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DURING studies on the etiology of various 
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27 it was found that 

culture mediums in common use often did not 
suffice for the isolation of causative strains of 
alpha streptococci or for the maintenance of their 
specific properties. Mediums which I have found 
especially favorable for the primary isolation and 
maintenance of characteristic properties of patho
genic alpha streptococci were dextrose-brain broth 
and soft dextrose-brain agar. 

The etiologic relation of streptococci and other 
organisms found in raw milk to various diseases 
is well recognized. There is a growing conviction 
among health officers and physicians, especially 
pediatricians, that pasteurization of milk by 
present-day methods does not always suffice to 
prevent epidemic infection. 32 Ayers and J ohnson3 

consider pasteurization, as now practised, to be a 
method of obtaining the thermal death point of 
only a majority of organisms. 

It occurred to me that the mediums found high
ly favorable for the isolation of causative alpha 
streptococci from persons ill might also be more 
suitable than ordinary mediums ( 1) for the iso
lation of pathogenic streptococci from milk sup
plies and (2) as test mediums to determine the 
thermal death point in milk of alpha streptococci. 
Accordingly, comparative cultures were made in 
dextrose-brain broth, dextrose broth and on 
blood-agar, from samplings of raw and pasteu
rized milk supplies, from raw milk after pas
teurization under controlled conditions in the 
laboratory, from commercially pasteurized milk 
after repasteurization, from samplings obtained 
in a sterile manner directly from cows, and from 
suspensions of streptococci that had been heated 
in milk to 63, 68 and 73° C., respectively, for 
thirty minutes. 

It is my purpose at this time to describe the 
methods used and to report the results obtained 
in an extended study on the virulence, catapho
retic velocity, serologic properties and heat-resist
ance of green-producing or alpha streptococci iso-
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lated from milk supplies during epidemics and re
mote from epidemics, and to indicate a pasteuriz
ing temperature which invariably kills specifically 
virulent alpha streptococci commonly found in 
milk supplies. 

Methods 

Samples of milk from supplies studied were ob~ 
tained through the cooperation of physicians, 
health officers, hospital superintendents and dairy
men and represented a very wide range of condi
tions as to size and type of epidemics, season, cli
mate, size of dairies and different methods of pas
teurization and refrigeration. These included sam
plings from supplies during studies of eight ma
jor epidemics of poliomyelitis, four major epi
demics of encephalitis, five distinct outbreaks of • 
persistent epidemic hiccup and seven ~ajor epi
demics of influenza, in addition to supplies stud
ied during minor outbreaks and in many indi
vidual cases. Most of the samples were from 
grade A supplies and the bacterial content was 
checked by the constituted authorities and my
self by present-day standard methods. The milk 
had been pasteurized by the holding and flash 
methods. Inspection of herds for evidence of 
disease of the udder and in regard to cleanliness 
in the handling of the milk likewise had been 
made in the usual manner. Results that were 
considered as having epidemiologic importance 
were reported immediately to the constituted au
thorities in question. 

Cultures were made chiefly in tall tubes of 
dextrose-brain broth, soft dextrose-brain agar, 
dextrose broth and autoclaved litmus milk, each 
containing 20 c.c. of medium, and on blood-agar 
plates. The dextrose-brain broth and soft dex
trose-brain agar (0.2 per cent agar) were pre
pared from 0.2 per cent dextrose broth to which 
Andrade's indicator ( 1 c.c. of indicator to 1,000 
c.c. of broth) had been added. Pieces of fresh 
calf brain (approximately 1 part of brain sub
stance to 6 parts of medium) were added to tall 
columns ( 10 to 12 cm.) of the medium in tubes 
or bottles. The reaction of the dextrose broth 
was brought to pH 7.2 and after the brain sub-



stance had been added, the mediums were auto
claved at 20 pounds' pressure for twenty minutes. 

Dextrose-brain broth, dextrose broth and 
autoclaved litmus milk were inoculated routinely 
with 2 c.c. of the different samples of milk under 
study and 0.05 c.c. of the milk was spread on 
blood-agar plates. After it was found that epi
demic strains of streptococci isolated from pa
tients grew in much higher dilution than nonepi
demic strains, when subjected to the serial dilu
tion method16 in the brain-containing mediums, 
this method was also used in culturing milk to 
compare colony counts obtained in this way with 
cultures on blood-agar and with counts obtained 
by the standard milk-agar plate method.1 

The serial dilution method,16 in which it was 
found that virulent streptococci often grew in 
far higher dilution than did saprophytic organ
isms, was also used to obtain pure cultures of 
streptococci especially suitable for inoculation 
into animals and for serologic studies. By this 
method, cultures were made routinely alternately 
in dextrose-brain broth and dextrose-brain agar, 
beginning with dextrose-brain broth, thus using 
four tubes of dextrose-brain broth and three 
tubes of dextrose-brain agar, or in successive 
tubes of dextrose-brain agar, each tube contain
ing about 20 c.c. of medium. Just before inocu
lation, the tubes of mediums were steamed for 
fifteen minutes in the autoclave and then cooled 
to 40° C. The first tube in the series was inocu
lated either with 2 c.c. of milk from a 3 c.c. 
pipet, making a dilution of 1:10 (10-1 ), or with 
a 26-gauge nichrome wire 14.cm. in length; which 
was dipped into the milk or culture for a dis
tance of 12 cm. and to which there adhered ap
proximately 2 c.mm. of liquid, making a dilution 
of 1 :10,000 (10·4

). Two-tenths cubic centime
ter, by the pipet method, or 2 c.mm., by the wire 
method, was transferred serially to the remain
ing six tubes, at intervals of ten to twelve sec
onds, making dilution increments of 10·2 or 10·4, 
respectively, at every step. Thorough mixing of 
the inoculum in each tube was accomplished by 
rapidly filling and emptying the pipet six times 
with a rubber bulb of 3 c.c. capacity and by twirl
ing the wire vigorously in each tube. The same 
pipet was used throughout each series of dilutions 
and the wire was sterilized in the Bunsen flame 
only before and·after the first transfer. It is to be 
understood that dilutions made in this way rep
resent dilution of liquids ·and not necessarily of 
organisms. 

The serial dilution cultures were made in a 
nonstacked bacteriologic hood under conditions 
in which control cultures made of sterile mate
rial never yielded streptococci. All inoculated 
mediums were incubated at 34° C. (93.2° F.). 
Cultures were examined daily for evidence of 
growth and films were made, stained by Gram's 
method and counterstained with 2 per cent 
aqueous solution of safranine 0, and examined 
microscopically for type of organisms. 

Cultures showing streptococci in dextrose
brain broth and dextrose-brain agar were plated 
routinely on blood-agar to determine their type. 
The solubility in bile or sodium taurocholate of 
saline suspensions of the streptococci isolated was 
tested by the usual methods. The fermentative 
power of the streptococci isolated was not stud
ied routinely because preliminary studies did not 
show any correlation between fermentative pow
er and specific virulence, serologic reactions or 
distribution curves of cataphoretic velocity. 

Studies on the resistance of streptococci to 
heat were made by heating. 5 or 10 c.c. of milk 
naturally contaminated with streptococci and by 
adding the streptococci to 5 or 10 c.c. of auto
claved milk in glass ampules or bottles. After 
inoculation the ampules were sealed in the Bun
sen flame and the bottles were sealed with sterile, 
overhanging rubber stoppers. Both were sub
merged in a water bath during the heating period. 
Certified thermometers were used to check the 
temperature in different parts of the pasteuriz
ing bath and of milk contained inside of two 
ampules o~ bottles throughout the heating period. 
In. order to be sure that the temperature was the 
same for each sampling, the water bath contain
ing the samples or bottles was shaken on a shak
ing machine during the heating period. The tem
perature of the water in the bath and of the milk 
in ampules or. bottles was increased slowly, so 
that approximately fifteen minutes were re
quired to bring the temperature from about 25° 
C. (77° F.) to the required point, or the am
pules or sealed bottles were added to the previ
ously heated water, thus simulating the principles 
used in the commercial holding and flash meth
ods of pasteurization. The heating period of 
thirty minutes was timed from the moment the 
temperature of the milk in the control vials and 
the temperature of the water bath had reached 

~
!the desired point. 

Young (sixteen to twenty-hour) cultures of 
streptococci in dextrose-brain broth, on isolation 
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and after prolonged cultivation on artificial me
diums, were used to inoculate the autoclaved 
milk to be heated. Approximately 0.02 c.c. of 
the dextrose-brain broth culture, or about 1,000,-
000 organisms, was inoculated per cubic centi
meter of the autoclaved milk. To simulate com
mercial conditions in the handling and use of 
milk, samples from supplies to be tested and the 
inoculated specimens often were placed in the 
refrigerator at 10° C. overnight or longer and 
then kept at room temperature for short periods 
before heating. Samples of raw and pasteurized 
milk and the suspensions of streptococci in auto
claved milk were heate<l for thirty minutes at 
63° C. (145.4° F.), 68° C. (154.4° F.) and 73° 
C. ( 163.4 ° F.), respectively. To determine the 
presence of viable organisms after heating, sub
cultures were made routinely in dextrose-brain 
broth, and often also in dextrose broth, auto
claved milk and on blood-agar, before and after 
heating. 

Rabbits were inoculated intravenously with 
0.5 c.c. of undiluted dextrose-brain broth culture 
per 100 gm. of body weight, and intracerebrally 
with 0.1 c.c. of 1 :200 to 1 :10,000 dilutions of 
eighteen-hour dextrose-brain broth cultures of 
the streptococci under study. Mice were inocu
lated intracerebrally with 0.03 c.c. of 1 :200 to 
1 :10,000 dilutions, intraperitoneally with 1.2 c.c. 
and intranasally, while under deep ether anes
thesia, with 0.05 c.c. of the undiluted eighteen
hour dextrose-brain broth cultures of the strep
tococci. 

The distribution curves of cataphoretic ve
locity and the incidence of agglutination of the 
streptococci by the respective antistreptococcic 
serums of comparable strength were determined 
by methods previously described. ~3 •17 

Results of Cultures 

The incidence of isolations of streptococci in 
dextrose-brain broth, in dextrose broth and on 
blood-agar from raw and pasteurized milk sup
plies and from raw milk obtained in a sterile 
manner directly from cows, in relation to epi
demic diseases and interepidemic periods, is sum
marized in Table I. It will be seen that the in
cidence of isolations of streptococci from the 
three types of milk cultured, but especially from 
composite raw milk, was uniformly higher, and 
in most instances much higher, in dextrose-brain 
broth than in dextrose broth and on blood-agar. 
There was a much higher incidence of isolation 
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TABLE I. ISOLATION OF ALPHA OR GREEN,

PRODUCING STREPTOCOCCI FROM RAW AND 

PASTEURIZED MILK SUPPLIES IN RELATION 

TO EPIDEMIC DISEASES 

Results of cultures in 

Dextrose-
brain Dextrose Blood-
broth broth agat 

------------
Per Per Per 

cent cent cent 
yield- yjeld- yjeld-

Scurce and type of 
ing Ing Ing 

Speci- strep- Speci- strep- Speci- strep-
milk cultured mens tococci mens tococci mens tococci ---- ----------

Raw supplies 206 80 41 30 64 20 

Polio- Raw milk. di-
myelitis rectly from 

healthy cows 84 90 

Pasteurized 
supplies 123 73 29 3' 29 31 ----------
Raw supplies 180 83 65 43 

Encepb- Raw milk, di-
a Ii tis rect!y from 

healthy cows 33 58 33 30 33 18 

Pasteurized 
supplies 150 77 64 '1 ----------
Raw supplies 60 75 60 52 60 45 

Influenza Raw milk, di-
rectly from 
healthy cows 69 55 33 24 32 19 

Pasteurized 
supplies 58 63 58 46 '58 a ----------Hiccup Pasteurized 
supplies 28 61 23 48 25 20 ----------

Remote Raw supplies 108 79 47 55 40 38 
from 
epidemics Raw milk, di-

rectly from 
healthy cows 92 54 92 22 

Pasteurized 
supplies 71 18 71 11 32 16 

----------
Raw milk 832 76 371 36 229 29 

Total 
Pasteurized 
milk 430 62 245 33 144 19 

of streptococci from pasteurized samples during 
epidemic periods than from pasteurized samples 
during periods remote from epidemics, ranging 
from 77 per cent during to 18 per cent remote 
from epidemics. Of 832 samples of raw milk, 75 
per cent yielded streptococci in dextrose-brain 
broth; of 371 samples, 36 per cent yielded strep
tococci in dextrose broth and of 229 samples, 
streptococci grew on blood-agar in only 29 per 
cent. The average incidence of isolations of 
streptococci from commercially pasteurized milk 
was 62 per cent in dextrose-brain broth, 33 per 
cent in dextrose broth and 19 per cent on blood
agar. 

The comparative results from the use of dif
ferent culture mediums in serial dilution cultures 
for the isolation of streptococci from raw and 



pasteurized milk are well illustrated in Tables Il, 
III and IV. The samples cultured were from a 
milk supply during a mild epidemic of infection 
of the upper respiratory tract. The sample of 

In instances in which milk supplies appeared 
to be responsible for the occurrence of outbreaks 
of disease, as referred to later, the milk had been 
stored for some time or was inadequately refrig-

TABLE II. COMPARATIVE RESULTS FROM THE USE OF DIFFERENT MEDIUMS FOR THE 

ISOLATION OF ALPHA STREPTOCOCCI IN SERIAL DILUTION CULTURES OF 

PASTEURIZED MILK 

Incidence ot growth in serial dilution cultures 

Method of 
of pasteurized milk ------ -

inoculation Mediums 10-1 10-• 10-• 10-1 10-• 10-n 10-" 
----

Dextrose-brain broth to soft Str .• t 180 
dextrose-brain agar* G+bac. str. Str. 0 0 0 0 

Soft dextrose-brain agar to Str .• 110 
dextrose-brain agar G+bac. str. 3 str. 0 0 0 0 

Separate 
pipet Dextrose broth .to soft Str., 40 
at each dextrose agar* G+ bac. str. 0 0 0 0 0 
dilution 

Milk-tryptone agar to milk- G+ bac., 4G+ 
tryptone agar str. bac. 0 0 0 0 0 

-------
Dextrose-brain broth to soft Str., 120 
dextrose-brain agar G+bac. str. Str. 1 str. 0 0 0 

Soft dextrose-brain agar to Str., 110 12 --dextrose-brain agar G+bac. str. str. 0 0 0 0 

Same Dextrose broth to soft Str., 40 
pipet for dextrose agar G+bac. str. 0 0 0 0 0 
all dilutions 

Milk-tryptone agar to milk- G+bac.,I aG+ IG+ 
tryptone agar str. 0 bac. bac. 0 0 0 0 

•Alternate tubes of the respective mediums were used. 
tStr. =streptococci; G + bac. = gra\ll·positive bacilli. 

pasteurized milk cultured, in serial dilutions at 
steps of 10-2

, the results of which are shown in 
Table II, was obtained in the open market and 
cultures were made immediately. Colony counts, 
by plating 1 c.c. of a 1 :100 ( 10-2

) dilution in 
milk-tryptone agar, revealed four colonies of 
bacilli or 400 colonies per cubic centimeter of 
milk and no colonies of streptococci, whereas 
streptococci grew in dextrose-brain broth and 
dextrose-brain agar at dilutions up to and in
cluding 10-s using separate pipets, and up to 10·1 

using the same pipet in making the transfers. 
The samples of raw and pasteurized milk, cul
tured in serial dilutions at steps of 10·4, the re
sults of which are shown in Table III, represent 
a pool of twelve samples of raw milk and the 
same twelve samples after pasteurization in the 
laboratory. It will be noted that growth of 
streptococci occurred in cultures of both the 
raw and pasteurized milk in the brain-containing 
mediums more often and in higher dilutions and 
in larger numbers than in corresponding dilu
tions in the standard medium, milk-tryptone agar, 
used routinely for determining the bacterial con
tent of dairy products.1 
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erated. Hence, studies were made with my meth
ods to determine whether virulent pneumococci 
or streptococci added to milk and whether strep
tococci or other organisms already present in the 
milk might multiply when kept at standard re
frigerator temperatures. Results of these studies 
are well illustrated in Table IV. Separate, pre
viously sterilized wires were used in making se
rial dilution cultures in soft dextrose-brain agar 
and milk-tryptone agar. The sample of pasteu
rized milk was ~btained on the open market dur
ing a mild outbreak of infections of the respira
tory tract. Twenty cubic centimeter amounts of 
pasteurized milk were placed in a series of test 
tubes and approximately 10,000 virulent pneumo
cocci or streptococci were added per cubic centi
meter. Dilution cultures at 10-4 and 10-8 were 
made immediately and again after storage at 
10° C. for forty-eight hours. Estimates of the 
number of colonies of pneumococci or strepto
cocci that grew in dextrose-brain agar and in 
the milk-agar plates were made after the respec
tive cultures had been incubated for forty-eight 
hours. It was found ( 1 ) that the number of 
colonies of pneumococci or streptococci that grew 



TABLE III. COMPARATIVE RESULTS FROM THE USE OF DIFFERENT MEDIUMS FOR THE 

ISOLATION OF ALPHA STREPTOCOCCI IN SERIAL DILUTION CULTURES OF 

CORRESPONDING SAMPLES OF RAW AND PASTEURIZED MILK 

Growth in serial dilution cultures ?f milk supplies 

Raw Pasteurized 

Milk 

Undi
luted 

Method 
of 

inocu
lation 

Mediums 
(alternating) 

Dextrose-brain broth 
to soft dextrose

Separate brain agar 
sterile 
wire Soft dextrose-brain 
at agar to dextrose-
every brain agar 
transfer 

Time --;;r;---w;- '""' I W4• ,.,... ,.,... ,.._,. --;;r;---w;-
Str.,* 22 Str., 2 str. 
GO+ str. Str. 0 0 0 0 GO+ 
bac. bac. 

Str., 30 1 130 str.; 
GO+ str. str. 0 0 0 0 GO+ 0 
bac. bac. 

Go+ 2 --0 I Milk-tryptone agar • 
to milk-tryptone bac., GO+ 0 0 0 0 

18GO+ 
bac. 0 

___ 
1 
____ 

1
_a_g_ar _____ ~i----l-f_e_w_s_tr_. _b_a_c·-l---.L---"---...l----1----1-------

Dextrose-brain broth Immed. t Str., 50 20 18 I 
Same 
wire, 
not 
steriliz. 
ed be
tween 
trans
fers 

to soft dextrose- GO bac. str. Str. str. Str. str. Str. Str. 1 str. 

Di
luted 
1:100 
in 
water 

brain agar 
30 min. t Str., 25 6 

GO bac. str. Str. str. 

Soft dextrose-brain Immed. 
agar to dextrose-
brain agar 30 min. 

Milk-tryptone agar Immed. 
to milk-tryptone 
agar 

30min. 

Str., 
GObac. 

Str., 
GO bac. 

40 
str. 

12 
str. 

0 str. 

0 

4 
str. 

2 
str. 

34 col., I---\---+--~ 
few str. 0 

36 col., 2 GO 
few str. bac. 

0 0 

0 0 

Str. 

6 
str. 

0 

0 

0 

0 

10 
str. 

0 

0 

0 

0 

0 

0 

0 

0 

Str. 

12 str. 

4 
str. 

12 col., 
str. 0 

10 col., 
str. O 

0 

1 str. 

0 

0 

0 

*Str. = streptococci; GO, G+ bac. = gram-negative or gram-positive bacilli. 
tSerial dilution cultures of milk were made immediately after dilution of the milk in water. 
iserial dilution cultures of milk were made 30 minutes after dilution of the milk in water. 

at dilutions of both 10-4 and 10-s in the test cul
tures made immediately and after refrigeration 
at 10° C. for forty-eight hours was far greater 
in soft dextrose-brain agar than in milk-tryptone 
agar; (2) that the number of colonies of pneu
mococci or streptococci that grew at 10-8 was 
far greater after the milk to which these organ
isms were added had been refrigerated for forty
eight hours than in cultures made immediately, 
and ( 3) that the streptococci which had resisted 
commercial pasteurization also grew at refrig
erator temperature. 

The incidence of growth of alpha streptococci 
and of gram-positive and gram-negative bacilli in 
serial dilution cultures, alternately in dextrose
brain broth and dextrose-brain agar, of milk 
supplies in relation to epidemics of encephalitis, 
poliomyelitis, infections of the respiratory tract 
including influenza, and hiccup and to periods 
remote from epidemics is shown graphically in 
Figure 1. Each dilution culture was made with 
the same sterile pipet or with the same wire ster
ilized only before and after the first transfer. It 
will be seen ( 1) that incidence of growth of 
streptococci was higher from raw than from pas-
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TABLE IV. GROWTH OF VIRULENT PNEUMOCOCCI 

AND ALPHA STREPTOCOCCI IN PASTEURIZED 

MILK AT 10°C. 

Results ot serial dilution cultures in 

Dextrose-brain agar Milk-tryptone agar 

After After 
storage storage 

Immediately of milk Immediately of milk 
after inocu- for 48 after inocu- for 48 

lation of hours at lation of hours at 
milk 10°C. milk 10°c. 

Pasteurized milk Colonies of Colonies of 
+ 10,000 virulent pneumococci or strep- pneumococci or strep.. 
pneumococci or tococci at dilutions of tococci at dilutions of 
streptococci per ------------------
cubic centimeter 10-• 10-S 10-• 10-• 10--S Hr• -----------

Type I 90 3 22 10 0 10 

Pneumo- Type II 8 0 90 0 0 15 
cocci 

Type III 90 2 48 50 0 17 
-----------

A 720 3 20 0 0 12 

B 250 1 80 150 0 8 

c 320 2 50 80 0 4 
Alpha 

D strep-
to cocci 

380 45 40 120 0 7 

E 850 8 80 0 0 14 

F 220 4 35 50 0 12 
---------

Control: uninoculated 
pasteurized milk 3 0 12 0 0 3 



teurized milk supplies during epidemics of en
cephalitis and remote from epidemics; (2) that 
the incidence of growth of streptococci from raw 
milk supplies cultured during epidemics of en-

ard milk-agar plates at dilutions of more than 
1 :1,000 and never at dilutions greater than 10-s 
in serial dilution cultures made in this medium, 
whereas corresponding dilution cultures made in 

GROwrH OF ALPHA STREPTOCOCCI AND <ilWl·POSITIVE AND ClRAll•NE<iATIVE BACIU.I 
IN SERIAL DILUTION CIJLTURES -OF l'lil.J( SUPPLIES 

216* 73 94 
100 

~ 
Average 90 

. . 
per c:ent ~ 

80 ... 
yielding 
strepto• 70 
coc:c i and 60 
gram•pos• 

50 138• 21 46 
itive and 
gram•neg~ 40 
ative 30 ' bacilli 20 '---= 10 

17 

·~ ~· 
~ ·~ ..... . . ... ... ... 

33 

~ 
1361 .MO 270 

~ ' . ... _ 

23 

Hie: cup 

30 
Remote fro• 

e idemics 
rep ococc rom pas eurize m k. 

><·······><Streptococci from corresponding samples of ra"' milk. 
•····• Gram•positive bacilli from pasteurized milk. 
- Gram•negative bacilli from pasteurized milk. 

•Average number of colonies of streptococci that gre"' in the three dilutions 
in dextrose-brain agar; bottom row, pasteurized milk; top row, corresponding 
samples of raw milk. 

cephalitis, while about the same in low dilutions, 
:was much greater in high dilutions than in cor
responding cultures from raw milk supplies re
mote from epidemics; ( 3) that growth of strep
tococci from pasteurized milk supplies was con
sistently much higher, in both low and high dilu
tions, during epidemics of encephalitis, poliomye
litis, infections of the upper respiratory tract in
cluding influenza, and hiccup, than remote from 
epidemics; ( 4) that the incidence of growth of 
gram-positive and gram-negative bacilli from 
pasteurized milk supplies in the different dilu
tions, but especially in high dilutions, was far 
less than of streptococci and was about the same 
for epidemic and nonepidemic periods, and 
( 5) that the average number of colonies of strep
tococci that grew in high dilutions in dextrose
brain agar was higher for raw than for pasteu
rized milk supplies, both during and remote from 
epidemics of encephalitis. 

The control colony counts, by the standard 
agar plate method, of samples of milk subjected 
to. serial dilution cultures in the experiments 
summarized in Figure 1 and in many other exper
iments were usually well within prescribed lim
its. Streptococci almost never grew in the stand-

Fig. 1. 
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the brain-containing mediums often yie1ded strep
tococci in far greater dilutions. Staphylococci 
were isolated infrequently from pasteurized milk. 
They were isolated more often from raw milk in 
low dilutions, but only occasionally in high 
dilutions. 

The growth of streptococci in dilutions far 
greater than those believed possible on the basis 
of mathematical calculations of the original num
ber of streptococci, considering streptococci as 
inert particles, is thought to be due to either 
"biogenesis" or growth of submicroscopic units 
while the dilutions are made or to differential 
adhesion of the streptococci, as such, or of sub
microscopic components, to the wire or to the 
surface of the pipets used in making the dilu
tions. The dilutions, as indicated, represent dilu
tion of fluids and not necessarily of organisms. 

Virulence of the Streptococci 

The results obtained after the intracerebral 
inoculation of rabbits with streptococci isolated 
from raw and pasteurized milk in relation to epi
demics of poliomyelitis, encephalitis, influenza 
and hiccup, and remote from epidemics, are sum
marized in Table V .. It will be seen that the re-



spective streptococci were highly specific. 
From a study of streptococci as isolated from 

pasteurized milk by the serial dilution method, it 
was found that streptococci which grew at ex-

cocci isolated from milk during epidemic periods 
to localize electively in comparison to that of 
strains isolated from milk supplies remote from 
epidemics is strikingly shown. 

TABLE V. MORTALITY RATE, SYMPTOMS AND LESIONS AFTER INTRACEREBRAL 

INOCULATION OF RABBITS WITH STREPTOCOCCI ISOLATED FROM MILK 

SUPPLIES IN RELATION TO EPIDEMIC DISEASES 

l I Rabbits Symptoms (per cent) Lesions of ------ respiratory 
Milk supplies from Died Spasms tract 
which streptococci ------------ (per cent)* 

were isolated in In- Dia- Other Paraly- ---
relation to: Strains jecte:i No. Per cent phragm muscles sis Ataxia Tremors Trachea Lungs 

--------------------------
Poliomyelitis 106 189 114 60 

Encephalitis 30 37 25 68 

Influenza 60 76 30 39 

Hiccup 18 59 24 41 

Control: remote from 
epidemics 38 51 16 31 

*Of animals that died. 

tremely high dilutions were usually specifically 
virulent. The following experiments will suffice 
to illustrate this point. 

Young dextrose-brain broth cultures of four
teen strains of streptococci isolated in pure cul
ture at dilutions ranging from 10-8 to 10-28 from 
pasteurized milk supplies during a major epi
demic of poliomyelitis were inoculated intracer
ebrally into rabbits to determine specific viru
lence. Among twenty-one rabbits so inoculated, 
flaccid paralysis developed as the outstanding 
symptom in twelve, seven of which died. More
over, when freshly isolated cultures of the strep
tococci were nebulized into the air of cages con
taining mice and added to the running water in 
which fish were kept, or when the streptococci 
were added to the drinking water of young mice, 
there occurred localization of the streptococci in 
the central nervous system, symptoms of en
cephalitis and formation of encephalitis virus,20 

and death from encephalitis and flaccid paraly
sis,18•26 respectively, in significant incidence. 

The results obtained in mice after intraperi
toneal, intracerebral and intranasal inoculation 
of streptococci freshly isolated in dextrose-brain 
broth from raw and pasteurized milk are sum
marized in Table VI. 

The mortality rate, invasion of the blood 
stream and the greater tendency of the strepto-

1.0 4.7 44 8.9 18 5.2 12 

2.7 41 8.1 38 Gll 44 56 

1.3 7.9 6.5 3.9 14 50 93 

114 111 6.7 3.2 " 17 25 

2.0 2.0 5.9 2.0 5 13 19 

Specificity of Streptococci as Show.n by 
' Cataphoresis . 

It has been shown elsewhere that alpha strep
tococci having virulence and other properties 
characteristic of streptococci associated with epi
demic diseases occur commonly in milk and 
other dairy prnducts, as well as in air, in water 
and in emulsions made of flies and mosquitoes at 
the time of epidemics.9

•
10•13 I have applied the 

cataphoretic method of study to strains of strep
tococci isolated from milk supplies.9 •

12•16 The 
distribution of cataphoretic time of streptococci 
isolated from raw and pasteurized milk and other 
dairy products during and remote from epidem
ics of colds, influenza, poliomyelitis and enceph
alitis is summarized in Table VII. The mode of 
ihe streptococci isolated from milk at the time of 
the respective epidemics was very different, and 
was characteristic of the streptococci isolated 
from patients suffering from the respective epi
demic disease.13•27 In contrast, the mode of the 
streptococci isolated from milk remote from epi
demics resembled that of streptococci isolated 
from the nasopharynges of well persons and per
sons who had diseases not caused by streptococci 
remote from epidemics, and of epidemic strains 
after prolonged cultivation on artificial mediums .. 

9 



Serologic Specificity of Streptococci 

By the special methods used successfully in 
previous studies,17 a large number of agglutina
tion experiments was carried out with the strep
tococci isolated from milk and other dairy 
products using convalescent human serum and 
the serum of horses hyperimmunized with strep
tococci obtained from persons who were ill with 
the respective diseases. The results obtained with 
the hyperimmune serums, according to epidemics, 
are summarized in Table VIII. A high degree 
of specificity was found for each of the groups 
of epidemic strains studied, which was not the 
case for strains isolated from milk remote from 
these epidemics. The specific agglutinin content 

TABLE VI. VIRULENCE FOR MICE OF STREPTOCOCCI 

ISOLATED FROM MILK SUPPLIES IN RELATION 

TO EPIDEMIC DISEASE 

Milk supplies from which 
streptococci were isolated 

in relation to: 

Epidemics of enceEhalitis, 
poliomyelitis and iccup 

Epidemic influenza 

N onepidemic diseases 

Total 

Mortality rate and isolations 
of streptococci 

Isolations of 
Mice streptococci from: 

----.-------
Pleural 

Died Blood Brain fluid ------ - - --
In- Ani- Ani- Ani-

jected* No. % mals % mals 3 mals % -- - - - -- - -
396 209 53 73 41 92 61 17 1 8 

470 311 66 26.5 34 230 22 141 46 

188 81 43 55 23 19 5 20 25 - - - - --
1,054 601 57 393 34 341 29 178 40 

*Intraperitoneally, intracerebrally or intranasally. 

TABLE VII. CATAPHORETIC TIME OF STREPTOCOCCI FROM MILK AND OTHER 

DAIRY PRODUCTS IN RELATION TO EPIDEMIC COLDS, INFLUENZA, 

POLIOMYELITIS AND ENCEPHALITIS AND INTEREPIDEMIC PERIODS 

. Strains 
or 

Source ot streptococci Cases ----
Remote from colds 34 

During epidemic colds 30 

Remote from influenza 22 

During epidemic influenza 62 
Raw and 
pasteur- Remote from epidemic polio-
izedmilk myelitis 54 

During 
{After epidemic animal passage 51 

poliomy-
elitis Al!. isolated 71 

---
Remote from encephalitis 54 

Dairy 
products During epidemic encephalitis 

St. Louis (1933) 139 

of the serum of persons for the respective strains 
was found to be increased during convalescence. 

Resistance to Heat of Epidemic and Non
epidemic Strains of Alpha Streptococci 

Streptococci from various sources, on isolation 
and after prolonged cultivation on artificial me
diums, were suspended in autoclaved milk and 
heated at 63, 68 and 73° C. ( 145.4, 154.4 and 
163.4° F.) for thirty minutes to test resistance 
of the various strains to heat. Cultures were then 
made routinely in dextrose-brain broth, and fre
quently also in dextrose broth, in autoclaved milk 

Percentages of streptococci 
distributed in cataphoretic 

time intervals of half seconds 
--- - - ----

Strept_o- 1.7 2.2 2.7 3.2 3.7 4.2 4.7 
Cul- COCCl to to to to to to to 
tures timed 2.1 2.6 3.1 3.6 4.1 4.6 5.1 
------- - - --- ---

35 558 7 21 37 17 14 2 2 

41 803 5 112 24 29 13 4 2 

31 601 9 16 51 10 11 1 2 

65 751 3 9 11 17 19 18 22 

62 878 2 19 32 26 16 3 2 

51 798 11 9 5 9 49 13 5 

101 1,804 12 13 10 14 35 12 3 
------ - - - ------ -

54 1,044 9 23 45 13 8 1 1 

139 2,483 30 14 23 11 11 2 10 

and on blood-agar plates. The importance of the 
use of a highly favorabl~ medium, such as dex
trose-brain broth, to determine whether the strep
tococci resisted heating at the different tempera
tures, is shown in Table IX. After heating at 
63°C. (145.4° F.) (pasteurizing temperature), 
the incidence of isolation of streptococci in 
dextrose-brain broth was uniformly higher ( 38 
per cent) than in autoclaved milk (24 per cent), 
dextrose broth (13 per cent) and blood-agar (13 
per cent). Heating at 68° C. ( 154.4° F.) for 
thirty minutes, and at 73° C. ( 163.4° F.) for 
ten or twenty min.utes did not suffice to kill all 

10 



TABLE VIII. AGGLUTINATION OF STREPTOCOCCI 

ISOLATED FROM MILK 

Percentage incidenee of specific 
agglutination* by antiserums 

Milk from which prepared with streptococci from 
streptococci were ---------

isolated in Polio- Enceph- Ar- In-
relation to: Strains myelitis alitis thritis fluenza 

---------
Poliomyelitis 152 8, 7.2 2.6 1.3 

Encephalitis 112 13 71 - 0.88 

Influenza 70 4.3 13 11 69 

Hiccup 20 - 80 - 20 ---------
Control: remote from 
epidemics 49 14 18 18 16 

*No specific agglutination by normal horse serum. Aggluti
nation was considered specific if greater in the different dilu
tions of a given antiserum, or if it occurred in at least tenfold 
greater dilution of the specific antiserum, than of control anti
serum. 

streptococci in milk, whereas heating at 73°C. 
( 163.4° F.) for thirty minutes invariably did 
suffice. On the basis of these results, dextrose
brain broth was used routinely for making cul
tures from milk supplies as obtained at the time 
of study, after pasteurization of raw milk and 
after repasteurization, under controlled condition 
in the laboratory, of commercially pasteurized 
milk, and for testing the heat-resistance of strep
tococci suspended in milk. 

The total incidence of isolations of strepto
cocci in dextrose-brain broth after pasteurization 
or heating (63° C. [14S.4° F.] and 73° C. 
[ 163.4° F.] for thirty minutes under controlled 
conditions) of suspensions of streptococci in 
milk is summarized in Table X. The incidence 

·of isolation of streptococci after pasteurization 
at the usual temperature was highest (86 per 
cent) in the case of epidemic strains that had re
sisted previous commercial or laboratory pas
teurization and was next highest in the case of 
epidemic strains obtained from milk supplies ( 4S 
per cent), and from persons having epidemic en
cephalitis ( 39 per cent). The incidence of iso
lation after pasteurization in milk of streptococci 
obtained from persons having poliomyelitis ( 31 
per cent) or influenza (21 per cent), from indoor 
and outdoor air (33 per cent) and from water 
( 32 per cent) in relation to poliomyelitis, enceph
alitis and influenza, also was significantly higher 
than after pasteurization of streptococci obtained 
from well persons ( 13 per cent) or persons ill 
with chronic disease ( 10 per cent) remote from 
epidemics and than after pasteurization of epi
demic strains after prolonged cultivation on arti
ficial mediums (0.16 per cent). Thirty-eight per 
cent of 836 cultures of streptococci representing 

TABLE IX. COMPARATIVE VALUE OF DIFFERENT 

CULTURE MEDIUMS IN DETERMINING THE THER

MAL DEATH POINT OF STREPTOCOCCI SUSPENDED 

IN AUTOCLAVED MILK 

Suspensions of streptococci in milk heated at 

63°C., 30 minutes 68°C., 30 minutes 73°C., 30 minutes 
----------------

Per cent Per cent Per cent 
yielding yielding yielding 

Cul· strep- Cul- strep- Cul- strep-
Test mediums tures tococd trues tococci tures tococci 

------------
Dextrose· brain 
broth 674 38 250 14 477 0 

Dextrose broth 206 13 110 4.5 81 0 

Blood-agar 539 13 33 7.2 366 0 

Autoclaved 
milk 210 24 38 0 131 0 

623 epidemic strains, and 8 per cent of 190 cul
tures representing 1 SO nonepidemic strains, re
sisted pasteurization at 63° C. (14S.4° F.) for 
thirty minutes. Pasteurization at 73° C. ( 163.4° 
F.) for thirty minutes sufficed to kill the strep
tococci in every instance, regardless of their 
source or time after isolation. 

To check further the technical proc~pures used 
in these studies, autoclaved milk was inoculated 
with mixtures of young cultures of Bacillus sub
tilis, Escherichia coli, hemolytic or beta type of 
streptococci and staphylococci, and then pas
teurized under controlled conditions at 63 ° C. 
(14S.4° F.) for thirty minutes. Escherichia coli, 
beta type of streptococci and staphylococci were 
killed in every instance and Bacillus subtilis was 
killed in most instances. 

11 

To compare the resistance to heat of strepto
cocci that had grown in vivo with that of the 
freshly isolated alpha streptococci associated with 
epidemic and other diseases and those from well 
persons remote from epidemics, 10 per cent 
emulsions in saline solution of stools of patients 
who had poliomyelitis or encephalitis and emul
sions of stools of well persons remote from epi
demics were diluted threefold in saline solution 
and heated at 63° C. (14S.4° F.) for thirty min
utes in the laboratory under controlled condi
tions. Sterility tests were made 'in dextrose-brain 
broth. The scope and results of these experi
ments are shown in Table XI. Alpha strepto
cocci, nearly always in mixture with gram-posi
tive bacilli ( Clostridium perfringens) and only 
occasionally with Echerichia coli, were isolated 
far more often from pasteurized suspensions of 
stool specimens that had been obtained from per-' 
sons ill with poliomyelitis (SO per cent) or en-



TABLE X. RESISTANCE TO HEAT OF ALPHA STREP

TOCOCCI ON ISOLATION AND AFTER PROLONGED 

CULTIVATION IN RELATION TO EPIDEMIC 

AND NONEPIDEMIC DISEASES 

Suspensions of streptococci in milk heated a 

63°C., 30 minutes 73°C., 30 minutes 
----------

Per Per 
cent cent 

yielding yieldi 
Cul- strep- Cul- strep-

Source of streptococci Strains tures tococci* Strains tures tococci* 

ng 

---------

r-~·~ 
137 192 31 89 130 0 

Encephalitis 117 171 39 106 144 0 
Persons 
ill Influenza 29 39 21 20 27 0 
with 

N onepidemic 
disease 39 52 10 15 18 0 

Well persons remote from 
epidemics 62 75 13 36 37 0 

Milk in relation to polio-
myelitis, encephalitis and 
influenza 202 242 45 202 242 0 

Water, sewage and mos-
quitoes in relation to 
poliomyelitis 41 59 32 39 55 0 

Indoor and outdoor air in 
relation to poliomyelitis, 
encephalitis and influenza 76 112 33 23 44 0 

Epidemic strains that bad 
resisted heating to 63°C. 
for 30 minutes on iso-
lation 21 21 86 21 21 0 

Epidemic strains after 
prolonged cultivation on 
artificial mediums 49 63 0.16 49 63 0 

r-,~-.oo strains from epi-
demic diseases 623 836 38 500 663 0 

Freshly isolated 
Totals strains from non-

epidemic sources, 
and epidemic 
strains after pro-
longed cultivation 150 190 8 100 118 0 

*In dextrose-brain broth cultures. 

cephalitis ( 44 per cent) than from persons con
valescent from poliomyelitis ( 22 per cent) and 
than from well persons remote from epidemics 
(3 per cent). 

Epidemiologic Significance of Streptococci 
Isolated from Mille 

Evidence was not lacking that milk supplies 
from which specific types of alpha streptococci 
were isolated were responsible for epidemic out
breaks and sporadic cases. One institutional out
break of acute poliomyelitis at a college was 
traced to milk.10 Spread of the disease stopped 
abruptly when the use of the milk in which large 
numbers of the poliomyelitic type of streptococ
cus were demonstrated was discontinued. 

A rural outbreak of poliomyelitis27 was traced 
to improperly refrigerated raw milk that was 
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TABLE XL INCIDENCE OF ISOLATION OF ALPHA 

STREPTOCOCCI FROM STOOLS AFTER HEATING 

AT 63°c. FOR THIRTY MINUTES 

Incidence of isolation 
of alpha streptococci 

after heating suspensions 
of stools at 63°C. for 

thirty minutes 

Specimens 
yielding streptococci 

Source of stools 
Specimens 
cultured Number Per cent 

Persons 
{Acute polio-

myelitis 72 36 110 
ill 
with Acute enceph-

alitis 27 12 " Person.q convalescent from 
poliomyelitis 32 7 n 
Well persons remote·from 
epidemics 61 2 3 

supplied by several dairies, in the herds of which 
the streptococcus was demonstrated in milk ob
tained directly from cows. In a major outbreak 
of poliomyelitis,28 streptococci having "poliomye
litic" cataphoretic velocity and which produced 
flaccid paralysis in rabbits were isolated from a 
brand of pasteurized milk supplied to families in 
which the incidence of poliomyelitis was far 
greater than in families in which other brands of 
pasteurized milk were used and from which this 
type of streptococcus was not obtained. In still 
another epidemic of poliomyelitis14 in which sev
eral brands of milk were used, milk obtained 
where cases had occurred revealed the strepto
coccus whereas no cases could be traced to the 
milk from which the streptococcus could not be 
isolated and which, through the foresight of the 
dairyman, was pasteurized at 155° F. instead of 
at the usual 145° F. In many instances compos
ite milk supplies and milk obtained in a sterile 
manner directly from cows (which usually 
showed no evidence of disease of udders) sup
plying the milk for isolated family groups where 
one or more cases of poliomyelitis, encephalitis,22 

influenza or persistent hiccup had occurred were 
shown to contain the respective specific types of 
streptococci. In one institutional outbreak of 
influenza the alpha type of streptococcic flora ob
tained from the nasopharynges of patients and 
similar flora contained in suspensions of a brand 
of cheese which the patients had consumed were 
indistinguishable. The epidemic disappeared 
promptly after the cheese was eliminated from 
the diet. 

During institutional and community outbreaks 
of influenza, the number of colonies of strepto· 



cocci that grew in soft dextrose-brain agar and 
on blood-agar and the pneumotropic virulence of 
the streptococci, as demonstrated by inoculation 
of animals with streptococci isolated in dextrose
brain broth from raw and pasteurized milk, were 
uniformly much higher than in the case of the 
same milk supplies three months after the epi
demic had disappeared. 

An institutional outbreak of acute appendicitis 
was traced to ice cream and an outbreak of epi
demic parotitis (mumps) was traced to butter 
and cheese from which alpha streptococci that 
produced appendicitis in rabbits and parotitis in 
dogs were isolated. 23 The ice cream was a local 
product, but the butter and cheese had been man
ufactured far remote from the outbreak studied, 
at a time when epidemic parotitis was prevalent. 
An epidemic of sore throat associated with a 
high incidence of myositis was traced to a strep
tococcus in the milk supply. 24 The streptococcus, 
on isolation from throats of patients and from 
the milk, produced myositis in rabbits following 
intravenous injection. 

Milk supplies, even pasteurized supplies, some
times appeared to be responsible for the per
sistence of mild symptoms after attacks of epi
demic disease, and for mild nonepidemic condi
tions in which the milk supplies were not con
sidered as a possible source of infection. In 
several cases of perforating gastric ulcer and of 
gastric hemorrhage due to ulcer, the milk used 
was found to contain large numbers of the ulcer
producing type of streptococcus. Slight fever 
among patients convalescing from epidemic polio
myelitis and encephalitis and symptoms, such as 
persistent cough and recurring sore throat, after 
attacks of colds and influenza often disappeared 
when the respective milk supplies from which 
the streptococci were isolated were boiled or 
were eliminated. 

Discussion and Summary 

Results of these studies on alpha streptococci 
in relation to milk supplies are in accord with 
results of other workers, but through the use of 
brain-containing mediums they have been car
ried a step further, in that the incidence of iso
lation of streptococci has been higher and in 
that specificity of streptococci characteristic of 
those associated with certain epidemic and non
epidemic diseases has been demonstrated. The 
brain-containing mediums, especially in serial di-

lution cultures, were essential for the isolation of 
the virulent, epidemic strains without loss of 
specificity. The isolation of alpha streptococci 
from milk after pasteurization has been reported 
by Ayers and Johnson,2

•
3 Stark and Stark,33 

Park, 6 Bickwith and Eddie cited by Sears and 
Benson, 29 Kitchen,4 Seibel3° and others. In the 
original experiments which led to pasteurization 
of milk as now practiced, only a few tests were 
performed on the resistance to heat of the alpha 
type of streptococci.5

•
6

•
7 These organisms iso

lated by methods then available were found more 
resistant to heat than hemolytic streptococci, but 
were considered as of little or no epidemiologic 
importance.7 

The streptococci isolated by our methods from 
milk supplies during epidemics of encephalitis, 
poliomyelitis, influenza and hiccup manifested 
respective specific virulence or disease-producing 
properties and had characteristic distribution 
curves of cataphoretic velocity. They were ag
glutinated specifically by the respective antistrep
tococcic serums and they often grew in milk at 
usual refrigerator temperatures and in far higher 
serial dilutions in dextrose-brain broth and dex
trose-brain agar than streptococci from milk sup
plies remote from epidemics, resembling, in these 
respects, the streptococci isolated from the re
spective patients and viruses.16 Streptococci pres
ent in milk during epidemics and those isolated 
from patients were unusually resistant to heat on 
isolation, often remaining viable, as shown by 
the use of dextrose-brain broth, after being sub
jected to commercial pasteurization and pasteuri
zation under controlled conditions in the labora
tory at 63° C. (145.4° F.) for thirty minutes. 
The specific properties, including high resistance 
to heat, disappeared abruptly on cultivation on 
the usual mediums and more slowly on cultiva
tion in the brain-containing mediums. The rela
tion of the streptococci isolated in these studies 
to Streptococcus durans or Streptococcus zy
mogenes isolated from pasteurized milk by Sher
man and Wing31 was not determined. 

Clinical and experimental evidence obtained in
dicates ( 1) that raw, and less often pasteurized, 
milk supplies shown to contain alpha streptococci 
true to type are probable sources of infection; 
(2) that during epidemics the streptococci nor
mally present in respiratory and intestinal tracts 
of persons and broadly present in nature, includ
ing milk, acquire virulence and other properties 
characteristic of the streptococci associated with 
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the respective epidemics; ( 3) that the incidence 
of diseases resulting from acquired specific viru
lence of the streptococci is increased by the 
drinking of milk containing the specifically viru
lent organisms.10 

The experimental production from neurotropic 
or pneumotropic alpha streptococci of filtrable 
infectious agents resembling the viruses9•15•20•21 

of encephalitis, poliomyelitis and influenza, 25 re
spectively, and the demonstration of small, short
chain forming diplococci in filtrates of poliomye
litis19 and encephalitis11 virus and in filtrates of 
experimental infectious agents produced from 
streptococci, 19 indicate that epidemic types of 
streptococci in milk may be a source of the re
spective viruses. Regardless of whether specifi
cally virulent alpha streptococci, which our 
methods have shown to be present consistently in 
raw and pasteurized milk supplies during epi
demics, play a primary or secondary role in 
causation and spread of diseases now attributed 
to virus, the presence of viable streptococci in 
milk, even of those not at the moment virulent, 
should be regarded as an active or potential haz
ard to health and hence should be eliminated. 

Pasteurization of milk by the holding and 
flash methods, as now practiced, while apparently 
adequate to kill beta streptococci, nonvirulent al
pha streptococci and other pathogenic organisms 
commonly present in raw milk, has been found 
inadequate to kill specifically virulent alpha strep
tococci commonly present in milk supplies during 
epidemics of encephalitis, poliomyelitis, respira
tory infections, influenza and hiccup. More ef
ficient methods than are now generally used for 
the detection and killing of these organisms in 
milk are clearly indicated. To accomplish this 
ideal, slight, easily applicable modifications of 
methods now in general use fortunately have 
been found. 

From the data obtained it is suggested ( 1) that 
in addition to the standard methods now in gen
eral use for the bacteriologic examination of milk 
and other dairy products without due regard to 
type or virulence of the organisms milk contains, 
dextrose-brain broth and dextrose-brain agar be 
used because highly favorable for the isolation 
of specifically virulent streptococci; (2) that 
growth of streptococci from raw and pasteurized 
milk supplies in high dilutions in these mediums 
be considered presumptive evidence of virulence 
of the organisms, and ( 3) that milk be pasteur
ized routinely at 73° C. ( 163.4° F.) for thirty 
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minutes, or at least that it be past(!urized at 
this temperature during epidemics when, as 
has been shown, specifically virulent strepto
cocci are present which resist the present-day 
holding and flash methods of pasteurization. I 
am informed that pasteurization equipment now 
in general use could be adapted to this higher 
temperature merely by adjustment of the tem
perature regulator. After pasteurization of bulk 
milk at this higher temperature the cream-line us
ually is not obliterated and the slight alteration of 
taste which occurs should not be considered ob
jectionable, but rather as evidence that the milk 
was adequately heated to kill specifically virulent 
as well as saprophytic alpha streptococci. 
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