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Failure to Confirm Rosenow's Work on Encephalitis in its Relation 
to Green Streptococcus. * 

EARL B. NCKINLEY. 

FTWb the Seliool o f  Tropical Medicine of the University of Pwto Rko,  under tltc 
auspbes of Columbia Viiiucrsity, San Jwm, P. R. 

The writer visited the laliorator]. o i  Dr. E. C. Rosenow in 
Rochester, Minnesota, in JLIIIC. 1929, to oliserve the work of this 
ilnv e s t i gat or on e pi d emi c en c c' pli ;I 1 i ti s a nd pol i oin y el it i I;. Kosen~ w 
very kindly demonstrated to iiie Iiis iiietliods and technique with 
material taken from cases o f  cpitlcniic encephalitis which had come 
to the Mayo cliinic. The writer frankly expressed his skepticism of 
the r6le of the green streptococcus in epidemic encephalitis and the 
rather large group of diseases which Rosenow regards as allied 
conditions. ( I t  should bc recalled that Rosenow regards a g r m  
streptococcus as etiologically related to a group of 12 or  more 
disease conditions among which are epidemic encephalitis, polio- 
myelitis, spasmodic torticolis, epidemic hiccup, ulcerative colitis, 
gastric ulcer, arthritis deformans, rheumatic fever, epidemic in- 
fluenza, infectious arrythmia, chorea, pulmonary embolism, etc. ). 

Rosenow was able to dcinonstrate to me that one could take 
swabs from the tonsils awl nasopharynx of encephalitis cases, wash 
these swabs in a small quantity o f  gelatin-Locke's solution, inject 
healthy rabbits with 0. I cc. to 0.2 cc. of the unfiltered suspension 
intracerel)ral:y, produce ;L tiieiiingo-cucepllalitis in most of the ani- 
mals so in jectecl and recover uidy a green producing diplostrepto- 
coccus from the brains of the (lead rnlhits. Likewise cultures from 
the swabs in  ~l~i~os~-l)r~ ' i i i - l i r~) t l i  media revealed green producing 
streptococci when plated out on blood agar. Similar green produc- 
ing streptococci were fouiitl Lipon direct inoculation of blood plates 
with the infected swabs. (;rnni-positive diplostreptococci were 
demonstrated in smears froin thc stirface of the brains of animals 
dying (usually i i i  24 to 48 hours) folllowing injection, as well as 
from sinears prepared with pipcttings froin the brain substance. 

The writer felt that Iioseiio\v'..; demonstration was valid, his 
technique uiii i n  pcnchabl e, t ha t  c'a ch tle ta i 1 of the demonstration 
should be accepted without question. The interpretation of this 

___ _ _  - . - - __-__ 
* This work has been supported by the Matheson Ehcephalitis Commission. For 

complete referencm to literature see ' ' Epidemic Encephalitis ' ' Report of a Sur- 
vey by the Matheson Commission, Columbia University Press, New York, 1929. 



work, however, is another matter, and one is not readily convinced 
that such a demonstration proves anything regarding the relation 
of the green streptococcus to encephalitis, poliomyelitis. etc. Since 
most investigators have failed to confirm Rosenow’s results and 
since few, i f  any. have t i p  to the present used the precise methods of 
Rosenow we thought, in  fairness to Rosenow. that his methods, as 
employed at the present time, should be ;tpplied to the probkm in 
an effort to confirm his findings. 

In Pwto Kico the bacterial flora of the tipper respiratory tract is 
somewhat different t h m  in the S o &  Nearly all healthy indi- 
viduals h a r h -  the green streptococcus in the tonsils and naso- 
pharynx. \\;e thought it \voiikl 1)c of interest to study a series of 
nortrlctl hralthy i r td i~ i i i i i i~~h  here employing the precise technique of 
Rosenow as  he uses with encephalitis and poliomyelitis cases in 
Rochester. Twenty-fi\.e of the personnel of this institution have 
been so studied. The results are briefly as follows: 

I .  The precise technique of Rosenow has been used throughout. 
2. Swabs were taken from the tonsil and from the naso- 

pharynx. These swabs were washed off in gelatin-Locke’s solution 
(2 CC.) and 0.2 cc. of this mixture (containing everything from the 
swab) was injected intracerebrally into rabbits. 

Two rab- 
bits for each normal subject. Forty rabbits died with typical s y m p  
toms as produced by Koseiiow with material from encephalitis cases. 
In other words, 80% of the animals died. Rosenow obtained 74% 
deaths in his series with material taken from the tonsils and naso- 
pharynx of encephalitis cases; 40% with material taken from con- 
tacts with these cases and only 23% with material taken from 
normal people. Our animals died as follows: 

3. Fifty rabbits were injected in the above nianner. 

1 5  rahbits died in . .  . . . . . . . . . . . . . . .  
I 3  

I day 
Y ,  ? *  9 9  . . . . . . . . . . . . . . . . .  2 days 

. . . . . . . . . . . . . . . . .  
9 9  

3 ” 

5 ” 

9 9  9 9  

4 
1 9  9 9  

7 9  9 9  

7 ” 

2 ” . . . . . . . . . . . . . . . . .  
I animal died in . .  . . . . . . . . . . . . . . .  10 ” 

” . . . . . . . . . . . . . . . . .  

4. Green producing streptococci were cultured from the tonsils 
in all of the 25 subjects. Green streptococci were cultured from the 
naso-pharynx in a11 of the 25 normal subjects. In both tonsil and 
naso-pharynx cul ttires the glucose-brain-broth in long tubes, as ad- 
vocated by Rosenow, were employed. In fact every step through- 
out these experiments \\-as exactly the same as demonstrated to LIS 
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j. Greeri streptococci were recovered from the brains of 35 out 
of the 40 rabbits which died. In two instances a hemolytic staphylo- 
coccus was cultivated along with the green streptococci. In one 
case a Inon-hemolytic staphylococcus alone was cultured. Two rab- 
bits died in which no organisnis could be demonstrated. Hemor- 
rhages in the brain were found, probably due to mechanical injury 
of the injection. 

6. Two animals out of a total of 50 injected developed chronic 
lesions. 

7. In 31 instances direct smears from the surface of the base of 
the brain revealed Gram-positive diplococci or definite streptococci. 
( I t  should be mentioned that Rosenow also finds for the most part 
diplococci and not chains. ) 

Positive blood cultures from the heart blood were obtained 
in 18 animals. Direct sinear from the heart blood was positive in 
only 2 animals. 

Streptococci or diplococci were found in smears from the 
various organs at autopsy as follow: 

Organ No .  instances positive 

Nine animals were negative. 
8. 

9. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kidney 5 
Liver 5 

Spleen 4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 Adrenal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Lung 5 

10. Fermentation reactions: 
Rosenorw Straitis (47) McKiiilry Stt-niiu (42) 

4 i  Glucose 40 
22 Lactose 36 
38 NI a1 t 0s e 30 
3' Sacc ha rose 38 
21 Kaffi n o se 34 
10 S ali ci n 15 
I 3 Bnul i n '3 
0 Man n i t e I ( ? )  (Tlefi- 

ni tel y riega t ive 
third test) 

Agglutination reactions: Rosenow's anti-encephalitis sertiin 
and anti-poliomyelitis serum were used against our strains. The 
results were as follows: (These tests were run 011 26 strains isolated 
directly from the tonsil or naso-pharynx of the healtlhy subjects and 
25 additional strains isolated from the brains of rahbits which died 
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following injection. ) 
tests were carefully controiled. 

5 I strains tested in all. All agglutination 

Anti-Encephalitis Serum Anti-Poliomyelitis Serum 
(Rosenow) (Rosenow) 

No. of strain. rjq) d i o o  1/200 1/400 
giving positive - - - - - - - - 
agglutination: 48 39 30 2 s  43 38 28 22 

Virulence tests with 24 strains chosen at  random sliow these 
streptococci to be prac t id ly  non-virulent for mice (intraperitoneal 
injections-i cc.) and for guinea pigs in the miie  dosage. Only 
three out of 24 mice died atid only 7 guinea pigs. This is in accord- 
ance with virulence tests riin with green streptococci by other 
lvorkers. 

I 3. Three inoiikej*s injected intr:tcerel)rall!* with I cc. of 3 dif- 
ferent strains cliosen a t  t-aiidoni reinained perfectly well. X o cloubt 
strains might ha\-e Iieen found n.liicli uxnikl infect iiioiike!-.; i f  suf- 
ficient numbers were tested. 

The picture in histologic sections i b  oiie o f  acute inenin- 
goencephalitis the saiiie ;is denionstrated to me l q -  Lbsenow in his 
Ialm-atory. The iiietiitigi are liyperaeiiiic ;1 iicl slightl!- infiltrated 
with lymphocytes, leucocytes ( I)olytn~rIdi~)iiLiclears j and plasma 
cells. There is perivascular intiltration consisting of leticocyteb. 
lymphocytes and plasma cells, ;is well :is cliff use leucocytic infiltra- 
tion of the subependynial tissue. Graiii-positive diplococci, some- 
times in short chains ant1 often phagocytizetl 11)- Ieucocytes, are 
found in the suhepend~.in;il tissue. \Ve have es~xrieticed the smie 
difficulty as Rosenow in always finding the microbe in the brain 
sections, sometimes searching for a long tiiritt,  hut usually they are 
h i n d  to be present though in most instances they are  very few. 

Rosenow’s “~oalied-pleclget-i ti-the-nose” method of infec- 
tion has been fount1 i-er!. unsatisf;tctory. Se\-en rdh i t s  \\.ere treated 
in this manlier with pledget.; so;iketl i t i  streptococci h i t  oril>* 3 stic- 
ctirnbed to infection. 

One case o f  epidemic encephalitis has been 5tutlied thor- 
oughly as a control in this series and from this case a green pro- 
ducing streptococcus has been isolated f rotn the tonsils and naso- 
pharynx. \Vith the sanie technicluc ;is etnplo~ ed in all of the other 
cases precisely the same results have heen obtained. In other words, 
it is impossible to discerri any difference between the results obtained 
by this method with material from encephalitis from those obtained 
with material frotii liealttiy ititlivitltial~. 

1/40 I / I O O  1/200 1/4oo 
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17.  We liavc iountl i t  pe~- i~ t l ! -  easy and simple to produce a 
fulminating meiiingo-ence~~1i:~liti~ in the brains of rabbits by inject- 
ing a verv sm;ill riuni?tity o i  /]. siihti1i.c ( a  known saprophyte) and 
we attach no more inipartance t o  tlii.;, i;i 1-elation to the etiology of 
epidemic encel)Ii:tIiti., t h 1 1  C‘ (10 to tiic p e e n  streptococcus. In 
the light tiii, coitt r (  )! \\or]< on IienltIi~ sibjects kve believe we 
~ V O U I C I  bc :is 11~1c:i jii3tif’t-d i l l  i;ic.i-iniinriti1i~ the Flay bacillus :is \ye 
\vould the green streptocc ~ * c i i s  :I? the etiological ;tgmt in epidemic 
encephalitis. 

W e  believe tliat Kosenou.’s \ v ~ i - k  proves ordy tlirrt one can inject 
into thc hrain. o f  r:tbI)its 1iiatcri;LI taken from the tonsils o r  the 
naso-pharyns o i diseased or Iic.(ilrIiy individuals and most of the 
animals will die u i  nieiiin~o-eiicelrlialitis ( 74% his highest figure 
with material from encephaIit i. cases-80$% our figure with 
material from healthy indivi~du;iIs. One recovers in most instances 
o d y  a green streptococcus-the other iiiicrobes having no effect. 
( In one case we recovered ;L iioii-hernolytic staphylococcus alone and 
in 2 instances we cultured both ;L hemolytic staphylococcus and 
green producing streptococcus from the brains of our rabbits. ) 
This phenomenon may be esplaincd on the basis of greater virulence 
of the green streptococcus o r  by the fact that they predominate in 
the flora a t  the time the swab is taken. In any case it apparently 
has no bearing upon the etiology of epidemic encephalitis or polio- 
myelitis and is entirely a prol>lem of more or less academic nature. 


