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During convalescence from certain diseases, notably smallpox, 

vaccinia, and measles, and during or following vaccination against 

rabies, an occasional patient develops symptoms and signs referable 

to the central nervous system. A careful study (1-3) of the brains 

and cords of individuals who have died because of such involvement of 

the nervous system has revealed a characteristic pathological picture, 

acute disseminated encephalomyelitis, of which perivascular demyelin- 

afion is a striking feature. The etiology of this malady is unknown in 

spite of the fact that considerable experimental work has been done to 

disclose it. Inasmuch as vaccine virus is suitable for a variety of ex- 

periments, many of the investigations (4-10) have dealt with vaccinal 

infections of the brain in rabbits and monkeys. At present, as a result 

of these investigations two main views are held regarding the relation of 

vaccine virus to postvaccinal encephalomyelitis, namely, (1) that it is 

the etiological agent and can induce the disease under experimental 

conditions, (2) that there is no clinical, pathological, or experimental 

evidence to show that it is directly responsible for the malady. In 

view of this difference of opinion, we decided to conduct some experi- 

ments on vaccinal infections in monkeys in the hope of obtaining in- 

formation concerning the effect of the active agent on the central 

nervous system. We made no effort to repeat any work that had been 

previously reported, yet  some of our control animals were handled in 

a manner similar to that employed by other investigators. Conse- 

quently, our results in many instances are comparable with those al- 

ready recorded in the literature. 
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EXPERIMENTAL 

In the work described at this time four lines of investigation were 

followed. In  the first place, an effort was made  to determine wha t  

pathological  changes are induced b y  vaccine virus in the brains of im- 

mune,  par t ia l ly  immune,  and normal  monkeys.  Then  it  seemed ad- 

visable to ascertain whether  a test icular  extract ,  Reynals '  factor  (11, 

12), is capable  of inducing vaccine virus to produce an acute dissemi- 

na ted  encephalomyeli t is  in monkeys .  Fur thermore ,  inasmuch as it 

has been s ta ted  (13, 14) tha t  repeated injections of normal  brain tissues 

cause paralyses  in rabbits,  an a t t e m p t  was made  to determine whether  

inoculations of such tissues in monkeys  would cause an acute dissemi- 

na ted  encephalomyelit is .  Finally,  it seemed of interest  to find out  

whether  vaccine virus would cause an acute  disseminated encephalo- 

myelit is  in monkeys  t ha t  had received repeated injections of emulsions 

and ext rac ts  of normal  rabbi t  brains. 

Methods and Materials 

Monkeys.--All monkeys (Macacus rhesus) used in the experiments were healthy 

and approximately half-grown. 

Viru~.--The dermal strain of vaccine virus employed was originally obtained 

from the New York City Board of Health (15). I t  has been freed from bacteria 

and has been propagated in rabbits and by means of cultivation in vitro in a mix- 

tare of viable chick embryo tissue and Tyrode's solution (15). I t  follows that 

none of the results reported in this paper can be ascribed to the action of bacterial 

contaminants. When intraeranial injections of vaccine virus were made, the 

monkeys in the majority of instances received known amounts of the same tesficu- 

lar virus emulsion, No. 3285, preserved in 50 per cent glycerol, the titer of which in 

rabbits was 1-1,000,000. Culture virus was usually employed for dermal,ffiocula- 

tions of the monkeys. The reason for the use of virus propagated in chick embryo 

tissue will be apparent when the experiments are described in detail. 

Fresh Brain Emulsions.--The fresh brain emulsions injected into monkeys were 

prepared in the following manner: One normal rabbit brain was thoroughly ground 

with alnndum in a mortar. 40 co. of Locke's solution and 10 ec. of 95 per cent 

alcohol were added. Then the emulsion was centrifuged at speed 5 for 3 minutes. 

3-5 co. of the supernatant material were injected into each monkey. Fresh 

emulsions were made for each set of inoculations. The sterility of the materials 

employed was tested by cultures. 

Brain Extracts.--The brains of 4 rabbits that had been exsanguinated were 

removed and thoroughly ground in a mortar, without an abrasive. This material 

was then placed in a large flask and extracted for 4 days at 37°C. with 300 ce. of 
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95 per cent alcohol. The alcohol was drawn off and saved. Then 300 cc. of ether 

were added to the brain tissue and extraction was allowed to take place at 37°C. 

for 6 days. The ether was removed and allowed to evaporate under the influence 

of heat and vacuum until only 20 cc. of a "soapy-looking" material remained. 

To this material were added the 300 cc. of alcohol with which the first extraction 

was made. The "soapy-looking" material went into solution. By means of heat 

(70°C.) and vacuum the volume of the mixed extracts was reduced to 150 cc. The 

concentrated alcohol-ether extract was stored in a cold room kept at 0°C. At this 

temperature a white waxy sediment appeared in the extract; but when the tem- 

perature of the extract was raised to 70 or 80°C., the sediment again went into solu- 

tion. For the injection of each monkey 1 cc. of the alcohol-ether extract heated 

to 70-80°C. was added to 3 or 4 cc. of sterile distilled water. The resulting mix- 

ture consisted of a milky-looking fluid with the appearance of a Wassermann 

antigen. All of the prepared materials were tested for the presence of bacteria 

by means of cultures. 

Injections of Brain Emulsions and Extracts.--The brain emulsions and extracts 

were repeatedly injected intramuscularly in monkeys, the animals receiving 3 

inoculations a week consisting either of 2 emulsions and 1 extract or of 2 extracts 

and 1 emulsion. 

Testicular Extract (Reynals' Factor).--The Reynals' factor used in the experi- 

ments consisted of a bacteria-free Berkefeld N filtrate of a distilled water (15 co.) 

extract of desiccated testieular tissue (7.5 gin.). 

Autopsies.--Complete autopsies were performed on all monkeys that died or 

that were sacrificed. Cultures to test the sterility of all brains were made. 

Stains.--Secfions from different parts of the cerebrum, cerebellum, pons, and 

cord were stained with hematoxylin and eosin, according to Marchi's method, and 

according to Kulschitzky-Wolter's modification of Weigert's myelin sheath stain. 

Effect of Vaccine Virus on the Normal, the Partially Immune, and the 

Immune Brain of the Monkey 

I t  has been stated (9) tha t  vaccine virus introduced into the cisterna 

magna of a normal monkey  produces a disease somewhat similar to 

postvaccinal encephalomyelitis in man. Furthermore,  it has been sug- 

gested (16) tha t  the acute disseminated encephalomyelitis following 

certain virus maladies including vaccinia is an hyperergic phenomenon 

(16). I n  regard to vaccinia, such an hypothesis is easily tested by  ex- 

perimentation in animals. Consequently,  we decided to see what  

clinical and pathological manifestations are induced by the introduc- 

tion of vaccine virus into the cisterns of monkeys during the process of 

immunization against the active agent. Inasmuch as normal monkeys 

were used as controls, an oppor tuni ty  was also afforded to s tudy  the 

effect of the virus on the brains of non-immune animals. 
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T h e  9 e x p e r i m e n t s  p e r f o r m e d  to d e t e r m i n e  t h e  effect  t h a t  vacc ine  

v i r u s  has  on  the  b r a i n s  of no rma l ,  p a r t i a l l y  i m m u n e ,  a n d  i m m u n e  m o n -  

k e y s  h a v e  been  d i v i d e d  in to  2 groups .  T h e  a n i m a l s  of t h e  f irst  g r o u p  

r ece ived  i n t r a c r a n i a l l y  1 cc. of a 1-20 d i l u t i o n  of  a r a b b i t  t e s t i c u l a r  

v i rus ,  whi le  those  of  t h e  second  g r o u p  r ece ived  1 cc. of  a 1-5 d i l u t i on  

of t h e  s a m e  v i rus .  

Group/.--Group I consisted of 5 experiments in which 13 monkeys were used, 

5 of which were controls. 8 monkeys were inoculated on the skin with vaccine 

virus that had been cultivated in a mixture of chick embryo tissue and Tyrode's 

solution. The virus was smeared on 2 large areas of scarified skin. On the 2nd, 

4th, 6th, and 10th days after the dermal inoculations either 1 or 2 of the monkeys 

together with a control received intracisternally 1 cc. each of 1-20 dilution of a 

rabbit testicular vaccine virus, No. 3285. In addition to these animals, 1 monkey 

dermally vaccinated 6 days previously and 1 normal monkey received I cc. each of 

the testicular virus in the right parietal lobe. All of the control animals died of a 

meningitis. The control monkey that received the virus in the right parietal lobe 

also had a partial paralysis of the left arm and leg. The 2 monkeys that had been 

vaccinated 2 days prior to the cisternal inoculations died of a meningitis similar 

to that of the controls. The 2 monkeys that had been vaccinated 4 days prior to 

the cisternal inoculations had a mild meningitis from which they promptly re- 

covered. The animals vaccinated 6 and 10 days prior to the cisternal inoculations 

showed no clinical evidences of cerebral involvement. None of the test and con- 

trol animals showed any manifestations suggestive of an acute disseminated en- 

cephalomyelitis. The results of these experiments are summarized in Table I. 

Group H . - - T h e  monkeys in Group I vaccinated on the skin developed a re- 

fractory state to the cisternal inoculations of a 1-20 dilution of the testicular virus 

so rapidly that we decided to do another series of experiments in which 1-5 dilu- 

tions of the same virus emulsion were employed. This set of 4 experiments 

represents Group I I  in which 8 monkeys were used. 4 monkeys were vaccinated 

on the skin with culture virus similar to that used for the animals in Group I. 

On the 5th, 7th, 10th, and 12th days after vaccination, 1 vaccinated and I control 

monkey received intracisternally 1 cc. each of a 1-5 dilution of testicular virus, 

No. 3285. All of the control animals died of a meningitis. The monkeys that 

had been vaccinated 5 and 7 days prior to  the cisternal inoculations also died of a 

similar to that of the controls. ~ The monkey that had  been vaccinated meningitis 

10 days prior to the cisternal inoculation ~ developed a mild meningitis from which 

it promptly recovered, while the one vaccinated 12 days prior showed no evidences 

of cerebral involvement. None of the animals developed signs suggestive of an 

acute disseminated encephalomyelitis. The results of the experiments are sum- 

marized in Table II .  

Pathology.--The pathological findings in the brains of the monkeys that died 

following the cisternal inoculations of vaccine virus consisted of a non-purulent 
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meningitis most intense around the pons, cerebellum, and cord. A slight amount 

of perivascular infiltration and glial reaction was seen in the superficial portions 

of the brain. The response of the partially immune brains to the infection differed 

TABLE I 

Summary of Experiments in Which Each Monkey Received Intracranially 1 Cc. of a 

1-20 Dilution of a Rabbit Testicular Vaccine Virus, No. 3285 

Experi- 
ment 
No. 

II  

I I I  

IV 

V 

~on 
tey 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

No. of days 
be tween  de rmal  
vacc ina t ion  and 

i n t r ac ran ia l  inocu- 
l a t ion  

2 

2 

No dermal vac- 

cination 

4 

No dermal vac- 

cination 

No dermal vac- 

cination 

\ 6 

Site of i n t r ac ran ia l  
inocula t ion  

Cisterna magna 

~g ~t 

g~ t t  

~g ~t 

Right parietal 

lobe 

Cisterna magna 

R e s u l t  

Died, 5 days 
t~ 6 tt 

~ 5 ~ 

Survived 

Died, 6 days 

Survived 

Died, 6 days 

Survived 

R e m a r k s  

Signs of meningitis 

Signs of a mild menin- 

gitis 

Signs of meningitis 

No signs of cerebral in- 
volvement 

Signs of meningitis, 
weakness in left leg 

and arm 

No signs of cerebral in- 

volvement 

No dermal vac- " 

cination 

10 " 

10 " 

No dermal vac- " 

cination 

Died, 8 days 

Survived 

~c 

Died, 6 days 

Signs of meningitis 

No signs of cerebral in- 

volvement 

Signs of meningitis 

in no obvious way from that of the normal brains. In no instance was an acute 

disseminated encephalomyelitis with perivascular demyelination encountered. 

Figs. 1-4 portray the pathology of vaccinal meningitis and encephalitis in monkeys. 

T h e  r e su l t s  of t h e  e x p e r i m e n t s  d e s c r i b e d  a b o v e  a n d  s u m m a r i z e d  in 

T a b l e s  I a n d  I I  i n d i c a t e  t h a t  t h e  b r a i n  of a v a c c i n a t e d  m o n k e y  r a p i d l y  
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becomes refractory to the virus, probably just  as rapidly as does the 

skin. Fur thermore,  it seems evident  tha t  vaccine virus injected intra- 

cisternally in monkeys produces a meningitis accompanied b y  a mild 

superficial encephalitis, and not  an acute disseminated encephalo- 

myelitis with perivascular demyelination. 

TABLE II 

Summary of Experiments in Which Each Monkey Received Intracranially 1 Cc. of a 
1-5 Dilution of a Rabbit Testicular Vaccine Virus No. 3285 

No. of days 
ExI~ri. between dermal 

ment  vaccination and 
No. intracranial inocu- 

lation 

vI 

VII 

5 

No dermal vac- 

cination 

7 

No dermal vac- 

cination 

VIII 10 

No dermal vac- 

cination 

IX 12 

No dermal vac- 

cination 

Site of intracranial 
inoculation 

Cisterna magna 

Result 

Died, 3 days 

" " 4 " 

" Survived 

" Died, 3 days 

" Survived 

" Died, 5 days 

Remark~ 

Signs of meningitis 

gg ~ g~ 

Signs of a mild menin- 

gitis 

Signs of meningitis 

No signs of cerebral 

involvement 

Signs of meningitis 

Effect of Tesacular Extracts (Reynals' Factor) on Vaccinal Infections in 

the Brains of Monkeys 

I t  has been shown (11, 12) tha t  testicular extracts  in some manner  

enhance the action of vaccine virus. In  view of this fact, we decided to 

determine whether  by  means of such an extract  vaccine virus could be 

induced to cause an acute disseminated encephalomyelitis in monkeys.  

Experiment X.--In this experiment we attempted to find out (1) whether a 
testicular extract injected into the cistern of a monkey would cause vaccine virus 
placed on the skin of the thorax to invade the brain and (2) whether a mixture of 
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testicular extract and vaccine virus injected into the cistern of a monkey vacci- 

nated on the skin 3 days previously would produce a marked encephalitis as well 

as a meningitis. 

Monkey 22 received intracisternally 1 cc. of Reynals' factor and showed no signs 

of cerebral involvement. Monkey 23 was vaccinated on the skin with culture 

virus. 2 and 7 days after the dermal vaccination the animal received intracistern- 

ally 1 cc. of Reynals' factor and showed no signs of cerebral involvement. Monkey 

24 was vaccinated on the skin with culture virus and 3 days later received intra- 

cisternally a mixture of a 0.5 cc. of Reynals' factor and a 0.5 cc. of a 1-20 dilution 

of testicular virus, No. 3285. The animal developed a stiff neck, ataxia, and spas- 

ticity, and was sacrificed 7 days after the cisternal inoculation. Sections of the 

brain and cord revealed pictures s~m{lar to those described earlier in the paper. 

Monkey 25 received intracisternally a mixture of a 0.5 cc. of Reynals' factor and a 

0.5 cc. of a 1-20 dilution of testicular virus, No. 3285. The animal developed a 

stiff neck, ataxia, and weakness of the arms, and was sacrificed when found mori- 

bund on the 6th day after inoculation. Sections of the brain and cord revealed 

pictures similar to those described earlier in the paper. 

The evidence obtained from Experiment X indicated that we would 

be unable by means of Reynals' factor and vaccine virus to produce an 

acute disseminated encephalomyelitis in monkeys. Consequently we 

pursued the matter no further. 

Effect in Monkeys of Repeated Injections of Emulsions and Extracts of 
Normal Rabbit Brains 

During antirabic vaccination an occasional patient develops signs 

and symptoms of involvement of the central nervous system (17, 18). 

Some of these patients die and at autopsy a myelitis or an encephalitis 

is found. In many instances, however, the meager descriptions of the 

pathological changes in the brain and cord leave one in doubt as to 

their nature. Nevertheless, sufficiently accurate and complete descrip- 

tions (18-20) have been made to indicate that in certain instances the 

lesions are similar to those seen in postvaccinal encephalomyelitis. 

The cause of this rare complication of anfirabic vaccination is unknown. 

Certain workers have suggested, however, that it is produced by the 

repeated injections of brain or cord tissues in the antirabic vaccine (13, 

18). Indeed, several workers (13) believe that they have produced 

the disease experimentally in rabbits by means of repeated injections 

of normal brain tissues. Nevertheless, Hurst (14) recently found 

that no obvious pathological changes were present in the brains 
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and cords of rabbi ts  tha t  became para lyzed while receiving repeated 

injections of normal  brain tissues. I na smuch  as monkeys  had  not  

been used for this type  of work, we decided to find out  what  effect re- 

pea ted  injections of emulsions and extracts  of normal  rabbi t  brains 

would have  on such animals.  

Experiment XI.--8 healthy half-grown monkeys (Macacus rhesus) received 

repeated inoculations (3 a week) of emulsions and extracts of normal rabbit 

brains. The emulsions and extracts were prepared and administered to the 

animals in the manner described under the heading of Methods and Materials. 

Each of 2 monkeys, Nos. 26 and 27, received 14 injections, 5 of emulsions and 9 

of extracts. Both monkeys remained well and were used for Experiment XI I  in 

which the brains and cords were examined and found to show no perivascular 

demyelination. 
Each of 3 monkeys, Nos. 29, 32, and 33, received 93 injections, 52 of emulsions 

and 41 of extracts. The 3 animals remained healthy and were used for Experiment 

XI I I  in which the brains and cords were examined and found to show no peri- 

vascular demyelination. 
Monkey 30 received, between May 26, 1931, and Dec. 14, 1931, 84 injections, 

46 of emulsions and 38 of extracts. On Nov. 9, it was noticed that the monkey 

kept its head turned to the left, and that there was a tendency for the chin to rest 

on the left shoulder. The animal at this time began to lose weight and grow weak. 

On Dec. 2, the monkey seemed ataxic, climbed about the cage with difficulty, and 

became tired quickly. The animal gradually grew worse and was sacrificed on 

Dec. 18, 1931. At no time were there any signs suggestive of tuberculosis. At 

autopsy all the organs macroscopically appeared normal. No evidence of tuber- 

culosis was seen. Cultures of the brain remained sterile. Sections stained with 

hematoxylin and eosin revealed a slight amount of perivascular infiltration in the 

cerebrum and cord, a marked perivascular infiltration in the midbrain, pens (Figs. 

5 and 7), medulla, and cerebellum (Fig. 6). In certain instances, the cells seemed 

to be collected in the perivascular spaces, while in others there was definite gllal 

reaction extending out from the vessels into the substance of the brain. Some 

areas not definitely associated with vessels (Fig. 5) showed a similar glial reaction. 

In places the lesions had a granulomatous appearance, and an occasional giant cell 

(Fig. 9) was found. In spite of the fact that mononuclear cells predominated in 

the cellular reaction a surprisingly large number of eosinophilic polymorphonuclear 

elements were also found. In certain areas the meninges (Fig. 9) of the cerebellum 

were involved and showed an infiltration of mononuclear cells. Marchi and Wei- 

gert stains revealed definite changes in or loss of myelin sheaths in the neighbor- 

hood of vessels in the pens (Fig. 10) and cerebellum (Fig. 8). No degeneration 

of spinal cord tracts was seen. 
Monkey 31 received, between May 26, 1931, and Oct. 10, 1931, 52 injections, 

28 of emulsiorts and 24 of extracts, On July 20, an abscess formed at the ~ite of 
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one of the inoculations. From that time until Aug. 10 the injections were dis- 

continued. After the abscess healed, the inoculations were again made at the 

rate of 3 a week. On Oct. 9, the animal appeared weak and dragged its left leg. 

Oct. 14, the animal was weaker, left arm and leg were partially paralyzed leading 

to incoordination of movement particularly noticeable when the monkey made 

attempts to climb up the side of the cage. Oct. 16, the animal was sacrificed and 

autopsied immediately. AU the organs seemed normal except the brain. No 

evidence of tuberculosis was found. The brain was congested and on section the 

white substance of the right parietal lobe had a moth-eaten appearance. A 

TABLE III 

Summary of the Results of Experiment XI  in Which Monkeys Received Repeated 

Injections of Emulsion and Extracts of Normal Rabbit Brains 

No. of injec- No. of injec- 
Monkey No. tions of brain tions of brain Results 

emulsions extracts 

26 

27 

28 

29 

30 

31 

32 

33 

5 

5 

24 

52 

9 

9 
26 

41 

38 

24 

41 

41 

Negative. Used in Experiment XII 

" " " " XII 

Died suddenly after 50th injection. Brain and 

cord negative 

Negative. Used in Experiment XIII 

Developed a tendency to hold chin on left shoulder, 

ataxia, and weakness. Sacrificed. Section 

showed involvement of midbrain, pons, cerebel- 

lum, and medulla, with perivascular demyelina- 

tion 

Developed ataxia, general weakness, and paresis of 

left leg and arm. Sacrificed. Section through 

right parietal and temporal lobes showed marked 

involvement of white matter with perivascular 

demyelination. Tract degeneration in cord 

Negative. Used in Experiment XIII 

" " " " XIII 

Sudan I I I  preparation from this area showed a large number of fat-containing 

cells around the vessels. Cultures made from the brain remained sterile. Sec- 

tions of the brain stained with hematoxylin and eosin revealed a marked infiltra- 

tion of cells in the white substance of the right parietal lobe (Figs. 12-15) and a 

slight infiltration in the left parietal lobe. In general, the cells seemed to be col- 

lected around the vessels (Figs. 12, 15) but they also extended well out into the 

substance of the brain (Fig. 13, 14). At times the cells assumed a palisade ar- 

rangement around minute areas of necrosis in such a manner as to be suggestive 

of granulomatous lesions. Mononuclear cells, particularly glial elements, pre- 
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dominated in the reaction. Nevertheless, a surprisingly large number of eosino- 

philic polymorphonuclear elements were found. Marchi and Weigert prepara- 

tions showed marked changes in or loss of the myelin sheaths in the right parietal 

lobe (Fig. 11). Slight pathological changes of a similar nature were also found in 

the left parietal lobe. Marchi preparations of the cord revealed degeneration of 

myelin in both of the lateral pyramidal tracts and both of the anterior median 

columns. 

From the results of Experiment XI (Table III) it appears that of 8 

healthy t half-grown monkeys (Macacus rhesus) receiving repeated in- 

jection~of emulsions and alcohol-ether extracts of normal rabbit brains, 

5 developed no clinical signs of involvement of the central nervous 

system and at autopsy showed no evidences of perivascular demyelina- 

tion, I suddenly died after an injection and had no demonstrable patho- 

logical changes in the central nervous system, and 2 developed clinical 

signs of involvement of the central nervous system in which sections 

revealed an inflammatory reaction accompanied by demyelination. 

The significance of the findings in these 2 monkeys will be discussed in 

another part of the paper. 

Effect of Vaccine Virus on Monkeys Receiving Repeated Injections of 

Emulsions and Extracts of Normal Rabbit Brains 

Having studied the effect of vaccine virus on the brains of normal, 

partially immune, and immune monkeys, and having noted the effect 

in monkeys of repeated injections of emulsions and alcohol-ether ex- 

tracts of normal rabbit brains, we decided to investigate the reaction 

of monkeys to the combined action of vaccine virus and emulsions and 

extracts of normal brain tissue. This matter was dealt ~vith in Experi- 

ments XII  and XIII .  

Experiment XII.--Monkey 26, between May 26, 1931, and July 1, 1931, re- 

ceived 14 injections, 5 of emulsions of fresh rabbit brain and 9 of alcohol-ether 

extracts of brain tissue. Shortly after the last injection the monkey was inocu- 

lated in 2 places on the skin with vaccine virus propagated in tissue cultures. 2 

days after the dermal vaccination, a cisternal puncture was made, fluid was re- 

moved, and 0.5 cc. of a 1-20 Locke's solution dilution of the alcohol-ether extract 

of brain tissue plus 0.5 cc. of a 1-20 Locke's solution dilution of culture vaccine 

virus was injected. Typical lesions developed at the sites of dermal vaccination. 

As a result of the cisternal injection of virus, the animal developed signs of menin- 

gitis and was sacrificed I0 days after the inoculation. Examination of the brain 
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and cord showed a meningitis similar to that described earlier in the paper. No 

evidence of perivascular demyelination was found in Marchi and Weigert prepara- 

tions. Monkey 27, control for No. 26, received, between May 26, 1931, and July 

1, 1931, 14 injections, 5 of brain emulsions and 9 of brain extracts. This animal 

was not vaccinated on the skin, but received an inoculation in the cisterna magna 

similar to that given Monkey 26. The animal developed meningitis and was 

sacrificed 9 days after the cisternal inoculation. Examination of the brain and 

cord showed a meningitis similar to that found in Monkey 26. 

Experiment XIII,-:-Each of 3 monkeys, Nos. 29, 32, and 33, received, between 

May 26, 1931, and Jan. 11, 1932, 93 injections, 52 of brain emulsions and 41 of 

brain extracts. A few days after the last injection the animals were inoculated 

in the following manner: Monkey 29, vaccinated on the skin with rabbit testicular 

vaccine virus, received intravenously 1 cc. of a 1-5 dilution of culture vaccine virus 

and intracerebrally 0.25 cc. of a 1 per cent emulsion of fresh rabbit brain. Monkey 

32, vaccinated on the skin with rabbit tesficular vaccine virus, received intra- 

venously 1 cc. of a 1-5 dilution of culture vaccine virus plus 1 cc. of a 1 per cent 

emulsion of fresh rabbit brain mixed with 3 cc. of Locke's solution; a cisternal 

puncture was made and 2 cc. of fluid were withdrawn. Monkey 33, vaccinated 

on the skin with rabbit tesfieular vaccine virus, received intravenously 1 ce. of a 

1-5 culture vaccine virus; a cisternal puncture was made, 1.5 cc. of fluid were with- 

drawn, and 0.35 cc. of a 1 per cent emulsion of fresh rabbit brain were injected. 

The 3 monkeys developed typical vaccinal lesions at the sites of skin inoculation, 

but never showed signs of central nervous system involvement. Monkeys 29, 32, 

and 33 were sacrificed 18, 17, and 16 days respectively after inoculation. Ex- 

amination of the brains and cords revealed no evidences of meningitis, encephalitis, 

or perivascular demyelination. 

F rom Exper iments  X I I  and X I I I  no evidence was obta ined  to indi- 

cate t ha t  the  combined action of vaccine virus and an emulsion of fresh 

rabbi t  brain is capable  of producing per ivascular  demyelinat ion in 

monkeys  tha t  had  received repeated injections of emulsions and alcohol- 

e ther  extracts  of normal  rabbi t  brains.  

DISCUSSION 

The  acute  disseminated encephalomyelit is  t ha t  occasionally follows 

Jennerian prophylaxis ,  smallpox, measles, and ant irabic vaccinat ion is 

now a well recognized pathological  picture (1, 2, 3, 20) and is par t icu-  

lar ly characterized b y  perivascular  demyelination.  Indeed,  the peri- 

vascular  demyel inat ion is such an impor tan t  pa r t  of the process t h a t  all 

investigators a t t empt ing  to produce the disease exper imental ly  should 

s tudy  their  mater ia l  b y  means  of Marchi  and Weiger t  stains as well as 
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by the ordinary stains usually employed. In the past certain workers 

have failed to do so, and this fact leaves one in doubt concerning the 

results actually obtained by them. 

The results of the work reported in the first part of the paper clearly 

show that vaccine virus, free from bacteria, injected into the cisterna 

magna or into the  parietal lobe of a monkey leads to a fatal disease. 

These findings are in accord with those of Eckstein (9) and Hurst and 

Fairbrother (4). The pathological picture is that of a severe meningi- 

tis accompanied by a mild encephalitis involving the superficial por- 

tions of the brain. No evidence was obtained to indicate that the 

direct action of vaccine virus on the brain of a normal monkey is cap- 

able of producing an acute disseminated encephalomyelitis with peri- 

vascular demyelination. In this respect our results are different from 

those reported by Clearkin (6) and Mclntosh and Scarf[ (5). 

The results of our work dealing with the effect of vaccine virus on 

the brains of partially immune and immune monkeys lend no support 

to the idea that postvaccinal encephalomyelitis is an hyperergic 

phenomenon (16). We did find, however, that the brain of a monkey 

vaccinated on the skin rapidly becomes refractory to the active agent 

placed in the cisterna magna or in the parietal lobe. Indeed, the re- 

fractory state is evident by the 4th day and quite marked by the 6th 

day after dermal vaccination (Table I). 

A testicular extract prepared in the manner described by Reynals 

enhances the activity of vaccine virus. I t  has been suggested that the 

enhancement is due in part to an increased permeability of susceptible 

cells (12). In Experiment X, the Reynals' factor with and without 

vaccine virus was placed in the cisterns of monkeys, some of which 

had, while others had not been vaccinated on the skin. This was done 

in the hope that the testicular extract would break down the barrier 

between the subarachnoid space and brain or between the blood stream 

and brain in such a way as to permit the vaccine virus to produce an 

acute disseminated encephalomyelitis. Our hopes were not realized, 

however, because such an encephalomyelitis failed to be induced in this 

manner. 

The results of repeated injections of brain emulsions and brain 

extracts into monkeys are interesting. The significance of the find- 

ings, however, is not clear. One animal died suddenly after an 
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inoculation, but showed no lesions in the brain and cord to account for 

the death. This is in accord with observations (14) that sudden 

deaths without obvious cause occur in rabbits receiving repeated inocu- 

lations of brain emulsions. Two monkeys developed clinical signs of 

involvement of the central nervous system. Examination of one of the 

animals revealed an inflammatory reaction accompanied by perivascu- 

lar demyelination in the midbrain, pons, medulla, and cerebellum. 

Examination of the other animal brought to light pathological changes 

in the cerebrum suggestive of, but different from, those seen in Schild- 

er's disease. Inasmuch as two of eight monkeys receiving repeated 

injections of brain emulsions and brain extracts developed central 

nervous system lesions with destruction of myelin sheaths, one might 

be tempted to ascribe the pathological changes to the treatment re- 

ceived by the animals. Nevertheless, the lesions were not typical of 

disseminated encephalomyelitis. Furthermore, from reports in the 

literature (21-26) it appears that monkeys may suffer from sponta- 

neous demyelinating diseases of the central nervous system. The pic- 

ture in our monkeys, however, is not identical with any of those al- 

ready recorded. Consequently, at the moment we hesitate to state 

definitely what relation the treatment of our monkeys had to the dis- 

ease found in them. The experiment should be repeated with a larger 

number of monkeys, and we intend to do so if the opportunity arises. 

SUM-MAl~Y 

NO evidence was found to support the idea that vaccine virus placed 

in the cisterna magna is capable of producing an acute disseminated 

encephalomyelitis with perivascular demyelination either in normal 

or in partially immune monkeys. 

A testicular extract (Reynals' factor) did not induce vaccine virus to 

cause an acute disseminated encephalomyelitis in monkeys. 

Repeated intramuscular injections of brain extracts and brain emul- 

sions into eight monkeys were followed in two instances by an inflamma- 

tory reaction, accompanied by demyelination, in the central nervous 

system. The exact relation of the injections to the disease of the 

nervous system is not dear. 

The combined action of vaccine virus and an emulsion of fresh rabbit 

brain did not lead to the production of an acute disseminated encephalo- 
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myelitis in monkeys that had received repeated intramuscular injec- 

tions of emulsions and alcohol-ether extracts of normal rabbit brains. 
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EXPLANATION OF PLATES 

PLATE 1 

FIG. 1. Vaccinal meningitis in the neighborhood of the pons and cerebellurn. 

The exudate consists of fibrin and polymorphonuclear and mononuclear cells. 

H. and E. X 63. 
Fro. 2. Inflammation of the meninges of the cord caused by vaccine virus. H. 

and E. × 63. 
Fro. 3. Inflammation of the cerebral meninges induced by vaccine virus. The 

exudate immediately in contact with the surface of the brain consists of mononu- 
clear cells and is suggestive of the type of reaction caused by the activity of vaccine 
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virus in the skin. The substance of the brain near the surface also enters into the 

reaction and displays a certain amount of perivascular infiltration. H. and E. 

X 250. 

FIG. 4. Perivascular infiltration in the pons caused by vaccine virus placed in 

the cisterna magna. The perivascular exudate was rarely as marked as por- 

trayed. H. and E. X 250. 

PLATE 2 

FIG. 5. Lesions in the pons of Monkey 30. H. and E. X 63. 

FIG. 6. Lesions in the cerebellum of Monkey 30, H. and E. X 63. 

FIG. 7. Perivascular infiltration in the pons of Monkey30. H. and E. X 250. 

FIo. 8. Demyelination in cerebellum of Monkey 30. Modified Weigert stain. 

X 37. 

Fro. 9. Giant cells in cerebellum, and thickened cerebellar meninges infiltrated 

with mononuclear cells. Monkey 30. H. and E. × 250. 

FIG. 10. Demyelination in pore of Monkey 30. Modified Weigert stain. × 37. 

PLATE 3 

Fro. 11. Demyelination in the right parietal lobe of Monkey 31. The picture 

is suggestive of Schilder's disease. Modified Weigert stain. X 37. 

FIGS. 12-15. Lesions in the right parietal lobe of Monkey 31. Note the peri- 

vascular distribution. H. and E. X 250 and X 63. 
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Photographed by Louis Schmidt 
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