o s m o t ic  p r e s s u r e  fo r  su r v iv a l and grow th ,

ii)  m a te r ia ls  w h ich  th ey  cannot s y n th e s is e ,  in c lu d in g  a m in o  a c id s ,  

c a r b o h y d r a te s , v ita m in s  and in o r g a n ic  io n s .

T h e  e s s e n t ia l  co m p o n en ts  o f t i s s u e  cu ltu re  m e d ia  h a v e  now  b een  

c h a r a c te r iz e d .  T h e pH and o s  m iotic p r e s s u r e  o f th e  c e l l s  en v ir o n m en t  

i s  d ic ta te d  by  th e c o m b in a tio n  o f  s a lt s  and ca r b o h y d r a te  u sed  but c e l l s  

w il l  o n ly  s u r v iv e  fo r  a b r ie f  t im e  in  an  is o to n ic  b a la n c e d  s a lt  and  

c a rb o h y d ra te  s o lu tio n  a lo n e . F o r  p ro lo n g ed  s u r v iv a l  e s s e n t ia l  a m in o  

a c id s ,  v ita m in s ,  and p r o te in s  a r e  r e q u ir e d . U su a lly  th e s e r u m  p r o te in s  

a r e  su p p lied  by  a 1% so lu tio n  o f fo e ta l  b ov in e  se r u m  ( F . B . S , ) .

E a g le  (1 9 5 5 ) d e v e lo p e d  and d e s c r ib e d  a w id e ly  u se d  m e d iu m  but o th e r s  

w ith  s l ig h t ly  d if fe r e n t  c o m p o s it io n s ,  e . g .  M organ , M orton  and P a r k e r s  

M ed iu m  N o , 199, a r e  a ls o  in  co m m o n  u se .

(c) A n t ib io t ic s :  A n t ib io t ic s  a r e  added to  t i s s u e  c u ltu r e  m e d ia  o n ly

a s  a sa fe g u a r d  a g a in s t  p o s s ib le  co n ta m in a tio n  o f th e  t i s s u e  c u ltu r e  c e l l s  

b y  b a c te r ia  o r  fu n g i d u rin g  h a n d lin g . T he a n t ib io t ic s  a r e  co m m o n ly  

p e n ic i l l in  (2 0 -5 0  u n it s /m l) ,  s tr e p to m y c in  (5 (y > g /m l) and n y s ta t in  

(2 0 ju g /m l) .

M y c o p la sm a  co n ta m in a tio n  m a y  p o s e  v e r y  s e r io u s  p r o b le m s  in  

co n tin u o u s c e l l  l in e s  but so m e  c o n tr o l o f  th is  co n ta m in a tio n  m a y  be 

a c h ie v e d  b y  k a u a m y c in  (1 0 0 -2 0 0 y jg /m l) , a lth ou gh  p r o lo n g e d  u se  i s  not 

a d v is e d .



(d) G lu ta m in e : G lu tam in e h a s  an  im p o rta n t but a s  y e t  u n d efin ed

r o le  in  c e l l  m e ta b o lis m . It i s  co m m o n ly  added to t i s s u e  c u ltu r e  m e d ia  

s e p a r a te ly  to g iv e  a f in a l c o n c e n tr a tio n  o f 2 m M  (P a u l, 1975).

(e) T r y p s in :  T r y p s in  i s  a p r o te o ly t ic  e n z y m e  but ca n  b e u s e d  a t a 

f in a l c o n c e n tr a tio n  o f 0 . 025% w / v  to  r e m o v e  c e l l s  fr o m  g la s s  s u r f a c e s ,

(f) G lu c o s e - V e r s e n e : T h e d iso d iu m  s a lt  o f  e th y le n e d ia m in e te tr a a c e t ic

a c id , i s  a c h e la tin g  a g e n t w h ich  b in d s c a lc iu m  and m a g n e s iu m  io n s  

(V e r s e n e ) .

A  m ix tu r e  o f  V e r se n e  (2 0 0 y /g /m l)  and g lu c o s e  (lO O yjg/m l) in  

D u lb e c c o  A  P B S  h a s  b e e n  found to be u se fu l in  fa c i l i ta t in g  th e  r e m o v a l  

o f  t i s s u e  c u ltu r e  c e l l  m o n o la y e r s  fr o m  g la s s .  T h is  s o lu t io n  is  

s t e r i l i s e d  b y  a u to c la v in g  a t  115°C fo r  10 m in u te s  and s to r e d  a t r o o m  

t e m p e r a tu r e ,

II . T is s u e  C u ltu r e  C e l l s

5 ty p e s  o f  t i s s u e  c u ltu r e  c e l l  w e r e  u sed :

a ) P r im a r y  m o n k e y  k id n e y

b) V e r o

c) C a lf  k id n ey

d) L y m p h o b la sto id  c e l l s  c a r r y in g  E B V  g en o m e

e) H um an em b ry o  lung

a) P r im a r y  M on k ey  K id n ey  C e l l s

T h e s e  w e r e  o b ta in ed  fr o m  G ibco B io c u lt  L td . a s  120 sq , c m ,  

m o n o la y e r s .  On r e c e ip t  o f  t h e s e  c e l l s ,  th e  m a in te n a n c e  m ed iu m



( s e e  A p p en d ix ) w a s  r e p la c e d  w ith  10 m l o f a 1 ; 1 m ix tu r e  of tr y p s in  

and v e r s e n e  a s  p r e v io u s ly  d e s c r ib e d  and in cu b ated  a t  37^C fo r  5 

m in u te s  to  r e m o v e  th e  c e l l s  fr o m  th e s id e s  o f th e  b o t t le .  T h e  r e s u lt in g  

su sp e n s io n  o f c e l l s  w a s  c e n tr ifu g e d  a t 500 g fo r  10 m in u te s .  T he  

su p ern a ta n t w a s  d is c a r d e d , th e c e l l s  r e su sp e n d e d  in  30 m l o f  G row th  

M ed iu m  (s e e  A p p en d ix ) and in o c u la te d  in to  3 x  40 sq . c m , su r fa c e  a r e a  

b o t t le s  a s  10 m l o f c e l l  s u s p e n s io n .

In cu b ation  a t 37°C  fo r  4 d a y s  a llo w e d  fo r m a tio n  o f a co n flu en t  

m o n o la y e r . T h e grow th  m ed iu m  w a s  then  r e p la c e d  b y  10 m l o f  

m a in te n a n c e  m ed iu m  and fu r th e r  in cu b ated  a t  37°C  u n til r e q u ir e d  fo r  

u s e  (u su a lly  w ith in  4 d a y s ).

b) V e r o  c e l l  l in e

T h is  i s  a co n tin u o u s c e l l  " lin e"  d e r iv e d  fr o m  th e k id n ey  o f th e  

A fr ic a n  G r een  M on k ey , C e r c o p ith e c u s  a e th io p s . T h e  c e l l s  w e r e  

p ro p a g a ted  f i r s t ly  by  s tr ip p in g  a 40  sq , cm , co n flu en t m o n o la y e r  o f  

V e r o  c e l l s  o f f  th e  g la s s  s u r fa c e  in  the fo llo w in g  m a n n e r , 10 m l  o f  

tr y p s in  -  v e r s e n e  so lu tio n  w a s  le f t  on the m o n o la y e r  a t  r o o m  te m p e r a tu r e  

fo r  10 -  15 s e c o n d s .  T h e tr y p s in  -  v e r s e n e  so lu tio n  w a s  th en  d is c a r d e d  

and th e  m o n o la y e r  o f  c e l l s  (now op aq u e)w as e a s i ly  r e m o v e d  b y  g e n tle  

a g ita t io n  a f te r  th e  a d d itio n  o f so m e  30 m l o f G row th  M ed iu m  (s e e  

a p p en d ix ), 10 m l o f th e  r e s u lt in g  s in g le  c e l l  s u sp e n s io n  w a s  in o c u la te d  

in to  e a c h  o f 3 x  40 sq , c m , b o tt le s  and in cu b ated  fo r  2 d a y s  a t  37°C  to  

a llo w  a m o n o la y e r  o f c e l l s  to  fo r m . T he grow th  m ed iu m  w a s  th en  r e p la c e d  

b y  10 m l o f  m a in te n a n c e  m ed iu m  and in cu b ated  a t 37^C u n til r e q u ir e d  

fo r  u se  (u su a lly  w ith in  4 d a y s ) .
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c) C a lf  K id n ey  C e l l s

T h e s e  c e l l s  w e r e  u sed  e x c lu s iv e ly  fo r  th e  p ro p a g a tio n  o f c a lf  

r o ta v ir u s .

A  f r e s h ly  d is s e c t e d  s t e r i l e  k id n e y  fro m  a r e c e n t ly  k il le d  c a lf  

(w ith in  5 h o u r s )  w a s  ob ta in ed  fr o m  th e  lo c a l  a b b a to ir . T h e o u ter  

la y e r s  o f fa t and f a s c ia  w e r e  r e m o v in g  u sin g  s t e r i l e  s c i s s o r s  and  

f o r c e p s .  S m a ll p ie c e s  o f the c o r te x  w e r e  th en  r e m o v e d  and m in c e d  

w ith  th e s c i s s o r s  in  a s t e r i l e  p e tr i  d ish  (9 cm ) b e fo r e  b e in g  t r a n s fe r r e d  

to  a 500 m l b o ttle  co n ta in in g  100 m l s t e r i l e  P B S ,

T h e t i s s u e  w a s  w a sh ed  f r e e  fr o m  b lood  in s e v e r a l  c h a n g es  o f  s t e r i l e  

P B S , con tin u in g  u n til th e  P B S  su p ern a ta n t r e m a in e d  c le a r .  T h e  c le a r  

P B S  w a s  th en  r e m o v e d  and 200 m l o f  a 0,25%  tr y p s in  so lu tio n  

(G ibco B io c u lt  L td . ) w a s  ad d ed , 100 m l o f tr y p s in  co n ta in in g  

a p p r o x im a te ly  h a lf  of th e  k id n ey  t i s s u e  w a s  im m e d ia te ly  t r a n s fe r r e d  to  

a n o th e r  500 m l b o tt le .  A  s t e r i l e  m a g n e tic  b a r  w a s  in tro d u ced  in to  ea c h  

500 m l  b o ttle  and m a g n e t ic  a g ita t io n  p r o c e e d e d  fo r  10 m in u te s  a t  r o o m  

te m p e r a tu r e .

S in g le  and d a m a g ed  c e l l s  w e r e  d is c a r d e d  w ith  th e  tr y p s in  s o lu t io n

a f te r  10 m in u te s  and 100 m l o f f r e s h  0. 25% tr y p s in  so lu tio n  w a s  added

to  ea ch  b o tt le .  M a g n etic  a g ita t io n  w a s con tin u ed  a t ro o m  te m p e r a tu r e

fo r  30 m in u te s  b e fo r e  th e  su p ern a ta n t flu id  co n ta in in g  in d iv id u a l k id n e y

o
c e l l s  w a s  r e m o v e d , s to r e d  a t  4  Ç and r e p la c e d  w ith  100 m l o f  f r e s h  

0,25%  tr y p s in .  T h e p r o c e s s  w a s  th en  r e p e a te d .

T h e s to r e d  t r y p s in /c e l l  s u sp e n s io n s  w e r e  c e n tr ifu g e d  a t  500 g 

fo r  5 m in u te s  to  s e d im e n t  th e c e l l s .  T he su p ern a ta n t w a s  d is c a r d e d
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and 10 m l o f G row th  M ed iu m  (s e e  A ppend ix) w as u sed  to  r e  su  sp en d  the  

c e l l s ,  5 m l a liq u o ts  o f c e l l s  w e r e  u sed  to in o c u la te  tw o 40 sq , c m .  

s u r fa c e  a r e a  b o t t le s .

T h is  p r o c e d u r e  w a s  r e p e a te d  u n til the r e q u ir e d  n u m b er o f b o t t le s  

had b een  in o c u la te d . T h e c e l l s  w e r e  in cu b ated  h o r iz o n ta l ly  a t  37^C 

and th e  grow th  m ed iu m  (10 m l)  w a s  changed  on th e  n e x t 2 c o n s e c u t iv e  

d a y s .

W hen a m o n o la y e r  had fo r m e d  (u su a lly  b y  th e  3rd  or  4th  day) th e  

g ro w th  m e d iu m  w a s  r e p la c e d  w ith  10 m l m a in te n a n c e  m e d iu m  and  

in cu b a ted  a t  37^C u n til r e q u ir e d  fo r  u s e  (u su a lly  w ith in  th e  n e x t  4  d a y s ) ,

d) E p s t e in - B a r r  V ir u s  C a r r ie r  C u ltu r e s

T h is  ty p e  o f  c e l l  cu ltu r e  c o n s is t s  o f  ly m p h o b la s to id  c e l l s ,  a  

p r o p o r tio n  o f w h ich  c a r r y  th e  E B V  g e n o m e . T he e x p e r im e n ts  u se d  EB^  

c e l l s  grow n  in s u s p e n s io n  a t  37°C  in an  a tm o sp h e r e  o f  10% C O ^. T h e  

m e d iu m  (s e e  A p p en d ix ) w a s  ch an ged  e v e r y  3 - 4  d a y s ,  i . e .  th e  su sp en d ed  

c e l l s  w e r e  se d im e n te d  by lo w  sp eed  c e n tr ifu g a tio n  (500 g , 5 m in u te s )  

th en  r e  su sp en d ed  in  f r e s h  grow th  m ed iu m  and fu r th e r  in cu b a ted  a t  37°C  

in  10% CO^.

D ou b lin g  o f  c e l l  n u m b e r  o c c u r s  in  a p p r o x im a te ly  7 d a y s  and c u ltu r e s

5
w e r e  " sp lit"  w hen  th e c e l l  d e n s ity  r e a c h e d  8 x  10 c e l l s / m l .  T h is  

w a s  a c h ie v e d  by  ad d in g  an  e x tr a  v o lu m e  o f g row th  m ed iu m  and  

tr a n s fe r r in g  h a lf  th e  su s p e n s io n  to  ea ch  o f 2 f r e s h  b o t t le s .

T o  a llo w  e x p r e s s io n  o f  the E B ^ v ir u s  c a r r ie d  b y  the c e l l s ,  th e  

grow th  m e d iu m  is  r e p la c e d  b y  a m ed iu m  d e f ic ie n t  in the a m in o  a c id  

a r g in in e . T h e fo llo w in g  p r o to c o l  w a s  adopted  fo r  th e  p r e p a r a t io n  o f



o  I

th e  c e l l s  e x p r e s s in g  v ir u s  fo r  u se  in  the IE A  te c h n iq u e ;-

T h e c e l l s  w e r e  r e m o v e d  fr o m  th e n o r m a l grow th  m ed iu m  and grow n  

fo r  4 d a y s  in  m in im a l e s s e n t ia l  m ed iu m  ( M . E . M . )  + 15% F o e t a l  C a lf  

S eru m  at 3 3 ° C . T h e m e d iu m  w a s changed  to  a r g in in e  d e f ic ie n t  M . E . M ,  

( s e e  A p p en d ix ) co n ta in in g  15% fo e ta l  c a lf  s e r u m . A fte r  3 d a y s  a t  3 3 °C , 

th e  c e l l s  w e r e  d e p o s ite d  b y  c e n tr ifu g a tio n  a t 500 g fo r  3 m in u te s  b e fo r e  

re  su  sp en d in g  in  f r e s h  a r g  (n in e  d e f ic ie n t  m ed iu m  and in cu b a tin g  a t  

3 3 ^ 0 . E p s te in -B a r r  v ir u s ,  w h ich  can  be d e m o n str a te d  b y  

im m u n o f lu o r e s c e n c e , i s  a p p a ren t b e tw een  day 6 and 7 .

e ) H um an E m b r y o  L ung C e lls

T h e s e  c e l l s  w e r e  u se d  e x c lu s iv e ly  fo r  th e  p ro p a g a tio n  o f

C y to m e g a lo v ir u s  ( C . M . V , ) .

H um an em b ry o  lung  c e l l s  w e r e  p ro p agated  b y  f i r s t ly  s tr ip p in g  a

120 sq , c m , co n flu en t m o n o la y e r  o f c e l l s  o f f  th e g la s s  s u r fa c e  o f  a 24  oz«

b o tt le  in  th e  fo llo w in g  m a n n e r . T h e 30 m l o f  g row th  m ed iu m  (s e e

A p p en d ix ) w a s  d is c a r d e d  and  th e m o n o la y e r  w a s  w a sh e d  w ith  10 m l  o f

s t e r i l e  P B S  pH 7 , 3 fo r  30 s e c o n d s .  T he P B S  w a s  th en  r e p la c e d  w ith

10 m l o f  tr y p s in  (0. 025% w /v )  and le f t  a t ro o m  te m p e r a tu r e  fo r

a p p r o x im a te ly  1 m in u te  u n til th e m o n o la y e r  p ro d u ced  an  opaque

a p p e a r a n c e . T h e tr y p s in  w a s  d is c a r d e d , 5 m l  o f  G row th  M ed iu m  w a s

ad d ed  and th e  so lu t io n  w a s  a s p ir a te d  w ith  a s t e r i l e  10 m l p ip e tte  to

f a c i l i t a t e  r e m o v a l o f the c e l l s  fr o m  th e g la s s  w a ll  o f th e  b o t t le ,  2 , 5 m l

a liq u o ts  o f  c e l l  su sp e n s io n  w e r e  u se d  to  in o cu la te  2 n ew  24  o z . b o t t le s

o
and m a d e  up to 30 m l w ith  G row th  M ed iu m , B y  in cu b a tin g  a t  37 C a 

m o n o la y e r  o f c e l l s  d e v e lo p e d  in  3 - 4  d a y s .



C , M . V ,  P r o p a g a tio n

F iv e ,  4" X t e s t  tu b es  co n ta in in g  a co n flu en t m o n o la y e r  o f  h u m an  

e m b ry o  lung c e l l s  w e r e  in o cu la te d  w ith  CMV and in cu b a ted  a t 37^C 

u n til 50% o f th e  m o n o la y e r  sh ow ed  s ig n s  o f in fe c t io n  (p laque fo r m a tio n ) .  

T h is  u s u a lly  o c c u r r e d  w ith in  3 d a y s . T he in fe c te d  m o n o la y e r s  w e r e  

th en  r e m o v e d  fr o m  th e tu b e s  b y  s c r a p in g  w ith  a s t e r i l e  s e a le d  p a s te u r  

p ip e tte  and t r a n s fe r r e d  to  a  24  o z ,  b o ttle  co n ta in in g  a 120 sq , c m , 

c o n flu en t m o n o la y e r  of hum an  em b ry o  lung c e l l s  and 30 m l o f  G row th  

M ed iu m , T he CM V in o cu la te d  24  o z ,  b o ttle  w a s  th en  in cu b a ted  a t  37°C  

fo r  3 d a y s  b y  w h ich  t im e  a p p r o x im a te ly  50% o f th e c e l l s  had b e c o m e  

in fe c te d  w ith  CMV a s  show n b y  p la q u e  fo r m a tio n . M ic r o s c o p e  s l id e s  

w e r e  th en  p r e p a r e d  fr o m  th is  m a te r ia l  by  th e sta n d a rd  m eth o d  (S e c tio n  

IV a ) ,

III. V ir u s  S to ck s

In th e c o u r s e  o f  th e  F o r e n s ic  s e c t io n  o f th is  p r o je c t ,  21 

d if fe r e n t  v ir u s e s  w e r e  p ro p a g a ted  and h a r v e s te d  fo r  u s e  in  th e  in d ir e c t  

f lu o r e s c e n t  a n tib o d y  te c h n iq u e .

T h e  o p tim u m  in o cu lu m  o f ea ch  v ir u s  fo r  th e p r o d u c tio n  o f  

su ita b le  m ic r o s c o p e  s l id e s  fo r  f lu o r e s c e n c e  (i. e ,  w ith  th e  o p tim a l  

n u m b er  o f  c e l l s  co n ta in in g  v ir u s )  w a s  d e te r m in e d  b y  t itr a t in g  0 ,1  m l  

a liq u o ts  o f 10 fo ld  d ilu t io n s  (10  ̂ to  10 ^) o f  v ir u s  in  t e s t  tu b e s  

in o c u la te d  w ith  th e a p p r o p r ia te  ty p e  o f t is s u e  c e l l  m o n o la y e r . A fte r  

in cu b a tio n  a t  37*^C, the c e l l s  w e r e  te s te d  b y  th e IF  A  tech n iq u e  w ith  

s e r a  know n to  co n ta in  IgG  a n tib o d ie s  to the typ e o f v ir u s  under  

in v e s t ig a t io n . T he d ilu tio n  o f  v ir u s  y ie ld in g  a 50% in fe c t io n  o f  t i s s u e  

c u ltu r e  c e l l s ,  a s  d e te r m in e d  by the IF A  t e s t  w a s  c h o se n  a s  th e



in o cu la m  fo r  the p r o d u ctio n  o f  à b a tch  o f  v ir u s  in 40  s q .c m .  b o tt le s  

(a p p r o x im a te ly  50 s l id e s  cou ld  be p r e p a r e d  fr o m  one in fe c te d  m e d ic a l  

f la t  c e l l  m o n o la y e r ) .

D if fe r e n t  ty p e s  o f v ir u s  p ro d u ce  d if fe r e n t  p a tte r n s  o f  in fe c t io n  

w hen  v is u a l i s e d  b y  IF A . S o m e o f the d if fe r e n t  p a tte r n s  a r e  show n  

in  th e c o lo u r  p la te s  a t th e  end of th is  s e c t io n . T he c e l l  r e q u ir e m e n ts ,  

c u ltu r e  c o n d itio n s  and ty p e s  o f  f lu o r e s c e n c e  p ro d u ced  b y  ea ch  v ir u s  u se d  

in  th is  stu d y  a r e  l i s t e d  in T a b le  B.

IV . T h e  In d ir e c t  F lu o r e s c e n t  A n tib od y  T ech n iq u e

a) P r e p a r a t io n  o f  m ic r o s c o p e  s l id e s

U n d er th e  co n d itio n s  d e s c r ib e d  in  T a b le  B a p p r o x im a te ly  50% o f  

th e  c e l l  p o p u la tio n  w a s  in fe c te d  w ith  v ir u s .  In so m e  c a s e s ,  th e ex ten t  

o f in fe c t io n  in  th e m o n o la y e r  can be judged  fr o m  th e  e x te n t  o f  th e  

d e v e lo p in g  C P E 's  w h ich  m a y  w e l l  be c h a r a c t e r is t ic ,  e . g .  e n te r o v ir u s e s  

c a u s e  c e l l s  to  round  up; H e r p e s  s im p le x  c a u s e s  a b a llo o n in g  a p p e a r a n c e  

o r  th e  fo r m a tio n  o f g ia n t m u lt in u c le a te  c e l l s ,  w h ile  m e a s le s  v ir u s  o r  

r e s p ir a to r y  s y n c y t ia l  v ir u s  ten d  to p ro d u ce  sy n c y t ia  in  m e d ia  lo w  in  

g lu ta m in e .

T h e c e l l s  a r e  r e m o v e d  a t th e a p p r o p r ia te  t im e  a s  fo llo w s  

T h e m a in te n a n c e  m ed iu m  is  d eca n ted  in to  h y p o c h o r ite  and  

r e p la c e d  w ith  10 m l  o f 0 . 02% w / v  v e r s e n e  so lu tio n  and 1 m l o f  0. 25% 

w /v  t r y p s in  so lu t io n . T h e b o ttle  i s  r e - in c u b a te d  a t 37 G fo r  a p p r o x im a te ly  

10 m in u te s  d u rin g  w h ich  t im e  th e  c e l l s  d eta ch  in to  th e  E D T A -e n z y m e  

so lu t io n .

T h e d e ta c h e d  c e l l s  a r e  c e n tr ifu g e d  a t 500 g fo r  3 m in u te s  and  

r e su sp e n d e d  in  a p p r o x im a te ly  ISO ^l o f  s t e r i l e  P B S . C o m p le te



r e s a s p e n s io n  o f the p e lle t  of c e l l s  Is a c h ie v e d  by  u s in g  a " w h ir lim lx er '* .

T h e s in g le  c e l l  s u sp e n s io n  co n ta in in g  an id e a l 50% in fe c te d  c e l l  

p o p u la tio n  i s  th en  tr a n s fe r r e d  a s  d ro p s  onto a c le a n  m ic r o s c o p e  s l id e .

T h e o r ig in a l su sp e n s io n  is  r e p e a te d ly  a g ita ted  d u rin g  th is  p r o c e d u r e  

to  p r e v e n t  c e l l  a g g r e g a t io n  o c c u r r in g , 8 r e p lic a te  5 m m  d ia m e te r  

" sp o ts"  o f c e l l  s u sp e n s io n , in tw o co lu m n s o f fo u r , a r e  a p p lied  to  

e a c h  m ic r o s c o p e  s l id e  u s in g  a  m ic r o d r o p p e r . T h e s l id e s  a r e  le f t  to  

d r y  a t  ro o m  te m p e r a tu r e  in  a s a fe ty  c a b in e t,

b) F ix a t io n

V ir u s  in fe c te d  t i s s u e s  a r e  u s u a lly  f ix e d  in  a c e to n e  a t ro o m  

te m p e r a tu r e  fo r  5 m in u te s . T h is  fo llo w s  th e  o r ig in a l r e p o r t  b y  C o o n s ,

& K ap lan  (1950) th a t a lc o h o l ,  fo r m a lin  and Z en k er*s r e a g e n t w e r e  a l l  

u n su ita b le  fo r  u se  w ith  v ir u s  a n t ig e n s .

A c e to n e  d e h y d r a te s  the t i s s u e  c u ltu r e  c e l l s  and r e m o v e s  lip id  fr o m  

th e ir  c e l l  m e m b r a n e s  th e r e b y  a llo w in g  fu r th er  p r o c e s s in g  and su b seq u en t  

" sta in in g "  o f  th e  in tr a c e llu la r  v ir a l  c o m p o n en ts .

T h e s l id e s  a r e  th en  la b e l le d  (u sin g  a d iam on d  m a r k e r )  and  s to r e d  

a t  -7 0 °C  u n til r e q u ir e d  fo r  u s e ,

c) I n d ir e c t  F lu o r e s c e n t  A n tib od y  P r o c e d u r e

T h e  in d ir e c t  p r o c e d u r e  h a s  b een  d e s c r ib e d  a lr e a d y . In  su m m a r y  

it  in v o lv e s  tw o im m u n o lo g ic a l r e a c t io n s .  In the f i r s t ,  v ir a l  a n t ig e n s  

p r e s e n t  in  in fe c te d  c e l l s  co m b in e  w ith  s p e c if ic ,  n o n -c o n ju g a te d  a n tib o d y . 

In th e  s e c o n d , th e  c e l lu la r  s i t e s  b in d in g  v ir a l  a n tib o d y  a r e  v is u a l i s e d  

b y  s ta in in g  w ith  F IT C  con ju gated  a n t i - s p e c ie s  IgG ,

T h e s e r a  under In v e stig a tio n  w e r e  d ilu ted  in s t e r i l e  P B S  fr o m  

log^  1 to log^  7 u s in g  the w e l l s  o f a m ic r o t it r e  p la te  fo r  p r e p a r in g  th e  

d ou b lin g  d ilu t io n s . P r e v io u s ly  p r e p a r e d  m ic r o s c o p e  s l id e s  w ith  v ir u s  

co n ta in in g  sp o ts  w e r e  r e m o v e d  fro m  co ld  s to r a g e ,  a llo w e d  to  r e a c h  r o o m

f  f n  TxraRViorî  l-»\r î ttim T * R Î n n  i n  (4 Ï R t î  mrl w a t . f i T * .



T h is  p r o c e d u r e  r e m o v e d  any t r a c e s  o f d ir t  which, m a y  

h a v e  s e t t le d  on th e ir  s u r fa c e s  d u rin g  s to r a g e . T he s l id e s  w e r e  

th en  d r ie d  in a ir  and a p p r o p r ia te  d ilu t io n s  of s e r u m  w e r e  p la c e d ,  

a s  m ic r o d r o p s ,  to c o v e r  th e  s p o ts .  T he la s t  sp o t (p o s it iv e  

c o n tr o l)  r e c e iv e d  a drop  o f  stan d ard  im m u n e, s e r u m  d ilu ted  1:8 

in  P B S  ( s e e  s e c t io n  IV d),

T h e  s l id e s  w e r e  in cu b a ted  a t 37°C  fo r  30 m in u te s  in 

h u m id if ie d  p la s t ic  b o x e s  b e fo r e  u n r e a c te d  s e r u m  w a s  r e m o v e d  

b y  w a sh in g  w ith  P B S , T h e s l id e s  w e r e  w a sh ed  tw ic e  in a g ita te d  

P B S  a t r o o m  te m p e r a tu r e  fo r  5 m in u te s  b e fo r e  r in s in g  b r ie f ly  in  

d is t i l l e d  w a te r .

M ic r o d r o p s  o f a 1:50 d ilu tio n  FIT C  co n ju g a ted  goat a n t i -  

hum an  IgG  (H yland L a b o r a to r ie s )  in  P B S  w e r e  p la c e d  on th e s p o ts .  

T h e s l id e s  w e r e  im m e d ia te ly  p la c e d  in  h u m id  b o x e s ,  in cu b a ted  and  

w a sh e d  a s  b e fo r e .  T h e s l id e s  w e r e  th en  r e a d y  fo r  e x a m in a tio n . 

N o te : N aphtha le  in  b la c k  p ow d er w a s  added  to  th e  d ilu ted  g o a t a n t i -  

hum an IgG  co n ju g a te  to  g iv e  a f in a l c o n c e n tr a tio n  o f  1 m g /m l ,  

N a p h th a le in  b la c k  is  a m ild  p r o te in  b in d in g  s ta in  w h ich  a t ta c h e s  

to  p r o te in  in  In v e r s e  p r o p o r tio n  to it s  m o le c u la r  w e ig h t  and  

th e r e fo r e  p r e v e n ts  a u to f lu o r e s c e n c e ,

d) S tan d ard  Im m u n e S eru m

T h is  r e a g e n t  w a s  p r e p a r e d  by m ix in g  3 d if fe r e n t  se r u m  

s a m p le s  c h o se n  fo r  th e ir  h igh  co n ten t o f  s p e c if ic  a n t iv ir a l  IgG  to  

m a n y  o f  th e  v ir u s e s  e m p lo y e d  in th e F o r e n s ic  A n tib o d y  P r o f i le  

(T a b le  B ).



T h e r e s u lt in g  S tan dard  Im m un e s e r u m  u se d  a t a 1: 8 

d ilu tio n  co n ta in ed  s u ff ic ie n t  a m o u n ts  of IgG a n t ib o d ie s  to  a l l  

v ir a l  a n t ig e n s  d e ta ile d  in  T a b le  B to a llo w  m o n ito r in g  o f the  

q u a lity  and  a m ou n t o f  the v ir a l  a n tig en  on the m ic r o s c o p e  s l id e s .

It th e r e b y  p r o v id e d  a sta n d a rd  w ith  w h ich  the f lu o r e s c e n c e  o f  

th e unknow n t e s t  sa m p le  cou ld  be co m p a red .

e) I n te r p r e ta t io n  o f  R e s u lt s

I n te r p r e ta t io n  o f  th e  r e s u l t s  o f m ic r o s c o p y  i s  a lw a y s  

s u b je c t iv e . E n d  p o in ts  o f  t itr a t io n s  a r e  r e c o r d e d  a s  th e  r e c ip r o c a l  

o f th e  d ilu tio n  o f s e r u m  sh ow in g  m a x im a l f lu o r e s c e n c e  a s  co m p a red  

to  th e  p o s it iv e  c o n tr o l.

W ith s o m e  p r e p a r a t io n s , e . g .  p o lio  v ir u s  and c o x s a c k ie  B̂  ̂

th e  f lu o r e s c e n c e  d im in is h e s  sh a rp ly  a t th e end p o in t. In the c a s e  

o f  H e r p e s  s im p le x  v ir u s ,  F c  b in d in g  can  m a k e  end p o in ts  d if f ic u lt  

to  d is t in g u is h . W ith p r a c t ic e ,  h o w e v e r , the end p o in t can  be r e a d  

w ith  g r e a t  a c c u r a c y .

C o n c lu s io n s

T h e  f lu o r e s c e n t  a n tib o d y  p r o c e d u r e  w a s  c h o se n  fo r  U se in  

th e  f o r e n s ic  s e c t io n  o f th is  p r o je c t  on  th e b a s is  o f i t s  sp eed  and  

s im p lic ity .  It i s  a rap id  tech n iq u e  p ro d u cin g  r e s u l t s  in  a s  l i t t le  

a s  2 h o u r s  and can  be u sed  w ith  e lu ted  b lo o d s ta in s  in  p r e fe r e n c e  

to  o th e r  te c h n iq u e s  su ch  a s  the c o m p le m e n t f ix a t io n  t e s t  w h e r e  th e  

p r e s e n c e  o f h a e m o g lo b in  m ig h t in te r fe r e  w ith  th e end poin t  

r e a d in g .

T h e s e  a d v a n ta g e s  o v e r  the o th er  te c h n iq u e s  d e ta ile d  in  

the l i t e r a tu r e  r e v ie w  (S ec tio n  lb) m ak e it  one o f the te c h n iq u e s  

o f c h o ic e  fo r  u se  in  th e  fo r e n s ic  v ir u s  a n tib o d y  p r o f il in g  in v e s t ig a t io n .
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b) E n z y m e -lin k e d  Im m u n o so rb en t a s s a y  (ELISA)

E L ISA  i s  a r e la t iv e ly  r e c e n t  ad d ition  to th e f ie ld  o f  

s e r o lo g ic a l  t e s t in g  and so  it  w a s  im p o rta n t that th e t e s t  b e  

th o ro u g h ly  in v e s t ig a te d  and ev a lu a te d  b e fo r e  it  cou ld  be a d op ted  in to  

th e  d a ily  ru n n in g  o f a  ro u tin e  v ir u s  d ia g n o s t ic  la b o r a to r y .

T h e  a d v a n ta g e s  o f  th e  a s s a y  h ave  a lr e a d y  b e e n  o u tlin ed  in  

th e  l i t e r a tu r e  r e v ie w  but th e  m a in  d e s ir a b le  fe a tu r e  w a s  th e  e a s e  

w ith  w h ich  th e  t e s t  cou ld  b e  p e r fo r m e d  (E n g v a ll, e t ,  a l . ,  1972).

A fte r  e v a lu a tio n , h o w e v e r , it  b e c a m e  ev id e n t that th e E L ISA  a s  

d e s c r ib e d  b y  E ng v a i l  and P e r lm a n n  w a s d e c e p t iv e ly  s im p le  -  an  

o b se r v a t io n  c o n fir m e d  b y  B id w e ll ,  B a r t le t t  & V o ile r  (1977).

T h e  E L ISA  p r o c e d u r e  c h o se n  fo r  e v a lu a tio n  w ith  r e g a r d  to  

i t s  a p p lic a t io n  in v ir u s  s e r o lo g y  w a s  that d e s c r ib e d  b y  V o i le r ,  B id w e ll  

& B a r t le t t  (1976a).

O f th e  th r e e  v ir u s e s  to  be in v e s t ig a te d  in  th e  c o u r s e  o f  th is  

p r o je c t  (H er p e s  s im p le x  v ir u s  ty p e  I (HSV 1), C o x s a c k ie  ^  v ir u s  

(^ Bĵ ) and R o ta v ir u s ) ,  HSV 1 w a s  c o n s id e r e d  to  b e  th e  b e s t  c h o ic e  

fo r  e v a lu a tio n  o f  th e  E L ISA  tech n iq u e  fo r  the fo llo w in g  r e a s o n s .

a ) I t s  e a s e  o f  p r o p a g a tio n  in m a n y  d if fe r e n t  t i s s u e  c u ltu r e  c e l l  l in e s .

b) T h e r e a d y  a v a ila b i l i ty  o f hum an  an ti s e r a  co n ta in in g  d if fe r e n t  l e v e l s  

o f a n ti -HSV 1 IgG  (a p p r o x im a te ly  80% of th e  w o r id  ̂ s a d u lt p o p u la tio n  

h a v e  en co u n te r e d  h e r p e s  s im p le x  v ir u s  ty p e  1 e ith e r  a s  a  c l in ic a l  

or s u b - c l in ic a l  in fe c t io n  and th e r e fo r e  h a v e  d e v e lo p e d  IgG  

a n tib o d ie s  in  th e ir  s e r u m  (D u lb ecco  & G in sb e r g , 1973).

N o te ; H um an a n t is e r a ,  su ita b le  fo r  u se  in  th e E L ISA  p r o c e d u r e  w e r e  

o b ta in ed  fr o m  th e s e r o lo g y  un it o f B e lv id e r e  H o s p ita l.  T h e  a m ou n t  

o f an ti-H S V  1 IgG  p r e s e n t  in th e s e r a  w a s d e te r m in e d  by th e  I n d ir e c t



i U/L

f lu o r e s c e n t  a n tib o d y  tech n iq u e  (IF A ), IgG t i t r e s  o f   ̂ 128 by  IF A  

w e r e  c o n s id e r e d  to  b e c l in ic a l ly  s ig n if ic a n t .

I , I n d ir e c t  E L ISA  p r o c e d u r e  (V o ile r , e t ,  a l ,  1976a).

1. P r o d u c t io n  o f  v ir a l  a n tig e n

V o i le r ,  e t .  a l .  in  th e ir  p ap er  r e fe r r e d  to  a b o v e , a d v o c a te d  

u sin g  v ir u s  e x tr a c t s  fr o m  t i s s u e  cu ltu re  c e l l s  a s  s to c k  v ir u s  a n tig e n  

fo r  u se  in  E L IS A . N o d e ta i l s  fo r  th e p r e p a r a tio n  o f th e s e  e x tr a c ts  

a r e  g iv e n , h o w e v e r , but in  a r e la te d  p a p er  c o n c e r n in g  E L ISA  fo r  

to x o p la sm a  a n tib o d y  (V o ile r , e t .  a l .  , 1976b) th e  p r o to z o a l a n tig en  

w a s p r e p a r e d  fr o m  T o x o p la sm a  g on d ii o r g a n is m s  in  th e  fo llo w in g  

m a n n e r .

P e r it o n e a l  e x u d a te s  w e r e  o b ta in e d  fr o m  m ic e  in fe c te d  w ith  

T o x o p la sm a  g o n d ii. T he p r o to z o a  in the e x u d a te s  w e r e  ru p tu red  b y  

f r e e z e /th a w in g  o n c e , fo llo w e d  by so n ic a t io n  fo r  20 s e c o n d s  a t 4^C .

T h e c e l l  and o th e r  d e b r is  w e r e  r e m o v e d  b y  c e n tr ifu g a t io n  a t  10, 000 g 

fo r  30 m in u te s  and  th e  su p e rn a ta n t flu id  w a s  u se d  a s  th e s o u r c e  o f  

a n tig e n  fo r  th e  a s s a y .

A  m o d if ic a t io n  o f  th is  p r o c e d u r e  w a s , t h e r e fo r e ,  ad op ted  

fo r  theporeparation o f  HSV 1 A g  fo r  u se  in E L IS A .

E x p e r im e n t  1

A n  8 o z .  m e d ic a l  f la t  b o ttle  co n ta in in g  a co n flu en t m o n o la y e r  

o f  V e r o  t i s s u e  c u ltu r e  c e l l s  and 10 m l V e r o  c e l l  m a in te n a n c e  m ed iu m  

w a s in o c u la te d  w ith  1 m l u n d ilu ted  s to c k  HSV 1. (T he s to c k  v ir u s  

had b e e n  p r e p a r e d  by p r e v io u s  V e r o  c e l l  p ro p a g a tio n  and s to r e d  in 1 m l  

a liq u o ts  a t  -196^ 0 in  liq u id  n itr o g e n ) .



A fte r  in cu b ation  a t  37^C fo r  18 h o u r s , v is u a l  o b se r v a t io n  

o f th e c e l l  m o n o la y e r , in  th e lig h t  m ic r o s c o p e ,  r e v e a le d  th at  

a p p r o x im a te ly  80% of the V e r o  c e l l s  had b e c o m e  d eta ch ed  fr o m  th e  

g la s s ,  im p ly in g  that the m a jo r ity  o f the V e r o  t i s s u e  c u ltu r e  c e l l s  

had b e c o m e  in fe c te d  and k i l le d  b y  th e HSV 1.

T h e v ir a l  a n tig e n  w a s  h a r v e s te d  b y  su b je c tin g  th e  c u ltu r e  

to f r e e z in g  and th aw in g  th r e e  t im e s .  T h is  p r o c e d u r e  ly s e d  any  

r e m a in in g  in ta c t  c e l l s  (ch eck ed  b y  m ic r o sc o p y )  and l ib e r a te d  th e  

HSV 1 in to  th e  m a in te n a n c e  m e d iu m . T he t i s s u e  c e l l  d e b r is  w a s  

d e p o s ite d  a s  a  p e l le t  b y  c e n tr ifu g a tio n  a t 500 g fo r  10 m in u te s  and th e  

su p e rn a ta n t liq u id  c o n s is t in g  o f  V e r o  c e l l  m a in te n a n c e  m ed iu m  and  

HSV 1 w a s  u se d  a s  th e s o u r c e  o f th e  HSV 1 v ir u s  a n tig e n ,

2 . S e n s it iz a t io n  o f  p la te s

T h e  f la t  b o tto m ed  w e l l s  of p o ly s ty r e n e  m lc r o t i t r e  p la te s  

(C ooke M ic r o t it e r  M129A; D y n a te ch  L a b o r a to r ie s  L td .)  can b e  c o a ted  

b y  p a s s iv e  a b so r p tio n  w ith  so lu t io n s  con ta in in g  b e tw e e n  1 and 10 m g /m l  

o f  s p e c if ic  v ir a l  p r o te in  p r e p a r e d  in  co a tin g  b u ffer  pH 9 . 6 ( s e e  

ap p en d ix  fo r  fo r m u la ) .

0 .1 5  m l a liq u o ts  o f a  1 : 100 d ilu tio n  o f v ir a l  a n tig e n  in  

co a tin g  b u ffe r  pH 9 . 6 w e r e  in tro d u ced  into e a c h  w e l l  o f  a D y n a tech  

m ic r o t i t e r  p la te  (the la s t  co lu m n  w a s  n ot in o c u la te d  and  so  a c te d  a s  

c o n tr o l)  and in cu b a ted  a t 4°C  fo r  18 h o u rs  to  a l lo w  th e v ir a l  a n tig e n  

to  a b s o r b  to ( s e n s i t iz e )  the p la s t ic  s u r fa c e s  o f the w e l l s .

T h e  p la te  w a s  th en  w a sh ed  w ith  P B S  -T w e e n  pH 7 . 4  ( s e e

a p p en d ix ).



3. P la t e  w a sh in g

T h e w a sh in g  p r o c e d u r e  c o n s is te d  o f em p ty in g  th e p la te ,  

r e f i l l in g  a l l  the w e l l s  w ith  P B S -T w e e n  fr o m  a p la s t ic ,  w a sh  b o ttle  

and g en tly  a g ita t in g  th e p la te  b y  hand fo r  3 m in u te s  a t room  

te m p e r a tu r e . T h is  p r o c e d u r e  w a s  r e p e a te d  3 t im e s  and a f te r  the  

f in a l w a sh  th e p la te  w a s  sh ak en  d r y . T he n e x t s tep  in th e  a s s a y  

fo llo w e d  im m e d ia te ly ,

4 .  S eru m  a s s a y

D if fe r e n t  hum an  a n t is e r a  con ta in in g  know n a m o u n ts  o f  

a n ti-H S V  1 IgG  (a s  d e te r m in e d  b y  th e IP  A te s t )  w e r e  p r e p a r e d  in  

P B S -T w e e n  to  g iv e  d ou b lin g  d ilu t io n s  ran g in g  fr o m  1 /2  th rou gh  1 /2 5 6 ,

0 ,1  m l a liq u o ts  o f ea ch  d ilu tio n  w e r e  th en  ad d ed  to  a p p r o p r ia te  

s e n s i t iz e d  w e l l s  in th e  p la te  and in cu b ated  a t r o o m  te m p e r a tu r e  fo r  

2 h o u r s .

T h e s e r a  w e r e  th en  d is c a r d e d  and the p la te  w a s  w a sh ed  a s  b e fo r e ,

5 . E n z y m e  co n ju gate

V o i le r ,  e t ,  a l .  (1976a) em p lo y ed  one o f tw o d if fe r e n t  e n z y m e  

la b e l le d  a n ti-h u m a n  IgG  c o n ju g a te s , i . e .  a lk a lin e  p h o sp h a ta se  or  

h o r s e - r a d is h  p e r o x id a s e  c o n ju g a te s .

T h e  u se  o f a lk a lin e  p h o sp h a ta se  co n ju gated  g o a t a n ti-h u m a n  

IgG (M ile s -Y e d a  L td .)  w a s  in v e s t ig a te d  In th is  e x p e r im e n t . T h e  

co n ju g a te  w a s  d ilu ted  to  a w o rk in g  s tren g th  o f 1 : 500 in  P B S -T w e e n  

pH 7 , 4  a s  su g g e s te d  by  V o ile r  (1976a). 0 ,1  m l a liq u o ts  o f  th e  w o rk in g

str e n g th  co n ju g a te  w e r e  added  to ea ch  w e ll  o f  th e  m ic r o t i t e r  p la te ,  

in c lu d in g  c o n tr o l w e l l s ,  and in cu b ated  a t ro o m  te m p e r a tu r e  fo r  3 h o u r s  

a f te r  w h ich  th e w a sh in g  p r o c e d u r e  w a s  r e p e a te d .



6 , S u b str a te

A t l e a s t  tw o d if fe r e n t  c h e m ic a l com p ou n d s can  be u sed  in  

c o n ju n ctio n  w ith  a lk a lin e  p h o sp h a ta se  con ju gate  ( s e e  S e c t io n  III)* 

H o w e v e r , in  th e a b s e n c e  o f  an  E L ISA  p la te  r e a d e r , and to  a v o id  te d io u s  

m a n ip u la tio n s  w ith  a c o n v e n tio n a l sp e c tr o p h o to m e te r  a s u b s tr a te  w a s  

c h o se n  w h ich  w ould  p r o d u ce  r e s u lt s  w hich  w e r e  e a s i l y  d e te r m in e d  by  

v is u a l  o b s e r v a t io n .

F o r  th is  p u r p o se , 1 m g /m l  th y m o lp h th a le in  m o n o p h o sp h o r  ic  

a c id  in  10% d ie th a n o la m in e  b u ffer  pH 9*8 w a s  su g g e s te d  b y  D r . D , 

W e r r e tt  ( P e r s o n a l  C o m m u n ica tio n ) a s  b e in g  th e  m o s t  s u ita b le  su b s tr a te ,

0 ,1  m l o f s u b s tr a te  w a s  added to  e a c h  w e l l  o f  th e  m ic r o t i t e r  

p la te  and in cu b a ted  a t  ro o m  te m p e r a tu r e  o v e r n ig h t . T h e e n z y m e -  

su b s tr a te  r e a c t io n  w a s  th en  stop p ed  and th e  su b s tr a te  c o lo u r  

d e v e lo p e d  b y  th e  a d d itio n  o f  5 ^ 1  o f 3 M NaOH to ea ch  w e l l  o f th e  p la t e ,

7 . R e s u l t s

N o d is c e r n ib le  p a tte r n  o f r e s u lt s  e m e r g e d  fr o m  th is  

e x p e r im e n t . S o m e w e l l s  p ro d u ced  a c o lo u r e d  r e a c t io n  p ro d u ct bu t 

th is  w a s  n o t found to  b e  r e la te d  to th e d ilu tio n  o f  a n t is e r u m  e m p lo y e d  

in  th e t e s t .  T h e  c o n tr o l w e l l s ,  t r e a te d  w ith  a lk a lin e  p h o sp h a ta se  

c o n ju g a te , P B S -T w e e n  w a sh  f lu id  and th y m o lp h th a le in  m o n o p h o sp h o r  ic  

a c id  s u b s tr a te ,  h o w e v e r , d id  n o t p ro d u ce  an y  f a l s e  p o s it iv e  c o lo u r  

r e a c t io n s .

T h e  r e a s o n  fo r  th e o c c a s io n a l  p o s it iv e  r e s u lt  o b ta in e d  in  

th e  p la te  w a s ,  th e r e fo r e ,  r a th e r  o b s c u r e .
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E x p e r im e n t  2

To in v e s t ig a te  the u se  o f the o th er  e n z y m e  co n ju gate  

s u g g e s te d  b y  V o i le r ,  i . e .  h o r s e  r a d ish  p e r o x id a s e  co n ju g a te , the  

a s s a y  a b o v e  w a s  r e p e a te d  p r e c i s e ly  a s  b e fo r e .

T h e sa m e  d ilu t io n s  and in o cu la  o f HSV 1 A g  and hum an  

a n t is e r a  w e r e  e m p lo y e d  a s  b e fo r e .  A  1 : 500 d ilu tio n  o f  h o r s e  

r a d ish  p e r o x id a s e  co n ju gated  goat a n ti -h u m an  IgG  con ju g a te  

(N o rd ic  Im m u n o lo g ic a l L a b o r a to r ie s )  w a s p r e p a r e d  in  P B S -T w e e n  

pH 7 ,4  and u se d  In 0 .1  m l  a liq u o ts . T he s u b s tr a te  u se d  w a s  5 -  

a m in o s a l ic y l ic  a c id  p r e p a r e d  a s  fo l lo w s ,

8 m g  o f  5 -a m in o s a l ic y l ic  a c id  w a s  d is s o lv e d  in  10 m l o f  

w a r m  d is t i l l e d  w a te r . T h is  so lu tio n  w a s c o o le d  and s to r e d  a t 4*^C, 

Im m e d ia te ly  b e fo r e  u s e ,  a  10 m l a liq u o t o f  the s o lu t io n  w a s  w a rm ed  

to r o o m  te m p e r a tu r e  and a  1 m o l / l i t r e  so lu t io n  o f  N a OH w a s  added  

to  g iv e  pH 6 ,0 .  1 m l o f  0, 05% h y d ro g en  p e r o x id e  and 10 m l o f  5 -

a m in o s a l ic y l ic  a c id  so lu tio n  w e r e  m ix e d  and  u sed  im m e d ia te ly  a s  0 ,1  

m l a liq u o ts  fo r  in o c u la tio n  in to  a l l  th e  w e l ls  o f  th e  p la te .

A fte r  in cu b a tio n  fo r  1 h ou r a t ro o m  te m p e r a tu r e  in  a 

d a rk en ed  r o o m , th e r e a c t io n  w a s  stopp ed  b y  th e  a d d itio n  o f 5 (^ 1  o f  

3M N a OH to  ea c h  w e ll .

R e s u lt

M o re  w e l l s  sh ow ed  c o lo u r e d  r e a c t io n  p r o d u c ts  (p o s it iv e  

r e s u l t s ) ,  but a g a in , no lo g ic a l  p a tte r n  o f p o s i t iv e  r e a c t io n s ,  r e la te d  

to  a n ti s e r u m  d ilu t io n s , w a s  e v id e n t. A ls o ,  the c o n tr o l w e l l s  w h ich  

w e r e  tr e a te d  w ith  h o r s e  r a d ish  p e r o x id a s e  co n ju g a te , P B S -T w e e n  

w a sh  f lu id  and s u b s tr a te ,  p ro d u ced  v a r ia b le  c o lo u r e d  r e a c t io n
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p ro d u c ts  in d ic a tin g  f a ls e  p o s it iv e  r e s u l t s .  T h is  con ju gate  a t a 

d ilu tio n  o f 1 : 500 in  P B S -  T w een  pH 7. 4,  th e r e fo r e  a p p e a r e d  to  

a b s o r b  to the p la s t ic  s u r fa c e s  o f th e  w e l l s  v e r y  r e a d i ly  and w a s  not  

b e in g  r e m o v e d  b y  th e stan d ard  w a sh in g  p r o c e d u r e .

C o n c lu s io n s

S in c e  ea ch  s tep  in  th e s e  tw o a s s a y s  (E x p e r im e n ts  1 and 2) 

had b e e n  p e r fo r m e d  in  a c c o r d a n c e  w ith  the p r o to c o l s u g g e s te d  b y  

V o ile r ,  e t ,  a l .  (1976a), (e x c e p t fo r  th e p r e p a r a tio n  o f th e  v ir a l  a n t ig e n s )  

it  w a s  co n c lu d ed  th a t th e fa ilu r e  o f th e a s s a y s  w a s  due to  in a d e q u a te  

p r e p a r a tio n  o f HSV 1 a n t ig e n . It w a s  n e c e s s a r y ,  th e r e fo r e ,  to  

in v e s t ig a te  a lte r n a t iv e  s o u r c e s  o f v ir a l  a n tig en  w h ich  m ig h t  be m o r e  

su ita b le  fo r  u s e  in  E L ISA .

N o te ; B e c a u s e  o f  th e  p r o b le m  o f n o n - s p e c i f ic  b in d in g  to  th e  m ic r o t it e r  

p la te  p la s t ic  w h ich  w a s  o b s e r v e d  w ith  th e  h o r s e  r a d ish  

p e r o x id a s e  co n ju g a te , o n ly  a lk a lin e  p h o sp h a ta se  co n ju g a te  

w a s  e m p lo y e d  In su b seq u en t E L ISA  in v e s t ig a t io n s .

In  1977, L e in lk k i and P a s s i l a ,  in v e s t ig a t in g  R SV s e r o lo g y ,  

re p o r te d  th e s u c c e s s f u l  a p p lic a tio n  o f  a c o m p le m e n t f ix in g  RSV a n tig en  

to  th e  E L ISA  te c h n iq u e .

A c c o r d in g ly , tw o c o m p le m e n t f ix in g  a n t ig e n s  (HSV 1 and B^) 

w e r e  p u r c h a se d  fr o m  Im m u n ita lia  L a b o r a to r ie s  L td .

T h e  stan d ard  E L ISA  p r o c e d u r e  d e s c r ib e d  b y  V o i le r ,  e t .  a l .  

(1 9 7 6 a) w a s  r e p e a te d  u s in g  D yn atech  m ic r o t i t e r  p la te s  s e n s i t iz e d  w ith  

a 1 : 100 d ilu t io n  o f e ith e r  HSV 1 CE a n tig en  or Ç B^ C F  a n tig en  

p r e p a r e d  in co a tin g  b u ffer  pH 9 . 6.



T he hum an  a n t is e r a  w ith  v a r io u s  a n tib o d y  l e v e l s  e m p lo y e d  

in t h e s e  a s s a y s  w e r e  a g a in  o b ta in ed  fro m  the h o s p ita l 's  s e r o lo g y  

u n it and had b e e n  t itr a te d  p r e v io u s ly  b y  th e IF A  t e s t .

N o te ;  T h e in it ia l  e x p e r im e n t  w ith  the HSV 1 CF a n tig e n  co a ted  

p la te  r e v e a le d  th at w ith  s e v e r a l  s e r a ,  end  p o in t t i t r e s  

o f  >  1 :128  w e r e  o b ta in ed  by th e E L ISA  t e s t .  T h e t e s t  w a s  

th e r e fo r e ,  r e p e a te d  u s in g  th e sa m e  a n ti s e r a  in  a w id e r  

d ilu tio n  r a n g e , fr o m  1 ; 10 through  1 ; 1280.

R e s u lt s ;  T a b le s  1 and  2

T h e  end  p o in t t i t r e s  o f th e  s e r a  w e r e  a s s e s s e d  v is u a l ly  by  

d e te r m in in g  the la s t  d ilu tio n  o f  s e r u m  to y ie ld  an  o b v io u s  b lu e  

c o lo u r a tio n  o f  th e  su b s tr a te  on the a d d itio n  o f  th e  e n z y m e  r e a c t io n  

te r m in a to r , 3 M N aO H .

I n it ia l o b se r v a t io n  o f  th e d e v e lo p e d  e n z y m e /  s u b s tr a te  r e s u l t s  

in  th e p la te , su g g e s te d  th a t the a s s a y s  had b e e n  s u c c e s s f u l  in  

d e m o n str a t in g  end p o in t titres to  HSV 1 and IgG  s e r u m  a n t ib o d ie s .  

E x a m in a tio n  o f  th e  E LISA  and c o r r e sp o n d in g  IF A  t i t r e s  fo r  

ea ch  s e r u m , h o w e v e r , r e v e a le d  no c o r r e la t io n  b e tw e e n  r e s u l t s .  

S t a t is t ic a l  a n a ly s is  o f  th e  data b y  u se  o f  th e c o r r e la t io n  c o e f f ic ie n t  

(r) s u g g e s te d  b y  G ilm a n  and D o c h e r ty  (1977) w a s  th en  p e r fo r m e d  w ith  

th e  fo llo w in g  r e s u l t s : -  

T a b le  1 HSV 1 data

r = 0 , 0 9 7  c o r r e sp o n d in g  to P <  0 .9 5  

N o s ig n if ic a n t  c o r r e la t io n  w a s  d e te c te d .

T a b le  2 (/B^ data

r = 0. 12 c o r r e sp o n d in g  to P  < 0. 7 

N o s ig n if ic a n t  c o r r e la t io n  d e te c te d .



N o te: T h e c o r r e la t io n  c o e f f ic ie n t

T h e  c o e f f ic ie n t  w h ich  r e la t e s  x  and y  w hen  th e s e  a r e  

m e a s u r e d  in  sta n d a rd  m e a s u r e  i s  c a lle d  the c o r r e la t io n  c o e f f ic ie n t  

b e c a u s e  it  m e a s u r e s  th e a s s o c ia t io n  or  c o r r e la t io n  b e tw een  the  

v a r ia b le s .  It i s  r e p r e s e n te d  b y  th e sy m b o l r w hen  it  is  c a lc u la te d  

fr o m  a f in ite  s a m p le .

r = X  (x - X ) (y - y )

y  Z  (x - X (y -  y ) ^

If th e r e  i s  a r e a s o n  to b e l ie v e  th a t th e r e  i s  s o m e  a s s o c ia t io n  

b e tw e e n  tw o  v a r ia b le s ,  th e  c o r r e la t io n  c o e f f ic ie n t  i s  a good m e a s u r e  

o f  th a t a s s o c ia t io n ,  h o w e v e r , it  i s  im p o rta n t not to  a s s u m e  th a t a h ig h  

v a lu e  fo r  r m u st  m e a n  th a t the v a r ia b le s  a r e  d ir e c t ly  r e la te d . T h r e e  

s itu a t io n s  ca n  r e s u lt  in  a h igh  v a lu e  fo r  r , i ,  e ,

1) th e  v a r ia b le s  a r e  r e la te d

2) e a c h  v a r ia b le  m a y  b e  d ir e c t ly  r e la te d  to  a 

co m m o n  th ir d  v a r ia b le

3) th e  c o r r e la t io n  i s  due m e r e ly  to  c h a n c e .

S in c e  it  i s  p o s s ib le  by  ch a n ce  to  ob ta in  a h igh  v a lu e  fo r  r 

w hen  in  fa c t  th e r e  i s  no r e a l  c o r r e la t io n  b e tw e e n  th e  tw o v a r ia b le s ,  

it  i s  n e c e s s a r y  to t e s t  th e  p r o b a b ility  o f ob ta in in g  an  o b s e r v e d  v a lu e  

o f  r  in  th e s e  c o n d it io n s . T h e s t a t is t ic  t can  be c a lc u la te d  fr o m  th e  

c o r r e la t io n  c o e f f ic ie n t  b y  m e a n s  of th e  eq u ation

t = r
>/ 1 “ r and th e  p r o b a b ility  o f  e x c e e d in g  a

p a r t ic u la r  v a lu e  o f  t by  ch a n ce  in  sa m p lin g  can  be d e te r m in e d  b y  

en te r in g  th e ta b le  o f  t under n -  2 d e g r e e s  o f fr e e d o m .
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E x a m in a tio n  o f the r e s u lt s  in T a b le  1 r e v e a ls  th at s e v e r a l  

d if fe r e n t  hum an s e r a  w ith  a t i t r e  o f 128 by the IF A  t e s t  g a v e  r e s u lt s  

ran g in g  fr o m  10 (se r u m  N o . 11/2524) to  ^ 1280(12/0393) by E LISA  

w hen  th e  c o m m e r c ia l  C F a n tig e n  w a s  u sed  to s e n s i t iz e  th e  p la te s .  

S im ila r ly  in  T a b le  2 , s e r a  w ith  a t i t r e  o f  16 b y  IF A  g a v e  

r e s u lt s  ra n g in g  fr o m  2 (s e r u m  N o , 1 2 /2 5 3 8 ) to  ^  128 (11/2953) w ith  

th e  E L ISA  t e s t .

F u r th e r  e x p e r im e n ts  w e r e  d e s ig n e d  to  in v e s t ig a te  th e s e  

d is c r e p a n c ie s .

W e ll co a tin g

(a) H a lf th e  to ta l n u m b er  o f w e l l s  in  a f r e s h  D y n a tech  m ic r o t i t e r  

p la te  (u n coated ) w e r e  in o c u la te d  w ith  0 .1  m l  a liq u o ts  o f  

d ou b lin g  d ilu t io n s  o f  hum an a n ti s e r a  p r e p a r e d  fr o m  1 /2  th rou gh  

1 /2 5 6  in  P B S  -  T w een  pH 7, 4 . A fte r  in cu b a tio n  a t  r o o m  

te m p e r a tu r e  fo r  2 h o u r s  th e  s e r a  w e r e  d is c a r d e d  and th e  p la te  

w a s  g iv e n  3 x 5  m in u te  w a s h e s  w ith  P B S  -  T w e e n  a s  p r e v io u s ly  

d e s c r ib e d ,

0 ,1  m l  a liq u o ts  o f  w o rk in g  s tren g th  a lk a lin e  p h o sp h a ta se  co n ju g a te  

p r e p a r e d  in  P B S  -T w e e n  pH 7 , 4 w e r e  ad d ed  to  a l l  w e l l s .

In cu bated  fo r  3 h o u r s  a t  ro o m  te m p e r a tu r e , d is c a r d e d  and the  

p la te  w a sh e d  a s  b e fo r e .  0 .1  m l a liq u o ts  o f th y m o lp h th a le in  

m o n o p h o sp h o r ic  a c id  su b s tr a te  w e r e  then  in cu b ated  in  a l l  th e w e l l s  

o f th e p la te  fo r  18 h o u r s  a t  r o o m  te m p e r a tu r e . 50^ 1  o f 3M N aO H  

• t e r m in a to r  w e r e  added  to e v e r y  w e ll  to stop  and d e v e lo p  a n y  

e n z y m e  r e a c t io n .

R e s u lt ;  N o b lu e  c o lo u r  d e v e lo p e d  in  an y  o f  th e w e l l s  in d ic a t in g  

th a t n e ith e r  the se r u m  IgG n o r  th e con ju g a te  w e r e  b in d in g  n o n -  

s p e c i f i c a l ly  to th e w e l l s  o f  th e  p la te .
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(b) S in c e  h o r s e  r a d ish  p e r o x id a s e  con ju gate  a t a d ilu tio n  o f 1 : 500  

in  P B S  -  T w een  pH 7 , 4 had b een  found to a b so r b  r e a d ily  to

u n co a ted  m ic r o t i t e r  p la te  w e l l s  in  p r e v io u s  e x p e r im e n ts ,  th is

r e a g e n t  w a s  u se d  to In v e s t ig a te  th e a b il i ty  o f c o m m e r c ia l  C F

a n tig e n  d ilu te d  in  co a tin g  b u ffe r  to  s e n s i t iz e  th e  w e l l s  o f

m ic r o t i t e r  p la t e s .

I f  s e n s i t iz a t io n  o f m ic r o t i t e r  p la te  w e ll s  is  a c h ie v e d  u s in g

c o m m e r c ia l  C F a n tig e n  p r e p a r e d  in co a tin g  b u ffe r , th e  in s id e

s u r fa c e  o f  th e  p la s t ic  w e l l s  sh ou ld  be c o a ted  w ith  c o n s t itu e n ts

o f  th e  C F  a n t ig e n  so lu tio n  and no u n co a ted  p la s t ic  sh ou ld  b e

a v a ila b le  to a b so r b  th e  p e r o x id a s e  co n ju g a te . On th e o th er  h an d ,

i f  co a tin g  o f  th e  w e l l s  i s  in c o m p le te  u s in g  th e  C F  a n tig e n , th en

p e r o x id a s e  con ju g a te  cou ld  a b so r b  to the r e m a in in g  u n coated  a r e a s

in th e w e l l s . .....................................................................................................

P r o c e d u r e  : 2 r o w s  o f w e l l s  o f an o th er  f r e s h  D y n a tech  m ic r o t i t e r

p la te  w e r e  in o c u la te d  w ith  0 ,1 5  m l  a liq u o ts  o f e ith e r  HSV 1 o r  (/B^

C F  a n tig e n  p r e p a r e d  a s  a 1 : 100 d ilu tio n  in  c o a tin g  b u ffe r  pH 9 , 6 ,

oA fte r  in cu b a tio n  a t  4  C fo r  18 h o u r s , th e  r e a g e n ts  w e r e  d is c a r d e d  

and tlie  p la te  w a s  w a sh ed  a s  u su a l w ith  P B S  - T w e e n ,

0 ,1  m l  a liq u o ts  o f 1 ; 500 d ilu tio n  h o r s e  r a d ish  p e r o x id a s e  

co n ju g a ted  g oa t a n ti-h u m a n  IgG  p r e p a r e d  in  P B S  -  T w e e n  w e r e  

ad d ed  to a l l  th e  w e l l s  in  th e p la te  and in cu b a ted  a t r o o m  te m p e r a tu r e  

fo r  3 h o u r s .

T h e co n ju g a te  w a s  d is c a r d e d  and the p la te  w a s  w a sh e d  a s  b e fo r e .

0 ,1  m l a liq u o ts  o f 5 -a m in o s a l ic y l ic  a c id  su b s tr a te  w a s  added  and  

in cu b a ted  a t  ro o m  te m p e r a tu r e  fo r  1 hou r in  a d a rk en ed  r o o m  b e fo r e  

th e  a d d itio n  o f 50^1  o f  3M NaOH to ea ch  w e l l .



R e s u lt ;  O n ly  th e w e ll s  w h ich  had not b een  tr e a te d  w ith  C F  

a n tig e n  p ro d u ced  a " p o s it iv e"  su b stra te  r e a c t io n .

C o n c lu s io n ;  T h e w e l ls  o f  D yn atech  m ic r o t i t e r  p la te s  a r e  

a d e q u a te ly  co a ted  b y  s o m e  co m p o n en ts  o f  the c o m m e r c ia l  C F  

a n tig en  s o lu t io n s  d u rin g  th e  s e n s it iz a t io n  p r o c e d u r e ,

(c) T h e e n z y m e  a lk a lin e  p h o sp h a ta se  h a s  b een  show n to e x is t  in  

s m a ll  q u a n tit ie s  in n o r m a l s e r u m .

T o in v e s t ig a te  w h e th e r  th e  l e v e l  o f  en d o g en o u s s e r u m  a lk a lin e  

p h o sp h a ta se  m ig h t  p ro d u ce  a d e te c ta b le  c o lo u r  ch a n g e  in  the  

th y m o lp h th a le in  m o n o p h o sp h o r ic  a c id  s u b s tr a te ,  d ilu t io n s  o£ 

s e r u m  N o . 1 2 /0 3 9 3  fr o m  1 ; 2 to  1 : 256 w e r e  p r e p a r e d  in  P B S  - 

T w een  and in cu b ated  a s  0 ,1  m l a liq u o ts  w ith  0 .1  m l a liq u o ts  o f  

th y m o lp h th a le in  m o n o p h o sp h o r ic  a c id  s u b s tr a te  pH 9 .8  fo r  18 

h o u r s  a t  ro o m  te m p e r a tu r e  in a fr e s h  m ic r o t i t e r  p la te .

R e s u lt :  A f te r  a d d itio n  o f 5 (^ 1  a liq u o ts  o f  3 M N aO H , no c o lo u r  

d e v e lo p e d  in  th e  s u b s tr a te  in d ica tin g  th a t e v e n  a t  c o n c e n tr a t io n s  

fa r  in  e x c e s s  o f  th o s e  l ik e ly  to  b e e n c o u n te r e d  d u r in g  a 

c o n v e n tio n a l E L ISA  t e s t ,  the am ou n t o f  en d o g en o u s a lk a lin e  

p h o sp h a ta se  p r e s e n t  in  n o r m a l se r u m  w a s  n o t s u ff ic ie n t  to  

p r o d u c e  a d e m o n str a b le  c o lo u r  ch an ge in  th e  s u b s tr a te .

T h e s e  fin d in g s  in d ic a te d  th a t th e c o m p le te  a s s a y  s y s t e m , the  

c o a tin g  A g p r e p a r a t io n , a n t is e r u m , co n ju g a te  and s u b s tr a te  

h ad  to be p r e s e n t  b e fo r e  p o s it iv e  r e a c t io n s  w e r e  p r o d u c e d . T he  

p o o r  c o r r e la t io n  o f th e E L ISA  t i t r e s  w ith  th e  IF  A a s s a y  r e s u lt s  

m u st  th e r e fo r e  b e c a u se d  b y  th e C F a n tig e n  p r e p a r a t io n  ca u s in g  

n o n - s p e c i f ic  r e a c t io n s .



C o m m e r c ia l ly  p r e p a r e d  C F  a n tig e n s  w e r e  th e r e fo r e  n ot  

su ita b le  fo r  u se  in  th e  E L ISA  tech n iq u e , p ro b a b ly  by  v ir tu e  

o f  im p u r it ie s  and so  a p r o c e d u r e  fo r  p r e p a r in g  h ig h e r  q u a lity  

a n tig e n s  fo r  u s e  in  E L ISA  had to b e in v e s t ig a te d .

It w a s  d e c id e d  to c o n c e n tr a te  on HSV 1 w h ich  can  b e grow n  

e a s i ly  and r a p id ly  in  s e v e r a l  ty p e s  o f t i s s u e  c u ltu r e  c e l l  

m o n o la y e r s .

P u r if ic a t io n  o f  th e  HSV 1 a n tig e n  w a s a tte m p te d  u s in g  th e  

fo llo w in g  te c h n iq u e s

1) d if f e r e n t ia l  c e n tr ifu g a tio n

2) d e n s ity  g r a d ie n t c e n tr ifu g a tio n .

E x p e r im e n t  3 D if fe r e n t ia l  c e n tr ifu g a tio n  

T h e o r y

T he s e p a r a t io n  o f so lu b le  t i s s u e  c e l l  flu id  and m a in te n a n c e  m e d iu m  

c o n s t itu e n ts  fr o m  p a r t ic u la te  m a tte r  such  a s  c e l l  m e m b r a n e s , c e l l  

n u c le i ,  m ito c h o n d r ia , r ib o s o m e s  and in fe c tin g  m ic r o - o r g a n is m s  su ch  

a s  HSV 1, can  b e  a c h ie v e d  b y  d if fe r e n t ia l  c e n tr ifu g a t io n .

T h e  v a r io u s  co m p o n en ts  o f  t i s s u e  c e l l s  h a v e  d if fe r e n t  m a s s  to  v o lu m e  

r a t io s  and th e r e fo r e  p o s s e s s  d if fe r e n t  d e n s i t ie s .  H e a v ie r  m a t e r ia l  

w il l  s e d im e n t  u n d er  lo w  g r a v ita t io n a l f o r c e s  (e , g . 500 g p ro d u ced  b y  

lo w  c e n tr ifu g e  s p e e d s )  w h ile  l ig h te r  p a r t ic le s  w i l l  r e q u ir e  h ig h e r  

g r a v ita t io n a l f o r c e s  (e , g , 100, 000 g ).

C o n se q u e n tly , e f f ic ie n t  fr a c t io n a tio n  o f  the v a r io u s  c e l l  co m p o n en ts  

can  b e  a c h ie v e d  b y  s ta r t in g  w ith  a lo w  g r a v ita t io n a l f o r c e  and p e r fo r m in g  

a s e r i e s  o f s e p a r a te  and s u c c e s s iv e  c e n tr ifu g a tio n s  to w a r d s  the  

h ig h e r  f o r c e s .



P r o c e d u r e

(a) P r o p a g a tio n  o f HSV 1

A n 8 o z  M e d ic a l f la t  b o ttle  con ta in in g  a p p r o x im a te ly  a 40 sq  cm  

co n flu en t m o n o la y e r  o f V e r o  t i s s u e  cu ltu re  c e l l s  and 10 m l o f  

V e r o  m a in te n a n c e  m e d iu m , w a s  in o cu la te d  w ith  2 m l o f  

u n d ilu ted  H e r p e s  s im p le x  ty p e  1 v ir u s .  (T h is  in o cu lu m  

c o n s is te d  o f  V e r o  t i s s u e  cu ltu r e  c e l l s  p r e v io u s ly  in fe c te d  w ith  

HSV 1 and  su b se q u e n tly  ly s e d  b y  fr e e z in g  and th a w in g  3 t im e s ,  

su sp en d ed  in  V e r o  c e l l  m a in ten a n ce  m e d iu m . T h is  s to c k  v ir u s  

p r e p a r a t io n  had b e e n  s to r e d  a s  1 m l a liq u o ts  in  liq u id  n itr o g e n  

u n til r e q u ir e d  fo r  u s e ) .

A f te r  in cu b a tio n  a t 37^C fo r  18 h o u r s , a p p r o x im a te ly  80% o f  th e  

V e r o  c e l l s  sh ow ed  4 + C P E . M any had d e ta c h e d . T h e r e m a in in g  

c e l l s  w e r e  s c r a p e d  fr o m  th e s id e  o f th e  b o tt le  u s in g  a g la s s  rod  

u n til a l l  th e  V e r o  c e l l s  w e r e  o b se r v e d  b y  lig h t  m ic r o s c o p y  to b e  

f lo a t in g  in  th e  m a in te n a n c e  m e d iu m .

(b) P u r if ic a t io n  o f  HSV 1

T h e v ir u s  / c e l l  s u sp e n s io n  w a s  fr o z e n  and th aw ed  3 t im e s  to ly s e  

th e r e m a in in g  in ta c t V e r o  c e l l s  and to f r e e  a g g r e g a te d  HSV 1.

T h e  v i r u s / c e l l  s u sp e n s io n  w a s  then  tr a n s fe r r e d  to  tw o 5 m l  

c a p a c ity  c e n tr ifu g e  tu b e s  and c e n tr ifu g e d  a t 500 g fo r  5 m in u te s  

to  d e p o s it  V e r o  c e l l  c o m p o n e n ts .

T h e  v ir u s  co n ta in in g  su p ern a ta n t f lu id  w a s  t r a n s f e r r e d  to tw o  

f r e s h  5 m l c a p a c ity  c e n tr i fu g e  tu b es  and su b je c te d  to  

u ltr a c e n tr ifu g a t io n  a t 100, 000 g fo r  1 h ou r to s e d im e n t  the  

r e m a in in g  su sp en d ed  m a te r ia l .
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T h e sa p ern a ta n t flu id , now  co n ta in in g  o n ly  th e so lu b le  

co m p o n en ts  o f  th e  t i s s u e  cu ltu r e  c e l l s  and c e l l  m a in te n a n c e  

m e d iu m , w a s  d is c a r d e d  and the p e l le t s  r e su sp e n d e d  in 1 0 ^ 1  

o f  E L ISA  co a tin g  b u ffer  pH 9 , 6 . S o n ica tio n  in  a D a w e s  

s o n ic a to r  u n it typ e  6441A w a s  re q u ir e d  to r e  su sp en d  the  

a g g r e g a te d  m a te r ia l  in  the c o a tin g  b u ffe r .

A n o th er  8 o z  M e d ic a l f la t  b o tt le  con ta in in g  a 40 sq  c m  co n flu en t  

u n in fec ted  m o n o la y e r  o f V e r o  c e l l s  and 10 m l o f  V e r o  m a in te n a n c e  

m e d iu m  w a s  su b je c te d  to p r e c i s e ly  the s a m e  d if fe r e n t ia l  

c e n tr ifu g a tio n  p r o c e d u r e  a s  d e ta ile d  a b o v e , fo r  u s e  a s  a c o n tr o l  

p r e p a r a t io n  in  th e E L ISA  tech n iq u e .

B oth  a n tig e n  p r e p a r a t io n s  w e r e  s to r e d  a t -2 0 °C  u n til r e q u ir e d  

fo r  u se  in  th e  E L ISA  p r o c e d u r e .

N o te ;  On r e m o v a l fr o m  co ld  s to r a g e , the v ir u s  w a s  d e -a g g r e g a te d  

in  a D a w es s o n ic a t io n  u n it type 6441A fo r  3 m in u te s ,

(c) E L ISA  p r o c e d u r e

5 o f th e  hum an  a n t is e r a ,  p r e v io u s ly  e m p lo y e d  in  E x p e r im e n t  2 

w e r e  u se d  to  in v e s t ig a te  th e p e r fo r m a n c e  in  th e  E L ISA  o f  th e  

HSV 1 a n tig e n  p u r if ie d  b y  d if fe r e n t ia l  c e n tr ifu g a t io n .

A  f r e s h  D y n a tech  m ic r o t i t e r  p la te  w a s co a ted  w ith  HSV 1 a n tig e n  

and th e  c o n tr o l V e r o  c e l l  p r e p a r a t io n s  a s  fo llo w s  

co lu m n  1 w a s  n o t u se d  (to fa c i l i t a t e  b lan k in g  o f th e  u n r e a c te d  

s u b s tr a te  a t  th e end o f th e  a s s a y  in  the n e w ly  a c q u ir e d  E L ISA  

p la te  r e a d e r )  (See S e c tio n  V Il) ,

T h e  w e l l s  in  co lu m n  2 through  6 w e r e  s e n s i t iz e d  w ith  0 ,1 5  m l  

a liq u o ts  o f an  a r b itr a r y  1 : 100 d ilu tio n  o f V e r o  t i s s u e  c u ltu r e  

p a r t ia l ly  p u r if ie d  HSV 1 a n tig en  p re p a r e d  in  co a tin g  b u ffe r  pH 9- 6.
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T h e w e l l s  in  c o lu m n s 7 th rou gh  11 w e r e  s e n s i t iz e d  w ith  0 ,1 5  m l  

a liq u o ts  o f  a 1 : 100 d ilu tio n  o f  th e  V ero  c e l l  c o n tr o l p r e p a r a t io n ,  

a g a in  in  co a tin g  b u ffer  pH 9 ,6 ,

A fte r  in cu b a tio n  a t  4°C  fo r  18 h o u r s , th e  co a tin g  f lu id s  w e r e  

d is c a r d e d  and th e p la te  w a s  w a sh ed  w ith  P B S -T w e e n  a s  d e ta ile d  

in  E x p e r im e n t  1,

T h e 5 hum an  a n ti s e r a  fr o m  E x p e r im e n t  2 , c h o se n  to p r o v id e  a 

ra n g e  o f  HSV 1 IgG t i t r e s  (IEA) w e r e  d ilu ted  in  P B S -T w e e n  

pH 7 , 4  fr o m  64 to 2048  and in o cu la te d  a s  0 .1  m l a liq u o ts  in to  

2 c o lu m n s  o f w e ll s ;  on e co lu m n  co a ted  w ith  th e  HSV 1 a n tig e n  and  

th e  o th e r  co a ted  w ith  the c o n tr o l p r e p a r a tio n  fr o m  u n in fec ted  V e r o  

c e l l s .

A fte r  In cu bation  a t  room  te m p e r a tu r e  fo r  2 h o u r s , th e  s e r a  w e r e  

d is c a r d e d , th e  p la te  w a s  w a sh e d  a s  b e fo r e  and th e r e m a in d e r  o f  

th e  a s s a y  p e r fo r m e d  a s  d e ta ile d  in e x p e r im e n t  1.

R e s u lt s  ( s e e  T a b le  3 and F ig u r e s  1, 2 , 3 , 4  and 5).

N o te :  R e s u lt s  w e r e  now  d e te r m in e d  s p e c tr o p h o to m e tr ic a l ly  a t  

619 n m  by a M u ltisk a n  E L ISA  r e a d e r . E nd  p o in ts  o f  the s e r u m  

s e r ia l  d ilu t io n s  w e r e  ta k en  a s  the la s t  d ilu tio n  to  y ie ld  a > 0 , l  

a b so r b a n c e  un it d if fe r e n c e  b e tw e e n  the r e a d in g s  o b ta in ed  w ith  th e  

HSV 1 a n tig e n  and c o r r e sp o n d in g  u n in fected  c o n tr o l V e r o  a n tig e n  

c o a te d  w e l l s .

T h e s p e c ia l ly  p r e p a r e d  HSV 1 a n tig en  y ie ld e d  a n ti-H S V  1 IgG  t i t r e s  

fr o m  the hum an  s e r a  u n der in v e s t ig a t io n  in  a p p r o x im a te ly  the  

sa m e  p a tte r n  a s  th o se  o b ta in ed  in  the IF  A  t e s t  -  

S eru m  N o . 11/2177 gave  a r e la t iv e ly  h igh  a n tib o d y  l e v e l  (128) b y  

IF  A  and a h igh  t i t r e  w ith  E L ISA  (1024) w h e r e a s  s e r u m  N o . 11/1986
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p ro d u c in g  an  IF A  t it r e  o f < 16 a ls o  y ie ld e d  a lo w  t i t r e  (<  64) 

b y  E L ISA .

C o n c lu s io n s

P a r t ia l  p u r if ic a t io n  o f the HSV 1 a n tig en  b y  d if fe r e n t ia l  

c e n tr ifu g a t io n  p ro d u ced  a  m o r e  s a t is fa c to r y  c o r r e la t io n  b e tw een  

E L ISA  and IF A  than  c o m m e r c ia l  c o m p le m e n t f ix in g  a n tig e n .

T h e l e v e l s  o f  an tib o d y  d e te c te d , h o w e v e r , w e r e  o n ly  m a r g in a l ly  

h ig h e r  than  th o se  a c h ie v e d  by IF A  te s t in g , w h e r e a s  E L ISA  h a s  

g e n e r a l ly  b een  q uoted  a s  b e in g  o f g r e a te r  s e n s i t iv i t y  (E n g v a il, e t . a l ,  

1976),

T o in v e s t ig a te  th e  r e a s o n  fo r  th is  d is c r e p a n c y  it  w a s  d e c id e d  

to  fu r th e r  p u r ify  th e HSV 1 a n tig e n  by  d e n s ity  g ra d ie n t c e n tr ifu g a tio n  

(G ilm a n , e t ,  a l .  1977).

E x p e r im e n t  4 HSV 1 P u r if ic a t io n  b y  30% S u c r o s e

T h e  p u r if ic a t io n  p r o c e d u r e  d e s c r ib e d  by G ilm a n  and D o c h e r ty  

(1977) w a s  ad op ted  fo r  th e  p r e p a r a t io n  o f  h ig h ly  p u r if ie d  HSV 1,

T h e o r y ; In  e q u ilib r iu m  d e n s ity  g ra d ie n t c e n tr ifu g a tio n , a  c e n tr ifu g e  

tube f i l le d  w ith  a d e n s e  so lu tio n  o f e ith e r  c a e s iu m  c h lo r id e  o r  s u c r o s e  

h a s  th e  m a t e r ia l  to  be p u r if ie d  la y e r e d  on  top . D u r in g  c e n tr ifu g a tio n  

a l in e a r  d e n s ity  g r a d ie n t w i l l  be s e lf -g e n e r a t in g  (low  d e n s ity  a t  th e  top  

o f  th e  tube to  h ig h  d e n s ity  a t th e  b o tto m ). T he v a r io u s  c o m p o n en ts  o f  

th e  v ir u s  sa m p le  w i l l  s e d im e n t  to  a d e n s ity  v a lu e  eq u a l to th e ir  ow n  

d e n s i t ie s .  T h e p u r if ie d  co m p o n en ts  can then  b e r e c o v e r e d  b y  e ith e r  

p u n ctu r in g  th e  b o tto m  o f th e  tube and c o l le c t in g  the co n te n ts  a s  d r ip s  

o r  a f te r  f r e e z in g  b y  s l ic in g  the fr o z e n  tube and co n te n ts  in  s m a ll  

s e c t io n s .
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T o a v o id  the n eed  fo r  fa r th e r  p u r if ic a t io n  o f th e v ir a l  a n tig e n  

fr o m  th e s u c r o s e ,  a d e n s ity  o f  s u c r o s e  can be ch o se n  w h ich  w il l  b e  

lo w e r  than  th e d e n s ity  o f th e  v ir io n s .  In th is  c a s e  the v ir io n s  w i l l  

p a s s  th rou gh  th e e n t ir e  g r a d ie n t and c o l le c t  a s  a p e l le t .  A ny l ig h te r  

d e n s ity  m a te r ia l  w i l l  be r e ta in e d  in  the s u c r o s e .

(a) P r o p a g a tio n  o f  HSV 1

T h e HSV 1 w a s  p ro p a g a ted  in  a fr e s h  8 oz  m e d ic a l  f la t  b o ttle  

co n ta in in g  a  co n flu en t m o n o la y e r  o f  V ero c e l l s  a s  d e ta ile d  in  

E x p e r im e n t  3 , s e c t io n  (a).

(b) P u r if ic a t io n  o f  HSV 1

T h e V e r o  c e l l  s u sp e n s io n  w a s  su b jec ted  to  100, 000 g fo r  1 h ou r  

to  s e d im e n t  th e  V e r o  c e l l  and HSV 1 v ir io n s  l ib e r a te d  fr o m  th e

c e l l s  d u rin g  d e v e lo p m e n t of C P E . T he su p ern a ta n t V e r o  c e l l

m a in te n a n c e  m e d iu m  w a s d is c a r d e d , the p e l le t s  r e su sp e n d e d  in  

2 m l p h o sp h a te  b u ffe r e d  s a l in e ,  so n ica ted  a t  20 K c / s e c  fo r  

20 s e c o n d s  a t  4^C to  d is in te g r a te  any in ta c t  V e r o  c e l l s  and  

d e a g g r e g a te  th e  v ir io n s .

T h e r e s u lt in g  s u sp e n s io n  con ta in in g  ly s e d  c e l l  fr a g m e n ts  and f r e e  

v ir a l  a n t ig e n s  w a s  la y e r e d  in  0 ,8  m l a liq u o ts  onto e a c h  o f 3 x  4 . 0 

m l,  30% s u c r o s e  (W /V ) p r e p a r a t io n s  and c e n tr ifu g e d  in  a " sw in g  out"  

r o to r  fo r  3 h o u rs  a t 100, 000 g .

T h e  r e s u lt in g  p u r if ie d  HSV 1-co n ta in in g  p e l l e t s  w e r e  r e su s p e n d e d  

in  100 yv 1 o f co a tin g  b u ffer  pH 9 , 6 and so n ic a te d  to d e a g g r e g a te  

v ir a l  a n t ig e n s  in the co a tin g  b u ffe r .

U n in fec ted  V e r o  t i s s u e  c u ltu r e  c e l l s  w e r e  tr e a te d  in  an  id e n t ic a l  

m a n n e r  fo r  th e  p r e p a r a t io n  o f c o n tr o l V e r o  a n t ig e n ic  m a t e r ia l .
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B oth  a n tig e n  p r e p a r a t io n s  w e r e  s to r e d  a t -2 0  L .

N o te :  T h e s e  a n t ig e n ic  p r e p a r a t io n s  w e r e  so n ic a te d  fo r  3

m in u te s  a s  d e s c r ib e d  in E x p e r im e n t  3, s e c t io n  (B ), b e fo r e  

b ein g  u se d  to  s e n s i t iz e  m ic r o t i t r e  p la te  w e l l s .

T h e p u r if ie d  HSV 1 a n tig e n  w a s  th en  u sed  in  a " ch eck erb o a rd "  

t itr a t io n  a c c o r d in g  to  the p r o c e d u r e  d e s c r ib e d  by V o i le r ,  B id w e ll ,  

H uldt & E n g v a ll (1974) to a s c e r ta in  the o p t im a l d ilu tio n  o f  a n tig e n  

fo r  u s e  in  th e E L ISA  te c h n iq u e .

C h e c k e r b o a r d  t itr a t io n

H igh  and lo w  t itr e d  HSV 1 a n t is e r a ,  a s  d e te r m in e d  b y  IF A , w e r e  

u se d  in  th e  c h e c k e r b o a r d  t itr a t io n  (i, e .  S e r u m  N o , 12 /1578)  

found to  be 512 by IF A  and S e r u m  N o. 1 2 /0 6 7 9  found to  b e  2 b y  IF A ).  

A  s e r i e s  o f  a r b itr a r y  a n tig en  d ilu tio n s  (1 : 100, 1 ; 2 5 0 , 1 : 500 ,

1 ; 750 and 1 : 1000) in  c o a tin g  b u ffe r  pH 9. 6 w e r e  u se d  in  0 ,1 5  

m l a liq u o ts  to  s e n s i t iz e  th e  top  th r e e  w e l l s  o f  c o lu m n s  2 th rou gh

6 and 7 th rou gh  11 in a f r e s h  D y n a tech  m ic r o t i t e r  p la te .  A fte r  

o v e r n ig h t  in cu b a tio n  a t 4 °C , th e  coa tin g  s o lu t io n s  w e r e  d is c a r d e d  

and th e  p la te  w a s  w a sh ed  w ith  P B S -T w e e n  a s  d e s c r ib e d  in  

E x p e r im e n t  1.

T h e  h ig h  and lo w  t itr e d  s e r a  w e r e  d ilu ted  1 : 1000 in  P B S -T w e e n ,  

T h e h ig h  t itr e d  se r u m  w a s  in o cu la te d  in  0 ,1  m l a liq u o ts  to  th e  

top  th r e e  w e l l s  o f co lu m n s 2 th rou gh  6 and th e lo w  t i t r e d  s e r u m  

w a s  in o c u la te d  in  0 ,1  m l  a liq u o ts  to th e top  th r e e  w e l l s  o f  co lu m n s

7 th rou gh  11.

T h e  p la te  w a s  in cu b ated  a t  37°C  fo r  2 h o u r s  (A m b ien t te m p e r a tu r e  

in cu b a tio n  w a s  d isc o n tin u e d  in  a c c o r d a n c e  w ith  the f in d in g s  o f  

G ilm a n , e t , a l ,  (1977) S ee  S e c tio n  V .^
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T h e s e r a  w e r e  d is c a r d e d  a f te r  in cu b ation  and th e p la te  w a s  

w a sh ed  w ith  P B S -T w e e n  a s  b e fo r e .

0 .1  m l  a liq u o ts  o f  a 1 : 500 d ilu tio n  of a lk a lin e  p h o sp h a ta se  

co n ju gated  goat a n ti-h u m a n  IgG p re p a r e d  in  P B S -T w e e n  w e r e  

in o c u la te d  in to  th e top  th r e e  w e l ls  o f  co lu m n s 2 th rou gh  11 and  

in cu b a ted  a t 37^C fo r  2 h o u r s .

T h e co n ju g a te  w a s  then  d is c a r d e d  and the p la te  w a s  w a sh ed  w ith  

P B S  -T w e e n ,

0 ,1  m l a liq u o ts  o f  1 m g /m l  th y m o lp h th a le in  m o n o p h o sp h o r  ic  a c id  

in  10% d ie th a n o la m in e  b u ffe r  pH 9. 8, w e r e  added  to  e v e r y  w e l l  

in  th e  p la te  and le f t  o v e r n ig h t  a t  r o o m  te m p e r a tu r e . T he  

r e a c t io n  w a s  stop p ed  and the c o lo u r  d e v e lo p e d  by th e a d d itio n  o f  

0, 05 m l 3 M N aG H  to  ea ch  w e ll .

R e s u l t s  S e e  T a b le  4 ,  F ig u r e  11

T h e h ig h e s t  d ilu tio n  o f a n tig e n  to  p ro d u ce  a s tro n g  r ea d in g  i ,  e ,  

a p p r o x im a te ly  0, 5 a b so r b a n c e  u n its  in th e M u lti skan  p la te  r e a d e r  

a t  619 n m  w ith  th e  h igh  t itr e d  s e r u m  and a lo w  rea d in g  i . e .  

a p p r o x im a te ly  0, 05 a b so r b a n c e  u n its  w ith  th e lo w  t itr e d  s e r u m  

w a s u se d  in  a l l  su b seq u en t t e s t s  i . e .  1 : 7 5 0 .

C o n c lu s io n s

T h e  d ilu tio n  o f  a n tig e n  c h o s e n  fo r  u se  in  su b seq u en t E L ISA  t e s t s  

fo r  a n t ib o d ie s  to  HSV 1 w a s  1 : 7 50 . S in c e  th e u n in fec ted  c o n tr o l  

a n tig e n  had u n d erg o n e  th e sa m e  p u r if ic a t io n  p r o c e d u r e , it  w a s  

a ls o  u se d  a t  a d ilu tio n  o f 1 : 750 .
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E x p e r im e n t  5

T he HSV 1 a n tig en  and c o n tr o l u n in fected  V e r o  c e l l  p r e p a r a tio n  

p u r if ie d  by 30% s u c r o s e  w e r e  d ilu ted  1 ; 750 in  E LISA  co a tin g  b u ffer  

pH  9* 6 and u se d  in  0 ,1 5  m l a liq u o ts  to  s e n s i t iz e  the w e l l s  o f  a f r e s h  

m ic r o t i t e r  p la te .  E v e n  n u m b ered  co lu m n  w e l l s  (but not co lu m n  12) 

w e r e  c o a te d  w ith  HSV 1 A g  and odd n u m b ered  co lu m n  w e l l s  (but n o t  

co lu m n  1) w e r e  co a ted  w ith  th e c o n tr o l V ero  c e l l  p r e p a r a t io n . A fte r  

o v e r n ig h t in cu b a tio n  a t 4^C , th e  co a tin g  so lu tio n s  w e r e  d is c a r d e d  and  

th e  p la te  w a s  w a sh e d  a s  u su a l w ith  P B S -T w e e n .

T h e  s a m e  s e r a  a s  u se d  in  E x p e r im e n t  3 w e r e  e m p lo y e d  a s  a 

ra n g e  o f  d ilu t io n s  in  P B S -T w e e n  fr o m  500 to  64 , 000 a p p lied  in  0 .1  m l  

a liq u o ts  to  both  HSV 1 a n tig en  and c o n tr o l .an tigen  co a ted  w e l l s  and  

in cu b a ted  a t  37*^C fo r  2 h o u r s .

A fte r  d is p o s a l  o f  unbound a n t is e r a  and w a sh in g  o f  th e  p la te  

w ith  P B S -T w e e n , 0 .1  m l a liq u o ts  o f  a 1 : 500 d ilu tio n  o f a lk a lin e  

p h o sp h a ta se  co n ju g a te  w e r e  added  to  ea ch  w e l l  o f  c o lu m n s  2 th rou gh  11 

and in cu b a ted  a t  37^C fo r  2 h o u r s . T he p la te  w a s  r e w a sh e d  and  0 .1  

m l a liq u o ts  o f th y m o lp h th a le in  m o n o p h o sp h o r ic  a c id  in  10% 

d ie th a n o la m in e  b u ffe r  pH 9 ,8  w e r e  added  to e a c h  w e l l  o f  th e  p la te  and  

in cu b a ted  o v e r n ig h t  a t ro o m  te m p e r a tu r e . T h e r e a c t io n  w a s  stopped  

and d e v e lo p e d  b y  th e  a d d itio n  o f  0 . 05 m l, 3 M N aO H  to e a c h  w e l l .  

R e s u lt s  S e e  T a b le  5 , F ig u r e s  6 to  10,

T h e  end p o in ts  o f th e  s e r ia l  s e r u m  d ilu t io n s  In the E L ISA  t e s t s  

w e r e  a g a in  tak en  a s  the la s t  d ilu tio n  to y ie ld  a > 0 ,1  a b so r b a n c e  un it  

d if fe r e n c e  b e tw e e n  the r e a d in g s  ob ta in ed  w ith  th e HSV 1 a n tig e n  and  

c o r r e sp o n d in g  u n in fec ted  c o n tr o l V e r o  a n tig en  co a ted  w e l l s .
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S ig n if ic a n t ly  h ig h e r  t i t r e s  o f  s e r u m  a n tib o d ie s  to  HSV 1 w e r e  

d e te c te d  u s in g  th e  30% s u c r o s e  p u r if ie d  v ir a l  p r e p a r a tio n  -  r e s u lt s  

a n a lo g o u s  to  th e  ra n g e  o f  HSV 1 an tib o d y  t i t r e s  d e te c te d  b y  G ilm an , 

e t .  a l .  (1977), w e r e  o b ta in ed .

T h e  E L ISA  and  IF A  t i t r e s  o f th e  5 s e r a  w e r e  a ls o  found to  b e in  

c lo s e  a g r e e m e n t  w ith  e a c h  o th e r . H igh t i t r e s  b y  IF A  p ro d u ced  h igh  

t i t r e s  by  E L IS A , S im ila r ly  se r u m  N o. 11/1986 p ro d u ced  lo w  r e s u lt s  

in  both  p r o c e d u r e s .

C o n c lu s io n

P u r if ic a t io n  o f  th e  HSV 1 a n tig en  by  30% s u c r o s e  had r e su lte d  in  

a m u ch  m o r e  s e n s i t iv e  a s s a y  p r o c e d u r e . It w a s  c o n c lu d e d , th e r e fo r e ,  

th a t r e m o v a l o f  co n ta m in a tin g  p r o te in s ,  e tc .  fr o m  th e  v ir a l  

p r e p a r a t io n  w a s  e s s e n t ia l  fo r  th e p ro d u ctio n  o f a su ita b le  E L ISA  

a n tig e n , ,,,,

G e n e r a l C o n s id e r a t io n s  

II C h o ic e  o f  s o lid  p h a se  su p p ort

F o r  a s u c c e s s f u l  E L ISA  b y  th e in d ir e c t  m e th o d , a  su ita b le  

s o lid  c a r r ie r  s u r fa c e  m u s t  be found to w h ich  th e  s p e c if ic  v ir a l  a n tig e n  

w il l  b in d . M any p r o te in s  b ind  in  a n o n - s p e c i f ic  m a n n er  to  p la s t ic  

s u r f a c e s .  T h is  c a u se d  c o n s id e r a b le  d if f ic u lty  in  th e  e a r ly  d a y s  o f  

b io -e n g in e e r in g ,  w h e r e  p la s t ic s  w e r e  b e in g  in v e s t ig a te d  fo r  u s e  in  

m a k in g  a r t i f i c a l  h e a r t  v a lv e s ,  e t c .  S eru m  p r o te in s  ten d ed  to  bind to  

the s u r fa c e s  o f t h e s e  p la s t ic  co m p o n en ts  w h ich  w e r e  in  c o n ta c t w ith  

r e c ip ie n t 's  b lo o d . T h is  p h en om en on  ca u sed  a p r o te in  b u ild  up and  

p ro d u ced  an  ir r e g u la r  su r fa c e  on the p la s t ic  w h ich  in it ia te d  the b lo o d  

c lo tt in g  m e c h a n is m . Such  p la s t ic s  a r e  now  tr e a te d  w ith  q u a tern a ry



a m m o n iu m  gro u p s and h e p a r in  to p r e v e n t  b lood  c lo tt in g  and p r o te in  

b ind ing to  th e s u r fa c e  o f th e  p la s t ic  (L e in in g e r , C o o p e r , F  a lb  &

G ra d e , 1966).

T h e  o b s e r v a t io n  th a t p r o te in s  cou ld  bind to p la s t ic s  w a s  

f i r s t  u se d  c o n s tr u c t iv e ly  b y  C att and T r e g e a r  (1967), in a r a d io im m u n o ­

a s s a y  o f h u m an  p la c e n ta l la c to g e n  and hum an grow th  h o r m o n e . S in c e  

th en , p la s t ic  tu b e s , p la s t ic  b ea d s  and p la s t ic  m ic r o t i t e r  p la te s  h a v e  

a l l  b e e n  in v e s t ig a te d  fo r  u s e  In both  r a d io im m u n o a ssa y  and E L IS A , 

P l a s t i c  b e a d s  r e q u ir e  l e s s  r e a g e n ts  than  tu b es  but the  

s u r fa c e s  o f  th e  b ea d s  a r e  p r o n e  to  d a m a g e , e s p e c ia l ly  d u rin g  th e  

w a sh in g  p r o c e d u r e  w h e r e  a d d itio n  o f the w a sh  f lu id  can  c a u s e  bum ping  

o f th e b e a d s  a g a in s t  th e  s id e s  o f th e ir  c o n ta in e r s . S c r a tc h  d a m a g ed  

b e a d s  in te r fe r e  w ith  a n tig e n  co a tin g  and p o te n t ia lly  in tr o d u c e  e r r o n e o u s  

r e s u lt s  in  a n tib o d y  t i t r a t io n s .  T h e  th ird  typ e  o f so lid  p h a se  su p p o rt is  

th e  m ic r o t i t e r  p la te  w h ich  w a s  c h o se n  fo r  u se  in  th is  p r o je c t  fo r  th e  

fo llo w in g  r e a s o n s : -

a) e a s e  o f  h a n d lin g  (e a c h  p la te  co n ta in s  96 s e p a r a te  t in y  w e l l s )

b) e a s e  o f rea d in g  r e s u l t s  by  u s in g  an  a u to m a ted  p la te  r e a d e r

c) r e q u ir e m e n t  fo r  m in u te  v o lu m e s  o f  r e a g e n ts ,  a llo w in g  c o n s id e r a b le  

e c o n o m y .

N o t e v e r y  typ e  of m ic r o t i t e r  p la te  i s  su ita b le  fo r  u s e  in  E L IS A , h o w e v e r .  

S o m e p la te s  a r e  co a ted  w ith  a m in u te  f i lm  o f m a c h in e  o i l .  T h is  u s u a lly  

o r ig in a te s  fr o m  th e  te m p la te  u se d  in  th e m o u ld in g  p r o c e s s  d u rin g  

m a n u fa c tu r e  (W ,H , S tim so n  -  P e r s o n a l  C o m m u n ic a tio n ) . T h is  f i lm  

o f o i l  c o a ts  th e  s u r fa c e  o f  the p la s t ic  and e f f e c t iv e ly  p r e v e n ts  th e a n tig e n  

fr o m  b in d in g  to th e p la s t ic  s u r fa c e .  F o r  th is  r e a s o n , r ig o r o u s  q u a lity  

c o n tr o l m e a s u r e s  a r e  a p p lied  by the m a n u fa c tu r e r  to  e a c h  b a tch  o f



p la te s  d e s ig n a te d  fo r  u se  in  m ic r o -E L IS A ,

A  s p e c if ic  typ e  o f  p la s t ic  (c a lle d  Im m u lon ) h a s  a ls o  b een  

c h o se n  b y  D y n a te ch  L a b o r a to r ie s  L td . a s  b e in g  the b e s t  p o ly s ty r e n e  

d e r iv a t iv e  fo r  u s e  in  th e  E L ISA  te ch n iq u e . Such p la te s  w e r e  u se d  in  

th is  p r o je c t .  P la t e s  ca ta lo g u ed  a s  C ook e M ic r o t ite r  M129A w e r e  

ob ta in ed  fr o m  D y n a tech  L a b o r a to r ie s .

O ne d isa d v a n ta g e  o f u s in g  co a ted  p la s t ic ,  h o w e v e r , i s  

th a t th e a n tig e n  i s  o n ly  p h y s ic a l ly  a b so r b e d  b y  e le c t r o s t a t ic  

a t tr a c t io n  and  n o t c o v a le n tly  bound to  th e m o le c u le s  c o m p r is in g  

th e s o lid  p h a se  s u r fa c e .  S in ce  a b so rb ed  m a te r ia l  i s  in  e q u ilib r iu m  

w ith  so lu b le  m a t e r ia l  d u rin g  th e a s s a y  r e a c t io n s ,  th e  im m u n e  

a d so r b e n t p o te n t ia lly  le a k s  in to  th e a s s a y  so lu t io n s  d u r in g  

in c u b a tio n s  and w a sh in g s . T h is  p o te n tia l le a k a g e  h a s  b e e n  sh ow n  to  

r e s u lt  in  a s lig h t  lo w e r in g  o f  p r e c is io n  o f  the a s s a y  (E n g v a ll,

J o n s  so n  & P e r lm a n n , 1971) but su ch  a d isa d v a n ta g e  is  c o m p e n sa te d  

b y  th e e a s y  and rap id  w a sh in g  p r o c e d u r e s  w h ich  can  s u b s e q u e n t ly  be  

em p lo y e d  (E n g v a ll & C a r ls  so n , 1976).
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III C o n ju g a tes  and s u b s tr a te s

A lth o u g h  m a n y  in v e s t ig a to r s  p r e p a r e  th e ir  ow n e n z y m e -  

la b e l le d  c o n ju g a te s  fo r  u s e  in  E L ISA , th is  can  be a d if f ic u lt ,  t im e  

co n su m in g  p r o c e d u r e  w h ich  d em a n d s a c o n s id e r a b le  am ou n t o f  e x p e r t is e  

and so  b e fo r e  c o n te m p la tin g  su ch  an  u n d erta k in g , tw o c o m m e r c ia l ly  

a v a ila b le  c o n ju g a te s  w e r e  p u r c h a se d  and e x a m in e d  fo r  th e ir  

s u ita b ility  in  E L IS A , T h e s e  co n ju g a te s  w e r e  found to  b e  a d eq u ate  

fo r  u s e  in  th is  r e s e a r c h  p r o je c t  and p r e p a r a tio n  o f  an  e n z y m e - la b e l le d  

co n ju g a te  w a s  n o t n e c e s s a r y .

E x p e r ie n c e  g a in ed  fr o m  in it ia l  E L ISA  e x p e r im e n ts  e m p lo y in g  

tw o ty p e s  o f a n ti-h u m a n  IgG  e n z y m e - l in k e d  c o n ju g a te s  and v a r io u s  

c o r r e s p o n d in g  s u b s tr a te s  can  be su m m a r iz e d  a s  fo llo w s  

A , H o r s e - r a d is h  p e r o x id a s e  co n ju gated  goat a n ti-h u m a n  IgG .

(N o rd ic  Im m u n o lo g ic a l L a b o r a to r ie s ) .

P e r o x id a s e  d e c o m p o s e s  h y d ro g en  p e r o x id e  (H 2 0 2 ) . T h e o x y g e n  l ib e r a te d  

in  th is  p r o c e s s  ca n  th en  o x id is e  a h y d ro g en  d on o r  (DH^) to  a c o lo u r e d  

com p ou n d  (D ).

^  P e r o x id a s e _ 2 H O + D (B ern t & B e r g m e y e r ,  1965),I, e .  g "T w

A d d itio n  o f  a s tro n g  a c id , e .  g . 2 N H^ SO^, a f t e r  a s p e c if ie d  p e r io d  

o f  t im e ,  in h ib its  fu r th e r  e n z y m e  a c t iv i ty .  T h e fo llo w in g  s u b s tr a te s  

w e r e  e x a m in e d  fo r  th e ir  s u ita b ility  a s  h y d ro g en  d o n o r s ,

(1) 5 - a m in o s a l ic y l ic  a c id  + h y d ro g en  p e r o x id e  (BDH  C h e m ic a ls  L td . ).

A  p o s it iv e  r e a c t io n  i s  in d ica te d  b y  a c o lo u r  ch an ge v a r y in g  fr o m  

y e l lo w  th rou gh  b row n  w h ich  can  be d e te c te d  v is u a l ly  and m e a s u r e d  

s p e c tr o p h o to m e tr ic a l ly  a t 449 n m . T h e s u b s tr a te  i s  a f fe c te d  by  

l ig h t ,  h o w e v e r , and is  v e r y  e a s i ly  o x id is e d . R e a c t io n  co n d itio n s  

h a v e  to  b e s t r ic t ly  c o n tr o lle d . A  fu r th er  d isa d v a n ta g e  l i e s  in



th e fa c t  th at i t s  c o lo u r  d e v e lo p m e n t is  d if f ic u lt  to  s to p .

B u llo c k  & W a lls  (1977) te s te d  a v a r ie ty  o f  t e r m in a to r s ,  i .  e ,

0. 5 N , 1. 0 N  and  2 . 0 N  N a OH, 10% fo r m a lin , 2% N a N ^, 3%

H^O^ and a b so lu te  a lc o h o l ,  but none o f  th em  m a r k e d ly  d e c r e a s e d

th e  c o lo u r  ch a n g e . T h ey  co n c lu d ed  that th is  c o lo u r  d e v e lo p m e n t

w a s  due to  sp o n ta n eo u s  a lte r a t io n  o f the s u b s tr a te  and n ot due to

con tin u ed  e n z y m e  a c t iv i ty .

(2) 3^3* d ia m in o b e n z id in e  t e tr a c h lo r id e  + h y d ro g en  p e r o x id e  

(BD H  C h e m ic a ls  L t d .) .

O r ig in a lly  d e v is e d  fo r  u s e  In h is to lo g y  fo r  p e r o x id a s e  s ta in in g  

(A v r a m e a s  & T e r n y n c k , 19 71).

P r o d u c e s  a lig h t  to  d ark  b row n  co lo u r  ch an ge and  a d a rk  b row n  

p r e c ip ita te .  N o t su ita b le  fo r  u s e  in  E L ISA  a s  it  i s  e x tr e m e ly  

s u s c e p t ib le  to  o x id a tio n ,

(3) o -p h e n y le n e d ia m in e  h y d r o c h lo r id e  + h y d ro g en  p e r o x id e .

B y  fa r  th e  b e s t  su b s tr a te  t e s te d  fo r  u s e  w ith  p e r o x id a s e  

c o n ju g a te s  b e c a u s e  it  p r o d u c e s  a c le a r ly  o b s e r v a b le  p a le  y e l lo w  

to  d ark  o r a n g e  c o lo u r  ch an ge in  a p o s it iv e  r e a c t io n . T h e  c o lo u r  

can  b e rea d  v is u a l ly  o r  s p e c tr o p h o to m e tr ic a l ly  a t  492  n m .

A l l  m a n ip u la tio n s  o f o -p h e n y le n e d ia m in e  sh ou ld  b e  p e r fo r m e d  in  

subdued  lig h t ,  in c lu d in g  th e f in a l r e a c t io n  in cu b a tio n  p e r io d .

T h is  s u b s tr a te  w a s  found to  b e a d m ir a b ly  su ite d  fo r  u s e  in  E L ISA .

It i s  su p p lied  in  ta b le t  fo r m  by O rganon  L a b o r a to r ie s  in  th e ir  

" H ep an ostik a"  m ic r o -E L IS A  k it fo r  H e p a tit is  B s u r fa c e  a n tig en  

d e te c t io n  but the su b s tr a te  i s  not a v a ila b le  s e p a r a te ly  fr o m  O rg a n o n .



O -p h e n y le n e d ia m in e  is  a v a ila b le  fr o m  BDH C h e m ic a ls  L t d . ,  

but i s  d if f ic u lt  to  d is s o lv e  and , lik e  a l l  th e  s u b s tr a te s  m en tio n ed  

a b o v e , i s  c a r c in o g e n ic .

(4) 2^2’- A z in o - d i - ( 3 - e t h y l  b e n z th lo lin e  su lp h o n ic  a c id ) .

T h is  is  a n ew  n o n -c a r c in o g e n ic  su b s tr a te  fo r  u s e  w ith  p e r o x id a s e  

c o n ju g a te s  w h ich  h a s  r e c e n t ly  (1978) b e e n  in tro d u ced  by S ig m a  

C h e m ic a l C om p an y  L td ,

It p r o d u c e s  a g r e e n  c o lo u r  in  th e  p r e s e n c e  o f  H^O^ to  in d ica te  

a  p o s it iv e  r e a c t io n . It i s  a ls o  su ita b le  e i th e r  fo r  v is u a l  

d e te r m in a t io n  o r  can  b e  m e a s u r e d  s p e c tr o p h o to m e tr ic a l ly  a t  650 n m . 

B , A lk a lin e  p h o sp h a ta se  con ju gated  goat an ti -h u m an  IgG ,

(M ile s -Y e d a  L td . )

A lk a lin e  p h o sp h a ta se  c a t a ly s e s  th e  h y d r o ly t ic  c le a v a g e  o f  p h o sp h o r ic  

a c id  e s t e r s  (L in h ard t & W a lte r , 1965).

e . g .  R -  O -  PO gH g + HgO - H^PO^ + R -  OH

s u b s tr a te  P h o sp h a te  R e s id u e

S u ita b le  s u b s tr a te s  fo r  u s e  in E L ISA  a r e  th o se  w h o se  p h o sp h a te  f r e e  

r e s id u e s  a r e  c o lo u r e d  a t  a lk a lin e  pH ,

A fte r  a  p r e d e te r m in e d  in cu b a tio n  p e r io d , th e r e fo r e ,  th e a s s a y  m ix tu r e  

is  r e n d e r e d  s tr o n g ly  a lk a lin e  w ith  3 M Na OH, T h e c o lo u r  i s  fo r m e d  

and th e e n z y m e  i s  c o m p le te ly  in h ib ited  b y  th e a lk a l i .

(l) T h y m o lp h th a le in  m o n o p h o sp h o r ic  a c id  (D iso d iu m  sa lt)  (S igm a  

C h e m ic a l C o m p a n y  L td .) ,

T h is  s u b s tr a te  i s  in i t ia l ly  g o ld e n -y e llo w  in  c o lo u r  but w hen  

th e  e n z y m e  r e a c t io n  is  f in a lly  stopp ed  w ith  s tr o n g  a lk a li ,  the  

u n r e a c te d  s u b s tr a te  tu rn s  c o lo u r le s s  and p o s it iv e  r e s u l t s  a r e  

in d ic a te d  b y  th e d e v e lo p m e n t o f a dark  b lu e  c o lo u r .



T h e c le a r  to d ark  b lu e  ra n g e  o f  co lo u r  d e v e lo p m e n t m a k e s  it  

an  e x c e l le n t  su b s tr a te  fo r  u s e  w hen  r e s u lt s  a r e  to  b e  d e te r m in e d  

by v is u a l  o b s e r v a t io n  a lo n e .

F o r  q u a n tita tiv e  r e s u l t s ,  s p e c tr o p h o to m e tr ic  a n a ly s is  sh ou ld  b e  

p e r fo r m e d  a t 619 n m .

I ts  o n ly  d isa d v a n ta g e  i s  i t s  r e q u ir e m e n t o f  a lo n g -c o n ju g a te /  

su b s tr a te  in cu b a tio n  t im e  (18 h o u r s ) ,

(N ote; T h e m a g n e s iu m  s a lt  o f  th y m o lp h th a le in  m o n o p h o sp h o r ic  

a c id  i s  d if f ic u lt  to  d i s s o lv e  and i s  th e r e fo r e  n o t a s  su ita b le  a s  

th e  d is  od iu m  s a lt ) ,

(2) p -N itr o p h e n y l p h o sp h a te  (D iso d iu m  s a lt ) ,

(S igm a  C h e m ic a l C om p an y  L td , )

T h is  i s  th e  m o s t  w id e ly  e m p lo y ed  su b s tr a te  fo r  u s e  w ith  a lk a lin e  

p h o sp h a ta se  c o n ju g a te s . T h e op tim u m  r e a c t io n  t im e  i s  v e r y  

sh o r t  (2 0 -6 0  m in u te s )  and p o s it iv e  r e a c t io n s  g iv e  a le m o n  c o lo u r e d  

p ro d u ct fr o m  th e  o r ig in a l c le a r  s u b s tr a te .

A lth ou gh  r e s u l t s  a r e  p e r h a p s  n ot a s  e a s i l y  rea d  v is u a l ly  a s  th o se  

o f  th y m o lp h th a le in  m o n o p h o sp h o r ic  a c id  (a s itu a t io n  c o n fir m e d  

b y  B u llo c k , e t ,  a l ,  1977) it  i s  r e l ia b ly  m e a s u r e d  

s p e c tr o p h o to m e tr ic a l ly  a t 405  n m .

C o n c lu s io n

B oth  e n z y m e - la b e l le d  co n ju g a te s  ( i . e .  H o r se  r a d ish  

p e r o x id a s e  and a lk a lin e  p h o sp h a ta se )  a r e  e q u a lly  su ite d  fo r  u s e  in  

E L ISA  fo r  IgG  d e te r m in a t io n .

(It sh ou ld  b e n o ted , h o w e v e r , that a lth o u g h  p e r o x id a s e  

la b e l le d  c o n ju g a te s  to  m a n y  a n im a l and hum an im m u n o g lo b u lin s  a r e  

r e a d ily  a v a ila b le  c o m m e r c ia l ly ,  th e  ran ge o f  c o m m e r c ia l ly  p ro d u ced



a lk a lin e  p h o sp h a ta se  la b e l le d  c o n ju g a te s  is  r e la t iv e ly  l im ite d ) .

O “p h e n y le n e d ia m in e  is  the su b s tr a te  o f c h o ic e  fo r  u s e  w ith  

p e r o x id a s e  c o n ju g a te s , a s  it le n d s  i t s e l f  to both  v is u a l  and  s p e c tr o s c o p ic  

d e te r m in a t io n , but its c a r c in o g e n ic  n a tu re  m u st  be r e c o g n is e d  a s  a 

d isa d v a n ta g e .

T h y m o lp h th a le in  m o n o p h o sp h o r ic  a c id  is  the id e a l s u b s tr a te  fo r  a lk a lin e  

p h o sp h a ta se  la b e l le d  c o n ju g a te s  w hen  la c k  o f  a sp e c tr o p h o to m e te r  o r  

p la te  r e a d e r  n e c e s s i t a t e s  v is u a l  rea d  out. A  d isa d v a n ta g e  l i e s  in  th e  

fa c t  th a t th e  a s s a y  r e q u ir e s  an  o v e r n ig h t in cu b a tio n  p e r io d .

T h e  m o s t  s u ita b le  co m b in a tio n  o f  con ju gate  and s u b s tr a te  fo r  u s e  

in  E L ISA  w a s  found to be a lk a lin e  p h o sp h a ta se  con ju g a ted  g o a t a n t i -  

hum an  IgG  and p -N itr o p h e n y l p h o sp h a te  s u b s tr a te .  T h is  a l lo w s  a sh o r t  

a s s a y  p r o c e d u r e  (a p p r o x im a te ly  5 h o u rs) and is  e a s i l y  d e te r m in e d  

c o lo r  im e t r ic a l ly ,

IV W a sh in g  p r o c e d u r e s

W ith a h e te r o g e n e o u s  e n z y m e  a s s a y  w h e r e  th e  e n z y m e  la b e l  is  

d e te r m in e d  in  th e  s o lid  p h a se  (su c h  a s  th e  in d ir e c t  E L ISA  tech n iq u e)  

th e  p r o c e d u r e  fo r  w a sh in g  th e so lid  p h a se  su p p ort m u s t  be g iv e n  

c o n s id e r a b le  a tte n tio n . In c o m p le te  r e m o v a l o f unbound co m p o n en ts  

o f  the r e a c t io n  s y s t e m  w i l l  s e r io u s ly  a ffe c t  the a c c u r a c y  and p r e c is io n  

o f  th e a s s a y  (S ch u u r s, e t .  a l . ,  1977). F o llo w in g  the o r ig in a l  p r o c e d u r e  

o f  E n g v a ll , e t .  a l ,  (1971) m o s t  in v e s t ig a to r s  now  w a sh  the su p p o rt 3 t im e s  

w ith  p h o sp h a te  b u ffe r e d  s a lin e  con ta in in g  a w ettin g  a g e n t su ch  a s  0. 05% 

p o ly s o r b a te  20 (T w een  20) o r  P B S -T w e e n . T h is  so lu tio n  i s  a ls o  u se d
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fo r  d ila t io n  o f  t e s t  s e r a  and co n ju g a te  in  the c o u r s e  o f  a n  E L ISA  r e a c t io n  

to  m in im is e  n o n - s p e c i f ic  b in d in g  o f  p r o te in s  to th e  so lid  p h a se  s u r fa c e .

T h e g r e a te s t  c a r e  m u st  b e  tak en  during a l l  w a sh in g  p r o c e d u r e s  

to  e n su r e  th a t th e r e a c ta n ts  on th e so lid  p h a se  c a r r ie r  a r e  n ot s c r a p e d  

o ff  by d is p e n s e r s  w h ich  m ig h t co m e  in to  co n ta c t w ith  th e  su r fa c e  o f  the  

so lid  p h a se  su p p o rt. E q u ip m en t i s  now  a v a ila b le  c o m m e r c ia l ly  w h ich  

can  b oth  in tro d u ce  and a s p ir a te  th e  w a sh  so lu tio n  e ith e r  m a n u a lly  o r  

a u to m a t ic a lly ,

A  s m a ll  m a n u a lly  o p e r a te d  m ic r o t it r e  p la te  w a sh e r  w a s  

e v a lu a te d  fo r  u se  in  E L ISA  (D yn atech  AM  50 M ic r o w a sh ) but it  w a s  

found th a t m u ch  o f the w a sh  flu id  w a s  s p ille d  o v e r  th e  p la te  d u rin g  th e  

w a s h e s ,  r e s u lt in g  in  co n ta m in a tio n  o f n e ig h b o u rin g  w e l l s .

W ith h o r s e  r a d ish  p e r o x id a s e  c o n ju g a te s , in  p a r t ic u la r ,  su ch  

c r o s s  co n ta m in a tio n  fr o m  on e w e l l  to  an o th er  d u rin g  th e w a sh in g  

p r o c e d u r e  cou ld  e a s i ly  in tro d u ce  f a ls e  p o s it iv e  r e s u l t s  to  n e g a t iv e  w e l l s  

in  a m ic r o t i t r e  p la te .

M o re  e la b o r a te  (and e x p e n s iv e )  a u to m a tic  p la te  w a s h e r s  a r e  

now  a v a ila b le  fr o m  D y n a te ch  L a b o r a to r ie s  L td . and O rgan on  T ek n ick a  

L td . w h ich  h a v e  th e a d v a n ta g e  o f co n ta in in g  th e a s p ir a te d  f lu id  in  a 

w a s te  c o n ta in e r , th e  c o n te n ts  o f w h ich  can  la te r  be d is p o s e d  o f  s a fe ly ,  

but th e s e  m a c h in e s  a r e  s t i l l  a t th e  d e v e lo p m e n t s ta g e .  T h e fo llo w in g  

p r o c e d u r e  w a s  th e r e fo r e  ad op ted  fo r  u se  in the p r o je c t .

A fte r  th e  a p p r o p r ia te  in cu b a tio n  p e r io d s ,  the co n ten ts  o f  the  

w e ll s  w e r e  sh ak en  out o f th e  p la te  in to a p o w e rfu l o x id is in g  a g en t  

so lu tio n  (C h lo r o s ) , T h is  p r o c e d u r e  w as p e r fo r m e d  in  a s a fe ty  c a b in e t



f it te d  w ith  an e x tr a c to r  fan  to  a v o id  r e le a s in g  a e r o s o ls  o f  in fe c t iv e  

m a te r ia l  in to th e  a tm o sp h e r e  o f  th e  la b o r a to r y . T h e w e l l s  w e r e  th en  

in o c u la te d  w ith  0, 3 m l  o f P B S -T w e e n  fro m  an 8 -c h a n n e l p ip e tte  

(T ite r te k  M u ltich a n n e l P ip e t te ,  F lo w  L a b o r a to r ie s ) .

A fte r  in cu b a tio n  o f  th e  w a sh  flu id  a t ro o m  te m p e r a tu r e  fo r  

5 m in u te s ,  the c o n te n ts  o f  th e  w e l l s  w e r e  a g a in  sh ak en  out and the  

p r o c e d u r e  a b o v e  w a s  r e p e a te d  tw ic e .  A fte r  th e  th ir d , 5 m in u te  

in cu b a tio n  p e r io d , th e  w e l l s  w e r e  sh ak en  d r y  p r io r  to  in o c u la tio n  w ith  

th e  n e x t  r e a c ta n t  in  th e  t e s t .

N o f a l s e  p o s it iv e  o r  n e g a t iv e  r e s u lt s  h a v e  y e t  b e e n  e n c o u n te r e d  

w h ich  cou ld  b e a ttr ib u te d  to  th is  w a sh in g  p r o to c o l,

V O p tim a l -  T e m p e r a tu r e  o f  a n tig e n -a n tlb o d y  r e a c t io n s

F r o m  th e  in tro d u ctio n  o f  th e E L ISA  te c h n iq u e , 3 te m p e r a tu r e s  

h a v e  b een  e m p lo y e d  fo r  s e r u m  and con ju gate  in c u b a tio n s . V o i le r ,  e t .  a l ,  

(1976) s u g g e s te d  r o o m  te m p e r a tu r e  (16°C) in cu b a tio n  (s e r u m  fo r  2 h o u r s  

and co n ju g a te  fo r  3 h o u rs)  but p r o b le m s  in  the r e p r o d u c ib i l ity  o f  r e s u l t s  

w e r e  e n c o u n te r e d  w h ich  cou ld  be a ttr ib u ted  to  th e w id e  d e g r e e  o f  

f lu c tu a tio n  in h e r e n t  in  the c h o ic e  o f a m b ien t t e m p e r a tu r e ,

E n g v a ll ,  e t .  a l .  (1972) fa v o u red  25^C a s  In cu b ation  te m p e r a tu r e  

but 4 - 5  h o u r s  o f in cu b a tio n  w e r e  re q u ir e d  fo r  th e  o p t im a l b in d in g  o f  

both a n t is e r u m  and co n ju g a te  a n t ib o d ie s . W hen w a sh in g  and  su b s tr a te  

r e a c t io n  t im e s  w e r e  ta k en  in to  a cco u n t it  m ea n t th a t in p r a c t ic e ,  th e ir  

a s s a y  p r o c e d u r e  to o k  24  h o u r s  to  c o m p le te ,

G ilm a n , e t , a l .  (1977) stu d ied  th e  p r o b le m  in  d e ta i l  and h a v e  

show n  th a t, fo r  H e r p e s  S im p le x  ty p e s  1 and 2 , th e  s p e c if ic  a c t iv i ty  o f



E L ISA  is  a f fe c te d  b y  th e te m p e r a tu r e  o f both the se r u m  and con ju gate  

in cu b a tio n s  ( s e e  F ig u r e  14 ).

R e p lic a te  a s s a y s  o f a h igh  d ilu tio n  o f  a s tr o n g ly  " p o sitiv e"  

a n t is e r u m  to  HSV w e r e  in cu b ated  a t  v a r io u s  te m p e r a tu r e s  du rin g  

both th e  s e r u m  and con ju gate  in cu b a tio n  p e r io d s .  A fte r  a 30 m in u te  

r e a c t io n  w ith  s u b s tr a te  a t ro o m  te m p e r a tu r e , th e v i r u s - s p e c i f i c  

a c t iv i t ie s  w e r e  d e te r m in e d  fo r  e a c h  te m p e r a tu r e . T h e s p e c if ic  

a c t iv i ty  w a s  found to  in c r e a s e  w ith  in c r e a s in g  te m p e r a tu r e  to  a 

m a x im u m  a t  3 7 °C , L ow  l e v e l s  o f  a c t iv i ty  a t lo w  in cu b a tio n  te m p e r a tu r e s  

w e r e  a ttr ib u te d  to  in c o m p le te  b in d in g  o f a v a ila b le  a n tib o d y . T he  

d e c r e a s e  in  a c t iv i ty  a t  h ig h e r  te m p e r a tu r e s  w e r e  c o n s id e r e d  to b e  

due to  a c o m b in a tio n  o f  fa c to r s  w h ich  in c lu d e  te m p e r a tu r e  d én a tu ra tio n  

e f f e c t s ,  p o s s ib le  d is s o c ia t io n  o f the e n z y m e -a n t i g lo b u lin  c o m p le x  and  

p ro b a b le  r e l e a s e  of v ir a l  a n t ig e n s  fr o m  th e  so lid  p h a se  su p p ort a t  th e s e  

e le v a te d  te m p e r a tu r e s .

S in c e  t h e s e  o b s e r v a t io n s  w e r e  thought to  be r e la te d  to  the  

a n tig e n -a n t ib o d y  r e a c t io n , th ey  can  a l s o  p ro b a b ly  be a p p lie d  to  E L ISA  

te c h n iq u e s  in  g e n e r a l .

A  te m p e r a tu r e  o f 37°C  (2 h o u rs)  w a s  a d op ted  fo r  ro u tin e  

in cu b a tio n  o f  both se r u m  and co n ju g a te  in a l l  the E L ISA  e x p e r im e n ts  

p e r fo r m e d  in  th e  c o u r s e  o f  th is  p r o je c t .

VI D e te r m in a t io n  o f  R e s u lt s

W h ere  a " y e s /n o "  r e s u lt  on ly  i s  r e q u ir e d , v is u a l  a s s e s s m e n t  

of E L ISA  t e s t s  m a y  be a d eq u a te . S e m i-q u a n tita t iv e  v is u a l  r e a d in g s



ca n  b e  a c h ie v e d  b y  t e s t in g  a s e r i e s  o f d ilu tio n s  o f  the t e s t  sa m p le  and  

e s ta b lis h in g  th e end p o in t a s  th e  d ilu tio n  w hich  p r o d u c e s  no d is c e r n a b le  

s u b s tr a te  c o lo u r . T he r e l ia b i l i t y  o f th is  p r o c e d u r e  d e p e n d s , o f  c o u r s e ,  

on th e  su b s tr a te  u se d  ( s e e  S e c t i o n  HI) and on th e v is u a l  a c u ity  o f  th e  

o p e r a to r .

W h ere  m o r e  p r e c i s e  r e a d in g s  a r e  r e q u ir e d , it  i s  n e c e s s a r y  

to m e a s u r e  d eg ra d a tio n  o f  th e  su b s tr a te  in a s p e c tr o p h o to m e te r .

H o w e v e r , th e r e  is  no g e n e r a l ly  a c c e p te d  w ay  o f  e x p r e s s in g  E L ISA  r e s u lt s  

and  a few  p o s s ib le  m e th o d s  a r e  l i s t e d  b e lo w ,

a ) A  ra n g e  o f  a b so r b a n c e  v a lu e s  g iv e n  by the s e r a  o f a Icnown n o r m a l  

u n in fec ted  p o p u la tio n  i s  d e te r m in e d . T h e m e a n  a b s o r b a n c e  r e a d in g  

i s  a c c e p te d  a s  th e  n e g a t iv e  v a lu e . F u r th e r  unknown s e r a  a r e  th e n  

c la s s i f i e d  a s  p o s it iv e  i f  a b o v e  and n e g a tiv e  if  eq u a l to  o r  b e lo w  th is  

v a lu e  (V o ile r , e t ,  a l . , 1976).

b) T h e r a tio  o f  th e  o p t ic a l d e n s ity  ( O . D , )  o f th e t e s t  s a m p le  to  a grou p  

o f know n r e fe r e n c e  n e g a t iv e s  i s  d e te r m in e d  (W a lte r s , e t ,  a l ,  1976).

c) T h e  a c tu a l c o n c e n tr a tio n  o f  th e  su b sta n c e  b e in g  d e te r m in e d  is  

ob ta in ed  b y  r e f e r r in g  to a sta n d a rd  cu rv e  p r e p a r e d  b y  p lo tt in g  

O . D .  v a lu e s  o f  a s e r i e s  o f  r e f e r e n c e  sa m p le s  c o n ta in in g  d if fe r e n t  

a m o u n ts  o f  th e  su b s ta n c e  (S tim so n , e t ,  a l ,  1974),

d) A l l  unknow n s e r a  can  b e  t itr a te d  b y  s e r ia l  d ilu t io n . A n  a r b itr a r y  

a b so r b a n c e  v a lu e  is  th en  c h o se n  and the d ilu tio n  o f  s e r u m  y ie ld in g  

su ch  an  a b so r b a n c e  v a lu e  i s  th e  " titre" .

F o r  th e  p u r p o se s  o f  th is  p r o je c t ,  a s lig h t  m o d if ic a t io n  o f  

th is  la s t  p r o c e d u r e  w a s  ad op ted  -  m a in ly  fo llo w in g  the m eth o d  d e s c r ib e d  

b y  G ilm a n , e t .  a l ,  (1977), a s  fo l lo w s : -



S e r ia l  d ila t io n s  o f  unknown a n t is e r a  w e r e  p r e p a r e d  in  P B S -T w e e n ,

The t i t r e  w a s  r e c o r d e d  a s  the r e c ip r o c a l  o f th e  h ig h e s t  d ilu tio n  

r e s u lt in g  in  an  a b so r b a n c e  o f  ^  0. 2 a b so r b a n c e  u n its  ab o v e  th at a c h ie v e d  

b y  th e  s a m e  d ilu t io n  o f  s e r u m  w h en  p r o c e s s e d  in  an  id e n t ic a l  m a n n er  . 

but u s in g  u n in fec ted  t i s s u e  c u ltu r e  c e l l s ,

VII E L ISA  p la te  r e a d e r  E v a lu a tio n

T w o d if fe r e n t  p r o c e d u r e s  fo r  the q u a n tita tiv e  r ea d in g  o f  

E L IS A  r e s u lt s  h a v e  b e e n  d ev e lo p e d :

(a) T h e  f i r s t  p r o c e d u r e  in v o lv e d  a s p ir a t in g  th e  s u b s tr a te ,  a t  th e  

end o f th e  r e a c t io n , fr o m  th e  s o lid  p h a se  su p p o rt and p a s s in g  

i t  th ro u g h  a c o n v e n tio n a l sp e c tr o p h o to m e te r  c a lib r a te d  to th e  

a p p r o p r ia te  w a v e le n g th . T h e ad van tage  o f  th is  s y s te m  l i e s  in  

th e  fa c t  th a t r e a d in g s  a r e  m a d e  in the s p e c tr o p h o to m e te r 's  

ow n o p t ic a l ly  p e r fe c t  c u v e t te s .  It i s ,  h o w e v e r , a le n g th y  

p r o c e d u r e  and e r r o r s  m a y  b e  in tro d u ced  fr o m  d e te r io r a t io n  

o f  th e  s u b s tr a te  w ith  t im e ,  fr o m  in a c c u r a te  p ip e tt in g  and  fr o m  

a  v a r ie ty  o f  o th e r  r e a s o n s .

A u to m a tic  a s p ir a t io n  typ e  E L ISA  r e a d e r s  a r e  a v a ila b le  

c o m m e r c ia l ly  (D yn atech  L td . ) and th e s e  g r e a t ly  in c r e a s e  th e  

sp e e d  w ith  w h ich  r e a d in g s  can  be p e r fo r m e d  (a p p r o x im a te ly  

15 m in u te s  fo r  a 96 w e l l  m ic r o t i t e r  p la te )  but th e u se  o f the  

sa m e  fe e d  l in e s  and c u v e tte s  w ith in  th e s p e c tr o p h o to m e te r ,  

fo r  a l l  th e  E L ISA  s a m p le s ,  m e a n s  th at th e r e  i s  a d a n g er  o f  

c r o s s  co n ta m in a tio n  b e tw e e n  s a m p le s .



(b) T h e  o th e r  a u to m a ted  m eth od  fo r  d e te r m in in g  E L ISA  a b so r b a n c e  

v a lu e s  in  m ic r o t i t e r  p la te s  u s e s  a s p e c ia l ly  d e s ig n e d  

sp e c tr o p h o to m e te r  w ith  a v e r t i c a l  lig h t  p a th . R e a d in g s  

can  th e r e fo r e  b e d e te r m in e d  w ith  th e  s u b s tr a te  r e m a in in g  

in  th e w e l l s  o f  th e  r e a c t io n  p la te .  T h e eq u ip m en t ev a lu a ted  

w a s a t i te r te k  M u lti skan  p la te  r e a d e r  d e v e lo p e d  in  F in la n d  

fo r  F lo w  L a b o r a to r ie s  L t d . , S co tla n d . It w a s  d e s ig n e d  fo r  

u se  w ith  E L ISA  in  m ic r o t it e r p la te s  and c o n s is t s  o f  an  8 -  

c h a n n e l p h o to m e te r  w h ich  s im u lta n e o u s ly  m e a s u r e s  th e  

a b s o r b a n c e s  o f  th e  c o n te n ts  o f  e ig h t w e l ls  (1 co lu m n ) o f a 96  

w e l l  (12 c o lu m n )m ic r o t ite r  p la te

T h e  r e a d in g s  a r e  p r in ted  onto p a p er  tap e  in  th e fo r m  o f  

a b so r b a n c e  u n its  to  3 d e c im a l p la c e s .  A l l  th e  M u lti skan  

r e s u l t s  qu oted  in th is  t h e s i s  a r e  th e r e fo r e  in  th e  fo r m  o f  

a b s o r b a n c e  u n its .

T h is  s y s t e m  h a s  3 m a in  a d v a n ta g e s  o v e r  th e  a s p ir a t io n  typ e  

s y s t e m .

1) It r e a d s  a 96 w e l l  m ic r o t i t r e  p la te  in  60 s e c o n d s .

2) E r r o r s  a r e  u n lik e ly  to  b e in tro d u ced  b y  su b s tr a te  

d e te r io r a t io n ,

3) A s  th e  c o n te n ts  o f  th e  w e l l s  a r e  not a s p ir a te d  th rou gh  fe e d  

l i n e s ,  th e r e  i s  no d a n g er  o f c r o s s -c o n ta m in a t io n  b e tw een  

s a m p le s  ( e .g .  f lu id  r e m a in in g  in  th e tube o f  a 

sp e c tr o p h o to m e te r ) .

O b je c t io n s  h a v e  b e e n  r a is e d ,  h o w e v e r , to  th e  fa c t  th a t th e r e a d in g s  

a r e  d e te r m in e d  th rou gh  th e  b a s e  o f the p la s t ic  p la te ,  w h ich  is  

n o t o p t ic a l ly  p e r fe c t .
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It is  c la im e d , h o w e v e r , that th e  in s tr u m e n t d e s ig n  o v e r c o m e s  

th e  p o te n t ia l o p t ic a l in fe r io r ity  o f the p la s t ic .

B e fo r e  th is  eq u ip m en t w a s  a c c e p te d  fo r  ro u tin e  u s e  in  E L ISA , 

i t s  a c c u r a c y  and r e l ia b i l i t y  w a s  in v e s t ig a te d  in  th e  fo llo w in g  

s e r i e s  o f e x p e r im e n ts ,

A , P e r fo r m a n c e  o f  th e  M u lti skan  r e a d e r

T h e  M u lti sk an  r e a d e r  w a s  "blanked" and  run w ith ou t a p la te  

in  p o s it io n . T h e  r e a d in g s  p ro d u ced  w e r e  th e r e fo r e  a m e a s u r e  o f  

th e  in h e r e n t v a r ia t io n s  in  th e  m a c h in e  i t s e l f .

R e s u l t s  : T a b le  8

T h e  v a lu e s  o b ta in ed  ran ged  fr o m  0. 002 to  9 . 9 9 9 . W hen th is  

p r o c e d u r e  w a s  r e p e a te d , th e  r e s u lt s  sh ow n  in  T a b le  9 

w e r e  o b ta in ed . T h e s e  ra n g ed  fr o m  0 .0 0 2  to  9 .9 9 8 .  

(A b so rb a n ce  r e a d in g s  w h ich  a r e  " n ega tive"  r e la t iv e  to  th e  

b lan k  0 , 000 a r e  r e c o r d e d  in  d e sc e n d in g  n u m e r ic a l  v a lu e  fr o m  

9 .9 9 9 ) .

C o m p a r iso n  o f  th e  tw o s e t s  o f  f ig u r e s  r e v e a le d  th a t th e  

d is c r e p a n c ie s  a b o v e  and b e lo w  w hat w a s  b e lie v e d  to  b e th e  

tr u e  v a lu e  o f 0 , 000 o c c u r r e d  r a n d o m ly . T h e in h e r e n t e r r o r  

o f  th e  M u lti sk an  r e a d e r  i t s e l f  w a s  th e r e fo r e  -  0 , 0 0 2 .

B . P e r fo r m a n c e  w ith  D y n a tech  m ic r o t i t e r  p la te s  (em p ty)

A n  em p ty  D y n a tech  m ic r o t i t e r  p la te  w a s  p la c e d  in  th e  m a c h in e  

and "blanked" by rea d in g  O .D , fr o m  th e f ir s t  em p ty  co lu m n . T h e  

a b s o r b a n c e  v a lu e s  fr o m  th e  r e m a in d e r  o f  the c o lu m n s  w e r e  th en  

m e a s u r e d .



R e s u lt s  : T a b le  10

In th is  e x p e r im e n t  the la r g e s t  ran d om  v a r ia t io n  o b s e r v e d ,  

a ttr ib u ta b le  to  the p la te  c o n s tr u c t io n  and not to  d ir t , w a s

0. Oil in  co lu m n  7 row  7. T h e la r g e  a b so r b a n c e  rea d in g  

in  co lu m n  4 row  6 (0 , 035) w a s  found to b e  due to  an  opaque  

a r e a  o f  p la s t ic  in  the b a s e  o f  th is  w e ll .

W hen t h e s e  r e s u l t s  a r e  c o m p a red  w ith  th o se  fr o m  

E x p e r im e n t  A  a b o v e , it  i s  o b v io u s  th a t the u s e  o f  th e  

D y n a tech  p la te s  in c r e a s e d  th e in h ere n t M u lti skan  e r r o r  o f  

i  0 , 002 to  t  0. Oil.

C o n c lu s io n

R ea d in g  r e s u l t s  to  2 d e c im a l p la c e s  m u st  be r e g a r d e d  a s

+h a v in g  an  e r r o r  o f a t l e a s t  -  0 , 01 a b so r b a n c e  u n its  w hen  

D y n a tech  m ic r o t i t e r  p la te s  a r e  u se d . T h e  m ic r o t i t e r  p la te s  

m u s t  a ls o  b e  c a r e fu l ly  e x a m in ed  b e fo r e  u s e  to  e n su r e  th a t  

no w e l l  b a s e s  a r e  s e r io u s ly  d a m a g ed .

C . P e r fo r m a n c e  o f M u lti sk an  w ith  p la te  and s u b s tr a te

W hen a n y  liq u id  i s  added  to  th e  p la te  w e l l s ,  a n o th er  p o te n t ia l  

v a r ia b le  i s  in tro d u ced  to  th e  sp e c tr o p h o to m e tr ic  s y s t e m  b e c a u s e  w hen  

a so lu tio n  o f  s u b s tr a te  i s  p la c e d  in  th e  path  o f a b e a m  o f  lig h t  (of 

a p p r o p r ia te  w a v e len g th ) th e  in te n s ity  o f the lig h t  a f te r  p a s s in g  th rou gh  

th e  so lu tio n  (l) w i l l  d epend  upon th e in te n s ity  o f th e  l ig h t  a f te r  p a s s in g  

th rou gh  an  e q u iv a le n t  co lu m n  o f so lv e n t  (lo ), th e  th ic k n e s s  o f th e  co lu m n  

o f s o lu tio n  (1) and the c o n c e n tr a tio n  o f  the s u b s tr a te  in  m g /m l  (c) 

a c c o r d in g  to th e B e e r -L a m b e r t  L aw .
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log-ĵ O = k c 1 (K abat and M a y e r , 1964)

w h e r e  k i s  a c o n sta n t c a lle d  th e s p e c if ic  e x t in c t io n .

S in c e  th e  p a th len g th  (1) a f f e c t s  th e  a b so r b a n c e  r e a d in g , th e  

am ou n t o f liq u id  p r e s e n t  in  th e w e l l  o f  a m ic r o t it e r  p la te  i s  a c r i t ic a l  

fa c to r  in  th e p r o d u c tio n  o f  r e l ia b le  r e s u l t s .  T h e a c c u r a c y  o f  p ip e ttin g  

o f  r e a g e n ts  w i l l ,  th e r e fo r e ,  b e  o f p r im e  im p o r ta n c e  to  e n s u r e  that 

th e  v o lu m e  o f liq u id  p r e s e n t  in  a l l  th e w e lls  p r io r  to p h o to m e tr ic  

e v a lu a tio n  i s  th e  s a m e .

T h is  b a s ic  a s su m p tio n  w a s  p ro v ed  by th e fo llo w in g  e x p e r im e n t ,  

A  0, 005% so lu tio n  o f  naphtha le  in b la ck  d ye w a s  p r e p a r e d  

in  d is t i l l e d  w a te r . T h e f i r s t  co lu m n  o f w e l l s  in  a m ic r o t i t e r  

p la te  w a s  le f t  em p ty  so  a s  n ot to in tro d u ce  a p a th len g th  e r r o r  

in to  th e  b la n k  w e l l s  (o th er  than  th e s lig h t  d is c r e p a n c ie s  

a r is in g  fr o m  th e  v a r ia t io n s  in th ic k n e s s  o f  th e  p la s t ic  b a s e ) ,  

100^1 o f  n a p h th a le in  b la c k  so lu tio n  fr o m  a c a lib r a te d  

F in n p ip e tte  (J en co n s  S c ie n t i f ic  In s tr u m e n ts  L t d ,)  w e r e  

in tro d u ced  in to  e a c h  w e l l  o f  co lu m n  2 , 1 5 ^ 1  w e r e  ad d ed  to

th e  w e l l s  o f  co lu m n  3 and in  co lu m n  4 , 5 C^l to  1 0 ^ 1  o f  

n a p h th a le in  b la c k  so lu tio n  w e r e  added in  lO jjl  in c r e m e n ts  fr o m  

ro w  1 to ro w  6 r e s p e c t iv e ly .

T h e O .D . o f  th e  p la te s  w e r e  th en  read  th r e e  t im e s  in  th e  

M u lti sk an  p la te  r e a d e r  a t  619 n m .

R e s u lt s  : T a b le  11

D is c r e p a n c ie s  o f  up to 0 .0 3  a b so r b a n c e  u n its  w e r e  r e c o r d e d  

on rea d in g  th e lO O ^l a liq u o ts  o f  n ap h th a le in  b la c k  so lu tio n  

(co lu m n  2) a t  619 n m . T h is  d is c r e p a n c y  in c r e a s e d  to  0 , 05 

a b s o r b a n c e  u n its  w hen  th e  la r g e r  v o lu m e s  o f I5 0 y jl (co lu m n  3)
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w e r e  rea d  in  th e  M n ltisk a n  r e a d e r .

R e p lic a te  r e a d in g s  (I, II and III) o f  th e  10(^ 1  and ISO jjl 

r e s u lt s  p ro d u ced  o n ly  s m a ll  v a r ia t io n s , th e  m a x im u m  b e in g  

0 , 01 a b so r b a n c e  u n its .

F r o m  th e  r e s u l t s  in  co lu m n  4 , th e  IC^/l d if f e r e n c e s  In v o lu m e s  

p ro d u ced  a m e a n  in c r e a s e  o f  0 ,105  a b so r b a n c e  u n its .

C o n c lu s io n s

T h e  a m o u n t o f  liq u id  p r e s e n t  in  th e m ic r o t i t e r  p la te  w e l l s  i s  

a c r i t ic a l  fa c to r  in  th e o v e r a l l  a c c u r a c y  o f  th e  a b so r b a n c e  

rea d in g  s y s t e m .

A c c u r a te  p ip e ttin g  o f r e a g e n ts  is  c r i t ic a l  to  m in im is e  

d is c r e p a n c ie s .  In  v ie w  o f th is ,  th e  a c c u r a c y  o f  tw o d if fe r e n t  

ty p e s  o f p ip e tte  w a s  a s s e s s e d  fo r  p o s s ib le  u s e  in  th e E L ISA  

s y s t e m , -

D . A  C o m p a r iso n  o f  th e  p e r fo r m a n c e  o f  th e  tw o ty p e s  o f  a d ju sta b le  p ip e t te  

C o lu m n  1 o f  a  f r e s h  m ic r o t i t e r  p la te  w a s  le f t  e m p ty  to  a llo w  

fo r  "blanking"  o f  th e  M u lti skan  u n it. C o lu m n s 2 , 3 and 4  w e r e  in o c u la te d  

w ith  15(^ 1  o f  a  f r e s h  % so lu tio n  o f n ap h th a le in  b la c k  d is p e n se d  b y  a 

F in n p ip e t te . C o lu m n s 5, 6 and 7 w e r e  in o cu la te d  w ith  150^1  o f  th e  s a m e  

so lu tio n  d is p e n s e d  b y  a  F  ip e t m an  p ip e tte  m a n u fa c tu r ed  b y  G ilso n , in  

F r a n c e ,

T h e p la te  w a s  th en  rea d  a s  b e fo r e  a t  619 n m  in  th e  M u lti skan  

p la te  r e a d e r .

R e s u lt s  T a b le  12

W ith  th e  F in n p ip e tte  a  m e a n  d is c r e p a n c y  o f  0„ 042 a b s o r b a n c e  

u n its  w a s  p ro d u ced . T h e P lp e tm a n  in s tr u m e n t p ro d u ced  a m ea n  

d is c r e p a n c y  o f  0. 043 a b so r b a n c e  u n its . B oth  ty p e s  o f
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a d ju sta b le  p ip e tte  a r e  th e r e fo r e  eq u a lly  su ita b le  fo r  u s e  in

th e E L ISA  t e s t .

C o n c lu s io n s

T h e  M u lti ska n E L ISA  p la te  r e a d e r  is  a v e r y  r e l ia b le  in s tr u m e n t ,  

b e in g  a c c u r a te  to  w ith in  -  0 , 002 a b so r b a n c e  units*  H o w ev er ,  

due to in h e r e n t m a n u fa c tu r in g  d is c r e p a n c ie s  in  D y n a tech  p la te s  

and in  th e a d ju sta b le  d is p e n s e r s ,  the a c c u r a c y  o f  th e  in s tr u m e n t  

i s  r e d u c e d .

F r o m  th e  r e s u l t s  o f  E x p e r im e n t  D it w a s  co n c lu d ed  th a t a

r e a s o n a b le  s a fe ty  m a r g in  fo r  an  E L ISA  s y s t e m  w ou ld  a llo w  

hfo r  v a r ia t io n  b y  -  0 , 05 a b so r b a n c e  units* S in c e  su ch  a  

d is c r e p a n c y  m ig h t th e o r e t ic a l ly  o v e r la p  th e  0 ,1  a b so r b a n c e  

u n it d if f e r e n c e  b e tw e e n  p o s it iv e  and c o n tr o l w e l l s  p r e v io u s ly  

u se d  in  r e c o r d in g  E L ISA  t i t r e s ,  th e a b so r b a n c e  u n it v a lu e  

o f th e se r u m  end p o in t t i t r e  w a s  in c r e a s e d  to 0*2 a b so r b a n c e  

u n its  in  a l l  su b seq u en t e x p e r im e n ts  d e ta ile d  in  th e  m a in  

d is c u s s io n  s e c t io n  o f th is  t h e s i s ,

VIII S u m m a r y  o f th e  E L ISA  t e s t  ad op ted  fo r  a l l  su b seq u en t e x p e r im e n ts  

1, T h e e v e n  n u m b e red  co lu m n  w e l l s  (ex ce p t co lu m n  12) o f  a  D y n a tech  

m ic r o t i t e r  p la te  (M 29 A R) w e r e  ’’se n sit iz e d * ' b y  In o cu la tin g  th em  

w ith  15C^1 o f an  " o p tim a l” c h e c k e r b o a r d  p r e d e te r m in e d  d ilu tio n  

o f  a n tig e n  in  co a tin g  b u ffer  pH 9 . 6. A  s im ila r  d ilu t io n  o f  

u n in fec ted  t i s s u e  cu ltu re  c o n tr o l a n tig en  w a s  u se d  in  150^1 a liq u o ts  

to co a t th e odd n u m b ered  co lu m n  w e lls  in the sa m e  p la te .

C olu m n  1, h o w e v e r , w a s  le f t  em p ty  to  f a c i l i t a t e  "blanking"  o f  

th e s u b s tr a te  a t the end o f th e a s s a y .  T he o n ly  r e a g e n ts  to be 

ad d ed  to  th e  w e l l s  o f  co lu m n  1 w e r e  the s u b s tr a te  and i t s



t e r m in a to r . T h e  p la te  w a s  in cu b a ted  a t  4^C fo r  18 h o u r s .

2 . T h e s e n s i t iz in g  so lu t io n s  w e r e  th en  c a r e fu lly  d is c a r d e d  in to  C h lo r o s  

in  a s a fe ty  h ood  and a l l  th e  w e l l s  w e r e  g iv e n  3 x 5  m in u te  w a sh e s  

w ith  SOOyl o f  P B S  “T w een  p H 7 . 4 ,

T h e p la te  w a s  th en  sh a k en  d r y .

3 . S u ita b le  d ilu t io n s  o f  unknow n hum an  s e r a  p r e p a r e d  in  P B S -T w e e n

p H 7 , 4  w e r e  in o cu la te d  in  lOO^ul a liq u o ts  to a p p r o p r ia te  w e l l s  o f

o
th e  m ic r o t i t e r  p la te  and in cu b ated  fo r  2 h o u r s  a t  37 C .

N o te :  T h e u s e  o f  150yc/l o f  co a tin g  a n tig en  and su b seq u en t

u s e  o f  lOOyL/1 o f r e a g e n ts  i s  a sa feg u a rd  to  p r e v e n t  n o n ­

s p e c if ic  b in d in g  o f  th e  a n t is e r u m  and co n ju g a te  to  

u n co a ted  p la s t ic  in  the w e l l s ,

4 .  T h e a n ti s e  ru m  dilutions w e r e  d is c a r d e d  in to  C h lo r o s  and th e  p la te  

w a s w a sh e d  a s  b e fo r e ,

5 . 100^1 a liq u o ts  o f  a 1 : 500 d ilu tio n  o f  a lk a lin e  p h o sp h a ta se  con ju gated  

G oat a n ti-h u m a n  IgG  p r e p a r e d  in  P B S -T w e e n  w e r e  in tro d u ced  in to  

th e  w e l l s  o f  th e  p la te  and in cu b a ted  a t 37^C fo r  2 h o u r s .

6. T h e co n ju g a te  w a s  d is c a r d e d  to  C h lo r o s  and th e  p la te  w a s  w a sh e d  

a s  b e fo r e ,

7 . 1 0 ^ 1  o f a 1 m g /m l  so lu tio n  o f  p -n itro p h en y lp h o  sp h a te  in  10% 

d ie th a n o la m in e  b u ffe r  p H 9*8 w a s  added  to a l l  th e w e l l s  in  th e  

p la te .  T h e  e n su in g  e n z y m e  r e a c t io n  w a s  c a r e fu l ly  t im e d  and  

sto p p ed  b y  ad d in g  5 (^ 1  o f  3 M N a OH a fte r  30 m in u te s  a t  ro o m  

te m p e r a tu r e .

N o te : T h e N a OH w a s added  to th e w e l l s  in  th e  sa m e  se q u e n c e  

a s  th e  in o c u la tio n  o f s u b s tr a te  to a l lo w  r e p l ic a te  t im in g  

o f th e  e n z y m e  r e a c t io n  in  ea ch  w e ll .



8 . T h e p la te s  w e r e  th en  rea d  in  th e M u ltisk a n  p la te  r e a d e r  u s in g  

co lu m n  1 to "blank" th e in s tr u m e n t,

9 , T h e  end p o in t t i t r e s  w e r e  r e c o r d e d  a s  the h ig h e s t  d ilu t io n  o f  

a n t is e r u m  to  y ie ld  a ^ 0* 2 a b so r b a n c e  un it d if f e r e n c e  o v e r  th e  

c o r r e sp o n d in g  a n ti s e r u m  d ilu tio n  in the c o n tr o l a n tig e n  w e ll .
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c) B lood  s ta in  elution.

In tro d u ctio n

P o s s ib le  m eth o d s  fo r  e lu tio n  o f b lo o d s ta in s  fr o m  a b so r b e n t  

m a te r ia ls  ( f i l te r  p a p er  d is c s  and v a r io u s  ty p e s  o f fa b r ic )  w a s  

r e le v a n t  to  both  s e c t io n s  o f  m y  w o rk . F o r  fo r e n s ic  p u r p o s e s ,  b lood  

on  c lo th in g  m u st  b e  s o lu b il iz e d  b e fo r e  it s  o r ig in  can be d e terr h in e d .

In th e c l in ic a l  s itu a tio n , f i l t e r  p a p er  d is c s  a r e  fr e q u e n tly  u se d  fo r  

tr a n s p o r t  and s to r a g e  o f b lood  o r  s e r u m  s p e c im e n s  (K a lte r , 1963;

W olff & H u d son , 1974).

T h e  e f f ic ie n t  r e c o v e r y  o f im m u n o g lo b u lin s  fr o m  b lo o d s ta in s  

i s ,  th e r e fo r e ,  o f  g r e a t  im p o r ta n c e  if  r e l ia b le  r e s u l t s  a r e  to  b e  

o b ta in ed  in  su b se q u e n t s e r o lo g ic a l  t e s t s .

T h e p e r fo r m a n c e  o f v a r io u s  s o lv e n ts  in  e x tr a c tin g  b lo o d s ta in s  

fo r  a n a ly s is  b y  th e in d ir e c t  f lu o r e s c e n t  an tib od y  tech n iq u e  w a s  

in v e s t ig a te d .

1. E s t im a t io n  o f b lo o d s ta in  e lu a te  c o n c e n tr a tio n

T h e a c c u r a te  m e a s u r e m e n t  o f the d e g r e e  o f d ilu t io n  in  the  

e lu a te  d e r iv e d  fr o m  a b lo o d sta in  i s  im p o rta n t and th e r e fo r e  tw o  

p r o c e d u r e s  fo r  the d e te r m in a t io n  o f b lood  c o n c e n tr a tio n  w e r e  e v a lu a te d .

A . T h e h a e m o g lo b in  c o n c e n tr a tio n  o f the b lood  s ta in  e lu a te  w a s  

m e a s u r e d  by th e cy a n m eth a em o g lo b in  m eth o d  o f D rahkin  and  

A u stin  (1932).

P r o c e d u r e :  A  1:300 d ilu tio n  o f w hole  b lood  or  s ta in  e lu a te

w a s  p r e p a r e d  in  A c u lu te  d ilu en t (O rtho D ia g n o s t ic s  L td . ).

Acul.çite c o n ta in s  p o ta s s iu m  cy a n id e  w h ich  c o n v e r ts  o x y h a e m o g lo b in  

to c y a n m e th a e m o g lo b in .



T h e p ip e tte  u se d  w a s  r in se d  c a r e fu lly  w ith  the d ilu en t,

(N ote: S in c e  th e  A cu lu te  d ilu en t p e lle t  is  o r ig in a lly  

d is s o lv e d  in  d is t i l l e d  w a te r , w h ole  e r y th r o c y te s  ly s e  

sp o n ta n e o u s ly ) . T he so lu tio n  o f  b lood  and d ilu en t is  

m ix e d  and le f t  a t  room  te m p e r a tu r e  fo r  10 m in u te s  to  

p e r m it  th e  c o lo u r e d  com pound , c y a n m eth a em o g lo b in  to 

fo r m . T he c o lo u r  o f th is  so lu tio n  i s  rea d  a t 540 nm  

(u sin g  A c u lu te  d ilu e n t a s  th e b lank) to g iv e  an  o p t ic a l  d e n s ity  

rea d in g  w h ich  can  be c o n v e r te d  to  th e c o n c e n tr a tio n  o f  

h a e m o g lo b in  p r e s e n t  (in  g /1 0 0  m l) b y  r e f e r e n c e  to  a stan d ard  

c u r v e . (D ia g ra m  15 ).

W h ere  th e h a e m o g lo b in  c o n c e n tr a tio n  o f  the o r ig in a l w h o le  

b lo o d  cou ld  be d e te r m in e d , the d ilu tion  fa c to r  o f th e r e s u lt in g  

b lo o d s ta in  e lu a te  w a s ob ta in ed  b y  ca lc u la tin g  th e  h a e m o g lo b in  

p e r c e n ta g e  r e c o v e r e d  fr o m  the s ta in  w ith  r e g a r d  to  th e  in it ia l  

h a e m o g lo b in  c o n c e n tr a tio n  o f  the sa m p le .

W h ere  th e  b lo o d s ta in  e lu a te  w a s  o f unknown o r ig in , it s  d ilu tio n  

fa c to r  w a s  e s t im a te d  on th e b a s is  that n o r m a l a d u lt b lo o d  h a s  

a m e a n  h a e m o g lo b in  c o n c e n tr a tio n  o f 15, 0 g /1 0 0  m l  (M en 16. 0 g /  

100 m l;  w o m en  14, 0 g /1 0 0  m l)  (D ocum enta  G e ig y , 1962).

T h is  p r o c e d u r e  w a s , o b v io u s ly , o n ly  su ita b le  fo r  w h o le  b lood  

a s  s ta in  e lu a te  e v a lu a tio n . In  th e c l in ic a l  s itu a tio n , in v o lv in g  

se r u m  s a m p le s  on f i l t e r  p a p er  d is c s ,  the to ta l p r o te in  

co n c e n tr a tio n  w a s  in v e s t ig a te d  a s  a m eth od  o f d e te r m in in g  the

se r u m  e lu a te  d ilu tio n  fa c to r .
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B , L o w ry  P r o te in  E s t im a t io n  (L o w ry , R o se b r o a g h , F a r r  &

R a n d a ll, 1951).

A  1:16 d ilu tio n  o f s e r u m  o r  s e r u m  e lu a te  and a 1:32 d ilu tio n  

o f  w h o le  b lood  o r  b lo o d s ta in  e lu a te  in d is t i l le d  w a te r  w a s  

u se d  a s  a sa m p le  fo r  th e  a u to m a tic  a n a ly s is  o f to ta l p r o te in  

c o n c e n tr a t io n  in  a T e c h n ic o n  p r o te in  a n a ly s e r  (L o w ry , 1970), 

T h is  eq u ip m en t a u to m a t ic a lly  added the c o r r e c t  q u a n tit ie s  o f  

2% Na^ CO^ in O .IN  N a OH, 0. 5% C u SO ^. SH^O in  1% so d iu m  

ta r tr a te  and F o l in -C io c a lt e a u  r e a g e n t d ilu ted  1;1 w ith  d is t i l le d  

w a te r , to  th e  r e a c t io n  m ix tu r e  v ia  a s e r ie s  o f s m a ll  c a th e te r s  

b e fo r e  f in a lly  r ea d in g  th e  a b so r b a n c e  o f th e  r e s u lt in g  so lu tio n  

a t 750  n m .

T h e r e s u l t s  w e r e  c o n v e r te d  to to ta l p r o te in  c o n c e n tr a t io n  (in  

g /1 0 0  m l)  b y  r e f e r e n c e  to  a stan d ard  cu rv e  (D ia g ra m  16) 

C a lc u la t io n  o f  a  d ilu t io n  fa c to r  fo r  s a m p le s  o f unknow n o r ig in  

w e r e  b a se d  on th e  fa c t  th at s e r a  fr o m  n o r m a l, h e a lth y  a d u lts  

had a m e a n  to ta l p r o te in  c o n c e n tr a tio n  o f 6, 55 g /1 0 0  m l,  

p la sm a  had  a m e a n  to ta l p r o te in  c o n c e n tr a tio n  o f  6 ,9 5  g /1 0 0  m l  

and w h o le  b lo o d  had a m e a n  to ta l p r o te in  c o n c e n tr a tio n  o f  

2 1 ,8  g /1 0 0  m l (S p e c to r , 1956).

2 . C o r r e la t io n  o f p r o te in  and h a em o g lo b in  d e te r m in a t io n  
p r o c e d u r e s  in  b lo o d s ta in  r e c o v e r y

A s a m p le  o f w h o le  b lo o d  w a s ob ta in ed  fr o m  th e  H a e m a to lo g y  

D e p a r tm e n t and a n a ly se d  w ith  r e g a r d  to its  h a e m o g lo b in  and p r o te in  

c o n c e n tr a t io n , a s  f o l lo w s : -



16, 0 .1  m l b lo o d s ta in s  w e r e  p r e p a r e d  on co tton  c lo th . 8 s ta in s  

w e r e  s to r e d  a t 4^C and 8 a t ro o m  te m p e r a tu r e  ( R .T , ) .  A fte r  1 

d ay and 7 d a y s , 4  s ta in s  fr o m  ea ch  te m p e r a tu r e  w e r e  r e c o v e r e d  

w ith  P B S  ( s e e  S e c t io n  4 ). T he h a em o g lo b in  and p r o te in  

c o n c e n tr a t io n s  o f  th e  e lu te d  s ta in s  w e r e  m e a s u r e d  ( s e e  S e c tio n  1), 

im m e d ia te ly  a f te r  r e c o v e r y  and u sed  to d e te r m in e  the p e r c e n ta g e  

r e c o v e r y  o f b lo o d s ta in  fr o m  th e c lo th .

R e s u lt s :  T a b le  13

M ean  b lo o d s ta in  r e c o v e r y  r a te s  o f 41, 2% and 4 7 , 7% w e r e  

ob ta in ed  b y  p r o te in  e s t im a t io n  and h a em o g lo b in  e s t im a t io n  p r o c e d u r e s ,  

r e s p e c t iv e ly .

T h e s e  f ig u r e s  in d ic a te d  th a t the s ta in s  w e r e  b e in g  e lu ted  a t  

b e tw e e n  ^ and ■§■ th e  c o n c e n tr a t io n s  o f  the o r ig in a l w h o le  b lo o d ,

E lu a te  a n tib o d y  t i t r e s  w o u ld , th e r e fo r e ,  be e x p e c te d  to b e d e c r e a s e d  by  

1 log^  d ilu t io n ,

3 , E lu tio n  p r o c e d u r e s

V a r io u s  e x tr a c t io n  f lu id s  h a v e  b een  u se d  b y  d if fe r e n t  

in v e s t ig a to r s  in  th e  c o u r s e  o f  th e ir  e x p e r im e n ts .  T h e s e  f lu id s  w e r e  

th e r e fo r e  e x a m in e d  fo r  th e ir  s u ita b il i ty  in v ir u s  a n tib od y  p r o f i l in g .

R a n d o m ly  s e le c t e d  b lo o d  sa m p le s  w e r e  ob ta in ed  fr o m  th e  

H a e m a to lo g y  D e p a r tm e n ts  o f  tw o lo c a l  h o s p i ta ls .  T h e s e  w h o le  b lood  

s p e c im e n s  w e r e  th en  e x a m in e d  b y  th e in d ir e c t  f lu o r e s c e n t  an tib o d y  

tech n iq u e  (IEA) fo r  th e p r e s e n c e  o f IgG  to s e le c te d  v ir a l  a n t ig e n s .

T h e  " antibody p r o f i le s "  o f  th e  s p e c im e n s  w e r e  th e r e fo r e  d e te r m in e d  

in  te r m s  o f th e  a n t ig e n s  u se d , 0 ,1  m l b lo o d s ta in s  o f s p e c im e n s
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sh ow in g  an tib o d y  p r o f i le s  co n ta in in g  h igh  t i t r e s  of IgG to  one o r  m o r e  

v ir u s e s  w e r e  p r e p a r e d  on w h ite  co tto n  c lo th  and le f t  a t  ro o m  

te m p e r a tu r e  fo r  2 d a y s .

T h e  e f f ic ie n c y  o f th e fo llo w in g  e lh tio n  f lu id s , fo r  r e c o v e r  ing  

a n t iv ir a l  IgG fr o m  th e s ta in s ,  w a s  th en  e x a m in e d :-  

W eak s o lv e n ts :  a ) 1 M p h o sp h a te  b u ffe r e d  sa lin e

(PB S) pH 7 .3  

b) 25% k a o lin  in  P B S  

S tron g  s o lv e n ts :  a) 5% a m m o n ia

b) 2 -8  M u rea  in P B S  

E n z y m e  so lu t io n s :  a) 1 m g / m l su b tilo p e p tid a se  in  P B S

b) 0, 025 -  0,1% tr y p s in  in  P B S ,

A n y  r e s u lt in g  a n t iv ir a l  IgG  in th e e lu ted  s ta in s  w a s  t itr a te d  b y  th e IE A  

t e s t  and th e  d ilu tio n  o f th e  e lu te d  b lood  w a s e s t im a te d  b y  th e  

c y a n m e th a e m o g lo b in  p r o c e d u r e .

T o a llo w  a c o m p a r iso n  to  be m ad e o f th e  v a r io u s  e lu tio n  

f lu id s ,  th e  P B S  e x tr a c tio n  p r o c e d u r e  w a s  r e g a r d e d  a s  b e in g  th e  

sta n d a rd  p r o c e d u r e  fo r  u se  in  th e  e lu t io n s  o f  b lo o d s ta in s .

4 .  S tan d ard  b lo o d s ta in  e lu tio n  p r o c e d u r e

T h e 0 .1  m l  d ry  b lo o d s ta in s  w e r e  cut out o f  th e  c lo th . A s  

m u ch  c lo th  a s  p o s s ib le  w h ich  had not b een  so a k ed  w ith  th e b lood  w a s  

t r im m e d  o ff. T h e b lo o d sta in e d  m a te r ia l  w a s  then  p la c e d  in  a s m a ll  

p la s t ic  t e s t  tube to w h ich  0 ,15  m l o f IM P B S  pH 7 , 3 w a s  added  and  

le f t  to so a k  fo r  2 h o u r s  a t 4^ C .

A  s m a ll  h o le  w a s  th en  p ie r c e d  in th e b a s e  o f  the t e s t  tube  

and a se c o n d  s im i la r  tube w a s  tap ed  u n derneath  it (See d ia g r a m
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o r ig in a l tube co n ta in in g  
b lo o d s ta in e d  m a te r ia l

_____ s m a ll  h o le

2nd tube fo r  r e c o v e r y  o f  
b lo o d s ta in  e lu a te

T h is  d ou b le  e x tr a c t io n  d e v ic e  d e v is e d  by B a x te r  and R e e s  (1974)

w a s  th en  c e n tr ifu g e d  a t  600 g fo r  10 m in u te s  to  tr a n s fe r  th e e lu a te

fr o m  th e  upper to th e lo w e r  tu b e . T h e r e s u lt in g  b lo o d s ta in  e x tr a c t

w a s  th en  r e a d y  fo r  a n a ly s is  b y  th e  IF A  and c y a n m e th a e m o g lo b in

te c h n iq u e s .

N o te ;  T h e e lu a te  can  a ls o  b e  r e m o v e d  fr o m  th e c lo th  b y  p la c in g  

th e  b lo o d s ta in e d  m a te r ia l  and 0 ,1 5  m l P B S  in a d is p o s a b le  5 m l  

s y r in g e ,  u s in g  th e p lu n g er  to s q u e e z e  the b lo o d sta in e d  m a t e r ia l .  

T h is , h o w e v e r , r e q u ir e s  c o n s id e r a b le  p h y s ic a l  e f fo r t  to a c h ie v e  th e  

m a x im u m  r e m o v a l o f  the e lu a te .

5 . S o lv e n ts

a ) IM  p h o sp h a te  b u ffe r e d  s a l in e ,  pH 7 ,3  i s  th e n o r m a l s o lv e n t  

fo r  b lo o d s ta in s  on v a r io u s  m a t e r ia ls .  It w a s  f i r s t  u se d  in  th e  

c o n te x t  o f  a n tib o d y  p r o f il in g  w ith  the f lu o r e s c e n t  a n tib o d y  t e s t  

b y  K ing in  1974 w ho u se d  0 .1  m l b lo o d s ta in s  e lu ted  fr o m  w h ite  

co tto n  c lo th  w ith  0 .1 5  m l a liq u o ts  o f P B S .

A n tib o d y  m o le c u le s  a r e  th e r e fo r e  e lu ted  in to  a m ed iu m  o f  

s u ita b le  pH  and o s m o t ic  p r e s s u r e  for  u se  in  th e f lu o r e s c e n t  

a n tib o d y  and e n z y m e - l in k e d  im m u n o so rb en t a s s a y  te c h n iq u e s .
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b) B ro d y , M c A ll is t e r ,  H a s e le y  and L e e  (1964) u sed  a s u sp e n s io n

o f 25% k a o lin  in  P B S  to e lu te  b lo o d s ta in s  fr o m  f i l t e r  p a p er  d i s c s .  

A fte r  so a k in g  the b lo o d sta in e d  d is c  o v e r n ig h t  a t 4^ C , th e tube  

w a s p la c e d  a t r o o m  te m p e r a tu r e  fo r  20 m in u te s  and sh ak en  e v e r y  

5 m in u te s .  T h e d is c  w a s  th en  sq u e e z e d  a g a in s t  th e  s id e  o f  the  

tube w ith  a w ood en  a p p lic a to r  and d is c a r d e d . T he k a o lin  w a s  

r e m o v e d  b y  c e n tr ifu g a tio n  fo r  20 m in u te s  a t 2 , 500 rp m  and th e  

su p e rn a ta n t u se d  a s  the s o u r c e  o f e lu ted  b lo o d s ta in .

T h is  p r o c e d u r e  w a s  v e r y  e f f e c t iv e  w hen a p p lied  in  B r o d y , e t .  a l ,  *s 

a d e n o v ir u s  c o m p le m e n t f ix a tio n  and m e a s le s  h a e m a g g lu t in a t lo n - 

in h ib itio n  t e s t s .  W hen u sed  in con ju n ction  w ith  the IP  A  t e s t  

fo r  a n tib o d y  p r o f i l in g , it  w a s  found to  r e d u c e  th e n o n - s p e c i f ic  

f lu o r e s c in g  p r o p e r ty  o f the e lu a te  and had th e ad d ed  a d v a n ta g e  

o f p r o v id in g  so m e  m e c h a n ic a l a b r a s io n  w h ich  h e lp e d  to  r e m o v e  

th e b lo o d s ta in  fr o m  the c lo th . It w a s th e r e fo r e  a u s e fu l  

p r o c e d u r e  fo r  u se  w ith  s ta in s  w h ich  had b e e n  s to r e d  fo r  

c o n s id e r a b le  le n g th s  o f t im e  a t  ro o m  te m p e r a tu r e . (Such s ta in s  

w e r e  n ot e f f ic ie n t ly  r e c o v e r e d  b y  P B S  e x tr a c t io n ) .

c) K ind and L an g  (1976) o b ta in ed  good  r e s u lt s  in  c o n v e n tio n a l  

b lo o d sta in  grou p in g  te c h n iq u e s  ( e .g .  A B O , r h e s u s  s y s t e m s )  b y  

e x tr a c t in g  th e ir  b lo o d s ta in s  fo r  30 m in u te s  w ith  5% v / v  a m m o n ia  

in  d e io n is e d  w a te r .

W hen a p p lied  to  th e  IP  A te c h n iq u e , h o w e v e r , th e  r e s u lt in g  e lu a te  

w a s  found to b e u n rea d a b le .



d) M a cC o n k ey  (P e r s o n a l  C o m m u n ica tio n ) s u g g e s te d  u s in g  8 M 

u rea  in P B S  to r e m o v e  b lo o d  fro m  s ta in s .  S o lu tio n s  of

2 , 4  and 8 M u rea  in  P B S  a t 4  C w e r e  u sed  w ith  b lo o d s ta in s  

on c lo th , but a lth o u g h  an  in c r e a s e  in h a e m o g lo b in  r e c o v e r y  

w a s  d e te c te d , th e  e lu a te s  w e r e  u n su ita b le  fo r  IF A ,

e) T w o e n z y m ic  m eth o d s  o f d ig e s t in g  d r ie d  b lo o d s  w e r e  c o n s id e r e d  

and e x a m in e d .

T h e f i r s t  in v o lv e d  th e  u se  o f a p r o te a s e  c a l le d  s u b tilo p e p tid a se  A  

(S igm a  C h e m ic a ls  L td . ) a s  f o l lo w s -

0 ,1  m l  b lo o d s ta in s  d r ie d  on c lo th  w e r e  tr e a te d  w ith  0 ,1 5  m l o f  

a 1 m g /m l  so lu tio n  o f  su b tilo p e p tid a se  A  a t  37^C fo llo w in g  the  

u s u a l p r o c e d u r e . T h e  h a e m o g lo b in  r e c o v e r y  fr o m  2 d ay  o ld  

s ta in s  and fr o m  s ta in s  6-12 m o n th s o ld  w a s  m a r g in a lly  in c r e a s e d ,  

but no IgG  ty p e  a n tib o d y  cou ld  be d e te c te d  by IF A .

f) M o re  p r o m is in g  r e s u lt s  w e r e  ob ta in ed  w ith  w ea k  s o lu t io n s  o f  

t r y p s in  in  P B S  a t 3 7 °C . T r y p s in  s p e c i f ic a l ly  h y d r o ly s e s  

p e p t id e s ,  a m id e s  and e s t e r s ,  but h a s  o n ly  w ea k  a c t io n  on  

s e r u m  g lo b u lin s  and h a e m o g lo b in  . S o lu tio n s  o f  0. 025% , 0. 05%,

0, 075% and 0,1% tr y p s in  in  P B S  w e r e  u se d  to  e lu te  2 d a y  o ld  

b lo o d s ta in s  fr o m  co tto n  c lo th  fo llo w in g  th e sta n d a rd  p r o c e d u r e  

a lr e a d y  d e s c r ib e d . T he r e s u lt in g  h a e m o g lo b in  c o n c e n tr a t io n s  

o f  th e  b lo o d s ta in  e lu a te s  w e r e  found to b e g r e a te r  than  th o se  

fr o m  " n orm al"  P B S  e lu t io n . 0 . 025% and 0. 05% tr y p s in  so lu t io n s  

g a v e  c o r r e s p o n d in g ly  h ig h e r  an tib od y  t i t r e s  and a " c le a n e r "  e lu a te .
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fo r  f lu o r e s c e n t  m ic r o s c o p y . W ith the h ig h e r  c o n c e n tr a t io n s  

o f t r y p s in  (0 , 075% and 0,1% ), a n tib od y  t i t r e s  w e r e  found to  

d e c r e a s e  b e c a u s e  o f p ep tid e  clea'afage.

S tan dard  e lu tio n  w ith  0,05%  tr y p s in , th e r e fo r e ,  w a s  e f fe c t iv e  

in  in c r e a s in g  the IgG  r e c o v e r y  and y ie ld e d  an  e lu a te  w h ich  w a s  

su ita b le  fo r  th e  IF A  tec h n iq u e . T h is  p r o c e d u r e  w a s  

su b se q u e n tly  e m p lo y e d  in so m e  o f the la te r  fo r e n s ic  w o rk ,

6 . E lu tio n  v o lu m e

0 ,1  m l b lo o d s ta in s  w e r e  e lu ted  w ith  v a r io u s  v o lu m e s  o f  P B S  

in  th e ra n g e  0 ,1  m l  to  5, 0 m l fo llo w in g  the stan d ard  e lu tio n  p r o c e d u r e .  

T h e r e s u lt in g  e lu a te s  w e r e  c o n c e n tr a te d  to  0 .1  m l  a g a in  u s in g  a 

p o ly a c r y la m id e  g e l  ( ly p h o g e l, G e lm a n  In str u m e n t C o m p a n y ), 1 g r a m  

o f  g e l  r e m o v e d  5 m l  o f w a te r  and lo w  m o le c u la r  w e ig h t  s u b s ta n c e s ,  

p e p t id e s  e t c ,  but e x c lu d e d  p r o te in s  and o th er  la r g e  m o le c u le s .

T h e  la r g e r  e x tr a c tio n  v o lu m e s  gave a b e t te r  r e c o v e r y  o f  

h a e m o g lo b in  fr o m  the s ta in  but no s ig n if ic a n t  im p r o v e m e n t w a s  found  

in  th e  IgG  t i t r e s .

7 . C o n d itio n s  o f so a k in g  fo r  b lo o d s ta in s

0 ,1  m l b lo o d s ta in s  w e r e  le f t  to  soak  in 0 .1 5  m l P B S  fo r  v a r io u s  

t im e s  and te m p e r a tu r e s ,  F  ro m  e x p e r im e n ts  w h ich  in v o lv e d  so a k in g  

th e s ta in  fo r  b e tw e e n  15 m in u te s  and 24  h o u r s , it  w a s  co n c lu d ed  th a t  

m o s t  e lu tio n  o c c u r r e d  in th e  f i r s t  30 m in u te s  and l i t t le  b e n e f it  w a s  

ga in ed  b y  ex ten d in g  the t im e  p e r io d  beyond  th is .  It w a s  te c h n ic a l ly  

c o n v e n ie n t , h o w e v e r , to  soak  th e  s ta in s  fo r  1 to 2 h o u r s .



It w a s  a ls o  found that the e x tr a c tio n  p r o c e d u r e  w a s  not 

g r e a t ly  in flu e n c e d  by te m p e r a tu r e  in th e ra n g e  4^C to 37^C . H ig h er  

t e m p e r a tu r e s  than  37^C a r e  n ot r e c o m m e n d e d  b e c a u s e  p r o te in  m a y  

d en a tu re  and b e c o m e  in so lu b le  (S c h le y e r , 1962),

I t  w a s  a ls o  im p o rta n t to w e t th e s ta in  c o m p le te ly  w ith  th e  

s o lv e n t .  P r o lo n g e d  a g ita t io n  on a w h ir lim ix e r  w a s  r e q u ir e d  to  w et  

s ta in s  le f t  on  c lo th  fo r  m o r e  than  6 m o n th s .

C o n c lu s io n s

F o r  th e  r e c o v e r y  o f b lo o d s ta in s  fr o m  co tton  c lo th , it  w a s  found

th a t tr e a tm e n t  0 ,1 5  m l  P B S  o r  25% k a o lin  in  P B S  a t  4°C  o r  0 ,1 5  m l

o
0. 05% tr y p s in  in  P B S  a t 37 C fo r  2 h o u r s  w e r e  s u ita b le  p r o c e d u r e s  

fo r  y ie ld in g  e lu a te s  fo r  u s e  in the IF A  te c h n iq u e .

It w a s  a ls o  found th a t h a e m o g lo b in  and IgG  w e r e  e x tr a c te d  

f a ir ly  e a s i l y  fr o m  f r e s h  s ta in s  u s in g  the th r e e  e lu tio n  p r o c e d u r e s  

o u tlin ed  a b o v e  w h e r e a s  o ld  s ta in s  p ro v ed  to be m o r e  d if f ic u lt  in  th a t  

IgG  w a s  a lw a y s  r e c o v e r e d  l e s s  s u c c e s s f u l ly  than  h a e m o g lo b in .



d) C o m p a r a tiv e  S e r o lo g y  

In tro d u ctio n

T h r e e  v ir u s e s ,  n a m e ly :  H e r p e s  s im p le x  v ir u s  (HSV 1), 

C o x s a c k ie  v ir u s  (Q! B^) and R o ta v ir u s , w e r e  c h o s e n  to  

in v e s t ig a te  th e  c o m p a r a tiv e  s e n s i t iv i ty  and r e le v a n c e  o f  

v a r io u s  s e r o lo g ic a l  te c h n iq u e s  in d e te c t in g  a n t iv ir a l  a n tib o d ie s  

in  hum an  s e r u m  s a m p le s .

E x p e r im e n t  1 C o m p a r a tiv e  S e r o lo g y  w ith  H e r p e s  s im p le x  v ir u s
(T a b le  14)

45  ra n d o m ly  c h o se n  a d u lt s e r a  w e r e  o b ta in ed  fr o m  th e  

S e r o lo g y  D e p a r tm e n t a t B e lv id e r e  H o s p ita l,  E a c h  se r u m  w a s  

t it r a te d  fo r  th e p r e s e n c e  o f H e r p e s  s im p le x  IgG  b y  th e  fo llo w in g  

te c h n iq u e s ; -

a) In d ir e c t  f lu o r e s c e n t  a n tib od y  t e s t .

S e e  C h ap ter  2 , s e c t io n  a

b) E n z y m e - lin k e d  im m u n o so rb en t a s s a y .

S e e  C h a p ter  2 , s e c t io n  b

c) N e u tr a lis a t io n  t e s t .

S e e  A p p en d ix .

E x p e r im e n t  2 C o m p a r a tiv e  S e r o lo g y  w ith  ^B ^ v ir u s  (T a b le  15)

30 s e r a  o f know n IgG  t it r e  to  0  B^ p r e -d e te r m in e d  by  

the in d ir e c t  f lu o r e s c e n t  a n tib od y  t e s t  (C hapter 2 , s e c t io n  a) w e r e  

o b ta in ed  fr o m  th e  S e r o lo g y  D e p a r tm e n t o f the h o s p ita l .  T h e  

r e c ip r o c a l  anti-^^B^ IgG t i t r e s  d e te r m in e d  b y  IF  A  ra n g ed  fr o m  

< 8 to 128. E a ch  s e r u m  w a s  th en  te s te d  fo r  anti-(CB^ IgG  by



a) N e u tr a lis a t io n  t e s t  

S e e  A p p en d ix

b) E n z y m e - lin k e d  im m u n o so r b e n t a s s a y

E L ISA  p r o c e d u r e

1, P r o p a g a t io n  o f ^B ^ v ir u s

3 X 8 o z  * m ed ica l fla t*  b o t t le s ,  ea c h  co n ta in in g  a 40 sq . cm .

co n flu en t m o n o la y e r  o f V e r o  t i s s u e  cu ltu re  c e l l s  and 10 m l V e r o

m a in te n a n c e  m e d iu m  w e r e  in o c u la te d  w ith  2 m l a liq u o ts  o f a  10**

d ilu t io n  o f  s to c k  ^ B  v ir u s .  T he c u ltu r e s  w e r e  Incubated  fo r  2
1

d a y s  a t  3 7 ° C .

2 . P u r i f ic a t io n  o f  (5B^ v ir u s

T h e  ^B ^ in fe c te d  V e r o  c e l l  su sp e n s io n  w a s  su b je c te d  to

100, 000  g fo r  1 h o u r  to  s e d im e n t  th e  c e l l s .  T he su p e rn a ta n t V e r o

c e l l  m a in te n a n c e  m ed iu m  w a s d is c a r d e d , th e  p e l l e t s  r e s u s p e n d e d

in  2 m l  p h o sp h a te  b u ffe r e d  s a lin e  and so n ic a te d  a t 20 K c / s e c  fo r  

o
20 s e c o n d s  a t  4  C to d is in te g r a te  the V e r o  c e l l s  and d is a g g r e g a te  

v ir io n s .

T h e r e s u lt in g  s u sp e n s io n  co n ta in in g  c e l l  f r a g m e n ts  and  

f r e e  ^B ^ v ir u s  w a s  la y e r e d  in  0 ,8  m l a liq u o ts  onto e a c h  o f  3 x  

4 ,0  m l,  30% (w /v )  s u c r o s e  p r e p a r a t io n s  and c e n tr ifu g e d  in  a  

" sw in g  out" r o to r  fo r  3 h o u r s  a t 100, 000 g . T h e su p e rn a ta n t  

s u c r o s e  w a s  d is c a r d e d  and th e  r e s u lt in g  p u r if ie d  ^B^^, co n ta in in g  

p e l l e t s  w e r e  r e su sp e n d e d  in  100^1  o f  co a tin g  b u ffe r  pH 9. 6 and  

s o n ic a te d  to  d is a g g r e g a te  v ir a l  a n tig e n s  in  th e c o a tin g  b u ffer  b e fo r e  

b e in g  u se d  in a c h e c k e r b o a r d  t itr a t io n  to d e te r m in e  th e o p tim a l  

d ilu tio n  fo r  u s e  in E L ISA .
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3 , C h e c k e r b o a r d  t itr a t io n

H igh and lo w  t itr e d  a n t is e r a ,  a s  d e te r m in e d  b y  IF A ,

w e r e  u se d  in th e  c h e c k e r b o a r d  t itr a t io n  (S eru m  N o . 2 /0 1 4 5 :6 4  b y

IF A ; S eru m  N o . 2 /0 6 l9 :< 8  by  IF A ).

A  s e r i e s  o f a r b itr a r y  a n tig en  d ilu t io n s  (1:100, 1:250,

1:500, 1:750 and 1:1000) in  co a tin g  b u ffer  pH 9- 6 ( s e e  A pp en d ix )

w e r e  u se d  in  0 .1 5  m l a liq u o ts  to  s e n s i t iz e  the top  th r e e  w e l l s  o f

c o lu m n s  2 th rou gh  6 and 7 th rou gh  11 in a f r e s h  D y n a te ch  m ic r o t i t r e

o
p la te .  A f te r  o v e r n ig h t in cu b a tio n  a t  4  C , th e  co a tin g  so lu t io n s  

w e r e  d is c a r d e d  and th e p la te  w a s  w a sh ed  w ith  P B S -T w e e n  ( s e e  

A p p en d ix ),

T h e h igh  and lo w  t itr e d  s e r a  w e r e  d ilu ted  1:500 in  P B S  -  

T w een . T h e h ig h  t itr e d  s e r u m  w a s in o cu la te d  in  0 .1  m l  a liq u o ts  to  

th e  top  th r e e  w e l l s  o f c o lu m n s 2 th rou gh  6 and th e lo w  t itr e d  s e r u m  

w a s  in o c u la te d  in  0 ,1  m l  a liq u o ts  to  th e top th r e e  w e l l s  o f  c o lu m n s  

7 th rou gh  11. T h e p la te  w a s  th en  in cu b ated  a t  37°C  fo r  2 h o u r s .

T h e  s e r a  w e r e  d is c a r d e d  a f te r  in cu b a tio n  and th e  p la te  w a s  

w a sh e d  w ith  P B S -T w e e n  a s  b e fo r e .

0 ,1  m l a liq u o ts  o f a 1:500 d ilu tio n  o f a lk a lin e  p h o sp h a ta se  

co n ju g a ted  g o a t a n ti-h u m a n  IgG  p r e p a r e d  in  P B S -T w e e n  w e r e  

in o c u la te d  in to  the top th r e e  w e l l s  o f  c o lu m n s 2 th rou gh  11 and  

in cu b a ted  a t 37°C  fo r  2 h o u r s .

T h e co n ju g a te  w a s  th en  d is c a r d e d  and th e  p la te  w a s  

w a sh ed  w ith  P B S -T w e e n ,

0 .1  m l  a liq u o ts  of 1 m g /m l  p -n itr o p h e n y lp h o sp h a te  in  

10% d ie th a n o la m in e  b u ffer  pH 9 .8  w e r e  added  to  e v e r y  w e l l  in the  

p la te  and le f t  o v e r n ig h t a t ro o m  te m p e r a tu r e . T h e  r e a c t io n  w a s



Ibb

stop p ed  b y  th e  a d d itio n  o f 0. 05 m l 3M NaOH to e a c h  w e l l .

R e s u l t s .  S e e  T a b le  6 F ig u r e  12

T h e h ig h e s t  d ilu tio n  o f a n tig e n  to p ro d u ce  a s tr o n g  r e a d in g ,

i. e .  a p p r o x im a te ly  0. 5 a b so r b a n c e  u n its  in  the M u ltisk a n  p la te  

r e a d e r  a t 405  nm  w ith  th e h igh  t itr e d  s e r u m  and a lo w  r e a d in g ,

i . e .  a p p r o x im a te ly  0 .1  a b so r b a n c e  u n its  w ith  th e  lo w  t itr e d  se r u m  

w a s u se d  in  a l l  su b seq u en t t e s t s .

C o n c lu s io n

T h e d ilu t io n  fu lf il l in g  th e s e  r e q u ir e m e n ts  w a s  1:7 50 . 

U n in fec ted  V e r o  t i s s u e  cu ltu re  c o n tr o l a n tig e n  p u r if ie d  in  an  

id e n t ic a l  m a n n er  b y  c e n tr ifu g a tio n  through  30% s u c r o s e  w a s  a ls o  

u se d  a t  a d ilu tio n  o f  1:750.

T h e 30 s e r a  w e r e  th en  in v e s t ig a te d  fo r  an ti-^ B ^  IgG  by  

E L ISA  u s in g  d ilu t io n s  in  th e ra n g e  1:500 th rou gh  1:64000 fo llo w in g  

th e p r o c e d u r e  d e s c r ib e d  in  C h ap ter  2 , s e c t io n  b .

E x p e r im e n t  3 C o m p a r a t iv e  S e r o lo g y  w ith  R o ta v ir u s  (T a b le  16)

25  s e r a  o f know n an tib o d y  t i t r e  to R o ta v ir u s  a s  d e te r m in e d  

b y  th e  r e v is e d  c o m p le m e n t f ix a t io n  tech n iq u e  ( Z i s s i s ,  e t .  a l ,  1974) 

p e r fo r m e d  b y  D r . G . Z i s s i s  in  B r u s s e l s ,  w e r e  r e c e iv e d  fr o m  

B e lg iu m  d r ie d  in  0 .1  m l  a liq u o ts  on  f i l t e r  p a p er  d i s c s .

T h e  s ta in s  w e r e  e lu ted  w ith  0 .1 5  m l P B S  b y  the sta n d a rd  

p r o c e d u r e  d e s c r ib e d  in  C h a p ter  2 , s e c t io n  c .  A n a ly s is  o f the  

se r u m  e lu a te s  fo r  p r o te in  c o n c e n tr a tio n  (C hap ter 2 , s e c t io n  c) 

r e v e a le d  th a t a p p r o x im a te ly  50% of th e s e r u m  w a s  b e in g  r e c o v e r e d  

fr o m  th e  f i l t e r  p a p e r .
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T h e s e r u m  e lu a te s  w e r e  th en  in v e s t ig a te d  fo r  a n t i-R o ta v ir u s  

IgG  b y  a) th e  in d ir e c t  f lu o r e s c e n t  an tib od y  t e s t  

(C hap ter 2 , s e c t io n  a)

b) E L IS A .

E L ISA  p r o c e d u r e

1) P r o p a g a t io n  o f  R o ta v ir u s

3 X 8 o z  m e d ic a l  f la t  b o t t le s ,  ea ch  co n ta in in g  a  40  sq , c m ,  

co n flu en t m o n o la y e r  o f p r im a r y  c a l f  k id n ey  c e l l s  and 10 m l o f  

m a in te n a n c e  m e d iu m  w e r e  in o c u la te d  w ith  1 m l a liq u o ts  o f  s to c k  

N e b r a sk a  c a lf  d ia r r h o e a  v ir u s .  T he c u ltu r e s  w e r e  in cu b a ted  a t  

37°C  fo r  4  d a y s  b y  w h ich  t im e  e x te n s iv e  C P E  w a s  o b s e r v e d  in  th e  

m o n o la y e r s .

2) P u r i f ic a t io n  o f R o ta v ir u s

T h e  R o ta v ir u s  In fe c ted  p r im a r y  c a lf  k id n e y  c e l l  s u sp e n s io n

w a s  su b je c te d  to  100, 000 g fo r  1 h ou r to  s e d im e n t th e  c a lf  k id n e y  c e l l s .

T h e  su p e rn a ta n t m a in te n a n c e  m ed iu m  w as d is c a r d e d , th e  p e l le t s

r e su sp e n d e d  in  2 m l  p h o sp h a te  b u ffe r e d  s a lin e  and s o n ic a te d  a t  20  K c /

o
s e c  fo r  20  s e c o n d s  a t 4 C to  d is in te g r a te  an y  in ta c t  c a lf  k id n e y  c e l l s  

and d is a g g r e g a te  th e v ir io n s .

T h e  r e s u lt in g  s u sp e n s io n  co n ta in in g  ly s e d  c e l l  fr a g m e n ts  

and f r e e  v ir a l  a n t ig e n s  w a s  la y e r e d  in  0 ,8  m l a liq u o ts  onto e a c h  o f  

3 X 4 , 0 m l,  30% (w /v )  s u c r o s e  p r e p a r a t io n s  and c e n tr ifu g e d  in  a 

" sw in g  out" r o to r  fo r  3 h o u rs  a t 100, 000 g .

T h e r e s u lt in g  p u r if ie d  R o ta v ir u s -c o n ta in in g  p e l l e t s  w e r e  

r e su sp e n d e d  in 10(^ 1  o f c o a tin g  b u ffer  pH 9. 6 and s o n ic a te d  to  

d is a g g r e g a te  the v ir a l  a n t ig e n s  in  th e  co a tin g  b u ffe r  b e fo r e  b e in g  

u se d  in  a c h e c k e r b o a r d  t itr a t io n  to  d e te r m in e  th e o p t im a l d ilu tio n  

fo r  u se  in  E L IS A ,



3) C h e c k e r b o a r d  t itr a t io n

H igh  and lo w  t itr e d  R o ta v ir u s  an ti s e r a ,  a s  d e te r m in e d  by  

IF A  w e r e  u se d  in th e c h e c k e r b o a r d  t itr a t io n  (S eru m  N o . 4832:128, 

b y  IF A , and S e r u m  N o , 1187:<8 by IF A ).

A  s e r i e s  o f  a r b itr a r y  a n tig e n  d ilu tio n s  (1:100, 1:250, 1:500, 

1:750 and 1:1000) in  co a tin g  b u ffe r  pH 9 , 6 w e r e  u sed  in  0 .1 5  m l  

a liq u o ts  to  s e n s i t iz e  th e top  th r e e  w e l l s  o f  c o lu m n s 2 th rou gh  6 and  

7 th rou gh  11 in  a f r e s h  D y n a tech  m ic r o t it r e  p la te . T h e r e m a in d e r  o f  

th e  c h e c k e r b o a r d  t itr a t io n  w a s  p e r fo r m e d  in  an  id e n t ic a l  m a n n er  to  

th a t em p lo y e d  fo r  th e v ir u s  t itr a t io n .

R e s u lt s :  S e e  T a b le  7 F ig u r e  13

T h e  h ig h e s t  d ilu tio n  o f a n tig en  to p ro d u ce  a s tr o n g  r e a d in g ,  

i ,  e ,  a p p r o x im a te ly  0 . 4  a b so r b a n c e  u n its  in  th e  M ilt isk a n  p la te  r e a d e r  

a t  405  n m  w ith  the h igh  t i t r e d  se r u m  and a low  r e a d in g , ivCi 

a p p r o x im a te ly  0 .1  a b so r b a n c e  u n its  w ith  th e lo w  t it r e d  se r u m  w a s  

u s e d  in  a l l  su b seq u en t t e s t s .

C o n c lu s io n

T h e  d ilu t io n  o f  a n tig e n  ch o se n  fo r  u se  in  E L IS A  t e s t s  fo r  

e s t im a t in g  a n t i-R o ta v ir u s  IgG  w a s  1:100, U n in fected  p r im a r y  c a lf  

k id n e y  t i s s u e  c u ltu r e  c o n tr o l a n tig en  p u r if ie d  by  c e n tr ifu g a tio n  th ro u g h  

30% s u c r o s e  w a s  a ls o  u sed  a t  a  d ilu tio n  o f  1:100,

T h e 25 s e r a  w e r e  th en  in v e s t ig a te d  fo r  R o ta v ir u s  IgG  by  

E L ISA  u s in g  d ilu t io n s  in the ra n g e  1:32 through  1:4096 . (T a b le  16)
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e) V ir a s  A n tib o d y  P r o f i l in g  (V AP)

In tro d u ctio n

A t th e b eg in n in g  o f th is  p a r t  of the in v e s t ig a t io n , 21 d if fe r e n t  

v ir u s e s  w e r e  p ro p a g a ted  in a p p r o p r ia te  t i s s u e  c u ltu r e  c e l l s  to  p r e p a r e  

m ic r o s c o p e  s l id e s  fo r  th e in d ir e c t  f lu o r e s c e n t  a n tib o d y  tec h n iq u e . 

E x a m in a tio n  o f ran d om  s e r a  o b ta in ed  fr o m  th e V ir u s  L a b o r a to r y  a t  

B e lv id e r e  H o sp ita l, r e v e a le d  th a t so m e  o f th e  c h o se n  v ir u s e s  w ould  

b e e a s ie r  to  u se  than  o th e r s .  F o r  e x a m p le , th e  tw o p a r a in flu e n z a  

v ir u s e s  ( P F l and P F 3 ) ,  p r o d u ced  o n ly  " m e m b r a n e ” f lu o r e s c e n c e  

u n d er th e  c o n d it io n s  o f incubation , t im e ,  e tc .  c h o s e n . T h is  a p p e a r a n c e  

w a s  d if f ic u lt  to  q u an tita te  r e p r o d u c ib ly . I n it ia l  e x p e r im e n ts ,  

t h e r e fo r e ,  in v o lv e d  o n ly  19 d if fe r e n t  v ir u s e s .

E x p e r im e n t  1 R e p lic a te  A n tib od y  P r o f i l e s  (T a b le s l?  th ro u g h  33)

B e fo r e  an y  d e ta ile d  e x a m in a tio n  o f v ir u s  a n tib o d y  p r o f il in g  

co u ld  be u n d erta k en , r e p r o d u c ib ility  had to  be e v a lu a te d . I t  w a s  

d e c id e d  to in v e s t ig a te  th is  by r e p e a te d ly  b lin d  t itr a t in g  d if fe r e n t  a liq u o ts  

o f  s e v e r a l  s p e c im e n s  to a to ta l o f  10 t im e s .

P r o c e d u r e ; F r e s h  p la s m a  fr o m  5 d if fe r e n t  ra n d o m ly  s e le c t e d  d o n o rs  

w a s  o b ta in ed  fr o m  th e H a e m a to lo g y  D ep a r tm en t o f  th e  h o s p ita l .  E a ch  

s p e c im e n  w a s  d is tr ib u te d  in to  0 .1  m l  a m o u n ts  and s to r e d  in  s m a ll  s t e r i l e  

g la s s  v ia l s  a t -2 0 °C  u n til r e q u ir e d  fo r  p r o f il in g . U su a lly  3 o r  4  la r g e  

p r o f i le s  cou ld  be p r o c e s s e d  in  a w o rk in g  d ay,

5 d if fe r e n t  w h o le  o x a la te d  b lood  sa m p le s  w e r e  a l s o  o b ta in ed  fro m  

th e  H a e m a to lo g y  D e p a r tm e n t and s im i la r ly  u sed  to in v e s t ig a te  the  

r e p r o d u c ib ility  o f  th e  in d ir e c t  f lu o r e s c e n t  a n tib o d y  t e s t  on b lo o d s ta in  

e lu a te s .
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P r o c e d u r e :  10 r e p l ic a te  0 ,1  m l b lo o d s ta in s  w e r e  p r e p a r e d  on fresh ly -

la u n d e r e d , w h ite  co tton  c lo th  fr o m  ea ch  sa m p le  o f w h o le  b lo o d . T h e  

s ta in s  w e r e  d r ie d  and s to r e d  fo r  4 d ays a t ro o m  te m p e r a tu r e  b e fo r e  

b e in g  e x tr a c te d  w ith  0 .1 5  m l P B S  in  th e stan d ard  e lu tio n  p r o c e d u r e  

(C h ap ter  II, S e c t io n  c ) .  T h e r e c o v e r e d  b lo o d sta in  e lu a te  (a p p r o x im a te ly  

0 .1  m l)  w a s  s to r e d  a t  -2 0 °C  u n til r e q u ir e d  fo r  u se  in  th e  v ir u s  a n tib o d y  

p r o f i le .

E x p e r im e n t  2 V ir u s  a n tib o d y  p r o f i le  s u r v e y  (T a b le s  34  th rou gh  47) 

H avin g  e s ta b lis h e d  th a t th e  in d ir e c t  f lu o r e s c e n t  a n tib od y  

tech n iq u e  cou ld  b e r e l ie d  upon r e p e a te d ly  to d e te c t  th e  sa m e  l e v e l s  o f  

v ir u s  a n t ib o d ie s  in  id e n t ic a l s e r u m  o r  b lo o d sta in  e lu a te  s p e c im e n s ,  a 

s e r i e s  o f  ra n d o m ly  s e le c t e d  w h o le  o x a la te d  b lo o d s  fr o m  s e v e r a l  

d iffe r e n t  d o n o r s  w a s  o b ta in ed  to  d e te r m in e  w h eth er  the v ir u s  a n tib o d y  

p r o f i le  cou ld  d is c r im in a te  b e tw e e n  in d iv id u a l b lo o d s , '-

P r o c e d u r e ;  100 d if fe r e n t  r a n d o m ly  s e le c t e d  o x a la te d  w h o le  b lo o d  

s a m p le s  w e r e  fr o z e n  to  - 2 0 ° C . T he r e s u lt in g  ly s e d  b lo o d  s p e c im e n s  

w e r e  th en  p r o f i le d  a g a in s t  19 v ir u s e s  b y  th e  in d ir e c t  f lu o r e s c e n t  a n tib o d y  

te c h n iq u e .

E x p e r im e n t  3 In  v iv o  S ta b ility  o f  V A P  (T a b le s  48 and 49)

F o r  th e  s u c c e s s f u l  m a tch in g  o f a b lo o d sta in  e lu a te  w ith  a b lo o d  

s p e c im e n  fr o m  a  s u s p e c t ,  th e  v ir u s  an tib od y  p r o f i le  m u st  b e  show n  to  

b e s ta b le  in  v iv o .

P r o c e d u r e :  7 in d iv id u a ls  w e r e  found fr o m  the h o s p ita l  r e c o r d s  to h a v e

had p la s m a  s a m p le s  e x a m in e d  on a t l e a s t  2 o c c a s io n s  o v e r  v a r io u s  t im e  

in t e r v a ls .  A l l  th e  p la sm a  s p e c im e n s  had b een  s to r e d  a t -2 0 ^ C , V ir u s  

a n tib o d y  p r o f i le s  w e r e  p e r fo r m e d  on ea ch  p a ir  o f s p e c im e n s  to  c o n fir m  

th e s ta b i l ity  o f  th e  IgG  a n t ib o d ie s  in v iv o , and to d e m o n s tr a te  that



c u r r e n t  in fe c t io n  w ith  one v ir u s  d id  n ot s ig n if ic a n t ly  a l t e r  the a n tib od y  

s ta tu s  to d if fe r e n t  v ir u s e s .

E x p e r im e n t  4 V A P  s ta b il ity  in  v itr o  (e ffe c t  o f te m p e r a tu r e )
(T a b le s  50a th ro u g h  57) 

In fo r e n s ic  w o rk , b lo o d s ta in s  m a y  l ie  u n d isc o v e r e d  fo r  a

c o n s id e r a b le  le n g th  o f t im e  and m a y  b e  e x p o se d  to  e x tr e m e s  o f

te m p e r a tu r e , h u m id ity , e t c .  T o e x a m in e  the e f f e c t s  o f  p o te n tia l

a d v e r s e  te m p e r a tu r e  s to r a g e , 8 d if fe r e n t  ra n d o m ly  c h o se n  w h o le  o x a la te d

b lo o d  s p e c im e n s  (H a em a to lo g y  D ep a rtm en t) w e r e  in o c u la te d  onto w h ite

co tto n  c lo th  in  0 ,1  m l  a liq u o ts  and le f t  fo r  v a r io u s  le n g th s  o f t im e  a t

4*^C and r o o m  te m p e r a tu r e  b e fo r e  b e in g  e lu ted  w ith  0 .1 5  m l P B S ,

V ir u s  an tib o d y  p r o f i le s  w e r e  th en  p e r fo r m e d  on th e  e lu a te s  and the

r e s u lt s  c o m p a r e d  w ith  the o r ig in a l p r o f ile  o b ta in ed  on D a y  1 fr o m  a

sa m p le  o f th e  s a m e  b lood  w h ich  had  b een  ly s e d  b y  fr e e z in g  to -20^ C .

E x p e r im e n t  5 V A P  s t a b i l i t y  in  v itr o  (e f fe c t  o f h u m id ity ) (T a b le  58)

E x p e r im e n ts  w e r e  a ls o  con d u cted  to in v e s t ig a te  th e  s ta b il ity

o f  the IgG  a n t ib o d ie s  under s im u la te d  hu m id  c o n d it io n s .

P r o c e d u r e ;  0 ,1  m l b lo o d s ta in s  w e r e  p r e p a r e d  on w h ite  co tto n  c lo th

fr o m  a w h o le  o x a la te d  b lood  sa m p le  and p la c e d  in  s e v e r a l  s m a ll  p la s t ic

b o x e s  c o n ta in in g  t i s s u e  p a p er  ea ch  m o is te n e d  w ith  v a r io u s  q u a n tit ie s

o f  w a te r ;  0 ,1  m l,  0 , 5 m l,  1 m l o r  5 m l.  T he b o x e s  w e r e  le f t  fo r  7 d a y s

a t r o o m  te m p e r a tu r e  d u rin g  w h ich  t im e  the w a te r  ev a p o r a tin g  fr o m  the

t i s s u e  c r e a te d  a h u m id  a tm o sp h e r e  in  the b o x e s .  T h e d if fe r e n t  a m o u n ts

o f w a te r  on  the t i s s u e s  c r e a te d  d if fe r in g  d e g r e e s  o f h u m id ity  fo r  d if fe r e n t

t im e s ,  a s  m a y  be ju d ged  b y  the fo llo w in g  o b s e r v a t io n ; -

0 .1  m l w a te r  ev a p o ra ted  to  d r y n e s s  in  a p p r o x im a te ly  1 d ay  

0 , 5 m l w a te r  e v a p o r a te d  to  d r y n e s s  in  a p p r o x im a te ly  4 d a y s  

1,0m l w a te r  m a in ta in ed  a dam p a tm o sp h e r e  fo r  7 d a y s  

5, 0 m l w a te r  m a in ta in ed  a v e r y  hum id  a tm o s p h e r e  fo r  7 d a y s .
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T h e s ta in s  w e r e  e la te d  w ith  0 ,1 5  m l P B S  a f te r  7 d a y s  and  

s to r e d  a t  -2 0  C u n til p r o f ile d  (w ith in  2 d a y s ) . S om e d e g r e e  o f  Jhngal 

co n ta m in a tio n  w a s  e v id e n t on the s ta in s  w h ich  had b een  e x p o se d  to the  

1 m l and 5 m l a tm o s p h e r e s  a t ro o m  te m p e r a tu r e , and a s  th is  Is a v e r y  

co m m o n  e x p e r ie n c e  in  fo r e n s ic  la b o r a to r ie s  w h e re  s p e c im e n s  a r e  

s to r e d  in  p la s t ic  b a g s  in  hu m id  c o n d it io n s , th e  p r e s e n c e  o f  fu n gus  

g row th  w a s  c a r e fu l ly  n o ted .

E x p e r im e n t  6 V A P  B lin d  T r ia ls  (T a b le s  59 th ro u g h  67)

T o  in v e s t ig a te  th e u s e fu ln e s s  of V ir u s  A n tib o d y  P r o f i l in g  in  

a fo r e n s ic  s itu a t io n , 6 b lin d  t r ia l s  w e r e  con d u cted  to in v e s t ig a te  the  

c a p a b ility  o f  th is  tech n iq u e  to  d is c r im in a te  b e tw e e n  b lo o d s ta in s .  

P r o c e d u r e :  V a r io u s  w h o le  o x a la te d  b lood  s a m p le s  w e r e  o b ta in e d  fr o m

th e V ic to r ia  I n fir m a r y , G la sg o w , H a e m a to lo g y  D e p a r tm e n t . P a r t  w a s  

in o c u la te d  onto c le a n  w h ite  co tto n  d o th  a s  0 .1  m l s ta in s .  A f te r  d ry in g  

a t  r o o m  te m p e r a tu r e  , th is  m a t e r ia l  w a s  p r e s e n te d  to  th e  in v e s t ig a to r  

a s  cod ed  s ta in s  (A, B , C , e t c . )  and th e  r e m a in in g  o r ig in a l liq u id  b lo o d  

s a m p le s  w e r e  n u m b e red  1, 2 , 3 , e t c .  T h e w h o le  b lo o d s  w e r e  ly s e d  

by fr e e z in g  to  -2 0 °C  and s to r e d  a t th is  te m p e r a tu r e  u n t il  r e q u ir e d  fo r  u s e .  

T h e s ta in s  in  B lin d  T r ia ls  1 th rou gh  5 w e r e  le f t  a t ro o m  

te m p e r a tu r e  fo r  3 d a y s  b e fo r e  b e in g  e x tr a c te d  in  0 ,1 5  m l  P B S  b y  the  

sta n d a rd  e lu tio n  p r o c e d u r e . In B lin d  T r ia l  6, th e  s ta in s  w e r e  r e m o v e d ,  

a fte r  s to r a g e  fo r  3 d a y s  a t  r o o m  te m p e r a tu r e , w ith  0 .1 5  m l ,  0,05%  

tr y p s in  a s  d e ta ile d  in C h a p ter  2 , S e c tio n  C , 5 f ) .  T h e  e lu a te s  fr o m  a l l  

6 t r ia l s  w e r e  s to r e d  a t  -20°C  u n til r e q u ir e d  fo r  u s e .

H a e m o g lo b in  (Hb) c o n c e n tr a t io n s  w e r e  n o ted  to p r o v id e  an  

in d ic a t io n  o f  th e  d ilu tio n  o f e lu a te  r e c o v e r e d  fr o m  th e  c lo th . B lood  

group  in fo r m a tio n  w a s  a ls o  m a d e  a v a ila b le  fo r  t r ia l s  2 th rou gh  6,
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E x p e r im e n t  7 V A P  by E L ISA  (T a b le  68)

Im m u n o flu o r e sc e n c e  d ep en d s upon su b je c t iv e  v is u a l  

a s s e s s m e n t  o f  the f lu o r e s c in g  Im age by m ic r o sc o p y . S in c e  th e IF A  

t e s t  d o e s  not r e a d ily  lend  i t s e l f  to s im p le  in s tr u m e n ta l q u an tita tio n , 

th e E L ISA  tech n iq u e  w a s  ev a lu a ted  a s  a p o s s ib le  t e s t  fo r  p ro d u cin g  

an  o b je c t iv e  q u a n tita tiv e  r e s u lt .

A n in it ia l  e x p e r im e n t  w a s  con d u cted  to  d e te r m in e  how  

E L ISA  w ould  p e r fo r m  w ith  ly s e d  b lood  s a m p le s .  S in c e  it  i s  

p ro b a b le  th at m a n y  p r o te in s  o th er  than s p e c if ic  a n tib o d ie s  w il l  

a d h e r e  to  s i t e s  on th e  so lid  p h a se  su r fa c e  n ot o c c u p ie d  b y  th e  co a tin g  

a n tig e n , th e  p o s s ib i l i t y  e x i s t s  th a t f a ls e  p o s it iv e  o r  n e g a t iv e  r e s u lt s  

w il l  be o b ta in ed . In o r d e r  to d e c r e a s e  su ch  p o s s ib le  b ack grou n d  

s ta in in g , R u ite n b e r g , S te e r e n b e r g , B r o s i  and B u y s (1976) in c o r p o r a te d  

4% b o v in e  s e r u m  a lb u m in  (BSA) into th e ir  1:500 d ilu tio n  o f con ju gate  

and found th a t b ack grou n d  r e a c t io n s  w e r e  m in im is e d , G ilm a n , e t ,  a l ,  

(1 9 7 7 ) in c lu d ed  th e a d d itio n  o f  4% BSA  in th e ir  P B S -T w e e n  d ilu en t fo r  

s e r u m  and co n ju g a te  p r e p a r a t io n s .

C o n se q u e n tly  an  e x p e r im e n t  w a s  p e r fo r m e d  to in v e s t ig a te  

th e  a b il i ty  o f  E L ISA  to  d e te c t  a n ti-H S V  1 IgG  an tib o d y  in  2 ly s e d  b lo o d s  

and 2 c o r r e sp o n d in g  e lu te d  b lood  s ta in s  o f know n HSV 1 an tib o d y  t i t r e  

(a s d e te r m in e d  b y  IF A ) and a ls o  o b s e r v e  the e f fe c t  th a t 4% BSA had  

on the a s s a y  w hen  in c o r p o r a te d  in to  the P B S -T w e e n  d ilu e n t  so lu tio n .  

P r o c e d u r e ;  T w o D y n a tech  m ic r o t it r e  p la te s  w e r e  s e n s i t iz e d  a s  

f o l lo w s .

T h e e v e n  n u m b ered  co lu m n  w e lls  (2, 4 , 6 and 8) in  ea ch  

p la te  w e r e  in o c u la te d  w ith  0 .1 5  m l o f a 1:7 50 d ilu tio n  o f HSV 1 a n tig en



(p u r if ie d  by 30% s u c r o s e ) .  T he odd n u m b ered  co lu m n  w e l l s  

(3, 5 , 7 and 9) In ea ch  p la te  w e r e  in o cu la te d  w ith  0 ,1 5  m l o f a 

1:750 d ilu tio n  o f  u n in fec ted  c o n tr o l V e r o  c e l l s  a ls o  su b je c te d  to  the  

30% s u c r o s e  p u r if ic a t io n  p r o c e d u r e . A fte r  in cu b a tio n  a t  4°C  fo r  

18 h o u r s  t h e s e  so lu t io n s  w e r e  d is c a r d e d  and the p la te s  w e r e  g iv e n  

3 x 5 *  w a s h e s  w ith  P B S -T w e e n ,

S e r ia l  d ou b lin g  d ilu t io n s  o f th e fou r  s p e c im e n s  under t e s t  

w e r e  p r e p a r e d  in  both P B S -T w e e n  and P B S -T w e e n  + 4% BSA  fr o m  

1:500 tlirou gh  1:64000 and in o cu la te d  a s  0 ,1  m l  a liq u o ts  in to  the  

a p p r o p r ia te  w e l l s  o f  th e  p la te .  E a c h  s e r ia l  d ilu tio n  w a s  th e r e fo r e  

in cu b a ted  in  w e l l s  s e n s i t iz e d  b y  both HSV 1 a n tig en  and a  c o n tr o l  

u n in fec ted  V e r o  c e l l  p r e p a r a tio n .

A fte r  in cu b a tio n  o f th e  p la te s  a t 37^C fo r  2 h o u r s , th e  

s p e c im e n s  w e r e  d is c a r d e d  and the p la te s  w e r e  g iv e n  3 x  5* w a sh e s  

in  P B S -T w e e n ,

0 ,1  m l  a liq u o ts  o f a 1:500 d ilu tio n  o f a lk a lin e  p h o sp h a ta se  

co n ju g a ted  g oa t a n ti-h u m a n  IgG p r e p a r e d  in  P B S -T w e e n  w e r e  In o cu la ted  

in to  ea ch  w e l l  o f  th e  p la t e s ,  e x c e p t  th o s e  in co lu m n  1 , and  th e  p la te  

w a s  in cu b a ted  a t  37*^C fo r  2 h o u r s .

T h e  co n ju g a te  w a s  th en  d is c a r d e d  and a f te r  c a r e fu l ly  

w a sh in g  th e  p la te s  a s  b e fo r e , 0 . 1  m l a liq u o ts  o f  1 m g /m l  p -n itr o p h e n y l-  

p h o sp h a te  su b s tr a te  in  10% d ie th a n o la m in e  b u ffe r  pH 9. 8 w e r e  added  

to e a c h  w e l l  o f  th e  p la te .  A fte r  in cu b ation  a t ro o m  te m p e r a tu r e  fo r  

30 m in u te s ,  th e  r e a c t io n s  w e r e  stop p ed  w ith  50^1 a liq u o ts  o f  3 M 

N a OH.



E x p e r im e n t  8 V A P  B lin d  T r ia l  by E LISA  (T a b le  69)

D u p lic a te  0 .1  m l s ta in s  fr o m  B lin d  T r ia l  N o . 6 w h ich  

had p r e v io u s ly  b e e n  p e r fo r m e d  by th e IE A  tech n iq u e  w e r e  u sed  to  

in v e s t ig a te  th e  s u ita b ility  o f  E L ISA  for  d is c r im in a t in g  b e tw een  

b lo o d s ta in s .

T h e u se  o f 0 ,1 5  m l o f  0. 05% tr y p s in  so lu tio n  in  P B S  fo r  

the e lu tio n  o f  on e  s e t  o f  10 b lo o d s ta in s  co m p a red  w ith  0 ,1 5  m l of 

P B S  a lo n e  w a s  a l s o  in v e s t ig a te d  in  th is  e x p e r im e n t .

P r o c e d u r e ;  2 s e t s  o f 10 x  0 .1  m l cod ed  b lo o d s ta in s  on c lo th  w e r e  

e lu te d  b y  th e s ta n d a rd  e lu tio n  p r o c e d u r e . O ne s e t  o f  s ta in s  w a s  

e lu ted  w ith  0 ,1 5  m l  P B S  and th e o th er  s e t  w ith  0 ,15  m l o f  0, 05% 

tr y p s in  in  P B S . B oth  s e t s  o f  s ta in  e lu a te s  w e r e  u se d  a lo n g  w ith  

th e  o r ig in a l co d ed  ly s e d  b lo o d s  in  a co n v e n tio n a l E L ISA  t e s t  fo r  

d e te c t in g  a n ti-H S V l IgG  a n t ib o d ie s  and a n t i B ^  IgG  a n t ib o d ie s .

S in c e  lo w  r e s u l t s  had  b een  ob ta in ed  fr o m  th e  ly s e d  b lood  

s a m p le s  u s e d  in  th e  p r e v io u s  E L ISA  e x p e r im e n t , d ilu t io n s  o f  ly s e d  

b lo o d  and s ta in  e lu a te  w e r e  p r e p a r e d  in  P B S -T w e e n  + 4% BSA fr o m  

1:125 th ro u g h  1:1 6 0 0 0 ,

E L ISA  P r o to c o l

9 D y n a te ch  m ic r o t i t r e  p lh te s  w e r e  s e n s i t iz e d  w ith  HSV 1 

a n tig e n , <GB̂  a n t ig e n  and c o n tr o l u n in fec ted  V e r o  c e l l  a n tig e n  (a ll  

p u r if ie d  b y  30% s u c r o s e ) .  S ee  d ia g r a m  H .

C o lu m n  1 o f  e v e r y  p la te .w a s  le f t  em p ty  to fa c i l i t a t e  " b lan k in g” 

e a c h  p la te  in  th e  M u ltisk a n  E L ISA  r e a d e r  a t th e  end o f th e  e x p e r im e n t .  

0 ,1 5  m l a liq u o ts  o f  a 1;750 d ilu tio n  o f HSV 1 a n tig e n  in co a tin g  b u ffer  

pH 9 . 6 w e r e  in o c u la te d  in to  e a c h  w e l l  o f co lu m n  2 o f th e  f i r s t  p la te  

and a ls o  into th e w e l l s  o f  e v e r y  th ird  co lu m n  fr o m  p la te  1 to  p la te  9 . 

S im ila r ly  0 ,1 5  m l a liq u o ts  o f  a 1:750 d ilu tio n  o f ^B^ a n tig e n  in  co a tin g
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b u ffe r  w e r e  in o c u la te d  in to  e v e r y  w e ll  o f co lu m n  3 o f p la te  1 and  

into e v e r y  th ir d  co lu m n  o f  w e l l s  in th e  p la t e s .  F in a l ly ,  0 ,1 5  m l  

a liq u o ts  o f  a 1:750 d ilu tio n  o f  th e c o n tr o l u n in fec ted  V e r o  c e l l  

p r e p a r a tio n  w e r e  in o c u la te d  in to  a l l  th e  w e l ls  o f  co lu m n  4  and  

e v e r y  th ird  co lu m n  o f  w e l l s  fr o m  p la te  1 to 9 .

A f te r  in cu b a tio n  a t  4^C fo r  18 h o u r s  the s e n s i t iz in g  

s o lu t io n s  w e r e  d is c a r d e d  and th e p la te s  w e r e  g iv e n  3 x 5 *  w a s h e s  

w ith  P B S -T w e e n ,

D ilu t io n s  o f ly s e d  b lo o d , P B S  e x tr a c te d  s ta in s  and tr y p s in  

e x tr a c te d  s ta in s  w e r e  p r e p a r e d  in  P B S -T w e e n  + 4% B SA  fr o m  1:125 

th rou gh  1 :1 6 0 0 0  and in o c u la te d  in  0 , 1  m l a liq u o ts  to  th e a p p r o p r ia te  

w e ll s  a s  sh ow n  in  d ia g r a m  H.

T h e p la te s  w e r e  th en  in cu b ated  a t 37°C  fo r  2 h o u r s  b e fo r e  

th e t e s t  so lu t io n s  w e r e  d is c a r d e d  and th e  p la te s  w a sh e d  w ith  P B S -  

T w e e n  a s  b e fo r e .

0 ,1  m l  a liq u o ts  o f  a  1:500 d ilu tio n  o f a lk a lin e  p h o sp h a ta se  

co n ju g a ted  g o a t a n ti-h u m a n  IgG  p r e p a r e d  in  P B S -T w e e n  w e r e  

in o c u la te d  in to  e v e r y  w e l l  in  e a c h  p la te ,  e x c e p t  co lu m n  1 , and  

in cu b a ted  a t  37°C  fo r  2 h o u r s . T h e con ju gate  s o lu t io n s  w e r e  th en  

d is c a r d e d  and th e  p la te  w a s  r e w a sh e d  w ith  P B S  -T w e e n . 0 .1  m l  

a liq u o ts  o f 1 m g /m l  p -n itr  ophenylpho  sp h ate  s u b s tr a te  in  10% 

d ie th a n o la m in e  b u ffe r  pH 9 . 8 w e r e  added  to  ea c h  w e l l  o f p la te s  1 to  9, 

A fte r  in cu b a tio n  a t  r o o m  te m p e r a tu r e  fo r  30 m in u te s ,  th e  r e a c t io n s  

w e r e  sto p p ed  w ith  50^1 a liq u o ts  o f 3 M Na O H .
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P la te  1 

P la te  2

P la te  3

P la te  5

P la te  6

P la te  7

P la t e  8

P la te  9

6  6 8 o 6 8  5  6 8  5  5 8
700 701 703 704

Ô S S ' & S S S o S t S S S
7 0 4  398 392 697 705

B ÇÜB, CV HS (tA  CV HS <^B, CV HS ÿ B , CVo o o o po o oo o o o
7 0 5  698 702 IP

B HS ÿ B , C V  HS ÿ B ,  CV HS ÇiB, CV HS (?ÎB,pwe4 o o o o o ô o  oo o o o
2P  3P  4 P  5P

B C V  HS ÿ B , CV HS ^ B , CV HS ^ B , C V  HSo ^ > o p o o Q o o  Qo p
B Ç la  ÇV  HS g(B, CV HS j0B^ CV  HS (SÎB, CV

ô n s o p p o  P ' d ô P ' o
9 P  lOP IT 2T

B HS (^B, CV HS QÎB, CV HS <?!b . CV HS (Ẑ B,o o p o o p o o p o o p
B CV HS ( te ,  CV  HS g^B. CV HS ÇIb , CV HSopoc5ooo„ooQ,og^

HS ÇÎB, CV

lOT

D ia g r a m  H S e q u e n c e  o f  a n t ig e n s  in  p la te s  in v o lv e d  in  E x p e r im e n t  8 , 

B = B la n k  w e ll  

HS = W e ll c o a ted  w ith  H SV l a n tig en  

^B^ = W e ll c o a te d  w ith  ^B ^ a n tig en

CV = W e ll co a ted  w ith  c o n tr o l u n in fec ted  V e r o  c e l l  a n tig e n  

7 0 0 , 701, e t c .  = C od ed  ly s e d  b lood  s p e c im e n s  

IP, 2 P , e t c ,  = C od ed  P S B  e x tr a c te d  s ta in s  

IT , 2T , e tc .  = C od ed  tr y p s in  e x tr a c te d  s ta in s



168

C H A P T E R  III

E X PE R IM E N T A L . D ATA  (2)

R E SU L T S
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Secuoi-Di lutioE —(̂ Log-)

Figure ! i ELISA: absorbance headings of Serum No.̂  1 /2177 " ! ! 1----;----;----:----j-------------: l  1-------------- ;-----    :-------- -
 HSVi.| (Differen'tiaL^Centrifugation) - Ag-'co'ated ’—

wel±^-(Ç)-and uninfected-Vero ■cell~controI~wells'
■ : J — L • . . .  i : 1 > I

(x) showing the end'point of the serum titration  | !

to be Log. 10. (1:1024) '• - , 2  i ■ !
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mSerum Dilutior (Lo*)._

Figure :2 ELI'SA’ absorbance reading's ôf Serum 'Mo . M ‘/2823‘
 ■__________L .

r ■ in IHSV1 I(Differential Icentrifugàtion) Agicoated ' 

- W e l l s and-uninfected...Vèro cell_dontrôl wells__.

(X)' showing the end point of the serum titrat::on

to (be Log 8 . (1:256]

r i

7  : S ,
'Serum Dilution (Log )

Figure 3 ELISA absorbance readings of Serum No. 11/1986' 

in HSVl : (Differential Centrifugation) Ag'CoateF 

, ... wells, (o) and uninfected Vero ce ll control .wells. I__.

(<) showing the end point of the serum titration !-
: : . ' • . ' ; i I

to  be <Log^ 6 . ( <1:64) ' ' 1---------
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—  -  -

Serum Dilution! fLog^)

I ■ figure :4 j ELISA ^absorbance readings of Serurri No .11/2439' '■

T -I J_„_ : . in ISV.I. [(Differential _Cehtrifugation^ Âg ’coatid L

; -j--------j— -------------wel-lsi-(0 )—and uninfected—Vero cel 1— controi—we-Ho—-welis-^6 >-and uninfeG-t|ed-Vero cell-controt-wei-ls^ 

(x) showing the end point of t h e  s e r ù m ‘ ; t i t r a t î n n

to pe Logg 8

t:x:

Serum Dilution (Log )̂ I !

-I - - I

Figure 5 ! ELISA absorbance readings of Serum No. 11/1650*

: j [Tn TkvT  m  f  ferent i i r  Centri fugation j I g ' coItST" '
L- ------- ! welIs.-(o)„and uninfected Vero cell-control-w ells

1 ■ ■ ! i i :
j (x) showing the end point of the serum titration

to be Log ■ *8 . ( 1:256'). .... ..I c
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2 0

X)

500 Looo ÔOa
Reciprocal Serum Dilutions

Figure 6 ELISA absorbance readings of Serum No. 11/2177 in HSVl 

i (30% Sucrose) Ag coated wells (o) and uninfected Vero

 : - - - c e il .control wells (x) showing-the end point of the____
• . : i : ! I r  '

serum titration to be 1:32000.-'- ; ; ! .........t -------
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2 0

. . . .

latKt I J o o o  iGocjo ! 33c>co

Reciprocal Serum Dilutions [ ” *

Figure 7 ' ELISA absorbance readings of Serum No. 11/2823 in HSVl ;

(30% Sucrose) Ag coated wells (oj and uninfected Vero •

. .. c e ll control-wells (x) showing the_end point of the  I
• ' ' [ i I
‘ serum titration to be 1:16000. | i

CAoco
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4 - 0 0 0  i S O D O

R eci procal Serum_ Dilu tion s

500 tooo

Figure 3 ELISA absorbance readings of Serum No. 11/1986 in'HSVl

I (30% Sucrose) Ag'coated wells (O) and uninfected Vero
i [

■ -ce ll control wells (x) showing-the-end point of the____
: . ! j ' i ' I

serum titration  to be < 1:500. ■ ■ . j ' •
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2 - 0

yco 2 crw  Aooo \ I Scco | /6-

__ JReciproca  ̂ Ŝ um_ D ilu ^ ^ ^

'S3oo*> Ô ooo

;  I  ■ '  I  I  ;  •

■Figure 9 ELISA absorbance readings of Serum No. 11/2439 in HSVT
i  I  :  i  :  :  .  I  •

i (30% Sucrosej Ag;coated wells (O) and uninfected Vero } 

.L„.cell._control_wells. (X) showingithe. end point.iof the__

i • serum titration to be 1: 32000 :
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-ni

20poiOVO

Reciprocal Serum Dilutions

! 1 ' ' I . I ! ’ : i
Figure 10 ELISA absorbance readings of Serum No. 11/1650 in ;hSV1

r  ' "  ’ T  (3 0 % '^ c r ^ se )~ À ^ o a te d  w e lls  To) and uninfeTtidlfeo*"!''”*’ t

 !_-.cell control^jwells (x) showing., .the. end point, of .the _
i : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
j serum titration to be 1:8000.
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Xi

0 6-~Xi

1 -0 r- - T ' — r— ' r -
JReciprocai AntigeruDilutioDL

igure 11 j ELISA absorbance readings for ajcheckerboard

. i titration of HSVlIAg purified by 30%'Sucposè
; : . ! : ' : I ; i ; i . I ; i- ■

—  - — f—Serum- No 12/1578 (O) — Serurri No—j2 / 0&79“7ix)——

• ; Optimum Coating Dilution = 1:750 :— '“p'------:
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•H
0 * 8

0 -2

toooI  2 ^ 0

Reciprocal Antigen-DÏ-lution

SCO

Figure ELISA absorbance readings for â  checker! 

titration of jCB̂  Ag purified.by_30.%‘.Sucrose 

Serum No 2/1264 {O) Serum No 2/0619; (x) 1 ..
1 I I j

Optimum Coating Dilution "= 1:750---------------—-------
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3 0lO 20

Temperature of Incubation ( C)

Figure 14 The effect of the temperature of serum

and conjugate incubations on the specific 

activity in enzyme-linked immunosorbent 

assay (ELISA) for antigens of Herpes simplex 

virus type 1. (Gilman and Docherty, 1977-) 

Showing the optimum temperature of incubation 

resulting in maximum ELISA specific activity  

to be 37°C.
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SERUM No. Reciprocal Titre 
I F A ELISA

9/1805 16 40

9/2247 16 160

9/2399 32 < 10

9/0127 128 160

11/2177 128 40

11/2524 128 10

11/2823 64 320

11/1986 < 2 640

11/2693 32  ̂1280

11/2842 64 < 10

11/1650 32 80

11/2439 512 40

12/0393 128 > 1280

12/0991 32 10

12/0988 128 40

12/1469 128 ^1280

TABLE 1 Comparison of I F A and ELISA 

titres using Immunitalia HSV 1 

OF antigen to senstize the 

ELISA plates.
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SERUM No.
Reciprocal Titre 

I F A ELISA

12/0471 16 16

12/0895 16 16

12/0311 <16 16

12/2741 32 128

12/0678 16 128

12/0646 128 ^  128

12/0593 64 ^128

12/2538 16 2

11/2437 256 2

11/1531 16 32

11/2953 16 >  128

11/3085 16 ^ 128

11/3104 16 4

11/1681 32 ^ 128

11/1988 64 2

11/3084 16 8

•11/2178 32 2

9/1460 32 < 10

9/1216 16 < 10

9/2142 64 20

8/2908 16 80

TABLE 2 Comparison o f  I  F A and ELISA 

t i t r e s  u s in g  Im m unitalia  0 B̂  

CF a n tig e n  to  s e n s i t iz e  th e  

ELISA p la te s .
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Serum No
Reciprocal Titres

IFA ELISA ELISA 
(CF Ag) (DC)

11/2177

11/2823

11/1986

11/2439

11/1650

128 <40 1024 

64 320 256 

< 16 640 < 64 

512 <40 256 

32 80 256

Table 3 Comparison of IFA and ELISA titres  

using Immunitalia HSVl Complement 

Fixing antigen {CF Ag) or HSVl Ag 

purified by Differential Centrifugation 

(DC) to sensitize the ELISA plates.

Antigen
Dilution

Serum No 
12/0679

Serum No 
12/1578

1:100

1:250

1:500

1:750

1:1000

0.169 

0.119 

0.085 

0.060 

0.108

1.083

1 .172

0 .7 9 9

0.518

0.435

Table 4 ELISA results (in absorbance units) 

for a checkerboard titration  to find 

the optimal coating dilution of 

HSVl Ag purified by 30% Sucrose.

Note: Each result in the table above is  the 

mean value of 3 replicate assays.
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Serum No IFA ELISA

11/2177 128 32000

11/2823 64 16000

11/1986 < 16 < 500

11/2439 512 32000

11/1650 32 8000

Table 5 C o rre la tio n  o f  IFA and ELISA 
t i t r e s  u s in g  HSVl Ag p u r i f ie d  
by 30% Sucrose to  s e n s i t i z e  
th e  ELISA p la te s .
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Antigen
Dilution

Serum No 
2/0619

Serum No 
2/1264

1:100 0 .2 9 9 1 .099

1:250 0.266 1.089

1:500 0 .1 5 2 0.710

1:750 0.124 0.544

1:1000 0.131 0.448

Table 6 ELÏSA results {in absorbance units) 

for a checkerboard titration to find 

the optimum coating dilution of 

0B̂ Ag purified by 30% Sucrose.

Note: Each result in the table above is  the 

mean value of 3 replicate assays.

Antigen
Dilution

Serum No 
1187

Serum No 
4832

1:100 0.088 0.411

1:250 0.085 0.331

1:500 0.054 0.191

1:750 0.088 0.151

1:1000 0.054 0.118

Table 7 ELISA results (in absorbance units) 

for a checkerboard titration to find 

the optimum coating dilution of 

Rotavirus Ag purified by 30% Sucrose.

Note: Each result in the table above is  the 

mean value of 3 replicate assays.
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S p e c im e n
P r o te in  
c o n c .  
(g /100  m l)

% of
p r o te in
r e c o v e r e d

H a e m o g lo b in
c o n c .
(g /1 0 0  m l)

% o f
h a e m o g lo b in
r e c o v e r e d

O r ig in a l w h o le  
b lood 16. 0 1 2 .1

D a y  1
4^C
e lu a te

5 .8 36 6. 5 5 3 ,7

D a y  1 
R T
e lu a te

5. 75 36 5 .8 4 7 .9

D a y  7
4°C
e lu a te

7 .8 5 4 9 .1 5 .9 4 8 .8

D a y  7
R T
e lu a te

6 .9 5 4 3 .5 4 .9 4 0 . 5

T a b le  13 B lo o d s ta in  e lu a te  r e c o v e r y  e x p e r im e n t  sh o w in g  th e

c o r r e la t io n  b e tw een  p e r c e n ta g e  p r o te in  and p e r c e n ta g e  

h a e m o g lo b in  r e c o v e r e d  fr o m  b lo o d s ta in s  a s  a  fu n ctio n  

of t im e  and te m p e r a tu r e
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Serum No IFA ELISA NEUT*

11/1986 < 2 < 500 <10
12/0679 < 2 < 500 <10
11/2693 < 2 < 500 <10
1/2680 < 2 < 500 <10
2/0838 < 2 < 500 <10
2/2049 < 2 < 500 <10
2/2047 < 2 <500 <10
1/2678 <2 <500 < 10
1/2686 < 2 < 500 <10
2/0720 16 500 <10

11/0667 <2 1000 <10
1/2467 8 1000 <10
1/2897 8 2000 10
1/2333 16 2000 10
1/2280 8 2000 10

11/2547 32 4000 100
11/1650 32 4000 10
1/2281 16 4000 10
1/2674 16 4000 10
1/2809 16 4000 10

11/2524 64 8000 50
12/1578 512 8000 10
11/2658 32 8000 50
1/2683 32 8000 10

11/1136 16 8000 <10
2/2050 32 8000 10
2/0873 32 8000 10
2/1570 8 8000 50
2/1600 64 8000 < 10
1/2884 512 8000 100
1/1424 256 8000 100

12/0393 32 16000 10
11/2823 64 16000 10
11/2663 16 16000 50
11/2842 32 16000 100
11/0246 32 16000 100
2/0549 64 16000 500
2/1571 32 16000 100

11/2439 512 32000 100
11/2177 128 32000 100
11/0250 128 32000 100
2/0193 256 32000 100

11/1469 256 ^64000 100
2/0614 1024 ^64000 5000
1/2317 1024 >. 64000 10000

Table 14 Correlation of IFA, ELISA and 

Neutralisation HSV1 IgG titres  

of 45 different sera.

* = Neutralisation test.
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Serum No IFA ELISA
*

NEÜT

2/0619 < 8 < 500 <10
2/0786 32 < 500 <10
1/2812 8 < 500 <10
1/2811 8 < 500 <10

11/2437 128 < 500 <10
12/1646 128 500 10
10/3104 8 500 <10
10/3085 64 500 < 10
10/3084 16 500 <10
11/2953 32 500 <10
2/1046 32 1000 < 10
2/0853 32 1000 < 10

11/1988 64 1000 <10
11/1531 16 1000 < 10
11/2178 32 1000 50
1/2082 16 1000 < 10
1/2800 8 1000 50
2/0102 32 2000 10
2/1149 32 2000 < 10
2/0843 8 2000 < 10

11/1681 32 2000 < 10
12/0846 64 2000 <■10
12/1702 32 2000 <10
2/1947 8 4000 10
2/2052 8 4000 < 10

12/0471 16 4000 < 10
12/0593 128 4000 >100
11/2741 32 4000 50
12/0594 128 4000 10
2/0145 64 8000 <10

Table 15 Comparison of IFA, ELISA and

Neutralisation 0 IgG titre s  

of 30 different sera.

* = Neutralisation test.
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Serum No IFA ELISA CF

1187 < 8 < 32 0
3225 64 < 32 32
3540 32 < 32 16
3733 < 8 < 32 16
4751 8 < 32 32
4794 8 < 32 2
5201 < 8 < 32 4
4179 16 < 32 4
2460 8 < 32 32
0494 8 32 16
3193 8 32 32
0904 32 64 32
0894 8 64 32
4923 8 64 8
2920 8 64 ■ 4
5528 16 64 32
1770 64 128 16
1408 64 128 64
5470 64 256 32
3912 64 256 32
2898 < 8 256 16
4119 32 512 0
4832 128 512 32
2586 16 512 64
1147 8 512 8

Table 16 Comparison of IFA, ELISA and 

CF Rotavirus IgG titres  

of 25 different sera.
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VIRUS A B C D E F G H I J

Polio 1 3 N N N 3 N N N N N

Polio 2 N N N 3 3 N N N N 3

Polio 3 3 N N 3 3 1 N N 3 3

N N 3 N N 2 N N 3 N

ECHO 5 N N N N N 3 N N 4 N

ECHO 19 3 N N 3 3 N N N N N

Measles 3 4 - 4 3 2 3 3 2 N

Herpes S 7 6 4 5 6 8 4 4 - 3

Adeno 2 N N N 3 3 2 N N N N

Adeno 5 N N N N N N N N N N

R S V 5 5 5 4 5 N 4 3 4 ■ 4

Flu A 3&hr N - - 3 3 - N 3 N N

Flu A 18hr 3 3 4 3 5 1 3 3 N 3

Flu B 6 6 - 5 6 3 5 5 N 6

E B V 6 4 5 5 5 5 4 3 6 5

C M V 7 4 4 4 5 4 4 4 4 3

T A B L E  17 R e p lic a te  A n tib o d y  P r o f i le s  (A -  J ) o f  p la sm a  fro

a 66 y e a r  old  G la sg o w  fe m a le .

N o te :  In T a b le s  17 th rou gh  65,

N  -  No s p e c if ic  a n t iv ir a l  a n tib od y  d e te c te d  

“ = N o r e s u lt  a v a ila b le

nt = A n tib od y  d e te c te d  in  u ndilu ted  p la s m a  sa m p le

1, 2 , 3 = A n tib o d y  t i t r e  r e c o r d e d  a s  L og  
e t c . 2

m
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VIRUS A D C D E F G H I J

Polio 1 4 N 3 5 4 3 3 5 4 4

Polio 2 4 4 4 4 5 3 3 3 3 3

Polio 3 5 4 5 6 6 5 6 5 5 5

e B, N N N 4 4 4 4 4 3 3

ECHO 5 4 4 5 5 5 4 5 5 6 4

ECHO 19 N N N 5 5 N N 3 4 2

Measles 4 4 N 4 3 5 5 4 3 N

Herpes S - 4 4 6 6 7 7 6 7 5

Adeno 2 N 3 N 3 3 N N N N N

Adeno 5 N 3 4 3 4 3 3 2 2 2

R S V 6 6 5 6 6 6 7 6 6 ,7

Flu A 3^hr N 6 3 5 5 4 4 3 4 5

Flu A iBhr 3 5 4 4 4 4 5 - - 2

Flu B 5 5 5: 5 5 5 5 5 5 5

E B V 5 6 6 6 6 6 6 6 6 6

C M V 4 5 4 6 6 N N 5 4 6

TABLE 18 Replicate Antibody Profiles of plasma

from a 64 year old Glasgow male.
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VIRUS A B C D E F G H I J

Polio 1 2 2 2 3 - — N N 3 2

Polio 2 3 2 1 3 2 3 3 1 3 2

Polio 3 5 5 3 5 3 4 5 N 4 4

e B, 4 4 4 N 4 3 3 3 4 4

ECHO 5 4 4 4 4 3 4 4 4 3 4

ECHO 19 - N 4 - - N 3 3 4

Measles 5 4 - 4 - 4 N N N 5

Herpes S 7 6 8 - - 7 - - 4

Adeno 2 N N N N N N N 2 1 ~ -

Adeno 5 - - N "" - - N N N N

R S V 4 5 3 N 4 5 5 5' .4

Flu A 3jhr N N N N N N 3 N N 2

Flu A I8hr N N N N N N 3 3 2 -

Flu B 2 2 4 3 2 2 5 4 - -

E B V 6 5 5 5 6 6 6 5 6 6

C M V N 5 6 3 6 5 N 5 6 5

TABLE 19 Replicate Antibody Profiles of plasma

from a 65 year old Glasgow male.
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VIRUS A B C D E F G H I J

Polio 1 N 1 2 N N N N N N N

Polio 2 N N 1 - 4 2 4 3 3 1

Polio 3 2 3 5 4 3 1 2 2 N 1

e B, N 3 3 4 3 3 N 3 2 N

ECHO 5 3 4 5 3 4 4 4 4 3 3

ECHO 19 3 N N 2 2 2 2 N 3 2

Measles N 4 4 3 3 3 N 4 3 1

Herpes S 4 5 6 5 4 N 4 7 5 7

Adeno 2 - N 4 2 2 2 2 - 4 2

Adeno 5 N 3 ■ 5 2 3 3 3 2 4 3

R S V 5 6 6 6 5 7 7 5 •6 ■ 5

Flu A 3^hr 4 N N N N 4 5 - - -

Flu A I8hr N 3 N 3 5 4 - - -

Flu B 6 - 5 4 4 4 - - -

E B V 5 6 8 7 7 7 8 6 7 -

C M V 5 7 6 7 5 6 5 7 6 7

TABLE 20 Replicate Antibody Profiles of plasma

from a 77 year old Glasgow male.
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VIRUS A B C D E F G H I J

Polio 1 4 N 3 5 4 3 3 5 4 4

Polio 2 4 4 4 4 5 3 3 3 3 3

Polio 3 5 4 5 6 6 5 6 5 5 5

N N N 4 4 4 4 4 3 3

ECHO 5 4 4 5 5 5 4 5 5 6 4

ECHO 19 N N N - - N N 3 4 N

Measles 4 4 - 4 3 5 5 4 3 -

Herpes S — 4 4 6 6 7 7 6 7 6

Adeno 2 N 3 N 3 3 N N N N N

Adeno 5 N 3 4 3 4 3 3 2 2 2

R S V 6 6 5 6 6 6 7 6 6, 7

Flu A 3&hr N 6 3 5 5 4 4 3, 4 5

Flu A iShr 3 5 4 4 4 4 5 - - 2

Flu B 5 5 5 5 5 5 5 5 5 5

E B V 5 6 6 6 6 6 6 6 6 6

C M V 4 5 4 6 6 5 4 6

TABLE 21 Replicate Antibody Profiles of plasma

from a 66 year old Glasgow male.



VIRUS A B C D E F G H I J

Polio 1 4 3 3 2 2 3 N N N n
Polio 2 5 3 2 2 2 2 3 4 3 4

Polio 3 6 3 3 3 3 3 3 N N 4

3 N N' N 2 2 N N 3 3

ECHO 5 6 2 3 4 2 2 4 6 5 5

ECHO 19 4 2 N 2 1 1 . N N 5 4

Measles 4 N N N 3 3 4 N N N

Herpes S - N 7 6 6 6 N N 8 8

Adeno 2 - N M 1 1 2 N 2 3 2

Adeno 5 N H N N N N N N 5 2

R S V 5 3 3 3 5 4 4 5 4\, 3

Flu A 3&hr 2 N 3 1 N 1 N 3 N 3

Flu A I8hr 3 2 N 1 2 2 3 4 4 4

Flu B 6 4 4 4 5 5 3 4 3 -

E B V 5 5 5 5 5 5 5 5 6 7

C M V N N N N N N N N N N

Hb (%) 45 38 45 44 43 45 36 36 42 44

TABLE 22 Replicate Antibody Profiles of bloodstain

eluates. Donor: 20 year old Glasgow male.
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VIRUS A B C D E F G H I J

Polio 1 N 1 N N

Polio 2 1 1 4 3 4 2 3 2 N N

Polio 3 1 2 4 3 5 3 5 4 4 4

e B, 3 2 5 3 4 3 2 4 4 4

ECHO 5 2 3 5 4 5 5 5 5 4 4

ECHO 19 N N 3 3 5 4 6 4 2 2

Measles N N 5 N 3 N 3 N 1 3

Herpes S 3 3 6 5 8 4 8 5 4 5

Adeno 2 - - N 2 N 1 2 N N N

Adeno 5 - - N N 3 2 2 N N N

R S V 3 4 5 4 5 4 4 5 6 4

Flu A Oghr 3 3 3 4 5 N 4 2 5 4

Flu A I8hr 2 3 3 2 4 2 3 2 2 3

Flu B 2 2 6 4 5 5 5 4 4 4

E B V 5 5 6 6 8 5 7 6 5 5

C M V N N N 3 2 N 2 N 2 2

Hb (%) 53 46 52 51 49 49 51 49 51 49

TABLE 23 Replicate Antibody Profiles of bloodstain

eluates. Donor: 56 year old Glasgow male.



VIRUS A D C D E F G H I J

Polio 1 N N N N N N N N N N

Polio 2 N N N N N N N N N N

Polio 3 N N N N N N N N . N N

N N N N N N N 1 1 1

ECHO 5 2 2 N N 2 N N 2 2 N

ECHO 19 2 M N N N N N N N N

Measles 3 2 5 N 4 2 4 3 3 3

Herpes S 4 3 7 6 4 4 5 6 5 3 .

Adeno 2 N N 3 N N N N N N N

Adeno 5 N N N 1 “ 5 N N N

R S V 4 4 3 N 3 N 3 3 2 ,4

Flu A 3&hr N N N N - 2 2 3 2 2

Flu A I8hr N 2 2 2 2 N N 2 3 1

Flu B 5 5 4 4 4 5 4 4 3 4

E B V 6 5 7 7 7 6 6 5 5 6

C M V ■ 2 3 4 N 3 5 5 4 4 2

Hb (%) 53 64 57 53 57 50 53 53 52 53

TABLE 24 Replicate Antibody Profiles of bloodstain

eluates. Donor: 52 year old Glasgow female,
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VIRUS A B C D E F G H I J

Polio 1 N N N N N N N N N N

Polio 2 1 1 N N N N N N N N

Polio 3 N N N N N N N N N N

N N N N N N N N 2 2

ECHO 5 2 1 3 3 1 N N N 3 3

ECHO 19 N N N N N N N N 1 1

Measles 2 2 2 3 2 1 N N N N

Herpes S 6 7 7 6 7 7 8 8 6 6

Adeno 2 N 1 1 N 1 1 N N 2 3

Adeno 5 1 1 1 1 2 1 1 2 1 2

R S V 4 3 3 3 4 3 3 3 2 . 2

Flu A 3&br 1 2 4 4 4 4 - — —

Flu A I8hr 2 3 4 4 2 2 2 2 2 3

Flu B 5 5 5 6 6 5 — - 6 6

E B V 4 4 4 5 5 5 - 6 6

C M V N 3 3 3 5 5 5 5 5 5

Hb (%) 46 46 46 56 55 51 49 51 56 56

TABLE 25 Replicate Antibody Profiles of bloodstain

eluates. Donor: 61 year old Glasgow male.



VIRUS A B C D E F G H I J

Polio 1 N N N N N N N N N N

Polio 2 2 2 2 3 3 2 4 4 N 1

Polio 3 2 2 N 4 N N 2 2 N 2

N N 4 5 2 2 4 3 1 2

ECHO 5 4 4 5 6 4 4 - — 1 -

ECHO 19 N N 5 5 2 2 6 5 2 2

Measles 5 6 5 - 4 4 5 5 2 5

Herpes S 7 7 8 8 6 7 8 8 5 6

Adeno 2 1 1 4 4 2 2 4 3 2 1

Adeno 5 N N 3 4 2 2 3 4 2 N

R S V 4 4 5 5 3 3 5 4 2 2

FTu A 3^hr N N - "* 1 1 3 3 4 3

Flu A 18hr 2 2 3 3 1 1 3 N 1 1

Flu B 6 6 6 7 6 5 5 5 4 4

E B V 5 5 7 6 6 6 8 7 5 7

C M V N N N N 2 N N N N N

Hb (%) 73 72 74 73 70 68 73 72 71 72

TABLE 26 Replicate Antibody Profiles of bloodstain

eluates. Donor: 48 year old Glasgow male.



VIRUS A B C D E F G H I J

Polio 1 3 4 3 5 4 3 4 4 4 5

Polio 2 3 5 3 5 4 3 3 5 4 5

Polio 3 8 6 5 5 6 7 6 6 6 6

g B̂ 5 5 - — 5 5 5 5 4 5

ECHO 5 4 3 6 4

ECHO 19 4 3 4 4 5 4 4 5 - -

Measles

Herpes S 5 4 5 6 8 8 7 6 7 6

Adeno 2 N N N N N N N N N N

Adeno 5 -

R S V 5 5 4 4 5 4 4 5 4 5

Flu A 3jhr

Flu A 18hr

Flu B 5 4 4 - - - - 4 4 6

E B V 4 4 4 4 4 4 4 5 5 4

C M V 4 4 4 4 4 4 4 4 4 5

TABLE 27 Replicate Antibody Profiles of plasma 

from a 41 year old Glasgow female.



VIRUS A B C D E F G H I J

Polio 1 3 N N N 3 N N N — N

Polio 2 N N N 3 3 N N N N 3

Polio 3 3 N N 3 3 N N N 3 3

e B, N N 3 N N N N N 3 N

ECHO 5 N N N — 3 N N 4 N

ECHO 19 3 3 N 3 3 - N N N N

Measles 3 4 - 4 3 2 N N N N

Herpes S 7 6 4 5 6 8 4 4 - 3

Adeno 2 N N - 3 3 N N N N N

Adeno 5 - - - - - ” - -

R S V 5 5 5 4 5 N 4 3 4 4

Flu A 3jhr N - - N N - N 3 N N

Flu A I8hr 3 3 4 5 1 3 3 N 3 3

Flu B 6 6 - 5 6 3 5 5 N 6

E B V 6 4 5 5 5 5 4 3 6 5

C M V 7 4 4 4 5 4 4 4 4 3

TABLE 28 Replicate Antibody Profiles of plasma

from a 68 year old Glasgow female.
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VIRUS A B C D E E G H I J

Polio 1 1 n 1 N 1 1 N nt N 1

N N 1 1 nt N 1 1 nt N

ECHO 19 1 nt 1 nt nt nt 2 2 nt nt

Herpes S 3 1 3 2 2 2 3 3 3 3

Adeno 5 N N N N N N N N N nt

E B V 2 2 3 3 3 2 2 3 4 2

C M V N N N N N N N N N N

Hb (%) 23 23 25 24 27 25 23 25 25 21

TABLE 29 Replicate Antibody Profiles of bloodstain 

eluates. Donor: 16 year old Glasgow male.

VIRUS A B C D E E G H I J

Polio 1 nt N N N nt N N nt N N

N N N N N N N nt N N

ECHO 19 nt 1 N nt 1 N nt 1 nt M

Herpes S 4 3 4 3 4 3 3 3 3 3

Adeno 5 N N N N N N N N N N

E B V 3 2 2 1 2 3 2 1 1 2

C M V N N N N N N N N N N

Hb {%) 20 19 14 14 14 17 16 14 13 10

TABLE 30 Replicate Antibody Profiles of bloodstain 

eluates. Donor: 34 year old Glasgow female,
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VIRUS A B C D E F G H I J

P o lio  1 1 n t 1 1 n t 1 2 1 2 1

2 2 3 2 3 2 3 3 2 3

ECHO 19 3 3 2 1 1 1 3 3 3 3

Herpes S 2 2 2 2 2 3 3 3 4 3

Adeno 5 1 n t n t n t n t 2 1 1 1 N

E B V n t 1 1 1 1 2 2 1 1 3

C M V N N N N N N N N N N

Hb {%) 24 25 29 33 24 24 24 25 36 35

TABLE 31 R ep lica te  Antibody P r o f i le s  o f  b lo o d s ta in  

e lu a te s .  Donor: 7 y ear o ld  Glasgow female

VIRUS A B C D E F G H I J

P o lio  1 2 1 1 2 2 2 2 1 1 1

e B, N N 1 n t 1 1 1 1 N N

ECHO 19 2 1 1 1 1 2 1 1 2 1

Herpes S 3 2 2 2 3 3 2 4 2 2

Adeno 5 N N N N N N N N N N

E B V 2 2 2 2 3 3 2 2 2 1

C M V 5 5 4 4 4 4 4 4 4 4

Hb (%) 27 17 32 30 29 38 29 28 29 22

TABLE 322  R e p lic a te  Antibody P r o f i le s  o f  b lo o d s ta in  

e lu a te s .  Donor: 27 y ear o ld  Glasgow fem ale
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VIRUS A B C D E F G H 1 J

P o lio  1 2 2 2 2 1 2 1 1 1 1

1 1 N N nt n t N n t n t n t

ECHO 19 N N N N N N N N N N

Herpes S N N N N N N N N N N

Adeno 5 N N N N H N N N N N

E B V N N N N N N N N N N

C M V N N N N N N N N N N

Hb (%) 28 28 28 24 28 32 33 37 27 28

TABLE 33 R ep lica te  Antibody P r o f i le s  o f b lo o d s ta in  

e lu a te s .  Donor: y ear o ld  baby g i r l .
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PROFILE No. SEX AGE OCCUPATION LOCATION

1, M 6 - Glasgow

2. 64 - Glasgow

3.

4.

M 24 Salesman Glasgow

5. - — •M.

6 . F 52 Housewife Glasgow

7. F 22 V iro lo g is t B e l l s h i l l

8 . - 27 - Glasgow

9. M 61 R e tire d Glasgow

10. F 18 S a le s g i r l Glasgow

11. “ 20 - Glasgow

.12. F 23 - Glasgow

13. F - - Glasgow

14. F 31 - Glasgow

15. M 42 P o r te r Glasgow

16. F 70 - Glasgow

17. M 73 Teacher Glasgow

18. M - - Glasgow

19. 29 - Glasgow

20. F - - Glasgow

21. M 23 V iro lo g is t Glasgow

22. F 35 V iro lo g is t Dunblane

23. M - Engineer Glasgow

24. M 71 R etire d Glasgow

25. F 77 R etired Glasgow

TABLE 34 Antibody Profile Survey. - Additional Information,
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PROFILE No. SEX AGE OCCUPATION LOCATION

26. - 24 - Glasgow

27. - 24 — Glasgow

28. ' - - - -

29. F 36 Nurse Glasgow

30. M - Glasgow

31. M 51 Unemployed Glasgow

32. - 23 - Glasgow

33. F 54 Housewife Uddingston

34. F - " Glasgow

35. M 31 - Glasgow

36. F 62 — Glasgow

37. F - - Glasgow

38. M - - Glasgow

39. F 64 - Kilmarnock

40. M - - Glasgow

41. M 52 C lerk E. K ilb rid e

42. _ - - -

43. - - -

44. - — — -

45. - — - -

46. - —- - —

47. — - - -

48. M 72 D riv er Glasgow

49. M 56 - E . K ilb rid e

50. F 65 Housewife Hamilton

TABLE 35 Antibody Profile Survey. - Additional Information

(Contd.)
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PROFILE No. SEX AGE OCCUPATION LOCATION

51. M 51 Clerk Glasgow

52. F 28 , - Glasgow

53. F 58 - Glasgow

54. F 76 R etired Glasgow

55. - - - -

56 , - —

57. M 54 Labourer Glasgow

58. F 29 - Glasgow

59. »*. - — -

60. - - - -

61 . F 53 - Glasgow

62. F 80 R etired P a is le y

63. M - - Glasgow

64. M 68 - Glasgow

65. F 22 - Glasgow

66. F 41 Glasgow

67. M 65 - Glasgow

68 . M 57 - Glasgow

69. M 55 - Glasgow

70. M 6 - Glasgow

71. P 26 - Glasgow

72. M 56 - Glasgow

73. M 69 — Glasgow

74. M 73 — Glasgow

75. M 74 - Glasgow

TABLE 36 Antibody Profile Survey. - Additional Information

(Contd.)



PROFILE No. SEX AGE OCCUPATION LOCATION

76. F - - Glasgow

77. M 9 Glasgow

78. M 28 Clerk Glasgow

79. F 44 — Glasgow

80. M 63 — Argyll

81. F 77 - Glasgow

82. M 1 Glasgow

83. F 41 - Glasgow

84. F 31 — Glasgow

85. F 58 Glasgow

86. — 52 - Glasgow

87. M 17 - Glasgow

88. F 70 — Glasgow

89. M 78 — Glasgow

90. F 23 — Glasgow

91. M 73 — Glasgow

92. “ 20 - Glasgow

93. F - - Glasgow

94. M 12 - Glasgow

95. M 20 — Glasgow

96. F - - Glasgow

97. F 58 - Glasgow

98. F 56 * Glasgow

99. M 53 - Glasgow

100. F 71 - Glasgow

TABLE 3 7 Antibody Profile Survey. » Additional Information

(Contd.)
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VIRUS 1 2 3 4 5 6 7 8 9 10

Polio 1 4 1 3 4 N 3 6 3 2 4

Polio 2 4 1 2 5 1 N 4 3 2 3

Polio 3 5 2 3 5 N N 5 3 2 4

4 N N N N 1 1 N 2 5

ECHO 5 6 - 4 5 3 3 5 - 2 5

ECHO 9 4 3 3 5 N 1 4 3 N 4

ECHO 19 5 3 3 4 1 N 3 3 1 3

ECHO 30 3 - 3 4 1 N 3 3 N 2

Mumps - - N 3 N 1 — - N 2

Measles N 3 4 4 1 N N 3 3 3

Herpes S N 5 N 5 4 5 N 5 ...5 , 5

Adeno 2 N 2 4 3 1 N N N 2 3

Adeno 5 N 1 4 N N N H 1 N 2

R S V 7 - N 6 1 3 3 - 2 N

Elu A 3|hr N 8 N 4 N N N 3 N N

Elu A IBhr 5 6 N 5 N N 1 3 1 N

Elu B N 6 N 3 N N 3 3 3 3

E B V N - - 6 - - 4 - - -

C M V N - - - 4 - - -

TABLE 38 Antibody Profile Survey.
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VIRUS 11 12 13 14 15 16 17 18 19 20

Polio 1 5 5 4 1 5 N 3 1 5 3

Polio 2 3 4 3 1 4 - 1 N 4 3

Polio 3 3 4 2 N 5 N 3 3 4 5

2 4 N N N N N 1 N 1

ECHO 5 - 6 - 3 4 N N N - 4

ECHO 9 3 5 3 N 5 N N 1 3 3

ECHO 19 3 3 3 N 4 2 N N 3 2

ECHO 30 - - - N 4 N M 1 2

Mumps - N N N - 2 N N N

Measles N 4 N 5 N N N 1 N -

Herpes S 5 5 2 5 7 N 1 3 4 N

Adeno 2 N 1 N N 3 N N N 3 -

Adeno 5 2 1 N N N N 1 2 3 -

R S V 4 6 5 2 6 3 2 1 7 3

Flu A 3jhr 2 2 N N 4 4 2 N 2 2

Flu A 18hr 4 5 1 2 3 4 4 1 ■| 3

Flu B - 4 N 5 4 3 N 1 3 3

E B V - - - - 5 3 "" - N

C M V “ - - N N - — 2

TABLE 39 Antibody Profile Survey. (Contd.)
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VIRUS 21 22 23 24 25 26 27 28 29 30

Polio 1 3 2 5 N 2 4 3 3 N 1

Polio 2 3 1 3 N N 2 N 1 N 4

Polio 3 4 3 4 U 3 2 4 3 N 4

0 B, N N N N 3 N N N N 5

ECHO 5 2 1 5 4 2 2 5 1 N 4

ECHO 9 N 3 4 N 2 4 5 2 N 4

ECHO 19 3 2 4 N 3 1 2 N N 4

ECHO 30 3 2 2 1 2 2 4 1 N 3

Mumps 2 1 N N N N 2 N N N

Measles 3 N 1 2 N N N 1 N 5

Herpes S N N 6 N 6 2 N 1 N N

Adeno 2 N 1 2 3 2 N 3 1 N 4

Adeno 5 N 2 3 N N N 5 2 N 3

R S V 3 3 2 3 4 3 4 1 N 6

Elu A 3&hr N 1 2 N N N N N N 2

Elu A 18hr 1 2 3 N N 3 1 2 N 4

Elu B N 2 3 N N N 1 N N 5

E B V —

C M V - -

TABLE 40 Antibody Profile Survey. (Contd.)
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VIRUS

Polio 1

Polio 2

Polio 3

ECHO 5

ECHO 9

ECHO 19

ECHO 30

Mumps

Measles

Herpes S

Adeno 2

Adeno 5

Elu A I8hr

Flu B

TABLE 41 Antibody Profile Survey. (Contd.)
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VIRUS 41 42 43 44 45 46 47 48 49 50

Polio 1 3 6 4 5 4 4 5 4 2 N

Polio 2 2 4 1 5 2 3 2 N 3 3

Polio 3 6 5 3 6 3 2 3 3 2 3

3 6 4 5 5 4 3 N N N

ECHO 5 6 4 7 5 5 3 3 6 5 4

ECHO 9 4 5 2 3 5 3 3 6 3 3

ECHO 19 6 5 4 4 4 2 4 3 3 1

ECHO 30 4 4 4 N 5 4 N 4 4 1

Mumps N N 1 1 N N N N 2 4

Measles N 3 4 3 2 4 5 4 1 6

Herpes S 2 4 5 4 5 5 6 7 4 6

Adeno 2 N N N N 1 2 2 3 2

Adeno 5 2 2 N N 1 N 4 1 2 N

R S V 1 2 3 3 N 3 2 5 5 5

Flu A 3^hr 3 5 2 3 3 2 2 N N 3

Flu A 18hr N 5 N N 1 2 N 2 N 3

Flu B 2 2 1 N N 2 N 4 5 2

E B V -

C M V

TABLE 42 ‘Artbibody Profile Survey. (Contd.)
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VIRUS 51 52 53 54 55 56 57 58 59 60

Polio 1 4 3 5 3 3 3 5 4 5 2

Polio 2 4 1 4 6 3 5 2 4 5 2

Polio 3 4 1 3 4 6 3 5 3 5 5

C B, N 3 5 N 4 N 4 1 N

ECHO 5 4 3 4 5 5 5 4 4 3 N

ECHO 9 3 3 3 5 4 3 3 6 1 3

ECHO 19 3 N 3 4 5 4 1 4 4 2

ECHO 30 3 2 N 3 5 4 3 N 3 3

Mumps N N N 1 N N 2 N 4 N

Measles 4 4 4 5 5 4 2 4 a -

Herpes S 6 4 5 4 8 6 6 4 5 7

Adeno 2 3 1 3 3 3 2 N N N -

Adeno 5 3 N 1 N N 3 N 4 3 -

R S V 3 2 2 4 6 4 3 5 6 -

Flu A 3&hr 2 2 n N 5 N 4 4 N 6

Flu A 18hr 4 4 2 2 5 2 4 1 3 3

Flu B 2 3 N 5 4 N 7 - N 3

E D V - - 4 6 - - 5 4 5

C M V N N

TABLE 43 Antibody Profile Survey. )Contd.)



VIRUS

Polio 1

Polio 2

Polio 3

ECHO 5

ECHO 19

ECHO 30

Muni p s

Measles

Herpes S

Adeno 2

Adeno 5

Flu A 18hr

Flu B

TABLE 44 Antibody Profile Survey. (Contd.)
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VIRUS 71 72 73 74 75 76 77 78 79 80

Polio 1 3 5 5 N 2 2 4 3 2 5

Polio 2 2 4 5 N 3 3 4 4 4 5

Polio 3 2 N 5 N 3 N 4 2 3 5

E B, 2 H 5 N 2 4 4 3 4 5

ECHO 5 1 ' N 2 N N N N 2 N N

ECHO 9 3 “■ 4 N 3 1 2 1 4 6

ECHO 19 '4 4 4 3 4 N 2 4 4 3

ECHO 30 N - N N N N N N N N

Mumps - N - - N N N N

Measles 2 4 2 4 5 4 4 — - ”

Herpes S 5 5 - 4 5 N 3 N 5 N

Adeno 2 N 3 2 N N N N N N 3

Adeno 5 N - 3 N N N - 3 N N

R S V 3 4 7 - 3 2 - - 4 4

Flu A 3|hr 1 5 - 4 7 1 2 3 2 7

Flu A 18hr 3 N 4 2 4 4 4 4 3 3

Flu B - N- - - 1 - - 1 - -

E B V 3 4 6 5 6 4 5 4 3 6

C M V - N 4 - 2 2 N N 3 N

TABLE 45 Antibody Profile Survey. (Contd.)
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VIRUS 81 82 83 84 85 86 87 88 89 90

Polio 1 N 4 2 3 - 4 N 2 2 5

Polio 2 - 4 2 4 1 5 2 3 2 4

Polio 3 2 4 3 4 4 4 2 N - N

e B, 1 N N N 3 6 N 4 2 5

ECHO 5 N N N N 4 6 1 N N N

ECHO 9 N 4 N 1 N 5 2 2 N 2

ECHO 19 3 N 4 1 2 5 3 2 2 2

ECHO 30 N N N N 3 N N N N N

Mumps 2 - N - 5 1 - “ N

Measles 5 N 2 5 3 2 4 4 4 4

Herpes S 7 N 5 5 6 7 6 2 6 —

Adeno 2 N N N N 2 3 N N N N

Adeno 5 4 N 2 N 3 2 4 N 2 N

R S V N 1 - 7 4 - - 4 - 3

Flu A 3jhr 3 N 2 N 3 5 1 - 3 N

Flu A I8hr 5 N 2 N 2 4 3 5 3 N

Flu B 2 - 3 3 3 - N - 4 —

E B V 4 N 3 3 5 6 4 4 7 4

C M V N 1 N 3 4 N N N 2 N

TABLE 46 Antibody Profile Survey. (Contd.)
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VIRUS 91 92 93 94 95 96 97 98 99 100

P o l io  1 N H 3 2 4 ~ 4 5 3 2

P o l io  2 N 1 2 6 N H 4 2 N

P o l io  3 3 2 N N N 3 N N N 1

e B, N 3 4 5 5 5 5 6 4 N

ECHO 5 N 4 2 N n 4 4 N N 2

ECHO 9 - 4 2 2 6 6 1 6 4 -

ECHO 19 4 3 3 4 1 4 2 5 4 N

ECHO 30 - N N N N _ N N - -

Mumps - - - N N N N 1 - —

Measles 3 4 3 5 7 - - - N

Herpes S 6 6 6 N N. N 4 5 5 4

Adeno 2 N N 2 N N N N - N

Adeno 5 3 3 N N N 4 N N 3 N

R S V 7 - 2 4 2 1 N 7 3 3

Flu A 3&hr 5 N . N 2 1 3 3 2 - 2

Flu A IBhr 4 1 N 2 N 2 2 5 4 N

Flu B 5 4 2

E D V 4 5 4 2 4 5 5 4 4 4

C M V N N N N N 5 N 6 3 N

TABLE 47 Antibody Profile Survey. (Contd.)



VIRUS
Time 

A (1)

I n te r v a l  

B (2)
(Months} 
C (1) D (1)

P o l io  1 3 (3) 5 (4) 3 (4) 3 (2)

P o l io  2 3 (2) 4 (3) 4 (2) 4 (3)

P o l io  3 5 (5) 4 (3) 4 (4) 4 (5)

e B i 1 (N) 4 (4) 4 (3) N (N)

ECHO 5 4 (2) 6 (5) N (N) N (N)

ECHO 9 3 (3) 5 (4) 2 (3) 1 (N)

ECHO 19 2 (3) 3 (4) 4 (5) 1 (N)

ECHO 30 2 (3) “ ( -  ) N (N) N (N)

Mumps N (N) N (H) -  ( “ ) — ( “ )

Measles — ( — ) 3 (3) 5 (6) 5 (3)

Herpes S N (N) 5 (5) 5 (5) 5 (6)

Adeno 2 -  ( - ) 1 (1) N (N) N (N)

Adeno 5 — ( — ) 1 (1) N (2) N (N)

R S V 3 (1) 6 (6) 5 (5) 7 (7)

Flu A 35hr 2 (2) 2 (3) N (N) N (N)

Flu A 18hr 3 (2) 5 (5) 3 (3) N (N)

Flu B 3 (2) 4 (4) -  ( - ) 3 (3)

E B V N (N) -  ( — ) N (N) 3 (3)

C M V 2 (1) — ( ~ ) — ( — ) 3 (4)

T A B L E  48 A n t ib o dy  p r o f i l e s  of  p l a s m a  s p e c i m e n s  A - D .

T h e  a n t ib o d y  p r o f i l e s  obta ined  f r o m  the  s a m e  b lood  

d o n o r s  A  - D a f t e r  the s p e c i f i e d  n u m b e r  of m o n t h s  

(d e ta i l ed  at  the top of  the  tab le )  a r e  r e c o r d e d  in p a r e n t h e s e s



227

VIRUS Time In terva l  (Months 
E (&) F (3) G 6)

P o l io  1 5 (5) N (N) 1 N)

P o l io  2 N (N) N (N) 4 4)

P o l io  3 N (N) 2 (2) 4 4)

4 (4) N (N) 5 5)

ECHO 5 3 (3) 2 (2) 4 7)

ECHO 9 N (5) N (N) 4 5)

ECHO 19 6 (6) « ( - ) 4 6)

ECHO 30 - ( - ) 2 (3) 3 4)

Mumps - {-) “ ( - ) N N)

Measles 5 (7) N (N) 5 5)

Herpes S 4 (7) •” ( - ) N

Adeno 2 N (N) N (N) 4 4)

Adeno 5 5 (4) N (N) 3 4)

R S V 5 (5) 4 (5) 6 6)

Flu A S^hr 5 (6) 5 (5) 2 N)

Flu A 18hr 3 (4) - {-) 4 4)

Flu B N (N) 1 (1) 5 4)

E B V 4 (5) 5 (5) - )

C M V N (N) N (N) - - )
____

T A B L E  49 A n t ib od y  p r o f i l e s  of  p l a s m a  s p e c i m e n s  (E -  G).

T h e  an t ib ody  p r o f i l e s  o b t a in e d  f r o m  the s a m e  b lood  

d o n o r s  E “ G a f t e r  the s p e c i f i e d  n u m b e r  of  rnonths  

(d e ta i l ed  at  the top of  the  table)  a r e  r e c o r d e d  in p a r e n t h e s e s
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VIRUS
ORIGINAL

BLOOD
4̂

2
C Storage 

28
(Days) 
56

Polio 1 5 N 2 4

Polio 2 2 N N N

Polio 3 3 2 1 3

N N 1 N

ECHO 5 4 4 2 3

ECHO 9 3 3 N 3

ECHO 19 1 N N 3

ECHO 30 3 2 2 -

Mumps 2 1 N «

Measles 2 2 N

Herpes S 6 5 5 4 . ..

Adeno 2 N - N -

Adeno 5 N N N -

R S V 3 3 5 6

Flu A 3^hr 4 2 2 5

Flu A iShr 4 4 3 3

Flu B 7 5 N 5

E B V - - -

C M V - -

Hb {%} 58 64 72

TABLE 50a Antibody Profiles of bloodstain eluates, 

after storage at C.

Donor: 54 year old Glasgow male.
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VIRUS ORIGINAL
BLOOD

Room Temp. 
28

Storage (Days) 

57

Polio 1 5 2 N

Polio 2 2 N N

Polio 3 3 1 N

e N N N

ECHO 5 4 1 N

ECHO 9 3 N N

ECHO 19 1 N N

ECHO 30 3 N N

Mumps 2 N -

Measles 2 N -

Herpes S 6 4 2

Adeno 2 N N _ ■

Adeno 5 N N -

R S V 3 6 4

Flu A 3&hr 4 N 2

Flu A IBhr *4 3 2

Flu B 7 1 2

E B V - - -

C M V - - -

I Hb (%) - 47 50

TABLE 50b Antibody Profiles of bloodstain eluates

after storage at room temperature.

Donor: 54 year old Glasgow male.
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VIRUS
ORIGINAL
BLOOD

4° C
2

Storage
29

(Days) 
57

Polio 1 3 3 N 4

Polio 2 1 1 2 3

Polio 3 1 1 3 4

0 3 N N N

ECHO 5 3 3 4 3

ECHO 9 3 2 2 3

ECHO 19 N N 4 2

ECHO 30 2 N 4 ~

Mumps N N 1 -

Measles 4 3 N -

Herpes S 4 5 5 5. ..

Adeno 2 1 — 3 “

Adeno 5 N N N -

F S V 2 3 4 4

Flu A 3ihr 2 1 2 2

Flu A 18hr 4 2 4 3

Flu B 3 2 4 N

E B V - — - -

C M V - - - -

Hb (%) - 65 58 66

TABLE 51a Antibody Profiles 

after storage at 4

of blood 

° C.

stain eluates

Donor: 28 year old Glasgow female.
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VIRUS
ORIGINAL

BLOOD
Room Temp. 

4 29
Storage (Days) 

57

Polio 1 3 3 3 N

Polio 2 1 2 3 N

Polio 3 1 2 3 N

g 3 N 2 N

ECHO 5 3 4 3 2

ECHO 9 3 3 3 N

ECHO 19 N N 2 2

ECHO 30 2 2 3 2

Mumps N N 1 -

Measles 4 3 N -

Herpes S 4 4 4 4

Adeno 2 1 2 3 -

Adeno 5 N N N

R S V 2 3 4 3

Flu A 3|hr 2 1 N N

Flu A 18hr 4 4 4 1

Flu B 3 4 2 N

E B V - - — -

C M V - - - -

Hb (%) - 56 63 29

TABLE 51b Antibody Profiles of bloodstain eluates

after storage at Room Temperature.

Donor: 28 year old Glasgow female.
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VIRUS
ORIGINAL

BLOOD
4° C Storage 

2
(Days)
29

Polio 1 4 3 2

Polio 2 4 2 4

Polio 3 4 3 4

eB , N N 4

ECHO 5 4 2 5

ECHO 9 3 3 4

ECHO 19 3 2 2

ECHO 30 3 3 2

Mumps N N 3

Measles 4 5 N

Herpes S 6 5 5". :•

Adeno 2 3 3 3

Adeno 5 3 1 3

R S V 3 5 5

Flu A 3jhr 2 N 4

Flu A 18hr 4 4 4

Flu B 2 2 N

E B V - - —

C M V — - -

Hb (%) - 57 61

TABLE 52a Antibody Profiles of bloodstain eluates

after storage at 4^ C.

Donor: 51 year old Glasgow male.



233

VIRUS
ORIGINAL
BLOOD

Room Temp. 
2

Storage (Days) 
29

Polio 1 4 1 2

Polio 2 4 N 2

Polio 3 4 3 2

N N N

ECHO 5 4 N 2

ECHO 9 3 3 2

ECHO 19 3 N N

ECHO 30 3 1 3

Mumps N N N

Measles 4 4 N

Herpes S 6 4 6

Adeno 2 3 2 2

Adeno 5 3 N 2

R S V 3 4 4

Flu A 3-Jhr 2 N 4

Flu A 18hr 4 4 4

Flu B 2 1 N

E B V - - -

C M V - - -

Hb (%) - 73 46

TABLE 52b Antibody Profiles of bloodstain eluates

after storage at Room Temperature.

Donor: 51 year old Glasgow male.



4 C Storage (Days)ORIGINAL
BLOOD

VIRUS

Polio 1

Polio 2

Polio 3

ECHO 5

ECHO 9

ECHO 19

ECHO 30

Mumps

Measles

Herpes S

Adeno 2

Adeno 5

Flu A 18hr

Flu D

42

TABLE 53a Antibody Profiles of bloodstain eluates

after storage at 4^ C.

Donor: 65 year old Glasgow female.
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VIRUS
ORIGINAL

BLOOD
Room Temp. 

47
Storage (Days) 

66

Polio 1 N 2 N ,

Polio 2 3 N 1

Polio 3 3 3 1

0 B, N N N

ECHO 5 4 1 2

ECHO 9 3 N 1

ECHO 19 1 2 2

ECHO 30 1 1 N

Mumps 4 2 N

Measles 6 - —

Herpes S 6 5 3

Adeno 2 2 - N

Adeno 5 N - -

R S V 5 4 4

Flu A 3^hr 3 1 1

Flu A IBhr ■ 3 N -

Flu B 2 3 2

E B V 5 5 4

C M V N N N

Hb (%) - 35 18

TABLE 53b Antibody Profiles of bloodstain eluates

after storage at Room Temperature.

Donor: 65 year old Glasgow female.



VIRUS
ORIGINAL

BLOOD 4° C (30)
Storage (Days) 
R.T. (30) R.T.(12C

Polio 1 3 N N N

Polio 2 6 4 2 N

Polio 3 4 2 1 N

0 B, N N N N

ECHO 5 5 4 3 N

ECHO 9 5 N N N

ECHO 19 4 3 2 N

ECHO 30 3 2 N N

Mumps 1 N 1 N

Measles - — "■ -

Herpes S 4 6 5 N

Adeno 2 3 N N N

Adeno 5 N N N. N

R S V 4 2 1 N

Flu A 3&hr N N N N

Flu A 18hr 2 N N N

Flu B 5 — N N

E B V 4 6 5 1

C M V 5 5 3 N

Hb (%) - 52 22 9

TABLE 54 Antibody Profiles of bloodstain eluates

after long term stain storage.

Donor: 76 year old Glasgow female.
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VIRUS
ORIGINAL

BLOOD
Storage 

4"" C (28) R.T
(Days)
(28)

Polio 1 2 2 N

Polio 2 3 3 2

Polio 3 2 2 N

N N N

ECHO 5 5 3 N

ECHO 9 3 4 N

ECHO 19 3 3 1

ECHO 30 4 2 2

Mumps 2 2 N

Measles 1 N 1

Herpes 3 4 6 5 ‘

Adeno 2 3 4 4

Adeno 5 2 3 N

R S V 5 5 5

Flu A 3&hr N 2 N

Flu A 18hr N N N

Flu B 5 4 3

E B V 4 4 4

C M V - - -

Hb (%) . — 75 61

TABLE 55 Antibody Profiles of bloodstain eluates

after long term stain storage. 

Donor: 56 year old Glasgow male.
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VIRUS
ORIGINAL
BLOOD

Storage (Days) 
4° C (30) R.T. (30)

Polio 1 4 2 N

Polio 2 N 2 3

Polio 3 3 2 3

N N N

ECHO 5 6 5 3

ECHO 9 5 N 2

ECHO 19 3 3 N

ECHO 30 4 4 N

Mumps N 4 2

Measles 4 N N

Herpes S 7 7 5

Adeno 2 2 2 N

Adeno 5 1 3 N

R S V 5 7 6

Flu A 3&hr N 5 2

Flu A I8hr 2 3 2

Flu B 4 4 N

E B V 5 5 4

C M V 5 4 5

Hb (%) 41 44

TABLE 56 Antibody Profiles of bloodstain eluates

after long term storage as stain. 

Donor: 72 year old Glasgow male.
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VIRUS
ORIGINAL

BLOOD
Storage 

4° C (48)
(Days) 
R.T. (48)

Polio 1 4 4 N

Polio 2 5 5 2

Polio 3 5 5 2

0B i 3 N N

ECHO 5 5 4 1

ECHO 9 5 4 2

ECHO 19 4 4 2

ECHO 30 5 . 4 1

Mumps 3 3 1

Measles 4 -

Herpes S 5 7 3 ■ ■

Adeno 2 3 - -

Adeno 5 N N N

R S V 6 5 5

Flu A 3&hr 4 4 3

Flu A 18hr 5 4 2

Flu B 3 2 3

E B V 6 6 6

C M V 6 6 1

Hb (%) 69
- _ _ J Ü ---------- -

TABLE 57 Antibody Profiles of bloodstain eluates 

after long term stain storage.

Donor: 36 year old female, Glasgow.



VIRUS
ORIGINAL
BLOOD

Chamber
0.1

Water
0.5

Content (ml.) 
1.0 5.0

Polio 1 N N N N N

3 2 3 3 N

ECHO 19 4 - - -

Herpes S 4 3 4 2 N

Adeno 5 N N N N N

R S V 2 2 4 1 N

E B V 4 ■ 4 4 4 2

C M V N N M N N

Hb (%) - 46 49 46 17

TABLC 58 Antibody Profiles of bloodstain eluates from 

identical stains exposed to varying degrees 

of humidity for 7 days at room temperature.



TABLE 5 9 Antibody Profiles - Blind Trial No. 1.

VIRUS
1

Original Blood Specimens 
2 3 4 5 6 7 8 9 10

Polio 1 2 N 3 4 3 3 3 2 N 5

0 B̂ N N 3 3 3 1 4 5 N 6

ECHO 19 1 N N 3 3 1 3 4 N 6

Herpes S N 5 6 N 5 6 5 6 5 5

Adeno 5 2 N 3 N 3 2 3 3 N 2

E B V 6 6 5 N 6 2 4 6 5 N

C M V 4 6 N 5 4 4 1 5 5 5

Hb (g/IOOral) 13.9 9.4 16.5 13.5 14.6 14.7 16.5 13.9 12.8 19.1

VIRUS
A B

Bloodstain Eluates 
C D E F G H I J

Polio 1 3 3 4 2 3 3 1 4 5 2

0 B̂ N N 4 N 4 3 M 5 2 2

ECHO 19 3 4 4 N N 3 N 4 4 4

Herpes S 5 5 5 7 2 4 5 6 7 7

Adeno 5 3 2 3 N N N N 3 4 2

E B V 2 5 N 3 3 3 3 6 2 5

C M V 4 4 4 7 5 N 3 4 N 4

Hb (g/100ml) 7.7 9.7 8.1 7.1 8.8 7.6 10.3 10.6 12.4 9.2



TABLE 60 Antibody Profiles - Blind Trial No. 2.

242

VIRUS
1

Original Blood Specimens
2 3 4 5 6 7 8 9 10

Polio 1 4 4 1 4 4 4 4 3 4 4

0 3 N 3 4 3 4 4 3 N 3

ECHO 19 4 4 4 4 4 4 4 3 3 4

Herpes S 4 4 N N 4 4 4 4 3 3

Adeno 5 3 3 3 3 4 4 3 3 3 5

R S V N N 3 4 3 4 4 4 N 3

E B V 4 3 N 4 N 4 N 4 N 4

C M V 3 4 4 N 4 4 N N 3 4

Blood Group 0 + 0 + A- 0 + B» B- A- A_ A_ 0+

VIRUS A B
Bloodstain 
C D

Eluates 
E F G H I J

Polio 1 2 3 2 2 N N N 2 2 N

N 3 N 3 N 2 3 2 2 2

ECHO 19 2 2 N 4 N N 2 3 N 3

Herpes S 3 2 3 2 N 3 3 N 3 1

Adeno 5 2 3 N N N N 3 n 3 3

R S V 3 3 3 3 3 2 2 2 N N

E B V 3 3 N N 2 3 3 N N 3

C M V 2 2 3 N 3 N 2 3 3 2

Blood Group 0+ B- 0-h A- A- A- 0+ A» B- 0+
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TABLF, 61 Antibody Profiles - Blind Trial No. 3.

Original Blood SpecimenVI HUS

Polio 1

ECHO 19

Herpes S

Adeno 5

Hb (g/100ml) 14.4 13

Blood Group 0+ A- AB+ D- A+ 0+

VIRUS
A B

Bloodstain Eluate 
C D E F G H I J

Polio 1 1 2 N N N 2 N N N 2

e B, 2 1 N N N N 2 N 2 2

ECHO 19 N 3 N N N 2 2 N 3 3

Herpes S 2 2 3 3 J 2 2 3 3

Adeno 5 2 2 N N 3 2 N N 3 2

R S V 3 2 2 N 2 3 N 2 N N

E B V 3 3 2 2 2 2 3 N 3 4

C M V 2 2 N 2 2 N 3 N 3 2

Hb (g/100ml) 11.9 9.0 7.7 6.0 9.0 9.6 9.4 1 1 .2 7.6 9.0

Blood Group A+ A+ 0+ Of A- A »■ ABi- A+ B- 0 -



TABLE 62 Antibody Profileo - Blind Trial No. 4.

Original Blood SpecimensVIRUS

Polio 1

ECHO 19

Herpes S

Adeno 5

Polio 2

ECHO 5

Mumps

Measles

Flu B

Rota

Hb (g/100ml)

Blood Group 0+ 0+ A+ 0— B+ AB— A+ A+ A+ 0+ 0+ - B+



TABLE 63 Antibody Profiles - Blind Trial No. 4. (Contd.)

i
VIRUS j

i

A B C
Bloodstain Eluates 

D E F G H I J K L

Polio 1 2 3 N 5 N 2 N 4 N N N 2 !

1 1 N 3 N 2 N 4 N N N 2

ECHO 19 1 N N 2 N 3 N 3 N N N N

Herpes S 4 4 1 4 2 4 4 4 5 N 3 4

Adeno 5 2 N N 2 N 1 N N N N N N

R S V 3 4 2 4 4 2 N 4 4 4 2 3

E B V 3 4 N 4 2 N N 2 N 4 2 2

C M V 3 4 N N 1 2 2 N 4 4 2 N

Polio 2 N N N

ECHO 5 N N 1

Mumps N N N N N

Measles N N N 1 3

Flu A 3&hr N 3 N 1 1

Flu B N N 1 2 N

Rota N 3 N 1 3

Hb {g/100ml) 6.3 7.2 3.6 9.9 2.7 9.0 9.0 7.2 9.0 6.3 6.3 9.5

Blood Group AB- 0+ A+ A+ A+ 0- 0+ B+ 0+ 0+ A+ B+ .



TABLE 64 Antibody Profiles - Blind Trial No 5.

Original Blood Specimens
VIRUS

Polio 1

ECHO 19

Herpes S

Adeno 5

Hb (g/100ml)

A+ A+ 0+ A+ A+ 0— A+ 0+Blood Group

VIRUS
A B

Bloodstain 
C D

Eluate 
E F G H I J

Polio 1 3 N 2 1 3 1 N N 1 2

5 N 2 2 3 2 N N N N

ECHO 19 3 1 1 1 2 N 2 N N N

Herpes S - - 5 5 5 5 1 5

Adeno 5 1 N N 2 1 N 2 N N N

R S V N N N N N 4 4 2 N 4

E B V N N 2 4 N 4 3 3 N N

C M V N 5 N 5 N 1 N 1 5 1

Hb (g/100ml) 6.7 7.2 7.7 9.0 6.7 10.1 5.9 17.0 11.7 17.5

Blood Group A+ A+ A+ A+ A-t- 0- 0+ 0- 0+ 0+



TABLE 65 Antibody Profiles - Blind Trial No. 6.

VIRUS
1 2

Original Blood Specimens 
3 4 5 6 7 8 9 10

Polio 1 7 N N N 4 N N 3 N 4

N N 3 N 6 N N 4 N 3

ECHO 19 7 N N 3 5 N N N N 4

Herpes S 7 4 7 7 4 6 3 6 5 7

Adeno 5 3 N N N g) ^ 4 N 4 N 3

R S V 3 3 N 3 N N 4 3 4 4

E B V 6 N 6 3 4 N 3 3 4 5

C M V

Hb (g/100ml) 10.8 9. 7 17.0 14.6 9. 7 11.9 19.3 19.3 15.7 16.8

Blood Group 0+ B+ 0-1- A+ 0- B- B+ ''A+- 0+ 0+

VIRUS
A B

Bloodstain Eluate 
C D E F G H I J

Polio 1 N 4 N 6 N 3 N N N N

0B , N 5 N 2 N 2 N N 2 2

ECHO 19 3 3 N 6 2 2 N N N 3

Herpes S 6 6 2 6 5 5 2 2 3 2

Adeno 5 N 3 N N N N N N 3 N

R S V

E B V 3 2 N 4 N 3 3 2 2 2

C M V

Hb {g /100ml) 6.7 10.3 5.2 8.1 12.6 10.8 8.5 9.0 9.0 9.7

Blood Group A+ 0- B+ 0+ B- 0+ 0+ B+ A+ 0+
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Blind Trial No 1 Blind Trial No 2

LYSED
BLOOD

VAP
ANSWER

CORRECT
ANSWER

LYSED
BLOOD

VAP
ANSWER

CORRECT
ANSWER

1 F F 1 A A

2 A H 2 C C

3 J J 3 E E

4 B B 4 J G

5 D D 5 I I

6 C G 6 B B

7 I I 7 D D

8 H A 8 F F

9 G C 9 H H

10 E E 10 G J

Blind Trial No 3, Blind Trial No 4

LYSED
BLOOD

VAP
ANSWER

CORRECT
4NSWER

LYSED
BLOOD

VAP
ANSWER

CORRECT
ANSWER

1 C C 1 J i J

2 E E 2 B B

3 G G 3 D D

4 I I 4 F F

5 J ■J 5 H H

6 B A 6 A A

7 D D 7 K C

8 B' F 8 C K

9 H H 9 E E

10 A B 10 I I

11 G g‘

12 L L

TABLE 66 Blind Trial Results
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Blind Trial No 5 Blind Trial No 6

LYSED
BLOOD

VAP
ANSWER

CORRECT
ANSWER

LYSED
BLOOD

VAP
ANSWER

CORRECT
ANSWER

1 A A 1 D D

2 C E 2 C C

3 G G 3 G J

4 B B 4 A A

5 D C 5 B B

6 F F 6 E

7 H H 7 H H

8 I I 8 I I

9 E D 9 J G

10 J J 10 F F

TABLE 67 Blind Trial Results.



SPECIMEN DILUENT IFA ELISA

Lysed Blood 697 PBS -  Tween 8 500

Lysed Blood 697 PBS"-Tween + 4% BSA 8 500

PBS Eluate 697 PBS - Tween 4 500

PBS Eluate 697 PBS-Tween + 4% BSA 4 500

Lysed Blood 705 PBS " Tween 64 ? *

Lysed Blood 705 PBS-Tween + 4% BSA 64 2000

PBS Eluate 705 PBS -  Tween 32
*

?

PBS Eluate 705 PBS-Tween + 4% BSA 32 2000

Table 68 Comparison of HSV 1 antibody titres obtained

from lysed bloods & PBS eluted stains by the 

IFA and ELISA techniques 

* = End point of titration unreadable
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Table 69 Blind Trial involving ELISA & IFA.

SAMPLE
HSV

IFA
I
ELISA IFA

0B
' ELISA

700 128 1000 N 125

701 16 < 125 N <125

703 128 1000 8 125

704 128 1000 N ' 125

389 16 250 64 250

393 64 1000 N 125

697 8 125 N 500

705 64 2000 16 125

698 32 1000 N 125

702 128 250 8 125

700P 64 1000 4 250

701P 4 125 4 125

T03P 4 500 16 500

704P 64 250 N "125

389P 64 250 64 1000

393P 32 500 N 125

697P 4 125 4 500

705P 8 2000 16 500

d98P 4 500 4 250

702P 32 250 16 250

700T 32 4000 4 250

701T 4 250 N 125

703T 4 2000 4 125

704T 32 500 N 500

389T 32 500 32 1000

393T 32 2000 N 125

697T 4 125 N 125

705T 8 1000 4 125

&98T 4 2000 N 125

702T 32 500 4 125
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C H A P T E R  IV

DISCUSSION
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a) C o m p a r a tiv e  S e r o lo g y

E x p e r im e n t  1 C o m p a r a tiv e  S e r o lo g y  w ith  H e r p e s  S im p le x  
V ir u s  typ e  1 (HSV 1)

H SV l i s  know n to p ro d u ce  a w id e  v a r ie ty  o f d i s e a s e s  in  

h u m a n s . It i s  m o s t  fr e q u e n t ly  a c q u ir e d  in  ch ild h ood  (fro m  2 -4  

y e a r s )  and is  u s u a lly  r e ta in e d  in the s e n s o r y  c e l l s  o f the  

t r ig e m in a l n e r v e  g a n g lio n  fo r  l i f e  (T im b u ry , 1974). T he fa c t  

th a t 80% o f a d u lts  h ave  r e la t iv e ly  h igh  t i t r e s  o f n e u tr a lis in g  and  

c o m p le m e n t f ix in g  a n t ib o d ie s  (D a v ie s , e t ,  a l ,  1973) in d ic a te s  that 

HSV 1 i s  a v e r y  p r e v a le n t  hum an p a th o g en ic  v ir u s .  W hen the  

In it ia l in fe c t io n  (p r im a r y  in fe c t io n )  r e c e d e s  v ir u s  p e r s i s t s  

p ro d u c in g  a la te n t  in fe c t io n  d e s p ite  the p r e s e n c e  of a h igh  an tib od y  

t i t r e .  T h e fo r m  in  w h ich  th e v ir u s  e x i s t s  d u rin g  th e o c c u lt  s ta g e  

r e m a in s  unknow n but the b a la n c e  is  r e a d ily  u p se t  b y  m a n y  d iffe r e n t  

fa c to r s  su ch  a s  h e a t , c o ld , su n lig h t and e m o tio n a l d is tu r b a n c e s ,  

p r o v o k in g  th e  se c o n d  fo r m  o f h e r p e s  s im p le x , r e c u r r e n t  d i s e a s e .  

A lth ou gh  p r im a r y  h e r p e t ic  in fe c t io n s  a r e  fr e q u e n t ly  m ild  w ith  

lo c a l iz e d  l e s i o n s ,  r e c u r r e n t  in fe c t io n s  m a y  r e s u lt  in  s e r io u s  

d a m a g e  and e v e n  d eath  o f th e  h o s t ,

G ilm a n , e t ,  a l .  (1977) in v e s t ig a te d  an E LISA  tech n iq u e  and a  

c o m p le m e n t  f ix a tio n  t e s t  fo r  d e te r m in in g  a n t ib o d ie s  to  HSV 1 in 

30 h u m an  s e r a .  S t a t is t ic a l  e v a lu a tio n  o f th is  data b y  c o r r e la t io n  

c o e f f ic ie n t  and S tu d e n ts  t - t e s t  r e v e a le d  a s ig n if ic a n t  r e la t io n sh ip  

b e tw e e n  C F  and E L ISA  (r = 0. 54; P c O , 001), In tw o in s ta n c e s ,  

h o w e v e r , c o n flic t in g  r e s u lt s  w e r e  found. In o n e , a h igh  C F r e s u lt  

(256) p r o d u ced  on ly  a m in im a l ELISA  t it r e  (4096) and in  the o th e r , 

a h igh  E L ISA  t it r e  (3 2 ,7  68) p ro d u ced  o n ly  a m in im a l C F  t i t r e  (32), 

G ilm a n , e t .  a l ,  su g g e s te d  th at th e s e  d if f é r e n c ie s  r e f le c te d  the type
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o f  im m a n o g lo b u lin  d e te c te d  b y  the in d iv id u a l p r o c e d u r e s ,  C F  

d e te c t s  IgM  and th r e e  o f th e fo u r  s u b c la s s e s  o f IgG in d is c r im ln a n t ly  

w h e r e a s  E L ISA  (b e c a u s e  o f  th e  n a tu re  o f  the a n t i- I g G -e n z y m e  

co n ju g a te  u sed  in  th e a s s a y )  i s  p r im a r i ly  d ir e c te d  a t  IgG  (a ll  

s u b c la s s e s )  a lth o u g h  so m e  IgM  m a y  be d e te c te d  b e c a u s e  o f the  

p r e s e n c e  o f a n t ib o d ie s  to  lig h t  ch a in  d e te r m in a n ts  (E n g v a ll and  

P e r lm a n n , 1972),

T h e a b o v e  e x p e r im e n t  o f G ilm a n , e t ,  a l .  in v o lv e d  c o r r e la t in g  

a c l a s s i c a l  r e a c t io n  (CF ) w ith  a g lo b u lin -a n tig lo b u lin  b a se d  

tech n iq u e  (E L ISA ). T h e p r e s e n t  stu d y  in v o lv e d  d e te r m in in g  the  

H SV l a n tib o d y  co n ten t o f 45  hum an s e r a  b y  m e a n s  o f  tw o g lo b u lin -  

a n tig lo b u lin  b a se d  te c h n iq u e s  (IFA and E L ISA ) to  in v e s t ig a te  

w h e th e r  d is c r e p a n c ie s  cou ld  s t i l l  a r i s e .  T h e n e u tr a lis in g  p o w er  

o f  a s e r u m  r e f l e c t s  the d e g r e e  o f p r o te c t io n  a g a in s t  a v ir u s .

In HSV 1 in fe c t io n , n e u tr a lis in g  a n tib o d ie s  p r e v e n t  th e v ir u s  

d is s e m in a t in g  to  o th er  c e l l s  in  th e h o s t  a lth ou gh  it  d o e s  r e a c h  

co n tig u o u s  c e l l s .  T h e r e le v a n c e  o f  th e  t i t r e s  ob ta in ed  w ith  the  

E L ISA  and IF A  a s s a y s  w a s  th e r e fo r e  In v e st ig a te d  b y  c o r r e la t in g  

th em  w ith  th e  r e s u lt s  o b ta in ed  by n e u tr a lisa t io n  t e s t s  p e r fo r m e d  on  

th e  s a m e  s e r a .

T h e  r e s u l t s  a r e  d e ta ile d  in  T a b le  i4.

E x a m in a tio n  o f  the r e s u l t s  r e v e a le d  s e v e r a l  a n o m a lie s .  S e r a  

1 /2 8 8 4  and 1 /1424  r e p e a te d ly  r e c o r d e d  m id  ra n g e  E L ISA  v a lu e s  

(8000) but v e r y  h igh  IF A  t i t r e s  (512 and 256 r e s p e c t iv e ly ) .  T he  

IF A  r e s u l t s ,  th e r e fo r e ,  p a r a lle le d  the h igh  n e u tr a lis a t io n  t i t r e s  

(both = lOO) m o r e  c lo s e ly  than th e ELISA  r e s u lt s .  S e r a  1 2 /0 3 9 3  

and 11 /2823  ea c h  r e c o r d e d  E L ISA  a n tib od y  t i t r e s  o f 16000 but v e r y



lo w  n e u tr a lis a t io n  t i t r e s  (10) w h ich  a g a in  p a r a lle le d  the IF A  t i t r e s  

o f 32 and 64 r e s p e c t iv e ly ,  • A n tib o d ie s  d e te c te d  b y  E L ISA  a r e  

th e r e fo r e  n ot a r e l ia b le  ju d ge o f n e u tr a lis in g  an tib o d y  p r e s e n t  in  

s e r u m .

A n o m a lo u s  r e s u lt s  w e r e  a ls o  r e c o r d e d  w ith  th e  IF A  te c h n iq u e , 

h o w e v e r . S e r u m  2 /1 5 7 0  r e p e a te d ly  p ro d u ced  a lo w  IF A  r e s u lt  (8) 

but a s ig n if ic a n t  n e u tr a lisa t io n  t i t r e  (50). S eru m  2 /1 6 0 0  p ro d u ced  

a m id  ra n g e  IF A  t it r e  o f 64 but no d e te c ta b le  n e u tr a lis in g  

a n t ib o d ie s .  S e r u m  12/1578  p ro d u ced  a h igh  IF A  t i t r e  (512) but 

a v e r y  lo w  n e u tr a lis in g  t i t r e  (10). T he p o s s ib i l i t y  o f F c  b ind ing  

a c c o u n tin g  fo r  th is  la t te r  IF A  r e s u lt  w a s  d isc o u n te d  s in c e  the sa m e  

s e r u m  p ro d u ced  o n ly  a m id  ra n g e  E L ISA  t i t r e  (8 0 0 0 ),

A n a ly s is  o f  the r e s u l t s  b y  c o r r e la t io n  c o e f f ic ie n t  (r) and

S tu d en ts  t - t e s t  r e v e a le d  th e fo llo w in g  r e la t io n s h ip s : -  ' ■
r

A b t i t r e s  o b ta in ed  w ith  IF A  c f  A b t i t r e s  o b ta in ed  w ith  E L ISA  0, 76

A b t i t r e s  ob ta in ed  w ith  IF A  c f  A b t i t r e s  o b ta in ed  w ith

n e u tr a lis a t io n  0 ,7 9

A b  t i t r e s  ob ta in ed  w ith  E L ISA  c f  A b t i t r e s  o b ta in ed  w ith  

n e u tr a lis a t io n  0 .4 7

A n tib o d y  t i t r e s  ob ta in ed  w ith  th e IF A  and E L ISA  te c h n iq u e s  

sh ow ed  a h ig h ly  s ig n if ic a n t  c o r r e la t io n  (r = 0 .7 6 ;  P <  0. 001), T he  

v a lu e  o f  0 ,7  6 fo r  r is  su b s ta n t ia lly  h ig h er  than th e  0, 54  v a lu e  

o b ta in ed  b y  G ilm a n , e t ,  a l ,  (1977) in th e ir  s im ila r  s tu d y  in v o lv in g  

th e c o m p a r iso n  of E L ISA  and C F  te c h n iq u e s  fo r  d e te c t in g  H SVl 

a n tib o d ie s  in  hum an s e r a .  T h is  is  to be e x p e c te d  s in c e  the IF A  

and E L ISA  r e a c t io n s  a r e  b a se d  on the sa m e  fu n d a m en ta l th e o r y ,  

th a t o f d e te c t in g  IgG by an  a n ti-Ig G  a n tib od y  la b e l le d  w ith  e ith e r



a f lu o r e s c e n t  m a r k e r  or an  e n z y m e . It w a s  co n c lu d ed  that ELISA  

■was a s  ca p a b le  of d e te c t in g  H SV l IgG  a s  IE A  but a p p r o x im a te ly  

250  t im e s  m o r e  s e n s i t iv e .  W hen the IF A  r e s u lt s  w e r e  co m p a red  

w ith  th e n e u tr a lis a t io n  t e s t  r e s u l t s ,  a  h ig h ly  s ig n if ic a n t  

c o r r e la t io n  w a s  o b ta in ed  (r = 0 ,7 9 ;  P  < 0, 001) but th e  E L ISA  

r e s u lt s  g a v e  a lo w e r  c o r r e la t io n  c o e f f ic ie n t  (r = 0. 47) b y  the  

sa m e  c o m p a r is o n ,

M a rtin , P a lm e r  and K is s l in g  (1972) in v e s t ig a te d  th e u se  o f  

3 f r a c t io n s  o f HSV l a s  C F  a n tig e n . T he 3 fr a c t io n s  se p a r a te d  

b y  d e n s ity  g r a d ie n t  c e n tr ifu g a tio n  w e r e  a) c a p s id  A g , b) en v e lo p e  

A g  and  c) n o n -v ir io n  a s s o c ia t e d  so lu b le  c o m p o n e n ts . S e r o lo g ic a l  

s tu d ie s  sh o w ed  th at c o n v a le s c e n t  p h a se  s e r a  co n ta in ed  h ig h e r  le v e l s  

o f  C F  a n t ib o d ie s  to en v e lo p e  a n t ig e n s  than c a p s id  a n t ig e n s  and  

s e r a  fr o m  h u m an  w ho had e x p e r ie n c e d  n a tu ra l HSV 1 in fe c t io n s  

co n ta in ed  v e r y  lo w  t i t r e s  o f  C F  a n tib o d y  (< 8) to so lu b le  a n t ig e n s .

D u r in g  th e  p r e p a r a tio n  o f H SV l a n tig en  fo r  u se  in  th e  E L ISA  

e x p e r im e n t s ,  so n ic a t io n  and c e n tr ifu g a tio n  th rou gh  30% s u c r o s e  

w a s  in v o lv e d  w h ich  p ro b a b ly  r e s u lte d  in th e  p r o d u ctio n  o f n o n ­

e n v e lo p e d  c a p s id  a n tig e n  d ev o id  of an y  so lu b le  c o m p o n en ts  for  

s e n s i t iz a t io n  o f the E L ISA  p la t e s .  T h is  e x p la in s  th e  d is c r e p a n c ie s  

b e tw e e n  th e  E L ISA  and n e u tr a lisa t io n  r e s u l t s .

T h e E L ISA  tech n iq u e  m e a s u r e d  a n tib o d ie s  d ir e c te d  a g a in s t  

the c a p s id  a n tig en  a lo n e  but n e u tr a lis in g  a n tib o d ie s  a r e  d ir e c te d  

a g a in s t  th e  v ir io n  e n v e lo p e . T h is  fa c t  cou p led  w ith  th e  lo w  

c o r r e la t io n  c o e f f ic ie n t  ob ta in ed  w ith  ELISA  and n e u tr a lis a t io n



s u g g e s t s  th a t the E L ISA  tech n iq u e  is  ca p a b le  of m is s in g  the  

r e le v a n t  p r o te c t iv e  a n tib o d ie s  p ro d u ced  in  H SV l in fe c t io n ,

IF A , h o w e v e r , can  a ls o  p ro d u ce  " sp u r io u s"  r e s u l t s  but on th e  

b a s is  o f a h igh  c o r r e la t io n  c o e f f ic ie n t  w ith  th e n e u tr a lisa t io n  

t e s t  r e s u l t s ,  it  a p p e a r s  to  d e te c t  the m o r e  r e le v a n t  p r o te c t iv e  

a n t ib o d ie s .



258

E x p e r im e n t  2 C o m p a r a tiv e  S e r o lo g y  w ith  C o x sa c k ie  B^virus

C o x s a c k ie  v ir u s e s  w e r e  f ir s t  id e n tif ie d  by  D a lld o r f  and  

S ic k le s  (1948). C o x sa c k ie  v ir u s e s  b e lon g  to tw o g r o u p s  on the  

b a s is  o f th e  le s io n s  w h ich  th e y  p ro d u ce  in su ck lin g  m ic e .  G roup A  

v ir u s e s  p ro d u ce  a d if fu se  m y o s it is  w ith  a c u te  in f la m m a tio n  and  

n e c r o s i s  o f f ib r e s  o f s k e le ta l  m u s c le s ;  G roup B v ir u s e s  c a u se  

fo c a l  a r e a s  o f d e g e n e r a tio n  in  the b r a in , fo c a l n e c r o s i s  in  s k e le ta l  

m u s c le  and in f la m m a to r y  c h a n g e s  in  the d o r s a l  fo o t  p a d s , p a n c r e a s  

and o c c a s io n a l ly  the m y o c a r d iu m  (D avip , e t . a l .  1973).

In h u m a n s the c o x s a c k ie v ir u s e s  can  p ro d u ce  a r e m a r k a b le  

v a r ie ty  of i l l n e s s e s  and th e sa m e  v ir u s  m a y  be r e s p o n s ib le  fo r  q u ite  

d if fe r e n t  ty p e s  o f  d i s e a s e .  C o x sa c k ie  B v ir u s e s  can  p ro d u ce  s o r e  

th r o a t s ,  " a se p tic "  m e n in g it is ,  e p id e m ic  p leu ro d y n ia  o r  p e r ic a r d it is .  

G roup B v ir u s e s  m a y  a ls o  p ro d u ce  m y o c a r d it is  o f n e w -b o r n  b a b ie s  

(D a v is , e t ,  a l .  1973).

D ia g n o s is  o f c o x s a c k ie v ir u s  in fe c t io n s  d ep en d s upon is o la t io n  

o f th e c a u s a t iv e  a g en t fr o m  f a e c e s ,  th ro a t s e c r e t io n s  o r  c e r e b r o s p in a l  

f lu id , h o w e v e r , s in c e  m a n y  e n te r o v ir u s e s  can e x i s t  a s  c o m m e n s a ls  

in  th e in te s t in a l  t r a c t  o f m a n , id e n tif ic a t io n  o f th e  p a th o g en ic  n a tu re  

o f  a n e w ly  is o la te d  v ir u s  d em a n d s the d e m o n str a tio n  o f a s e r o lo g ic a l  

r e s p o n s e  b y  n e u tr a liz a t io n , im m u n o f lu o r e s c e n c e , c o m p le m e n t f ix a tio n  

o r h a em a g  g lu t in a t io n -in h ib it io n  t itr a t io n s  a s  a p p r o p r ia te .

T h e  im m u n e r e s p o n s e  in h u m an s to in fe c t io n  w ith  a group B 

c o x s a c k ie v ir u s  c o n s is t s  o f th e  d e v e lo p m e n t o f IgM  ty p e  s p e c if ic  

a n tib o d ie s  (S ch m id t and L e n n e tte , 1962) a s  w e l l  a s  IgG  a n t ib o d ie s .  

T h e s e  IgG  a n t ib o d ie s  tend  to h a v e  c r o s s  r e a c t iv ity  w ith  o th er  

c o x s a c k ie v ir u s e s  of th e  B gro u p .



T h is  e x p e r im e n t  in v e s t ig a te d  the IgG a n tib o d y  t i t r e s  

ob ta in ed  w ith  th e  IF A  and E L ISA  te c h n iq u e s  and e x a m in e d  the  

r e le v a n c e  o f  t h e s e  a n t ib o d ie s  b y  m e a su r in g  th e ir  d e g r e e  o f  

c o r r e la t io n  w ith  th e t i t r e s  o f typ e  s p e c if ic  n e u tr a lis in g  a n tib o d ie s  

p r e s e n t  in  th e  s a m e  se r u m  s p e c im e n s .

T h e  r e s u lt s  in  T a b le  I §Twere a n a ly se d  b y  th e c o r r e la t io n  

c o e f f ic ie n t  and S tu d e n t's  t - t e s t  and y ie ld e d  th e fo llo w in g  in fo rm a tio n ;  

A b t i t r e s  o b ta in ed  w ith  IF A  cf A b t i t r e s  ob ta in ed  w ith  E L ISA  r = 0 .17

A b t i t r e s  o b ta in ed  w ith  IF A  ç f  n e u tr a lisa t io n  A b t i t r e s  r  = 0 ,2 9

A b  t i t r e s  o b ta in ed  w ith  E L ISA  c f  n e u tr a lisa t io n  A b t i t r e s  r = 0 .2 4

N e ith e r  th e IF A  r e s u lt s  (r = 0 .2 9 ;  P < 0 .1 )  n o r  th e  ELISA  

r e s u lt s  (r = 0 .2 4 ;  P <  0 . 2) sh o w ed  an y  s t a t is t ic a l ly  s ig n if ic a n t  

c o r r e la t io n  w ith  the n e u tr a lisa t io n  r e s u l t s .  C o m p a r iso n  b etw een  

th e  IF A  and  E L IS A  r e s u lt s  p ro d u ced  l e s s  c o r r e la t io n  (r = 0 .17 ;

P  < 0 . 3 ). F u r th e r m o r e ,  th e  IF A  and E LISA  t e s t s  fr e q u e n tly  d e te c te d  

a n tib o d ie s  in  th e a b s e n c e  o f an y  c o r r e sp o n d in g  n e u tr a lis in g  a n tib o d ie s  

e . g .  S e r u m  N o s .  2/1149; 11/1681; 1 2 /0 8 4 6 ; 12 /1702  and 2 /0 1 4 5 .

S c h m id t, D e n n is , F ro m m h a g en  and L e n n e tte  (1963) show ed  

th a t th e d ia g n o s t ic  v a lu e  o f  the C F  t e s t  in C o x s a c k ie v ir u s  in fe c t io n s  

w a s  l im ite d  b y  a h ig h  p r o p o r tio n  o f h e te r o ty p ic  r e a c t io n s .  S tu d ies  

w h ich  h a v e  b een  co n d u cted  on th e  d e v e lo p m e n t, s p e c i f i c i t y  and  

p e r s is t e n c e  o f  HAI a n t ib o d ie s  in  e n te r o v ir u s  in fe c t io n s  h a v e  show n  

th a t h o m o ty p ic  HAI a n tib o d y  r e s p o n s e s  p a r a lle l  n e u tr a lis in g  

an tib o d y  r e s p o n s e s  (S ch m id t, D e n n is , L e n n e tte , H o, S h in o m o to , 1965). 

In ech o  v ir u s  in fe c t io n s ,  h o w e v e r , h e te r o ty p ic  HAI a n tib o d y  and  

a n tib o d y  t i t r e  r i s e s  h a v e  b een  d e m o n str a te d  in the a b s e n c e  of 

c o r r e sp o n d in g  n e u tr a lis in g  a n tib o d y  (B u s s e l l ,  K a r zo n , B a rro n  

and H a ll 1962), H e te r o ty p ic  C F  r e a c t iv ity  h a s  b e e n  e lu c id a te d  by
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S ch m id t, e t .  a l ,  (1963) by th e  fin d in g  that m o s t  o f th e c o x s a c k ie v ir u s  

C F  a n tig en  w h ich  r e a c t s  w ith  a n tib o d ie s  in hum an s e r a  i s  c o m p r ise d  

of n o n in fa c t io n s , em p ty  v ir u s  c a p s id s  w h ich  h a v e  b r o a d e r  s e r o lo g ic  

r e a c t iv i ty  than the in ta c t v ir io n  in C F and p r e c ip ita t io n  t e s t s .

T h e r e s u lt s  o f m y  e x p e r im e n t (above) in d ic a te  th at the  

IF A  and E L ISA  t e s t s  a r e  d e te c t in g  h e te r o ty p ic  a n tib o d ie s  d ir e c te d  

a g a in s t  e m p ty  c a p s id  a n tig e n  w h e r e a s  th e n e u tr a lisa t io n  t e s t  d e te c ts  

h o m o ty p ic  a n t ib o d ie s  d ir e c te d  a g a in s t  in ta c t v ir io n s .

S c h m id t, e t . a l ,  (1965) show ed  that in  c o x s a c k ie v ir u s  o r  

ech o  v ir u s  in fe c t io n s , a n tib o d ie s  to the em p ty  c a p s id  a n tig en  a r e  

g e n e r a l ly  p r e s e n t  in  th e a c u te  p h a se  s e r u m , a p p a r e n tly  due to  

p a s t  in fe c t io n s  w ith  v ir u s e s  sh a r in g  th e grou p  r e a c t iv e  a n tig e n .

T yp e s p e c if ic  a n tib o d ie s  to  th e v ir io n  a n tig en  d e v e lo p  r e la t iv e ly  

e a r ly  in  th e c o u r s e  o f in fe c t io n  and d isa p p e a r  w ith in  a fe w  w e e k s  

w h ile  a n tib o d ie s  to  th e e m p ty  c a p s id  a n tig en  p e r s i s t .  In th e c a s e  

o f  c o x s a c k ie v ir u s  in fe c t io n s ,  th is  typ e o f  a n tib o d y  r e s p o n s e  h a s  b een  

e lu c id a te d  b y  th e  d e m o n str a tio n  th at the a n t ib o d ie s  r e a c t in g  w ith  

the v ir io n  a n tig e n  a r e  IgM  in  n a tu re , w h ile  th o se  r e a c t in g  w ith  

em p ty  c a p s id  co m p on en t a r e  IgG  (S ch m id t, L en n ette  and D e n n is ,

1968),

T h u s, th e  IF A  and E L ISA  te c h n iq u e s  a p p ea r  to d e te c t  a 

la r g e  v a r ie ty  of the h e te r o ty p ic  IgG a n tib o d ie s  in h e r e n t  to the  

c o x s a c k ie v ir u s e s .  T h ey , th e r e fo r e , su p p ly  l i t t le  r e le v a n t  

in fo r m a tio n  to th e s e r o lo g is t  to en ab le  h im  to c o n fir m  o r  re fu te  

a d ia g n o s is ,  a lth ou gh  IF A  i s  m a r g in a lly  su p e r io r  to  E L ISA  (s e e  p a g e  259 )



E x p e r im e n t  3 C o m p a r a tiv e  S e r o lo g y  w ith  R o ta v ir u s

T h e stu d y  o f R o ta v ir u s e s  and th e ir  im p o r ta n c e  in  d is e a s e  

is  r e la t iv e ly  n ew  to  c l in ic a l  r e s e a r c h . It had b een  r e c o g n is e d  fo r  

m a n y  y e a r s  th at the n e o n a te s  o f m a n y  s p e c ie s  of a n im a ls  

fr e q u e n t ly  su ffe r e d  fr o m  a d is e a s e  o f unknown o r ig in  (c e r ta in ly  not  

b a c te r ia l)  c h a r a c te r is e d  by fe v e r  and d ia r r h o e a  o f v a r y in g  s e v e r i ty .  

In 1 9 6 9 , M eb u s, U n d erd ah l, R h o d es  and T w leh a u s  

r e p o r te d  th e  e x p e r im e n ta l p ro d u ctio n  o f  d ia r r h o e a  in " c o lo s tr u m  

d ep r iv ed "  c a lv e s  b y  in o cu la tio n  o f fa e c a l  m a te r ia l  fr o m  f ie ld  c a s e s .  

B a c te r ia  c u ltu red  fr o m  th e  f a e c e s  o f c a lv e s  w ith  d ia r r h o e a  did  n o t  

c a u se  d is e a s e  w hen  a d m in is te r e d  o r a l ly  to  h e a lth y  c a lv e s  w h e r e a s  

b a c t e r ia - f r e e  fa e c a l  f i l t r a t e s  a p p ea red  to c a u se  d ia r r h o e a .

N u m e r o u s  v ir u s - l ik e  p a r t ic l e s ,  a p p r o x im a te ly  65 n m  in  d ia m e te r  

w e r e  o b s e r v e d  in e x tr a c ts  of f a e c e s  fr o m  su ch  d ia r r h o e td  a n im a ls .  

F u r th e r  c h a r a c te r is a t io n  o f  th is  v ir u s  sh ow ed  th a t it  w a s  s im ila r  

to  the r e o v ir u s  group  in  m o r p h o lo g y  but w a s  s e r o lo g ic a l ly  u n r e la te d  

to r e o v ir u s  ty p e s  l a n d  3 (F e r n e liu s ,  R itc h ie , C la s s ic k ,  N o rm a n  

and M ebus , 1972).

In 1 9 7 3 , B ish o p , D a v id so n , H o lm e s  and R u ck , a ls o  u s in g  

an  e le c tr o n  m ic r o s c o p e  o b se r v e d  the p r e s e n c e  of o r b i - v ir u s - l ik e  

p a r t ic le s  in  b io p s y  m a te r ia l  fr o m  ch ild r en  w ith  a c u te  n o n -b a c te r ia l  

g a s t r o e n t e r i t i s .  V ir u s  p a r t ic l e s ,  m o r p h o lo g ic a lly  in d is t in g u ish a b le  

fro m  th e c a lf  r e o - l ik e  v ir u s  h a v e  s in c e  b een  d e te c te d  in th e  fa e c e s  

o f  c h ild r e n  w ith  g a s tr o e n te r it is  throughout the w o r ld . S im ila r  

o r b i-  o r  r e o - l ik e  v ir u s e s  h ave  b een  d e te c te d  in th e f a e c e s  of a 

n u m b er o f a n im a l s p e c ie s  and it  h a s  b een  su g g e s te d  b y  D a v id so n , 

B ish o p , T o w n le y , H o lm e s  and R uck  (1975) that th e s e  v ir u s e s  sh ou ld
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be in c lu d e d  a s  a n ew  gen u s w ith in  the fa m ily  R e o v ir id a e ,  A s  

y e t  no o f f ic ia l  n a m e fo r  th is  group  h a s  b een  a d o p ted . T he n a m e s  

" d u ov iru s"  (D a v id so n , e t .  a l ,  1975) and " R ota v iru s"  (F le w e t t ,

B r y d e n , D a v ie s ,  W oode, B r id g e r  and D e r r ic k , 1974) h a v e  b een  

p r o p o se d : R o ta v ir u s  h a s  p ro v ed  the m o s t  p o p u la r .

T h e m o s t  co m m o n  a g e  fo r  r o ta v ir u s  in fe c t io n  in  c h ild r e n  

i s  b e tw e e n  6 m o n th s  and 1 y e a r  (M ad ely , C o s g r o v e ,  B e l l  and  

F a llo n ,  1977) but in fe c t io n  o f a d u lts , though l e s s  s e v e r e  

s y m p to m a t ic a lly ,  h a s  a ls o  b e e n  r e p o r te d  (von B o n sd o r ff , H ov i,

M a k e la , H ov i and  T e v a lr o to -A a r n io ,  1976). R o ta v ir u s  in fe c t io n s  

a r e  o ften  e n c o u n te r e d  w h e r e  h u m a n s l iv e  in c lo s e  p r o x im ity  to  

on e a n o th e r , e . g .  c h ild r e n 's  h o m e s ,  h o s p ita ls  and a r m y  b a r r a c k s .

R o ta v ir u s e s  a r e  s ta b le  in  f a e c e s  (W oode and B r id g e r , 1975) 

and a r e  r e la t iv e ly  r é s i s t e n t  to  c o m m o n ly  u se d  d is in fe c ta n ts  su ch  

a s  c h lo r o s  and ly s o l  (S n o d g r a ss  and H e r r in g , 1977). In h u m a n s th e r e  

i s  a s e a s o n a l  in c id e n c e  o f  r o ta v ir u s  g a s t r o e n te r i t i s  w ith  a  g r e a te r  

in c id e n c e  o f in fe c t io n  d u rin g  th e w in te r  m o n th s (D a v id so n , e t ,  a l ,  1975).

T h e  d ia g n o s is  o f r o ta v ir u s  in fe c t io n s  i s  u s u a lly  b a se d  on  

th e  d e te c t io n  o f  v ir u s  or  v ir a l  a n tig en  in  fa e c a l  s a m p le s ,  A  

n u m b er  o f te c h n iq u e s  h a v e  b e e n  e m p lo y e d :-  e le c t r o n  m ic r o s c o p y  

(B ish o p , D a v id so n , H o lm e s  and R u ck , 1974), im m u n o f lu o r e s c e n t  

s ta in in g  (F o s t e r ,  P e t e r s o n  and S p en d lo v e , 1975), c o m p le m e n t  

f ix a t io n  (K ap ik ian , C lin e , M eb u s, W yatt, K a lic a , J a m e s ,  V a n k irk ,

C ha n ock  and K im , 197 5). R a d io im m u n o a ssa y  (M id d le to n , H o ld aw ay , 

P e t r ie ,  S z y m a n sk i and T a m , 1977), Im m u n o e le c tr o p h o r e s is  

(G ra u b a lle , G e n n er , M ey lin g  and H o r n s le th , 1977) and  E L ISA  

(Y o lk en , K im , C le m , W yatt, K a lic a , C h an ock  and K a p ik ia n , 1977).



V on  B o n d sd o r ff , H ov i, M ak ela  and M o rttin en  (1978) 

q u e s tio n  th e u s e  of th e s e  te c h n iq u e s  a lo n e  in  R o ta v ir u s  d i s e a s e  

d ia g n o s is  w ith ou t a s e r o lo g ic a l  tech n iq u e  fo r  c o m p a r is o n . In  

th e ir  e x a m in a tio n  o f  d ia r r h o e a  f a e c a l  sa m p le s  fo r  R o ta v ir u s  

p a r t ic le s  b y  e le c t r o n  m ic r o s c o p y  a lo n e , 25% o f  e x a m in e d  c a s e s  

w e r e  found to b e  R o ta v ir u s  p o s i t iv e .  T h is  f ig u r e  in c r e a s e d  to  40% 

w hen  a c o m b in a tio n  o f e le c tr o n  m ic r o s c o p y  and e x a m in a tio n  o f  the  

an tib o d y  s ta tu s  b y  c o m p le m e n t  f ix a t io n  t e s t  u s in g  N e b r a sk a  c a lf  

d ia r r h o e a  v ir u s  (NCDV) a n tig e n  w a s  em p lo y ed  fo r  e a c h  p a t ie n t .

V on  B o n sd o r ff , e t ,  a l .  (1978) co n c lu d ed  th at th e r e la t iv e ly  p o o r  

e f f ic a c y  o f e le c t r o n  m ic r o s c o p y  co m p a red  to  s e r o lo g y  w a s  due to  

th e  fa c t  th a t in  m a n y  c a s e s  th e  f i r s t  s to o l sa m p le  w a s  o b ta in e d  o n ly  

a f te r  the w o r s t  o f th e  d ia r r h o e a  w a s  o v e r . R o ta v ir u s  in fe c t io n  h a s  

a sh o r t  in cu b a tio n  p e r io d , b e fo r e  sy m p to m s a p p e a r , ra n g in g  fr o m  

15 h o u r s  to  3 o r  4 d a y s  (M id d leton , S z y m a n sk i, A b b o tt, B o r to lu s s i  

and  H a m ilto n , 1974) th e r e fo r e  s in c e  d ia r r h o e a  i s  p r e s e n t  fo r  o n ly  

24  to 48 h o u r s  (M cN u lty , 1978) it  i s  e a s y  to  m is s  th e  p ea k  e x c r e t io n  

o f  v ir u s  in  th e f a e c e s ,  if  th e  v ir u s  is  th e  m a in  ir r ita n t  c a u s in g  

d ia r r h o e a .

E x a m in a tio n  o f  m e th o d s  fo r  the d e m o n str a t io n  o f  a n tib o d y  

to  R o ta v ir u s  i s ,  th e r e fo r e ,  o f g r e a t  im p o rta n ce  and fo r  th is  r e a s o n  

th r e e  s e r o lo g ic a l  te c h n iq u e s  w e r e  in v e s t ig a te d .

H um an R o ta v ir u s  can  o n ly  be cu ltu red  in  hum an  k id n e y  

c e l l s  and so  th e  IF A  and  E L ISA  t e s t s  w e r e  co n d u cted  w ith  N e b r a sk a  

C a lf  D ia r r h o e a  V ir u s  (N C D V ) w h ich  can  be cu ltu red  in  p r im a r y  

c a lf  k id n e y  c e l l s .  T h is  v ir u s  i s  c lo s e ly  r e la te d  a n t ig e n ic a l ly  to  

h um an  r o ta v ir u s  but it  w a s  c o n s id e r e d  p o in t le s s  to  e v a lu a te  the
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d e te c t io n  o f r e le v a n t  a n t ib o d ie s  by n e u tr a lisa t io n  t e s t s  w ith  a 

c a lf  R o ta v ir u s  in s te a d  o f a hum an R o ta v ir u s ,

T h e  c o m p le m e n t f ix a t io n  t e s t ,  h o w e v e r , d e v e lo p e d  by  

Z i s s i s  in v o lv e d  te s t in g  th e hum an  s e r a  fo r  C F  a n t ib o d ie s  u s in g  

a  hum an  fa e c a l  r o ta v ir u s  a s  a n tig en  in  a f a e c a l  e x tr a c t  and so  th e  

q u e s tio n  o f  d e te c t in g  r e le v a n t  a n tib o d ie s  w a s  co n fin ed  to  

in v e s t ig a t in g  w h ich  o f the tw o s e r o lo g ic a l  t e s t s ,  IF A  o r  E L ISA  

c o r r e la te d  b e s t  w ith  th e C F r e s u l t s .

T h e  r e s u l t s  in  T a b le  'wexe a n a ly s e d  by  th e c o r r e la t io n  

c o e f f ic ie n t  (r) and S tu d en t's  t « t e s t  and y ie ld e d  th e fo llo w in g  

in fo r m a t io n :-
£.

A b t i t r e s  o b ta in ed  w ith  IF A  c f  Ab t i t r e s  ob ta in ed  w ith  E L ISA  0. 41

A b t i t r e s  o b ta in ed  w ith  E L ISA  c f  Ab t i t r e s  ob ta in ed  w ith  C F  0 , 2

A b t i t r e s  o b ta in ed  w ith  IF A  c f  A b  t i t r e s  ob ta in ed  w ith  C F  0. 38

A  s t a t i s t ic a l ly  s ig n if ic a n t  c o r r e la t io n  (r = 0 .4 1 ; P <  0 ,0 2 5 )

w a s  o b ta in ed  b e tw e e n  th e  IF A  and  E L ISA  r e s u l t s .  T h is  i s  to be  

e x p e c te d  s in c e  both  t e s t s  in v o lv e d  th e  sa m e  s tr a in  o f R o ta v ir u s ,

T h e  E L ISA  t e s t  w a s  a p p r o x im a te ly  3 t im e s  m o r e  s e n s i t iv e  than the  

IF A  te c h n iq u e .

W hen the IF A  and E L ISA  r e s u lt s  w e r e  c o m p a r e d  w ith  th e  

C F  r e s u l t s ,  h o w e v e r , o n ly  th e  IF A  r e s u lt s  p ro d u ced  a s t a t i s t ic a l ly  

s ig n if ic a n t  c o r r e la t io n  w ith  the C F an tib od y  titres (r = 0, 38; P <  0 , 05), 

B y c o n tr a s t  th e  E L ISA  r e s u lt s  sh ow ed  no s ig n if ic a n t  c o r r e la t io n  

w ith  the C F r e s u l t s  (r = 0 .2 ;  P < 0 .  3),

T h e fo llo w in g  ex p la n a tio n  is  o ffe r e d  to a c c o u n t fo r  th e s e

f in d in g s .

T h e  an tib o d y  t i t r e s  ob ta in ed  by IF A  w e r e  o b ta in ed  b y  

ex a m in in g  c a lf  k id n ey  c e l l s  in fe c te d  w ith  N CD V  fo r  2 -3  d a y s , fo r
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in tr a c y to p la s m ic  f lu o r e s c e n t  s ta in in g . T h e s e  c e l l s  co n ta in  m a n y  

in c o m p le te  v ir a l  p a r t ic l e s .  In th e E L ISA  p r o c e d u r e , h o w e v e r , th e  

N CD V  w a s  o b ta in ed  fr o m  c a lf  k id n ey  c e l l s  a f te r  4  d a y s  by  w h ich  

t im e  th e t i s s u e  c u ltu r e  c e l l s  w e r e  o b se r v e d  to h a v e  d e ta c h e d  

fr o m  th e  g la s s  s u r fa c e  in d ica tin g  th at m a tu r e  c o m p le te  v ir u s  w a s  

b e in g  r e le a s e d  in to  th e m a in te n a n c e  m e d iu m . T h e NCDV w a s  

th en  p u r if ie d  b y  c e n tr ifu g a tio n  th rou gh  30% s u c r o s e .  In  th is  

p r o c e d u r e , t h e r e fo r e ,  a n y  so lu b le  and u n a ss e m b le d  v ir a l  

a n t ig e n s  w ou ld  b e  se p a r a te d  and o n ly  c o m p le te  v ir u s  o r  v ir a l  

c a p s id  w ould  b e  o b ta in ed  to  s e n s i t iz e  th e m ic r o t i t r e  p la te  w e l l s .

In ta c t R o ta v ir u s e s  h a v e  b een  show n to h a v e  a d ou b le  

la y e r e d  c a p s id  s tr u c tu r e  (H o lm e s , R u ck , B ish o p  and D a v id s o n , 1975). 

W ood e, B r id g e r , J o n e s ,  F le w e t t ,  B ry d en , D a v ie s  and  W hite (1976) 

sh o w ed  th at s in g le - s h e l l e d  r o ta v ir u s  p a r t ic le s  fr o m  d if fe r e n t  

a n im a l s p e c ie s  w e r e  a g g lu tin a te d  b y  a l l  th e  c o n v a le s c e n t  s e r a  t e s t e d ,  

r e g a r d le s s  o f th e  s p e c ie s o f  o r ig in  and a n tib o d ie s  co u ld  be d e te c te d  

a d h e r in g  to  th e  in n er  c a p s id  la y e r  b y  im m u n e e le c tr o n  m ic r o s c o p y .  

D o u b le - s h e l le d  hum an  rotavirus p a r t ic l e s ,  h o w e v er , r e a c te d  o n ly  

w ith  a n t is e r u m  to  th e  hum an  v ir u s .  T h e s e  r e s u l t s  in d ic a te d  th at  

th e r o ta v ir u s  grou p  a n tig e n  is  lo c a te d  on th e in n er  c a p s id  la y e r  o f  

th e  v ir u s .

In aba , S a to , T a k a h a sh i, K u og i, Sato  da , O m o r i and  

M atu m ato  (1977) d is c o v e r e d  th a t a h a e m a g g lu tin in  is  p r e s e n t  in  

p r e p a r a t io n s  o f  c a lf  r o ta v ir u s .  S ep a ra tio n  o f d ou b le  and  s in g le  

s h e lle d  v ir u s  p a r t ic le s  on c a e s iu m  c h lo r id e  d e n s ity  g r a d ie n ts  

d e m o n str a te d  th a t d o u b le -s h e lle d  p a r t ic le s  a g g lu tin a te d  e r y th r o c y te s  

but s in g le - s h e l l e d  p a r t ic le s  d id  n ot. T h is  fin d in g  s u g g e s te d  th a t
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th e  s p e c i e s - s p e c i f i c  a n tig en  r e s id e d  on th e  o u ter  c a p s id  la y e r  

o f  th e v ir u s .

T h e  r e s u l t s  fr o m  th e  E LISA  e x p e r im e n t  d e ta ile d  a b o v e  

a p p ea r  to  c o n f ir m  t h e s e  fin d in g s  s in c e  the 30% s u c r o s e  p u r if ic a t io n  

p r o c e d u r e  w ould  e n s u r e  th a t th e R o ta v ir u s  a n tig en  in v o lv e d  in th e  

E L ISA  e x p e r im e n t  i s  d ou b le  s h e lle d  N CD V  c a p s id . T h e s e  c a p s id s  

a r e  s u f f ic ie n t ly  d if fe r e n t  a n t ig e n ic a lly  fr o m  the hum an  a n tig e n  

In v o lv ed  in  th e C E t e s t  to p ro d u ce  m a n y  c o n flic t in g  r e  s u it s

S e r u m  N o , E L ISA  t it r e  C E t i t r e

3225  <r 32 32

3540  < 3 2  16

3733 < 32 16

4751 < 32 32

2 460  < 32 32

4119 512 0

1147 512 8

T h e  IE A  t e s t ,  h o w e v e r , b e c a u s e  a n t ib o d ie s  to th e  

u n a ss e m b le d  v ir u s  a n t ig e n s  in c lu d in g  th e  group a n tig e n  a r e  d e te c te d ,  

i s  th e r e fo r e  a m o r e  r e l ia b le  tech n iq u e  fo r  d e te c t in g  th e r e le v a n t  

h u m an  a n t ib o d ie s  to  hum an  r o ta v ir u s .
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b) V ir u s  A ntib ody  P r o f i l in g

A t th e  o u tse t  o f  th e  f o r e n s ic  s e c t io n  o f  th is  p r o je c t ,  a 

s e r o lo g ic a l  t e s t  had  to be c h o se n  w h ich  w ould  m e e t  the fo llo w in g  

r e q u ir e m e n ts  o f th e  p r o p o se d  v ir u s  an tib od y  p r o f il in g  p r o c e d u r e ,

1) C a p a b le  o f  u t i l iz in g  v e r y  s m a ll  v o lu m e s  of e lu ted  b lo o d sta in

2) S p e c if ic  enough  to y ie ld  r e l ia b le  and rep r o d u c ib le  r e s u lt s  w ith  

a n tib o d ie s  w h ich  m a y  h ave  b een  e x p o se d  to  a d v e r s e  " s to r a g e ” 

c o n d itio n s  in  th e fo r m  o f  a b lo o d sta in

3) C ap ab le  o f  m e a s u r in g  a n tib o d y  l e v e l s  a g a in s t  a w id e  sp e c tr u m  

of v ir u s e s  in  th e b lo o d sta in

4) C a p a b le  o f  h an d lin g  la r g e  n u m b e r s  o f su ch  s p e c im e n s  q u ic k ly  

and e f f ic ie n t ly .

M any o f  th e s e r o lo g ic a l  t e s t s  d is c u s s e d  in  S e c tio n  a o f the  

l i t e r a tu r e  r e v ie w  w e r e  o b v io u s ly  in ca p a b le  of s a t is fy in g  s o m e  o r  a l l  of 

t h e s e  r e q u ir e m e n ts .

T he c o m p le m e n t f ix a tio n  t e s t ,  fo r  e x a m p le , d ep en d in g  upon the  

d e v e lo p m e n t o f h a e m o ly s is  to  in d ic a te  th e e x is t e n c e  o f a n t iv ir a l  

a n tib o d ie s  in  a se r u m  o r  p la sm a  sp e c im e n , i s  th e r e fo r e  u n su ita b le  fo r  

u s e  w ith  ly s e d  b lood  s p e c im e n s  in  th e fo r m  o f  b lo o d s ta in  e lu a te s .  

C o m p le m e n t f ix a tio n  i s  a ls o  v e r y  p ro n e  to  a n t ic o m p le m e n ta r y  r e a c t io n s  

w h ich  a r e  c o m m o n ly  a s s o c ia t e d  w ith  m ic r o b ia lly  co n ta m in a ted  

b lo o d s ta in  e lu a te s .

T h e h a e m a g g lu t in a t lo n - in h ib it io n  t e s t  is  m o r e  s e n s i t iv e  but 

w ould  s im i la r ly  n ot be ca p a b le  o f r e g is t e r in g  p o s it iv e  or n e g a t iv e  

r e s u lt s  in  th e p r e s e n c e  o f ly s e d  b lo o d . T h is  tech n iq u e  a ls o  h a s  

p r o b le m s  a s s o c ia t e d  w ith  th e la r g e  n u m ber o f p o te n tia l n o n - s p e c i f ic
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in h ib ito r s  w h ich  can  p ro d u ce  f a ls e  p o s it iv e  r e s u l t s .

N e u tr a lis a t io n  t e s t s  can fu lf i l  m o s t  o f th e p r o p o se d  r e q u ir e m e n ts  

s in c e  th e y  a r e  s e n s i t iv e ,  s p e c if ic  and n ot in flu en ced  by b a c te r ia l  

p r o d u c ts  o r  h a e m o g lo b in  but h a v e  the d isa d v a n ta g e  o f b e in g  la b o u r  

in te n s iv e  and t im e  c o n su m in g .

T h e th r e e  te c h n iq u e s  w h ich , it  w a s  c o n s id e r e d , cou ld  fu lf i l  th e  

a fo r e m e n tio n e d  r e q u ir e m e n ts  w e r e ,  R a d io im m u n o a ssa y  (R IA ),

E n z y m e - lin k e d  im m u n o so r b e n t a s s a y  (ELISA) and the In d ir e c t  f lu o r e s c e n t  

a n tib o d y  tech n iq u e  (IFA ).

R IA , u n fo r tu n a te ly , cou ld  n ot b e ev a lu a ted  fo r  u s e  in  v ir u s  

an tib o d y  p r o f il in g  s in c e  it  r e q u ir e d  s p e c ia l is e d  eq u ip m en t w h ich  w a s  

n ot a v a ila b le  to  th is  la b o r a to r y , E L ISA  is  a r e la t iv e ly  n ew  tech n iq u e  

w h ich  s t i l l  r e q u ir e s  d e v e lo p m e n t and so  it s  p o s s ib le  p a r t in  th e p r e s e n t  

c o n te x t w a s  in v e s t ig a te d  fo r  o n ly  tw o v ir u s e s .

IF A , h o w e v e r , w a s  in  ro u tin e  u s e  w ith in  th is  la b o r a to r y  and w a s  

c o n s id e r e d  to  h a v e  th e  p o te n t ia l to  m e e t  a l l  th e r e q u ir e m e n ts  d e ta ile d  

a b o v e .

T h e m a jo r  p a r t  o f  th is  d is c u s s io n ,  th e r e fo r e ,  d e a ls  w ith  th e  IF  A  

t e s t  and i t s  a p p lic a tio n  to  fo r e n s ic  v ir u s  a n tib od y  p r o f il in g .

B e fo r e  an y  b lo o d s ta in  d is c r im in a t io n  t r ia l s  cou ld  be a tte m p te d ,  

h o w e v e r , a th o ro u g h  ev a lu a tio n  o f the IF A  t e s t  a s  a p p lie d  to  v ir u s  

an tib o d y  p r o f il in g  w a s  p e r fo r m e d .

E x p e r im e n t  1 R e p lic a te  A n tib o d y  P r o f i le s

T a b le s  17 th rou gh  21 co n ta in  the r e s u lt s  o f 10 r e p l ic a t e  v ir u s  

a n tib o d y  p r o f i le s  on  e a c h  o f 5 d if fe r e n t  p la sm a  s a m p le s .  T a b le s  22  

th rou gh  26 show  th e r e p l ic a te  v ir u s  an tib od y  p r o f i le s  fr o m  5 d if fe r e n t  

b lo o d sta in  e lu a te s .
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T h e s e  r e s u l t s  sh ow  a f a ir ly  p oor  r e p r o d u c ib ility . F o r  e x a m p le  

in  T a b le  17 the a n tib o d y  t i t r e s  ob ta in ed  by IF A fr o m  r e p l ic a te  s a m p le s  

o f th e s a m e  p la s m a  e x a m in e d  w ith in  2 -3  d a y s show  H e r p e s  s im p le x  

v a lu e s  ran g in g  fr o m  L og^ 3 to  Log^ 8 . In T a b le  18, th e  a n tib od y  

t i t r e s  o b ta in ed  fo r  P o l io v ir u s  typ e  1 , . E ch o  19» M e a s le s ,  F lu  A  3^ h r  

and CM V ra n g e  fr o m  z e r o  to L og^ 6 .

S im ila r  v a r ia t io n s  in  a n tib o d y  t i t r e s  to  m a n y  v ir u s e s  a r e  a ls o  

e v id e n t  in  T a b le s  19» 20  and 21,

T he sa m e  o b s e r v a t io n s  o f  p o o r  r e p r o d u c ib ility  can  b e  d e te c te d  

in  th e r e p lic a te  v ir u s  an tib o d y  p r o f i le s  r e su lt in g  fr o m  b lo o d s ta in  e lu a te s  

r e c o r d e d  in T a b le s  22 th rou gh  2 6 ,

T o a c c o u n t fo r  th e s e  v a r ia t io n s ,  th r e e  e x p la n a tio n s  w e r e  

c o n s id e r e d : -

1) L a ck  o f s k i l l  o f  th e  m ic r o s c o p ls t  in  r e c o r d in g  th e  f lu o r e s c e n t  

a n tib od y  end p o in t r e s u l t s .  T h is  is  n o to r io u s ly  d if f ic u lt  and  

su b je c t iv e  e r r o r s  m a y  o c c u r  -  p a r t ic u la r ly  w ith  o p e r a to r  fa t ig u e .  

T h e r e  i s  no  doubt th at th is  i s  th e  m o s t  im p o rta n t p r o b le m  in  u s in g  

IF  A  fo r  a n tib o d y  l e v e l  d e te r m in a t io n . It i s  a p r o b le m  w h ich  can  

o n ly  be o v e r c o m e  b y  th e  in tro d u ctio n  o f m e te r e d  r e a d in g  o f 

s p e c im e n s ,  e . g .  b y  r e f le c t io n  s p e c tr o m e tr y  o r  b y  in te g r a tin g  

c ir c u itr y  ,

2) G enu in e d if f e r e n c e s  e x is t  in  the am ou n t o f a n tib o d y  p r e s e n t  in  

ea ch  sa m p le  fr o m  th e s a m e  s p e c im e n .

T h is  can n ot o c c u r  w ith  r e p lic a te  p la sm a  s p e c im e n s  fr o m  th e  sa m e  

p la sm a  sa m p le  w h ich  h a v e  b een  s to r e d  and h an d led  in  Id e n tic a l 

c o n d it io n s .
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D if f e r e n c e s  m ig h t a r i s e ,  h o w e v e r , b e tw een  an tib od y  l e v e l s  in 

p la s m a  and b lo o d s ta in  e lu a te s  b e c a u se  the a m o u n ts  o f  IgG  typ e  

a n tib o d y  p r e s e n t  in  the e lu a te  w ould  depend upon the e f f ic ie n c y  

o f th e  e lu tio n  p r o c e d u r e . H o w ev er , i f  one a s s u m e s  that 

h a e m o g lo b in  and IgG  a r e  e lu te d  fro m  co tto n  c lo th  w ith  the sa m e  

e f f ic ie n c y  (a s  s u g g e s te d  b y  W e r r e t t -  P e r s o n a l  C o m m u n ic a tio n ) a 

lo w  p e r c e n ta g e  r e c o v e r y  o f h a em o g lo b in  sh ou ld  s im i la r ly  g iv e  

th e lo w e s t  v a lu e s  in  th e v ir u s  a n tib od y  t i t r e  r a n g e s  d e te c te d .

T h is  d o e s  n o t a lw a y s  o c c u r .

In T a b le  22 it  ca n  be s e e n  th a t tw o e lu a te s ,  G & H, h a v e  b een  

r e c o v e r e d  w ith  th e sa m e  e f f ic ie n c y  (36% o f th e h a e m o g lo b in  h a s  b e e n  

r e c o v e r e d  in  both  s p e c im e n s ) .  V a r ia t io n s  s t i l l  o c c u r , h o w e v e r ,  

b e tw e e n  th e a m ou n t o f an tib od y  d e te c te d  to  c e r ta in  v ir u s e s  in  

t h e s e  tw o e lu a t e s .  W ith  m e a s le s  v ir u s ,  fo r  e x a m p le , an  a n tib od y  

t i t r e  o f L og^^ w a s d e te c te d  in  s p e c im e n  G w h e r e a s  no a n t i - m e a s le s  

IgG  w a s  d e te c te d  in s p e c im e n  H , P a r a d o x ic a lly ,  s p e c im e n  C w ith  

a g r e a te r  h a e m o g lo b in  r e c o v e r y  v a lu e  (45%) sh o w s no a n t i - m e a s le s  

IgG  w h e r e a s  s p e c im e n s  A  & F  (a lso  w ith  45% h a e m o g lo b in  r e c o v e r e d )  

p ro d u ced  a n t i - m e a s le s  IgG  t i t r e s  o f L og^d and L og^ 3 r e s p e c t iv e ly *

In T a b le  2 3 , th e  sa m e  typ e  o f  a n o m a ly  i s  e v id e n t w ith  H e r p e s  

s im p le x  v ir u s .  S p e c im e n  A  w ith  a h a em o g lo b in  r e c o v e r y  of 53%, 

g a v e  a t i t r e  o f Log^ 3 fo r  a n t i-H e r p e s  s im p le x  IgG , w h ile  sp e c im e n  E ,  

w ith  s l ig h t ly  l e s s  o f a h a e m o g lo b in  r e c o v e r y  (49%) r e c o r d e d  a t i t r e  

o f Eog^S fo r  a n t i-H e r p e s  s im p le x  IgG .

N u m e r o u s  s im ila r  a n o m a lo u s  r e s u lt s  can  be found in  th e  3 o th e r  

b lo o d sta in  r e p r o d u c ib ility  e x p e r im e n ts  r e c o r d e d  in  T a b le s  24  

th rou gh  26 .
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P o o r  r e p r o d u c ib ility  w a s  th e r e fo r e  ev id e n t in  t h e s e  in it ia l  

e x p e r im e n ts  but th is  cou ld  not be a ttr ib u ted  to  d if f e r e n c e s  in  

th e  am ou n t o f  IgG  r e c o v e r e d  fr o m  a b lo o d sta in .

3) V a r y in g  q u a lity  o f th e v ir u s  a n tig en  p r e p a r a t io n s  u se d  to  m a k e  

th e s l id e s  u se d  fo r  th e  in d ir e c t  f lu o r e s c e n t  a n tib o d y  te c h n iq u e .  

It is  m o s t  u n fortu n ate  th a t due to the la r g e  n u m b e r s  o f  s l id e s  

u s e d  in  th e  c o u r s e  o f th e s e  e x p e r im e n ts ,  m o r e  than  on e b a tch  

o f a n tig e n  c a r r y in g  s l id e s  w a s  o ften  in v o lv e d  in  p e r fo r m in g  a 

r e p l ic a te  a n tib o d y  p r o f il in g  e x p e r im e n t .

A lth ou gh  ea c h  b a tch  o f  a n tig en  s l id e s  w a s  c a r e fu l ly  q u a lity  

c o n tr o lle d  b y  p e r fo r m in g  an IP A  t e s t ,  w ith  an  a n ti s e r u m  w ith  

know n t i t r e ,  on  s e v e r a l  ra n d o m ly  s e le c te d  s l id e s ,  d if f e r e n c e s  

in  q u a lity  w e r e  found w ith  d if fe r e n t  s l id e  b a tc h e s  a s  fo llo w s :

a ) D e s p ite  m e t ic u lo u s  c a r e ,  v a r ia t io n s  in e v ita b ly  

o c c u r r e d  in th e  am ou n t of in fe c te d  c e l l  

m a t e r ia l  p la c e d  on ea ch  spot d u rin g  s l id e  

p r e p a r a t io n .

b) L on g  te r m  co ld  s to r a g e  ( -7 0  C) had a d e le te r io u s  

e f f e c t  on p r e - s p o t te d  s l id e s .  T h is  a p p e a r e d  to  

b e due to  d a m a g e  ca u se d  to the in fe c te d  c e l l s

b y  th e a c c u m u la tio n  o f ic e  c r y s t a ls  on th e  

sp o ts  and fr o m  s l id e s  fr o z e n  to g e th e r  b y  a  th in  

f i lm  o f i c e .

It w a s  th e r e fo r e  d e c id e d  to in c lu d e  a stan d ard  r e f e r e n c e  s e r u m  

sp ot on  e a c h  s lid e  to m o n ito r  the q u a lity  of th e a n tig e n  s p o ts .



T a b le s  27 and 28 r e c o r d  th e r e s u lt s  o f tw o fu r th e r  p la sm a

r e p lic a t io n  V A P  e x p e r im e n ts  in co r p o r a tin g  the stan d ard  d ilu tio n

of r e f e r e n c e  se r u m  on one sp o t on ea ch  s lid e  ex a m in e d  and a ls o

u t i l i s in g  a s in g le  b a tch  o f v ir u s  a n tig e n  s l id e s  fo r  ea ch  e x p e r im e n t

p e r fo r m e d . T h e s e  ta b le s  show  b e tte r  c o r r e la t io n  o f  r e p l ic a te

an tib o d y  t i t r e s  to  m o s t  o f  th e  v ir u s e s  in v e s t ig a te d . O c c a s io n a l

d is c r e p a n c ie s  a r e  e v id e n t w ith in  th e u n d ilu ted  (N) to  Log^ 3

ra n g e  o f  a n tib o d y  t i t r e s  ( s e e  T a b le  2 8 , P o l io  1, P o l io  2, P o l io  3 ,

( C E c h o  5 , E ch o  19, A deno 2 , F lu  A 3^). T h e s e  d is c r e p a n c ie s

a r e  c a u se d  by  th e  e x tr e m e  s e n s i t iv i t y  o f th e  IF  A  tech n iq u e  w h e r e

fa in t n o n - s p e c i f ic  f lu o r e s c e n c e  o ften  a p p e a r s  w ith  t i t r e s  in  th e

ra n g e  L og 1 to  L og  3 ,
< 2

T a b le s  29 th rou gh  33 r e c o r d  th e  r e s u lt s  o f 5 r e p l ic a te  b lo o d s ta in  

e lu a te  V A P  e x p e r im e n ts  p e r fo r m e d  in a s im ila r  m a n n er  w ith  th e  

r e fe r e n c e  s e r u m  sa m p le .

In  t h e s e  e x p e r im e n ts  th e  v ir u s  an tib o d y  p r o f i le  w a s  c o n s id e r a b ly  

sh o r te n e d  fo llo w in g  d is c u s s io n  w ith  D r , D . W e r r e tt  (C en tra l 

R e s e a r c h  E s ta b lis h m e n t ,  A id e r m a sto n )  a f te r  s t a t i s t ic a l  a n a ly s is  

o f th e  r e s u l t s  fr o m  E x p e r im e n t  2 (T a b le s  2 9 -3 3 ) .  A n a ly s is  o f  the  

fr e q u e n c y  o f  o c c u r r e n c e  o f IgG  ty p e  a n tib o d ie s  to s ig n if ic a n t  

l e v e l s  ( i . e , ^  L og^3) a g a in s t  th e 19 v ir u s e s  in  the p r o f ile  r e v e a le d  

th a t th e  b e s t  v ir u s e s  fo r  d is c r im in a t in g  b e tw e e n  b lo o d  s a m p le s  

w e r e  P o l io  1, 0 B^, E ch o  19, H e r p e s  s im p le x , A d en o  5, R e s p ir a to r y

S y n c y t ia l v ir u s ,  E p s te in  B a r r  and c y to m e g a lo v ir u s ,

4-
f - ' h i n  _  1 T . o o

'2
4-

T h e d r a m a tic  im p r o v e m e n t  in  r e p r o d u c itd ity  (to w ith in  -  1 Log,

d ilu tio n  in  th e  m a jo r ity  o f the a n tig e n s  in v e s t ig a te d )  is  c le a r ly  

e v id e n t  fr o m  T a b le s  29 th rou gh  33.

A  r e f e r e n c e  s e r u m  w a s th e r e fo r e  in c lu d ed  in a l l  su b se q u e n t  

ex n e  r im e n t  s .
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E x p e r im e n t  2 V ir a s  A ntib od y  P r o f i l e  S u r v e y

H aving e s ta b lis h e d  th at th e In d irec t f lu o r e s c e n t  a n tib o d y  

tech n iq u e  cou ld  be m ad e s u ff ic ie n t ly  a c c u r a te  and r e p r o d u c ib le ,  

the p o te n t ia l o f v ir u s  a n tib o d y  p r o f il in g  fo r  c h a r a c te r iz a t io n  o f a 

b lood  sa m p le  w a s  in v e s t ig a te d .

P la s m a  s a m p le s  fr o m  one hundred  r a n d o m ly  s e le c t e d  

a d u lt in d iv id u a ls  (T a b le s  34 th rou gh  37) w e r e  p r o f ile d  and th e  

r e s u lt s  a r e  r e c o r d e d  in  T a b le s  38 through  47 ,

T h is  e x p e r im e n t  w a s  p e r fo r m e d  fo r  tw o r e a s o n s : -

1. T o  fin d  out w h e th e r  e a c h  p la s m a  sa m p le  w a s  un iq u e in  t e r m s  

o f  V A P

2 , T o p r o v id e  in fo r m a tio n  fo r  s t a t is t ic a l  a n a ly s is  (p e r fo r m e d  by  

D r , D , W e r r e t t ,  C e n tr a l R e s e a r c h  E s ta b lis h m e n t , A ld e r m a s to n ) ,

1. N o V A P *s w e r e  found w h ich  w e r e  e x a c t ly  a l ik e .  In  a p o p u la tio n

c o n s is t in g  o f m  o b je c ts  (v ir u s  a n tib o d ie s )  w ith  n p o s s ib le  v a lu e s

fo r  e a c h  o b je c t  (an tib od y  t i t r e ) ,  th e  p r o b a b ility  o f  o b ta in in g

2 s e t s  o f  id e n t ic a l  v a lu e s  i s  l:m  . W ith up to  80 d if fe r e n t

v ir u s e s  and  8 a n tib o d y  t i t r e s  (N through  L og^ 7), 80^ d if fe r e n t

an tib o d y  p r o f i le s  a r e  p o s s ib le .  E v en  w ith  th e s h o r te r  p r o f i le

8
c o n s is t in g  o f 8 v ir u s e s ,  8 d if fe r e n t  p r o f i le s  c a n , t h e o r e t i c a l ly ,  

be o b ta in ed .

In p r a c t ic e ,  d e s p ite  th e s e  th e o r e t ic a l  c o n s id e r a t io n s ,  p r o f i le s  

m a y  w e ll  sh ow  r e la t iv e ly  m in o r  d if f e r e n c e s .  T h is  can  be  

o b s e r v e d  fr o m  p r o f i le s  37 and 38 (T ab le  41) w h e r e  th e  p la sm a
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d o n o rs  w e r e  s ib l in g s .  T h e ir  im m u n o lo g ic a l e x p e r ie n c e  h a s  

o b v io u s ly  b een  v e r y  s im ila r  w ith  o n ly  F lu  A  3-| h r  a n tig en  

and p o s s ib ly  A d en o  2 a n tig en  p ro v id in g  a n y  e v id e n c e  o f  

in d iv id u a lity  w ith in  th e sh o r t p r o f i le  u sed  in th is  e x p e r im e n t ,

2 . A s  a r e s u lt  o f co m p u te r  a n a ly s is  to  d e te r m in e  th e fr e q u e n c y  

o f  o c c u r r e n c e  o f a n tib o d y  t i t r e s  to th e  19 v ir u s e s  in the 100 

a n tib o d y  p r o f i l e s ,  8 v ir u s e s  w e r e  s e le c t e d  fr o m  th e  o r ig in a l  

19 w h ich  sh ow ed  th e g r e a t e s t  p o te n t ia l fo r  d is c r im in a t io n  

b e tw e e n  in d iv id u a l b lo o d  s a m p le s .

In g e n e r a l ,  th e  co m p u te r  a n a ly s is  r e v e a le d  th e e x p e c te d  c r o s s  

r e a c t iv ity  b e tw e e n  th e  P o l io v ir u s e s ,  E c h o v ir u s e s ,  and  

A d e n o v ir u s e s  e m p lo y e d  in  th e fu ll  p r o f i le .  O th er  v ir u s e s  such, 

a s  m u m p s , m e a s l e s ,  in flu en za  A and B s e ld o m  p ro d u ced  

a n tib o d y  t i t r e s  ou tw ith  th e b a s a l ra n g e  (N to  E og^ 4) and so  

p r o v id e d  l e s s  p o te n t ia l d is c r im in a t io n  b e tw e e n  in d iv id u a ls .

T h e s e  v ir u s e s ,  h o w e v e r , cou ld  n ot b e to ta lly  r e j e c t e d .  T h ey  

w ould  p r o v id e  fu r th e r  c h a r a c t e r is t ic s  w h ich  m ig h t ena.ble a  

d is c r im in a t io n  to  b e a c h ie v e d  b e tw e e n  b lood  s a m p le s  w hen  th e  

8 v ir u s e s  in  th e p r im a r y  p r o f ile  fa ile d  to d is c r im in a te .

E x p e r im e n t  3 In v iv o  s ta b il ity  o f V A P

W ith th e c o n v e n tio n a l m eth o d s  o f b lood  ty p in g  and id e n t if ic a t io n ,  

the t im e  in te r v a l b e tw e e n  r e c e ip t  o f the s ta in  and a r r iv a l  o f b lood  

fo r  c o m p a r a t iv e  p u r p o se s  i s  not p a r t ic u la r ly  c r i t i c a l .  T h e n o r m a lly  

u se d  t e s t s  r e ly  upon g e n e t ic a l ly  c o n tr o lle d  p o ly m o r p h is m s  w h ich  

o c c u r  in  b lood  (b lood  g ro u p , r h e s u s  fa c to r  and red  c e l l  i s o - e n z y m e s )  

and do not n o r m a lly  ch an ge w ith  t im e . T h e s e  fa c to r s  cou ld  p o s s ib ly  

b e ch an ged  s l ig h t ly  o n ly  by  b lood  tr a n s fu s io n .



I f , fo r  e x a m p le , the v ic t im  o f an  a s s a u l t  r e q u ir e s  a 

b lood  tr a n s fu s io n , h e  w i l l  be grou p ed  in  r e s p e c t  o f A BO  and r h e su s  

ty p e  o n ly . T h e r e fo r e  a p e r s o n  w ith  the red  c e l l  e n z y m e  

p h o sp h o g lu c o m u ta se  1 (PGM  1) m a y  r e c e iv e  b lood  o f typ e PG M  2 

or PG M  2 -1 , Such  an  ev en t w ould  a lt e r  h is  b lood  ty p e  fo r  4 - 6  w e e k s  

(the l i f e - s p a n  o f  th e  tr a n s fu s e d  r ed  b lood  c e l l s ) .  S im ila r ly ,  

tr a n s fu s e d  p la s m a  co n ta in in g  im m u n o g lo b u lin  to v ir u s e s  

e n c o u n te r e d  by th e don or w ould  b e m e ta b o lis e d  w ith in  3 m o n th s .

T he d ilu t io n  e f fe c t  w o u ld , h o w e v e r , m a k e  it  e x tr e m e ly  u n lik e ly  th a t  

i t s  p r e s e n c e  cou ld  e v e r  b e d e te c te d .

T h e  n e x t  e x p e r im e n t  w a s  d e s ig n e d  to in v e s t ig a te  th e  

s ta b i l i ty  o f th e  v ir u s  a n tib od y  p r o f i le  in  v iv o  ,

S in c e  IgG  is  not a s ta t ic  m a te r ia l  but is  c o n s ta n t ly  b e in g  

p ro d u ced  b y  B - ly m p h o c y te s ,  th e  c o n c e n tr a tio n , ty p e  and s p e c i f ic i t y  

of IgG  m u st  b e e x p e c te d  to  ch an ge w ith  t im e ,  e .  g,

1, On e n c o u n te r in g  n ew  v ir u s  A g , B - ly m p h o c y te s  in v o lv e d  w ith  

h u m o r a l im m u n ity  w i l l  s e c r e t e  n ew  IgG  m o le c u le s  s p e c i f i c a l ly  

d ir e c te d  a g a in s t  the n ew  in vad in g  a n tig e n .

2 . A  p r e v io u s ly  h ig h  t i t r e  o f IgG  to  one p a r t ic u la r  v ir u s ,  p o s s ib ly  

in d ic a t iv e  th a t the b lood  sa m p le  h a s  b een  ta k en  d u r in g  the  

c o n v a le s c e n t  s ta g e  o f  an  i l ln e s s  m a y  s lo w ly  fa l l .  (T he l e v e l

o f IgG  in  s e r u m  r e f l e c t s  th e  b a la n c e  b e tw e e n  r a te s  o f  s y n th e s is  

and d eg ra d a tio n ).

T a b le s  48 and 49 r e c o r d  the r e s u lt s  o f v ir u s  a n tib o d y  p r o f i l e s  

fr o m  p a ir s  o f p la s m a  s a m p le s  ta k en  a t in te r v a ls  o f  up to 6 m o n th s  . 

a p a r t  fr o m  7 d if fe r e n t  d o n o r s . In  m o s t  c a s e s  a m a x im u m  o f o n ly  

2 log^  d ilu t io n s  w a s  found b e tw een  the an tib od y  t i t r e s  in  th e p r o f i le s  

o f e a c h  p a ir  o f  s p e c im e n s .



In sp e c im e n  E , h o w e v e r , a n t i-E c h o  9 IgG  w h ich  had not 

b e e n  p r e s e n t  in th e  f i r s t  sp e c im e n  w a s  d e te c te d  a t a t i t r e  o f Log^ 5 

in the se c o n d  s p e c im e n  ta k en  2 w e e k s  la t e r .  T h is  su g g e s te d  that  

th e don or w a s  c u r r e n t ly  or  r e c e n t ly  in fe c te d  w ith  E ch o  9 v ir u s  o r  

a c lo s e  a n t ig e n ic a l ly  r e la te d  a g e n t.

In sp e c t io n  of the r e s u lt s  a ls o  r e v e a ls  th at on 5 o c c a s io n s  

no a n tib o d y  w a s  found in  the sec o n d  sa m p le s  to c e r ta in  v ir u s e s  w h ich  

had g iv e n  p o s it iv e  t i t r e s  in  the f i r s t  s a m p le s .  T h is  m u s t  b e  

r e g a r d e d  a s  e x p e r im e n ta l e r r o r  s in c e  in ea ch  c a s e  th e f i r s t  r e c o r d e d  

l e v e l  w a s  lo w  enough  to  f a l l  in to  th e zo n e  w h e r e  in te r p r e ta t io n  is  

d if f ic u lt .

It w a s  co n c lu d ed  th at a p a r t  fr o m  th e o b v io u s  e x a m p le  o f  r e c e n t  

in fe c t io n  w ith  a v ir u s  w h ich  w a s  to  b e  in c lu d ed  in th e  p r o f i le ,  v ir u s  

a n tib o d y  p r o f i le s  ch a n g e v e r y  l i t t le  b e tw e e n  s a m p le s  ta k en  a t  

in te r v a ls  o f up to  6 m o n th s a p a r t.

E x p e r im e n t  4  V A P  te m p e r a tu r e  s ta b il ity  in  v itr o

B lo o d s ta in s  a r e  u s u a lly  le f t  in  a ran d om  m a n n er  and  m a y  not  

be found u n til m a n y  d a y s  or  w e e k s  h a v e  p a s s e d .  T h ey  m a y  a ls o  be  

b u r ie d  on c lo th in g . In  th is  e x p e r im e n t  I in v e s t ig a te d  th e e f f e c t  o f  

s to r a g e  a t  4*^0 and a m b ien t te m p e r a tu r e  on s ta in  r e c o v e r y  and the  

r e s u lt in g  v ir u s  a n tib o d y  p r o f i le .  T h e r e s u lt s  a r e  r e c o r d e d  In 

T a b le s  50a th ro u g h  57.

A fte r  s to r a g e  a t 4°C  fo r  up to 67 d a y s  it is  e v id e n t that  

h a e m o g lo b in  is  r e c o v e r e d  a d eq u a te ly  (T ab le  5 3 a ). S to r a g e  o f the  

sa m e  b lood  a s  a s ta in  a t  ro o m  te m p e r a tu r e  fo r  th e sa m e  t im e  (T a b le  53b) 

y ie ld e d  a m u ch  lo w e r  q u an tity  of h a e m o g lo b in .
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R o o m  te m p e r a tu r e  s to r a g e  g e n e r a lly  y ie ld e d  lo w e r  

h a em o g lo b in  r e c o v e r y  than  4°C  s to r a g e  (T a b le s  50a th rou gh  57), 

R o o m  te m p e r a tu r e  s to r a g e  o f b lo o d s ta in s  th e r e fo r e  p r e s e n t s  g r e a te r  

d if f ic u lt ie s  o f e lu tio n  fo r  th e fo r e n s ic  s c ie n t i s t  than lo w  te m p e r a tu r e  

s to r a g e .

T a b le  53b sh o w s a lo w  h a em o g lo b in  r e c o v e r y  (18%) fr o m  an  

e lu a te  r e c o v e r e d  fr o m  a s ta in  e x p o se d  to  a m b ie n t te m p e r a tu r e  fo r  

66 d a y s . M an y o f  th e  a n tib o d y  t i t r e s  fr o m  th is  e lu a te  w e r e  a ls o  

lo w  (m u m ps IgG t i t r e  had d e c r e a s e d  fr o m  L og^ 4 to  N a f te r  6C d a y s ) .  

A n tib o d ie s  to  H e r p e s  s im p le x  RSV and E B V , h o w e v e r , a p p e a r e d  to  

be m o r e  s ta b le  a f te r  ro o m  te m p e r a tu r e  s to r a g e  in the b lo o d sta in  

e lu a te .

S im ila r  f ig u r e s  can  b e s e e n  in  T a b le  54 w h e r e  r e la t iv e ly  h igh  

IgG  t i t r e s  w e r e  r e c o r d e d  fo r  E ch o  5 , H e r p e s  s im p le x , E B V  and  

CM V fr o m  an  e lu a te  y ie ld in g  a  h a em o g lo b in  r e c o v e r y  o f  o n ly  22%,

In T a b le  50 a , IgG  to  P o l io  1 w a s  n ot d e te c te d  in  a  s ta in  e lu ted  

a f te r  2 d a y s  a t  4°C  w h e r e a s  it  w a s  p r e s e n t  a t  a  t i t r e  o f  L og^S  in  

th e  o r ig in a l b lood  s a m p le . A n tib od y  to F lu  B w a s  s im i la r ly  n ot  

d e te c te d  in  th e  sa m e  e lu a te  r e c o v e r e d  a fte r  28 d a y s  a t  4 ° C .

T a b le  52a sh o w s th e a p p a ren t *de novo* a p p e a r a n c e  o f  a n t i -  

C o x s a c k ie  B , an tib o d y  and a n t i-m u m p s  IgG  in  an  e lu a te  r e c o v e r e d  

a f te r  29 d a y s  a t  4 ° C . T h is  can  o n ly  be th e  m ic r o s c o p is t ' s  e r r o r  

and is  s im p ly  fa u lty  rea d in g  o f  the s l id e s .

T he r e s u l t s  o f  th is  e x p e r im e n t  can  be s u m m a r iz e d  a s  fo llo w s



c /o

a) F  ro m  e x a m in a tio n  o f the p e r c e n ta g e  h a em o g lo b in

o
r e c o v e r y  o f s ta in s  s to r e d  a t 4  C and room  te m p e r a tu r e  

it  w a s  a p p a ren t th at s ta in s  can  be e lu ted  m o r e  e a s i ly  

and  e f f ic ie n t ly  a f te r  lo w  te m p e r a tu r e  s to r a g e ,

b) L on g  te r m  r o o m  te m p e r a tu r e  s to r a g e  o f  b lo o d s ta in s  (120 

d a y s ) ,  T a b le  54 , r e s u lt s  in  v e r y  l i t t le  h a e m o g lo b in  and  

a lm o s t  no a n t iv ir a l  IgG  b e in g  e lu te d  fr o m  th e  sa m p le  w hen  

th e  s ta n d a rd  e lu tio n  p r o c e d u r e  is  e m p lo y e d .

c) H e r p e s  s im p le x , E B V , CM V and CB^ a n t ib o d ie s  a p p ea r  to  

b e  m o r e  e a s i ly  r e c o v e r e d  th an  o th e r s  fr o m  s ta in s  s to r e d  

a t  ro o m  te m p e r a tu r e  and m o r e  e a s i ly  d e te c te d  b y  the  

in d ir e c t  f lu o r e s c e n t  an tib o d y  t e s t ,

d) S e r io u s  in c o n s is t e n c ie s  can  o c c u r  w hen co m p a r in g  the  

p r o f i le s  o f  e lu ted  b lo o d s ta in s  w ith  th e ir  o r ig in a l ly s e d  

b lo o d  p r o f i l e s .
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E x p e r im e n t  5 V A P  S ta b ility  in  v itr o  (E f fe c t  of H u m id ity )

B lo o d s ta in e d  m a te r ia l  m a y  en co u n ter  v a r io u s  d e g r e e s  o f  

h u m id ity  e ith e r  a t  it s  p la c e  o f d is p o s a l  o r  In the fo r e n s ic  

la b o r a to r y  i t s e l f .  It i s  a co m m o n  o c c u r r e n c e  fo r  ra in  soak ed  

b lo o d s ta in e d  m a te r ia l  to be tr a n sp o r te d  and s to r e d  in s e a le d  

p o ly th en e  b a g s . H um id  c o n d itio n s  a r e  th e r e fo r e  fr e q u e n tly  p ro d u ced  

b y  a c c id e n t  and th e s e  p rovid e id e a l c o n d itio n s  fo r  b a c te r ia l  and 

fu n g a l g ro w th .

T a b le  58 r e c o r d s  th e r e s u lt s  o f an  e x p e r im e n t  in  w h ich  

b lo o d s ta in e d  m a t e r ia l  w a s  le f t  e x p o se d  to v a r io u s  d e g r e e s  o f h u m id ity  

fo r  7 d a y s  a t  r o o m  te m p e r a tu r e  b e fo r e  b e in g  p r o f ile d  fo r  c o m p a r iso n  

w ith  a p r o f i le  fr o m  th e o r ig in a l ly s e d  b lo o d .

A fte r  7 d a y s  s lig h t  fu n g a l co n ta m in a tio n  w a s  e v id e n t on the  

b lo o d s  s to r e d  in  th e  ch a m b er  co n ta in in g  1 m l o f w a te r  w h é r e a s  th e  

s ta in  in  th e  ch a m b e r  co n ta in in g  5 m l o f w a te r  w a s  h e a v ily  co n ta m in a ted  

w ith  fu n g a l c o lo n ie s .

D e s p ite  s l ig h t  fu n ga l g ro w th , th e  r e s u lt s  in T a b le  58 show  

a good  c o r r e la t io n  o f r e s u lt s  fr o m  th e  b lo o d s ta in s  s to r e d  in  0 ,1  m l,

0 , 5 m l  and 1. 0 m l  c h a m b e r s  fo r  7 d a y s . T he r e s u lt s  a ls o  r e v e a l  

th e o v e r a l l  d e c r e a s e  in  a n tib o d y  t i t r e s  and h a e m o g lo b in  r e c o v e r y  o b ta in ed  

w ith  th e e lu a te  fr o  m  th e s ta in  e x p o se d  to  the m o s t  h u m id  c o n d itio n s  

( 5 . 0  m l H^O).

It w a s  co n c lu d ed  th at s to r a g e  u nder s l ig h t ly  h u m id  c o n d itio n s  

m a d e no a p p r e c ia b le  d if fe r e n c e  to  th e a n tib od y  p r o f i le  but s e v e r e  

fu n g a l co n ta m in a tio n  o f the b lo o d sta in  r e s u lte d  in an  e lu a te  d ep le ted  

in  a n tib o d y  and h a e m o g lo b in , b e c a u s e  th e s e  and o th er  b lo o d  p r o te in s  

w e r e  a c t in g  a s  s u b s tr a te s  fo r  the fu n ga l grow th .
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E x p e r im e n t  6 V A P  B lin d  T r i a l s

H av ing  in v e s t ig a te d  V ir u s  A n tib o d y  P r o f i l in g  in s o m e  depth ,  

a fe w  p o te n t ia l  a r e a s  of d if f ic u l ty  w e r e  o b s e r v e d  w h ich  co u ld  le a d  

to f a l s e  r e s u l t s  b e in g  r e c o r d e d  in the an tib od y  p r o f i l e s  f r o m  

b lo o d s ta in  e lu a t e s .  B e in g  a w a r e  of t h e s e  p o te n t ia l  d i f f i c u l t i e s ,  a 

s e r i e s  o f  b lin d  t r i a l s  w a s  o r g a n is e d  to d e t  erm in e  h o w  w e l l  the  V A P  

tech n iq u e  could  d i s c r i m in a t e  b e tw e e n  d i f f e r e n t  b lo o d s ta in s  and a id  

in m a tc h in g  the  c o r r e c t  e lu a te s  w ith  th e ir  o r ig in a l  b lo o d  s a m p le s  

(T a b le s  59 th ro u g h  67),

B lood  group  in fo r m a t io n  (ABO and R h e s u s )  w a s  m a d e  a v a i la b le  fo r  

T r i a l s  2 th rou gh  6 .

T h e  p a ir in g  o f  p r o f i l e s  f r o m  e lu ted  b lo o d s ta in s  w ith  ly s e d  

b lood  s a m p l e s  b y  t h e ir  V ir u s  A ntib ody  P r o f i l e s  w a s  p e r fo r m e d  

v i s u a l l y  fo l lo w in g  fo u r  b a s ic  r u l e s ,

a) A  l y s e d  b lood  s a m p le  w h ich  sh o w ed  no a n t ib o d y  to a

p a r t ic u la r  v ir u s  a n t ig e n  should  not b e  e x p e c te d  to sh o w  

a n t ib o d ie s  to  the  s a m e  a n t ig e n  in the f o r m  o f  an e lu te d  

b lo o d s ta in .

S ta in s  w h ich  sh o w ed  h igh  t i t r e s  o f  a n t ib o d ie s  to v a r io u s  

a n t ig e n s  cou ld  c o n f id e n t ly  be r e j e c t e d  a s  p o s s i b l e  p a ir s  to 

l y s e d  b lo o d  s a m p le s  sh ow in g  no d e te c ta b le  a n t ib o d ie s  to 

t h e s e  a n t ig e n s ,  e . g .  In b lind  t r ia l  N o . 3, s t a in s  C and D 

h a v e  m a n y  s i m i l a r i t i e s .  F r o m  b lood  group  d a ta ,  the  

o n ly  2 p o s s i b l e  m a t c h e s  (O +) a r e  b lo o d s  1 and 7.

T h e  c o r r e c t  m a tc h in g  w a s  a c h ie v e d  b y  m e a n s  o f  CM V  

a n t ig e n  w h e r e  a n t ib o d ie s  w e r e  on ly  found in b lo o d  N o .  7



(log ^4). S ta in  C show ed  no a n t ib o d ie s  w h e r e a s  s ta in  D 

p ro d u c e d  an tib od y  to a t i t r e  of Log^Z. It w a s  th e r e f o r e  

c o n c lu d ed  that b lood  1 and sta in  C (No CMV a n t ib o d ie s )  

and b lood  7 and sta in  D should  be the c o r r e c t  p a i r s .

T he h a e m o g lo b in  c o n c e n tr a t io n s  o f  the s ta in s  a l s o  a id ed  in  

su b sta n t ia t in g  th is  c h o ic e  o f  p a ir in g  s in c e  b lood  1 (14 ,4  g /1 0 0  m l)  

and s ta in  C (7 .7  g /1 0 0  m l)  sh ow ed  h ig h e r  h a e m o g lo b in  

c o n c e n tr a t io n s  than b lood  7 (1 2 ,4  g /1 0 0  m l)  and s ta in  D 

( 6 . 0  g / 1 0 0  m l ) .

It m u s t  be n o ted , h o w e v e r ,  that in s o m e  c a s e s  th is  p r o c e d u r e  

o f  e l im in a t in g  b lo o d /s t a in  m a tc h e s  w a s  c o m p l ic a te d  by th e  

a p p a r e n t  d e  novo  a p p e a r a n c e  o f  a n t ib o d ie s  in s o m e  s ta in s  -  

o c c u r r in g  m e r e l y  a s  a r e s u l t  of o p e r a to r  e r r o r .  S e v e r a l  

e x a m p le s  of th is  p h en om en on  can , u n fo r tu n a te ly ,  be  found  

in B lin d  T r i a l  N o. 1 and can  o n ly  be ex p la in e d  a s  b e in g  due to 

p o o r  tech n iq u e  on the p a r t  of the o p e r a to r  on h i s  f i r s t  B lin d  

T r i a l  E x p e r im e n t ,

b) V ir u s  a n t ig e n s  sh ow in g  h igh  a n tib od y  t i t r e s  (> lo g ^ 5 )  in both

l y s e d  b lo o d  and e lu ted  s ta in s  w e r e  taken  a s  in d ic a t iv e  o f  

p a ir in g .  e , g .  In B lin d  T r ia l  N o . 6 , s ta in  D sh o w s  high  

a n t ib o d y  t i t r e  ( lo g ^ 6 ) to  P o l io  1, E ch o  19 and H e r p e s  S im p le x  

a n t ig e n s .  T he o n ly  ly s e d  b lood  to sh ow  s im i l a r  h ig h  a n t ib o d y  

t i t r e s  to  a l l  3 a n t ig e n s  i s  b lood  1 (log^7 to P o l io  1, E ch o  19 

and H e r p e s  s im p le x ) .  B lood  group data w a s  a l s o  in d ic a t iv e  

o f  a m a tc h  (both b e in g  04).



c) P a t t e r n s  of c l o s e l y  r e la te d  t i t r e s  in both ly s e d  b lo o d s  and  

e la te d  s t a in s  w e r e  taken  a s  in d ic a t iv e  of p a ir in g ,

e . g .  In B lin d  T r i a l  N o . 2 the b lood  group data sh ow ed  that  

b lo o d s  5 and 6 m u s t  be p a ir e d  w ith  s ta in s  B and I* B lo o d  6 

p r e s e n t e d  a r e m a r k a b le  p r o f i le  in that e v e r y  a n t ig e n  had an  

an tib o d y  t i t r e  o f  lo g ^ 4 .  S ta in  B sh ow ed  a s i m i l a r  p r o f i l e  

in  that e v e r y  a n t ig e n  h ad  a n t ib o d ie s  to a t i t r e  o f  log^Z o r  

lo g ^ 3 .  T h e  a b s e n c e  of E p s t e in - B a r r  V ir u s  a n t ib o d ie s  in  

b lood  5 and s ta in  I w a s  a l s o  in d ic a t iv e  o f  c o r r e c t  p a ir in g .

d) W h e r e  th e  r e s u l t s  o b ta in e d  u s in g  the p r im a r y  p r o f i l e  a n t ig e n s  

w e r e  in c a p a b le  o f  d i f fe r e n t ia t in g  b e tw e e n  b lo o d s  o r  s t a in s ,  

fu r th e r  a n t ig e n s  w e r e  e a s i l y  in tro d u ced  into the s y s t e m  to  

p r o v id e  a d d it io n a l  v ir u s  an tib od y  p r o f i l e  in fo r m a t io n  ( s e e  

B lin d  T r i a l  N o .  4).

T a b le s  6 6  and  67 sh ow  the m a tc h e s  o f  the 6 B lin d  T r i a l s  a s  

s u g g e s t e d  by  v i r u s  a n t ib o d y  p r o f i l in g .  T h e  c o r r e c t  m a t c h e s  a r e  a l s o  

l i s t e d .

In B lin d  T r i a l  N o .  1 w h e r e  no b lood  group  in fo r m a t io n  w a s  

a v a i la b le  6 o f  the  10 b lood  s ta in  e lu a te s  cou ld  be m a tc h e d  

c o r r e c t l y  w ith  th e ir  o r ig in a l  b lo o d s .

In B lin d  T r i a l s  2 and 3, w ith  the in c lu s io n  o f  the b lo o d  grou p  

in fo r m a t io n ,  an  80% m a tc h in g  of b lood  to s ta in s  w a s  

a c h ie v e d .

B lin d  T r i a l  N o ,  4 r e q u ir e d  the u se  o f  a d d it io n a l  v ir u s  a n t ig e n s  

to d i s c r i m in a t e  b e tw e e n  5 o f  the 12 b lo o d s t a in s .  A n  83% 

s u c c e s s  r a te  w a s  th e r e b y  a c h ie v e d .



B lin d  TKal N o ,  5 p r o v e d  v e r y  d if f ic u lt  to a n a ly s e .  T h e  

ab undan ce of A 4  b lood  g ro u p s  did not h e lp  to e l im in a te  

p o te n t ia l  p a ir s  and the in v e s t ig a t io n  had to r e l y  v e r y  

h e a v i ly  on  v i r u s  a n t ib o d y  p r o f i l in g .  A 70% s u c c e s s  ra te  w a s  

a c h ie v e d .

B lin d  T r i a l  N o ,  6 a g a in  r e c o r d e d  an 80% s u c c e s s  r a te .

In th is  t r i a l ,  the  b lo o d s ta in s  w e r e  e lu ted  w ith  0, 05% tr y p s in .  

T h e s e  e lu a t e s  w e r e  e a s i e r  to quantita te  in the IF A  t e s t  but  

s t i l l  p r o d u c e d  e r r o r s  w h ich  r e s u l t e d  in tw o s ta in s  b e in g  

m is m a t c h e d .

O v e r a l l ,  the  c o r r e c t  s ta in s  and b lo o d s  w e r e  m a tc h e d  on 75 ,8%  of 

o c c a s i o n s  in the 6 B lin d  T r i a l s ,

E x p e r im e n t  7 V A P  b y  EL ISA

T h e  p r e v io u s  e x p e r im e n t  had show n that the I n d ir e c t  

f lu o r e s c e n t  a n t ib o d y  te c h n iq u e  w a s  ca p a b le  o f  s u c c e s s f u l l y  m a tc h in g  

e lu ted  b lo o d s ta in s  w ith  t h e ir  o r ig in a l  ly s e d  b lood  s a m p l e s  on up to 80% 

o f  o c c a s i o n s ,  IF A  a c h ie v e d  th is  w ith  an tib od y  t i t r e s  in  th e  1:2 through  

1:128 d ilu t io n  r a n g e ,  E L IS A  i s  a m u ch  m o r e  s e n s i t iv e  te c h n iq u e  a b le  

to  d e t e c t  s o m e  s p e c i f i c  a n t iv ir a l  a n t ib o d ie s  w ith in  the d ilu t io n  ra n g e  

1:500 th rough  1:64, 000 (C hapter IV , s e c t io n  a) , E L I S A 's  p o te n t ia l  

c o n tr ib u tio n  to v ir u s  a n t ib o d y  p r o f i l in g  in f o r e n s i c  a p p l ic a t io n s  w a s  

t h e r e f o r e  in v e s t ig a te d .

T h is  e x p e r im e n t  w a s  d e s ig n e d  to o b s e r v e  the e f f e c t  w h ich  ly s e d  

blood  m ig h t  h a v e  on ELISA  r e s u l t s .  S e e  T a b le  6 8 ,

L y s e d  w h o le  b lo o d s  and e lu ted  s ta in s  p r e p a r e d  f r o m  1:500  

th ro u g h  1:64000 in P B S - T w e e n  p ro d u ced  no d i s c e r n a b le  end p o in t  in 

th e ir  t i t r a t io n s  in EL ISA  p la t e s  s e n s i t i z e d  w ith  HSV 1. T h e  in c lu s io n
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o f  4% BSA in the P B S - T w e e n  d ilu en t ,  h o w e v e r ,  r e c t i f i e d  th is  

s itu a t io n  and end p o in ts  w e r e  e a s i l y  d e te r m in e d  a s  the l a s t  d ilu t ion  

to p ro d u c e  a ÿ O . 2  a b s o r b a n c e  unit d if fe r e n c e  o v e r  the  c o r r e s p o n d in g  

s p e c im e n  a t  the s a m e  d ilu t ion  in the V e r o  c o n tr o l  a n t ig e n  w e l l .

T h e  EL ISA  t e s t  w a s  a l s o  found to be 3 0 -4 0  t im e s  m o r e  s e n s i t i v e  

than IF A  w h en  u s e d  to e x a m in e  ly s e d  blood  or  e lu te d  b lo o d s ta in  

s a m p l e s .

E x p e r im e n t  8 V A P  B lin d  T r i a l  b y  ELISA

ELISA  h a s  b e e n  show n  to b e  a v e r y  s e n s i t i v e  te c h n iq u e  for  

the d e te r m in a t io n  o f  a n t iv ir a l  a n t ib o d ie s  in s e r u m  (C hap ter  IV, 

s e c t io n  a ) .  T h e  p r e v io u s  e x p e r im e n t  d e m o n s tr a te d  i ts  a b i l i t y  to d e te c t  

a n t ib o d ie s  to HSV 1 in  ly s e d  b lood  s a m p le s  and e lu te d  b lo o d s ta in s .

T h e  r e s u l t s  o f  th is  e x p e r im e n t  (T ab le  69) in d ic a te  th a t  it  i s  a l s o  

s u ita b le  fo r  u s e  in  f o r e n s i c  v ir u s  an tib od y  p r o f i l in g .

A n a l y s i s  o f  the a n t ib o d y  t i t r e s  o b ta in e d  w ith  H SV l a n t ig e n  b y  

the  c o r r e la t io n  c o e f f i c ie n t  (r) p ro d u c e d  the fo l lo w in g  r e s u l t s .

IF A  t i t r e s  o f  l y s e d  b lo o d s  of IF A  t i t r e s  o f  P B S  e lu ted  s ta in s  r = 0 . 37 

IF A  t i t r e s  o f  l y s e d  b lo o d s  cf IF A  t i t r e s  of t r y p s in  e lu ted  s ta in s  r  = 0. 44  

EL ISA  t i t r e s  o f  l y s e d  b lo o d s  c f  EL ISA  t i t r e s  o f  P B S  e lu te d  

s ta in s  r = 0 , 8 8

E L ISA  t i t r e s  o f  l y s e d  b lo o d s  cf ELISA  t i t r e s  o f  t r y p s in  e lu ted  

s ta in s  r = 0. 45

T h e  c o r r e la t io n  o f  l y s e d  blood  t i t r e s  w ith  e lu te d  s ta in s  t i t r e s  

d e te r m in e d  by  IF A  i s  in c r e a s e d  fr o m  r = 0, 37 to r ~ 0 . 4 4  w hen  tr y p s in  

i s  u s e d  to e lu te  th e  b lo o d s ta in .  N e ith e r  c o r r e la t io n ,  h o w e v e r ,  i s  

s t a t i s t i c a l l y  s ig n i f ic a n t  ( F < 0 , 2  and P < 0 . 1  r e s p e c t i v e l y ) .  T h is  

s u b s ta n t ia te s  the  f in d in g s  o f  E x p e r im e n t  7 B lind  T r i a l  N o .  6 , that
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a lth ou gh  the t r y p s in  e lu ted  s ta in s  w e r e  b e t ter  su ited  to the IFA  

tech n iq u e  than th o s e  e lu te d  w ith  P B S  a lo n e ,  f a l s e  p o s i t i v e  r e s u l t s  

could  s t i l l  be m is t a k e n ly  o b s e r v e d  in the s ta in s .

T h e  c o r r e la t io n  o f  ly s e d  blood HSVl an tib od y  t i t r e s  with  

P B S  e lu ted  s ta in  t i t r e s  i s  g r e a t ly  im p r o v e d  w hen  the ELISA  

tech n iq u e  is  e m p lo y e d  (r = 0 ,8 8 ,  P < 0. 001). T he u s e  o f  t r y p s in  to  

e lu te  the s t a in s ,  h o w e v e r ,  d e c r e a s e s  the c o r r e la t io n  o f  the  r e s u l t s  

in EL ISA  (r = 0 , 4 5 ,  P < 0 .1 ) .  T h is  i s  p r o b a b ly  due to th e  t r y p s in  in  

the s ta in  e lu a te  d eg ra d in g  the a n t ig en  co a t in g  on the  s u r f a c e  of the  

E L ISA  p la te  w e l l s .

T h is  e x p e r im e n t  sh o w s  that ELISA  i s  a b e t t e r  te c h n iq u e  than  

IF A  in d e te r m in in g  the H SV l a n t ib o d y  con ten t o f  l y s e d  b lood  and P B S  

e lu ted  s ta in s  fo r  u s e  in f o r e n s i c  v ir u s  an tibody  p r o f i l in g .

T h e  s a m e  s t a t i s t i c a l  a n a ly s i s  w a s  p e r fo r m e d  on the  r e s u l t s  

o b ta in ed  f r o m  the OB^ an tib od y  d e te r m in a t io n s  

IF A  t i t r e s  o f  l y s e d  b lood  dgf IF A  t i t r e s  of P B S  e lu ted  s ta in s  

r = 0. 99

IFA  t i t r e s  o f  l y s e d  b lood  c î  IF A  t i t r e s  of t r y p s in  e lu te d  s ta in s  

r = 0 .9 7

E L ISA  t i t r e s  o f  l y s e d  b lood  c f  EL ISA  t i t r e s  of P B S  e lu ted  s ta in s  

r = 0 .4 9

E L ISA  t i t r e s  o f  ly s e d  b lood  c f  ELISA  t i t r e s  o f  t r y p s in  e lu te d  s ta in s  

r = 0 ,3 1

T he c o r r e la t io n  o f  ly s e d  b lood  B^ a n tib od y  t i t r e s  w ith  e lu te d  

s ta in  t i t r e s  d e te r m in e d  b y  IF A  is  h ig h ly  s ig n if ic a n t  (PBS e lu ted  s ta in s  

r = 0 . 9 9 ,  P< 0. 00.1 : t r y p s in  e lu ted  s ta in s  r = 0 , 9 7 ,  P < 0 ,0 0 1 ) ,



" A lm o st  p e r fe c t"  c o r r e la t io n  w a s  a c h ie v e d  b y  the IF A  

tech n iq u e  u s in g  v i r u s .  T h is  im p r o v e m e n t  o v e r  thé c o r r e s p o n d in g

H SV l v a lu e s  d e ta i le d  a b o v e  p r o b a b ly  r e f l e c t s  the fa c t  that a n t ib o d ie s  

to  OB^ v ir u s  a r e  l e s s  fr e q u e n t ly  found in b lood  s p e c im e n s  than H SVl  

a n tib o d y  and , t h e r e f o r e ,  t h e ir  o c c u r r e n c e  i s  m o r e  s ig n i f ic a n t  

s t a t i s t i c a l l y .

T h e  E L IS A  c o r r e la t io n  r e s u l t s  a g a in  sh ow  that s ta in s  e x tr a c te d  

w ith  0. 05% tr y p s in  (r = 0. 31) a r e  l e s s  su ited  to u s e  in E L ISA  than  

s ta in s  e x tr a c te d  w ith  P B S  (r = 0 .4 9 ) .

T h e  r e s u l t s  a l s o  sh o w  that th e  IF A  tech n iq u e  p r o d u c e s  a b e t t e r  

c o r r e la t io n  o f  r e s u l t s  fo r  C/B^ v ir u s  than E L IS A .
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CONCLUSIONS



CONCLUSIONS

F r o m  the  e x p e r im e n t s  p e r fo r m e d  in th e  c o u r s e  o f  th is  

p r o j e c t ,  th e  s e n s i t iv i t y  o f  the EL ISA  tech n iq u e  h a s  b e e n  show n  to  

b e  g r e a t e r  than  that o f  the IF A  t e s t  but i t s  in c r e a s e d  s e n s i t iv i t y  

i s  d ep en d en t upon th e  p u r i ty  of the v i r a l  a n t ig e n  p r e p a r a t io n .

With HSV 1 a n t ig e n  p u r i f ie d  th rou gh  30% s u c r o s e ,  E L ISA  a n tib o d y  

t i t r e s  w e r e  a p p r o x im a t e ly  250  t i m e s  h ig h e r  than th e  c o r r e s p o n d in g  

a n tib o d y  t i t r e s  o b ta in ed  f r o m  h u m an  s e r a  w ith  the I F A  te c h n iq u e .  

P u r i f i c a t io n  o f  R o ta v ir u s  and c o x s a c k ie v i r u s  b y  th e  s a m e  

p r o c e d u r e  p r o d u c e d  i n c r e a s e s  in  EL ISA  a n tib od y  t i t r e s  o v e r  IF A  

a n tib o d y  t i t r e s  o f  10 and 100 t im e s  r e s p e c t i v e l y .  T h e  E L ISA  

p r o c e d u r e  w a s  t h e r e f o r e  co n c lu d ed  to be a h ig h ly  s e n s i t i v e  

te c h n iq u e  fo r  th e  d e te r m in a t io n  o f  a n t iv ir a l  a n t ib o d y  in  s e r u m .

C o m p a r is o n  o f  the HSV 1, 0  B^ and R o ta v ir u s  a n t ib o d y  t i t r e s  

in h u m an  s e r a  d e te c te d  by  I F A  and E L ISA  t e s t s  r e v e a le d  s ta r t l in g  

d i s c r e p a n c i e s .  E x p e r im e n ts  sh ow ed  th a t  fo r  H SV l and C o x s a c k ie  B^ 

v i r u s ,  th e  IF A  a n t ib o d y  t i t r e s ,  a lthough  b e in g  lo w e r  than  E L ISA  

r e s u l t s ,  n e v e r t h e l e s s  c o r r e la t e d  m o r e  c l o s e l y  w ith  th e  

n e u t r a l i s a t io n  r e s u l t s  and w e r e  t h e r e f o r e  m o r e  r e l e v a n t  fo r  \  

d e te r m in in g  the  p r e s e n c e  o f  p r o t e c t iv e  an tib od y  in th e  s e r a .

D ue to  th e  p a r t ic u la r  p r o b le m s  p o s e d  b y  the fa s t id io u s  g ro w th  

r e q u ir e m e n t s  o f  h u m an  R o ta v ir u s ,  c a l f  r o ta v ir u s  h a s  g e n e r a l ly  

b e e n  e m p lo y e d  a s  a n t ig e n  in  th e  IF A  and ELISA  t e s t s  f o r  th e  

d e te r m in a t io n  o f  h u m an  R o ta v ir u s  an tib od y . T h e  IF A  a n tib o d y  t i t r e  

r e s u l t s  a g a in  c o r r e la t e d  b e t t e r  than  the E L ISA  r e s u l t s  w ith  C F  

a n tib o d y  t i t r e s  ob ta in ed  in a C F  t e s t  u s in g  a h u m an  R o ta v ir u s

N'
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f a e c a l  i s o la t e  a s  a n t ig e n .  T h e  IF A  r e s u l t s  w e r e ,  t h e r e f o r e ,  m o r e  

r e le v a n t  d la g n o s t i c a l ly  than the  ELISA  r e s u l t s .

T h e s e  a n o m a l ie s  b e tw e e n  EL ISA  and IF A  r e s u l t s  w e r e  

a s c r ib e d  to  th e  d i f f e r e n t  ty p e s  o f  a n t ig e n  in v o lv ed  in the  r e s p e c t i v e  

s e r o l o g i c a l  t e c h n iq u e s .

T h e  E L ISA  tech n iq u e  h o ld s  g r e a t  p r o m is e  fo r  the fu ture  in  

p r o v id in g  a v e r y  s e n s i t i v e ,  q u a n tita t iv e  s e r o l o g i c a l  a s s a y .

H o w e v e r ,  a  g r e a t  d e a l  o f  r e s e a r c h  w i l l  h a v e  to b e  c o n c e n tr a te d  

on  id e n t ify in g  w h ic h  v i r a l  a n t ig e n s  w i l l  p r o v id e  th e  m o s t  r e le v a n t  

a n tib o d y  t i t r e  r e s u l t s  in  v i r u s  d i s e a s e  d ia g n o s is  o r  im m u n ity  

s c r e e n i n g ,  e t c .

V ir u s  a n t ib o d y  p r o f i l in g  b y  the IF A  te c h n iq u e ,  w hen  a p p lied  

to h u m an  b lo o d  s a m p l e s  and e lu te d  b lo o d s ta in s  p r o d u c e d  r e s u l t s  

w h ic h  e n a b led  the m a tc h in g  o f  s ta in s  w ith  o r ig in a l  b lood  s a m p le s  

w ith  a  60% s u c c e s s  r a te .  T h e  in c lu s io n  o f  a d d it io n a l  s e r o l o g i c a l  

in fo r m a t io n  su c h  a s  b lo o d  and r h e s u s  g r o u p s  a id ed  in  th e  m a tc h in g  

o f  th e  s a m p le s  s o  that a  m a x im u m  s u c c e s s  r a te  o f  83% w a s  a c h ie v e d .

W h e r e  the  p r im a r y  p r o f i l e  of 8 v i r u s e s  fa i le d  to y ie ld  

s u f f i c i e n t  in fo r m a t io n  to  e n a b le  a  m a tc h in g  p a ir  to be id e n t i f ie d ,  

fu r th e r  v i r u s e s  cou ld  be in tr o d u c e d  into  the p r o f i l e  to  i n c r e a s e  the  

d i s c r i m in a t iv e  p o w e r  of the  te c h n iq u e .  T h is  p r o c e d u r e  w a s  l im it e d  

o n ly  b y  the  a m o u n t  o f  b lood  s a m p le  and s ta in  e lu a te  a v a i la b le ,

A  l im i t e d  t r i a l  o f  the  E L ISA  tech n iq u e  sh ow ed  th at it a l s o  

w a s  su ita b le  fo r  u s e  in v i r u s  an tib od y  p r o f i l in g  and that it p o te n t ia l ly  

g a v e  an  I n c r e a s e  in s e n s i t i v i t y  o f  3 0 -4 0  t im e s  o v e r  th e  IF A  t e s t .
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T i s s u e  c u ltu re  m e d ia

A ,  M on k ey  k id n e y  grow th  m e d iu m

7 5 m l  d i s t i l l e d  H^O

10 m l  E a g le s  M EM  -f E a r l e s  s a l t s

10 m l  F B S

I m l N a H C O ^

1 m l  P S N G  -

B ,  M on k ey  k id n e y  m a in te n a n c e  m e d iu m

80 m l  d i s t i l l e d  H^O 

10 m l  E a g le s  M EM  + E a r l e s  s a l t s  

1 m l  F  B S 

1 m l  N a HC

1 m l  P SN G

C , V e r o  g row th  m e d iu m

75 m l  d i s t i l l e d  H^O 

10 m l  199 + E a r l e s  s a l t s  

5 m l  F  B S

2 m l  H e p e s  

2 m l  N a H C  

1 m l  P SN G

D« V e r o  m a in te n a n c e  m e d iu m

80 m l  d i s t i l l e d  H^O 

10 m l  199 + E a r l e s  s a l t s  

1 m l  F  B S

2 m l  H e p e s  
2 m l  N a H C O 3 
1 m l  PSN G



292

E .  C a lf  k id n e y  grow th  m e d iu m

65 m l  d i s t i l l e d  H^O 

10 m l  lOx H anks BSS 

10 m l  FB S

10 m l  la c ta lb a m in  h y d r o ls a te  

1 m l  g lu c o s e  

1 m l  N a H C 

1 m l  P SN G

F . C a l f  k id n e y  m a in te n a n c e  m e d iu m

75 m l  d i s t i l l e d  H^O 

10 m l  lOx H anks BSS 

10ml F B S

10 m l  la c ta lb u m in  h y d r o ly s a te  

1 m l  g lu c o s e  

1 m l  N a H C  

1 m l  P SN G

X' P S N G  = A n t ib io t ic  so lu t io n  + g lu ta m in e  (100 u n i t s / m l  p e n i c i l l i n ,  

10 u g / m l  s t r e p to m y c in ,  25 u n i t s / m l  n y s ta t in  

300 u g / m l  g lu ta m in e )



c . y j

G. E B 3 c e l l  grow th  m e d iu m

100 m l  E a g le s  MEM  

10 m l  fo e ta l  c a l f  s e r u m  

2 m l  4. 4% Na H cO s  

1 m l  PSN G

(M EM  w ith  or  w ithout a r g in in e )

H , Human, em b ryo , lu n g  grow th  m e d iu m

375  m l  d i s t i l l e d  H^ O 

50 m l  H anks BSS 

50 m l  f o e t a l  b o v in e  s e r u m  

10 m l  H e p e s

5 m l  n o n - e s s e n t i a l  a m in o  a c id s

2 . 5 m l  N a HCO3

1 m l  PSN G

I* H um an e m b r y o  lung m a in te n a n c e  m e d iu m

100 m l  MEM con ta in in g  0. 85 g /1  NaHCO,

2  m l  fo e ta l  b ov in e  s e r u m  

2 m l  H e p e s

1 m l  n o n - e s s e n t i a l  a m in o  a c id s  

1 m l  P S N G

1 m l  K a n a m y c in  and G e n ta m y c in
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ELISA  S o lu t io n s  

C o a tin g  b u ffe r  ( p H 9» 6 )

N a ^ C o ^  1 .5 9  g

N a H C O ^  2 . 9 3  g

N a  N^ 0 . 2  g

D i s t i l l e d  w a te r  1000 m l

P B S  -  T w e e n  ( p H 7 . 4 )

N a  C l  8 . 0  g

K H 2 P O 4  0 . 2  g

N a ^ H P 0 ^ 1 2  H^O 2 . 9  g

K C l  0 . 2  g

T w e e n  20  0. 5 m l

N a  N^ 0 . 2  g

D i s t i l l e d  w a te r  1 0 0 0  m l

10% D ie th a n o la m in e  b u ffer

D ie th a n o la m in e  97 m l

D is t i l l e d  H^O 800 m l

N a N^ 0 . 2  g

A dd a 1 M s o lu t io n  o f  H C l  and a d ju s t  to g iv e  p H 9. 8 

M ake t o t a l  v o lu m e  1000 m l  w ith  d i s t i l l e d  w a te r .



N e u t r a l i s a t io n  T e s t

1 . A p p r o p r ia te  d i lu t io n s  (1:10, 1:50, e t c .  ) o f  the a n t i s e r u m  

u n d er  in v e s t ig a t io n  w e r e  p r e p a r e d  in s t e r i l e  P . B . S ,

2 . 0 , 1  m l  o f  e a c h  an ti s e r u m  d ilu tion  w a s  m ix e d  w ith  a 

0 . 1  m l  a l iq u o t  o f  v ir u s  so lu t io n  and in cu bated  a t  37^C 

fo r  one h o u r .

3. D u p l ic a te  0 ,1  m l  a l iq u o ts  o f  ea ch  s e r u m / v i r u s  m ix tu r e  

w a s  u s e d  to in o c u la te  a 4" x  t e s t  tube co n ta in in g  a 

co n f lu en t  m o n o la y e r  o f  t i s s u e  c u ltu r e  c e l l s  and 1 m l  of  

m a in te n a n c e  m e d iu m .

4 , T h e  tu b e s  w e r e  in cu b ated  a t  3 7 f or 18 h o u r s .

5. T h e  r e s u l t  o f  the n e u tr a l i s a t io n  t e s t  w a s  d e te r m in e d  

b y  n o tin g  th e  h ig h e s t  d ilu t io n  of  s e r u m  to p ro d u c e  

o n ly  50% in fe c t io n  in the t i s s u e  c u ltu re  c e l l  m o n o la y e r .
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