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Further Observations on Cold Hemagglutinin Activity in Encephalomyo- 
carditis, M.M., hlengo Encephalomyelitis and Columbia-SK 

Immune Sera. (18847) 

BEN J A h i m  1.. SIEGEL." (Introduced by Sid,ney Raffel.) 
Froin the Department of Bacteriology and Experimental Pathology, Stanford C'niversity 

School o j  Medicine, Cal i f .  

Cold hemagglutinins are serum entities 
which possess the property of aggregating 
human erythrocytes, in particular erythro- 
cytes of the 0 group, at  low temperatures. 
Stats and Wasserman (1 ) have reviewed the 
subject quite extensively, and the introductory 
descriptive material below derives in the main 
from that source. 

Cold hemagglutination was first recognized 
by Landsteiner(2) who showed it to depend 
upon a definite antigen-antibody reaction. 
The reaction can be distinguished from the 
usual iso- or hetroagglutination by its high 
sensitivity to thermal change; as a rule it 
occurs to only a slight extent or not at  all 
above 22°C. The phenomenon of agglutina- 
tion in the cold can be reversed by warming 
to temperatures above 20°C and caused to 
recur by cooling to below 10°C. Cold hemag- 
glutinins do not lose their activity after heat- 
ing to 56°C for 30 minutes, and, like other 
agglutinins, they can be stored in the cold 
with only slight diminution in potency. Cold 
hemagglutinins have been described ( 1 ) as 
gamma globulins. Antibody nitrogen studies 
have also revealed that a titer of cold ag- 
glutinins of 1:2560 is equivalent to 1.473 mg 
nitrogen per ml. 

Positive cold hemagglutination reactions 
have thus far been demonstrated chiefly with 
sera from cases of primary atypical pneu- 
monia. The only other sera which elicit this 
phenomenon with any regularity are those 
from individuals with African trypanosomia- 
sis. Cold hemagglutinins a t  high titers have 
also been reported in sera from cases of ac- 

* Grateful acknowledgement is made to Mr. Alfred 
Sell  for his technical assistance. 
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quired hemolytic anemia and in some patients 
with Raynaud's disease ( 1 ) . 

.4 preliminary serological study (3)  showed 
an increased activity of cold agglutinins in 
the sera of rabbits immunized with a mouse 
brain suspension of encephalomyocarditis 
virus. This suggested that perhaps other 
viruses, particularly those of murine poliomye- 
litis, or as Warren et d(4) suggest, the en- 
cephalomyocarditis group, might also induce 
this response. The experiments described be- 
low were carried out to determine the extent 
to which these viruses may elicit cold hemag- 
glutinin production, and to investigate the 
possibilities of such a technic in providing an 
additional differential criterion for the en- 
cephalomyocarditis group. 

Preparation of antisera. Ten per cent sus- 
pensions of infected mouse brain in isotonic 
saline were used as immunizing antigens. The 
rabbits employed were not of an inbred stock, 
but stemmed from several different families. 
They were 10 weeks of age or older at  the 
start of the experiment; this in light of past 
studies by Wheeler(5) who found that the 
normal cold-agglutinin titer of newborn rab- 
bits diminished considerably during the first 
weeks following birth. Two or 3 rabbits were 
used for each virus. Prior to immunization all 
rabbits were bled for normal specimens of 
serum. A t  weekly intervals, ovm a period of 
3 weeks, 1 cc amounts of the antigen suspen- 
sions were injected into the animals by the 
intramuscular route. During the fourth and 
fifth weeks 2 cc and 3 cc amounts respectively, 
were introduced intraperitoneally. Following 
a 10-day rest period the animals were bled 
from the heart. The blood samples were al- 
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lowed to clot for 2 to 3 hours at room tem- 
perature, and the expressed sera were re- 
moved, spun, and then stored at  -20°C un- 
til ready for testing. The titers of the inocula 
employed, expressed as the reciprocals of the 
logarithms of the LDs0, were 8.1, 8.5, 7.9 and 
7.0 for EMC, M.M., Mengo, and Columbia- 
SIC, respectively. 

Cold hemaggZutination test. Although all 
human erythrocytes can be agglutinated in the 
cold by hemagglutinating sera, group 0 cells 
were used because they were found generally 
to yield highest titers. The human 0 blood 
employed was stored in an equal volume of 
Alsever’s solution at refrigerator temperature; 
prior to testing the cells were washed 3 times 
in isotonic saline and then brought up to 2% 
by volume with saline. 

Progressive 2-fold dilutions of serum in 
saline, from undiluted to 1 : 512, were pipetted 
in 0.05 cc quantities into serological tubes 
(10 x 75 mm), and 0.05 cc of the 2% red cell 
suspension was added to each tube. The tubes 
were shaken and then placed in the refrig- 
erator (4°C) for 30 minutes. At  the end of 
this time the tube mixtures were centrifuged 
for 1 minute at  1500 rpm and returned to the 
refrigerator for another 30 minutes, following 
which they were read for agglutination under 
the low power of the microscope. To gain 
some idea dbout the thermal range of the re- 
action for the several sera, similar tests were 
carried out at 22°C and at 37°C. In addi- 
tion, reversals of the reaction were studied, 
those sera initially tested at 4°C being later 
studied at  37°C and those tested at 22°C 
and 37°C later studied at 4°C. All readings 
were carried out rapidly at room temperature, 
the end point being determined by the last 
tube showing dktinct clumping under low 
power magnification. 

The findings are condensed in 
Tables I and 11. The former delineates the 
results in terms of average titers, while the 
latter pictures the outcome of tests with 
pooled sera. Titers, in both cases, are ex- 
pressed as the reciprocal of the highest dilu- 
tion of serum which gave agglutination. 

Since there was the possibility that normal 
mouse brain tissue itself might be the inciter 

Results. 

TABLE I. Cold Hemagglutinins in Rabbit Sera 
for Human 0 Erythrocytee both Bedore and Aftt6r 
Immunization with VinrseS of the Encephahmyo- 
carditis Group. Titers based on avg vahes of in- 

dividual eera. 

No. of Avg titer at --, 
Virus sera 37°C 29°C 4°C 

2N* 2 2 24 Normfal mouse 
2 1 t  4 6 48 brain 

Encephalo - 3 N  1 2 18 
mywrditis 3 1  2 10 13s 

M.M. 2N 1 1 9 
2 1  5 17 80 

Mengo encephalo- 3 N 1 6 37 
myelitis 3 1  2 20 64 

Co IumbiaSK 3 N  3 8 17 
3 1  3 12 69 

* Normal. t Immune. 

TABLE 11. Cold Hemagglutinine in Rabbit Sera 
for Human 0 Erythrocytes both Before and After 
Immunization with Viruses of the Encephdomyo- 

specimens. 
carditia Group. Titers based on pooled ~erum 

No. of sera ,-- Pooled titer at - 
Virus P1d 37°C 22°C ,‘ 4°C 

Normal mouse 2 N* 
brain 2 It 

Enwphala- 3N 
myacarditie 31 

M.M. 2 N  
2 1  

Mengo encephdo- 3 N 
myelitie 3 1  

Ool~mbia-SK 3 N  
3 1  

Undil. 
2 

Undil. 
8 

UndiL 
16 

Undil. 
2 

Undil. 
2 

4 
4 

Undil. 
8 
2 
32 

Undil. 
8 
2 
8 

32 
32 
8 

$28 
2 

128 
8 
8 
8 
64 

Normal. t Immnne. 

of increased cold hemagglutinh production, a 
control was run with two rabbits which, fol- 
lowing the regular cardiac bleeding, were sub- 
jected to inoculation with a 10% mouse brain 
suspension in isotonic saline. In  this connec- 
tion it might be mentioned that Nakamura(6) 
had found that lipids in raw milk, when in- 
jected into normal rabbits, mused increases in 
the titer of cold hemagglutinins. From the 
tables it appears that the mouse brain tissue 
actuated an average 2-fold increase in the titer 
and some alteration in the thermal amplitude; 
while the results obtaining from titnitions 
with the same sera pooled manifested no 
change in titer. Fm practical purposes then it 
seems reasonable to assume that any marked 
changes evincxd in the virus-immunized rab- 
bits could be ascribed to the activity of the 

6. Nakamura, I., Kkjo. J .  Yed. ,  1931, v2, 425. 
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virus itself. 
Further perusal of Table I reveals that 

EMC virus occasioned approximately an 8- 
fold increase in titer, JI.JI. virus a 9-fold in- 
crease, and Columbia-SK a 4-fold increase; 
these changes were accompanied always by 
augmented thermal amplitudes. In  the case 
of Mengo virus, the increase in titer was of a 
similar order of magnitude as that following 
vaccination with the normal mouse brain sus- 
pension. In the experiments with pooled sera 
(Table 11) the results were much more strik- 
ing. A study of the table indicates that EMC 
virus instigated a marked production of cold 
hemagglutinins, the immune titer being 16- 
fold that of the normal, while 11.11. virus ini- 
tiated a 64-fold increase in titer and Colum- 
bia-SK an %fold increase. -4,oain Jlengo virus 
acted like normal mouse brain, in this case 
evoking no change. 

Discussion. I t  appears on the basis of these 
preliminary findings that of these 4 related 
viruses, 31 .hl., EIIC, Columbia-SK. and 
11 engo encephalomyelitis, the last alone mani- 
fests no propensity for provoking the produc- 
tion of cold hemagglutinin. 

I t  appears also from these results that there 
is a direct relationship between titer and ther- 
mal amplitude, a finding in line with those 
made earlier by Bialosuknia and Hirszfeld ( 7 ) ,  
and Kettel(8). Hirszfeld(9) was of the opin- 
ion, too. that the thermal amplitude reflects 
also the combining affinity of the antibodies, 
the agglutinins with greater affinity being less 

7 .  Bialosuknia. W. and Hirszield, L., Cori ipf .  Rend. 

S. Kettel. K.. Cortrpt. Rrrtd. SOC. B i d . ,  1929, ~ 1 0 0 ,  

0. Hirszield. L .  Klht Ii'chrzsch., 19-74. v3. llS0 

-_ ._ - - - ~  - - - - 

S o c .  B i d ,  1924, vQ3. 1198. 
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dependent upon conditicms of temperature. 
The observations of Warren, Smadel, and 

Russ(4), Dick( lo), Olitsky and Yager( 11), 
and Schultz( 12) have all pointed to the ex- 
istence of a generic relationship and common 
antigenicity among the viruses of the enceph- 
alomyocarditis group. While no evidence is 
presented to the contrary, the findings here 
might suggest that these viruses may differ in 
their antigenic make-up insofar as they relate 
to the production of antibodies against human 
red blood cells. 

The number of variables entering into ex- 
periments of this kind suggest, in addition to 
the use of a larger number of rabbits, employ- 
ment of inbred animals of the same families 
and of approximately the same ages. As a 
further measure to insure against adventitious 
results, the use of rabbits with the same nor- 
mal cold hemagglutinin titers would be de- 
sirable. 

Summary. Cold hemagglutination studies 
were undertaken to explore the possibilities of 
this method for neurotropic viral analysis. 
Preliminary experiments had indicated that 
such an approach might provide additional 
differential criteria for the viruses of the en- 
cephalomyocardi t is family. The observations 
reported here suggest that while M.M., EMC, 
and Columbia-SK viruses instigate increased 
cold hemagglutinin production in rabbits, 
Mengo encephalomyelitis virus is without such 
effect. Further work is indicated using larger 
numbers of animals of more uniform age and 
genetic cons tit u t ion. 
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