CASES OF EPIDEMIC HICCUP, ENCEPI-IAL_ITIS,
SPASMODIC TORTICOLLIS AND CHOREA *

LEDWARD C. ROSENOW, M.D.
ROCUESTER, MINN.

In a series of reports published in the medical literature during the
last eleven years, I have emphasized * the importance in the etiology of
diseases of the nervous system of certain streptococci having peculiar
localizing power. The experimental results, while not always conclusive
proof of etiologic relationship in each of the diseases studied, have
furnished a good working hypothesis which already has led to a better
understanding of the cause and management of the. diseases studied.

In 1916, I reported? a series of experiments in which lesions in
the spinal cord or brain of ranimals, characteristic in situation, were
produced by the intravenous injection of.cultures containing streptococci
from atria of the infection in cases of mulliple sclerosis and transverse
myeclitis. Similar experiments in cases of neuralgia and multiple neu-
ritis produced instcad lesions chiefly in the dorsal nerve roots and
peripheral nerves, respectively, in a high percentage of animals inocu-
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lated. These experiments suggested strongly that specilic or clective
localizing power of streplococci, inherent or acquired, must be an impor-
tant factor in the production of various discases of the nervous system,
just as I had shown this to be the case in other discases. The work
led to the isolation of the pleomorphic streptococcus in epidemic polio-
myelitis in the same year and, in 1921, to a study of the etiology of
epidemic encephalitis.

In encephalitis it was found that intracerebral injection of smali
amounts of suspensions (in sodium chloride solution) of material
expressed from tonsils, swabbed from the nasopliarynx or aspirated
from pyorrhea pockets, and of the corresponding primary cultures in
broth, was more likely to produce characteristic symptoms than
intravenous injection, aud often served to separate the causative strepto-
coccus from contaminating organisms and other streptococci which
did not possess neurotropic power. 13y this miethod, the condition of
profound lethargy never before seen or described in rabbits, together
with othier concomitant symptoms manilested by the patient, was pro-
duced with a streptococeus from a fatal case of epidemic encephalitis.

_In this case, the streptococcus was isolated from infected tecth, from

the filtrate of the nasopharyngeal washings, from the blood during life,
from an emulsion of the base of the brain after death and Irom a
filtrate of the emulsion of the brain. It was demonstrated in the lesions
of the brain and proved to be absent in the normal brain tissue. It was
isolated from the Dbrain and demonstrated in the lesions of positive
animals. Similar experiments with material from normal persons failed
to yield this organism. Since that time, similar results have been

.-reported with culturally and immunologically identical streptococei in

cighty-one cases of various forms of cucephalitis.  An agglutinating
and curative serum has been prepared and used to identify suspected
strains and in the treatment of a series of patients with encephalitis.
The streptococcus isolated in these cases often varied greatly in size.
depending on the medium in which it was cultivated. LExceedingly small
forms were found, especially in old cultures in Noguchi’s medium,
and large, ordinary-sized, and exceedingly small forms were demon-
strated in the lesions in a series of fatal cases of encephalitis hy Rosenow
and Jackson.®

Moreover, epidemic hiccup, that strange condition manifested by
changes in character and. posture, associated often with extreme respira-
tory arrhythmia that may follow attacks of ecncephalitis, spasmodic
torticollis and chorea, has been reproduced, in the main, in animals with
similar streptococci isolated from wvarious atria of infection in these

3. Rosenow, L. C., and Jackson, G. TI.: Alicroscopic Demonstration of
Bacteria in the Lesions of Epidemic Lethargic Encephalitis, J. Tnfect. Dis. 32:144
(Teb.) 1923.
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discases.  The experiments with epidemic hiccup were especally illumi-
nating.  Spasms of the diaphragm were produced with great regularity,
in rabbits, guinea-pigs, and monkeys (a condition not known to occur
spontancously in these animals) with cultures from the nasopharynx or
tonsils i cases occurring in a series of outhreaks. It was found that
spasmis of the dizphragm could he produced not only after injection of
the Tiving streptococeus, but also when the organism was killed by heat
or formaldehyde. and when corresponding broth-culture filtrates were
used.  \fter the living cultures had lost this power, the dead hacteria
and Altrate also failed to cause diaphragmatic spasms. * Likewise, filtrates
of nasopharyngeal washings from patients at the time of the attack
caused spasms of the diaphragm and of other muscles, while filtrates
obtained after recovery and alter the specific streptococcus had  dis-
appeared. were without effect.

Another striking example of the extreme specificity of the strepto-
coccus and the variation in this property under certain conditions was
found in experiments performed in a series of cases presenting varying
degrees of neuromyelo-encephalitis’ which occurred during and aflter
an epidemic of hiccup.  Localizations, with lesions strikingly like those
ol the patient in situation, occurred in animals injected with material
from the nasopharynx or tonsils. These results silg’gcste(l strongly that
the changing character in the epidemic was due to changes in the isolated
streptococeus, sinee the symptoms and lesions in the experimental animal
simulated so closely those of the patient in different stages of the
cpsidemie,

-\ number of circumstances have retarded the general acceptance of
the significance of these studies, especially in encephalitis, and reports
on further studies are greatly nceded. The work stood unconfirmed
until recently, when LEvans and Ifreeman® reported observations in
several cases of cpidemic encephalitis which in jmportant respects
paralleled those which I have reported. This is true especially as
regards the site of isolation of the streptococcus, its sensitiveness to
uxygen, its pleomorphism, Altrability and its effect in rabbits,  The
streplococens isolated in these diseases morphologically and culturally
resembles other streptococei which have only slight if any neurotropic
properties.  Hence, extraordinary proof of causal relationship is
required. The streptococcus tends to lose specific localizing power
on artificial cultivation as well as on successive passage through animals,

4. Freeman, Walter:  Chronic Epidemic Encephalitis, J. A. M. A. 87:1601
(Nov. 13} 1925, Tivans, Alice C,, and Treeman, Walter:  Studies on the Ltiology
of Epidemic Encephalitis: 1. The Streptococcus, U. S. Public HMealth Rep.
41: 1095, 1926, Fovans, Mlice C.: Studies on the Etiology of 15pidemic Iincephalitis :
1. Virulent Tacteria Cultivated ‘from So-Called Herpetic and  Tncephalitis
Viruses, UL S, Public Flealth Rep, 42:171, 1927, ' )
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and reproduction of the disease is thus rendered difficult. The strepto-
coceus 18 highl_{' sensitive (o oxygen and may casily he missed.  Imul-
sions of the brain in fatal cases may not contain a sullicient number
ol living organisms to alfect animals, Tor it has heen shown that if
cultures or nasopharyngeal washings are too highly diluted, symptoms do
not develop ;-this also has been well shown in the recent work of LEvans
and Freeman. The production of antibody is slight or not demonstrable,
especially in afebrile cases, and hence agglutination or other serum
reactions with suspected organisms arc generally negative.  Varving
nwnbers of rabbits, the species of choice in these experiments, have heen
found to have spontancous lesions of the brain resembling encephalitix.
This objection, however, has heen miet in my own studies, because sec-
tions of the brain of numerous control animals showed the incidence
to be very low (much Jower than in the animals into which injections
were made) ; the relation of the injected organism to the lesions was
demonstrated microscopically, and similar lesions were produced in
guinea—pigs,‘ mice and monkeys, m which these lesions do not occur
spontancously.  Moreover, the spontancous discase is syvmptomless
while, in miy experiments, symptoms were pronounced and often simu-
lated those in the patient from whom the strain was obtained. DBecause
certain workers have succeeded in producing typical lesions in rabbits
with virus and have isolated a small anacrobic organism resembling the
globoid hodies of poliomyelitis, it is thought by many that streptococci
cannot have etiologic significance. © This contention, however, is no

longer tenable, for IEvans has recently reported the success{ul isolation

of bacteria, including the streptococcus having neurotropic power, from
the so-called viruses of encephalitis and herpes.

I shall now report further results on the localizing and symptom-
producing power of the streptococci isolated in several diseases of the
nervous system, and record the effects in animals of filtrates of broth
cultures and nasopharyngeal washings. S

The-method of study was similar in the different diseases studied,
and has been described in detail previously. Tt suffices to state here
that the results summarized in tables 1 and 2 were obtained chieflv
by injecting far forward into the right frontal lobe, {rom two to-six
rabbits, 0.1 cc. and 0.2 cc. of nasopharyngeal swabbings, or of pus
expressed from tonsils suspended in 2 cc. of gelatin (0.1 per cent)
Locke solution or these amounts of the primary cultures in dextrose
brain Dbroth, or of cultures from the apexes of extracted, devitalized
teeth, diluted 1:10. Ither anesthesia was used in these experiments.
Plood-agar platings were alwayvs made of the material injected to
determine the viability and the kind of hacteria injected. The animals
were observed as a rouline twice daily and more often if active symp-
toms developed. Tn many instances, material from patients having a
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different discase was injected on the szunc'day into animals derived from
a common supply; this served as a check on susccpulnhly of different
breeds or lots. . Lxact dosage in this work according to weight or age,
as in intracerebral injection of the virus of poliomyelitis in monkeys,
is not cssential.

Tance L.—3ortality and Percentage Incidence of Symptoms in cuimals I'allowmg
Intracerebral Inoculation

Number > Spasmsol  Abnormal Movements Symptoms
of = Muscles and Posture
2 Rabbits 3
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Epidemic hiceup.. . 5 15 14 93 33 26 67 6 0 033 0 7 73 46 46 7
Epidemice encephal 9 a0 37 74 2 21 4 0 02 2 ¢ 34 24 48 54
Myoclanie encephali 6 31 21 GS 3 3 52 9 0 9 23 3 3 55 42 26 9
Parkinsanian eneephalit 3 128 &6 o7 2 213 M4 7 23 ¢ 1 37 27 28 2
l?(‘S]ilr:llO_r_\' arrhythmia... 53 2 18 i o 0 5 15 20 0 45 15 40 30 8 60 5
Spasmodie torticollis. .16 52 31 G0 0 8 23 12 8§ 15 44 19 27 27 3319 0
(6 313) {2 R 17 52 3 GO 0 4 21 12 33 8 57 10 4 21 21 12 O

Tame 2—Bactceria Isolated from Brain and Blood of Inoculaled Animals

Bnctcrixllsolatcd
- “
Number Green- Ilemo-
of Producing Staph-  Iytie B.
. Animals  RBrainor  Streplo-  ylo- Strepto- Bronehl-
Discase Cultured Blood coceus  eoeeus cocei  septicus B. Coll

Epidcemie hiccup...ooevu...... 13 Brain 13 1] 0 0 1]
Blood 7 0 0 0 0

Epidemic encephalitis........ 43 DBrain 28 2 1 3 1
BLlood 17 3 1 4 1

Myoclonic encephalitis....... 20 Brain 13 1 1 0 0
Llood b} o 0 1 2

Parkinsonian encephalitis.... 93 Brain B 11 1 4 2
Blood 22 4 2 3 1

Respiratory arrhythmia,.... 16 Brain 13 a 0 2 0
Blood 2 V] [ 2 0

Spazmodie {orticollis......... 34 " DBrain 21 2 4 1 3
Llood 15 1 2 1 1

Chorea....ocveverierionenanen 45 IBrain 33 2 0 1 2
Blood 24 2 (] 1 1

Totalieeiiiiiiiniennnnnn,s 261 Irain 170 18 10 11 8
Blood 092 10 5 12 6

CLINICAL RESULTS

There was no reasonable doubt as to the correctness of the diagnosis
in the cases studied. Nearly all of the patients were seen in consultation
with members of the staff of the Mayo Clinic and were considered as
suitable for the possible isolation of the causative organism through
intracerebral inoculation of animals with material from tonsils, throat
or infected teeth. Definite evidence of focal infection was found in
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most of the cases, and in some this evidence was marked, especially in
the teeth. All of the cases in which inoculation of the animals was
performed are included in tables 1 and 2, irrespective of whether the
results were positive or negative.

In certain instances, the results in animals were used as evidence
for or against the removal of tonsils or other foci of infection, although
in most cases removal was advised irrespective of the laboratory results,
Autogenous vaccines were prepared, m many cases, from the strepto-
coccus isolated from the brain of animals with positive reactions. The
clinical results from the removal of foci of infection and from the
use of the vaccine in these and other cases will be reported later.
Relief was obtained frequently in cases in which the symptoms had
persisted for months, while in others a progressive course was arrested,
and in still others apparent benefit was not evident.

The age of the patients ranged from 5 to 68 vears in the ditferent
groups and was not of particular signilicance. The duration of symp-
toms in the cases of persistent hiccup ranged from two days to twenty-
one months; in the group with epidemic encephalitis, from twelve davs
to five months; in that with myoclonus, from ten weeks to nine months;
in that with the parkinsonian encephalitis, from one week to ten years:
in that with respiratory arrhythmia, from six weeks {o two years; in
that with spasmodic torticollis, from six months to ten years, and in
that with chorea, from two weeks to four months.

RESULTS OF EXPERIMENTS ON ANIMALS

The number of cases studied in the different groups varied {rom

5 to 30, the number of animals injected from 13 to 128, and the mortality
rate from 60 to 93 per cent (table 1). “The incidence of the different
symptoms is recorded im percentages, hence the figures are dircctly
comparable. In order to simplify the table, the fractions below 0.5 per
cent are dropped, while the next higher figure is used if 0.5 or above.
Certain symptoms, such as ataxia, tremors, hyperpnea and paralysis
are relatively common in most of the diseases studied, especially in fatal
cases, and, correspondingly, the general incidence of these symptoms
is high in the experimental animals. Certain other symptoms, such as
spasms of the diaphragm and abdominal muscles, lethargy, rhythmic and
ticlike movements and rotation of the head, occur more rarely in patients
affected with these diseases, and, in agreement with this fact, their
general incidence is low in the animals that have received injections

(table 1). '

The incidence in the animals of the symptoms most characteristic of

. the different groups was often strikingly high. and in some cases simu-
lated the condition in the patient so closely as to make one feel certain
that the material injected must have contained the ctiologic agent.
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This occurred eﬁpccially in cases in which the patients’ symptoms were
of rccent origin or in which exacerbations of symptoms of long duration
had occurred shortly hefore the study was made. Spasms of the
diaphragm were noted in 33 per cent of all the animals injected with
material from patients with persistent hiccup, which was in sharp con-
trast to the next highest incidence (3 per cent) of the symptoms in
the other groups.  Spasms of the muscles (67 per cent) was highest
in the groups with persistent hiccup and in tlnt with myoclonus (52 per

Fig. 1.—Curve showing spasms of the ahdominal muscles in a case of myoclonic
encephalitis of three months™ duration.
the end of inspiration.
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Fig, 2—Curve showing spasms of the abdominal muscles in a rabbit injected
intracerebrally, the day previously, with 0.2 cc. of a suspension from the naso-
pharynx in the case referred to in figure 1.

cent) ; it was also refatively high in the other two groups in which this
was an outstanding svmptom, namely, in spasmodic torticollis (23 per
cent) and in chorea (21 per cent). In the cases of myoclonic encepha-
litis., the animals sometimes manifested spasms of the same group of
muscles as was affected in the patient from whom the material was
obtained (figs. T and 2).

As a prominent symptom. lethargy was noted in 534 per cent of the
anmimals injected with material from patients with epidemic encephalitis ;
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this was in striking contrast to the next highest figuréssd 9 per cent
in the groups in which this symptom was not encountered. It varied
in intensity and duration from slight sommolence lasting for a day or
two to deep sleep continuing for a number of davs. from which the
animal could he aroused only with difficulty. In one case of epidemic
encephalitis. typical symptoms developed in all of four vabbits injected
with material obtained directly from the tonsils and the nasopharynx
and in all of three injected with streptococcus isolated  from the
brain of one of these. Morcover, the fresh filtrate of nasopharyngeal
washings which vielded the characteristic streplococcus in cultures in
dextrose-brain broth and meat-mash medium produced lethargy in both
of the two rabbits injected. This symptom developed within several
hours after injection, indicating the presence of a toxin having specific
localizing or symptom-producing power. Cultures from the brain of
these animals yielded the streptococcus, and emulsions injected directly
into three other rabbits produced lethargic symiptomis in two and
encephalitis in all.

On the basis of thesc striking results, three additional rabbits were’
injected with the fltrate after it had been kept for four days in the
ice box. All the animals remained well, and the cultures proved sterile.

The results in two additional cases of epidemic encephalitis studied
at the same time were similar to those cited in the preceding case.
Injections of suspensions of the pus from the tonsils of hoth patients
produced lethargic symptoms of encephalitis in animals. The filtrate
{rom a mixture of the suspension of the pus expressed from the tonsils,
which proved sterile in culture, produced pronounced symptoms of
lethargy in Doth of two rabbits given intracerebral injections. Tlis
began one hour after injection, continued for several days in both
animals, and then disappeared.

In the group with parkinsonian cncephalitis a pardcularly high
fgure was not noted among the symptoms listed in table 1, although
ataxia (28 per cent) and tremors (37 per cent) were often pronounced.
Slowness of movement, increased muscular tonus, rigidity in various
regions and drooling of saliva, especially in animals that lived for some
time, were not infrequently noted. The results in one case in this
group, that of a patient with bLulbar paralysis, manifested by weakness
of the muscles of the tongue, throat and neck, were especially interesting.
Two rabbits injected with the primary culture {from an infected tooth
of the patient and two with the emulsion of the brain of one of the
-abbits injected with the primary culture manifested a bulbar type of
paralysis beginning with weakness of the muscles of the neck. Three
of four rabbits given injections with suspensions of the pus from the
tonsils on two occasions, four davs apart, also developed encephalitis,
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manifested especmlly by weakness of the muscles of the neck cars and

fore extremities..

Hyperpnea and 111cguhnty in breathing, oﬂcn e*ctreme, and some-
times associated with an expiratory grunt, were noted in 85 per cent
and retraction of the head in 40 per cent of the animals inoculated with
miterial from patients manifesting respiratory arrhythmiaﬁ this corre-
sponded to the most striking symptoms noted in this group of patients.
The results in one of these cases, that of a patient with extreme
respiratory arrhythimia and hyperpnea, deserve special emphasis. Five
of six rabbits injected with the undiluted and diluted (1:100) sus-
pension of nasopharyngeal swabbings manifested pronounced respiratory
symptonis and died, seemingly of bulbar paralysis. Cultures from the
brain yielded the streptococcus in all. The strain from one of these
rabbits was subcultivated rapidly three times and then grown in hormone
broth for seven days. 7This exhaust culture was then filtered and the
sterile filtrate injected intracerebrally into two rabbits, one receiving
2 cc, the other 1.5. “The respirations hecame greatly increased in
both, several hours after injection, but disappeared over night. Reinjec-
tion the following day produced hyperpnea as the chief symptom.
Three days after the first injection, 7 cc. of -the filtrate was injected
intravenously in each of the rabbits; hyperpnea again appeared, lasted
for several hours and then disappeared.

In sixteen cases in the spasmodic torticollis group, the symptoms
induced were often strikingly like thiose characteristic of this condition
in patients. Spasms of the muscles were noted in 23 per cent of the
animals injected, ataxia, often extreme, in 44 per cent, ticlike movements
of the head in 15 per cent, retraction of the head in 27 per cent, and
turning of the head, due to tonic contraction of the cervical muscles,
lasting often for weeks or months, in 19 per cent. The results with
cultures from one of these cases of marked torticollis of six months’
duration were most interesting. Symptoms developed in five of seven
rabbits injected with squcnsxons of nasopharyngeal swabbings in dilu-
tions as high as 1:1,000 and in two of three rabbits injected with
material from infected tonsils. A filtrate from nasopharyngeal washings
produced similar cffects in two of three rabbits given injections, and
heat-killed primary culture in seven of eight rabbits. Lethargy and
hyperpnea were not observed. The similarity of patients’ symptoms
to those of the animals given injections was marked (fig. 3).

In the chorea group, ataxia, often extreme, was noted in 57 per cent
of the animals given injections, rhythmic movements of the head in
33 per cent and spasms of the muscles in 21 per cent; these symptoms
were in striking agreement with those commonly present in patients
suffering from this discase.

ROSENOW —LOCALIZATION OF STREPTOY

Control inoculations with suspensions and cultures streptococci
without virulence or neurotropic power, sterile filtrates, sodium chioride
solution, and broth, have been made in a large number of animals,
always without apparent effect.

The incidence of the isolation of dillerent bacteria {rom the brain
and blood of the animals injected with material from patients in the
different groups, and in which cultures were made after death, is given
in table 2. Most of these died from the effect of the injection, although
some were chloroformed for examination. The total incidence of the
isolation of the green-producing streptococcus is much higher in each
of the groups than of the staphylococcus, hemolytic streptococcus,
Bacillus brouchisepticus, and Bacillus coli. Cultures {rom the ULlood
yielded the streptococcus approximately only in one third of the animals
from which cultures were taken, and hence th‘c streptococcus was of

Fig. 3—Turning and retraction of the head and attempts at their control in a
patient with marked spasmodic torticollis of six months’ duration.

low general virulence. Blood-agar plates usually showed a relatively
small nwmnber of colonies of this organism and often no growth when
inoculations in dextrose-brain broth yielded pure cultures. The number
of colonies of the streptococcus from the brain on blood-agar plates was
usually very large in the case of the animals that died soon after inocu-
lation and very small in the animals that lived for a long time or that”
were anesthetized as they were recovering. Cultures from the brain
were also frequently negative on blood-agar platings, when positive ir
dextrose-brain broth.

The green-producing streptococci isolated from the positive animals
‘m the different diseases studied are very much alike morphologically and
in cultural features, virulence and immunologic properties. The chief
difference between the strains lies in their specific effects in animals on
isolation, a property quickly lost, especially on acrobic cultivation.
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:1t‘n<;¢1"ops_\-' were often largely. negative and not
characteristic of anysol the discases studied. Lesions ‘at the point of
injection were usually absent, although occasionally localized softening,
with or without hemorrhage, was found.- Suppurative meningitis almost
never occurred, and when it did, it was nearly always due to hemolytic

The observations

Fiy. 4.—Typical perivascular, round cell infiltration in the midbrain of a rabbit
injected, eleven days previously, with a suspension of the nasopharyngeal swah-
bhings from a patient with typical lethargic encephalitis; X 250).

L4 siv Y

Fig. 5.—Streptococci in a perivascular space adjacent to the area of infiltration
shown in figure 4; X 1.000.

streptococci.  Moderate or slight clouding of the cerebrospinal fluid,
clouding of the pia and congestion of the vessels of the meninges were
found regularly in the animals that succumbed soon after injection but
were rare in the animals that lived for a longer time.  Gross hemorrhages
into the pia or substance of the brain and spinal cord were rare and
occurred most commonly in the medulla or pons following injection of
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material from patients manifesting bulbar symptoms. Vfggnlizcd cloud-
ing and edema’of the pia over the anterior aspect of the medulla, pons
and cervical cord occurred especially in the animals injected with
material from patients suffering from epidemic hiccup, spasmodic
torticollis and respiratory arrhythmia.  DBesides edema of the lungs and
infrequent dilatation and postmortem digestion of the stomach, lesions
of the viscera were rare following intracerebral inoculation of material
from different groups of cases. ILesions of the heart valves or endo-
cardium, however, were commonly noted following intracerebral inocu-
lation of the streptococcus from foct of mlection or from the throats
of patients suffering from chorea. This condition practically never
occurred following inoculation of the streptococcus in cases of encepha-

- litis and allied conditions. The microscopic changes produced were

almost similar in the different groups and were characteristic in some
of the diseascs studied only as far as the site wad concerned. Cellular
infiltration varied greatly according to the duration of the experiment,
size of dosage and virulence of the strain injected. Leukoeytic and
round cell infiltration of the pia was most marked surrounding
the blood wvessels in the sulci. TFocal hemorrhages in the brain and
medulla, often perivascular, associated with a variable degree of leuko-
cytic and round cell infiltration, and similar arcas of infiltration unassoci-
ated with hemorrhage, were usual observations in the ammals that
succumbed or were anesthetized during the [irst fve days alter injection.
The streptococcus was -readily demonstrated in these lesions.  As the
duration of the experiment became longer, hemorrhages were less
common, the leukocytes were displaced by round cells, especially in the

_perivascular spaces in the midbrain (fig. 4}, and the diplococei became
" fewer and more irregular in size (large and small forms often occurring

side by side and sometimes in the same chain) ; they usually occurred
in groups in perivascular spaces (fig. 5). The proportion of leukocytes
and round cells varied greatly according to the site of the lesion; the
former often predominating in the pia and the latter in the perivascular
spaces in the depths of the brain substance.

Owing to the widespread presence of microscopic changes,- or for
unknown reasons, it was not always possible to correlate accurately the
lesions found after death with particular symptoms noted during life.

COMMENT AND CONCLUSIONS

Another series of experiments with animals performed with material
from foci of infection or throats of .patients suflering from various
diseases of the nervous system is reported. The results corroborate
and extend the former observations. The streptococci isolated in each
of these conditions. while much alike, possess very different localizing
and symptom-producing power when injected intracerchrally into ani-
mals and readily lose this property. especially on aerobic cultivation.
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The specxﬁc localizing power of the streptococcus, it would seem, is
dependent, in part at least, on the production of a toxic or poison that
has specific effects. - Lethargy, hyperpnea with marked arrhythmia, and
the symptoms characteristic of spasmodic torticollis have been produced
with filtrates from nasopharyngeal washings, filtrates of suspensions of
pus from tonsils and filtrates of old cultures of the specific streptococcus
in each of these conditions. The fact that the streptococcus, having
specific effects and the power to produce a specific poison, has Deen
isolated long after onset indicates that the late manifestations of
encephalitis and allied conditions are not sequels hut are due to the
activity of the causative organisms or lt9 toxin, as has been especially
emphasized by Freeman.

It is of course realized that the results obtained arc not absolute
proof of the etiologic relationship of the streptococcus isolated. None
of the patients in this group died, and hence search for the organisin
in lesions could not be made. Agglutination experiments, especially with
the serum of patients and the suspension of the suspected organism,
while sometimes positive in low dilutions, were not so regularly enough
to be convincing. The benefits which follow the removal of foci proved
to contain the organism and the use of autogenous vaccines, while often
striking, do not occur regularly enough to prove etiologic relationship.

In cousideration of all the facts, especially the extremely specific
effects obtained in some cases with the streptococcus isolated, and its
specific toxin or poison-producing power reported herewith, the tentative
conclusion seems warranied that this organism has etiologic significance
in each of the diseases studied.




