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An aggrega te-hemagglu t ina t ion  tes t  for  an t ie ry throcyt ic  antibodies is suggested.  In one of 
its f o rms  it is three  t imes  as sens i t ive  as the indirect  Coombs '  tes t .  The tes t  is based on 
agglutination of the e ry th rocy te s  under  invest igat ion on t r ea tmen t  with t e s t - e r y t h r o c y t e s  
coated with aggregated antiglobulin s e r u m  prote ins .  
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The antiglobulin method of de terminat ion  of an t ie ry throcyt ic  antibodies,  suggested by Coombs et al. 
[12, 13], has been widely used because  of its high sensi t iv i ty .  However,  the d i r e c t C o o m b s '  t e s t  is negative 
in a large propor t ion  of patients  with autoimmune hemolyt ic  anemia (AIHA) [1, 18], evidently because  of the 
inadequate sensi t iv i ty  of the Coombs '  tes t  [15, 16]. 

In this connection it was decided to t ry  to develop a more  sensi t ive  method of detecting an t ie ry th ro-  
cytic antibodies by the use of the aggrega te -hemagglu t ina t ion  tes t  developed previous ly  [7, 8] for  the detec-  
tion of soluble antigen. 

A new tes t  based on combined agglutination of the e ry th rocy tes  fo r  investigation,  ca r ry ing  the r e -  
quired an t ie ry throcyt ic  antibodies on the i r  sur face ,  and tes t  e ry th rocy te s  coated with aggregated antiglobulin 
s e r u m  is suggested in this paper .  Tes t  e ry th rocy tes ,  s tabil ized and act ivated with glutaraldehyde and 
coated with aggregated prote in  of an immune s e rum,  are  used in the test .  Aggregation of the prote in  en- 
ables the act ive cen te rs  of the antiglobulin antibodies to be removed  f r o m  the su r face  of the t es t  e ry th ro -  
cyte, so that  the act ive  cen te r s  of the antibodies a re  made access ib le  to the de te rminant  of the antigen, in 
this pa r t i cu la r  case  the antigenic de te rminant  of the specif ic  immunoglobulin located on the su r face  of the 
e ry th rocy te  of the pat ient  under investigation.  

The following an t i s e r a  were  used: donkey's  an t i se rum against  rabbi t  IgG, and rabbi t  an t i se rum against  
total  human globulin and sheep ' s  globulin, produced by the N. M. Gamaleya  Institute of Epidemiology and 
Microbiology and the Centra l  Blood Transfus ion  Station, Ministry of Communications;  sheep ' s  an t i se rum 
against  rabbi t  IgG, kindly provided by P. Z. Budni tskayaandA.  I. Gusev, and rabbi t  and sheep an t i se ra  
against  human immunoglobulin of the G-, M-, and A - c l a s s e s  respec t ive ly ,  kindly provided by E. V. Cher -  
nokhvostova.  

Ery th rocy tes  f r o m  a blood donor of group O(I), Rh'0"-(negative),  s tabil ized and act ivated by g lu ta r -  
aldehyde (GLA) [2, 9, 10, 17] in the following modificat ions,  were  used as t es t  e ry th rocy tes  to be sensi t ized 
with the aggregated  prote in  of the antiglobulin s e rum.  One volume of washed res idue  of e ry th rocy tes  was 
t r ea ted  with two volumes  physiological  sal ine and 0.03 volume of a 25% solution of GLA (Merck), incubated 
f r o m  3 h at 37~ washed with physiological  sal ine,  and s tored as an 8% suspension in 0.25% GLA in the 
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presence  of 1:10,000 merthiolate  in physiological  saline at 4~ and washed with physiological  saline before 
sensit ization.  

To neutral ize the ant ierythrocyt ic  antibodies present  in the antiglobulin sera,  instead of ord inary  ab- 
sorption by ery throeytes ,  in most  investigations the s e r a  were treated with amniotic fluid (AF) mater ia l ,  
lyophilized without preliminary dialysis, containing O, A, and B group antigenic determinants [5, 191. AF 

was added in the following amounts: 5 mg of each of the three groups (O, A, and B) to 1 ml rabbit antiserum, 
15 mg to i ml donkey antiserum, and 25 mg to I ml sheep antiserum. The AF does not dissolve completely 
in the sera, but this does not affect their subsequent aggregation, which may begin immediately after the 
addition of AF. Insoluble material was removed from the serum after completion of aggregation by centri- 
fugation for 15 rain at 8,000 rpm on the TsLN-2 centrifuge. 

To aggregate the antiserum proteins a 2.5% solution of GLA was added in the following proportions: 
0.08 ml GLA to 1 ml rabbit serum and 0.1 ml GLA to i ml sheep or donkey serum; incubation followed for 
1 h at 37~ 

To sensitize the test erythrocytes, the residue from 1 ml of 8% suspension of stabilized erythrocytes 
was treated with 1 ml aggregated antiserum and 20 mg NaHCO 3 and incubated for 18-20 h at 37~ or for 90 
rain at 56~ The residue was washed with physiological saline, suspended in I0 ml of the same solution, 
preserved with 1 :i0,000 merthiolate or with sodium azide up to a final concentration of 0.02%, or with 1-2 
drops chloroform, and kept at 4~ without loss of activity for I month. The direct and indirect Coombs' 
test was performed in the usual manner [12,13]. 

Anti-Rh0(D)- and anti-Rh'0(DC)-sera obtained from donors immunized with the corresponding antigen 
were used as the source of incomplete antibodies,not agglutinating in physiological saline, in model experi- 
ments. In the model investigations three drops of each of a series of double dilutions of each anti-Rh serum 
was incubated for 30 rain at 37~ with one drop washed residue of erythrocytes from a blood group O(I) iRh+ 

(positive) donor. The erythrocytes were washed and tested inparallel series inthe aggregate-hemagglutina- 
tion test and the Coombs' test. 

E X P E R I M E N T A L  R E S U L T S  

In o rder  to use the advantages both of the Coombs '  test  and of the aggregate-hemagglut inat ion method, 
two al ternative forms of the new test, called the aggregate-hemagglut inat ion test  for ant ierythrocyt ic  anti- 
bodies, were developed. 

The following conditions were found to be optimal. The f i r s t ,o r  antiglobulin, form of the aggregate-  
hemagglutination test: one drop of a 50% washed suspension of e ry throcytes  for investigation (cells sens i -  
tized with the antibodies for  investigation ei ther  in vivo, in the case of AIHA, or in vitro, for the model in- 
vestigations) is mixed with a glass rod on a white tile with one drop of the working suspension of test  eryth-  
rocytes ,  sensit ized by aggregated rabbit  ant iserum against human globulin and the appearance of agglutina- 
tion is watched for in the course  of 10 rain at room tempera ture .  

The second, or anti-antiglobulin, form of the aggregate-hemagglut inat ion test: one drop of washed 
residue of the e ry throcytes  for investigation is incubated for 30 rain at 37~ with three drops ofantiglobulin 
solution (in the model investigation 3 drops of rabbit ant iserum against human immunoglobulins, taken in a 
dilution equal to the working t i ter  of antiglobulin in the Coombs '  test); the residue is washed to remove pro-  
tein not bound with the ery throcyte  and one drop of a 50% suspension of cells i smixed  with ag l a s s  r o d o n a  
white tile with one drop of working suspensin of t e s t - e ry th rocy tes  sensit ized with aggregated anti-antiglobu- 
lin serum (in the model experiment,  sheep or donkey serum against rabbit  IgG) and agglutination is read 
over a period of 10 rain at room tempera ture .  

Comparison of the sensi t ivi ty of these two forms of the aggregate-hemagglut inat ion test  with the sen- 
sitivity of the indirect  Coombs '  tes t  was car r ied  out in model investigations with anti-Rh sera  not agglutin- 
ating under the conditions specified. The resul ts  are  given in Table 1. 

As Table 1 shows, the sensit ivity of determinat ion of anti-iRh antibodies when the f i r s t  fo rm of the ag- 
gregate-hemagglut inat ion test  was used was on the average 16-30 t imes g rea te r  than the sensit ivity of the 
indirect  Coombs '  test.  When the second form of the test  was used, with tes t  e ry throcytes  coated with ag- 
gregated sheep antiserum, the sensitivity of determination of anti-IRh antibodies was three orders of mag- 
nitude greater (Table I) than the sensitivity of the indirect Coombs' test. The sheep serum against rabbit 
IgG used was approximately four times stronger than the donkey serum, whether the test erythrocytes were 
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used or  the work was carr ied  out with unaggregated serum.  The sensi t ivi ty of determination was 32-128 
times grea te r  when the test e ry throcytes  were used in the second form of the test  compared with when na- 
tive unaggregated sheep or donkey serum was used (Table 1). The prozone phenomenon was not observed 
during the per formance  of the aggregate-hemagglut inat ion test.  

In subsequent investigations the specificity of the test  and its possible diagnostic role were studied. 

F~lse positive resul ts  were absent during the investigation of 329 donors by the aggregate-hemag-  
glutination test in the f i rs t  form and 708 donors in the second form. 

The results  of investigation of certain categories of patients are  given in Table 2. In all patients with 
positive results  of the test the diagnosis of AIHA was confirmed clinically. Althogether 24 patients in whom 
the ant ierythrocyt ic  antibodies belong entirely to class  A immunoglobulins were discovered.  In the world 
l i terature,  incidentally, only a few cases  of the discovery of such patients by means of the Coombs'  test 
are  described [14, 20]. 

Several methods of increasing the sensitivity of the Coombs '  test  are known [3, 4, 6], in which the anti- 
bodies located on the e ry throcytes  to be investigated are  bound by a f ree  valency with the antigenic deter -  
minant of the immunoglobulin, whether free or  fixed on the ery throcytes .  By using one of these methods 
[6], antibodies were found in 17 of 30 cases when the resul ts  of the direct  Coombs'  test  were negative but 
the resul ts  of the f i rs t  form of the aggregate-hemagglut inat ion test  were positive. In no case of AIHA, when 
the resul ts  of the f i rs t  form of the aggregate-hemagglut inat ion test  were negative and the resul ts  of the 
second form were positive, could antibodies be found by the method of Zotikov et al. [6]. The use of poly- 
vinylpyrrolidone in the Coombs '  test  in order  to determine anti-Rh antibodies [11] increases  its sensitivity 
by not more  than 40 t imes.  The aggregate-hemagglut inat ion test, which in one form is about 1000 times 
more sensit ive than the Coombs'  test, will presumably  be useful as a method of detecting not only antieryth-  
rocyt ic  antibodies but also antiplatelet, antiallotypic, and other types of antibodies. 
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