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I t  was shown by Bautista, et aZ.(l) that 
polioviruses were adsorbed to certain human 
and animal erythrocytes, but that hemagglu- 
tination did not occur either in the presence or 
absence of homologous immune serum. The 
treatment of red cells with dilute solutions of 
tannic acid renders these cells capable of ad- 
sorbing proteins. and agglutinable in the 
homologous antiprotein serum (2) .  Tn a fur- 
ther extension of this technic. IIcKenna ( 3  ) 
demonstrated that bovine serum albumin and 
bovine gamma globulin could be coupled to 
formalinized erythrocytes, and antibodies to 
either antigen measured by an hemagglutina- 
tion pattern. 

This report shows that antibodies to polio- 
viruses, which may be considered as protein 
antigens(4), can be measured by a similar 
technic. 

Materials and methods. Antigen prepara- 
tions. Seitz-filtered polioviruses. Type T 
(Mahoney) Type I1 (MEF-1) and Type 111 
(Saukett) (monkey kidney tissue culture 
source) were used throughout these studies. 
The post-filtration infectious titers of these 
viruses were 1O6.O, and 106.s TCTD,,/ 
ml respectively( 5 ) .  Control monkey kidney 
cell antigens (MKTCF) were prepared by 
rapidly freezing and thawing uninfected cell 
sheets followed by Seitz-filtration. The anti- 
gens were concentrated approximately 10-fold 
by dialysis against 10-20 volumes of a 20% 
aqueous polyvinylpyrrolidone ( PVP) solu- 
tion at  4°C for 48 hours. Neutralization 
tests for antibody were performed by use of 
the metabolic inhibition test against 100 
TCIDBo of virus(6). Immune Rabbit Sera. 
Twenty albino rabbits each weighing about 3 
kg were divided into 4 groups of 5 animals 
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each. Each group received either 1.0 ml of 
viable monotypic poliovirus or 1 ml of con- 
trol antigen intravenously every other day 
until 5 ml had been injected. Sera obtained 
one week after the last injection were pooled 
according to virus type or control and were 
stored a t  -4OOC. Five other rabbits received 
1 ml of trivalent polio vaccine at  weekly in- 
tervals for three weeks, and sera were ob- 
tained 28 days after the first injection. Im- 
mune monkey and human sera. Both immune 
monkey and human sera were taken randomly 
from freezer stocks. Neutralization tests had 
been carried out previously on all these sera. 
The monkey sera had been prepared by the 
intramuscular injection of rhesus monkeys 
with 1 ml of polio vaccine at weekly intervals 
for 3 weeks. Immune sera were secured 28 
days after the first injection. The immune 
human sera were taken from individuals who 
had received one or more inoculations of polio 
vaccine. Sheep erythrocytes. Washed sheep 
red blood cells were formalinized according to 
the technic described elsewhere( 3 ) .  Experi- 
inental. A 2.5% suspension of formalinized 
sheep red blood cells was incubated a t  37°C 
for 20 minutes with a freshly prepared 1:20,- 
000 dilution of tannic acid in 0.9% saline. 
The cells were washed once with saline, cen- 
trifuged at  1500 rpm for 5 minutes at 5°C 
and reconstituted to a 2.5% suspension with 
saline. Two volumes of these cells then were 
added to one volume of antigen and one-half 
volume of 0.15 M phosphate buffered saline 
at  pH 6.4. After incubation at  37°C for 2 
hours, the cells were washed once with 1.0% 
normal rabbit serum in 0.9% saline, and re- 
constituted to volume with the same diluent. 
Hefore freezing the cells a t  -70°C7 infectious 
titers were determined for the supernates after 
sensitization of the cells. The initial viral 
infectious titers, those following PVP con- 
centration, and those of the supernates are 
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TABLE I. Infectious Titers before and after 10- 
Fold PVP Concentration and of Supernates after 

Sensitization of Red Cells. 

Type I Type I1 Type 111 

Initial 6.0 6.8 6.5 
a f t e r  PVP ’7.4 8.0 8.0 

” sensitization 4.5 5.8 6.0 

Titers expressed as log,, TCID,/ml. 

presented in Table I. It may be seen that 
over 99% of the virus had disappeared, pre- 
sumably due to adsorption to the red cells. 
The viral particles spontaneously eluted from 
the red cells after standing 2-3 days at 5°C. 
However, the cells remained agglutinable 
after storage for 6 weeks in the frozen state. 
Two-fold dilutions of antisera were made in 
0.5 ml amounts in 1.0% normal rabbit serum 
in saline and 0.15 ml of thawed, sensitized 
cells was added to each of the serum dilutions. 
The mixtures were shaken and immediately 
placed at  1-4°C for 12-18 hours. Hemagglu- 
tination titers (HA) were recorded as the 
highest dilution of antiserum causing agglu- 
tination of the cells. All antisera were inac- 
tivated at 56°C for 30 minutes, but prelimi- 
nary work indicated that inactivation was 
not necessary. 

TABLE 11. HA Titers* of the Same Immune 
Rabbit Sera with Cells Sensitized at Different 

Times. 

Serum 
p repared 

Seruni titers with cells sensitized to 

to I I1 111 MKTCFt 

Type I 1280 160 320 40 
1280 80 320 40 
1280 160 640 20 
1280 40 160 80 
1280 640 640 160 

GMTS 1280 128 384 56 

Type IT. 160 2560 80 40 
160 1280 160 40 
80 1280 160 10 

160 2560 160 80 
160 2560 80 80 

GMT 144 2048 128 40 

Type I11 80 80 1280 20 
80 160 1280 40 

640 80 1280 40 
40 40 320 10 

GMT 117 80 960 25 

Titers expressed as reciprocal of serum dilution. 
* HA = Hemagglutinating titers. 
t Uninfected monkey kidney tissue culture fluid. 
$ GMT E Geometric mean titer. 

Results. The homotypic titer in each in- 
stance was appreciably higher than the hetero- 
typic titers when concentrated antigens were 
used (Table 11). These titers represent re- 
peat titrations of the same antisera with cells 
sensitized at  different times. The neutraliz- 
ing titers of these sera were 1000, 2000  and 
640 for Types I, I1 and I11 respectively. The 
5 rabbits that received the trivalent polio vac- 
cine had the titers shown in Table 111, while 

TABLE 111. 

Rabbit 

HA Titers in 5 Ra.bbits Given Tri- 
valent Polio Vaccine. 

No. Type1 Type11 Type111 MKTCF 

640 160 320 10 
9 9  640 160 < l o  

256 
257 
258 320 320 320 10 
259 640 160 80 
260 160 320 160 9 9  

GMT 420 280 180 10 

9 9  

~~~ 

Titers expressed as reciprocal of serum dilution. 

the nonspecific agglutination was in all cases 
1 : 10 or less. It is possible that the lower non- 
specific titers seen in Table I11 were due to 
the fewer number of injections. Several weeks 
later these sera were pooled for neutralization 
tests. The titers for the pools were as fol- 
lows: Type I, HA 160, neut. 120; Type 11, 
HA 80, neut. 130; Type 111, HA 160, neut. 
130. 

A comparison of hemagglutinating titers 
with neutralizing titers in immune human 
sera is presented in Table IV. It may be seen 
that sera No. 1, 2 and 3 gave no evidence of 
HA titers, despite appreciable neutralizing 
titers. The reason for this lack of agglutina- 
tion is not evident since all the titrations were 
made with a single cell lot sensitized to each 
antigen. A similar comparison in immune 
monkey sera is shown in Table V. 

Discussion. Preliminary experiments using 
unconcentrated antigens produced low HA 
titers, but the reaction lacked specificity. By 
using antigens concentrated about 10-fold 
with PVP, the homotypic titers were approxi- 
mately 10 times higher than the heterotypic 
titers, and about 20-50-fold higher than the 
uninfected tissue control, Since no soluble 
component has been demonstrated in or from 
polioviruses, one can only surmise that the 
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TABLE IV. Commrisoii of HA and Scutralizine Titers of Immune Human Sera. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

< I 0  
11 

I0  
40 
80 

3 60 

320 
640 

11 

1 9  

9 1  

1 ,  

7 1  

1 9  

80 
-m 

41 (i 
< l o  
1 (in 
I n-1 
-10 

640 
41 (i 

2560 
21’76 

832 

166-1 
1280 

1 ,  

80 
1280 
1088 

6 8 
13 

640 
2560 
1280 
2176 

208 
832 

1280 

1280 
1664 

2 . m  

< l o  
9 

91  

640 
40 

< I 0  
1280 
160 

1280 
2560 

10 
160 

1280 
320 
640 

68 
136 

1664 
2560 

272 
20 

2560 
80 

2560 

< 10 
640 

2560 
1280 
2176 

1 9  

* Seutraliziiig titers esprcsscd :IS geoiiictric nieans of triplicate titrations. 
Titers csprcsscd as  rcciprowl of scriini dilution. 

entire viral particle became attached to the 
red cells. 

Approximately a 2-5”/, antigenic cross has 
been observed with some lots of purified virus 
when measured by a 50% CF test(7):  the 
average cross as measured by HA was about 
12%.  This increased percentage may be due 
to the increased sensitivity of the HA over the 
CF test, since it has been shown that the HA 
test is about 35 times as sensitive as the 50% 
CF test using a bovine gamma globulin-anti- 
RGG rabbit serum system (unpublished 
data). 

TABLE V. Comparison of HA :iiicl ?;eutraliziiig 
Titers of Immune Monkey Sera. 

~eruni  Type 1 Typc I1 Typc 111 
S o .  H,4 Xeut.” HA Scut. HA Seut. 

S o  riii a1 
1 

3 
4 
5 
(i 

8 
9 

1 0  
1 1  
I2 
13 
11 
7 5 
16 
1 7  

9 - 

I 

2 
< 2  

2 
4 
8 
8 

10 
16 
20 
2 0 
80 

11 

1 1  

1 1  

1 1  

1 9  

1 9  

160 

<2 
4 

10 
3 
3 

10 
9 

10 
3 (i 
39 
8 

12 
32 
49 
64 

256 
1331 
128 

2 
<2  

8 
8 

(i4 
33 
Zn 

< 2  
80 
80 

320 

160 
320 

80 
320 

11 

1 9  

11 

<2  
23 
13 
4 

208 
23 
1 fi 

12 
128 
380 
332 

16 
64 

102 
416 

24 
49 

0 - 

< 2  
4 

<2  
8 

16 
<2 < 10 
<2 
-ln < 20 

<2 < 10 

160 

40 
160 
40 

1 1  

< 2  
2 
2 
I 

10 
8 
2 
8 

26 
10 

8 
9 
2 

97 
128 
51 

256 
140 

* Seutralizing titers expressed as geometric 

Titers expressed as reciprocal of serum dilution. 
iiieans of triplicate titratioiis. 

The basic technic as described by Boyden 
( 2 ) ,  with the formalin modification developed 
in this laboratory, has proven quite useful to 
us. However, many factors can influence the 
outcome of any given titration. The scheme 
depends on protein adsorption, and the sensi- 
tized cells may at times spontaneously agglu- 
tinate in high protein concentrations. In this 
particular instance, 4 of the 15 human sera 
tested agglutinated cells sensitized to 
MKTCF to a titer of 1 : 10. Since all of these 
sera were from people who had received polio 
vaccine, the agglutinating titer to MKTCF 
may have been due to anti-monkey antibodies 
in these sera. This HA to monkey kidney ma- 
terial is seen also .in Tables I1 and 111. How- 
ever, normal monkey sera showed no agglu- 
tination with cells sensitized to any of the 3 
viral types. All non-dialyzable material, in- 
cluding kidney proteins, are concentrated by 
the PVP procedure. I t  would not be expected 
that monkeys would form antibodies regularly 
to homologous kidney proteins with the im- 
munizing schedule used here. It is therefore 
felt that, when using sera other than monkey, 
the test is not reliable for the detection of 
antibodies to polioviruses in serum dilutions 
<1:10. Chicken serum was unsuitable for 
assay purposes since spontaneous agglutina- 
tion of the sensitized cells occurred. 

When cells were sensitized to purified Type 
I11 virus(7) and monovalent immune rabbit 
sera were titrated with these cells, homotypic 
titers averaged 1 :320 while the heterotypic 
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TABLE VI. Molecules of Antigen Used for Sensi- 
tization. 

~ ~~ ~ ~ ~~ 

Molecular Molecules 
Aiitigeii r/ml w t  per ml 

0va.lbuniiit 5 x 103 4 x 104 7.5 x 1018 

Human y-globulin 100 1.6 X lo5  3.8 X lo1* 
13 6.7 X l o8  1.2 X 10" 

a Idem 4.5 X 10" 
Polio I 

3, Idem 
11 
I11 5 

Type I, 64 C F  units/ml; Type 11, 25 CF units/ 
nil; Type 111, 25 CF units/ml. 

titers were 1:40. Nonspecific titers were 
< 1 : 10. These results suggest that cross re- 
actions were not lessened when purified virus 
was used to sensitize the cells, but nonspecific 
titers were lessened. 

Data showing the number of molecules used 
to  sensitize the cells are given in Table VI. 
These calculations were based on the relation- 
ship of 5 CF unit/y of viral antigen (J. Char- 
ney, personal communication) while the 
amounts for the ovalbumin and gamma globu- 
lin were taken from Boyden(2). It becomes 
,evident that the higher the molecular weight 
of the antigen, the fewer number of molecules 
are required for sensitization. 

Statistically, the overall correlation be- 
tween HA and neutralizing titers was fairly 
good (r  = 0.75). However, a statistical 
analysis is an inadequate criterion when sera 
tdo not show any HA titers despite appreciable 

neutralizing antibody. It should be empha- 
sized that if a serum has no HA titer, this 
does not mean that the serum contains no 
neutralizing antibodies (Table V, sera 1, 2 
and 3 ) .  

Summary. An hemagglutination technic 
for the titration of antibodies to polioviruses 
has been described. The HA titers showed 
approximately a 75% correlation with neu- 
tralizing antibody. The virus-sensitized cells 
did not remain agglutinable for more than 2 
days at  5"C, but have proven stable for a t  
least 6 weeks when kept frozen. An antigenic 
cross among viral types of 1 2  % was observed. 
Purified virus lessened the nonspecific HA, 
but not the percentage of cross reactions. 
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With the increased incidence of coronary 
heart disease there has been much speculation 
concerning a possible cause-and-eff ect rela- 
tionship between stress, cholesterol-lipid-lipo- 
protein metabolism and coronary atheroscler- 
osis( 1,2,8). In  considering the pathogenesis 
of a disease such as atherosclerosis or myo- 

.cardial infarction one must recognize the pos- 
*Aided by a grant from "at. Heart Inst., N.I.H. 

sibility of direct as well as indirect effects of 
such factors as stress, diet, sex, age, exercise, 
etc. This i,s particularly evident in the case 
of stress because of its varied natuie and the 
wide spectrum of bodily responses attributed 
to i t(3).  That certain forms of physiological 
stress can elevate serum cholesterol has been 
demonstrated. In  a study of 5 5  male sub- 
jects Kuhl, et d ( 4 )  found that brief immer- 


