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I N PREVIOUS STUDIES, it has 
been shown that streptococci iso

lated in studies of influenza and 
other milder respiratory infections and 
from outdoor air in winter have a 
"pneumotropic" distribution curve of 
cataphoretic velocity, pneumotropic 
virulence and corresponding serologic 
properties. Also streptococci isolated 
in studies of epidemic hiccup, encepha
litis and poliomyelitis and from outdoor 
air in summer have a "neurotropic" 
distribution curve of cataphoretic ve
locity, neurotropic virulence and cor
responding serologic properties.7•9•12•13 

It is the purpose of this communica
tiOn to describe the methods employed 
and record the results obtained ·in a 
study of '!- streptococcus as isolated 
from outdoor air in winter during a 
severe epidemic of influenza and as 
isolated six months later in summer 
from a chick-embryo culture that had 
been stored in the dark at room tem
perature meanwhile. 

METHODS 

The streptococcus studied was ob
tained from one of sixteen tubes of 
dextrose-brain broth, inoculated with 
wood applicators that had been ex
posed during the epidemic to outdoor 
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air in test tubes with open ends 
screened with a double layer of sur
gical gauze and that revealed pure cul
tures of a streptococcus eighteen hours 
after incubation at 35° C. Exposure to 
air was made on an improvised weath
er vane for eight days of sunshine atop 
a 10-foot pole on the roof of a four
story building situated in a city in the 
center of the region during the epi
demic. The remaining fifteen tubes 
of dextrose-brain broth, similarly in
oculated, revealed the streptococcus in 
mixture with Gram-positive or Gram
negative bacilli. Blood-agar platings 
inoculated with washings of the ex
posed wood applicators revealed a 
moderate number of colonies of B. 
subtilis, but no streptococci. 

The dextrose-brain broth as used 
in tall columns affords a gradient of 
oxygen tension, being aerobic at the 
top and anaerobic at the bottom. This 
condition is of the greatest importance 
for the primary jsolation of specific 
types of streptococci and for mainte
nance of their specific properties. To 
each test tube, 1.7 by 15 cm., was 
added 20 c.c. of 0.2 per cent dextrose 
broth and three to four pieces of fresh · 
calf brain, representing approximately 
1 pan of brain substance to 6 or 7 
parts of broth before autoclaving. Se
rial dilution cultures in this medium 
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were made from tube to tube in rapid 
succession with a nichrome wire to 
which there adhered appro~imately 2 
cubic millimeters of culture, represent
ing a dilution of 1 :10,000 or l0-4 at 
each transfer. The wire was sterilized 
in a Bunsen flame immediately before 
the first transfer and between each suc
cessive transfer. 

Three consecutive serial dilution cul
tures were made in four tubes of dex
trose-brain broth from one of the 
tubes that revealed a pure culture of 
the streptococcus. Blood-agar plates 
made of the initial tube and from the 
end point of growth of the three serial 
dilution cultures represented a total 
dilution of original inoculum of 10-32 

and yielded pure growths of a slightly 
green-producing streptococcus. A sin
gle colony of a twelve-hour blood-agar 
plating from the end point of growth 
of the third serial dilution culture was 
then inoculated into an additional tube 
of dextrose-brain broth. The strepto
coccus that grew in eight hours at 35° 
C. was then inoculated into eighteen 
mice and into a tube of chick-embryo 
medium layered with liquid petrolatum 
and which was sealed with a rubber
lined screw cap. The chick-embryo 
culture was incubated overnight at 35° 
C. and then stored at roorµ tempera
ture in the dark from January 10 to 
July 2, 1948. 

The chick-embry'o medium consisted 
of the mash ( 1 part), obtained by pass
ing through a meat chopper nineteen
day hatching chicken eggs, including 
the shell, and distilled water ( 7 parts). 
The mixture of ground mash and wa
ter was kept in the refrigerator for 
twenty-four hours, and stirred at in-· 
tervals meanwhile, after which it was 
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placed in tall columns in test tubes or 
bottles and autoclaved at 17 pounds 
pressure for twenty minutes. Titra
tion was not necessary since the reac
tion was always at approximately pH 
7. The medium in the tubes was lay
ered with sterile liquid petrolatum and 
autoclaved for a few minutes at 17 
pounds pressure to insure sterility. 
The tubes and bottles were Th~n sealed 
with cotton plugs, rubber stoppers, or 
rubber-lined screw caps. 

The chick-embryo medium was in
oculated because it was found in pre
vious studies7 to be highly favorable 
for rapid growth of streptococci and 
for maintenance of viability13 that cul
tures did not turn acid and that sea
sonal changes in the streptococci oc
curred in accord with streptococci as
sociated with or as the cause of cur
rent epidemics, in winter of respira
tory infection and in summer of polio
myelitis or encephalitis, on prolonged 
storage at room temperature.11 

A subculture in dextrose-brain. broth 
made July 2 from the stored chick
embryo culture was inoculated July 3 
into twelve mice. Successive mouse 
passages were made in winter and 
summer with emulsions or filtrates of 
emulsions of pneumonic lungs or po
lio-encephalitic brains· respectively. 

Mice, weighing from 10 to 15 grams, 
were inoculated under deep ether anes
thesia alternately with .03 ml. cerebral
ly only and with .03 ml. cerebrally and 
.06 ml. nasally of the undiluted dex
trose-brain broth cultures in the first 
mouse passage and with like amounts 
of 10 per cent emulsions or filtrates of 
emulsions of pneumonic lungs or brain 
in winter and emulsions and filtrates 
of emulsions of polio-encephalitic 
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Fig. 1. Incidence of pneumonitis and of polio-encephalitis in mice following cerebral 
and/or nasal inoculation of a streptococcus, as isolated from outdoor air in winter during 
a severe epidemic of influenza and from a parallel culture in chick-embryo medium after 
storage at room temperature from January 10 to July 2, 1948, for the first mouse passage, 
and following inoculation of emulsions or filtrates of emulsions of pneumonic lungs and of 
"polio-encephalitic" brains, respectively, in successive mouse passages. 

brains in summer on respective mouse 
passages. 

Control mice were similarly inoc
ulated with filtrates of dextrose-brain 
broth cultures, with emulsions and fil
trates of emulsions of the lungs .and 
brain of normal mice. The inoculated 
mice were observed two or more times 
daily, when notes of symptoms, if any, 
were made. Mice that died were ex
amined as soon after death as possible. 
Those that survived were anesthetized 
to death with ether after from five to 
ten days. Cultures of emulsions and 
filtrates of emulsions of lungs and 
brain were made on blood-agar and 
into dextrose-brain broth. 
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RESULTS JN MICE 

The results of inoculations of the 
strepto:occus, as isolated in winter and 
as isolated from the chick-embryo cul~ 
tures after storage into summer in the 
first mouse passage and in successive 
mouse passages of emulsions and fil
trates of emulsions, respectively, of 
pneumonic lungs and brain in winter 
and of emulsions and filtrates of emul
sions of "polio-encephalitic" brains in 
summer, are shown graphically in Fig
ure 1. 

A truly remarkable difference in lo
calizing and disease-producing proper
ties occurred. The streptococcus, as 
isolated from outdoor air during the 
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epidemic of influenza in winter in the 
first mouse passage and emulsions and 
filtrates of emulsions of pneumonic 
lungs and brain on nine successive pas
sages, produced a high and increasing 
incidence of pneumonitis and at first 
a lower and later no incidence of polio
encephalitis. The same strain of strep
tococcus isolated from the chick-em
bryo culture after storage of the chick
embryo culture at room temperature 
into summer in the first mouse passage 
and emulsions of "polio-encephalitic" 
brains on successive mouse passage 
produced instead a very high and in
creasing incidence of polio-encephalitis 
and a very low or no incidence of 
pneumonitis throughout eleven mouse 
passages. Then during the twelfth 
and thirteenth passages the latter part 
of September, there was a sharp "sea
sonal" drop in incidence in. inoculated 
mice of polio-encephalitis and a signif
icant rise in the incidence of pneu
momtis. This occurred as the inci
dence of poliomyelitis in human beings 
in and surrounding Cincinnati declined 
and as the incidence of respiratory in
fections sharply increased. 

Important data, in addition to those 
shown in Figure 1, in the experiments 
on successive passage of emulsions and 
filtrates of emulsions of pneumonic 
lungs and of polio-encephalitic brains 
after initial inoculation of the strepto
coccus in winter while pneumotropic 
and after it had changed to neurotropic 
type on storage in chick-embryo me
dium into summer, are summarized in 
Table I. It will be seen that the in
cidence of pneumonitis and of isola
tions of the streptococci from pneu
monic lungs on the initial injection of 
the streptococcu~ and on successive 
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mouse passages in winter of emulsions 
and filtrates of emulsions of pneumon
ic lungs and brain, when the ~trepto
coccus injected initially was pneumo
tropic, were uniformly high: 100 per 
cent for the streptococcus, 85 per cent 
for emulsions of pneumonic lungs, 7 4 
per cent for emulsions of brains and 
72 per cent for filtrates, or a total av
erage of pneumonitis of 75 per cent 
and of polio-encephalitis of 12 per cent 
or 145 mice inoculated. The strepto
coccus was isolated from pneumonic 
lungs cultured in 100 per cent, 93 per 
cent and 82 per cent, respectively, fol
lowing inoculation of the streptococ
cus and emulsions, and 68 per cent 
following inoculation of filtrates, or a 
total average of 86 per cent of 102 
cultured. In sharp contrast, the in
cidence of pneumonitis following inoc
ulation of the streptococcus, of unfil
tered and filtered emulsions of polio
encephalitic brain was but 5 per cent, 
while that of polio-encephalitis was 50 
per cent for the streptococcus, 84 per 
cent for emulsions and 63 per cent for 
filtrates, and isolations of the strepto
coccus from brain was 82 per cent of 
135 cultured on successive mouse pas
sage in summer after the streptococcus 
initially injected had changed to neu
rotropic type on storage of the chick
embryo culture. The mortality was 
twice as great during the experiments 
made in winter ( 35 per cent) as those 
made in summer ( 18 per cent). The 
streptococcus was isolated in dextrose
brain broth from but three (not shown 
in Table I) of the twenty-one filtrates 
of emulsions of pneumonic lungs and 
of polio-encephalitic brains that were 
inoculated into mice. Cultures in dex
trose-brain broth from sixteen pneu-
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TABLE I. EXPLANATORY DETAILS OF EXPERIMENTS SUMMARIZED GRAPHICALLY IN 

FIGURE 1. 

Mice 
Number Percent in which Isolation of strepto-

Time and type of experiments speci- Number Per there developed cocci from lungs in 
and materials inoculated mens inocu- cent winter; from brain in 

inocu- lated that Pneumo- Polio- summer resnectivelv 
lated died nitls enceph- Number Percent 

alitis cultured positive 

First "Pneumotropic strepto- 1 18 61 4S .3S 11 100 coccus on isolation 
I Pneumonic 14 56 :32 8S 7 41 9:3 Emulsions lumrs s. ... 

" " " (Brain 18 46 .35 74 1:3 :34 82 .. " .. 
c ... ,. 

Filtrates of emulsions ... El C' 6 25 20 72 8 16 68 :.. .. of pneumonic lungs 
" .. ... ,D Total :39 l4S .35 75 12 102 86 ,. 
" "' -=' Control materials• 17 4S 0 0 0 27 7 .. .. A!ter the strentococcus -8, First ~~,,~~f,~eto •neuro- l 12 40 9 so s 100 
.... .. .. 

~~~i~i~~~ ofluntiltered :39 1:38 17 84 84 s. El " s 92 
" .. " ; " ,. 

sninal cord (Filtered lS 62 15 s 6:3 :38 76 < C' 

" Total SS 212· 18 m .. s IL 1:35 82 .g 
Control materials• 20 72 0 0 0 "' 0 .35 

•control material inoculated in winter consisted of 8 filtrates of dextrose-brain broth 
cultures of the streptococcus having pneumotrop1c virulence and of emulsions and filtrates 
ot emulsions of the lungs and brains of 9 normal mice; in summer of 6 filtrates of 
dextrose-brain broth cultures of the streptococcus after it dissociated into neurotropic 
type and of emulsions and filtrates of emulsions of the brain of 12 normal mice. 

monic lungs of mice that had received 
filtrates of pneumonic lung emulsions 
yielded the streptococcus in ten ( 68 
per cent and from twenty-nine (76 per 
cent) of thirty-eight polio-encephalitic 
brains cultured, or a total isolation in 
thirty-nine (72 per cent) of fifty-four 
specimens cultured. All cultures of 
filtrates on blood-agar proved sterile. 

There were no deaths and no in
stances of pneumonitis or polio-en
cephalitis in altogether 117 mice inoc
ulated with thirty-seven specimens of 
control material consisting of fourteen 
filtrates of dextrose-brain broth cul
tures of the streptococcus, of nine fil
trates of emulsions of normal mouse 
lungs and of twelve filtrates of emul
sions of the brains of normal mice. A 
small Gram-negative streptococcus was 
isolated from two ( 7 per cent) of 
twenty-seven normal lungs cultured, 
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following inoculation ~f control lung 
material, and all cultures made of brain 
of thirty-five control mice proved 
sterile. 

The symptoms in mice following 
inoculation of the streptococcus, while 
having high pneumotropic virulence on 
isolation, and of corresponding emul
sions and filtrates of emulsions of 
pneumonic lungs, varied greatly from 
no apparent effects to rapidly increas
ing respirations, often followed by 
death in two or three days. The le
sions of lungs in the early stages and 
especially in mice that died consisted 
of a striking distention from inter
spersed widely disseminated areas of 
emphysema atelectasis and hemor
rhagic edema and later of patchy areas 
of hemorrhagic consolidation.14 Exu
dative pleuritis and spontaneous lesions 
of lungs were not observed. Inoculat-
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ed mice, seemingly well, often revealed 
surprisingly extensive lesions of lungs 
when etherized and examined after 
death. The symptoms in mice receiv
ing the streptococcus and emulsions 
and filtrates of emulsions in summer, 
after the streptococcus inoculated ini
tially had changed to neurotropic type, 
varied widely from no apparent effect 
to tremors, sometimes clonic spasms 
and siight or moderate weakness of 
one or more extremities or to early oc
curring and rapidly progressing flaccid 
paralysis with death from respiratory 
failure. 7 There was a striking same
ness in symptoms following respective 
different types of inocula. The gross 
and microscopic lesions of the lungs 
following inoculation of the "pneumo
tropic" material, especially filtrates, 
resembled those following inoculation 
of influenza virus.15 Those of the 
brain and spinal cord were in close 
harmony with the symptoms noted 
during life. Suppurative meningitis 
and abscess formation at the site of 
injection were not observed. Edema 
and degeneration of anterior horn cells 
in medulla and spinal cord with mini
mal infiltration by round cells were 
roughly proportional to the degree of 
paralysis. Perivascular leukocytic 
and round cell infiltration and hemor
rhage in the cortex and basal ganglia 
characterized the microscopic lesions 
in mice in which symptoms of encepha
lm;nyelitis were dominant. 

ILLUSTRATIVE EXPERIMENTS AND 

PROTOCOLS 

Mouse 1 was inoculated intranasally Feb
ruary 3, 1948, with .06 ml. of a Berkefeldt 
V filtrate of a 10 per cent emulsion of the 
pneumonic lung of a mouse that succumbed 
to pneumonitis following inoculation of the 
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streptococcus (referred to in Figure 1) 
isolated from outdoor air during the epi
demic of severe influenza. The animal had 
remained seemingly well until February 7 
when anesthetized to death with ether. Ex
amination revealed a large area of hemor
rhagic bronchopneumonia in the left apical 
and a small area in the right diaphragmat
ic lobe. The brain and other viscera were 
normal. Cultures of emulsion of the pneu
monic lung in dextrose-brain broth yielded 
a ·pure culture of the streptococcus and no 
growth on blood agar. Two of three other 
mice inoculated with this filtrate developed 
pneumonitis and results of cultures were 
similar to cultures d Mouse 1. 

Mouse 2 was inoculated intranasally un
der deep ether anesthesia February 8, 1948, 
with .06 ml. of a 10 per cent emulsion of 
the pneumonic portion of the lung of Mouse 
1. On February 10, the respirations were 
increased. On February 11, the mouse was 
found dead. Extreme hemorrhagic edema 
and ·hemorrhagic bronchopneumonia, involv
ing almcist the entire greatly distended 
lungs, were fo:ind at necropsy. The brain 
and other vital organs were normal. Cul
tures in dextrose-brain broth of pipettings 
of the hemorrhagic lung yielded a pure cul
ture of the strept~coccus. One other of 
three mice similarly inoculated revealed ex
treme pneumonitis, and the remaining two, 
moderate pneumonitis. 

A Berkefeldt V filtrate of emulsions of 
the brain of nine mice in which polioen
cephalitis had developed following inocula
tion of filtrates of emulsions of the brain 
of mice in the fifth, sixth and seventh 
mouse passages, respectively, was inoculated 
intracerebrally on August 31 anti Septem
ber 1, 1948, into eight mice. All developed 
symptoms resembling poliomyelitis or en
cephalitis, and the streptococcus was iso
lated in dextrose-brain broth from the 
brain of each after death, while cultures on 
blood-agar proved sterile. Cultures on 
blood-agar and in dextrose-brain . broth of 
the filtrate inoculated remained sterile. 
The protocols of Mice 3, 4 and 5 will serve 
to illustrate. Mouse 3 remained seeming
ly well until September 4, 7 :00 a.m., when 
it had developed marked weakness of ex
tremities, moderately accelerated respira-
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tion and tremors especially on prodding. 
At 7 :00 p.m. it had continuous fine and 
coarse tremors and mild elonic spasms, and 
great weakness of right hind extremity. 
On September 5, 7 :30 a.m., it had almost 
complete flaccid paralysis of both hind ex
tremities and marked weakness of fore ex
tremities. Respiration was labored, indicat
ing respiratory failure, of which it died one 
hour later. Necropsy revealed a moderately 
congested brain and normal lungs and other 
viscera. Cultures of emulsions of the 
brain and spinal cord on blood-agar re
mained sterile ; those in dextrose-b.rain 
broth yielded a pure culture of the strep
tococcus. 

Mouse 4 remained well until September 
9, when tremors and generalized weakness 
and spells of great excitability were noted 
at 7 :()() a.m. At 9 :30 a.m. it had an at
tack after slight prodding, in which general
ized twitchings of muscles occurred as it 
dashed about in wildlike fashion. At 8 :00 
p.m. a similar attack was seen to occur. 
On September ·IO, 8 :00 a.m., moderate 
weakness of extremities, severe tremors, 
twitchings, tonic and clonic spasms were 
noted, and at 10 :00 a.m., September 11, it 
was found dead with outstretched hind ex
tremities, indicating that it died from gen- · 
eralized spasms. The brain was severely 
congested, there was no mark at the point 
of injection and the meninges were moist 
and shiny. The lungs and other viscera 
were normal. Cultures of the brain emul
sion on blood-agar proved negative, and 
those in dextrose-brain broth yielded a pure 
culture of the streptococcus. 

Mouse 5 remained well until September 
3, when fine tremors were noted. On 
September 4 the animal was lethargic or 
semi-comatose, lying on its side with out
stretched' extremities in greatly increased 
tonus. On September 5, it was still coma
tose and the extremities were held out
stretched in increased tonus. Fine and 
coarse tremors but no spasms were noted. 
On September 6, it was found dead. N ec
ropsy revealed severe congestion of the 
brain, no mark at the site of injection, and 
the meninges were moist and shiny. The 
lungs and other viscera were normal. Cul
tures of the emulsions of the brain on blood 
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agar were negative; those in dextrose-brain 
broth yielded a pure culture of the strepto
coccus. 

CONTROL EXPERIMENTS 

In order to be certain that the great 
difference in the incidence of pneumo
nitis and polio-encephalitis in the mice 
inoculated in winter and summer 
respectively was due to differences in 
the streptococcus and corresponding 
emulsions and filtrates of emulsions on 
successive passages, and not due to a 
possible increased susceptibility of 
mice to streptococci and to correspond
ing filtrable agents of the respiratory 
tract in winter and of the nervous sys
tem in summer, mice were in9culated 
in winter with streptococci shown to 

. have neurotropic virulence and in sum
mer with streptococci shown to have 
pnemnotropic virulence. The respec
tive pneumotropic and neurotropic 
streptococci inoculated had been pre
served meanwhile at 5° to 10° C., 
either in dehydrated form in dense sus
pensions in glyceri11., 2 parts, and 
saturated NaCl solution, 1 part, or in 
pneumonic lungs or polio-encephalitic 
brains of mice in 50 per cent glycerin. 
Of seventy-five mice thus inoculated in 
summer with twenty-four strains that 
had pneumotropic virulence, pneumo
nitis developed in forty-six ( 61 per 
cent), polio-encephalitis in only six 
( 8 per cent), and gastroenteritis in 
but one. The streptococcus was iso
lated from pneumonic lungs in thirty
five ( 85 per cent) of forty-one cul
tured. In sharp contrast, of fifty-six 
mice inoculated in winter with twenty 
strains that had neurotropic virulence, 
polio-encephalitis developed in thirty 
( 54 per cent), pneumonitis in nme 
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( 16 per cent), and gastroenteritis in 
one. The streptococcus was isolated 
from the brain in twenty-seven ( 60 
per cent) of forty-five cultured. 
Moreover, during the course of these 
and other experiments no instance of 
deaths from pneumonitis or symptoms 
of and deaths from polio-encephalitis 
occurred among large numbers of un
inoculated mice in mouse stocks. 

RESULTS OF AGGLUTINATIVE 

EXPERIMENTS 

The streptococcus inoculated initial~. 
ly in the first mouse passage, as iso
lated during the severe epidemic of in
fluenza, and the streptococci isolated 
from the p~eumonic lungs of mice on 
successive mouse passages of emul
sions and filtrates of emulsions of· 
pneumonic lungs and brains in winter 
were agglutinated maximally by ther
mal antibody and antiserum prepared 
with the streptococcus isolated in stud
ies of influenza and by the serums of 
persons convalescing from influenza.11 

After the streptococcus had changed 
. to neurotropic type in the chick-embryo 
culture on storage into summer and 
as isolated from polio-encephalitic 
brains of mice on successive passages 
of emulsions and filtrates, it was ag
glutinated maximally by thermal anti
body and antiserum prepared with 
streptococci isolated in studies of pol
iomyelitis and by the serums of per
sons convalescing from poliomyeli
tis. s,rn 

SUMMARY AND COMMENTS 

The in vitro dissociation or mutation 
of a streptococcus having high pneu
motropic virulence, as isolated from 
outdoor air in winter during an epidem-
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ic of influenza currently considered as 
of virus X origin, into a streptococcus 
having high neurntropic virulence and 
the in vivo genesis of respective pneu
motropic and neurotropic filtrable 
phases of the streptococcus are re
ported. 

The isolation in high incidence of 
streptococci having respective specific 
serologic properties from the pneu
monic lungs and polio-encephalitic 
brains of mice following inoculation 
of emulsions of pneumonic lungs and 
polio-encephalitic brains and corres
ponding filtrates of emulsions, respect
tively, which often proved sterile to 
dextrose-brain broth, the absence of 
lesions of lungs, brains and streptococ
ci in control mice studied in parallel 
with test mice iri this study and a much 
larger number of control mice in other 
similar studies,11•19 and the total' ab
sence of pleuropneumonia-like organ
isms and of B. bronchisept.icus in the 
·cultures of lung and brain indicate that 
the pneumotropic and neurotropic fil
trable phases developed in vivo from 
the streptococcus . 

The great difference in incidence of 
pneumonitis in winter and polio
cncephalitis in summer in the inoculat
ed mice was shown to be due to 
changes in the localizing and other 
properties of the streptococcus inoc
ulated and not due to a seasonal dif
ferential susceptibility to streptococci 
of lungs and brains, respectively, of 
mice. 

Through the use of methods espe
cially favorable for the isolation of 
specific types of streptococci from ma
terial containing pneumotropic or neu
rotropic viruses and for mutation of 
specific types of streptococci into fil-
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trable form, this and other studies15
•
16 

indicate perhaps that the filtrable 
pneumotropic viruses from mouse 
stocks,2•3•6 from upper respiratory in
fections, 5 and from influenza in human 
beings, and the filtrable neurotropic 
viruses from mouse stocks15

•
22 and 

from encephaiitis19 and poliomyelitis20 

may initially pe derived from indige
nous pneumotropic and neurotropic . 
streptococci, respectively. The experi
mental production of dwarf and fil
trable forms from staphylococci and 
B. proteus by Tulasne,23

•
24 the obser

vations on the importance of a non
hemolytic streptococcus in atypical. or 
virus pneumonia,21 and the· climatic 
changes of races ·of Achillea1 are in 
accord with such concept. 

The data emphasize the importance 
of the phenomena of dissociation or 
mutation of streptococci and perhaps 
filtrable agents in the pathogenesis of 
disease. 4 •

8
•
12

•
18 They indicate that the 

high incidence of epidemic respiratory 
infections in winter -months associated 
with pneumotropic streptoc~ci and 
pneurnotropic viruses, and of infective 
diseases of the nervous system in sum
mer associated with neurotropic strep
tococci and neurotropic viruses, may 
be attributable in part to changes in the 
indigenous streptococcal flora in the 
throats and respiratory tracts of hu
man beings and in outdoor air, which 
for reasons still obscure tends to ac
quire pneumotropic properties in 
temperate climates in winter and neu
rotropic properties in summer and to 
dissociate into respective filtrable 
phases or viruses.11 The data further 
indicate the importance of making bac
teriologic studies by adequate methods 
in addition tq the purely viral methods, 
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especially of the initial material sus
pected° of harboring causative agents. 

• The nature of the extrinsic influence 
responsible for seasonal changes of 
nonhemolytic streptococci 1s under 
study.10 
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