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-1 study of 38 patients infected with polio- 
myelitis viruses showed a :-fold or greater in- 
crease in the homologous antibody titer in 35 
(92%). This finding was at  variance with 
that of other workers( 1,2), who postulated 
that the rise in neutralizing antibodies oc- 
curred so rapidly that often no increases in 
titer were demonstrable. Thus Miller and 
Wenner, using a virus concentration of 32 
TCIDsOt in their neutralizatioln tests, ob- 
served a 10-fold rise in homotypic antibody in 
only 3 of 14 patients(2). Tests for homo- 
logous antibody were carried out in only 7 
patients, none of whom showed a simi- 
lar rise. Jlelnick and his associates, with 
a virus inoculum of 100 TCID5", reported 
rises of homotypic antibody in 15 (37%) of 
41 patients from ~7hom poliomyelitis viruses 
had been isolated ( 1 ) . Homologous antibody 
formation was not studied by these workers. 

This report presents evidence that the dem- 
onstration of increases of homologous anti- 
body in patients infected with poliomyelitis 
viruses is related to the dose of virus used in 
the neutralization test. 

Materials and methods. Data are derived 

* -Aided by a grant from the Sister Kenny Founda- 

t TCIDZO-Tissue culture infective doses. 50% 
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tion. 

end point. I 

from 38 patients studied in Xew York City in 
1953, a non-epidemic year.:: Their stools 
were collected within 2 weeks ot' onset of ill- 
ness and after concentration in the Spinco 
high speed centrifuge, yielded poliomyelitis 
viruses as follows: Type 1. 25 patients; Type 
2? 2 patients; Type 3, 11 patients. All but 4 
showed some degree of weakness or paralysis. 
Serum specimens were collected at  frequent 
intervals and tested for neutralizing antibodies 
against the patient's own virus and the 3 pro- 
totypes. To be reported here are the results 
of tests carried out on mixtures of homologous 
virus and serum obtained usually in the 1st or 
2nd week of illness, in the 3rd or 4th week, 
and lastly at  about the 12th week. Trypsin- 
ized monkey kidney cells grown in tissue cul- 
ture in glass tubes$ and examined microscop- 
ically for cytopathogenic changes constituted 
the test object for isolation of virus and for 
neutralization tests. Keutralization tests were 
carried out usually with serial 4-fold dilutions 
of serum, inactivated at  56°C for 30 min. Se- 
rum dilutions were mixed with an equal vol- 

t We are grateful to the staffs of Willard Parker, 
Mt. Sinai:; Babies', and Flower-5th ,4venue Hospitals 
ior supplying material for this investigation. 

5 For the past year tubes containing cultures of 
monkey -kidney cells supplied by Microbiological 
Associates,, Inc., Bebhesda, Md., have been used. 



ANTIBODY RISE AND VIRUS DOSE 163 

TABLE I. Relation of Iiicrease in Neutralizing 
Antibody and Dose of Virus Used in Test. 38 

patients. 
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ume of a selected dilution, usually 1:500, of 
the patient’s virus. The latter was titrated si- 
multaneously in each test against normal mon- 
key serum. The mixtures were incubated at  
room temperature for one hour. 0.1 cc of each 
dilution was pipetted into tissue culture tubes 
containing 0.9 cc of standard medium.11 As a 

I\ The “standard medium” consisted of Earle’s 
balanced salt solution, lactalbumin hydrolysate 0.5% 
and calf serum, 2%. 50 units of penicillin and SO 
mg of streptomycin ‘per ml of medium were added. 
Recently 20 units of mycostatin (Squibb) per ml 
were added which has helped considerably to sup- 
press the growth of yeasts. 

rule 3 tubes per dilution were used. In some 
of the “box” titrations 2-fold dilutions of 
serum were mixed with decimal dilutions of 
virus and inoculated into 6 tubes per dilution. 
All tubes were examined daily under the 
microscope for cytopathogenic effects. The 
seventh day reading was taken as final. Anti- 
body titers were calculated by the method of 
Reed and Muench and expressed as the 50% 
serum dilution endpoint (log of reciprocal). 

‘ Results. Table I shows the relation of de- 
gree of antibody rise and dose of virus used in 
the test. A 5-fold or greater increase in 
homologous antibody obtained in 35 (92%) 
of 38 patients. Twenty-nine patients (76%) 
had antibody rises from 10 to 500-fold. In  6 
patients (16%) increases from 5 to 7-fold 
were obtained. It is evident that antibody in- 
crements as great as 200-fold were obtained 
with as much as 4 logs of virus. The average 
amount of virus used in all the tests was about 
3 logs. Substantial increases in antibody were 
demonstrated even when the first serum speci- 
men was obtained as late as the second or 
third week of illness. In the group whose anti- 
body rises were under 10-fold the first serum 
was obtained on an average of the 12th day of 
illness: whereas in the group of 29 patients 
whose antibody rises were 10-fold or greater, 
the first serum was drawn on an average of 
7.2 days after onset. If the reverse calcula- 
tion is made, it will be seen that the average 
antibody rise is 95-fold in patients whose first 
serum was obtained in the first 7 days of ill- 
ness as compared with an average of 16-fold 
for those whose first serum was obtained be- 
tween the 8th and 18th days. 

‘‘Box” Xeutralization Tests with Homolo- 
gous Virus. During the beginning of this in- 
vestigation in most of the individual tests a 
single relatively large amount of virus was 
used against serial dilutions of serum. I t  
seemed possible that the greater number of 
definite antibody rises observed might be re- 
lated to the hrger doses of virus employed as 
compared with those used by previous ob- 
servers. This possibility was investigated by 
simultaneous titrations of virus and serum 
(so-called “box” titration) from 3 patients- 
2 infected. with Type 1 (A and B) and 
one with Type 3 (C).  The results ap- 
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pear in Table I1 (Section A ) .  I t  is evident 
that little or no antibody rise was demon- 
strable with the smallest doses of virus ( 5 ,  
.6, .7 log). With 1 log higher dose only 1 pa- 
tient (B)  showed a significant rise; with 
2 logs, 2 patients. and with 3 logs, all 3 pa- 
tients showed substantial rises. When the 
sera were “overwhelmed” with 4.5-5.6 logs of 
virus, no significant antibody increase re- 
sulted. In the test with patient B’s virus and 
serum the accuracy was enhanced by using 6 
tubes per dilution. In the case of patient C, a 
12-fold antibody increase was the maximum 
achieved. This occurred with 3.7 logs of 
virus. I t  may be that this relatively small 
antibody rise is accounted for by the lateness 
of obtaining the acute phase serum, e.g., 15th 
day of illness. In  any event, the result of 
this test shows a trend in keeping with the 
pattern of the other two. 

“Box” :Yeutralization Tests with Homo- 
typic Virus. It was important to learn if this 
apparent relation between antibody rise and 
dose of virus would apply to homotypic as 
well as to homologous virus. Similar “box” 
titrations were performed with the sera of 2 
patients, B and C, mixed with Type 
1 (Mahoney) and Type 3 (Leon) viruses, re- 
spectively. To increase the accuracy of the 
tests, these box titrations were carried out 
with serial 2-fold dilutions of serum against 
decimal dilutions of virus and the mixtures 
were inoculated into 6 tissue culture tubes per 
dilution. The results are presented in Table 
I1 (Section B). As with homologous viruses, 
little or no antibody rise resulted with the 
smallest doses of homotypic virus. With 3.4 
and 3.6 logs, 10-fold or higher increments 
were obtained. Unlike the other tests in 
which the largest doses of virus either oblit- 
erated or diminished the difference in anti- 
body level between the two sera, in the case of 
patient C’s sera and the heaviest concentration 
of Leon virus (4.6 logs) , a 10-fold increase was 
still demonstrable. Then actual titers are not 
very different, however, from those obtained 
with C serum and homologous virus (Sec- 
tion A ) .  In that test when a comparable 
dosage (4.7 logs) of C virus was used, 
even though it  seemed to result in a 4-fold 
antibody rise, the titers of each serum (0.6 
and 1.1) did not differ significantly from those 
obtained with Leon virus (0.5 and 1.5) . 



ANTIBODY RISE AND VIRUS DOSE 165 

From the results of these 2 tests with homo- 
typic viruses, it would appear that the rela- 
tion of antibody increase to virus dose was not 
limited to the patient’s own virus, but a simi- 
lar pattern was obtained with homotypic 
viruses, Mahoney and Leon, respectively. 

Discussion. The results obtained in in- 
dividual tests with various virus strains and 
sera indicated a relationship between increase 
in neutralizing antibody and concentration of 
virus used in the test. This was confirmed by 
“box” neutralization tests in which virus and 
2 serum specimens from the same patient were 
titrated simultaneously. In the zones of anti- 
body excess and virus excess, respectively, 
there was little or no apparent increase in 
antibody from acute to convalescent phase of 
illness. In the middle dosage range of about 
3 logs of virus regular antibody increases were 
demonstrable. The explanation of this phe- 
nomenon is not clear. The question arises as 
to whether antibodies found in the acute stage 
differ qualitatively or quantitatively from 
those found in convalescence. Work is being 
done currently on the dynamics of virus- 
antibody union which may shed light on the 
problem. For example, is the union between 
virus and “late” antibody more stable than 
that which occurs with “early” antibody? 
Are there detectable differences in the velocity 
of the reaction? Does “late” antibody have a 
greater avidity for virus than ‘‘early” anti- 
body? The results of the present report have 
been obtained entirely with the use of cul- 
tures of monkey kidney cells as the test ob- 
ject of virus activity. It is important that 
Steigmaln and Sabin ( 3 )  and Winsser and Sa- 
bin (4), who carried out quantitative neutral- 
ization tests in monkeys, observed substantial 
homologous antibody increases between 16 
and 32-fold with amounts of virus ranging 
from 160 to 1000 PDzo. The results of the 
present study indicate that the relation be- 
tween antibody rise and virus dose is not lim- 
ited to homoIogous systems. The acute and 
convalescent sera of 2 patients (one with a 
Type 1 infection, the other Type 3)  showed 
similar antibody trends against the homo- 
typic virus, Mahoney and Leon, respectively. 

Even though the mechanism by which i t  
works is not understood at  present, the phe- 
nomenon appears to have important practical 
as well as fundamental implications. The 
neutralization test may still prove to be an 
important diagnostic tool provided the dose of 
virus is properly adjusted. It would appear 
that approximately 1000 TCIDsO is the opti- 
mum dose of virus. Another factor of impor- 
tance in demonstrating antibody increase is the 
time of drawing the “acute” serum sample- 
the earlier the better. The study of basic 
problems concerned with the kinetics of the 
poliomyelitis virus-antibody reaction will be 
advanced by the use of Dulbecco’s new plaque 
method(5). 

Summary. The formation of neutralizing 
antibodies against their own virus was studied 
in 38 poliomyelitis patients. In  the sera of 
35 (92%), 5-fold or greater antibody in- 
creases were demonstrated. Twenty-nine 
(76%) exhibited rises between 10 and 500- 
fold. The average dose of virus used in sepa- 
rate tests was about 3 log dilutions. ‘‘Box” 
neutralization tests revealed that little or no 
antibody increase was demonstrable in the 
zones of antibody or virus excess. Substan- 
tial antibody rises were obtained in the mid- 
dle zones, when between 2.5 and 4.6 log dilu- 
tions of virus were used. A similar trend of 
antibody increase was found with homot_ypic 
virus studied in two individuals. These results 
seem to indicate a relation between increase 
in neutralizing antibody and concentration of 
virus in the test. The mechanism by which 
this phenomenon operates is not understood 
but it appears to have both fundamental and 
practical implications. 
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