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T HE epidemic of poliomyelitis studied occurred dur
ing the summer of 1947, and it was the fourth an

nual epidemic in a large city in the Midwestern section 
of the United States. Two hundred and forty-six frank 
cases, and a much larger number of suspected cases, 
occurred among the population of more than 350,000 
inhabitants in 1947; fifty-nine cases in 1946, forty cases 
in 1945 and one hundred and twenty-three cases in 1944. 
The 1947 epidemic was one of only three sizeable out
breaks in the United States one year after the severe and 
extremely widespread epidemic of poliomyelitis of 1946. 
The reasons for this abnormal incidence of poliomyelitis 
had remained obscure. Various possible causes, such as 
flies and mosquitoes, sewage, the polluted water of an 
abandoned canal, swimming pools and the "smudged" 
atmosphere, were considered. The water and milk sup
plies were rigidly tested and found satisfactory, accord
ing to present day standards. The epidemic was charac
terized by a high incidence among the general popula
tion, especially among children, of a peculiar, relatively 
mild infection of the throat associated with fever for 
several days. The symptoms referable to the upper res
piratory tract and to the central nervous system were 
similar among all persons ill, regardless of whether typ
ical poliomyelitis did or did not develop. There was a 
high incidence of abortive or nonparalytic cases. The 
mortality rate was low, despite a high incidence of the 
bulbar type of the disease. The range in age incidence 
was wide; infants, young and older children and adults 
being afHicted. The range of involvement of muscles in 
different persons also was wide but, in agreement with 
the low mortality rate, complete paralysis of muscle 
groups was uncommon.t 

From epidemiologic considerations, 1 this epidemic 
should not have occurred because of the previous high 
annual incidence of the disease. A special reason, there
fore, seemed to be operative. By the use of special and 
new methods I attempted to determine the reason for 
this abnormally high incidence of poliomyelitis. 

METHODS OF STUDY 

Serial dilution cultures 2 were made in freshly pre
pared dextrose-brain b_roth, of nasopharyngeal swabbings 
and of the water and milk supplies. The dextrpse-brain 
broth, as used, was prepared by adding pieces of ·fresh 
calf brain, approximately one part by volume, to six or 

*Presented at the meeting of the Ohio Branch of the Society 
of American Bacteriologists, C.?lumbus, Ohio, October 25, 1947. 

tGrateful acknowledgment is hereby made for the coopera
tion of superintendents of hospitals, nurses and children's 
homes; and directors of city and county health and water de
partments which made this study possible. 

seven parts of 0.2 per cent dextrose broth before auto
claving. The finished medium was placed in 15 ml. 
amounts in test tubes (6"x Ys"). Blood-agar plates were 
inoculated with nasopharyngeal swabbings and with the 
milk. Nasopharyngeal swabbings were made from be
hind and above the soft palate, without touching the 
tongue, using cotton wrapped aluminum wire bent to a 
suitable angle. The adherent material on the swabs was 
washed off in 2 ml. of solution of sodium chloride. Of 
this washing, 0.15 ml. was inoculated into the first tube 
of a series of five tubes of dextrose-brain broth; 1.5 ml. 
of water containing the sedimented organisms from 
15 ml. of centrifuged water representing samplings of 
water supplies, and 1.5 ml. of each sample of milk were 
likewise added to the first tube in each series of five 
tubes of dextrose-brain broth. The samples of milk had 
been kept well refrigerated with ice until the cultures 
were made, which was usually within twenty-tour hours 
after pasteurization. After thorough mixing with a ster
ile 1 ml. pipette, 0.15 ml. was transferred from tube 
to tube in each series. One pipette was used in each 
series to mix and transfer the respective materials from 
tube to tube. The dilutions of the nasopharyngeal 
washings ranged from 1: 100 to 1: 10,000,000,000; the 
dilutions of the milk ranged from 1: 10 to 1: l,000,000,-
000 and of the water from 1: 1 to 1: 100,000,000. In 
making serial dilutions of sodium chloride solution sus
pensions or broth cultures containing specifically viru
lent streptococci, without changing pipettes, it was found 
that dilution of viable organisms often was far less than 
that of the liquid menstruum and that serial dilutions 
in the highly favorable medium, dextrose-brain broth, 
served to separate the pathogens from saprophytes, just 
as if the pathogens adhered to the surfaces of the pipette 
and the saprophytes did not. 

The streptococcus used for inoculation of animals, for 
preparation of very dense ~uspensions of partially de
hydrated streptococci in glycerol (2 parts) and saturated 
sodium chloride solution ( 1 part) for agglutination and 
precipitation studies and for the preparation of thermal 
antibody and of antigen, were obtained either from the 
end point of growth, usually in the third, fourth or fifth 
serial dilution, or from the first, second or third rapidly 
repeated sub-culture in dextrose-brain broth. 

Young white mice of the Swiss type, weighing 15 to 
18 gms., were inoculated routinely, under ether anes
thesia, intracerebrally with 0.03 ml. or intraperitoneally 
with 1 ml., of 10: 1 suspensions in solution of sodium 
chloride of the streptococcus from the nasopharynges of 
persons ill and from the milk, before and after from 
one to four pasteurizations in milk and after one or two 
animal passages. 



48 

The resistance to heat of the streptococcus isolated 
from nasopharynx and from the pasteurized milk and 
other sources was determined by subjecting suspensions 
of the respective streptococci in autoclaved milk con
tained in 15 ml. amounts in rubbed capped bottles, to 
145° F. or 158° F. for 30 minutes. The temperature 
inside of control vials containing milk was checked with 
certified thermometers. Sterility cultures were made in 
dextrose-brain broth. 

The agglutinating action of normal and convalescent 
serum was determined in three five-fold dilutions of 1: 10 
to 1:250. That of "natural" antibody present in the 
serum of immunized horses and of thermal antibody pre
pared in vitro with streptococci isolated, respectively, in 
studies of poliomyelitis, arthritis and epilepsy was de
termined at four five-fold dilutions of 1: 10 to 1: 1,250. 
Two-tenths ml. of the respective dilutions of serums or 
thermal antibody, and 0.2 ml. of the respective suspen
sions containing approximately 6,000,000,000 strepto
ccoci per ml. were added to test tubes measuring 3"x%". 
The mixtures were thoroughly shaken and then incu
bated at 45 to 48° C. for eighteen hours. Readings were 
made under the edge of a shaded 100-watt light bulb 
against a non-reflecting black velvet cloth in a dark 
room. For the sake of brevity and clarity, the agglutina
tive titers in tables and text are given in per cent of the 
total possible. Maximal agglutination of 4 plus for each 
dilution was considered 100 per cent. The percentage 
was obtained by dividing the observed degree of agglu
tination by the total possible (12 for the three dilutions 
and 16 for the four five-fold dilutions) . 

In studies on the production of streptococcal anti
bodies in vitro, it has been found that as the bacteria 
disintegrate in sodium chloride solution suspensions, on 
application of heat in the autoclave, toxic components 
are destroyed, the remnants of organisms become sharply 
agglutinated and brownish in color and substances re
sembling antibodies suitable for diagnostic tests of spe
cific antigen in skin or blood become demonstrable. in 
the supernatant of the suspension.3•4 

Sodium chloride solution suspensions of streptococci 
(10,000,000,000 organisms per ml.) which had been iso
lated in studies of poliomyelitis, and other diseases, were 
autoclaved for ninety-six hours and heated at 65° C. for 
one hour, respectively. To these suspensions phenol was 
added to equal 0.2 per cent. The bacteria-free super
natant of the autoclaved and heated suspensions repre
sented antibody and antigen, respectively, and were in
jected intradermally for the detection of specific antigen 
and antibody in the skin or blood of persons ill, of well 
contacts and of noncontacts. Solutions similarly pre
pared from streptococci unrelated to poliomyelitis and 
NaCl solution containing 0.2 per cent phenol were in
jected as controls. Immediate erythematous reactions oc
curred after intradermal injection of 0.03 ml. of the 
supernatant solution containing antibody, provided an
tigen specifically related to the streptococcus from which 
the antibody was prepared was present in skin or blood. 
A similar, although usually a less intensive, erythema 
occurred immediately surrounding the site of injection 
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of the antigen, provided antibody specifically related to 
the streptococcus was present in the skin or blood. In 
studies to be reported elsewhere of persons suffering 
from diverse diseases associated with specific types of 
streptococci, including poliomyelitis, erythematous re
actions, indicating streptococcal antigen in skin or blood, 
that occurred after intradermal injection of thermal and 
natural antibody ran closely parallel and reactions ob
tained on injection of solutions of respective antigen and 
specific polysaccharide also ran closely parallel. 

RESULTS OF CULTURES OF THE 

WATER SUPPLY 

Serial dilution cultures in dextrose-brain broth were 
made of 10: I suspensions of the centrifuged sediment 
of forty samplings of water. Fourteen of these samplings 
were collected for me by the Water Department from 
widely separated parts of the city from outlets routinely 
tested. Seven were collected by the Department of 
Health in homes where poliomyelitis had recently oc
curred. Four samplings were of polluted water from a 
canal traversing the city and samplings were obtained 
from four swimming pools. I collected eleven samples 
from water supplies of buildings equipped with flush 
types of toilet valves, four at the inlet and seven within 
the buildings. Streptococci were isolated from but one 
of the fourteen samples representing the city supply 
routinely tested. This culture proved nonvirulent, was 
killed by standard pasteurization in milk and was not 
agglutinated by convalescent serum or by the poliomy
elitis antistreptococcic serum. Streptococci grew in mix
ture with gram-negative, gas-forming bacilli in but one 
of the four samples of water from the canal and in four 
of the seven samples from within buildings equipped 
with the flush type of toilets; Thus, of the forty samples 
cultured, a streptococcus was isolated in pure culture 
from but one sample. Streptococci grew in mixture with 
other bacteria in cultures from five and streptococci did 
not grow in cultures of thirty-four of the forty sam
plings. 

RESULTS OF A STUDY OF THE MILK SUPPLY 

The results of a microscopic examination and cultural 
study of the milk supply by making serial dilutions in 
dextrose-brain broth, according to the "flash" or "hold
ing" methods of pasteurization, and of raw milk are 
summarized in Table 1. It will be seen that the number 
of streptococci found on microscopic examination of 
stained films and the incidence of isolations were uni
formly higher, especially isolations in pure culture, from 
specimens that had been pasteurized by the "flash" 
method than by the "holding" method. In most in
stances, streptococci grew at extremely high dilutions of 
the milk in the serial dilution cultures in dextrose-brain 
broth, indicating the presence of large numbers of viable 
streptococci. Altogether, mixed or pure cultures of the 
streptococci grew in serial dilution cultures in fifty-four 
instances and pure cultures were obtained in twenty-two 
instances (37 per cent) of the sixty samples of thirty
two brands cultured, representing virtually the entire 
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TABLE 1 

Summary of a Bacteriologic Study of the Milk Supply 

RESULTS OF MICROSCOPIC AND BACTERIOLOGIC STUDIES OF 
SAMPLINGS OF THE MILK SUPPLY 

Serial dilution 
Microscopic examination cultures in 

of gram-safranine stained dextrose-brain 

Condition of milk 
·films broth 

Sam-
Number plings Streptococci present in 

of exam-
Pure brands ined Moder- Mixture 

Large ate Small Total or in culture* 

num- num- num- (per pure. Num- Per 
be rs hers be rs cent) culture her cent 

--

" "Flash" method 
0 (161° or 165° F., 3 19 6 5 6 89 19 18 95 N 
·c >. 17 or 25 sec.) 2..o 
"' "Holding" method "' ~ (145° for 30 min.) 25 37 5 8 11 65 33 13 35 
--
Unpasteurized 4 4 0 2 I 75 2 1 25 

Total 32 60 11 15 18 73 54 .22 37 
*From end pomt of growth 

TABLE 2 

Resistance of Pasteurization in Milk of Streptococci Isolated from Nasopharynges of Persons Having Poliomyelitis, and ·from the 
Milk Supply · 

STRAINS OF STREPTOCOCCI THAT RESISTED PASTEURIZATION IN 

Number 
Source of streptococci of 

strains 

Nasopharynges of persons having·acute 
poliomyelitis 39 

Pasteurized milk supply 51 

Control: nonvirulent streptococci 15 

Persons having poliomyelitis, and the 
milk supply 15 

milk supply of the city. Only relatively small numbers 
of streptococci grew on blood-agar plates. 

The results of a study of the heat resistance in milk 
of the streptococci isolated from the nasopharynges of 
persons having poliomyelitis and from the milk supply 
are summarized in Table 2. The high incidence of iso
lations of the streptococcus, alike from nasopharynx 
and from the milk supply, and the low incidence of iso
lations of control strains after heating to 145° F. for 
thirty minutes and the low incidence of isolation of the 
specific strains after heating to 154° F. for thirty min
utes are well shown and are in accord with previous 
studies.5 The four of fifteen specific strains that resisted 
pasteurization at 154 ° F. for thirty minutes had resisted 

MILK AT 

145° F. for 158°F. for 
30 minutes 30 minutes 

Number Per cent Number Per cent 

22 56 

33 64 

2 13 

10 67 4 27 

three previous pasteurizations at i4 5 ° F. Each of these 
four strains produced flaccid paralysis in mice on isola
tion after commercial pasteurization by the "flash" meth
od, and all proved nonvirulent after three additional 
pasteurization including pasteurization at 154° F. for 
thirty minutes. 

RESULTS OF EXPERIMENTS IN MICE 

The results following inoculation of a large number 
of mice with the streptococcus isolated from the naso
pharynges of persons having acute poliomyelitis, fi;om 
the milk supply of the epidemic under study, and from 
outdoor air during September and early October, f947, 
representing five Middle West states, in contrast to those 
obtained in mice similarly inoculated with streptococci 
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TABLE 3 
Results in Mice Inoculated with Streptococci Isolated from the N asopharynges of Persons Having Poliomyelitis and from the Mille 

Supply of a Major Epidemic, in Contrast to Results Obtained with Streptococci from Sources Other Than Poliomyelitis 

MICE 

Cultures from 
brain after 

Mor-- With death Source of 
streptococci Strains Inocu-- Observed to have tality lesions 

lated* (per of lungs Per cent 
cent) Num- yielding 

Paralysis Spasms 
(per cent) 

ber strept,o--
(per cent) (per cent) COCCI 

---
Polio--
myelitis 25 54 83 5 72 1 31 96 

---
In relation Pasteurized 
to epidemic Milk 19 165 75 4 44 4 76 87 
poliomyelitis Supply 

Outdoor 
air 7 22 41 5 68 2 15 68 

---
Epilepsy 22 123 0 75 80 4 45 91 

---
Remote from Epidemic 
epidemic Respiratory 32 60 0 2 67 62 32 75 
poliomyelitis Infections 

Schizo--
phrenia 10 32** 6 0 59 0 17 100 

Miscel--
laneous 48 126 5 3 68 6 58 71 

*About one-third of the animals in the first five groups were inoculated intraperitoneally. 
All others were inoculated intracerebrally. 

**Twenty of the 32 mice became extremely excitable. 

isolated from the nasopharynges of persons ill with di
verse diseases remote from epidemic poliomyelitis, are 
summarized in Table 3. The strains isolated from per
sons having poliomyelitis, from the milk supply and, t~ 
a lesser but significant degree, from the outdoor air in 
September caused a high incidence of paralysis, usually 
flaccid in type, which was not the case following iden
tical inoculations of streptococci from the control groups. 
In sharp contrast, streptococci isolated in studies of idio
pathic epilepsy caused a very high incidence of spasms, 
often associated with generalized convulsions, and strep
tococci similarly isolated from nasopharynges of persons 
suffering from epidemic respiratory infections caused a 
high incidence of lesions of lungs. The mortality rate 
and isolations of streptococci from the brains of animals 
that succumbed, while significant, were not as distinctive 
as the symptoms and lesions that developed after inocu
lation of both the test and the control strains. 

RESULTS OF AGGLUTINATION TESTS 

The agglutinative titer of the serum of horses pre
pared, respectively, with streptococci isolated in previous 
studies of poliomyelitis and arthritis, and that of thermal 
antibody prepared with streptococci isolated from the 
nasopharynges of persons having poliomyelitis in the 
epidemic under study, and of persons having epilepsy 
remote from poliomyelitis are summarized in Table 4. 
The much higher percentage ·of agglutination by the 

homologous natural and thermal antibody than that by 
heterologous antibody is strikingly shown. 

The agglutinative titer of serums from persons was 
determined separately. A summary of the results of the 
different groups is shown in Table 5. It will be seen that 
the average percentage of total possible agglutination 
by the serums from persons having nonparalytic polio
myelitis was uniformly higher, and often much higher, 
both at five to twelve days and thirteen to twenty-one 
days after onset of the disease than the serums from per
soris of the same age having paralytic poliomyelitis. 
Moreover, there was a striking parallelism between ag
glutinative titer of the serums and antibody titer in skin 
or blood as determined by intradermal injection of spe
cific streptococcal antigen. The agglutinative titer of the 
serum of well persons remote from the epidemic was 
always much lower than that of the serum of persons 
convalescing from mild poliomyelitis. 

RESULTS OF CUTANEOUS TESTS 

The results of erythematous reactions to intradermal 
injection of thermal antibody and of antigen are sum
marized. in Table 6. It will be seen that the average 
reactions in square centimeters and percentage of re
actions 5 sq. cm. or more, indicating specific streptococcal 
antigen in skin or blood, was greatest among persons 
suffering from paralytic poliomyelitis (14.57 sq. cm.), 
next greatest in non-paralytics ( 13 .90 sq. cm.) ; greater 

' ' 

' J 
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TABLE 4 
Agglutinative Titer of Antiserum Prepared in Horses and Ther ma! Antibody Prepared in Vitro with Streptococci Isolated in 

Studies of Poliomyelitis, Arthritis and Epilepsy for the Respective Streptococci 

Source of "natural" and artificial I 
antibody 

Antiserums prepared in horses 
with streptococci isolated in 

Poliomyelitis 

previous studies of Arthritis 

Artificial or thermal anti- Poliomyelitis 

PERCENTAGE OF TOTAL POSSIBLE AGGLUTINATION AT FIVE-FOLD DILUTIONS 
(1-10 TO 1-1250) OF ANTI-SERUM AND THERMAL ANTIBODY OF STREPTOCOCCI 

ISOLATED IN 1947 FROM: 

N asopharynges of Milk N asopharynx remote from 
persons having supply epidemic poliomyelitis 
poliomyelitis in of 

Persons having 

Epidemic under study Well 
Epi- Ar th-1946 persons 

(2-78) (3-11) (2-24) (2-21) lepsy ritis 
(1-28) (1-30) 

56 50 50 6 0 6 

31 25 31 0 19 56 

body prepared from strepto- during current 88 88 69 19 31 38 
cocci isolated from nasophar- epidemic 
ynges of persons having 

Epilepsy 38 38 38 25 69 19 

TABLE 5 
Agglutinative Titer of the Serum of Persons Suffering from Polio myelitis for Streptococci Isolated in Studies of Poliomyelitis in 

Relation to the Titer of Streptococcic Antibody in Skin or Blood, Duration of the Disease and Degree of Paralysis 

PERCENTAGE OF TOTAL POSSIBLE AGGLUTINATION BY FIVE FOLD 
DILUTIONS OF 1-10 TO 1-250 OF THE SERUM OF .PATIENTS, CONTACTS 

AND NONCONTACTS OF STREPTOCOCCI ISOLATED IN STUDIES OF 
Average 

Duration cutaneous 

Groups of Ser- reaction 
disease urns indicating 

days antibody 
(sq. cm.) 

1946 

:~ "'"' None 7 34 
B §~~.;!a 5-12 

-.:; bO"t v ~ ~ Severe 6 22 
>- .5 ~~"'d"'; 
E "'O :i vs.., 

.9 s""tj~~ [ Slight 9 39 
0 8v~"'d'- 13-21 
11< <:<'3'0 2 0 Severe 7 21 

I bl)C: Large 15 11.02 37 
"Cl "' B ~-§~ c: ... 
"' u bO'""'dc:'"O Small 8 2.01 19 ~e .5 g;:B·;J u c:. 
"'0 1: 0 C:"rj..C 

Large 8 10.63 29 ... u o v·- o s... 
c: c: u ~ 11}..Q 0 
0 0 < e a·o uc: E·z; Small 5 5.49 23 

Well persons remote from 
epidemic poliomyelitis 13 2 

in persons that had not been exposed to poliomyelitis 
in 1946 (12.34 sq. cm. and 12.50 sq. cm.) than in per
sons that had been exposed in 1946 (10.08 sq. cm.) and 
slightly less in contacts and non-contacts (9.71 sq. cm.). 
In sharp contrast, reactions to antigen indicating specific 
streptococcal antibody in skin or blood were least among 
persons having paralytic poliomyelitis (4.06 sq. cm.), 

Epidemic poliomyelitis from 

N asopharynx 
Well per-

Pasteurized sons re-

milk supply mote 
Spinal fluid Well per- of a major from 

1947 brain and sons in epidemic poliomyeli-
spinal cord epidemic 1947 tis 

1935-44 zone 1947 1947 

32 19 45 37 8 

19 13 43 32 0 

38 19 46 49 7 

15 7 33 29 6 

35 17 46 41 7 

16 12 31 35 2 

32 18 43 40 7 

18 8 27 25 5 

I 0 7 12 29 

somewhat greater in non-paralytics (6.35 sq. cm.), still 
greater among well persons living in widely separated 
homes but not directly exposed to poliomyelitis in 1946 
(8.08 sq. cm.) and well contacts and non-contacts (8.91 
sq. cm.) ; reactions indicating antibody were greater 
among well physicians and nurses that had been exposed 
to poliomyelitis in 1946 (9.12 sq. cm.) than in those not 
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TABLE'6 
Erythematous Reactions of Persons with Poliomyelitis and of Well Contacts and Noncontacts During the Epidemic of Poliomyelitis 

in Akron, Ohio ( 1947), Following lntradermal Injection of Streptococcic Thermal Antibody and Streptococcic Antigen 

ERYTHEMATOUS REACTIONS TO THERMAL ANTIBODY AND TO ANTIGEN 
PREPARED FROM STREPTOCOCCI ISOLATED IN STUDIES OF 

Well persons 

Epide~ic poliomyelitis 
~efeir'.ltory remote from 

m ect1ons poliomyelitis 

Reactions indicating presence in skin 
of streptococcic 

or blood 

Antigen Antibody Antigen Antigen 
Per- ------------------------

Groups of persons tested sons Aver- % 5 sq. % 5 sq. % 5 sq. % 5 sq. 
(September, 1947) test- age cm. or cm. or cm. or cm. or 

ed age* Sq. cm. m·ore Sq. cm. more Sq. cm. more Sq. cm. more 
---------------------------

Cases of nonparalyti~ polio-
myelitis 35 8 13.90 100 6.35 100 5.70 33 3.28 23 

------------------------
Cases of paralytic poliomyelitis 29 13 14.57 100 4.06 45 3.84 24 3.38 21 

---------------------------
Well contacts and noncontacts: 
children at a children's home 25 11 9.71 100 8.91 92 3.25 40 2.61 20 

---------------------------
Well contacts: physicians, 
nurses and hospital per- Not ex- 23 19 12.34 82 4.58 39 4.36 31 2.47 17 
sonnel in relation to posed 
exposure to poliomyelitis ---------------------------
in 1946 Exposed 37 34 10.08 100 9.12 100 4.95 51 2.35 16 

---------------------------
Well noncontacts: adult persons 
living in widely separated homes, 25 31 12.50 96 8.08 96 3.27 40 3.82 36 
exposed to poliomyelitis in 1946 

---------------------------
Hospital personnel, Cincinnati, 
Ohio, remote from cases of 31 
poliomyelitis 

37 5.82 61 2.58 23 2.32 16 2.23 13 

*Years 

TABLE 7 
Erythematous Reaction to Intradermal Injection of Thermal Antibody and to Antigen prepared from Streptococci Isolated from 

the Nasopharynges of Persons Ill with Poliomyelitis, and from the Pasteurized 
Milk Supply in the Epidemic of Poliomyelitis under Study 

ERYTHEMATOUS REACTIONS IN SQ. CM. TO INTRADERMAL INJEC-
' TION OF THERMAL ANTIBODY AND TO ANTIGEN PREPARED FROM 

STREPTOCOCCI ISOLATED IN STUDIES OF 

Average Epidemic poliomyelitis 
Degree dura- Per-

Groups of tion of sons Under study Elsewhere 
studied para!~ disease tested 

\ 

Controls* 
ysis (days) Naso- Milk 

pharynx supply N asopharynx 

Reactions indicating presence in 
blood of streptococcic 

skin or 

Antigen Antigen Antigen Antibody Antigen 

Severe 14 7 8.75 11.20 12.48 2.27 1.15 
Persons having 
poliomyelitis Slight 

or none 6 6 6.86 10.73 12.67 8.01 2.82 

Well contacts in epidemic 7 7.42 9 .. 40 10.96 6.80 . 2.75 
under: study 

Non contacts remote from 
poliomyelitis 6 3.93 3.31 3.78 1.12 2.81 

*Well persons remote from poliomyelitis 



FEBRUARY, 1949 

so exposed (4.58 sq. cm.). (See also Table 7). Reactions 
indicating antigen and antibody were far lower for the 
control group than for groups living in th_e epidemic 
under study. Reactions to injections of control antibody 
prepared from streptococci isolated from nasopharynges 
of persons suffering from respiratory infections and of 
well persons remote from poliomyelitis were uniformly 
far less than to antibody prepared from streptococci 
isolated in studies of poliomyelitis. However, reactions 
of persons ill, of contacts and non-contacts and other 
well persons in the epidemic under study, where mild 
infection of the throat was common, were significantly 
greater to antibody prepared from streptococci isolated 
in studies of respiratory infection than to antibody pre
pared from streptococci isolated from the nasopharynges 
of well persons. 

Since the streptococcus isolated from the milk supply 
was agglutinated in a manner similar to the streptococcus 
isolated from persons suffering from poliomyelitis, in
dicating antigenic -identity, then thermal antibody pre
pared from it should incite cutaneous reactions similar 
to those that occurred after injection of antibody pre
pared from the streptococcus isolated from the naso
pharynges of persons having acute poliomyelitis. This 
proved to be so, as shown in Table 7. Moreover, similar 
reaction to intradermal injection of antibody prepared 
from the streptococcus isolated from the milk supply, 
from the nasopharynges of persons having poliomyelitis 
in the epidemic under study and in an epidemic else
where were obtained in persons who had contracted 
poliomyelitis and in well contacts in other mild out
breaks. Minimal reactions among non-contacts remote 
from poliomyelitis, tested as controls, also ran closely 
parallel. It is well shown too that there was a much 
higher antibody titer among persons with little or no 
paralysis (8.01 sq. cm.) than among persons severely 
paralyzed (2.2 sq. cm.). 

On the basis of these findings and the fact that anti
gen and antibody titer of skin or blood were uniformly 
greater among persons residing in the epidemic under 
study than occurred in other epidemics (in 1946 and 
1947, to be reported elsewhere), it was decided to study 
the effect of the ingestion of the milk by well persons 
remote from the epidemic. 

EXPERIMENTAL INDUCTION OF SPECIFIC 

CUTANEOUS REACTIONS BY INGESTION OF THE 

CONTAMINATED MILK 

One of the most used brands of homogenized milk 
from the epidemic zone, which was pasteurized by the 
"fl.ash" method and from which the specific type of strep
tococcus was isolated, as well as from three previous 
samplings, was taken properly refrigerated to Cincinnati. 
This milk was ingested in parallel manner with a local 
brand of milk pasteurized at 145° F. for thirty minutes, 
from which the specific type of streptococcus was not 
isolable, by volunteer persons who did not react posi
tively to intradennal tests. The conditions of the tests 
and the results Obtained are shown in Figure 1. 

The cutaneous reaction to thermal antibody prepared 
alike from the streptococcus isolated from nasopharynges 
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of persons suffering from poliomyelitis and from the 
milk supply of the epidemic under study, indicating spe
cific streptococcic antigen in skin or blood, had increased 
sharply in each person m . two and ten hours after in
gestion of two quarts of the milk during thirty-six hours. 
The reaction to repeat cutaneous tests had diminished in 
twenty-four hours for both antibody solutions. After 
eighteen days, the reaction to antibody prepared from 
the streptococcus isolated from the milk was negative 
whereas that to antibody prepared from the streptococcus 
isolated from nasopharynx was still elevated. Antibody 
to both strains had developed in eighteen days. In sharp 
contrast, there was no significant increase in antigen or 
antibody, measurable by in.tradennal injection of anti
body and antigen prepared respectively, from streptococci 
isolated in studies of arthritis remote from poliomyelitis, 
in the group which ingested the milk from the epidemic 
under study. Moreover, no change in "poliomyelitic" 
or "arthritic" antigen or antibody content of the skin or 
blood occurred in the control group that ingested the 
control pasteurized milk from which the specific type of 
streptococcus was not isolable, or in the additional con
trols tested in parallel manner who did not receive milk 
during thirty-six hours. 

SUMMARY AND COMMENTS 

The results of a bacteriologic study, made by special 
and new methods, of a major epidemic, the fourth an
nual epidemic, of poliomyelitis in a large city are re
ported. A specific type of streptococcus, similar to the 
streptococcus isolated consistently in previous studies, 6• 7 

was isolated from the nasopharynges of all persons stud
ied in whom poliomyelitis had developed and from the 
pasteurized milk supply in high incidence. Cutaneous 
reactions, indicating specific streptococcal antigen and 
antibody in skin or blood, and hence the presence of a 
specific type of streptococcal infection, were demon
strated consistently among persons suffering from abor
tive and paralytic poliomyelitis and among well contacts 
and non-contacts. 

The cutaneous reactions, indicating specific strepto
coccal antigen and antibody, of virtually all persons 
tested were so much greater, especially reactions indicat
ing antibody, than those obtained in studies of other epi
demics and of sporadic cases as to suggest a source, or 
sources, of the streptococcus and perhaps virus other 
than, ·or in addition to, contact infection. Since strep
tococci having certain respective specific properties had 
been isolated previously from persons ill 6• 7 and from 
unpotable water and from water and milk supplies 5•8 

during epidemics of poliomyelitis, encephalitis and respir
atory Infections, since the streptococci thus isolated failed 
to grow in the aerobic mediums now universally used for 
the control of the bacterial content of milk supplies, and 
since they often resisted pasteurization at 14 5 ° F. for 
thirty minutes,5 the water and milk supplies-even the 
pasteurized milk chiefly used-were considered as pos
sible sources of infection. On the basis of these facts 
and the high incidence of the unusual type of infection 
of the throat in children, a bacteriologic study of the 
water and milk supplies was made by the special and 
new methods. 
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FIGURE 1 
CUTANEOUS REACTIONS INDICATING ABSENCE OF "POLIOMYELITIC" STREPTOCOCCAL ANTIGEN AND ANTIBODY IN SKIN OR BLOOD 

OF PERSONS BEFORE, AND THEIR PRESENCE AFTER, INGESTION OF PASTEURIZED MILK FROM WHICH THE 
"po.L!OMYELITic" STREPTOCOCCUS WAS ISOLATED 
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The specific type of streptococcus was not isolable 
from any of the forty samplings of water, including the 
drinking supply, from the polluted water of the canal 
and from swimming pools. Streptococci grew or were 
isolated from fifty-two of fifty-six samplings of pasteur
ized milk and from two of four samplings of raw milk. 
Only relatively small numbers of streptococci grew on 
aerobic blood-agar plates. The bacterial count of the 
milk supply adequately tested by the health departments 
using the prescribed methods was well within the pre
scribed limits. However, mixed and pure cultures of the 
streptococcus grew in high, and often in extremely high, 
serial dilutions in dextrose-brain broth, indicating the 
presence of large, and often of extremely large, numbers 
of viable partial tension streptococci. This was especially 
true of samplings from milk that had been pasteurized 
by the "flasl)." method and which constituted the major 
supply of the city. The streptococcus isolated from the 
milk resembled the streptococcus isolated from the naso
pharynges of persons in whom poliomyelitis had de
veloped in the epidemic under study and elsewhere, in 
cultural requirements, morphology, staining reactions, in 
resistance. to pasteurization, in serologic properties and 
in virulence. Strains from both sources were agglu-

tinated specifically by convalescent serum, by the serum 
of horses that had been immunized previously with the 
streptococcus isolated in studies of poliomyelitis, and by 
thermal antibody prepared from the streptococcus iso
lated from the nasopharynges of persons ill in the epi
demic under study. The streptococcus from both naso-

. pharynx and milk produced flaccid paralysis in high in
cidence in mice following intracerebral or intraperitoneal 
inoculation and were isolated in pure culture from the 
brains of mice that succumbed. 

The production in mice of the all-important symptom 
of poliomyelitis, flaccid paralysis, associated with edema, 
hemorrhage and degeneration of- ganglion cells in the 
anterior homs of the spinal cord with the streptococcus 
isolated from persons ill and the milk supply is consid
ered 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. 

Cutaneous reactions to thermal antibody prepared 
from the streptococcus isolated from the milk and from 
the nasopharynges of persons in whom poliomyelitis had 
developed ran closely parallel in persons having polio
myelitis, in contacts and in non-contacts. Ingestion of 
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the contaminated milk caused skin test negative persons 
to become skin test positive to thermal antibody and to 
antigen, indicating respectively, the absorption of spe
cific streptococcal antigen, the formation of specific an
tibody and the source of the abnormally high titer of 
antigen and antibody in persons ill and in well persons 
of the population. 

The dose parallelism between antibody titer in skin 
or blood, as determined by intradermal injection of an
tigen, and antibody titer in the serum as determined by 
agglutination tests, the presence of antigen in skin or 
blood in highest titer and antibody in lowest titer in 
paralytic poliomyelitis, and vice versa in well persons, 
further indicate causal relationship of the streptococcus 
or antigenic identity of the streptococcus and the virus. 

The low antibody titer in paralytic poliomyelitis which 
was found in this study, and also in similar studies made 
elsewhere in 1947 and last year during the severe epi
demic, is in striking accord with the low viral neutraliz
ing titer in the serum of persons who had paralytic polio
myelitis, reported by Jensen.9 Whether this striking lack 
of antibody formation in paralytic poliomyelitis is ex
pressive of familial or "autarceologic" susceptibility, as 
suggested by Aycock 10 and as emphasized by Ander
son,1 or whether due to a particularly severe infection 
by the streptococcus or virus is not clear. 

The data adduced in this study indicate that the strep
tococcus isolated alike from the nasopharynges of per
sons ill and from the milk supply was causative and per
haps indirectly a source of the virus as the infection by 
the streptococcus occurred, and that ingestion of the milk 
from which the streptococcus was isolated in such high 
incidence and in such large numbers played an impor
tant role in pathogenesis. On the basis of these and pre
vious studies in which the specific type of the strepto
coccus was isolated consistently by my methods from 
milk obtained in a sterile manner from cows on farms 
where polio occurred from composite samples of milk 
and cream in epidemics,5•6•7 and the fact that one epi
demic traced to a milk supply came to an abrupt end 
by discontinuance of the use of the contaminated milk,5 

it was strongly urged that the milk supply of the city be 
pasteurized at a temperature shown to be adequate to 
kill the resistant specific type of streptococcus, and that 
the methods herein used be adopted for the isolation of 
specific types of streptococci and for the bacteriologic 
control of milk supplies.* The type of streptococcus 
isolated from the nasopharynges of persons and from 
the milk in this study has been isolated consistently in 
previous studies, by the special methods employed, from 
poliomyelitis virus, even from filtrates of the virus,2•11 

*In accord with the fact that the pasteurizing temperatures 
for the milk supply has not been increased; an abnormally. high 
incidence· of poliomyelitis again occurred in 1948-the fifth con· 
secutive year. 
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from the cerebrospinal B.uid in the very early stages of 
the spontaneous disease and as fever appears in monkeys 
following intracerebral inoculation of virulent virus, and 
from the spinal cord after death in epidemic and experi
mental poliomyelitis.11 Moreover, filtrable transmissible 
agents resembling poliomyelitic virus have been pro
duced experimentally from neurotropic streptococci iso
lated in studies of poliomyelitis and from sources wholly 
remote from poliomyelitis.12 It is suggested that the 
primary infection in poliomyelitis is streptococcal and 
that as this occurs a virus phase of the streptococcus may 
develop. The streptococcus, on the basis of present 
knowledge, is considered to be the large, cultivable, toxi
genic, highly antigenic phase of the small, filtrable, 
highly invasive, but relativedly nonantigenic, virus. 

The studies on· the virus made now for nearly 40 
years have been so alluring that the solution of the 
problem 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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