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by New Bacteriologic Methods 

Edward C. Rosenow, M.D.* 

Cincinnati, Ohio 

A REVIEW of results of previous studies made by oth
ers and myself on the importance of a specific type 

of streptococcus in the etiology of poliomyelitis, and by 
myself on the relation of the streptococcus to the filter
able virus and references to the original reports have 
been set forth in a monograph.1 

Owing to the widespread occurrence of poliomyelitis 
during the summer of 1946, the exhaustion of the sup
ply of the poliomyelitis antistreptococcus serum with 
which diagnostic and curative action had been obtained, 1 

and because of the encouraging results I have had in the 
preparation and use of artificial antibody2•3 in the diag
nosis and treatment of other diseases due to or associated 
with specific types of alpha streptococci, I could not do 
oi:herwise than again study this still unsolved problem 
from the streptococcal and viral standpoint by the use 
of new methods. 

Persons suffering from poliomyelitis studied by me 
in 1946 were being cared for in hospitals in Cincinnati, 
Ohio, Madison, Wisconsin, Rochester, St. Paul and 
Minneapolis, Minnesota, Rockford and Chicago, Illinois, 
and Cleveland, Ohio. The diagnosis was made by the 
respective attendmg physicians.* 

MEJ;HODS 

Serial dilution cultures 4 were made in dextrose brain 
broth from washings of nasopharyngeal swabbings of 
persons suffering from poliomyelitis, from contacts and 
non-contacts, and from NaCl solution washings of 
bronze turnings which had been exposed to outdoor air 
in glass tubes with screened ends on the hood of an 
automobile driven from 50 to 300 miles for different 
samplings in and Ol!tside of the epidemic zone. 7 

The swabbings of the nasopharynx were made from 
behind ·and above the soft palate without touching the 
tongue with aluminum wire wrapped swabs bent to a 
suitable ·angle. The material thus obtained was washed 
off in 2 ml. of a 0.2 per cent Gelatin-Locke solution and 
0.15 ml. of the washings was inoculated with a 1 or 
2 ml. pipette into the first of a series of six tubes, each 
containing 15 ml. of dextrose brain broth. 0.15 ml. was 
then transferred and thoroughly mixed with the same 
pipette in rapid succession from tube to tube through 
the series. A like amount of the undiluted saline wash-

*Grateful acknowledgment is hereby made for the coopera
tion of superintendents of hospitals, directors of Boards of 
Health, attending and resident physicians, and pathologists and 
nurses which made this study possible. 

*From the Bacteriologic Research Laboratory, Longview Hos
pital, Cincinnati, Ohio. 

ings was inoculated on the surface of a blood agar plate. 
All cultures were incubated at 33° to 35° C. 

Pure cultures of the streptococcus were selected for 
study, not from colonies of the primary growth on blood 
agar plates but from the end point of growth of serial 
dilution culture in dextrose brain broth. This usually 
occurred in the fourth, fifth, or sixth tube of the serial 
dilutions from nasopharyngeal swabbings and in the 
second to the fourth dilutions from the washings of the 
bronze turnings which had been exposed to outdoor air. 

Mice were inoculated intracerebrally in the right 
frontal lobe while under ether anesthesia with 0.03 ml; 
of 10 to 1 NaCl solution suspensions of the primary 
pure culture of the streptococcus from the end point of 
growth in the serial dilution cultures in dextrose brain 
broth, and large volumes 3 500 ml. of freshly prepared 
0.2 per cent dextrose broth contained in bottles of 
4 liter capacity were inoculated usually with the second 
or third subculture. The young 4 to 8 hour culture in 
tubes of dextrose brain broth containing 15 ml. Was in
oculated into each of the large volumes of dextrose 
broth. After incubation, usually over night, the growth 
was harvested in the 'bowl of a continuous feed super
centrifuge and the putty-like mass of the centrifugated 
organisms from the inside of the bowl was suspended in 
glycerol 2 parts and saturated NaCl solution 1 part, 
so that each ml. contained approximately 1000 billion 
organisms, or the growth from 500 ml. of dextrose 
broth. 

Two types of artificial antibody were used in cutane
ous and agglutination tests and for therapeutic injection. 
One was prepared by autoclaving at 17 lbs. pressure, 
NaCl solution suspensions containing 20 billion strepto
cocci per ml. for 96 hours, 2 the other by autoclaving 
suspensions containing 10 billion streptococci per nil. but 
for 1 to 3 hours after adding 1.5 per cent H202.3 For 
cutaneous tests the former was diluted with an equal 
volume of NaCl solution containing 0.4 per cent phenol, 
and the latter was used undiluted after neutralizing with 
sodium hydroxide and adding 0.2 per cent phenol. The 
former type of antibody was used routinely in cutaneous 
tests. The suspensions from which antibody was pre
pared were made from streptococci preserved in the 
dense suspensions in the glycerol-NaCl solutions men
struum. 

Studies on the in vitro production and nature of arti
ficial antibody from NaCl solution suspensions of strep
tococci by the application of prolonged heat in the auto
clave and much less heat after adding oxidizing agents 
such as H 20 2 or 02 under 2000 lbs. pressure have 
shown that the organisms disintegrate, the remnants 
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became sharply agglutinated, toxic components dimin
ished or disappeared, and substances resembling specific 
antibodies appeared in solution. Hence the bacteria-free 
supernatant of the heated suspensions will be designated 
as thermal or artificial antibody. 

The neutralizing action of artificial antibody on polio
myelitic virus, virulent for mice, was studied by the 
methods usually employed. Four parts of centrifugated 
5 per cent emulsions of the spinal cord and brain of 
mice that had succumbed to poliomyelitis were mixed 
respectively with 1 part of undiluted antibody, freshly 
perpared with H 20 2 and heat, and as a control with 
1 part of NaCl solution. The mixtures were incubated 
at 37° C. for 1 Yz hours, kept in the refrigerator over 
night, and 0.03 ml. inoculated intracerebrally under ether 
anesthesia far forward in the right frontal lobe. Three 
highly virulent virus strains were used: I am indebted 
to Dr. Charles Armstrong, of the National Institute of 
Health, Washington, D. C., for the strain of virus he 
adapted to the mouse and to Dr. C. W. Jungeblut of 
New York City for two murine strains isolated by him. 

After it was found that parallel reactions were ob
tained on intradermal injection -of natural antibody con
sisting of 10 per cent solutions of the euglobulin fraction 
of the serum of horses that had been immunized with 
the streptococcus and artificial antibody and that late 
reactions due to sensitization did not occur following 
injection of the latter, artificial antibody was used rou
tinely for the detection of specific streptococcal antigen 
in skin or blood. Approximately 0.03 ml. was injected 
intradermally as superficially as possible about 4 cm. 
apart, usually over the volar aspect of the forearm. A 
sharply blanched bleb 5 mm. in diameter was taken to 
indicate that the right layer and the right amount was 
injected. An immediate erythematous reaction at the 
site of intradermal injection of antibody was taken as 
indicating the presence of antigen in the skin or blood 
immunologically related to the antigen or streptococcus 
from which the injected antibody was prepared, resem
bling the Foshay phenomenon discovered in tularemia.5 

Antibody prepared from streptococci isolated from naso
pharynx of well persons, of persons ill with diseases 
other than poliomyelitis remote · from epidemic polio
myelitis, and NaCl solution containing 0.2 per cent 
phenol were injected as controls. 

A similar immediate erythematous reaction occurred 
if uncombined antibody was present in skin or blood fol
lowing intradermal injection of solutions of specific poly
saccharide or streptococcal antigen in the bacteria-free 
supernatant of Nad solution suspensions containing 
10 billion streptococci per ml. after heating at 65 ° or 
70° C. for one hour. This reaction was taken to indi
cate antibody in skin or blood specifically related to the 
streptococcus from which the injected antigen was pre
pared, resembling the Francis test for pneumococcal anti
body in pneumonia.6 Of the two materials containing 
antigen, that in the supernatant of the heated suspen
sions proved the more satisfactory and hence was used 
routinely for detecting specific antibody in skin or blood .. 
The maximal erythema following injection of antibody 
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and anti;:ren was outlined with pen and ink and the size 
in square centimeters was determined and recorded by 
superimposing circles of predetermined size on a trans
parent card 10 x 15 cm. in size. 

The agglutinative titer of ·natural antibody in the· 
serum from immunized horses and artificial antibody 
was determined at five-fold dilutions of l-20 to 1-2500, 
and that of serum of persons before and after sub- ' 
cutaneous therapeutic injections of artificial antibody 
was determined at five-fold dilutions of 1-10 to 1-1250. 
The dilutions of artificial antibody and serums and of 
suspensions of streptococci were made in NaCl solution 
containing 0.2 per cent phenol. Two-tenths ml. of the 
dilutions of antibody or serum and 0.2 ml. of the sus
pensions containing approximately 5 to 6 billion strep
tococci per ml. were added to test tubes 3 x Ya inches. 
The mixtures were thoroughly shaken and incubated at 
48° to 50° C. for 18 hours. Readings were made under 
the edge of the shade of a 100-watt light bulb against a 
nonreflecting black velvet background. The degree of 
agglutination for the four dilutions was recorded accord
ing to the usual scale of 0 to 4 plus. In order to make 
comparisons readily possible and to avoid needless repe
tition of figures in tables and charts, the total possible 
agglutination for the four dilutions was determined in 
percent. Thus, a 4+ agglutination for each of the four 
dilutions would be 16/16 or 100 per cent. If the total 
observed agglutination was 7 +, the percent of the total 
possible would be 7/16 or 44 per cent, and so forth. 

RESULTS OF CULTURES OF PRECIPITATION TESTS 

AND OF lNOCULA TION OF THE STREPTOCOCCUS IN MICE 

Cultures from the NaCl solution washings of naso
pharyngeal swabbing on blood agar uniformly revealed 
large numbers of colonies of greening or alpha strepto
cocci from all of 37 persons suffering from poliomyelitis 
in 30 contacts and 32 non-contacts. Usually no-or only 
occasionally a few-hemolytic colonies of streptococci 
and relatively few colonies of micrococcus catarrhalis 
and staphylococci grew. 

Short chained streptococci of the viridans type of 
morphology were always found in g~eatly predominating 
numbers in the first tube of the serial dilution cultures 
in dextrose brain broth and nearly always in pl:lre cul
ture at the endpoint of growth. Platmgs of the growth 
at the endpoint always yielded green producing or alpha 
streptococci and almost always in pure culture. In these, 
hemolytic streptococci were not obtained. 

Cultures and precipitation tests were made according 
to the methods previously described from nine samplings 
of outdoor air.7 Five of these were made in the general 
region where poliomyelitis occurred but not in epidemic 
proportions and four in the heart of the epidemic in 
Minneapolis and St. Paul, Minnesota, and surrounding· 
environs. The average distance driven for the five sam
plings was 198 miles, for the four samplings 75 miles, 
a total of 1290 miles. Streptococci were isolated from 
the endpoint of growth. of serial dilution -cultures in dex
trose brain broth that had been inoculated with centri
fuged sediment of the Nad solution washing of the 
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Table l. Incidence of f;Laccid paralysis in mice following 1ntracerebral inoculation 
of streptococci isolated in s~ud.1es of epidemic poliomyelitis, 1946. 

Mice Brains of mice 

Inocu- T~ ~'"' . 
-Streptococci isolated from: Yielding Strains lated Paralysis That the - intra- deve oned Snasms died Dultured 

occurred Strepto-cereb- No. f, coccus. rali:r 
Cincinnati, 

12 44 mi ~ 3 26 9 7 Ohio nn •a~i.+•nn 
Chicago, 

ITII ~ Nasopharynx of persons Illinois 11 20 l 20 20 20 
suffering from acute on isolation 
poliomyelitis in: 

On isolation 18 [il ffi1 2 s 4 3 
2 

After seven 
subcliltures 

18 2 11. 0 l l l 

Poliomyelitic virus, adapted to the 4 53 ~ ~ 4 36 25 21 mouse. 

contacts ;1.2 22 ~ !El 6 20 20 14 
Nasophary-nx of 

non-contacts 3 6 DI la 0 6 6 3 

Outdoor air in epiumic zone 3 31 ID) ~ 1 28 20 19 

Nasopharynx of persons suffering 34 181 5 3 -114~ 148 108 100 from epilepsy 
··~ 

Nasopharynx of well persons remote 46 62 2 3 7 26 17 13 from 'OOliomvelitis and eoilepsy 

(The squares in this and the following tables are used to indicate specificity.) 

exposed bronze turnings in seven of the nine samplings, 
and streptococci grew in dextrose brain broth into which 
was planted the exposed bronze turnings in two of the 
five and in all of the four samplings. Each of the four 
strains of streptococci isolated from the four samplings 
made in the heart of the epidemic and two of the five 
strains isolated remote from the epidemic were agglu
tinated specifically by artificial antibody and immune 
horse serum prepared from streptococci isolated in 
studies of poliomyelitis and by convalescent serum. Cul
tures made after the samplings had been kept at room 
temperature for one month yielded essentially the same 
results, while cultures made 10 months later proved free 
from streptococci. 

Interface precipitation tests made with the NaCl solu
tion washing of the exposed bronze turnings and the 
"poliomyelitis" antistreptococcal horse serum were posi
tive for each of the four samplings made in the heart 
of the epidemic and negative for the five samplings 
made remote from the epidemic. Precipitation tests made 
with the pooled serums of persons in whom reactions in
dicating antibody were low were negative for all sam
plings. While with the pooled serums of persons whose 
reactions indicating antibody were very high following 
therapeutic intramuscular injection of artificial antibody, 
precipitation at the interface was positive for three of 
the four samplings made in the heart of the epidemic 
and negative in the rest. 

The marked tendency of streptococci, freshly isolated 
in studies of poliomyelitis, to produce flaccid paralysis 

in monkeys, rabbits, and guinea pigs on appropriate in
-0culation has been reported.1 The effect of intracerebral 
inoculation into mice of strains freshly isolated from per
sons ill, from contacts and non-contacts, from polio
myelitic virus virulent for mice, and from outdoor air 
in the epidemic zone, was studied and is summarized in 
Table 1. Paralysis, usually flaccid in type, developed in 
high incidence in the mice receiving streptococci freshly 
isolated from nasopharynx of persons suffering from 
poliomyelitis, from the "virus" virulent for mice, f ram 
contacts and non-contacts, and from outdoor air in the 
epidemic zone. Thus, of a total of 47 strains inoculated 
into 194 mice, paralysis developed in 138 or 71 per cent 
and spasms were seen to have occurred in only 17 or 9 
per cent. After cultivation of two of the strains on the 
usual type of mediums for only a short time, the inci
dence of paralysis dropped from 72 per cent to 11 per 
cent. 

Thirty-four strains of streptococci isolated in studies 
of epilepsy were inoculated in like manner into 181 tl\ice 
(Table 1). In only 5 or 3 per cent did paralysis develop, 
and convulsive seizures developed in 143 or 79 per cent. 
Paralysis developed in only 2 mice or 3 per cent and 
spasms were seen to have occurred in 7 or 11 per cent 
of the 62 mice inoculated with 46 strains of streptococci 
isolated from the nasopharynx of well persons remote 
from poliomyelitis. 

In accord with· previous studies, pleomorphic diplo
cocci sometimes in short chains were found after special 
staining in or at the periphery of the lesions in the 
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Figure 1. Neutralization of virus virulent for mice by artificial antibody pre
pared from streptococci isolated in studies of epidemic poliomyelitis 
and experimental (virus) poliomyelitis in monkeys. 

in which flaccid 8 
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5 
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Figure a. Erythematous reactions to intradermal injection of •poliomyelitic• and •normal• streptococ
cal antibody, indicating antigen and •poliomyelitic" streptococcal antigen, indicating anti
body in skin or blood of persons suffering from epidemic poliomyelitis and of well contacts 
during the epidemic in 1946 in relation to the incidence of poliomyelitis in l94S. 
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spinal cord in each of six persons who had died of 
acute poliomyelitis. 

NEUTRALIZATION oF Vrnus BY ARTIFICIAL 

ANTIBODY 

Since the streptococcus isolated from the brain and 
spinal cord of mice that succumbed to poliomyelitis fol
lowing inoculation of virus was agglutinated specifically 
by artificial antibody prepared in vitro and natural anti
body prepared in horses with the streptococcus isolated 
in studies of epidemic poliomyelitis and by convalescent 
human serum, and since it produced paralysis in mice 
in high incidence, the action on virus, virulent for mice, 
of artificial antibody was studied. 

Three solutions of artificial antibody were used. All 
were freshly prepared, two from streptococci isolated in 
studies of epidemic poliomyelitis, one in previous epi
demics and the other in the epidemic of 1946, and one 
from the streptococcus isolated from natural poliomy
elitic virus that had been passed successively through 
monkeys for many years, the Flexner M V strain. 

The neutralizing action of solutions of artificial anti
body in 14 different experiments on a large number of 
mice was comparable for the three solutions and is sum
marized in Figure 1. It will be seen ( 1) that the inci
dence of flaccid paralysis and of deaths was far less 
and the average duration of life significantly longer 
after inoculation of virus that had been treated with 
antibody after the second or third animal passage than 
following control inoculations of virus that had been 
treated in NaCl solution; (2) that the neutralizing ac
tion of antibody became progressively less after addi
tional passages of the virus through mice, and that the 
supernatant of NaCl solution suspensions, or antigen, 
corresponding to suspensions from which antibody was 
prepared had no neutralizing action. The somewhat 
irregular results in neutralization experiments with arti
ficial antibody in these experiments were similar to those 
on the neutralization of virus virulent for monkeys with 
convalescent serum reported by others.8 

RESULTS OF CUTANEOUS TESTS FOR SPECIFIC 

STREPTOCOCCAL ANTIGEN AND ANTIBODY 

In Figure 2 are depicted graphically the results ob
tained following intradermal injection of "poliomyelitic" 
and "normal" streptococcal antibody and "poliomyelitic" 
streptococcal antigen in altogether 250 persons suffering 
from poliomyelitis, in 277 well contacts in regions where 
the incidence of poliomyelitis was low in 1945 and mod
erately or very high in 1946; in 71 persons suffering 
from comparatively mild attacks of poliomyelitis and in 
52 well contacts in regions where the incidence was high 
in 1945 and low in 1946. It will be seen (1) that the 
average size of the reaction in square centimeters and 
the reactions 5 sq: cm. or more to intradermal injection 
of antibody, indicating antigen, was highest at the onset 
of the disease in regions where the incidence of polio
myelitis was low in 1945 and high in 1946 and next 
highest in regions where the incidence was high in 1945 
and low in 1946, and that the reactions became grad-
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ually less with time as recovery ensued, far more slowly 
in the former than in the latter group; (2) that re
actions indicating antigen in well contacts soon after 
exposure, while lower than in persons stricken, was high
est in regions where the incidence of the disease was low 
in 1945 and high in 1946 and that reactions indicating 
antigen diminishes with prolonged contact; and (3) that 
reactions to control antibody prepared from streptococci 
isolated from the nasopharynx of well persons remote 
from poliomyelitis were uniformly low and had little or 
no relation to the disease nor to contact. 

Reactions to intradermal injection of antigen indicat
ing specific streptococcal antibody, were lowest early in 
the course of the disease and soon after contact, far 
lower in regions where the incidence of poliomyelitis was 
low in 1945 and high in 1946 than in regions where the 
incidence was high in 1945 and low in 1946, and in
creased more slowly in the former than the latter groups 
with recovery or with prolonged contact. Since the cu
taneous reactions indicating streptococcal antigen were 
highest at the onset of poliomyelitis and gradually di
minished as recovery ensued, and since the reactions in
dicating antibody were low at the onset of the disease 
and increased as recovery occurred, the reactions to anti
body and antigen were summarized according to age in 
persons suffering from poliomyelitis. .,, 

A summary of such reactions are depicted graphically 
in Figure 3. It will be seen that the reactions indicating 
streptococcal antigen were highest in age groups most 
susceptible to poliomyelitis, both in regions where epi
demic poliomyelitis had and had not occurred in 1945. 

. Reactions indicating antibody were far fower through-
out the different age groups where poliomyelitis had not 
occurred or occurred in low incidence in 194 5 and in 
high incidence in 1946 than where the incidence of po
liomyelitis was high in 1945 and low in 1946. More
over, in both regions antibody was highest in the very 
age groups where mortality to poliomyelitis is low, and 
diminished with increasing age, corresponding roughly 
to the increase in mortality rate according to age. The 
reactions to "normal" streptococcal antibody were min-
imal and bore no relation to age. · 

As shown in Figure 4, the cutaneous reactions indi
cating streptococcal antigen in skin or blood in well non
contact persons within epidemics and at the outskirts of 
epidemics paralleled roughly susceptibility to poliomyeli
tis according to age. Well persons who resided in Rock
ford, Illinois, during the epidemic in 1945 and the slight 
recurrence in 1946 showed less antigen and much more 
antibody in skin or blood than well persons who resided 
in regions where the incidence of poliomyelitis was low 
in 1945 and high in 1946. 

The results of cutaneous test§ made on well non-con
tact and on non-contact patients in hospitals within ;µid 
remote from epidemics of poliomyelitis are summarized 
in Table 2. It will be seen that reactions in square cen
timeters and percent of reactions 5 sq. cm. or more,. in
dicating specific streptococcal antigen in skin or blood, 
were greatest in well non-contact persons residing in re-
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Figure J. 
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Erythematous reactions to intradermal injection of 1 poliomyeliticH and 
•normal• streptococcal antibody indicating antigen and 1 polio~yelitic 1 

streptococcal antigen indioating antibody in skin or blood of persons 
suffering from epidemic polio~yelitis according to age in relation to the 
incidence of pol1omyel1 tis. in 1946 and 1945. 

14 

~ Erythematous reactions 12 

~ (sq cm) indicating •polio-
10 myelitic 1 streptococcal 

antigen • 8 ,..0... • anti bod{ o------0 and 
6 

(T', ''().., 

'•-o----<> •normal streptocoecal 
antigen ll it 4 ~-- .. 

2 "'-

Age groups by years. l- 6-
5 10 

Duration of disease in d.ays. ll ll 
Persons tested 2'.34 52 29 68 

Incidence of poliomyelitis t194s 
1946 

gions where the incidence of the disease was low in 1945 
and high in 1946, lower in regions where the incidence 
was high in 1945 and low in 1946, still lower in regions 
where the incidence was low both in 1945 and 1946, and 
least in regions far remote from poliomyelitis. Reactions 
to the control antibody prepared from streptococci iso
lated from the J.?.asopharynx of well persons remote from 
poliomyelitis were consistently minimal or negative. Re
actions indicating specific streptococcal antibody in skin 

"'().---<>- ••• o---..Q., 

~ -~ 

ll- 16- 21- 2~ Jl- a~- l- 6- ll 16- 21-
15 20 25 JO '.35 5 10 15 20 25 

l'.3 15 15 10 14 ll 2'.3 lO 17 14 19 
48 '.37 18 18 10 6 4 19 17 6 6 

Low High 
H111:h Low 

or blood were relatively low in regions where the inci
dence was low in, 1945 and high in 1946 and by far · 
higher in regions where the incidence was high in 1945 
and low in 1946. Antibody and antigen were low where 
the incidence of poliomyelitis was low both in 1945 and 
1946 and least in well persons far remote from polio
myelitis. Cutaneous reactions indicating antigen and 
antibody were far less ip non-contact patients cared for 
in hospitals for non-infective ailments than in well non-

Figure 4. Erythematous reactions indicating 8 poliomyelitie" streptococcal anti
gen and antibody in skin or blood of well non-contact persons accord
ing to age who resided within or at the outskirts of the epidemic of 
1946 and well non-contacts who resided in Rockford, Ill. during the 
severe epidemic of 1945 and the slight recurrence in 1946. 
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Table 2. Erythematous re.actions td intradermal injection of "pol1omyel1tic 11 

and "normal" streptococcal antibody indicating antigen arid 11 polio
myel1tic" streptococcal antigen indicating antibody in skin or 
blood of well non-contact persons in 1946 in relation to the inci-
dence of poliomyelitis in 1945. · 

Number of Erythematous reactions (sq. cm.) to intra-
dermal inJection of 

Incidence of 11 Poliomvelitic 11 streotococcal "Normal" str-
poliomyelitis Groups Per eons eptococcal 

Antibody Antigen antibody ind-
indicating indicating icating anti-
Anti en Antibody gen. 

1945 1946 
% 5 sq % S sq ~ S sq 

Tested Sq cm. cm or Sq cm. !Cm or Sq cm. cm or 
rnn,..A mn'I""" ........... 

s 225 rn:JJ [§§] J.4 32 l.S 12. 
Low High 

* J so J.84 14 l.J6 4 1.2 0 

High Low 6 210 6.6 68 ~ cm 1.6 19 
.,~ 

Low Low 2 147 4.1 JO 1.8 7.5 i.1 9 

Far re111ote 2 127 1.2 7 o.s 1.5 Oo8 4 
from 
pol1o.myel1 tis •• 

2 54 1.76 0 o. 75. 0 o.87 ·o 

* Non-contact bed patients in hospitals having iilness other than polio
myelitis. 

contacts in regions where the incidence of poliomyelitis 
was low in 1945 and high in 1946 and reactions in simi
lar hospitalized patients after the epidemic had disap
peared were minimal and comparable to well non-con
tacts (Table 2). 

In accord with the isolation of the "poliomyelitic" 
type of streptococcus from outdoor air during the epi
demic, it was found that reactions indicating antigen in 
two otherwise comparable groups of patients were twice 
as great in the group cared for in an "outer" ward of 
a general hospital in which windows were widely open, 
some facing hospital wards where cases of poliomyelitis 
were cared for, than in the group in an "inner" ward 
more shielded from outdoor air. 

Similarly, in the epidemic zone the average reaction 
indicating antigen was 6.82 sq. cm. and the reaction in
dicating antibody was _2.69 sq. cm. in 66 nurses living 
in nurses' home, and 9.07 sq. cm. and 4.69 sq. cm. re
spectively in 62 nurses doing comparable work in hos
pitals and living in private homes at some distance from 
the hospital. 

The reactions indicating antigen in skin or blood of 
persons who had had poliomyelitis long before residing 
in the epidemic zone were slightly less, and reactions in
dicating antibody were slightly greater than in similar 
groups that had not had poliomyelitis. · 

Cutaneous tests were made with altogether nine dif
ferent solutions of artificial antibody and of correspond
ing antigen prepared from streptococci isolated in studies 
of poliomyelitis, with three control solutions of antibody 
prepared from streptococci isolated from the nasophar
ynx of well persons remote from poliomyelitis, and with· 
five control solutions of antibody prepared respectively 
from streptococci isolated from the nasopharynx of per
sons suffering from acute respiratory infection, chronic 
encephalitis, arthritis, epilepsy, or schizophrenia, all re
mote from poliomyelitis. Three of the nine solutions o( 
antibody and antigen prepared from streptococci iso
lated in studies of poliomyelitis were prepared from 
streptococci isolated from the nasopharynx, and · two 
from the spinal fluid and spinal cord of persons who 
suffered from or who succumbed to epidemic poliomyeli-
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Figure S •. Erythematous reactions in PE!rsons suffering from poliomyelitis 1946 to intra
dermal injection of Hpoliomyelitic 1 streptococcal antibody, indicating antigen 
and antigen indicating antibody in skin or blood according to the degree of 

paralysis and to the incidence of poliomyelitis in 1945.· 

Erythematous reactions 
(sq om) to intradermal inj
ection of Hpoliomyelit1o 1 

streptococcal antibody and 
antigen. 

Antigen • 

Anti body llIID 

Persons tested 176 62 
e 

.Degree of paralysis 0-4 + 

Incidence of poliomyelitis 

tis. Two were prepared from streptococci isolated from 
spinal fluid or brain and spinal cord of monkeys that 
were ill with or that had succumbed to poliomyelitis fol
lowing inoculation of passage virus; one was prepared 
from streptococci isolated from the brain and spinal cord 
of mice that died of poliomyelitis following inoculation 
of virus virulent for mice and one was prepared from 
three strains of the streptococcus isolated from outdoor 
air in the epidemic zone. Reactions to antibody prepared 
from streptococci isolated in studies of epidemic and 
experimental poliomyelitis and from outdoor air in the 
epidemic zone were roughly comparable and were uni
formly far greater than reactions to intradermal injec
tion of the different control antibody solutions. R~
actions to control injections of NaCl solution, contain
ing 0.2 per cent phenol made in 157 persons suffering 
from poliomyelitis, contacts and non-contacts were uni
formly minimal or entirely negative. 

Some months after these tests were made, my atten
tion was called to the work of Jensen 9 who found that 
the titer of poliomyelitic viral neutralizing antibodies of 
convalescent serum was by far lower in paralytic than 
in non-paralytic or abortive cases. The reactions indicat
ing antigen and antibody in skin or blood of the large 
number of patients tested were summarized according to 
the presence or not of paralysis, to the degree of pa
ralysis and to the incidence of poliomyelitis in 1945 and 
1946. The data are summarized graphically in Figure 5. 
Reactions indicating specific streptococcal antigen in skin 
or blood were high, quite regardless as to whether paraly
sis was absent, slight or marked, and the average re
actions were slightly greater in regions where the inci
dence of poliomyelitis was low in 1945 and high in 1946. 
In sharp contrast, the reactions indicating specific strep
tococcal antibody were far less in the group that con
tracted poliomyelitis in 1946 where the incidence of po
liomyelitis had been low in 1945, as compared with the 

small group that contracted poliomyelitis in 1946 where 
the incidence had been high in 1945. In both groups, 
especially in the former, the average reactions indicating 
antibody were greatest in persons with little or no pa
ralysis and least in persons severely paralyzed, corres
ponding to the viral titers reported by Jensen. 

RESULTS OF CUTANEOUS AND AGGLUTINATION 

TESTS 

In Table 3 is shown the parallelism between reactions 
to intradermal injection of antigen indicating antibody 
and the agglutinative titer for streptococci isolated in 
studies of epidemic and experimental poliomyelitis and 
from outdoor air during the epidemic in 1946 of the 
serum of persons suffering from poliomyelitis and of 
well persons who lived in Rockford, Illinois, during the 
severe epidemic of 1945 and the slight recurrence in 
1946. The comparative lack of antibody in skin or blood 
and in the serum of the five persons who resided in re
gions where poliomyelitis had not occurred in 1945 is 
noteworthy. The relatively low agglutinative titer of the 
serum from persons whose cutaneous reactions indicat
ing antibody was low, and the high agglutinative titer 
of the serum from persons whose reaction indicating 
antibody was high for strains isolated in studies of epi
demic and experimental poliomyelitis· and outdoor air 
and the lack of agglutinins for the control strains are 
all strikingly shown. 

The agglutinative titers of artificial antibody pre
pared from streptococci isolated in studies of epidemic 
and experimental poliomyelitis and as controls of anti
body prepared from streptococci isolated in studies of 
schizophrenia, epilepsy, and well persons over the respec
tive streptococci are summarized in Table 4. A high de
gree of specificity of artificial antibody was shown for 
the homologous types of streptococci isolated in studies 
respectively of poliomyelitis including strains isolated 
from "virus" poliomyelitis in monkeys and mice and in 
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Table 3. Erythematous reaction to intradermal injection of •noliomyelitic11 streptococcal 
antigen, indicating antibody in skin or blood, in relation to the a,..:glutinative 
titer of the serum of persons suffering from poliomyelitis and of well persons 
who lived in Rockford, Illinois during the epidemic of 1945 and the slight recur
rence in 1946. . 

Percentage of total possible agglutination by serum of personu 
suffering from ool1omyel1t1s and of well persons at five fold dil-
,..,.. __ a of: i_in +~ 1,;>cn ,,. 

Cutaneous reac,-
' - "' __ .......... _ .... ~---· 

Groups Per- tion in sq. cm. Naso pharynx, Naeopharynx 
studied sons indicating in spinal fluid of persons Virus of Outdoor Nasopharynx Naso pharynx 

in and skin or blood and spinal suffering bol1omyel1 ti! air during of persons of well 
Rockford ser- •po11omyel1 tic• cord of per- from polio- virulent the epidemic suffering persons re-
Illinois ums. streptococcal. sons who sue myelitis for of polio~- from mote from 

cumbed to after one monkeys. litis, 19 arthritis, pol1omye-
•oliom~e1 • "'i nl'\,,n.ri.al!IS""'"""• litis. 

Anti- Anti- (20>* (14) ... en bodv (7) (3) (15) (18) 

Persons 2 17.77 2.14 9 25 6 3 0 0 
having u:m CE] G.Q] DI] rm 6 Polio- 2 12,57 3 
myelitis 

~ rnJ [ill (fil raJ 2 14.23 3 7 

5** 4.28 2.32 2 10 1 6 2 4 

Well 5 6,87 ~ fEJ [fil IT[] GLl 4 0 
persons. 

liQ:ill Gil (fil GU WJ 5 7,66 3 0 

3 8.04 ~ CID cw ~ 00 6 0 

•Numbers in pareqthesis ~ndicate strains of streptococci in respective suspensions. 
**Persons living in Rockford in 1946 but who resided in regions in 1945 where poliomyelitis 

did not occur. 

T.able ~. Agglutinative titer of artificial antibody prepared from streptococci isolated 
in studies of epidemic and exoerimental poliomyelitis, -

Percentage of total poEsible apglutination of str-
eotococci at five fold dilutions (1:20 to 2500) 
of antibody prepared from streptococci** isolated 

iource of streptococci Strains in studies of: 
subjected to agglutinative or Poliomyelitis action of artificial anti- pools Schizo- Epilepsy Well body. Eoidemic Virus phrenia persons 

5990 2241 5386 789 1079 1076 
(20) (14 (1) (7) (1) (11) 

Persons Nasopharynx, spinal • suffering fluid, brain & 
1 
gR~ nal .5990 (20) Etm IE) rnfil 13 6 0 

:from cord nrior to 1 
epidemic Nasopharynx during 2243 (14) ffil [ID ~ 31 25 poliomye 11 tis the epidemic of 1946 25 

outdoor air during epidemic o:f 1946 1902 (3) GD Gfil 6§1 0 0 0 

Spinal :fluid, brain 6960 (7) cm f7<;l r'R1 ·u 2'i 2') 
& soinal cord o:f that succumbed 5386 (1) mon!revA to "virus• rm rm mn 25 25 25 
Brain & soinal poliomyeU tis, ?004 ( 3) ~ ffil Im cord of mice, 19 0 19 

Arthritis 8762 (8) 25 ~5 25 31 25 31· 

Ne.sopharynx su:f:f ering Schizo- 789 (7) 19 19 19 rm 25 19 of persons from phrenia 
remote from 

Epilepsy poliomyelitis 1079 (1) 0 6 13 6 rm 6 

in 
Medical 1117 (14) 31 31 25 31 31 WI students 

'1orcial 
health Children 1076 (11) 0 6 0 6 6 ~ 

*The :figures in () ind1cate'number o:f strains. 
**The antibody solutions as used in these experiments consisted o:f the bacteria free 

supernatant of 1:100 dilutions of isotonic NaCl solution of the dense 1000 billion str
eptococci per ml suspensions in glycerol two parts and s&.turated NaCl solution one part, 
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Table 5. Agglutination of streptococci isolated in studies of poliomyelitis by the 
serum of persons suffering from acute poliomyelitis before and 24 hours 
after therapeutic injection of 11 pol1omyel1tio 1 streptococcal antibody. 

Percentage of total possib1e agglutination by the ser-
Serums um of persons at .5 fold dilutions of 1-10 to 1-12.50 of 
before & •trentnn~nci isolated in studies of: 
after th- Epidemic pcliomyel1tis 

11 Vi I Arth-
So.urea of' serums erapeutio ..:=ff!mm•i ~4 • ritis 

injection Ca•es Con- Non OUtdo- "-nltevs mice 
of anti- tacts con- or air 
body {~i~· t~41 tacts 1102 6960 5386 2004 8912 

(4) (2) 3) (7) (1) ( 3) (lS) 

20S8 Before 19 31 11 0 13 19 2.5 19 0 
(10>: 24 hours IE ml IID 3 13[] U[( IE 00 0 after 
2059 Before 13 2.5 11 11 16 0 .38 19 0 

Persona (7) 24 hours 00 ~. [li] 00 !ID IE [ID suffering after 16 0 
from Before acute. epidemic 2060 13 25 11 16 14 19 16 19 0 

poliomyelitis (6) 24 hours ml IE lfil mJ [ill (fil fill Gil "f''tl!ll" 0 

2061 Before 19 13 i 16 11 17 38 .31 2.5 0 
(12) 24 hours [BJ [ID [fil 11 [fil [fil 38 um 0 after 

2062 Before 6 31 13 6 11 13 13 13 0 
( .5) 24 hours [ID 00 lfil [ill lli1 00 rm f25I 0 after 

Well persons remote 
........ 

(18) 0 2.5 6 11 0 0 0 0 0 
from poliomyelitis. 

(S) 6 2.5 9 14 6 6 6 0 6 

Persons Idio'Dathic (30) 0 2.5 6 11 0 0 0 0 0 enilensv auffering 
~e!!H~: (14) from: 0 25 .5 11 .5 0 0 0 0 

*Figures within parentheses indicate the number. of strains of streptococci pooled; 
:a.a1 of disease; and *** number of serums per pool. 

studies of schizophrenia, epilepsy and well persons. 

The serum of horses that had been immunized with 
the streptococcus isolated in studies of poliomyelitis also 
agglutinated the streptococcus specifically. 

The agglutinative titers for streptococci of the serum 
of persons suffering from poliomyelitis before and 24 
hours after therapeutic injection of artificial "polio
myelitic" streptococcal antibody are summarized in Table 
5. A consistent increase in titer was found in these 
serums 24 hours after therapeutic injections of artificial 
antibody for streptococci isolated in studies of epidemic 
poliomyelitis, of contacts and non-contacts, of outdoor 
air, and of experimental "virus" poliomyelitis in mon
keys and mice, and which was not found for strepto
cocci isolated in studies of arthritis. 

RESULTS OF THERAPEUTIC INJECTION OF 

ARTIFICIAL ANTIBODY 

A summary of the effects of therapeutic injection of 
artificial antibody on cutaneous reactions indicating an
tigen and antibody respectively is shown graphically in 
Figure 6. Only one therapeutic, intramuscular, or sub
cutaneous injection of artificial antibody was given to 

each patient. This usually consisted of 2 ml. of the solu
tion of antibody from 5 billion streptococci for children 
five years of age or younger and two additional milliliter 
for each additional year of age up to 20 years. A truly 
remarkable diminution of antigen and increase in anti
body uniformly occurred in from one to three hours 
after the injection and remained at low and high level 
respectively for 24 or 48 hours or longer. Control injec
tion of NaCl solution had no apparent effect. 

Of the 26 patients each receiving one therapeutic in
jection of the "poliomyelitic" streptococcal antibody, 19 
showed clinical improvement, apparently attributable to 
this new treatment, as cutaneous reactions indicating an
tigen promptly diminished, and reactions indicating anti
body increased. In two of these, both advanced cases of 
bulbar poliomyelitis, the improvement was temporary 
and death from respiratory failure ultimately occurred. 
In no instance of the 26 patients ~iven therapeutic in
jection were the symptoms made worse. No clinical 
change attributable to the injection of antibody occurred 
in seven; all were severely paralyzed and four of the 
seven died. All of the four who died had been in the 
respirator because of advanced bulbar poliomyelitis and 
beneficial action was not to be expected. The details of 
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Figure 6. Erythematous reactions to intradermal injection of antibody 
and antigen indicating antigen and antibody respectively in 
skin or blood of persons suffering from poliomyelitis foll
owing therapeutio intramuscular injection of •poliomyelitic• 
streptococcal antibody. 

Er7thematous reactions (sq. cm.) 
to intradermal injection or 
antibody and antigen. 

• • antigen 
o-------o antibod.J 

20 

18 
16 

~ 
" '• I' 

I ' I I 
I 
I 

Time of cutaneous tests, betore B, 
and hours after therapeutic inject- B 3 12 24 
ion of antibody or of NaCl solution. 

B )l224B 3 

Duration of disease e a.9 aay11 
Persons tested 7ears 15 l) 11 l) 

Cutaneous tests (92.) 6 2 s 10 6 12 5 6 7 
Therapeutio intramuscular injections Antibody 

the results obtained in treatment will be reported else
where. 

COMMENTS AND SUMMARY 

The results of a bacteriologic and epidemiologic study 
of poliomyelitis made by new methods are reported. 

The presence in the epidemic of poliomyelitis of 1946 
of a specific type of streptococcic infection was indicated 
( 1) by the consistent isolation from persons stricken, 
of streptococci that produced flaccid paralysis associated 
with degeneration of anterior horn cells in high inci
dence in mice; (2) by the specific agglutinative titer of 
convalescent serum, the serum of horses that had been 
immunized with the streptococci isolated in previous 
epidemics and the artificial antibody prepared from the 
streptococcus isolated in previous and the current epi
demic; (3) by the erythematous reactions to intradermal 
injection of natural and artificial antibody and to anti
gen prepared from the streptococcus isolated in previous 
and the current epidemic indicating, respectively, specific 
streptococcal antigen and antibody in skin or blood; 
( 4) by the progressive diminution of antigen and the 
increase in antibody in skin or blood ·and by the in
crease of the agglutinin titer in the serum as spontane
ous recovery occurred; (5) by the abrupt drop in anti
gen and abrupt increase in antibody in skin or blood of 

persons suffering from poliomyelitis and the improve
ment in symptoms following therapeutic injection of the 
"poliomyelitic" streptococcal antibody and by its neutral
izing action of poliomyelitic virus virulent for mice; and 
( 6) by the demonstration of pleomorphic diplococci in 
the lesions in the spinal cord of persons who succumbed 
to poliomyelitis and their absence remote from the 
lesions. 

The epidemiologic importance of the streptococcus 
was indicated ( 1) by the demonstration of specific strep
tococcal precipitinogen in and the isolation from outdoor 
air within the epidemic zone of a streptococcus which 
produced flaccid paralysis in mice in high incidence and. 
which was agglutinated specifically in high titer by arti
ficial antibody prepared from streptococci isolated from 
persons suffering from poliomyelitis and by convalescent 
serum; (2) by the isolation of the streptococcus true to 
type from the nasopharynx of well contacts and non
contacts in the epidemic zone; (3) by the general pres
ence of this type of subclinical streptococcal infection in 
contacts and non-contacts as indicated by cutaneous 
tests; and (4) by the decrease in antigen and increase 
in antibody in skin or blood on prolonged contact; and 
( 5) by the absence of this type of streptococcus in the 
air and in persons remote from poliomyelitis. 
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The production in mice of the all-important symp
tom, flaccid paralysis, associated with edema, hemorrhage 
and degeneration of ganglion cells in the anterior horns 
of the spinal cord with the streptococcus isolated from 
persons ill, well contacts and outdoor air is considered 
of fundamental importance even though some of the 
clinical and histological findings as seen in epidemic 
poliomyelitis in humans and experimental "virus" polio
myelitis in monkeys were lacking. 

The reactions indicating a far . higher streptococcal 
antibody content of skin or blood and in the serum of 
well non-contact persons in regions where poliomyelitis 
was epidemic in 1945 than in regions where the inci
dence of poliomyelitis was low in 1945 parallel the in
crease in viral neutralizing antibodies in the serum of 
well persons 10 after exposure 11 and after epidemics re
ported by others.12•13•14 

The high titer of specific streptococcal antibody in 
skin or blood during convalescence from poliomyelitis 
and in well persons during mild outbreaks in 1946 where 
poliomyelitis was epidemic in 194 5 reported here~ith 
indicates it would seem the etiologic role of the strep
tococcus for the same fundamental reason that the pres
ence of viral neutralizing antibodies in the serum of 
convalescents and well persons in relation to the occur
rence of epidemics reported by others indicates the etio
logic role of the virus.s,l5,16,17 

Moreover, the greatly lower titer of streptococcal anti
body in skin or blood reported herewith and the greatly 
lower titer of viral neutralizing antibodies reported by 
Jensen 9 in convalescent serum of paralytic poliomyelitis 
than in abortive or non-paralytic poliomyelitis likewise 
indicate etiologic significance of both the streptococcus 
and virus and that perhaps paralysis developed because 
of the lack of adequate antibody formation. Whether 
tliis striking parallel lack of viral and streptococcal anti
body formation in paralytic poliomyelitis is expressive of 
a familial, physiologic or autarceologic defect and hence 
heightened susceptibility, as suggested by Aycock 18 and 
as empliasized by At\derson, 19 or whether due to a par
ticularly severe infection by the streptococcus or virus 
is not clear. 

Cutaneous reactions obtained in epidemic poliomyelitis 
before and after therapeutic injection of artificial anti
body were similar to those obtained in studies of influ
enza and other epidemic respiratory infections, and in 
arthritis, epilepsy and schizophrenia with antibodies pre
pared from streptococci isolated from persons suffering 
from these respective diseases. Interestingly, intradermal 
injections elicited reactions indicating specific strepto
coccal antigen for six to eight weeks following attacks 
of poliomyelitis and for only two to three weeks follow
ing attacks of epidemic respiratory infections, corre
sponding to the enduring immunity in poliomyelitis and 
the transient immunity in influenza and epidemic res
piratory infections. 

The much higher specific antibody titer in well per
sons and in persons stricken in regions where poliomyeli
tis was epidemic in 1945. and where few cases occurred 
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in 1946, than that of well persons and persons stricken 
in regions where few or no cases occurred in 1945 and 
where poliomyelitis was epidemic in 1946, the general 
presence of the specific type of streptococcus in both re
gions in 1946 and the absence of specific antigen and 
antibody in persons far remote from poliomyelitis indi
cate that the immunity to poliomyelitis following epi
demics may be due to a greatly accelerated response in 
antibody formation on antigenic restimulation by the 
"seasonal" recurrence of the specific type of streptococ
cus and perhaps the accompanying virus. 

The question whether the abrupt decrease in specific 
antigen and increase in antibody following therapeutic 
injection of artificial antibody is due wholly to the anti
body injected, as would seem, or whether due in part 
to the release of preformed .sessile antibodies from 
lymphocytes, reticulo-endothelial a,nd other cells remains 
undetermined. This question, the further effects of 
therapeutic injections and the chemistry of artificial anti
body are under study. 

The data adduced iri this study by the use of the new 
methods are in accord with previous studies and indicate 
anew that a specific type of alpha streptococcus, in some 
way, is etiologic in epidemic poliomyelitis. Experiments 
indicating the nature of the apparent relationship of · 
both the streptococcus and the virus to poliomyelitis are 
not lacking. By the use of special methods the strepto
coccus has been consistently isolated from or demonstrat
ed in the spinal fluid at the onset of symptoms of epi
demic and experimental poliomyelitis when polymorpho
nuclear leukocytes are the predominating cell in the 
spinal fluid and in the lesions in the spinal cord, 20 in 
the lesions after death, and in filtrates and emulsions of 
poliomyelitic virus.1 Filtrable transmissible poliomyelitic 
virus resembling natural virus in infectivity and anti
genicity has been produced experimentally from "neuro
tropic" streptococci, including strains isolated from ma
terial ·wholly remote from poliomyelitis.1•21•22,23 

The studies on the virus made now for nearly 40 
years have been so alluring that the solution of the prob
lem has quite naturally been sought from this stand
point, almost to the exclusion of forthright bacteriologic 
studies. It is hoped that the results, reported herewith, 
will lead to a broader approach at the solution of this 
prOblem than that hitherto employed, to a study of both 
the streptococcus and the virus. 
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