
HEMAGGLUTIN ATION 

in vitra technics comparable to the hemag- 
glutination reaction. The method outlined in 
the present communication has the virtue of 
simplicity, and in theory may be of value in 
the detection of any virus capable of multi- 
plication in the cells of the allantoic sac of 
the chick embryo. Because the method is 
dependent upon the vagaries of host response, 
it is unsuitable for the direct measurement of 
virus concentration. However, both specificity 
and quantitation may be obtained by the em- 
ployment of immune serum. It is conceivable 
that a virus might be recovered and identified 
immunologically as the etiological agent of a 
disease solely by chemical evidence of infec- 
tion of the chick embryo. 
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Summary. A method is described for the 
detection of virus infection of the allantoic 
sac of the chick embryo. The method is de- 
pendent upon the increased concentration of 
protein in infected allantoic fluid. Protein 
concentration is measured by determining the 
degree of turbidity produced upon the addi- 
tion of 10% trichloracetic acid to allantoic 
fluid. 

While this article was in  press, Polson and Dent 
(Nature, 1949, 1@4, 233) described increases in 
the protein concentration of allantoic fluid f roni 
eggs infected with lumpy skin disease virus or 
blue tongue virus. 
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The capacity of certain viruses to cause 
agglutination of erythrocytes1 has permitted 
the development of in vitro procedures which 
have greatly facilitated investigative and 
diagnostic work with these agents. Although 
at  least 10 different animal viruses are known 
to cause hemagglutination (pertinent data 
have been summarized recently): there is 
almost no evidence indicating that any of the 
neurotropic viruses possesses a similar ca- 
pacity. Recently, however, Bremer and Mut- 
saars3 stated that the Lansing strain of polio- 
myelitis virus caused agglutination of sheep 
RBC, and Hallauer4 stated that Columbia SK 
and Columbia MM viruses also agglutinated 
sheep RBC. We have been unable to confirm 
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the results reported for the Lansing strain, 
as too have other workersa5 However, in the 
accompanying paper Olitsky and Yager5 have 
confirmed and extended the results reported 
for SK and MM viruses. 

The present study was concerned chiefly 
with the GDVII strain of mouse encephalo- 
myelitis virus as well as with the FA strain.6 
I n  addition, the Lansing, MEF1, and Brun- 
hilde strains of poliomyelitis virus were in- 
vestigated. I t  will be demonstrated that the 
GDVII strain causes agglutination of human 
RBC at 4"C, but not at  23 or 37°C; that 
such hemagglutination is inhibited by homol- 
ogous immune serum, and by anti-FA virus 
serum, but not by antiserum against other 
viruses. No evidence of hemagglutination 
could be obtained with the FA strain nor with 
any of the strains of poliomyelitis virus which 
were employed. 

Materials and methods. Viruses. The 

solitsky, P. K., and Pager, R. H., accompany- 

6 Theiler, M., and Gard, S., J .  B x p .  Ned., 1940, 
ing paper. 
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GDVII strain was obtained from Dr. Max 
Theiler, I.H.D. Laboratories, The Rockefeller 
Foundation, New York City. Three FA 
strains were used; one obtained from Dr. 
Theiler and 2 obtained from Dr. J. Melnick, 
Yale University, Kew Haven, Conn. Three 
poliomyelitis virus strains were employed : 
the Brunhilde strain was kindly supplied by 
Dr. D. Bodian, The Johns Hopkins Univer- 
sity, Baltimore, Md., and the Lansing and 
MEFl strains were obtained from Dr. P. K.  
Olitsky, The Rockefeller Institute, Xew York 
City. The Brunhilde strain was contained in 
infected monkey spinal cord. The other 
viruses were maintained by occasional intra- 
cerebral passage in mice. Brains were re- 
moved from exsanguinated mice shortly after 
the appearance of signs indicating infection 
of the central nervous system. Ten per cent 
brain suspensions were prepared with 0.01 M 
phosphate buffer at pH 7.2. The suspensions 
were ground for 2 %  minutes in a modified 
IVaring Blendor which was cooled with ice 
and then were centrifuged for 15 minutes at  
7,760 g. The supernates were employed 
either promptly after preparation or follow- 
ing storage at  -7O"C, sometimes for as long 
as 14 days. Virus titrations were performed 
by the intracerebral technic using serial 10- 
fold dilutions in 10% normal rabbit serum 
saline. A group of 5 or 6 mice was used for 
each dilution and the 50% infectivity end 
point, LDso, was calculated in the usual 
manner. 

Hemagglutination technic. Hemagglutina- 
tion titrations were carried out in a manner 
similar to that employed with influenza virus.l 
Serial 2-fold dilutions of brain suspensions 
in saline buffered at  pH 7.2 and a final con- 
centration of 0.25% human Group 0 eryth- 
rocytes were employed. With the GDVII 
strain the mixtures were held at  4°C for 2 
hours. Readings were recorded in the usual 
manner and the end point was taken as the 
highest dilution which gave a 2+ reaction. 

Hemagglutination-inhibition technic. .4n ti- 
body titrations were carried out with serial 
2-fold dilutions of inactivated ( 56"C/30 
min.) sera in buffered saline and a constant 
amount of virus, usually 16 hemagglutinating 
units. A final concentration of 0.25% RBC 
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was used and readings were made after 2 
hours at 4°C. The end point was taken as 
the highest dilution of serum which com- 
ple tely inhibited hemagglu t ina tion. 

Immune sera. Through the courtesy of 
Dr. P. K. Olitsky immune sera against a 
large number of different neurotropic viruses 
were made available. In most instances the 
sera were obtained from rabbits which had 
been repeatedly injected intraperitoneally or 
subcutaneously with infected mouse brain. 
In  some instances sera were also obtained 
from immunized guinea pigs, mice or mon- 
keys. Immune sera and control normal sera 
usually were stored at  -30°C. 

Hemagglutination with GDVII virus. Posi- 
tive results were obtained in hemagglutina- 
tion experiments with the GDVII strain 
when (a) suspensions of infected mouse 
brain, (b) human Group 0 erythrocytes, and 
(c) a reaction temperature of 4°C were em- 
ployed. The results of typical experiments 
are shown in Table I. High titers ranging 
from 1 : 2,000 to 1 : 16,000 or more were com- 
monly 'obtained with 0.2 5% RBC. I n  general, 
the hemagglutination titer was inversely pro- 
portional to the concentration of RBC, as is 
the case also with influenza virus.7 Hemag- 
glutination occurred only if the mixtures were 
cold (4"C), disappeared rapidly when cold 
mixtures were warmed either at  room tem- 
perature (23°C) or a t  37"C, and reappeared 
when the mixtures were again cooled to 4°C. 
The reaction developed relatively sIowly and, 
although clear evidence of hemagglutination 
was present a t  one hour, more definite ag- 
glutination was present a t  2 hours. The pat- 
tern of agglutinated cells was closely similar 
to that observed with human RBC and either 
influenza or mumps virus. 

Despite numerous attempts employing a 
wide range of experimental conditions, it was 
not possible to obtain evidence of hemag- 
glutination with the FA strain nor with the 
Lansing, MEFl  or Brunhilde strains of polio- 
myelitis virus. In  addition to human RBC, 
erythrocytes from the following species were 
used: monkey, horse, sheep, cat, dog, guinea 
pig, hamster, mouse and chicken. The 
GDVII strain was incapable of causing ag- 
7 Whitman, L., J .  Immuml., 1947, €56, 167. 

glutination of any RBC other than those de- 
rived from man. Supernates of normal mouse 
brain suspensions, prepared as described 
above, did not cause agglutination of human 
RBC at dilutions greater than 1:4. As is 
pointed out also in the accompanying paper: 
erythrocytes of certain species, e.g., hamster, 
dog, cat and guinea pig, as well as the mouse, 
commonly showed agglutination when mixed 
with normal mouse brain suspensions. 

The agglutination of human RRC which is 
caused by GDVII virus in the cold disappears 
after a few minutes a t  room temperature. 
Because of this, both the reaction and read- 
ings of titrations are best carried out in the 
cold room. As is shown below, agglutination 
is associated with adsorption of the virus to 
RBC and the dispersal of the agglutinated 
cells is associated with elution of the virus 
from them. Successive cycles of adsorption 
and elution, dependent merely on changes in 
temperature, can be repeated at  will with a 
single mixture of RBC and GDVII virus. 
Four such cycles have been carried out. 
Hemagglattination-inhibition with immune 

serum. Agglutination of human RBC with 
GDVII virus in the cold was prevented by 
high dilutions of anti-GDVII serum as well 
as anti-FA serum but not by immune serum 
against other viruses. The results of typical 
experiments are shown in Table 11. Hemag- 
glutination-inhibition titers ranging from 
1 : 4,000 to 1 : 16,000 were obtained commonly 
with anti-GDVII serum and similar high 
titers were obtained also with anti-FA serum. 
Normal serum usually caused some non- 
specific inhibition; with rabbit and guinea 
pig serum titers of 1 :32 or lower were com- 
monly found; with human and mouse serum 
titers as high as 1:128 were encountered. In  
some instances heating at  56°C for 30 minutes 
reduced the degree of non-specific inhibition. 
It should be emphasized that the injection 
of mouse brain suspensions into animals other 
than mice commonly results in the develop- 
ment of antibodies which cause agglutination 
of human RBC. Usually the agglutination 
titer of such sera is not greater than 1:128 
but in occasional instances it may be consid- 
erably higher. With immune serum agglutina- 
tion of RBC occurs not only at  4°C but also 
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TABLE 11. 
Inhibition of Hemagglutiliatioil with GDVII Virus by Immune Serum. 

Serum 
Serum GDVII hemagglut. 

c virus Held 2 hr inhibition 
Immune vs. 3 units a t  "C titer 

-~~~~~ ~~ ~ 

Normal m.br" 
GDVII m.br. 
Normal m.br. 
F A  m.br, 

Poliomyelitis (conval.) 

Mengo, m.br. 

? >  Y J  

> r  Lansing 1n.h. 

Rabbi t  16 
16 

Mouse 16 
16 

Monkey 16 
16 

Rabbit 16 
16 

J '  

? >  

J Y  

q >  

* m.br. = Mouse brain. 
t 0 = KO inhibition of hemagglntination at 1:32 serum dilution. 

at  room temperature or at 37"C, as not with 
GDVII virus. The agglutinins were readily 
removed from such sera by absorption with 
20% human RBC at 4°C. Absorbed immune 
sera gave hemagglutination-inhibi tion titers 
with GDVII virus which were identical with 
those obtained with unabsorbed sera. 

Immune sera against the following viruses 
were employed in hemagglutination-inhibition 
experiments with GDVII virus: lymphocytic 
choriomeningitis, Eastern equine encephalitis, 
Japanese B encephalitis, St. Louis encephal- 
itis, Russian Far East encephalitis, vesicular 
stomatitis, West Nile, rabies, herpes simplex, 
vaccinia, Columbia SK, Columbia 3431, Men- 
go encephalomyelitis, encephalomyocardi tis, 
influenza A (PR8 strain) and PVN. In no 
instance was significant inhibition of GDVII 
virus demonstrable with these sera. 

In  cross-immunity experiments Theiler and 
GardG demonstrated an immunological rela- 
tionship between GDVII and FA viruses. I t  
appears of considerable interest that the re- 
sults of hemagglutination-inhibition experi- 
ments indicate not only that antibody specifi- 
cally directed against GDVII virus is present 
in high titer in immune sera but also show 
clear evidence of a close antigenic relationship 
to F-4 virus. 

Adsorption and elution of GDVII virus. 
When mixtures of human RBC and GDYIT 
virus were held at 4"C, the virus was adsorbed 
rapidly by the erythrocytes and sedimented 
with them on light centrifugation. When the 
sedimented RBC were resuspended in buf- 
fered saline and held at 4"C, elution of the 
virus did not occur. However, when the re- 

O t  
8000 

0 
8000 
8000 

0 
0 
0 

-I 

suspended RBC were warmed to 37OC, elu- 
tion of the virus occurred very rapidly and 
maximum titers were obtained in the super- 
nate within 5 to 10 minutes. Results of typi- 
cal experiments are shown in Fig. 1. As would 
be expected, the concentrations of RBC em- 
ployed affected the extent to which the virus 
was adsorbed at  4°C but did not have any 
striking effect on the rate or degree of elution 
at 37°C. Mixtures held at  4°C for as long as 
24 hours showed no significant elution of the 
virus from RBC. 

That hemagglutination with GDVII virus 
is caused by the virus particle itself and not 
by a component separable from the virus is 

4096+ 
4OC. 

Resuspended 
RBC 
37O c. 

Minutes HOUPS 
FIG. 1. 

Adsorption of GDVII virus on human Group 
0 RBC a t  4OC and elution a t  37°C. Hemaggluti- 
nation titer of supernates from mixtures of virus 
and RBC is plotted against time mixtures were 
held a t  4°C. Hemagglutination titer of super- 
nates f rom resuspended RBC is plotted against 
time such erythrocytes were held a t  37°C. 
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TABLE 111. 
Adsorption on and Elution from Human RBC of GDVII Virus. 

Hemagglutination titer" Virus infectivity titer* 
Material tested a t  4°C vs. human RBC in mice I.C., LDjo 

GDVII m.br. suspension 10,240 104.1 

Supernate after adsorption with 

Supernate of resuspended RBC 

10% RBC, 1 hr at 4°C 

in saline, 15 min. at 37°C 

160 106.6 

10,240 10-7.8 

* Titers are expressed in terms of final dilution of brain material. 

indicated by the results shown in Table 111. 
Adsorption of a suspension with human 

RBC at 4°C resulted in reductions in the 
hemagglu tinat ion and virus infectivity titers 
of the supernate which were of similar degree. 
Moreover, on warming the resuspended RBC 
a t  37"C, similar increases in both titers oc- 
curred indicating that elution of the virus 
was effected at  the higher temperature. 

Properties of hemaggtutination component. 
The hemagglutination titer of GDVII mouse 
brain suspension was not diminished by 
storage at 4°C for 43 days. Heating crude 
suspensions in saline at 56°C for 30 minutes 
caused marked loss, i.e. 99%, of hemagglutin- 
ating capacity. On the other hand, suspen- 
sions prepared from brain material extracted 
by methanol in the cold showed only a 2- to 
4-fold reduction in titer on similar heating. 
Moreover, such suspensions showed hemag- 
glutination titers of 1:1,000 after heating at 
65°C for 30 minutes. Centrifugation a t  7,760 
g for 30 minutes did not reduce the hemag- 
glutination titer of suspensions. Filtration 
through Seitz-EK pads caused an 8-fold re- 
duction in the titer of the filtrate. Suspen- 
sions buffered at pH values from 4.8 to 8.3 
gave similar titers. The amount of virus ad- 
sorbed by human RBC a t  4°C was not sig- 
nificantly affected by the pH of the mixture 
within this range. Furthermore, elution of 
virus from RBC at 37°C was complete when 
erythrocytes were resuspended in buffer of 
p H  4.8 to 8. 

Concentration of GDVII virus. By resus- 
pension of RBC with adsorbed virus in small 
volumes of buffered saline and warming the 
suspension to 37"C, it was possible to achieve 
considerable concentration (10 times or 

more) of the virus in the eluate. In  most 
instances the increase in titer obtained was as 
great as or greater than would have been 
expected in terms of the volumes of eluate 
employed. Either high or low titer suspen- 
sions as well as suspensions which had been 
diluted before adsorption yielded satisfactory 
results in concentration experiments of this 
kind. 

Recently it was reported8 that GDVII virus 
could be purified considerably by precipita- 
tion with 25 to 30% methanol in the cold. 
In  the present study numerous attempts were 
made to concentrate the virus by means of 
such a procedure. In  all instances the virus 
titer was determined by the hemagglutination 
technic. It was found that 52% methanol 
mixtures held a t  4°C for 3 hours yielded 
better results than mixtures a t  other methanol 
concentrations. Despite the use of a large 
variety of experimental conditions which in- 
cluded variations in pH, ionic strength, 
amount of centrifugation before and after the 
addition of methanol, as well as extraction 
of brain material with organic solvents, it was 
not possible to obtain consistent results. In  
some experiments 10-fold or greater concen- 
tration was achieved but the results were not 
sufficiently reproducible to make the pro- 
cedure valuable. Moreover, after concentra- 
tion by methanol precipitation, the virus ap- 
peared to be unstable and hemagglutination 
titers decreased rapidly on storage of con- 
centrated material a t  4°C. 

Failure of FA virus to cause hemagglutina- 
tion. The infectivity titer of GDVII virus is 

SBrumfield, H. P., Stulberg, C. S., and Hal- 
vorson, €€. o., PRUC. SOC. EXP. BIOL. AND Mm., 
1948, 68, 410. 
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definitely higher than that of FA virus. With 
the strains employed in this study, GDVII 
gave LDEO titers of the order of 1eS or more 
while FA gave titers of the order of or 
less. On the assumption that the infectivity 
titer is proportional to the virus concentration, 
it seemed ,possible that the failure to dlemon- 
strate hemagglutination with F.4 might be 
attributable to a relatively low concentration 
of the agent in infected brain tissue. Because 
of the numerous similar properties of the 2 
viruses6 and the close antigenic relationship 
disclosed in the hemagglu tina tion-inhibi t ion 
experiments described above, it appeared de- 
sirable to determine if FA shared with GDVII 
the capacity to cause hemagglutination of 
human RBC in the cold. 

Attempts to concentrate F.4 virus, as was 
feasible with GDYII, by adsorption on human 
RBC at 4°C and elution in a small volume 
of diluent at 37OC, were uniformly unsucess- 
ful. In no instance was hemagglutination 
demonstrable with the eluates despite the use 
of erythrocytes derived from numerous spe- 
cies. lloreover, the results of infectivity 
titrations indicated that FA virus was not 
adsorbed by human RBC under the condi- 
tions employed; supernates of virus-RBC 
mixtures held at  4°C showed no reduction- in 
infectivity titer. I t  appears, therefore, that 
despite similarities relative to numerous prop- 
erties FA virus and GDVII virus do not give 
similar reactions with human erythrocytes 
in vitro. 

Discussion. That certain neurotropic vi- 
ruses possess the capacity to agglutinate in 
the cold erythrocytes deriving from certain 
animal species appears evident from the re- 
sults of this study and that described in the 
accompanying paper.5 By means of the hem- 
agglutination reaction with human RBC at  
4°C it is possible to estimate in vitro the con- 
centration of GDVII virus in a suspension of 
infected mouse brain. As is the case with 
other animal viruses which cause hemaggluti- 
nation, relatively high concentrations are 
required before positive results are obtained ; 
with GDVII of the order of lo4 mouse in- 
fectious doses of virus correspond to one 
hemagglutinating unit. The available evi- 

dence suggests that the infective virus particle 
is itself responsible for hemagglutination with 
this agent. By means of the hemagglutina- 
tion-inhibition technic, also carried out with 
human RBC at  4"C, the concentration of 
antibodies in immune serum specifically di- 
rected against the virus can be estimated 
in vitro. Evidence obtained in hemaggluti- 
na t ion-inhibi tion experiments indicates that 
GDVII virus is immunologically closely re- 
lated to FA virus, but is not related to any 
other of the numerous agents tested. 

Despite numerous attempts with a wide 
variety of experimental conditions, it was not 
possible to demonstrate hemagglu tinat ion 
with F-4 virus. Moreover, with the Lansing, 
XIEF1 and Brunhilde strains of poliomyelitis 
virus no evidence was obtained indicative of 
a capacity to combine with erythrocytes. It 
may be pertinent that neither FA virus nor 
poliomyelitis virus reaches high titers in in- 
fected central nervous system tissue and i t  
is possible that the failure to show hemag- 
glutination with these agents is attributable 
to insufficient concentration. On the other 
hand, qualitative factors also may be of 
critical importance and it seems possible that 
with erythrocytes from still other species and 
with different experimental conditions posi- 
tive results might be obtained. 

The dependence of hemagglutination with 
GDVII virus and of adsorption of the agent 
by human RBC upon a low temperature, i.e, 
4"C, appears to be unique. With the excep- 
tion of the neurotropic viruses discussed in 
the accompanying paper,a other viruses which 
cause hemagglutination show no such tem- 
perature effect. 

Summary. Suspensions of mouse brain in- 
fected with the GDVII strain of mouse en- 
cephalomyelitis virus cause agglutination of 
human Group 0 RBC at  4°C. Anti-GDVII 
virus serum inhibits hemagglutination by the 
agent as also does anti-FA virus serum. 
GDVII virus is adsorbed by human RBC at 
4°C and rapidly elutes from them at  37°C. 
Three strains of poliomyelitis virus failed to 
show any evidence of hemagglutination. 
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