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P R O  E X P E R I M E N T I S  

R a p i d  T i t r a t i o n  of  V i r a l  H e m a g g l u t i n i n s  a n d  
H e m a g g l u t i n a t i o n  I n h i b i t i o n  A n t i b o d i e s  w i t h  t h e  

A i d  of  a F r a g i l i g r a p h  

A f rag i l ig raph  1 is a n  i n s t r u m e n t  for  d e t e r m i n i n g  a n d  
a u t o m a t i c a l l y  r eco rd ing  t h e  o s m o t i c  f rag i l i ty  of red  b lood  
cells ~-s. A s a m p l e  of b lood  d i l u t ed  in i so ton ic  1NaC1 solu- 
t ion  is p u t  i n to  a c o n t a i n e r  cell, two  walls  of w h i c h  cons is t  
of d ia lys ing  m e m b r a n e ;  t h e  cell is i n t r o d u c e d  i n t o  a t e s t -  
t u b e  of d is t i l led  water ,  a n d  p laced  in t h e  op t i ca l  p a t h  of 
a n  a u t o m a t i c a l l y  r ecord ing  co lor imeter .  Dialys is  t h r o u g h  
t h e  m e m b r a n e  resu l t s  in  c o n t i n u o u s  decrease  in  t h e  sa l t  
c o n c e n t r a t i o n  of t h e  m e d i u m  s u r r o u n d i n g  t he  c r y t h r o -  
cy tes ;  t h e  r e su l t i ng  g r a d u a l  hemolys i s  is r eco rded  as a n  
increase  of l igh t  t r a n s m i s s i o n  t h r o u g h  t he  red  cell sus- 
pens ion .  

T h e  v e r y  smal l  v o l u m e  of e r y t h r o c y t e  suspens ion  re- 
q u i r e d  in t h i s  m e t h o d  t o g e t h e r  w i t h  t h e  h i g h  s ens i t i v i t y  
of t he  i n s t r u m e n t  to  s l igh t  changes  in t he  l igh t  t r a n s m i s -  
sion, sugges ted  t h a t  t h e  f r ag i l ig raph  m i g h t  c o n v e n i e n t l y  
b e  used for  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of v i ra l  
agglu t in ins .  Vi ra l  h e m a g g l u t i n i n s  are  r o u t i n e l y  m e a s u r e d  
e i t h e r  b y  t h e  p a t t e r n  m e t h o d  a or more  a c c u r a t e l y  b y  t he  
pho toe l ec t r i c  m e t h o d  deve loped  b y  HIRST a n d  PICKLES 4 
a n d  l a t e r  i m p r o v e d  b y  DRESCHER s'~. 

I n  t h i s  pho toe l ec t r i c  m e t h o d  t h e  c o n c e n t r a t i o n  of v i rus  
(or v i r a l  h e m a g g l u t i n i n )  t h a t  causes  50°//o of r ed  b lood  
cells to  c l u m p  a n d  s e d i m e n t  o u t  of t h e  op t i ca l  field is 
t a k e n  as one  u n i t  of h e m a g g l u t i n a t i o n  (CCA uni t )* .  F o r  
t i t r a t i o n ,  v i ru s  d i l u t i ons  a re  i n t r o d u c e d  i n to  n u m e r o u s  
tubes ,  c o n t a i n i n g  4 - 6  ml  of e r y t h r o c y t e s  in  sal ine.  Af t e r  
i n c u b a t i o n  for  80-100  ra in  the  r e d u c t i o n  in op t i ca l  d e n s i t y  
due  to  h e m a g g l u t i n a t i o n  is d e t e r m i n e d .  T h e  s a m e  degree  
of a c c u r a c y  m a y  be  o b t a i n e d  w i t h  a f r ag i l ig raph  us ing  a 
s ingle sample  of 0.075 ml  of a v i rus  a n d  red cell m i x t u r e ;  
t h e  resu l t s  are  o b t a i n e d  w i t h i n  5 to  30 min .  T he  p rocedu re  
is as follows: equa l  vo lumes  of v i rus  suspens ion  a n d  a 10% 
s u s p e n s i o n  of r ed  b lood cells f r om a su i t ab l e  a n i m a l  are 
m i x e d  in a t e s t - t u b e  a n d  i m m e d i a t e l y  i n t r o d u c e d  in to  t he  
c o n t a i n e r  cell w i t h  t h e  aid of a syr inge  (Figure  1). T h e  
c o n t a i n e r  cell is t h e n  in se r t ed  i n to  a t e s t - t u b e  c o n t a i n i n g  
i so ton ic  NaC1 (or a n y  o t h e r  su i t ab l e  isotonic d i l u e n t )  ; t h e  
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Fig. 1. Container cell for fragiligraph. DM = dialysis membrane; 
CC = container cell; P = seal. 

r ecorde r  of t he  i n s t r u m e n t  is swi t ched  on  a t  t he  m o m e n t  of 
m i x i n g  of t h e  v i ru s  a n d  t h e  cells, so as to  a c c o u n t  for  t h e  
t i m e  used  for  m i x i n g  a n d  f i l l ing t h e  celt. As t h e  a g g l u t i n a -  
t i on  of t h e  r ed  b lood cells b y  t h e  v i ru s  progresses ,  c aus ing  
acce le ra ted  s e d i m e n t a t i o n  of t h e  c lumps ,  t h e  l i gh t  t r a n s -  
miss ion  t h r o u g h  t h e  suspens ion  increases  u n t i l  a p l a t e a u  
is r e a c h e d  w h e n  on ly  n o n - a g g l u t i n a t e d  e r y t h r o c y t e s  re- 
m a i n  in  t he  op t ica l  p a t h .  T h e  l igh t  t r a n s m i s s i o n  of a 
suspens ion  of e r y t h r o c y t e s  as  s ingle  cells s t a y s  u n a l t e r e d  
for  a pe r iod  as long as 40 rain.  

A r e p r e s e n t a t i v e  se t  of a g g l u t i n a t i o n - s e d i m e n t a t i o n  
cu rves  for  inc reas ing  c o n c e n t r a t i o n s  of Newcas t l e  d i sease  
v i rus  a n d  a 10% suspens ion  of ch ick  e r y t h r o c y t e s  is 
s h o w n  in F i g u r e  2. W h e n  t he  slopes of t h e  s t r a i g h t  p o r t i o n  
of t h e  s i g m o i d - t y p e  cu rves  a re  p l o t t e d  a g a i n s t  t h e  v i rus  
c o n c e n t r a t i o n ,  a p r ac t i ca l l y  s t r a i g h t  l ine  is o b t a i n e d  w h i c h  
is s t a n d a r d  for  a g iven  v i rus  (Figure  3). W h e n  t h e  
a g g l u t i n a t i o n - s e d i m e n t a t i o n  c u r v e  of a v i ru s  s ample  is 
r ecorded  on  t h e  f rag i l igraph ,  t h e  slope o b t a i n e d  can  be  
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Fig. 2. Agglutinatiomsedimentation curves of chick red blood cells 
treated with Newcastle disease virus. A ~ 220 hemagglutination 

units; B = I10 HA; C = 55 HA; D = 27 HA. 
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Fig. 3. Standard curve for NDV obtained from experiments such 
as depicted in Figure 2. 
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t r a n s l a t e d  in to  c o n c e n t r a t i o n  of hemagg lu t i n in s  on  the  
s t a n d a r d  curve .  

The  a g g l u t i n a t i o n - s e d i m e n t a t i o n  curves  n o t  only  v a r y  
in s lope as a f u n c t i o n  of t h e  c o n c e n t r a t i o n  of hemagglu-  
t in ins ;  t h e  p o i n t  a t  w h i c h  t he  cu rve  s t a r t s  to  rise depends  
also on  t h e  c o n c e n t r a t i o n  of t h e  agg lu t i na t i ng  virus,  t he  
more  d i lu te  i t  is t he  l a t e r  t he  po in t  a t  which  the  cu rve  
s t a r t s  to  rise (Table) .  

T h e  h e m a g g l u t i n i n s  of 6 d i f fe rent  v i ruses  were esti- 
m a t e d  b y  t h i s  m e t h o d :  Newcas t le  disease v i rus  (NDV), 
in f luenza  A, encepha lomye loca rd i t i s  (EMC), Semliki  

Fores t  v i rus  (SFV),  adenov i rus  3 a n d  polyoma.  T h e  
m e t h o d  was  found  to  be sa t i s fac to ry  for all  t h e  v i ruses  
t e s t ed  excep t  p o l y o m a  vi rus .  Chick e r y t h r o c y t e s  were 
employed  in t h e  t e s t  for N D V  a n d  inf luenza,  sheep 
e ry t h ro cy t e s  for  EMC, duck  e r y t h r o c y t e s  for SFV, a n d  
rhesus  e r y t h r o c y t e s  for a d e n o v i r u s  3. 

H e m a g g l u t i n a t i o n  i nh ib i t i ng  an t ibod ie s  m a y  also be  
t i t r a t e d  w i t h  the  he lp  of t h e  f ragi l igraph,  b y  d e t e r m i n i n g  
t h e  a n t i b o d y  d i lu t ion  wh ich  decreases  t h e  slope of t h e  
a g g l u t i n a t i o n - s e d i m e n t a t i o n  c u r v e  of a con t ro l  v i rus  to  
p r e d e t e r m i n e d  value.  

Relationship between the form of the agglutination sedimentation 
curves and NDV concentration 

Virus concentration Time at which curve Slope 
HA units starts to rise% rain 

27 13 1.0 
55 4 2.0 

110 3 4.8 
220 1.8 8.8 

Time elapsed (in minutes) between mixing of virus and red cells and 
the point at which the curve starts to rise. 

Rtsumd. Une  m4 t h o d e  es t  d4cri te  pou r  la mesure  des 
h6magglu t in ines  virales e t  des an t i eo rps  i nh ib i t eu r s  des 
h6magglu t in ines  au m o y e n  d ' u n  sys t~me photo61ectr ique 
e t  en reg i s t reur  a u t o m a t i q u e -  le f ragi l igraphe.  U n e  sus-  
pens ion des 6 ry th rocy te s  e t  du  v i rus  es t  i n t r o d u i t e  d a n s  
la mie rocuve t t e  du  Iragi l igraphe.  L ' a g g l u t i n a t i o n  e t  la 
s6d imen ta t ion  des 6 ry th rocy tes  c a u s e n t  l ' a u g m e n t a t i o n  
de la t r ansmiss ion  de la lumi6re A t r a v e r s  la suspension,  
Le t emps  j u s q u ' a u  d 6 b u t  de l ' inf lexion de la courbe  e t  
son angle p e r m e t t e n t  d '6va lue r  la concen t r a t i on  du virus.  

A. KOHN a n d  D. DANON 

Israel Institute for Biological Research, Ness-Ziona and 
Weizmann Institute ol Science, Rehovot (Israel), 
September 7, 1964. 

The Agar Gel-Diffusion Technique as a Method 
of Differentiating Mosquito Larvae 

The  gel -d i f fus ion  t e c h n i q u e  h a s  been  prev ious ly  used b y  
us for t h e  an t i gen i c  ana lys i s  of mosqu i to  eggs (ZAMAN and  
CHELLAPPAH 1). Th i s  is a r e p o r t  of the  an t igen ic  analys is  
of mosqu i toes  us ing  4 th  i n s t a r  larvae.  The  th ree  Culicines 
reared  in ou r  l abo ra to ry ,  Culex pipiens /atigans, Aedes 
aegypti a n d  Armigeres subalbatus h a v e  been  inves t iga ted .  

T h e  a n t i g e n s  were  a sa l ine  e x t r a c t  of 4 th  i n s t a r  larvae.  
A p p r o x i m a t e l y  100 l a rvae  were m a c e r a t e d  in I ml  isotonic 
saline in  a glass t i ssue  gr inder .  D u r i n g  the  m a c e r a t i o n  the  
gr inder  was  k e p t  i m m e r s e d  in a n  i ce -ba th .  The  suspens ion 
was t h e n  lef t  o v e r n i g h t  a t  5 ° C w i t h  a magne t i c  st irrer .  
N e x t  m o r n i n g ,  i t  was  c leared  b y  cen t r i fuga t ion  a n d  s t and -  
a rd ized  to  c o n t a i n  a p p r o x i m a t e l y  3 m g  of p ro te ins /ml .  

The  r a b b i t s  were  i m m u n i z e d  w i t h  4 th  i n s t a r  Culex an t i -  
gen  in j ec t ed  s u b c u t a n e o u s l y  a long w i th  F r e u n d ' s  ad ju-  
v a n t  (Difco) a t  week ly  in te rva l s .  E a c h  r a b b i t  received 
a p p r o x i m a t e l y  a t o t a l  of 2000-3000 l a rvae  in 8-10 doses. 
The  r a b b i t s  were he ld  one week  a f t e r  t he  las t  in jec t ion  
a n d  t h e  s e r u m  col lected.  The  gel-diffusion p la tes  were 
m a d e  w i t h  I o n  a g a r  No. 2 (Oxoid).  T h e  c o n c e n t r a t i o n  of 
aga r  was  1 %  in  dis t i l led  water .  To t h i s  0 .01% Na  mer-  
th io la t e  was  a d d e d  as a bac t e r i o s t a t i c  agent .  The  reac t ion  
was a l lowed to  t a k e  place  a t  r oom t e m p e r a t u r e  in a mois t  
chamber .  T h e  a n t i g e n s  a n d  t he  sera  were used undi lu ted .  
The  l ines were  p h o t o g r a p h e d  a f t e r  7-10 days.  

T h e  F i g u r e  shows  t h e  r eac t i on  o b t a i n e d  w i t h  Culex 
a n t i s e r u m  w h e n  used  a g a i n s t  Culex, Armigeres and Aedes 
ant igens .  ~Nith t h e  homologous  s y s t e m  a single d i s t inc t  
l ine was seen n e a r  t he  a n t i g e n  welt. No cor responding  l ine 
was o b s e r v e d  w i t h  Aedes a n d  Armigeres ant igens .  The  line 

C, Central well = Culex antiserum. C, Outside wells = Culex antigen. 
ag = Aedes antigen, ar = Armigeres antigen. 
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