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TITRCDUCTION

The science of botulism was born in the pre-bacteriological
period. The first detciled clinical-epidemological description of
this illness was made by Zengbush in Russia (1818) and by the Wuert-
temberg poet and physician Justinius Xerner (1820). Thzuks to their
experinental rescarch and clinical observation, there was established
a causal relationship betweex; the consumption in food of old sausage ‘
products, red fish and the subsequent illness with a characteristic t
symptonatology and a clinical chart. The designation of this illness
with the name '"botulisn" derives from the Latin word "botulus" -
meaning sausage.

The pathological condition, which develops with botulism in
the huran being, was considered to be a chemical poisoning from pois-
O onous substances that had formed in spoiled sausage and fish. In

order to explain the reasons for the poisoning, %k various theories
vere propounded. Certain authors (Kerner, Weiss, Ruele and others)
claimed that the source of poisoning from sausage was a fatty acid
("corpse acid"); 4in the opinion of others (Emmert and Kuen), prussic
" atld; and finally, some persons considered that sausage poison was
a ferment (Libich) or a wolatile base from the group of alkaloids
(Schlossberger).
The development of orgenie chemistry in the 70-ties and 80-ties
 of the last century brought a reverberation in the establishment of
the ptomaine theory of botulism. In accérdance with this theory,
the pathogenesis of botulism was explsined as the polsoning of the
O system by toxic substances (ptomaines) which form in tood products

(sausaze, ham, meat, fish and others), providing these have undergone

decomposition under the apropriste temperature conditions.. All of
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those contradictory theories about chemical poisons, precipitating
cgivher cousage or tish poisorndng, have been shown to Lo absolutely
uisound. Over the course of the ninetcenth century, the reason hy
tiie poison was formed and the very mature of the poison remained a
couplete riddle.

In 1896, Van Ermeng disct;vered the stimulant of botulisgm.
e was able to separate it from the remains of ham and also from
the spleen and the fat i;ntes‘pinas of a man who had died due to polis~
oning from this ham,

The discovered stimulant received the name Bac. Botulinus.
Van Ermeng's discovery soon was supported by meny iuthors on var-
ious poges. 4n especinlly valuable observation was made by the
Russian researcher Konstansov (1904) who isolated the stimulant fron
fish that had caused "fish poisoning." The study of this microbe
vas shown to be completely identical with the Bac. Botulinus of
Van Ermeng.

A3 a basis for his experimental research, Van Ermeng created
a toxlc theory of pathological condition for botulism. Aiccoxrding
to this theory, the stimulant of botulism - toxigenic saprophyte -~
does not have the ability to propagate itself in the organism of a
hunan being or an animal; and pathologicel phenomena are precipi-
tated only by the toxin which is in turn formed inside of the organ-
iesm in food products or in fodder. This pwrely toxic theory, which
excludes the role 6f the microbe in the development of the patholog=-
ical process, represents an echo of the chemical (ptomaine) theory
of bc;‘hﬂ.isn.

Regordless of 1ts far-reaching errors, the theory of Van

Ermeng nevertheless played a pionsering part in science, In caused

e ————

o e

e e B




O

® "2 O
rosoarchers to cease paying attentisn to chemical poisons, as the
alleged cause fcirr the pathological phenomena in botulian, and %o
concentrate on the microbe factor.

It was necessary to acouwrmulate tremendous material of an
experirental and clinical-epidemological nature in order to estab-
lish the erroniousness of Van Ermeng's toxic theory, vwhich for over
30 years had occupied the leading position ih medicine. It is suf-

ficient to point out that to this time, as if this were not surprising,

mary researchers continue to remair on the positions of the toxic
theory.

Contemporary substantiated data of & pathogenetic and
clinical-epidemological natura vonclusively refute the toxic theory
for the pathogenesis of botulism, and they are the fc;undati.on for
a rational theory on the toxic-infectious nature of botulism.

The study about the pathogenesis of botulism in the Inman
being represents one of the most important parts of the problem of
botulism in general. Without a scientifically substantiated repres-
entation of this matter, it would be impossible to find the correct
theoretical and practical solution to the whole problemn.

That is why we have set ourselves the task of presenting in
tho following monograpk an exposition in systematical sequence of
this prolific materisl from the study of the pathogenesis of ;:wotul-
ism, which material was collected in contemporary times by Soviet
and foreign researchers.

However, the basic attention in the ocompilation of these
materials was given to experimental research, which was conducted
by us over 12 years or the study of infectious properties of the
stimulant of totulism in the human being mnxd in animals,
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The data obtained from the bacteriologicel, irrmunoclosical
crd physiologiceal experimzsnts conducted by us as well as the mat-
erisl from mrnerous Soviet authors conclusively substantiate the
toxdc-infectious nature of botulism in the human being.

At the current tine, the problem still remains unsolved as
to vhether food products that have been relieved of toxin,but which
contain spores of botulism baccilli, can cause botulism in a human
beingz. If it can be accepted as established that lnarge quantities
of spores cause botulism in animals, then certainly the fate of
snall quantities of spores is unknown even when these penetrate
into the organism of the human being during the consumption of food
infected by the stim}ﬂ.ant of botulign,

In view of thelfact that this mocrobe is quite widely dis-
tributed in nature and that many products are infected with it,
and even fruit is not rarely contaminated, the study of this problem
represents dtsolf of great theoretical and practical interest.

Research on the pathogenesis of & botulism infection has
brought us to the necessity of a more thorough study of the patho-
genesis of botulism intoxication amd cerfaind questions involving
immunity to such poisoning, which appear to be pfoblems never studied.

As the pathogenetic process developing in the organism during
botulism creates the conditions for the formation and development
of reactions and changes of an immuhological nature, it has appeared
necessary to introduce into this monograph a chépter in vhich the
most substantive data on imminity to botulism are given.

A congiderable amount of attention has been provided in this
monograph to the condition of animal organisms during their infection
with sub-lethal doses of spores from botulism bacilli. The results
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o . conducted experinenial reccarch can, in owr opinion, hasten

&

t:2 c:mlanation of problems pertaining to the pathogenesis and the

jr-anity from other infectious discases (tetanus, gaseous gangrene).
Realizing all of the ‘difficulties in the task he has set him-

sclf, the author in advance transmits his thanks for calling his

attention to possible defects and dmmissions in this work.
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CHIAPTER I

BRIEF DESCRIPTION OF THE BIOLOGICAL PROPERTIES
PERTAINING TO THE STIMULANT FOR BOTULISM

The stimulant for botulism, Bac. Botulinus (Clostridium Bot-
wlinum according to the American clauiﬁqation), represents a bac-
illus having rounded ends vhich is on the average from 5 to 10y in
length end from 0.3 to 0.8m in width. Thanks to the braids, ubich
are situated on its vhole body, the bacillus is provided with mobil-
ity. In the soil, in food products, and in nourishing swrroundings
it forms spores. This microbe appears to be a very rigid anaerobe
and very sensitive to oxygen. In difficult alimentary swrréundings,
it is possible to obtain a surface growth vhile providing not more
than 15 millinmeters of a mercury column.

The bacilli of botulism have been traditionally divided into
five typos, differing among one another in agglutinations and in
the antigenic properties of toxins. is the present time, types 4,
B, C, D, and E are differentiated. Types A and B were identified
by Burke (1919) with the assistance of a reaction neutralizing the
toxin with an antitoxin. The botulism bacillus of the C type was
discovered by Bengston (1922) in the larva of the fly Lucilla Caesar.
. &4 very similar microbe was isolated in Malia by Seddon (1922)
from the bones of a cow which had died from bulbar paralysis. He
named this microbe Clostridium Parabotulimm. The toxin from the
Seddon bacillus can be neutralized by the antitoxin C, although the

antitoxin of Clostridium Parabotulinum is not neutralized by the
toxin of type C.
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T~ylor and Robinsoa (1927) isolated rrom the s':cletons of
eoo1s in South Africa a2 mierobo, characterized bv antigenic prop-
ervics of a toxin di.rerent from types 4, B, and C. The authors
celiled this microbe Clostridium Parctotulinum Bovis. Later, Meier
2né Cuanison (1929) as well cs Weinberg suggested that it be named
Clostridium Botulinua D, _

In 1937, Xushnir isolated from a red fish in the Sea of Azov
a new type of botulism bacillus., The toxin of this microbe could
not be neutralized by the antitoxins of the types A, B, C, and D.
The author called it Clostridium Dotulimm E, During poisoning
froz botulism, this type of botulisa bacillus was isolated by
Zavadovskii (1940) from a amoked herring.

1. Spores

A1l types of the botulism stimulant form spores, which are
locsted on the end of the bacillus and rarely in the middle. The
erd of the bacillus fans out, and it together with the spore has
the appearance of u tennis raocket. The spores in the botulism stim-
ulantd serve as a protective attachment for the latter under circum-
stances unfavorable for the stimlant's existence. The stability
of spores to the actiovn of various physical and chemical factors
is extraordinzrily great. Spores can especlally well undergo the
drying process. According to the data of East and Meier (1922),
spores rezain alive after 247 days of exposure to a dry condition.

The resistance of spores to heating is dependent upon the
composition of the surroundings. In a milieu containing a condid-
ergble amount of fat, sporées arc much more stable to temperature

than in a place with little fat. Spores maintain themselves well
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vhen boiled at a temperature of 100 degrees /Centigrade/ over a
period of five hours and die some times at this terperature only
after six héurs. At a temperature of 105 degrees, the spores die
not sooner than after two hours; whon the temperature is raised
to 120 degrees, they die after ten to twenty mimutes. These data
show that the spores of the botulisnm bacilli possess a very high
degree of stability when boiled. Regardless of the fact that con-
siderable research has been done of the study of the spore's stabil-
ity under different temperatures, this problem should not be consid-
ered as definitively solved. As mmerous authors have noted, the
spores of the botulus stimilant, under the influence of a high
temperature, can pass into x "dozing spores" in ocultures and for
a very long period-of time not germinate at all. The maximum time
for such stopped germination was computed by Dixon (1928) as being
six months. Burke (1933) observed this stop in the germination of

spores, which had been exposed to heat, to last 144 days; the author

did not consider this to be the limit. The following relationship
between the length of heating time and ths germination periocd of
spores was estahlished: the longer spores are heat treated, the
slower they will grow. The suthor considers that superficial ster-
111zation of various materials will not free them in whole from
spores of the botulism bacllli, due to the latter's slow rate of
growth.

Dixon, Burke, Beck and Johnston (1922, 1925) studied the
spores of 1l stems from the botuliem bacillus in 37,000 samples
over a period of 28 to 29 months. In each sample, there were about
50 mfl1ion spores with a broth under vaseline oil, with a broth
ninug the oil, with agar amd cerebral surroundings. The spores

I
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wore heated to 100, 107, 115, 115 end 121 degrees and then germinated
for various periocds of time. The maxirraum pericd of germination for
spores under those conditions wrs observed to be in a broth under
a layer of vasellne and was equel to 37 months. The authors noted
that the maintenance of spores under a layer of vaseline increases
their resistance tc keat and lengthens the periods of germination.
This should be necessarily observed during theheating of suspicious
canned food containing fats.

Bast and Meier (1922) consider that young spores, separated
fron six to ten days from the bacilli of botulism, are more stable
in connection with teniperature than are spores from older cultures.
Dixon (1928) takes issue with this and states that the growth of
spores is not affected by their resistance to temperature.

Vith regard to the development of technology along lines of
freezing products, there have appeared lately works devoted to the
study »f how freezing affects the spores and the toxin of botulism
baciili. Tanner (1936) announced that spores, after having been
kept for a long time in a freezing condition, possess the ability
to gerainate and to create toxin. Such results were also obtained
by Streik and James (1925). Veledge and Park (1933) reported that
canned goods, contaminated with spores thet were free from toxin,
became poisoaous after freezing. After feeding edperimental animals
with these canned goods, four percent of the cases became sick with
botulism and at times with a lengthy incubation period: from five
days to three weeks. In the opinion of the authors, this depended
upon the autolysis of the spores during the period of freoxing. In
their exverience, the spores survived well for a vhole year a temp-
erature of nims sixteen degrees [Centigradg/.
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Sezzl (1949) in her experi-wnts corroborated the results men-
tionzd above. In the preservation of products, infected with the
ricrobes of botulicm, over a period of four months under freezing
conditions, the toxin produced by them did not disintegrate. After
infecting the products with the spores from botulimm, frece of toxin,
thoyjwere able to maintain themselves in a frozen condition at tep~
peratures from mimus three to minus four degrees. It appeared that
in mary cases the products (meat, fish, garden strawberries, milk)
contained toxin xfimx during ten to tuwenty days of preservation.

The author claims that the botulism bacillus did not mitiply at
this temperature but that a destruction of the spores took place.
Consequently, products frozen together with spores can become
toxic.

According to the opinion of certain researchers, the type to
vhich spores of the botulism bacillus belong pleys an important
role in their stability under physival and chemical factors. The
spores of type A are considered to be more stable than the spores
of type B or C.

The spores of the botulism bacillus are resistant to chemical
bacteriocytic substances. So, a ten percent solution of hydrochloric
acid kills spores at room temperature after only one hour, x forty
percent of formalin in g double dilution kills them after only
twenty-four hours. Raising the temperature hastens the function-
ing of desinfectant substances on the spores.

Slavutstaya (1937) studied the influence of ethyl alcohol
upon the spores of the botulism bacillus. In her experiments, the
spores maintained themselvwes alive in the alwohol over a period of

two months., Damp spores, introduced into a sturgeon containing 14
»
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percent of teble salt, vi*h the naintenence of room temperature,
appeared to be alive for two months.

An interesting observation was conducted by Nechaevski (1936)
with the planting of spores into the stomach, duodenal, intestihal
and pancreatic juice amd also in the bile. It appeared that the
spores in these juices germinated and in certain instances produced
toxin. The solid blle put pressure against the germination of the
spores, the diluted bile permitted spores to germinate and to
produce toxin.

Regardless of the nunerous experiments conducted over the
past 25 years with the aifmof studying the stability of spores from
the botulism bacillus toward the action of various physical and
chanical factors, a radical method of destroying them in food prod=-
ucts has yet to be discovered. Careful autoclaving of canned goods
remains until now the only method for destroying spores. Schoenholz,
East and Meier (1923) studied the formation of toxin from the botul-
isn bacillus in different canned stuffs, wvhich they infected with
spores. The authors established that the germination of spores in
canned foods and the formation of toxin takes place very rapidly.

At the prescnt time, it was definitely concluded that boiling
does not destroy spores in products. Burova, Néchaevskaya and others
(1935) infected cartilaginous fish with a toxigenic culture from
the botuliém bacillus corntaining spores and then boiled it (from
thirty minutes to one hour) after vhich the fish lost its poisonous-
ness: the toxin that had been introduced into the fish from the
culture had disintegrated. Howeber, after 36 hours of maintenance
at temperatures between plus 15 degrees and plus 17 degrees, the

fish again became poisonous. These results explain why it is that
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wler certain conditions boiled prolucts after a certain period of

tize precipitate deadly poisondng.

2. Toxin

The stimulant of botulism has the ability to form a very
strong toxin in food products, in the organisa of a hunan being and
in enimals, and under artificial circumstances. The toxin of the
botuli=m baeillus was first obtained in Russia by Anrepa in 1885
fish, which had caused pdisoning, and fronm the organs of hunan beings
wio had died from poisoning. In 1896 Van Ermeng obtained toxin from
meat. |

The toxin from the botulism bacillus has more than three times
the power in its action upon the organism of human beings and animals

than do other bacterial toxins., It is possible to obtain a botulism

toxin that will kill a guinea pig after a dose of 0.0000001 grams.
The characteristicx of the toxin from the botulism bacillus which
differentiates it from other bacterisl poisons appears to be the
fact that it does not become digested in the stomach-intestinal
tract under the influence of juices which digest food.

As the experiments of schoenholz and Meier (1924) showed
as well as those of Bengston (1923), tae toxigenic property of this
microbe is relatively stable. In cultures the bacilli of botulism
can maintain themsclves on an equal par with toxigenic and non-
toxigenic compounds which determined the way for obtaining the stems
fron one cell. Sterin (1924) isolated 800 cells. Only 253 of them
grev, although all were toxigenic. This shows that not all cultures
of the botulism bacillus contain non-toxigenic variants.

Certain authors (Orr, Burke and others) have woiced the hypo-
thesis that under the influence of a high temperature or even spon-
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n taneously, it 1s possible for toxigenic microbes of botulism to pass
£ .
into non-toxigenic variants. Katz (1936), having observed the changed

properties of a botulism microbe under tix influence of high temper-

aturos, noticed that it lost its toxdigenic quality. The research of
other authors (Freidson, 1936; Chervyulkova, 1940; Slutskaya, 1940),

however, showed that the heating process did not condition the change
from toxigenic stems into non-toxigenic ones.

Our exr-eriments during the time of heating a sturgeon owver

a poriod of 40 mihutes to one hour at a temperature of 110 degrees

shoved that inside of the muscle it was 80 to 90 degrees, wehereas

no change of cultures from toxigenic to non-toxigenic was observed.

In such a manner, the problem of transforming toxigenic stems
into non-toxigenic ones inder the influence of high temperatures,

O which has considerable theoretical and practical importance, should

a7 il a1 MLl

not be considered as sufficienctly studied.

According to the report of Doze (1924), the toxic formation -j
in types A and B occurs always providing that the growth of the

culture tals place in nourishing surroundings. With types 8 and
D, the formation of toxin is under considerable fluctuation (Bern- |
ston, 1923; Tayler, 1927).

The toxin from the bacillus of botulism is possessed of

et e a2 TR 4

considerable thermal stability. This is extremely important to _
remember when heating various suspicious products. The degree of !
thermal stability of the toxin depends upon, apparenitly, the stem
which has served in abtaining it and the surroundings in which it
1s boing heated. The research of Van Frmeng (1912) showed that

O the toxin in Buropean stems of the botulism bacillus disintegrated
in the course of a few mimites at 100 degrees, during 30 minutes
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at €0 degrees, and in threo hours atter heating to 53 degrecs. Tom,
Etionlson and Jilter (1919) observed the disintogration of toxin
ver 30 ninutes at 70 to 73 degrecs. In the experiments of Orr,

Schoengolz and lleler (1924), the disintegration of the toxin at
the same temperatures took place sooner. They note that the toxic
quality was lost at 80 degrees after 5 to 6 mimutes, at 72 degrecs
in 12 to 18 &= minutes, and at 65 degrees after 10 to 15 mimutes.
Chertkova (1938) obtained at 75 degrees complete disintegration of
the toxin after five minu'bés.

Minervin and Silverman (1937), on the basis of the data from
L. A. Silver (1932) and his co-workers on the property of certain
substances (Blucose, sorbite, saccharose, glycerin) to retard the
denaturing of albumins at high temperatures, concluded that 43.2
percent to 87 percent sdluticas of saccharose increase the thermal
stability of botulism toxin., Thus, it is possible to state that
the thermal stability of toxin is dependent upon its surroundings.

The toxin from botulism possesses considerahle stability in
relation to the direet sunny world and to air. Under their influence,
the toxin does mot disintegrate for 118 hours (Schoengols and Meier,
1924). According to the observations of Moracs (1915), a fluid
toxin protected from tbAe wrld by means of sealed tubes was pres-
erved for 13 years. Kashentseva, Volkova and Komkova (1937) after
keeping a fluid toxin for a month in a refrigerator under a layer
of vaseline noticed a loss of 50 percent in its activeness, and
under a layer of toiuane - 75 percent. In the tubes without vaseline,

or toluene, the fluid toxin almost conpletely disintegrated after

one month in the refrigerator.

In an acidic surrounding (pH - 3 = 4), the functioning of
tho botulism bacillus' toxin becomes considerable stringer.

el nsis  of ke
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...ilis, on the conirary, veaken this poisonous quelity of the
teiin: a% 2 = 7 - 8 it losces up to 90 percent of its toxdie prop-
coulcse  Tho toxdn does not dissolve in ether or in chloroforn:
alcohol ucatens its functioning. IS the toxin is introduced through
Tac wwoutn into an animal simultancously with alecohol, then the animal
con o saved from death. Trcatuent with alecohol of an illness that
has elready developed (through the mouth or subtaneously) does not
provide positive results. In the organism, alcohol weakens the
functioning of the toxin only when it is simltaneously introduced
with the toxin. _

4 high concentration of table salt will not dissolve the
toxin. An occurence has been described where botulism poisoning
took place from a fish containing up to 18 percent of table salt.
According to tho research of Belouskaya (1939), the formation of
toxin is possible durimg a concentration of up to 6 percent NaCl
in a product. Ia the event that the llaCl content is raised from
6 percent to 11 percent, the formation of toxin is sharply curtail-
ed; in higher concentrations, it does hot take place at all.

The botulism bacillus, vhen growing under artificial circum-
stances and in food products associated with warious microbes under
certain conditlions, forms a very strong toxin. This hag given an
impetus to the study of the growth and the toxin formation of the
botulisn stimulant in mixed cultures. It appeared that certain
bacteria aided its growth and did not deter it from forming the
poison.

In the experiments by Fransilon, conducted in 1925, the
stephylococei, streptococei, intestinal and hay bacilli contrib-
uted to the growth of the botulism bacillus. Proteins and blue
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pus bacilli appecred to be open antegonists of this microbe. On
tho basis of research by Jordan and Deka (1924, 1926), Bac. Sporo-
genes and certain stimulants of gas gangrene (Bac. Histolyticus
and Porfringens) considerably slow the growth of the botuligm mic-
robe and disintegrate its toxin. The influence of lactic acid
microbes upon the toxin formation by the botulism bacillus was
studied by Glotova and Chebotareva (1938). They noted that the
faster and stronger the formation of acid in the presence of B.
Casel, B. Bulgaricus, Str. Lactis - the less botuliam toxin is
formed.

Various authors have received contradicting results in the
cultivation of the botuli=m stimulent from mixed cultures. Thus,
for example, Remer (1960), Dixon (1926) write sbout the favorable
influence of the hay bacillus upon the formation of the botuliam
toxin; Stark, Sherman (1929) report that the hay bacillus is able
to destroy the botulism toxin completely. According to the data

from Grodko (1940), the presence of cocei, intestinal and hay bac-

i111, Bac. Sporogenes, proteins, mlgarian bacilli in a meat-peptic
broth and in Tarotstsi surroundings did not impair the toxic for-
nation by the botulism bacillus. The sarcina and hay bacilli in
assoclation with the botulism microbe in the same surroundings or
in canned corn intensified the multiplication and toxic formation
of this microbe.

Meier and Gunnison (1929) showed that the growth of the
botulism bacillus and the formation of toxin in sour fruit depend
not only upon the biological properties of this microbe lat upon

the associated micro-organisms u{uch survived the incomplete
sterilization.
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srom the above deseribed c:perinents, wo can sce that the
iaaucnee of varlous bacteria upon the frowth and toxin formation
ol Thic bovulica bacillus depends not only upon the appearance of
ond tyre of bacteric but also upon the compoéition of the surround-
inzc and the associations of the bacteria ihich are in the area.
Depending upon the combination of these factors, results can diff-
cr. Thzt is vhy with one ard the same type of bacteria different
cuthors received varying results.

In connection with the very great strength of the botulism
toxin, at the present time research is being conducted in the USA
for the purpose of utilizing it for warfare. Rosgnbdéry, fabtat
and [p18(1947)yin an article devoted to bacteriological warfare
end a critical analysis of the meens Iﬁossessed for application in
vorfare and means for defense from the same, place specisl emphasis
upon the botulism toxin which affscts the human opganism in fatal
doses. The importance of botulism toxin, from the military point
of view, is the fact that it can easily be obtained in large quant-
ities, that it distinguishes itself by its high degree of stability
and precipitates an imrmnity during vaccination which provides the
possibility for an attacking army to take the necessary precaution-
ary measures. Although up to the present a case of poisoning from
water Bas not been heard of, the authors do not doubt that this is
completely possible. They also consider possible the spraying of
dry toxin in the form of a powder, the destructive properties of
vhich can cause sickness.

Rims, Cadius, Housewright and V/illson (1947) made a detailed
study of the immunization of human beings against the botulism toxin.
According to the report of these authors, they claim to have obtained
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satisiactory results during the irmmnization 61‘ people with fluid
cnd precipitated alw: of botulism anatoxin,

On the basis of this research and also the work of Hottl
and Abrams (1947), it is apparent that the USA is conducting exper-
iments toward obtaining unrefined and erystalline toxin of botulism.

3. The Distribution in Nature of Botuliam Bacilli

For a long time it was thought that the bacillus of botulism
was but little distributed in nature. This opinion was first stated
by Van Ermeng and remained until 1919 supreme. In the year 1919,
Burke published considerable material pertaining to the distribution
of the botulism stimulant in nature. It was found by the authoress
in fresh fruit, in the soil of orchards, and in fodder. In one
case, this microbe was excreted in the feces of a pig. Many of the

sclentists were interested in the problem: does thelbotuliam bacil-

lus appear in the saprophyte of animal and human intestines or in
the stationary dwellers of the soil?

Through mmerous experimsnts it was established that the
microbe of botulism is very widely disseminated in nature, especial-
1y 4in the soil. After the study of 634 samples of the soil in lalif-
ornia, Meier and Dpbovskaya (1921) found botulism becilli in 30 per-
cent; from 1,638 sarples of soil from other states and Canada, the
botulisn stimulant was present in 24 percent., Cther authors, after
research on the soil from different states in the USA, have found
the presence of botulimn becilli in even higher percentages of the
somples. Thus, in the soll of California the presencs of this
microbe was found in 70 percent of the samples, in the soil of the
state of Maryland - in %1.9 percent. The study of the soil for the
presence pf bfotuliasm bacilli was conducted in many countries with
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positive recults, The latest report by lnines (1942) from England
convnins data on the study of soil samples from different loecsl-
itics in 16 duchics: from the forest, meadow, orchard, soil. The
Ezeillus of totulism ur.é fourd in 5 to 14 percent of the samples.

In the opinion of leier, the virzin soil of forests ond
nondovs, in vhich type 4 is mot with more frequently, appear to be
locations where botulist bzaeilli are found in nature. Type B is
more oiten found in cultivated, fertilized soil. |

Vle consider it necessary to emphasize here that the state-
ments found in liéterature to the effect that Bac. Botulinus appears

only in stationary dwellers of the soil and only in virgin soil, i.e. _

in soil vhere the foot of man or of a warm blooded animal has not
stepped, are without any kind of responsible scientific foundation.
A1 of these statc ents soriously contradict the biclogical prop-
erties of tho botulism stimilant (rigid anaercb, a temperature

optimm for growth, etc.) as well as all of the epidemology of
botulism.

The data obtained from the study of growing products and
forrage are characteristic of the so0il microflora in relation to

the presence of the bacillus of botulism. Meier in his works
shows that the spores of the botulism bacillus most often of all
are found on beans (34 percent), on decomposing plants (20 percent)
and on fermented green fodder (20 percent).

Zxperimonts in the study of the contents of human intestines
revealed a quantity of destructuve cases where botulism bacilli
were found, Easton and Meier (1924) while studying 88 sanmples
and Xann (1924) with 65 samples of human excrement did not find
the microbe in a single instance. Tonner and Deck (1922) while
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plentinz 10 comples of hunon excrement obtained twice type B of

bosuiism bacillus. In 50 szuples of excrement from animals, Easton

and eier found the stimulant of botulism three times in a pig and

twico in cattle. Tenner and Deck also came upon the bacillus of
tulism in three instances during experiments with pigs.

On +the basis of his research, Meier (1928) came to the con~
clusion that the intestines of a hwnan being and of animals play
completely no part in the dissemination of spores from the baeilli
of botulisn.

However, subsequently he completely repudiated his xwgioax
originel argument. In his work (1931), dévoted to new data on
botulism, he writes that one can consider ‘probable the saprophytic
exlstenco of certain different types of botulism bacilli in the
excrement of animals. In such an event, the mass of feces from
animals may be the cause ¢;£ contaminating products with the micrdbes
of botulism. '

As if in corroboration of this, Henderson (1933) reported
the finding of a bojuliam ba;sillus in the liver of ducks and others
which had not been stricken w.‘!.th botulism, This is proof of the
possibilit& that wild birds can become the carriers of this microbe.

In the view of Jordan and Deck (1924), and also that of
Tanner (1922), negative data in the study of excrement for the pres-
ence in it of botulisn bacilli are often due to the accompanying |
microflora vhich strangles the growth and toxic formation of the
botulism bacillus. In this comnection, Tanner in his work (1940)
én food infections and intoxications is in favor of admitting the

role of aimals and hurman beings as carriers of botulism bacilli in
the dissemination of botulismm.




O - 2 - O

In the USSR, the bacillus of botulism wes found in the soil,
in frudt, end cdlso in the intestines of the cartilaginous fish in
the Caspion and Azov Seas. These data will be discussed in detail

oY

in the cha

or on the role of the cartlaginous fish in the dissem-

te
Incition of botulien.
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2D VLOGICLL D7 O BOTULISM

In the opinion of many euthors, botulisn appears to be a
rare illress. This, however, does not accurately vortray reality.
In the first nloce, the cited opinions are contradicted by exten-
sive distribution of the botuliem stirmalant in nature and the
fuirly often discovery of it in food products. In the second place,
cll cases of botulian are not diggnosed at the time and occasion-
&lly are rot even recognized as such.

The nunmber of botulisa cases is usually estimated on the
basis of known epidemics. Aside from that, the literature on the
subject does not report by far ell botulisn poisonings. In works
devoted to the study of botulism epidemics, the most characteristic
cases - either numerically or in their course - are deseribed.

At the present time, it is well known that the cause of
botulism in Western Ewrope, and specifically in Germany and France,
is most oftten due to canned products of animal derivation: ham and
sausage products. In the USA botulism epidemics in the majority
of cases are precipitated by canned fruit.

In the USSR, botulism pdisoning is mostly caused by carti-
laginous fish (white grampus, sturgeon).

There is no accurate data on the incidence of botulism in
pre-revolutionary Russia or foreign countries. According to the
report of Meler, from 1735 to 192, in Western Europe there were
4,14/, illnesses of which 1,271 ended fatally. In England between
1860 and 1926, botulism cases were registered in 75 cases and two

ended in death. In the USA, from 1899 to 1926 the mumber of persons
i1l with botulism was 1,816 of whom 1,163 died.

a4
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Aecording to ieler's fizures, in pre-revolutionary Russia

/’\\' 1
ard in the USSR from 1818 to 1920 thore were 388 cases of botulisn !
of ihich 183 eided in doalh. That these figures do not correspond
!
to reality is proven by Table 1, compiled by us on the basis of %
reports on botulism available in the literature of Bussia from i
i
1818 to 1913. :
Tadble 1. The Kumber of Botuliasm Cases l
on tleBasis of Da:ha in the Literature of Pre-Revolutionary Russia i
s é
Fumber of Place of Origin of Number Number Source and i
Date Author 1
Epidemics Epidemic Pcisoning of Cases of Dead Published Date |
1. 1818 Yakutck  Salted 7 7 Edekauer Fish Poisoning, - ;
Sturgeon St.Petersburg,1392. ;
i
2. 1826 " sane 7 7 " Tbigd. f
I
Q. 1834~ Okleminsk  *® 12 12 " " i
1836 District i
i
1 1833 IMaseou Salted th. 7 7 " " |
Provinece Graupus !
3 1336 Moscow " 10 10 " " ,
District i
]
{
2 1836 Ryazan Prov., " 6 6 " " |
Pchely Village j
|
2 1838 Moscow " 6 6 " n
District ‘3
3 1838 Podole Distr., " 17 17 " n ;
Moscow Province ;
i
2 1838 Saransk and n 12 12 " " {
Ryazen Distr.
7 1838  Swolensk n 51 51 n n l

Province
1 1338 Zaluga " 3 3 " " |
O 1 1840 Bronitskii " 3 3 " "
District '

1 1843 ¥edyn ] 2 2 ) "




o

[ S

>~ wow P

[0

1853

1863

1863
1863
1886
1837
1888
1889
1891
1892

1893

1894
1884

1885

~
N

Lravhvensl:
District

Tulsleya
Srovince

Saint
Petersburg

Astrakhan

Saint

Petersburg
(Watch of a
Cold Court)

[}

Luga s Nov-
aya Ladoga

Astrakhan

1t

1 6

n 15

H] and 18
Sturgeon 180

Salted 2
Brean

Salted 9
Sturgecon
Salted,Par~

boiled th.
Grampus 30

Salted Vh. 5
Grampus
" 29

Salted 3
Sturgeon

n
n
fl

it

O i O

T and 20
Vh. Fish
Sturgeon

Salted 2
Sturgeon

n

Iﬂl ™ Fi Sh 6
Sturgeon

Salted l
Sturgeon

15

o0

OV W v W

1

"

b1

Shyuts

Berkovski

144

Edekauer

14

Sokolov

14

n

"

1

Yorks of Liberal-
Zeonomic Aszoe, ,

*IOQ 4, 1845

Mils tory- "edica]
Journsl, XIX Yo.

2: 1857.
Ihigd.,

S S——

Zish Poisoning,
St.Petersburg,1892

;-bi-.id_":: 1882.

Ibid,

Yorks by Assoec. ofi

is_ﬁm Doctors,

..{?222-_82.hpub 189(
Ibid.
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n

n
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4 PRARY ' Selied "k, 11 6 n u
Jich Sturg.
9 1822 Szlrmon 2 12 " n
6 £29 ! “aite Fish 18 5 u "
2 1°¢8 ' i 3 - n "
4 1803 " " 16 g " "
1 1eon " " 15 - " "
1 1803 " -on 2 1l " "
1 1890 ® Tt Vh. 11 5 Arpstanov  The Phaysician,
Grampus No. 19, 1891.
1 1855 Kharkov " 3 3 Anrep Ibid., Neo. 14, 1885,
1 1857 " Salted Fish 2 2 Livental Pharmaceutical Journa
No. 20, 1887,
1 1883 Tostov - Herrings 3 2 Chugin The Phvsician,
on the Don . No. 2, 1&83.
(:} 1889 Kersun Salted 1 1 Yakovlev  Messenger of General
Sturgeon Hygsiene, 1889,
1 1913 Astrgkhan UVhite Fish 2 2 | Konstansov Fish Poison, =
Sturgeon Petrograd, 1925.
in a11 101 609 283
Tor the akeve period, the Russian press reported 101 epidemics of
botulism in the course of which 609 persons were poisoned of whom 283 died
(46.4 nercent). However, even these data on botulism in Russia appear to
be incormplete. In reality, the incidence of illness was much higher. The
high mortality date is noticgable prior to the inbroduction of an anti-botulism
sorun.
It is necessary to emphasize =gz éspecially that due to tho historic
instruction of the Central Committee, All-Union Communist Party (of Bolshe-
é:) viks), to the Party organizations in the food industry on December 22, 1933

and the directives of the Soviet government - the sanitary condition of
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coterprises in the food industry was rapidly improved.. This led to a

considerable drop in the cases of botulism and in relationship to cortain

products (canned goods) to its conplete ligquidation.

As a result of the wide distribution of refrigeration in the fish
industry end in fish combinats, the preservation of cartileginous fish

has been lergely attained in frozen condition af'ter which it is transmitted
through the commercial network in a fresh state. Such a fish, undergoing
irmmediate cooking, as has been shown in practice is not the cause of botu-
1ligm.

In such a fashion, the development of refrigeration industries in

our country has become en important factor in the rapid lowering of inci- )
|
dences of botulisnm. : i

1. The Planting Tuality of Products from Botulism Bacillus
O As we have 2lready seen from the data in the literature on the subject,
the stimulant of botulism is considerably distributed throughout nature. Tor
this reason, all agricultural products, dirtied by the soil, may contain the

spores of this microbe. The quantity of spores also depends upon the sanitary

conditions and the technological processing during canning.

infiltration
Thoough the wrk of a mmber of authors in the USA broad Aocpesidex

. in
has been established £m7 various fruits under real conditions and also fax in

canned fruit by comtmedooatiemxeee the bacilli of botulism. In our own

i country, the literature on the subject contains notes on the infiltration

i of fish, fruit and preserves by the spores of the botulism stimilant.
Burovoi, MNasledyshevoi, Nechaevskaya, Kats and Lexlsovaya (1935)

wzoe able to conduct bacteriological observation of different products:

meat, fish, fruit, and canned fruit and semi-preserves. All told thxere

@

vere 529 samples, of which 307 were canned samples and 192 were samples ; 5

of scl-ted and irozen cartileginous fish. The bacilli of botulism were :
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iscroooll in 1705 percent of the fich, in 3.3 percesnt of fish in tin
coag, Won in 2.7 pereent of the fruli sarples. In 28 cans of meat, the
Slercll oo Jowmd Touwr tilaes. Biloloprical and bacterioclogicel analysis
oa LS Zoond

. onpics of fish roe, taken from 16 liter-size bottles which had
Loen noreliilly £reed fron the product, chowed that fowr of the bottles
contained thc microbe of botulism (Brun, Lorber, and Burnos, 1937). The
Iish roe fron certain of the bottles was the couse of botulisnm epidemies.

Zayats (1936) checked for the presence of this microbe 215 speci-
rens of fruit and 25 sanples of the soil in the orchards of DnepropetrovsX.
e Siult was talzen fresh for bacteriological @nalysis and ccmpared after
cix months of preservation under various conditions. Six toxigenic
strains of the botulism bacillus were determined: three from potatos,
one from radish, and two from the orchard's soil.

In Rostov-on-the-Don, Vatolkina and Itonieva (1938) conducted an
cnalysis of fish, auxiliary materizls, and plants with edible roots for
the presence of the stizmilant of botulism. In 340 samples of fish and
other ingredients, 60 strains of rigid anaerobes were found. All of
these, in their morphological and cultural characteristics, appeared
very similar to the bacillus of botulism. During the study of 333 speci-
nens of plants with edible roots (carrcts, parsnip and parsley), 15 strains
were obtained which provided an agglutination reaction with serum against
the bacilli of botulism types 4 and B. Sertain of these strains possessed
toxigenic qualities.

The research of ibreinis (1942) provides proof that the bacillus
of botulisn pixyooogemork in the infection of fish and other products is

helped in this process not only by the conditions of sanitary service

but clso by the house-keeping activities of man (dirtying the water

‘meins with discarded items, fecces of animals, etc.). The author exsmined
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the ontrails of 239 fish from the Barents Sca (salron, cod, BRaddock,
herring) but did not find one stirmlant of botulism in them. However,
he did discover a toxdgenic strain of this nmicrobe in one {out of 16
samples) pike perch fron th;a Sea of Azov.

The report by Gimmelfarb, Bershtein and Gordian (1941) on the
results of s bacteriological snalysis of canned goods shows the impor-
tant part played by various anaerobes, arong which are also the bacilli
of botulism, in the contaminations of products. According to their data,
in the course of the years 1935-1937 the sectional laboratory of the
Ukrainien canning trust checked 53,112 cans for sterilness. On the aver-
age, 12 to 14 percent of these were found to be unsterile. Decay induc-
ing anacrobes were present in 0.2 to 0.3 percent, i.c. a total of 250
cultures. Forty-two cultures were placed under careful analysis. Cer-

tain of these undervent agglutination with the sertimn of the botulism bae-

J
illus. The auth/{'s consider that this was & group reaction of agglutination.

As has already been mentioned, the reaction of the swroundings and
the accompanying microflora have considerazble influence upon the develop-
ment of the botulisn bacillus in products. These factors can restrain
or facilitate the multiplication of the microbe. Apart from this, the

‘concentration of table salt in the product and the temperature at which

the latter can be preserved are both of importance.

Interesting results were achieved by Zaslavski and Chervyakovaya
(1940) in their study of the conditions necessary for the formation of
toxin in canned tomato juice and wvarious fruit juices. After the con-
tanination of these julces by the spores of the botulism microbe over
a periocd of 12 months under conditions where the products were kept at

room temporaiure and at 37 degrees /Centigradg/, the formction of toxin

was not observod. However, in the event that cfflorescence devolopad




=, T ————

i

—

O - 29 = ®

Zn ihe orolucts, the formafion of toxin toolk place, the presonce of
soaich was established by means of the neutralization reaction.

Suring the past few years, the formation of toxin from the botul-
2zm baelllus has been establiched in frozen products, providing that they
contuincl spores of this microbe wvhen being frozen., Exneriments described
in literature, in the course of vhich meat, fish, canned fruit are contam—
inated with sporos and then frozen whowed that after defrosting these
products became poisonous in connection with the destruction of certain
parts of the spores. The presence of the toxin in frozen products was
established in the works of Voivod (1939) ahd Segal (1940) after biolog-
ical tests.

FaiX¥ly of'ten, the products contaminated with the stimulant of
botulism and containing toxin do not inspikre the opinion of good quality
on the basis of their c¢z. 4l appearance. This cardinal fact was brought
out by Burove, Glotova, Miumervin and others. In the study of botulism
epidenics, this was observed many times. It should be mentioned here
that botulism epidemics are caused in their majority by lower quality
products, especially various figh.

At the present time; bacteriological analysis is applied for the
identification of botulism bacilli in food products. The presence of
toxdn is determined by means of a blological test, during which it is
imperative to apply the neutralization reaction with anti-botulism serum.

In order to rapidly identify botulism toxin in canned and other
food products, MNasledysheva and Braslavskaya (1935) suggested the pres-
ipitation reaction. This reaction can be set up with an extract from
the products and serum prepared on rabbits, irtmnized by an anatoxin and
the culture fronm the botulism bacillus, In checking on this reaction,

Kantsur and Chertlova (1940) came to the conclusion thnt it is a specific
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one cni that in its sonsitiveness is inferior to the biological test.

e resczreh of Domaitchenko (1040) produced comtradictory results.

that hel been contaminated by Bac. Bobtulinus. This was also the case

with filtrates of canned goods contaminated by the bacillus of sp%o-—

genesis, through which its non-specificity was established.

In connection with the fact that a bac@jriological analysis of

products requires considerable time, Voivod and Kremer (1940) suggested

that in order to discover the bacillus of botulism, mixed cultures should

be submitted to the agglutination reaction. On the basis of the data

obtained by these two, the analysis time for products under these cir-
cunstences is shortened to between two and three days.

Thus, the problem of quickly determining the presence of to:d.n

and the bacillus of botuliam in various products remains unsolved and
requires further study.

2. The Role of Cartilaginous Fish in Disseninating Botulism

In pre-revolutionary Russia poisoning from fish was lmowm in the

far past. During certain years, this illness was distributed widely.

For a long time, the cause of the poisoning was unknown. In his mono-
graph Fish Poigon, Edekauver (1882) reports on poisoning from fish in.

the years from 1818 to 1863. For this period, he mentions only four

cases of poisoning from raw salted sturgeon. The remaining poisonings

about which the author writes were precipitated by vwhite grampus in

salted condition. Fish poisoning occured in 33 populated points in

Russia; 205 persons died; the number affected is reported by the author

only in fragmentary cases. Thus, in 1843 in St. Petersburg at an educa-

tional institution 18 persons were poisoned from sslted vhite grampus;

8 of these died. In 1863 some 30 parsons in the watch of the cold court

Zhe
Forecipitation reaction appeared pogitive with filtrates of canned goods
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wero poisoned from salted paracooked white grampus, the number of deaths
being unavailable to the author. There were also cases of poisoning fron
fish in ioscow and in othor heavily inhabited points of the coi%éry.

In his work, Edekcouer emphasizes that the number of cases of pols-
oning from fish was considenably higher thah the official data which he
wvhich he cites. The description of the diagnosis for these poisonings
is very similar to the diagnosis of botulism. As a method in the struggle
against fish poisoning, he recommends the cooking of suspicious salted
fish. A second author - Berkovskii - in an article "About Fish Poison'
(1357) also describes the poisoning of nine persons at Astrakhan from
sturgeon; three of these died. Apart from that, he mentions the fact
that German and French periodicals alsa carried reports on poisoning
from fish during this time. The physicians Teleb and Demarti in the
Revue Theraveutioug de lMddicine (1852) wrote on the death of several
persons vho had been poisoned by flounder and about phe deaths of six
people poisoned from marinated fish on a British man-of-war. The phys-

ician Shevale in the Revue Théropeutigue Médico Chirurgione (1856) des-

cribes the death of 34 persons out of 42 who had eaten salted fish on

a whale hoat. Consequently, poisoning from fish during this period ims
not only true in Russia. Berkovskii in his article j:rovides a deteiled
description of the clinical card for the poisoning which 1s very similar
to the sympténs of botulism. In order to emphasize this, I an quoting
an extract from his article:

The first cases of illness made their appearance not earlier than
one hour and not later than five hours aftter the meal. This time did not
depend upon the condition, growth or field but only upon the quahtity of
the poison. No matter vhat the number of persons vho participated in the

real, they all became 111 at more or less the same time. The serlousness

3
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—_ o2 the illness is determined by the quolity of the poison, which does

not ciznge as does the cuantity. Thus, in onec instance a 17-ycar old

youth, a 45=year old athletically consituted wan, a 70-year old sick woman

et
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with swollen legs ard wator in her stomach, and sever:l middle-aged women

i
a1l becane 111 simultancously after five howrs. The intensity of the i

poigon is extraordinary, if taken into congidoration that tho quantity of
-£ish froa vhich people dled wus very limited, since a fish that has been

salted a great deal and much could not be eaten. Therefore, it could
not have weighed over one pound. The fat in which the poison i g contain-
ed does not weigh more than two "zdlotniks" f8.532 grams in allj., At first

the feeling is one of unexpected unpleasantness, stomach cramps, then
spinning of the head, and a blearing of the eye-sight. TFollowing these
coues a sharp tearing pain in the stomach and a cutting in the breast and
O throat, The pain in the stomach after a short meriod of time ceases, bub i
it comes back with inereased power. The ill person throws himself from

squeezes. '
side to side, lies on his stomach, mmddeo@emxrsdram the stomachyxsxit walls

azainst the spinsl column toward which they themselves are gravitating,
does not desire to vomit but suffers a pain inthe small of the back and

below the right intestine. Besides a burning sensation, the patient be-
lieves that weights are on his chest. He is in no condition to take a

depp breath, since breathing becomes more and more diffiocult with time.
Anxiety increases. The woise, at first strongA, slowly faedes away. The
pulse in the beginning of the illness changes but little. The patient id
plagued by thirst, but he is wiable to swallow freely from the start, es-

soon that is also impossible, because each drop of liquid causes a severe

C‘ shortness of breath and convulgions in the throat. The eyesight becomes

i

|

1

|

!

i

i

pecially cold drinks. Hot beverages are swallowed with eagerness, but i
!

H

i

extinguished, the pupils are dilated, the epelids undergo parclysis and i
{

H
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ccn be 1ifted oxly with the fingers. The higher extremitics are

veakened, waile the lowecr czn not be lifted at 211, The commart-
zents are shortencd. Breathing becomes more difficult and short,
especially &Zxhalcotion which tcwards the end graduclly stops. The

moverment of the chest can no lénger be noticed. Defore death, all

pain dissppears. The patient lies motionless, sllent. The heart

“beat is weak, less apparent and transfers into palpitation which

contimues for severul seconds although bresthing has completely ended.

During all of this time, consciousness remeins clear and is
prescrved until the lasgt minute,®

It is interesting to note that currently during batulism pois-
oning these samc sympioms are described and that doctors erphaslze
the preservation of consciousness until the very last minute by those
dying from botulisn.

Berkovskii shows that a c<-ked fish will not cause poisoning.
In this connection, the Russien army at this time was issued a Spec-
ial instruction forbidding the requisition fo; food of sai.:sd stur-
goon, white grampus or sturgeon that was fresh.

In Astrakhan, the sanitation doctor Sokolov (1896) occupied
hims33f with the collection of materiels on fish poisoning. He
rerorts about 150 cases of poisoning from figh in this city from
1886 to 1894. Of thess, 57 died. The majority of cases were caused
by fresh salted sturgeon, vhereas only a few came from fresh salted
wvhite grampus. Symptoms of the poisoning usually appears after 10
to 12 hours, in rare instances Yater, and in certain cases after
only two hours from the time food wa taken. Sokolov provides a de—~
tailed description of each case. Two abbreviated exarples are given

oclow in order to comparc them with present elinical treatment.
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1., 1286. Zulychevsizii, 32, poiconed by raw salted sturgeon.

a0y

T2orcssbeszn after 18 to 20 hours. lauseas, voritine, epinning of
ncod, loss of sight, dileiion of pupils, ptosis, dry tongue and
whormynm, constinalbion, stopmage of urine, generczl museuler vealness,
cradety, tightening in chest, pulse 90-96, shoriness of breath, pale-
ness of face and integunent, concciousness clear, temperature normal.
Dies after 2: days. |
2. 1894. Malitgzii ldkheil, 38, poisoned fron raw salted
sturgzcon. Beginning of illmess 12 to 14 hours after food wes eaten.
llausea, vomiting, dryness of tongue and pharynx, normal temperature,
pulse 80-06-90, somewhat faster breathing, constipation, impediment
to urination, dilation of pupils, foggy sight, softening and ulcoera-
tion of both corneas, difficult swallowing, coughing attends swallow-
ing, loss of woice, consciousness clear, insomnia, strong gemeral
veakness, anxious condition. |
Trom the above cited descriptions, it is clear that they are
very similar to a current description of botulism. The clinical
/lagnosis o a11 other poisoning sbout which Sokolov writes is the
samo as those quoted. In ahalyzing all cases of poisoning from the
cartilaginous fish in Astrakhen ffom 1835 to 1894, it is apparent
that of the 13 children below 16 years of age, 11 died (85 percent);
of the 137 adults, 46 died (33 percent). Therefore, children vnder
16 years of age p- .. to be three times a;(s susceptible to fish
toxin as were the adults.
In the vighties of the last century, the study was begun of
camses for the poisoning of the human being by cartilaginous fish.
Murerous experiments were conducted on this pro‘blezﬁ by Anrep (1£85)

and Livental (1886). On the bzsis of chemical analysis of the
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the conclusion thnt the poisonous
Siewosoncs Lo the fich were tiie plonmcines. Anrep was especinlly active
Zoowie sty of the cuuses for poiconing from fish, In 1285 he ob-

e oLy

=z the Stas method some kind of a poiscnous substence

talined by usin
2ron o fish thich hod poisoncd several persons (three of whom died).
e cutihor called it ptomaine. This substance was proven to be very
noiconous for dogs, frogs and rabbits and fesultod. in their ppisoning
wiich was similar to the poisoning of human beings from cartilezginous
fish. Such a noisonous substance was discovered by Anrep in the
stonach content and ix;xtestir.es, in the liver, blood, brain, and spleen
of o man who had died from poisoning by a fish., On the basis cThis
experiments, the author comes to the following conelusion:

"Obtaining identical pbomaines from so many substances differ-
ing in their composition, like fish, the organs ani urine of those
poisoned; also, to which I attach great significance, requiring so
many different methods for obtaining them, like thae Stas' an& Briegr®
methods; further, convincing myseif of the substantial invardability
of ry ptomaine and in the similarity of phenomena after poisoning
from fish in people with the phenomena in animals after they had
been poisoned with ptomaine; I could only come to one conclusion -
acknowledge that fish toxin was identical with the ptomaines found
by me.®

The poison that was discovered by Anrep in f£ish and in the
organs of those who had died from fish poisoning, would dissolve on
toiling and under the influence of alksli. The experiments of Anrep
1.o0¢ corroborated by Liventali. On the basis of these data, which the
authors cite as cheracterizing the substances discovered by them, it

is possibdle to conclude that this was not ptomnine but tho toxin of
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_ Latulism, This is substantieted by the similarity in symptoms for
(

, -/ tho poisoning aninals and humen beings from cartilaginous fish, vhich

in turn is vory reminiscent of the diagnosis of botulism. Ijart from

that, the poison obtained by Anrep dissolved when hected and under
the influence of 4lkali, which was also very characteristic for the |
; toxin of botulism. As we have already mentioned, Anrep was tho first
to isolete the toxin of the botulism stirmlant in pure form even prior
to the tize vhen it. wes obtained by Van Ermeng.

In 1891, Armstemov attempted to explain the bacterial nature :
j of poisoning by cartilaginous fish. For this purpose, he studied 11 |

cases of poisoning from fish, of shich five were fatal. From the |

)
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cadavers € the dead, he obtained a pure culture of some kind of nic-
robe. He isolated this microbe from the fish which was the cause

O of the poisoning. Soparations from the microbe killed rabbits bub

did not kill dogs and cats, vhich would become sick and recover. The
0ld cultures killed rabbits faster. Cultures, submitted to lengthy
boiling, also killed animals. This proved that the lsolated microbe :
had nothing in comion with the botulism microbe, the toxins of which
as is known very quickly dissolve after boiling.

j Chugin (1883) describes that poisoning of three children from

herrings, the diagnosis of vhilch was very similar to botulism (two
of the children died).

Popov (1887) also worked on the causes of poisoning from fish.
Ziber-Shumova (1894), Zabolotnyi (1914) and other authors wore
unsuccessful in their study of the bacterial nature of fish poisoning.

oo e i e e i AROTER

Interesting work was conducted by Konstansov (1915). The

C author isolated from fish, which had caused the poisoning of peopls,
a microbe ihich morphologically was very similar to the bacillus of

o o ol g =T




- 27 - N !
- -/ .i
L.ooollzn, dissovercd by Ven Jmionz, Iron winich Uhe former different-

Ia... 1tozil Wy ocorioin cwliural and biologieal characteristices. It

w.o oonnaent that beth mierstes talonzel o one and the same type.
.

Thlo nicoste was nnaed 2oe. Ichtiioni by lonstansov, Its toxin fune-

ticncd very strongly and overvael:ningly aife

cted the nervous system
oi wnimals, causing an illness very smmach lile botulisn, During the
iwamization of horses, Yonstansov obtained an antotoxin which neut-
2lizel the toxin from Bac. Iethiisai. A crossed reaction of neutral-
izetion with the toxin of the botulism bacillus was not established.
Afver the experiments of Xonstansov, the problem of the stimulant

for polsoning by fisih did not obtain a finsl solution. It became
¢lear that the cause of fish poisoning appears to be a microbe, pos~-
sibly similar to the stimulant of botulism and perhaps even identical
with it. Ruchlkovskii in his research (1928) notes the prevalence of
sturgeon in connection with poisoning from £ish. Studying the fune~
tioning of toxin from the botulisr:i'bacillus upon various species of
Tish, he explained that sturgeons themselves are coﬁzpletely unaffected
by the toxin from botulism. The author stated the hypothesis that

the etiologicel beginning of fish poisoning appear to be microbes of
the Bac. Botulinus typse.

A final explanation of the causes for poisoning from fish wafs
nede in 1935, through the experiments of Soviet authors - Burovol and
his co~workers and Glotoboi and his collabomators. They proved that
fish poisondnly is of a botulisn nature. These researchers estab’’shed

that the reason for fish poisoning are the type A ar B bacilli of
botulism.

In 1935, Burova and Masledysheva published a work in which they

announced the isolation of seven strains of 4he botulism microbe from
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the intestines of a cartilaginous fish. These strains were non
toxipgenic and weze identified by the agglutinstion reaction. In

W f
the cawe year, Glotova, Kibalchich, Komkova and muromtsev analyzed

166 specinens of certilcginous fish from the Caspian Sea. They dis~ ]

covered in the intestines of four fish a toxigenic microbe of the 1
botulism type. Apart from this, they also isolated the bacillus j
of botulism from the intestines of 10 from among 67 specimens of
dead cartilaginous fish., Certain of these strains were also toxigenic.
Burova, Nechaevskaya, Kats and Denisove (1935) in their research
devoted to the study of the reasons for botulism from fish in the Sea
of Azov, specifically emphasize the considerable suscepiibilitly of
cartilaginous £ish to the microbes of botulism. The authors studied
the dissemination of the botulism microbe along the coast of the Azov
Sea and discovered it in 150 soil samples (2 percent), in 69 sarples
of sea water (2.8 pefcent?, and in 49 samples of sea silt (2.0 per-

cent). It is interesting that there is no great difference in the
cxamination of the soil, water, and silt. The microbe is found in
the same quantity always.

Sirmltaneously, the data from the Ukrainian Institute named

PSS, W=

a®ter Mechnikov (Burova and Nechaevskaya) and the Moscow Institute
named after Erisman (Glotove and Soloveva) showed that the contami-
nation of cartilaginous fish with the botulism microbe can go up to ?

18 - 20 percent.

The discovery of the considerable degree of contamination of
cartilaginous fish inspired eertain researchers to study the conditions ?
under which the toxin is formed in fish. Burova and Nechaevskaya
(1935) established the possibility of toxin formation by the bacillus

of botulism in cartilaginous fish under conditions of its contamination i
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ores o that microbe. They corroborated the long known fact
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Lhav & Tish cut into pieces 3 to 4 centimeters long and cooked for
ona nour at 100 degress becomes non-toxic. The poison in the fish

;wa, L} - - - o A -
LIuer boiling boeczes dissolved, tut the spores remain alive. Of con-

ciicrable iaterest are the datz on the eppearance of toxin in the same

fish again afber one and 2 hall days at a temperature of 15 - 17 degroees.

LIS T A

Tais showld alucys be remembered when utilizing fish as foed, when it
is infected with the spores of botulisa bacilli. The total harmlessp

ness of the spores from this mécrobe in their affect upon the human

being has yet to be proven.

Korkova also studied the conditions of toxin formation by

the bacilli of botulism in cartilaginous fish. After contaminating
a fresh cartilaginous fish with spores not having any toxin, she dism
cobeod toxin in the fish'! muscles one day later at a temperature of
37 degrees and two dayé later at a temperature of 17 - 19 degrees.

In heavily salted sturgeon, toxin is not.;formed after contaminating
them with spores. For this reason, the author comes to the hypo-
thesis that toxin is formed@ in a fish af'ter the catch and during the
time it is preserved and segregated for salting.

Xushnir, Lorbor and Paikina (1937) studied this problem thoough
experiments and came to another conclusion. They consider that the
Unroduction of the toxin, in contraét to the opinion of certain
authors, cannot precede the salting process but mgy under certain

conditions transpire during the first days after the process vhen

.
o
1
H
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tho concentration of salt in the :uscular mass is still insufficiently
higih to tlock the growth of cnores and the formation of toxin.”

Under batural conditions, we think that the formation of toxin
tzlzes nlace in the larger part prior to the salting of the fish. low-

ever, it can also be created after the salting process, ard this
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“oenonds upon the temperziure cf the surroundings end the conceatra-—
tion of the szlt. Vhen the temmerature is lovw and the concentration
o gcalt high, toxin will not form after the salting process.

A larze cmount of research was devoted to the stuldy of the

ccuscee for the contemination of certsliginous fish by the boeillus
o? botulism under ordinary conditions. In studying this question
Lurova, “ats and Denisova (1935) came to the conclusion that the in-
fection of the cartilaginous f£ish with the microbe of botulism takes
place exclusively by the cndogenic path, from the intestines. The

euthers ettempted to support their argument through numerous experi-

sments. They toolr samples the cartileginous fish irmedictely cfter

it was brought from the sea to the dock. Two samples were obtained
from each fish: one from the corner muscles, the integumentary, and
O the areas of wounding; the other from the internal muscles adjacent
to the intestines of the fish. Altogether 82 samples were selected

from 82 fish. In five of the samples (12 percent), tcken from the
mugcles near the intestines, the botulism microbe was discovered; it
was not found in the samples from the corner integuments.
Nasledysheva and Burova studied the ways by which the bacillus
of botulism penetrates from the intestines into the muscles of a fish,

under experimental conditions. The tests were conducted upon 32 stur-

geon, infected with the spores of that microbe through the mouth., It

i
was established experimentally that the bacillus of botulism penetrated i
through the wall of the intestines in the fish on the fifth day it vas ’

[in sea vater. This corroborates the fact long known to fishermen that
one can becone poisoned only from a fish which has remcined on a hook

O ' in sea water for a long time after death. DBurova and her collaborators E

~—

1 looked upon the intestines as the main source of infection for the fish,

T m—

‘ nt dhe rocormended that they be removed from the fich zoonor.
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Zibalchich, Homkovs and Muroitsev (1935) studied the conditions
conZributiaz to the infection of cartilaginous fish by the microbes
ol Lotulis: ard czno to a different conclusion. Not execluding the
rocsibility o contaminction by the stimilant of botulis: from its
ines, the cuthors consider "that the getes of entry for the
penctration of Bae. Botﬁlinus into the fish tissue are both the endo-
genie factor (froa the intestines) as well as the exogenic (from the
corner wounds)."» In their ppinion, the infection of the fish takes
place both ways during incorrect catching and non-sanitary conditions
during the preparation of the fish.

Over a period of three years (1936-38), we also conducted
a study of the causes for the infecticn by botulism microbes of the
cartilaginous fish. The results of this observation are given below.

Other research on botulism was devoted to the question of how

and vhat role the fish plays in the dissemination of this disease.

‘It is known that in certain instances, the cause for botulism came

from a fish: herring, white grampus, bream, salmon (only those types
of fish are cited, .poisoning from which has been described in Yiteratire).
In order to corroborate the possibility of a fish being infected
by the bacillus of botulism, Tikhomirov (1935) conducted a bacteriolo-
gical analysis in the course of which he was cble to isolate eight
strains of the stimilant of botulism. Four of these were found to
be toxigenic, whereas four were non-toxigenic. Muromtsev (1935) and
Poslykovskii precipitated an experimental illness in & fish through
spores of the botulisn microbes. The tests were conducted on specular
carp, to which the spores were introduced through the mouth. It was
estublished that the spores introduced into the fish preserve their
capacity to live in a dead fish. Spores were found in the muscleé

of a car~ 12 hours ofter it had been infected.
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These experiments were corroborated by Kushnir, Lorber and

Poilkineya (1937) who, besides cartilaginous fish, also made tests on
the goby, carp axd the 'ram.' The authors, in our opinion, care to
& copletely correct conclusion. They conclude that the infection
of sturzeon by microtes of boiulica is not connected with the biol-
orical choracteristics of this type of fish. Apparently when catch-
ing tish on hooks, they are inflicted many wounds which appear to

be the gates of entry for the contamination of the fish with various
microflore having slso the microbes of botulism. The conditions of
the cateh, preparation, transportation and preservation apparently
ﬁave considerable influence for the infection of fish with the
microbes of botulism.

3. Cammss for Infection of Cartilaginous Fish with Botulism

In the Soviet Union, the principal cause of botulism epidemics

seems to be the cartilaginous fish - Acipenseridae (sturgeon - Acipe.nser

gilden stiidti, white sturgeon - Huso-huso, another kind of sturgeon -

Acipenser stellatus), vhich under normal conditions may contain the
stimlant of this disease. For this reason, the study of the causes
for the infection of cartilaginous fish with the microbe of botulism

has for a long time attracted the attention of Soviet microbiologists.

In current research, the material is cited which was ecollected

during the period of bacteriological control of the cartilaginous fish

for its infection with the stimulant of botulism. The work was con-
ducted in 1936-1938 on one of the refrigerators and also in the figh

conbinat at Moscow. In 1936, 470 tests were undertaken on sarmples of

sturgeon of which 11 cases (2.3 percent) contained the stirulant of
totulism (table 2).
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Table 2, Occurcnce of the Botulism Stimulant in Cartilaginous I'ish,

—
.
~ Obtained on the Basis of Tare in 1936
flumber  Botulien Toxin n
o. Type of Figh Sarples Stimalant $  Found < Cozneats
Used ° Tound in -
1. lrosh-frozen Each sample was *takon
Sturgeon 34 0 6 0 0 from one specimen
2. Salted Sturgeon 138 6 be3 3 21 Third grade
3. Fresh-frozen Eagh sarple was taken
Vhite Sturgcon 6/ 1 1.5 0 0 from one specimen
4. Salted Va, Sturgeon 148 4 2.7 4 2.7 Third grede
5. Frech-frozen Each sample was taken
'Seviyga! Sturgeon 56 0 0 0 0 from one specimen
6. Salted 'Sovruga’ 30 0 0 0 o]
O Totals 470 11 2.3 7 1.5

The toxin was contained in three specimens of the sturgeon and
in three samples of the vhite sturgeon, both types having been salted
industrially. This fish was of third grale quality, preserved in the
rav with a salt content of 14 to 1€ degrees. Under such a salt concen-
tration, thc formation of. toxin does not take place. Apparently it was
formed in the fish prior to selting, in the factory. The other fish was
of good and satisfactory quality. It was obtained on the basis of tare -
frozen in bast sacks and crates, the salted in kegs. Of the 15, samples
of frozen cartilaginous fish, the stimulant of botulism was isolated
only once. |

During the years 1937-1938, a total of 738 analyses were conduc-
ted on specimens of sturgeon and white sturgeon. The sarples of 367 were
taken from fresh or salted f£ish, obtzined on the ‘basis of tare. In theéo,

the stimulant of botulisn was isolated seven times (1.9 percent) in the
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throc types uscd. Toxin was dizcovered in one type of third grade

guolity that hcd been salied indusiriclly (table 3).

Tbale 3. Occurcnec of Botulima Stimwlant in Cartilaginous

Pigh, Cbtainc? in Tare during 1937-1938

- o

Hutber Zotulien Toxin }f
llo. ~rpe o Tlsh of  Stiuwiant pe Found % Comments '
Sarples round in
1. Tresh-frozon ' ., i
Sturgeon al 0 0 0 0 i
2, Szalted Sturgeon 120 4 3.3 A 3.3 Third grade
3. TFresh-frozen Zack sample taken
thite Stwrgeon 79 2 2.5 0 0 from one specimen
4 Salted Wh. Sturgeon 50 1 0.5 0 0 i
5. Salted "Sevruga' 57 0 0 0 0
Totals 367 7 1.9 4 1

i L

0f the 421 specimens, taken from separate samples of freshly
frozen fish vhich had arrived on the basis of tare, the microbes of
botuiism were isolated 59 times (14 percent). In many examples from

this Bateh the external integuments had been damaged and soiled with
' i
dirt (table 4). :

The cited data clearly shows the greater (almost seven times)
contanination of cartilaginous fish transported and preserved without

k.

tare. It follows that the infection of cartilaginous fish withthe

in the,cateh,
microbe of botulism depends upon sanitary conditionsf processing,

transportation, and preservation of the product, If a fish thich

contains the stimulant of botulism in its intestines does not have ’
these intestines removed soon after it dies, then as Burova.and her oo

associates correctly point out, the miecrobe will penetrate into the
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the intestines wvere quickly removed but the fish

vaz transporved and z=mxxed preserved under bad sanitary conditions,

thea 1%t noy also be stronzly contaminated with the microbes of bot-

‘“ : -
VilisTe

well as exogenously.

During the process of bacteriological control, we established

Thus, the infection of fish can take place endogenously as

that cartilaginous fish of various {ypes was contaminated to a large

degree by the stimulant of botulisa,

This should necessarily be

taken into condideration vhen utilizing the product as food.

Table 4.

Cccurencw of the Botulism Stimulant in

Cartilaginous Fish,on the Basis of Tare (in Bulk) for 1937-1938

Number Botulism Toxin
O Type pf Fish Samples  Stimmlant y Found y Corments
' Used Found in
1. Fresf}frozen Each sample taken
'0setr! Sturgeon 110 12 10.9 0 0 from one specimen
2. Fresh-frozen
'Beluga® Sturgeon 17, 30 17.2 0 0 £884.
3. Fresh-frozen o
'Sevryuga' Sturgeon 137 17 1.6 o 0 ibid,
Totals 42 59 14.0 0 0

I+ geems to us that-in the utilization in food of products

contaninated by the spores from the botulliam bacillus, it is neces-

sary also after cooking them to maintain a great degree of care.

Burova reports [1939) that eight workers in her laboratory

over a period of 3} months used cartilaginous fish in food, contain-
ing the =pores of boitulism stimulant, without ary adverse effacts
upon their health.

However, even if these persons did not becons

i e
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openly 111, this does not signify that the spores were corpletely
hormless to their health. As is kncwn, they can penetrate through
the walls of the intestines ixto the internal organs. In this con-
nection, it should be mentioned that the distribution of botulism
stimulant in cartiiah:ln_ous fish of different categories (batches)
ca be exceptionally veried (see tables 5 and 6).

From the preceding, it follows that products stréngly con-
taminzted with the botulism stimulant should undergo special proc-
essing, which would guarantee the dastruction of spores, prior to
their utilization in food.

During our work in the refrigerator and in the figh combinat,
some 1,258 spocimens of cartilaginous fish were examined. The stim-

wlant of botulisn was discovered in 77 cases (6 percent). In the

1,258 expermients conducted on 2,516 mice, for the purpose of find-
ing toxin in the muscles of fish, only 11 of these tests (0.8
percent) were positive. The presence of toxin was established only
in third grade fish that had been industrially salted.

The diatribution of ths botulism microbe in cartilaginous
fish was estsblished as follows. Of the fish specimens weighing
{rom 200 te 500 grammes, taken as a basis, the samples were prepased
in tw» retorts with Tarotstsi broth (150 to 200 cubic centimeters

each) under a layer of vaseline. One of the retorts was heated at

80 degrees for 0 mimites, whereas the other cne was not subjecf}to

the healt treatment. The two containers were mainﬁained at 37 degrees
fcr 7 to 8 days, after which the morphology of the formed mierobes |
v... checked as was their toxigenousness. A pure culture was then
isolated by means of an agar colum. Ascortaining that the isclated .
strains bel~ngec to the stimulant of botulism was conducted by means

——— o ——p —a.
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Toole 5. Qecurencs of uiie Sotlic: Stimlant

Za Coartilacinous Tish, on the Zasis of Tare in 1936-1933

|
|

PO T

o T

Tunter of Zotalien
To. T3 of Pish Sannies Stimadant % Corments
Used Fourd in
1., S2itced 'Coeir! All specimens of
Stargeon 15 6 20 third grade quality
2, Iresh-Irozon Each sarple was ta' - ’
1Beluzal Sturzeon 20 1l 5 fromn one specimen
3. Slted 'ZSeluga’ A1l specimens of
Sturgeoa 13 4 30.7 third grade quality
4. Sclted 'Ogetr!
Sturgeon 15 4 26.6 ibid, i
5. Trresh-frozen ' Each sample was taken
"tBgluga’ Sturgeon 10 2 20 from one specimen
O. Salted ®Beluga' :
Sturgeoa 10 1 10 !
Totals &3 18 .1

of studying their fermentation properties in gellatine and broth

with pieces of chicken albumin, Apart from this, reactions toward

[RRSPRTRTPE P}

‘neutralizing the toxin and agglutination were applied. Of the 77

icolated strains, some 53 appeared to bs toxigenous and 24 non-toxic.

e i e i i e
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s %oxin in all 53 strains could be neutralized well by a polyvalent

anti-botulism serum (A + B), obtainedfrom the anaerobic section of
the Central Institute for Zpidemology and Morphology (TsIEM) at Mos-

e R el M A

cow. Determination of the types to whick the strains belonged was
ascertained by the agglutination resction with serums of the A and

— B types. The agglutination reaction was sirmltaneously conducted
: with the serum of Pac. Sporogenes and Bac. Putrificus. A positive

roacilon to ar-lutinaticn was rezistered by 63 strains with the
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(\,‘ the serwz of type A and 1) strelns with the type D sermn. Apurt
fron that, 11 strains were isolated vhich were siniler to the bacil=-

lus of botulisa in their morphological and biological properties.

The toxin of these strains killed mice and =mall pigs in little

; doses, but it was not neutralized by the polyvalent (A <+ B) serun,

and the agglutination reaction with tho typical serums A cnd B was 1

negative.
Table 6. Occurence of Botulisn Stirmlant in Carti"_ég;gincus |
Fish, of Rifferent Eypes, Obtuined without Tare (in Bulk) in 1936-1938 l
' fumber of Botulism
o, Type of Pish Sarples Stirmlant %  Corments
Used Found in :
1. TFresh-frozen 'Osetr! Each sanple vas taken
Sturgeon 15 3 20 fron one specimen ]
C:;e. ibid, 10% 7 70.0  ibid, : -
3. ibid. 10 b N 10.0 ibigd. |
e ibid, . 10 1l 10.0 ibid.
5. TFresh-frozen 'Beluga'
Sturgeon 5% 8 53.8 ibid,
4 6. ibid. | 10 7 7.0 - ibid,
7.  ibid, 10 3 30.0  ibid, 5
8. ibid, 10 3 30.0 1ibid
9. ibid, ‘ 13 9 69.0 ibid, !
} 10. Tresh-frozen 'Sevryuga' |
Sturgeon 5 2 40,0 idbid,
11. ibid. T 6 85.7 ibid,
12, ibid, 10 1 10.0 ibid. :
@. ibid, 10 2 20.0 ibid, ¥
1. ibid. 10% 6 60.0  &bid ’
Totals 145 59 40.7 - i
| ¥#Caiplec »"oaken fron a third grale quality fish. ‘ 3{
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I~ the cowrse of the bacteriological control over the
'ocovmyuza! shwegeon, it wos subjected to hot smwoldng., The influ-~
Lo of aizsh teoperature upon the botulis: stirulant inside the
Jlch wmo ctulied In this connection. According to the report by
ts (1936), a high toaperavure may serve as a means for transe
{forrdng toxigenous strains into rnin-toxic ones.

Prior to the smoking process, c piece of the 'sevryuga!
sturgeon was cut off for bacteriological anslysis. After the$s the
£igh i subjected to hot smoking, during which it vas kept
in a chanber fron 40 nminutes to one howr at 100 ~ 110 degrees.

4 sample was sgain taken from the smoked fish for bacteriological
analysis. In cases where the stimilant of botulism was discovered
before curing and #fterwards, a comparison of the toxigenous prop-
erties of both strains was made. Prior to the hot curing process,
the botulism microbe was isolated from seven !'sevryuga' sturgeons,
and all possessed toxigenous qualities. After the amoking, a
non-toxic strain was found in one strain; in six of the 'sevryuga’
sturgeon, the isclated botulign microbe was not distinguished in
its toxligenousness from the stralns isolated after the application
of the high temperature. Thus, & loss of toxigenousness by the
botulism stimulant, under the influence of high temperature in

the smoking process, could not be established by us.

In sumning up the data on the bacteriological control
over cartilaginous fish for the microbe of botulism, over a per-
iod of three years, it can be considered as established that the
contamination of the cartilaginous fish by the botulism microbe
nsy originate not only endogenously - from thgintestihes, as

claimed by Burova and her collaborators - but a2lso exozenously,

Tzon the external surroundings. The endogenous way of Irfloction
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N coporenvly docs not have much sigaificence. Of decisive inport-
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znec in the contaninastion of cartilaginous fish with the stimmlant
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ovulisn are the poor sanitary conditions in processing, trans-
portation cnd preservation.

In the disceminztion of the stimilant in cartilazinous

fich, tho basiec rolo is played by the Dac. Botulinus A vhich l
is spread out more in the USSR than types B or E. This should |
necessarily be taken into consideration during the therapy of
botulisa with serum.
Vhen purchasing cartilaginous fish in food enterprises,
it should always be ramembered that the occurence of the botuliam
stimlant in the various brands of cartilaginous fish may be very
.high. For this reason, a fish vhich is strongly contaminated
o | with spores should be subjected to processing that would guaran-
tec their destruction prior to utilizmation as food or else dis-
carded as unfit to eat. In the utilization of such a product
~even after cooking, the possibility of infecting people with the
bacilli of botulism should not be discounted. How great is the
danger from this phenomaenon, we have attempted to explain in our
further research.
4. Role of Warm-Elooded Animals in Dissemination of Botuliam
The part played by animals in the distribution of ‘bottﬂ.isn
has not been finally explained to date. |

Howsver, thae participation of certain warm=blooded aninals
in the dissemihation of botulism does not provoke comment. Thus,

AL Mimte et mmemta amm

at the present time it is known that botulisn is found among dom-

U estic animals. The most senditive to botulism toxin is the horse.

Ly}

The {irst to observe botulism in horses and mules in 1917 were

(:ahica, Branker and Pontius (1918): forty rmles and nine horsos
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usoe poisoncd from pressced poor cuality fodder that hzad been
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dirtied by chicken feces. The aninals vhich were inoculated
with anvi-botulic: semma remained healthy, whereas those which
vere not inoculated tecane sicl:.

Graha: and Schuarize (1922) observed the illness of horses,
a sicinesc very similer to botulism. According to their hypo-
thosis, the diseaze was precipitated by poor cquality hay or oats.
Urder bocteriologicol analysis, the bacillus of botulisz was not
isolated from wither heay or water. The cadavers of horses that
had died froz this folder were also subjected to tacteriological
observation. From the spleen of one horse, a very toxigenous
strain of the botulisn stimilant type A was isolated. The toxin
of this microbe was neutralized well by type A anti-toxin, derived
from olives. The authors comment that the botullsm sickness is
encountered especially oi'ten among horses that feed on silo fodder.

The cases of botulism emong horses dn Canada are described
by Mitchell (1922). In 1923, in the veterinary literature of
England and the USA, a great discussion took place about the
so=called "grass disease™ arong horses which was observed in
Scotland end England. Paralysis at times takes place in horses
with this disease which 1s wery similar to botulisu.

Certain authors consider this illness to be botulism;
others claim that the mentioned disease of horses has not con-
nection with botulism. The etiology of this illness has remained
to date unexplained.

Toyler axd Robinson (1928), during the disease of botulism
amon~ mules ard horscs in South Africa, déccovered the cedavers

*v-icnis in the feod boxos of anirals. From the cadever of one

L, fhe nuthorc immlq-tel nover toxircnous microbe which
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sacy nancd Clogtridium Dotulinw.. JAn extract from the organs

; ol this rat poscessed very poisorous properties. It czused

; troical botulisn among laboratory cnimels., Besides, this ex-
tract preeipitated the dicerse of botulism in horses.

During the study of this nierobe, Robinson (1930) clas-

sificd it as the type Bac. Zotulinus C. Tayler and Tobinson
1930) specifically erphasize thot botulism is encountered among
domestic animals only in the event that the fodder is contaminated '
by the decomposing carcasses of rodents: mice, rats, rabbits. - : |
Later, the possibility of botulism in horses and miles was cor-
roborated in the reports of Fulton (1929), Donatein and Lestocar

(1930) as well as other szuthors wio hzd observed botulism in

miles ard horses at Alglers.

O In the Soviet Union, the first report about botulism affect-
ing horses was oublished in 1932 by Konyshev and Gamaleya in the
"orks of tho Nowvocherkassk Veterinary Station" (1931-1934). The
authors observed a botulish epidemic at 16 points in the Restov
province. The ca.ﬁge for the poisoning in 90 percent of the cases
could be traced to the corn silo and slso to the husks which had o
boen stewed 4 - 6 days. 4 similar disease in horses wms observed !
by Shostak and Lemshin (1936) in the Donets peovince, in the course | :

o2 which they wore able to isolate Irom the fodder the toxin of
the botuliam micerobe.

1937 Dukalov obssrved the poisoning of horses from silos
of 17 Gifferent farme in the Crdzhonikidze diastrict. With the

stopping of fodder from the siles, the disease among the horses i

@

also ceasoed. It is lnterestin that this smame fodder was eaten by “

cous and pigs without any 111 aiter-sffects, As bactericlogical } '

tests chowed, the podsoning of horsna was cnused by the toxin [

i -

S

P el e et STICR TP T

R i ot i e - 5 S -

o mteitn S & e ¢ oot saen s o AR,




S aem

O - 53 = O

of the botulism microbe. Very toxigenous cultures of the botulisan
bacillus ware isolated fron tie silo and from the contents of the
dead horso's storach.

Bobashinskii and Polyakov (1938) roported on epidenics of

tulism anong horses. In one far:i, nine horses died; in another -

fourteen. Ono of these epidemics was verified bacteriologically.
Tt is apparent that silos may present favorshle conditions for the
formation of toxin by the bacillus of botulisan, It is possible
that this is connected with the strong contamination of fodder by
the s0il vhen loading the. silos. It is also necessary to ascertain .
that the cadavers of rodents do not fall into the silo (rats, mice).
The formation of toxin by the stirulant of botulism in silos was
proven through the .research of Firsova and Pokhil (1935).

Graham and Schwartze (1921) earlier described an incident
of botulism among cattle in certain of the North American states.
Soon thereafter (1922) in Australia a similar disease msbgbggdrzgg/
which was accompanied by symptoms of xm paralysis in the medulla
oblongata. He called it the Tasmanian Midland disease. This sick=
ness, in its clinical symptoms, looked like botulism and took place
in an acute as well as chronic form., Usually the disease cornmenced
after the animals had eaten the remains of infected skeletons. The
author was able to isolate a very to:;d.genous microbe from the decom-
posed bones of a cow that had died four months before. The nicrobe
appeared to be very sirilar to the stimulant of botulism, discovered
by Bengston, and it was designated as Bac. Botulinus C. In 1920, |
Tayler described the disease of botulism among catile in South Africa
viich was known there under the name "lamsiekte.” In Africa this
sickness 1s encountered during the period of phosphorus starvation

g
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! foonz ectitle. As woresildly of pracotiaruc deficiency in plonts, the
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cicle vezin to eat monure, bones, and the codavers of rodents.

—oncs ab tinme conlain a sirong polson, cecusing illress, o2s was shown

Ly Toyler experimentally. Caly in 1927 wvas Tayler able to isolate

< pare suliwre of the stirmmilant, This wac a stronzly toxizenous

-

mierchbs, precipitating a tymically botulisa illness. The author
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naned this microbe Clostridium Parabotullinum Bovis. Later on, Meler
ard Vainberg suggested a different name - Bac. Botulinus D,

In literature one elso find reportc on the disease of botul- 4
isn anong sheep. In the opinion of certain authors, this sickness
is accompanied at times by a gereral paralysis and has been observed
among sheep vhich had eaten the cadavers of rabbits. In these cadav-
ers, the Bac. Botulinus B, was discovered. |

O The disease of botulism in cattle throughout the Soviet Union
has not been deseribed by anybody. Cattle apparehtly in general

rarely become stricken with botulism which is explained by their
low sensitivity to the toxin of botulisgm,

Still less affected by the toxin of this microbe are pigs.

ferpner and Polyak (1897) described a case where a pig became sick i
with botulism. In the course of onc of their experiments, they were
eble to isolate the bacillus of botuliam from the pig three months

after the disease. Pigs seldom are sick after eating spoiled canned

. goods. In tho manure of these pigs, Burke discovered the bacillus
of botulism. According to ther observations of Easton and Meler (1924)
the bacillus in certain instances is found in the intestines of pigs
that are healthy. This precipitated the hypothesis about the length

a piZz. Tac latter, In such a case, can become the cause for dissem- i

In~iin-

{

|

i

‘1 N - of tine the botuiism bacillus can be carried in the intestines of
I

‘\

boiwlisna,  Houwcyer, thic hipothesls atill nceds corroboration. } %
£
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Sotulisn in chickens has bcea kmown for a long time. Dixon

O

<Zready in 1917 noted the similority of botulis: with "limbernecl:" |
in chickens. In the course of lenzthy rosearch, he was able to
estanlich that limberneck in chickens is caused by poisoning from
c-oiled fodder uwhich contzined the toxin Ry of botulism, Meier
oscerted 125 epidenics of botulism amonsz chickens, during which
atoud 3,00 chickens died. In 20 cases, the botulism diaznosis was
swoported by toxicological and bacteriological tests. In the major-

ty of ceses, the illness was czused by the botulisn bacillus of the

4 type, to which chickens are apparently sensitive. Hart (1920) de-
seribed an epidemic of botulism, encompassing 634 chickens, vhich
started after they had eaten from onc can of spoiled beans.
Saunders (1921) first noticed that the limberneck disease in
O chickens could be observed after they had eaten larvae Lucilla Caesar.
| In 1922 Bengston isolated Bac. Botulinus from larvae found in the

cadaver of a chicken that had died fron limberneck. This microbe
produces a very strong toxin, similar in its properties to the toxins

of other strains from the botulism microbe. After careful study, k=
it was placed in the type Bac. Botulinus C.

In the salt flats (estuaries) of California, as well as along

o e AT e e~

thoe banks of rivers, ths western duck disease is widely distributed.

PP,

Te nmass death of wild birds attradted the attention of researchers
already in the 'nineties of the last century. For a lbng time, the

couse for these strong epizootics among wild ducks remained unknown. %

In certain years during the migration periocd, from several tens of

thousands to a million birds would die. Only as a result of system-

atic observation, conducted from 1914, was it possible to explain

@

that the "yestern duck dlsense" was nothing clse but botullsnm, |
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During the periods of a2 strong cpilzootic of botulism in duels,
,; Jiltner and Xooch (1930), Holmeier (1930) and also Kaollerbach and
' Henderson (1934) were able to isclate Bac. Botulinus C in them.

Arparently this microbe can remain in the organism of birds and not

reveal itself. Taus, for exarple, lienderson (1933) discovered the

bacillus of botulism in ten healthy ducks. Klambeck (1930) by means
of inoculation with toxin and spores of the botulism bacillus, type
C, proved that the "western duck disease" in Californal is botulism.

A great epizootic of botulism among ducks, from which over ‘-g
a million of the birds died, was observed by Kallembach and Hender-
son in 1932 and 1934 respectively. In certain places large areas
of marshland, the benks of rivers and lakes were covered by the
bodies of wild ducks,

i

O , The bacteriological research of the above mentioned authors,
studying the epidenic ¢f botulisn in 1932, end also the works of

Pullar (1934) established that the epidemic was caused by Bac.
1 Botulinus C (illustration 1).

<\ J
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Dlusir. 1. Stimlant of the Duck Disease j

A - vegetative form of Bac. Botulinus C; | !

B = two baeilli of Bac. Dotulinus C with |
subterminal. spores.
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Tie desense of botuliza anony birds is also cncountered in
rosoalonds thot have a 1itlle standing wnter with particles of
eililizel soil,

In geparcte pearts ol the m.:rshlandé, there are at times con-

> A

o fibrous woter clgas whichk hindor the movement of the

.
. 2
cenirgol
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ucicr. Ia thecs places dwing hot days favorable corditlons are
created for decommosition, in the course of which an intensive absoxp-—
tion of o:ygen takes plece. Tais aids the development of the botulism
boeillue € and the foimation of a large quentity of toxin., A consid-
ercble ole is also played in this process by the a&lkalization of
water cnd soil.

Ustally epidemics of botulisn in birds are observed ifter hot
days, in August and September. At first the toxin of Bac. Botulinus
C was discovered in the organs of dead birds. With the assistznce
of bioclozical tests and neutralization reactions upon pidgeons, it
vos ectablished thet the toxin of that microbe was present in water,

@iZs and in the larvee of flies. TIrom 76 samples, taken on the shore

vas aloo discobered. Living or dead larvae of flies, located on the
decozposing bodies of ducks, contained toxin in laz"ge quantities.
Certain of them were carried by the wind over a large area of wvater
and ccrsed the death of binds that ate them. The resh of these larvae
were found in the stomachs of the dead birds. Consecquently, the dead
bodies of ducks, stricken by botulism, play a considersble role in
the infoction of separate parts of the marshlands. The toxin in the

“difrt of the marshlends, after the removal of the dead birds, is pre-

sorves u3s to 17 days.
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Crystaline deposits of zl:aline salts (potush, calcium, sodiun,
znd others) on algae apparently help in the for ation of toxin.

Duriny the observation at these places, Heanderson (1934)
took 55 samples of dirt, remcins of algae and other materizls. MHe
diccovered in 47.3 percent of them Bac. Botulinus C., A sirong bot-
ulism toxin was exiracted i;rom the remains of insects, algae and
sneils tewen fronm localion.s vhere alkaline salts were deposited.

Vken stricken by botulism ducks are not capable of movenent
as a result of paralysis in their muscles. They rerain sitiing on
one spot until they die or recover. The large percentage of recover-
ies among birds can agpparently be explained by the insignifiican%
amount of toxin that penetrated into their organisms.

According tc the research of Academician E, !f. Pavlovskii and

| his collaborators (1939, 1946), certain of the bacterial infections

have a natural nucleus of infection. As the above nentioned data
show, botulism in separate places on the earth apparently also hes
its natural nucleus. The natural nuclei of the botulis: infection
can be found in certain of the western states in the USA: in Oregon,
in central and southern California, in Dakota and others. In individ-
uzl places, due to the drying of the marshlands, the size of the in-
fection nuclei has grown smuller. The source for the dissemination
of the botulism infection apperr to be wild birds. Duringz a neriod
of mass death anong the birds, muskrats and other carnivorae also dile
fron btotulism because they eat the bird cadavers containing the toxin
of botulisa.

In connection with thaf fact that certain epidexzics of botul-
isnm among domostic animels have been czused by contaminated fodder
with the cadavers of rodents, it scened of interest to explore the

role of vild redents in tho disse ination of botulism., Burova,
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éé ; - L.alisva, sats and Sezal (1936) undertook and experimental siudy of
Vi .
! G : .
P - .o srodlem.  They infected gray rotc through the mouth with the

,..m,w_,‘.

Loetlll of botulign, which had been rolieved of toxin, Subsequently

gL

i lcrnz ranze obecervation was carried oa to establish the secretion of
5 tnic microbe fron the intestines ol the animals, Similar tests were
condizeted also on chickens. ,

It vas estcobliched that grey rats even on the 25-th and 46-th
day, and chickens on the 110-th day, after their infecticn still

secrete the bacillus of botulisn. Experiments showed that chickens -

ard rats are little sensitive to the toxin of botulism. In this con- J
nection, the authors came to the coneclusion that animals vhiich are | 1
anly & little sensitive to botulism toxin can be the source for the !
'dissemimtion of botulism. Especially dangerous in this connection
O are chickens and rats. Being themselves unsensitive to infection,
they can secrete the botulisn microbe from their intestines for a ]
lc:zg time and spread it in their surroundings.

The foregoing data from the literature on the subject shows ' 'z‘

the considerable role plsyed by certain animals in the distribution
of botulism. It can be accepted as established that wild birds,
wild rodenis, and the cartilaginous fish appear to be at times not
] only factars in this dissemination but also the causes for the out-
breaks of botvlism epidemics among people.
5. Grey Rats as a Factor in the Dissenination |
of the Botulisn Agent in Enterprises Processing Food ‘
The struggle against grey rats (ms decimanus) is gery diffi-
cult. Appearing to . be undemanding in their needs, they devour not
U only products of good quality but also any kin® of scrap. Uhen they
eat cartilcginous fish, vhich may be infected with tho sgpores of the

‘ botulis:- bacillus, rats can become cerriers of this nmicrobe for a
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In order to explain the possibilities of this phenomendn, we
condusted an observation of rats and their carrying of botulism bac-
111i. The procurement of rats was conducted by neans of traps or
with the assistance of specizlly iraired dogs. 4 total of 50 rats
were placed under observation. Specimens were taken from all animals
@rom the heart, the liver, the spleen, the contents of the storach and
the right intestine. These were placed into two retorts with 200 cubic
centimeters of Tarotstsi broth under a lsyer of vaseline. One of the
betorts was heated 15 minutes at €0 degrees in a water basin, the other
was not subject to heating.

On the 8 - 10th day in the thermostat at 37 degrees, z grown
culture was obtained. licroscopic obslervation wes instituted, and
a preliminary blo-test for the presence of the toxin fron the botul-
ism bacillus was mede. The culture was next purified by leading it
thSjugh a high agar. After this, it was determined whether it belonged
to an agent of botuliam by moans of studying the morphology, the
neutralization reaction to the toxin, and the agglutination rei,pion.

Of the organs fron the 50 observed rats, the microbe of bot-

" ulism was isolated in 12 ingtances (table 7).

In nine cases, these were toxigenous strains of the A type,
whereas in three cases - non toxigenous strains, of which one prod-
uced an agglutination with the serum from a type B botulism bacillus.

The microbe was found in the blood of the rat's heart twlice,
in the liver - seven times, in thefspleen - six times, in the stomach
- five tines, and in the right intestine -~ three times. The discovery
of the microbe in the internal organs appeared to be clear proof of

its ability to penotrate throuch the walls of the intestines into
the -aronchynatous orsana. It in L-:poxl'tant to note that vhen wild

s ey




tion of the rats' organigm took place

Carrying of Bac., Botulinus by Grey Rats

vileginous fish, which hod been infected by the gpores
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In conslideration o the
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wostantizl decrec ol stabllily
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cwiicneed by rats with rezard to the botulisnm dtoxin, it is possib-
i

lc o mxie the hynothosis that infection runs iis course beaignly

ct
ot
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ne rats undervent & sympierless
cotlism infeetion, walch enici harrdessly with a graduel removal
¢’ the mlexobe from the organisa.

iIn owr expperizeats, ue set ourselves ths task of axplaining
the possibility that a botulisz inlection can cxist in aninmals
without any syrptoms.

Observations, conducted on grey rats, represent an aspect
of consideravlc interost for a correct understaniing of the patho-
genesis of botulism infection. They show that spores, which have
fallen into the intestines together wita food products, lead to the
infection of the orgonisa where they grow end transform themselves
into vegetative fqrms vith the production of toxin. In this con- ‘
nection, the problem arises concerning the possibility of such a
phenormenon in a human belng after eating products contaminated by
the spores of the botulisn bacillus.

The infection of grey rats wita the botulia: bacillus cculd
have taken pluce from the cartilaginous fish (the '‘beluga, ' bsetr!
and ‘sevryuga' types of sturgeon), which the rats devour willingly.
During the period of obsérvation, there were instances of intake
of cartilaginous fish containing the botulism microbe, which vas
ectablished through bacteriological tests. In such rats, the mic-
robe of botulism was secreted from the content of the risht intestine.
Eabsequently, in these animals the botulism agent can not only be
mintalned in the organs but also be secreted in the excrement,

L1

‘a0 Anta oblained undoubtedly corroborates the posaibility that

Llanoitnate bolulio-,
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Trom this, a series of important measures flow which should

be introduced at food processing entorprises. Rigid contrel is

imnercative, so that producte contaminated with the nierobe of bot-
ulisn will not be stored in warehouses and refrigerators. The lat-
ter can then be utilized for the preservation of other produvcts,
Mso ths products which are already fnfected with the botuliam
nicrobe must be maintained in areas to vhich rats have no entry.
The anninilation of grey rats in food enterprises should be com-
pulsory. This measure &3pears to be one of the most important in
the struggle cgainst botulism, especially in fish factories.

The results, obtained by us in the study cf the grey rat's
role in tho disiribution of botulism, reaffirm us in the possibility
for the agent of this infection to penetrate through the walls of
the intestines into the internal organs in comnection with the

eating by animals of fish that is contaminated by spores.
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PLTHCGEI'ESIS CF Tiiz BCTULISH LFECTION
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Insufiicicnt attention has teen given up to the ptesent

tinc o the swudy of ithe pathogenic properties of the botulism

. Von Ermeng, in explaining the canusc for poisoning at Xz
Ilentcelen, obtained Bac. Dotwlinus from hem and studied its toxi- |
genic properties. In. the opinion of the author, the poisoning from
ham tock place exélusively as a result of the toxin's action; the
infectious properties of the microbe played no role whatsoever.
These conclusions were based prirnarily upon the fact that the or-
gans and blood of the experimental animals, into which an extract
from the ham was introduced, were free from microbes. Passages
undertaken on animals in the search for the botulism agent were
also unsuccessful, even after introduction of massive doses of the
ham extract which contained a large quantity of spores.

Al of these observations ted Van Ermeng (1912) to the er-
ronious conclusion that botulism was apparently an exogenic intoxi-
cation and not a toxic infection. In his view, the botulisn bacil-
lus appears as a "toxigenic saprophyte' which can not spread in an
animz] organism. In the work of Van Ermeng, all attention was dire-
ected toward an explanation of the resultd from the toxin action

upon the organism of anirmals and the human being. The role of the
microbe itself was not taken into consideration at all in this
connection.

In studving the culture and biochemical properties of this
ricrobe, Van Ermeng arrived at apalogous results. The conditions
for the cultivation ot af the botulian bacillus, in his experiments,

varo corpletely nonetypienl ror prthopenie mierobes. Tho optimum
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ol otoguen o tempersture i3 the rderobe multiply well and prod-
Wl a somenz doxia. Ot e towperaiure of 37 to 38.5 dogrees, in
tho culiurcs wnder obscrvation, threads were seen to form. They
~ocioel Loay, thin, wnd in places fet. These threads coon passed
1m0 involute forms; in the process, only insignificant cuantities

pas

ol toxin were produced. Cn the basis of this research, Ven Frmeng
came to the coaciusion thot it was impossible for the botulism
bacillus to rultiply in the organisn of :.nimalé ard man at a tem-
perature of warm blooded bodies.

Further observations of wvarious authors provided contra-
dictory results.

Studying the strains of this microbe, obtained from the
excrrment of a pig, Remer (1900) noted that they developed better
at a temperature of 22 degrees. Schumacher (1913) obtained similar
results upon cultiveting the botulis: bacillus from ham: it devel-
oped w2ll at 18 degrees but much worse at 37 degrees. Dixon (1918)
stulied the cultures obtained from nunerous epidemics and observed
2 good growth of this microbe and the formation of a very strong
toxin at 20 to 30 degrees. -

Grekhenm and Bruckner (1919) reported that botulism culturea,
isolated during poisoning from fodder, developed well only at tem-~
peratures between 22 and 25 degrees.

To::, Edmondson and Jiltner (1919) observed a good growth of
strains, isolated from asparagus, at 37 degrees. The most propitious
for the growth of these cultures appeared to be a temperature of
35 degrees; wder these conditions, a very strong toxin wes produced.

Zurke (1919), occupied with the study of the conditions for
¢ v lop~ent of various streins in the botulism bacillus, observed
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& pood doveloprment of certain cirains «t tezperstures betueen 22
ond 28 degrees; in others, rmMiplication t-ok place more intens-
ively et 37 degrees; lowering of the tomporature stopped the dev-
elopnicnt of the cultures. Toxin wes produccd by all strains
ecunlly well between 28 ond 38 degrees. Similar results were
obtained by Bitter (1919) and Landman (1904) dwring tho growth
of the microbes: their strains multiplied well only at 24 to 25
degrees, and under these conditions a very strong toxin was
produced.

Other authors, stuwdying the biochemical and culture prop-~

ertias;:f the botulism agent, recelved completely opposite results.

" Bven in 1902, Matsushita reported that in his experiments cultures

of botulism developed better at temperatures betwcen 34 and 38
degrees and that uhder these conditions a stronger toxin was
formed. Even at 45 degrees, the author obgerved a multiplication
of bacteria. The most advantageous, in his opinion, was a temp-
erature of 38 degrees.

The botulisn bacillus, isolated by Leich (1912) from canned
beons that had baen the cause of poisoning, developed well only at
37 degrees. Amstrong, Story and Scott (1919) obtained at 37 deg~
rees a more rapid multiplication and toxin formation by strains
waich had been isolated from plums that had caused poisoning. They
noted that at roon temperature, the growth was sloved down. Rener
(1919) undertook a similar study of the conditions for toxin form-
ation in 16 different strains of the botulisnm bacillus. Ile observed
a good mltiplication and a potent toxin formation at 37 degreed.
Orr (1919) as well as Nevin {1921) ¢n the basis of their research

came to the conclusion that 37 degrces was the rost advantaroous
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tomperature for tho croeuth of the betulta: mlnmabnt unlep thenas
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e ltlons, the 'uc:o_be arous rapidly and produces a veory strong

VLU e accwndlaiion of lorze cuantities of strains from

st lem s

oz notdism ezent, in the laborotories of ditfferent countries
zon o apnea r more tad mors reporis on the grod growth
¢ iae ehraing ond thelr toxin production at 37 degrees. In 1922
<he wori of Dubove::i and lleler was published. The authors studied
over a perioci of ten years more than 100 strains of Bac. Botulinus,
Zcolated from mony sources. Tae growth was conductel over differ-
cav nerieds of tLe, under various conditions, and at different

=peraturcs. The observations of the authors showed that the
botulisz microbe produces toxin well in the course of ten days at
& terperature between 35 and 37 degrees. This tempersture avpeared
to be the optirmrz for the formation of a strong botulism toxin.
In such g vy, on the hasis of considerable material, it was found
nossible to produce toxin by the botulism bacillus at the terperature
of uarn-olooded beings. It can be deduced from the foregoing that
tne botwlisn microbe in its tenperature reguirements for toxin for-
~otion does not differ from other pathogenic anzerobes. This deduc-
tlon was the stiulent toward further research on the pathogenic
properties of the botulism baecillus.

Remer, Landman and Fersman in studying the pathogenesis of

totulien obtalned resuvlts analogous to the data of Van Ermeng.
In their opinion, the spores of the botulism baeillus that had
been introduced into the organicza of animals even with l-ectic acid

[o Dl oladoba

= zzar in order to protect them from paagocytosis, could rnot be

<2 eaus

12 causo of death from botulism in these animals. £hipnen and

ll‘

slse Grahza and Bruckner (1919) infected animals with spores, that
were 2ree fron toxin, under the gkin or through the mouth. They
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basis, the authors came to the conclusion that the boiulism bacil-
lus does not possess pathogenic properties, can not mltiply or
produce toxin in the organism of warme-blooded animsls o man.

Arnstrong, Story and Scott (1919) noted the difficuliy in
eliminating toxin by means of multiple washing of spores. After
infecting guirea pigs kx with warmed spores, they observed no
deaths of aninals. Simmlianeously, the spores that had been wash-
ed several times in a physiological solution caused the death of
enimals €rom botulism. Bullock and Cramer (1917) introduced fxcin
into guiinea .pigs spores without toxin together vith caleium chlor-
ide and observed the death of animals from botulism. This research
was not corroborated by any other authors.

Dixon and Burke (1918) in the course of infecting onimals
internally discovered tho botulism bacillus in thebr organs.

Torz, Ediondson and Jilter (1919), on the basis of experinental

-data, came to the conclusion that the botulism agent when free of

toxin does not precipitate the symptoms of poisoning in animals,
after the authors had introduced spores into the organism by dif-
farént methods. In certain experiments over a period of 5 to 7
days, after the introduction of 180 to 192 million spores, the
aninals died from botulism. Howeverp the authors considered the
results from these exneriments to be doubtful. The reason ffily
their negz=tive evaluation was the conviction that aninals died
fron toxin which had rexsined after the washing or heating of
the spores. .

In 1921 Orr announced the possibility of obtaining the
syrpbona of botulisnm in animals after infecting them with spores
that did not contain toxin., The anirmla bocare aick.with botultsmn

s in these cnivels. On this
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as a consecucnce of istroduecing spores inte the srganism by vare=
ious oiveds. Subsequently Orr {1922) in order to free the spores
Src.. te:in heated them over a period of one hour ot 80 degrees.

LW L

Afizr o subcut-neous injection with massive doses of spores, free

-,

Zro:. foxin, guinea pigs and nice nenifested symptons of botuliaenm,

Sextnin cninels dicd, waile others only becune sick. The author,

in =iz experinents, showed the possibility of discovering the bot-
uwlisa bzeillus in the organs of aninels.

The nicrobe was fowxd in the organs after infection with
spores subcutaneously or throuz: the mouth. The discovery was
conducted at tho moment of agony or irmediately after death; in
such a way, the post mortem multiplication of microbes was elinin-
ated. As a result of his experiments, Orr did not claim the con-
clusions zpplicable to the human being. He claims that a lcase
of botuliom infection in man'is rare, if et all occuring. 1In his
opinion, it is difficult to insgine thot man could consume with
fool such a cuantity of gpores neccsscry to induce botuligm.

Similar resulis were obbained in their experiments by Gelger,
Dixox end leier (1922). Regardless of this fact, in analyzing the
resulic of research conducted by then as well as by other authors,
devoted to the epidemiology and pathogenesis of botulism, they
voige the % that the snores of the botulism agent frée from
toxin are pathogenic for the huzan being. |

The above nentioned authors clain that the possibility of
noiconingz the huian beinz under ordinary circumstances by mecns
of spores free fron toxin receives liltle credence. From the
utilization of low~cuality rav products in food, there occurs

otulict polsoning of peonle with fateul results, 1In the event

. .
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uerre observed.

Cornletely opposite obsesvations wese announced by Schoen~
holiz and Meler 1924). They fed guinea pigs heatel canned peas

and naize, vhich included large cunntities of spores from the bot-

2

1is: baeillug, and the zrimals died fron botulism. In theview -
of the authors, the specific products in the decomposition of

o the canned goods can contribute to the illncss of animals and
hunan beings with botulisn.

The rosults of research on the part of many authors are
not being compared. In a considerable part of this worlk, sinilar
conditions were not maintained in the conducted experiments. Often
the result of resecarch devends upon the method for computing the
quantity of spores and vegectative cells in ermlsions for the in-
foection of animals. There are no zccurate methods for this, and
for {‘his rocason the subjective opinion of the researcher is of
great significance.

Important ‘also to take into consideration is the time elem-
ent, i.e. the span between the moment the spores were freed from
toxin and when they were introduced into the orgenism. Different
resultd were obtained by infecting animals subcutaneously, through
the mouth, and by other methods. It is difficult to evaluate cor-
rectly the many piaces of research clso because no control had
been established to check' vhether the spores were completely made
free froam toxin.

A1l of these factors apparently contributed to the stimul-
ation of Coleman ani Meier (1922) for their detailed study of the
pathogenesis of botulisna.

Guinea pigs were infected subcuteneously and through the
mouth with gpores of the botulis» baciliug, which were carofully
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uzshed an hented at 60 degrees in the cowrse of an howr. Absolutely

healthy anizals were gupnlied with varying cqucontities of spores -
from 22 nillion to 5 billion. It is nccessayto note that at the
given terpercture, a ceriain number of ’spores will be destroyed;
in order thrt there will remain 2 sufficient quantity of living
spores, ccpavle of develonment, they are introduced in such large
quentities, The discovery of dead guinea pigs wms conducted under
conditions excluding the possibilily of a laboratory contarination
in the cultures from the organs. As a result, the guines pigs
inct were infected with the spores became sick with botulism and
dicd. They died at different times after becoming infected: the
carliest time was 4 days, the latest being 14 to 15 days.

A considerable nurber of the animals that remainel alive
at the end o7 the experirent vere lkilled after 10 to 27 days. In
these animals, the botulism bacillus was found less often than in
the aninals that had died from the disease. The organs of the
guinea pigs infected with spores subcutaneously were contaminated
nore intensively than those infected through the mouth. In the
organs of the pigs that had died from botulism, the prescnce of
toxin could not be established through a bilological test. In the
bXood of the killed animals, without any symptoms of botulism, the

tulisn baeillus was not discovered. Most often, the nicrobe
would plant itsdlf in the liver and spleen. The authors explain
this by nmeans of the phagocytic properties of certain cells in
these ovzans. Vhen the infection tool: place subcutancously, the
egent was found in the liver of the dead animals in 9Z percent of
the cases, in the liver - in 77 perceni, and in the brain - in

75 poreceat of the cases. Vith animals contamincted through the

south, in the event of death from botulism, the microbe was found
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in he iiver in 20 perceat, in the spleen - in 389 percent, and in
&

L Traln - in 54 percent ol the cases.

Colcman and “eier observed ;n guinea pigs, that had begn
infoctel throush the moutk, a long seeretion of botulism baeilli
with thc exerenent. |

In ordor to prove thet aninmals died fron the toxin, formed
in the organiesm, supplenentary e:perinents were conducted. The
snores wvithout the toxin from the botulism agent were introduced
into the tied slip ¥mot v. jugularis of a rabbit and algo into the
front chamber of the eye. These experiments manifested the growth
o sporcs and the accumlation of toxin in the organism of a rabbi<i,

On the basis of their experinents, the authors came to the
following conclusions: 1) massive dosés of spores Bac. Ectulinus,
free of toxin, possess pathogenic p'operties and waen introduced
into the organism of anirals precipitate botulism sickness;

2) spores and vegetative cells are possessed of tho ability to
rapidly penetrate the tissues and the organs of animals; 3) spores
that are free fron toxin can transform into vegetative cells in the
organism of animals and produce toxin.

The authors emphasize that all of these phenomena are pos=-
sible only upon the introduction of large quantities of snores.
They do not in any event transfer their data as being applicable
to the contanmination of human beings under ordinary circumstances.
For this reason, they write: "Our results, showing the difficulty
of infecting laboratory aninals by other mesns than the introduction
of nassive doses of heated spores Bac. Botulinus, should not serve
in any event as a eriterium of shat could ococur in the human

organisn during the utilization of spores from this micro-organism

in nornal conditions, However, in the last anslysis this iz doubtful
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* because in order to precipitate an infestion, s huge ruantity of

snorcc free frou toxin is nccessary.

This research wes continued by Coleman (1973)., The spores,
wasiied in a physiological solution, were heated for one hour at
80 degrees in order to dissolve the toxin., Then they were placed

into litile pocieils and sewn inslide the stomach recess of animals

(guinca pigs and rabbits). The spores in the pockets developed

well and produced a very sirong toxin whicn would not ultrafiltrzate
from the poclzel over a period of ten days end longer. TFood sub-
ctences, in the opinion of the.ocuthor, penetrated into the pockets
£ro-. the organisn. Dacterial cultures in the pockets did not con-
tain spores even after tho 22-nd day of being in the orzanism of
aniials. These experinents showed the possibility of germination
on the part of srores and the production of botulism toxin in the
orgenicn of aninnls. In this connection, the asuthor considers it
of great imnortance that products contaminated with the spores from
botullsn baecilli never be used in food even after heating if the
sporcs are not destroyed. In order to kill the spores, ordinary
boiling for the preparation of food is insufficient.

In his second work, Coleman (1929) concerned himsglf with an
explanation of the problem of the minimum qhantity of spores from
the botulisa bacillus necessary to introduce into a necroiic particle
of animal skin in order to ccuse sickness in it. A4s a preliminary,
in the ourse of 3 to 22 hours a guinea pig received 0.6 to 0.8 nl
of 10 pcrcent formnlin. Subsequently into the seme place, varipus
ouantities of spores were introduced - from 25 million to 35 million.

Their nunber was deternined by means of planting large cultures on

-

2 aigh szar and br o sinple totaling of the cclonies.
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In the necrotie nuclei the spores gerninnted, and in the
cieins frou the nuclei there were many bacilli and fAdhs similar
to crores thet looked like cultures, anl also toxin was produced. {
The sningds édied from botulism., In certain of the dezad onimals in
the spleen nany spo-res cnd baeilli were discovered, vhereas in other A
organs such discoveries werc rare. In tissues, taken from certzin
nuclei, a very sirong toxin was present. An emulsion from then,
cven diluted 1 : 10,000 precipitated the death of nice. The control
mice vhich were given an anti-botulism serx, remained elive. In
10 cases, the serunm from the blood of guinea pigs thot had died
vithout botulism symptoms contuined toxin in very large cuantities.
Such cxperinents were conducted on 14 rats, of vhich only one diled.
The cuthor explains this by saying that he was unsuccesgful in prec-
ipitating a sufficient necrosis of the tissue.

Fron these experiments it is possible to conclude that a con-
dition supporting the growth and multiplication of botulism microbes
was ‘bhev amount of necrotic tissue in the orgenism of animals. The
action of the toxin, in the opinion of Coleman, wms curmlative,

In Il research on pathogenesis of botulism, Sterin and Dek
(1925) corroborated the results obtained by Coleman end lfeier. These
authore{conducted observations with a cereful totaling of the number
of spores by means of a hematocytometer. In the course of an internal
contamination of 20 rabbits with spores over different periods of
time (from 36 hours to 8 days), five rabbits died. The ani-als in
these experiments received fron 90 million to 600 nillion spores from
the botuliam bacillus. Rabbits, infected with spores through the
mouth, also becans sick with botulism; in the event thai they died,

the botulis: agent vas sifted out of their organs: from the liver -

27 pereent, fro: the spleen « &F percent, and from the Xkidneys - a7
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. nereends Toxin wns not discovered ia the organisn through a

ticlozical test.

All that Sterin and Dek conclude as proven on the basis of
their experitents is the fatal result for animals after infection
Ty spores of the botulisu bacillus. However, they do not come to
any conclusion on the noscibiliiy that this mierobe will mmltiply
in the organisa of aninnls. Yhite rats proved to be very stable
towrrd botulisn toxin and contamination fro:r: spores.

In -the excerinents of the above authors vith the infeetion
of cnimals by means of spores with calciun chloride and quinine,
nemtive results werce achieved. This corresponds to the data from
earlier expriments by Hell and Davis (1923) who also came out with
nezative results for calciun chloride.

Sterin and Dek, in their experiments with the little vockets,
obtaine! the same results as Colexan. The authors came to the con-

clusion that the spores from the botulism bacillus in the organism

of aninals can renain in a latent condition for a long time. Botulism

in dnimals can develop only after large quantities of spores have
been introduced. They consider it to be doubtful that spores not
containing toxin could play a part in humean botulism illness. Tne
last conclusion is contradicted by their experiments.

L nore valuable cont:ribution toward the study of the botulism
problem, =nd specifically its pathogenesis, was provided by Soviet
secience. A4 considerable service rendered by our native researchers
apncared not only in the final corroboration through experiments on

arinals ol the toxic-infectious vropertics of botulism but also the

rational explanation of the botulism pathozenesis in man from the

point of view of toxic-infectious nature of the process.

T .,
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Tﬁe first wor on the pathopenesis of botulist in the USSR
was publiched by Zelevinskaya (1935). She observe? the death of
aninnls froa botulisa cfter 10 to 38 days from the time massiye
doses (200 million) of spores were introduced under their skin. The
spores had been freed fron toxin by heating.

Guinea pigs, vhich had received a prelininary inter-puscular
injection of 10 percent formalin and then in the same Place en in-
Jection of spores, died from botulis: after 3 to 6 days., In all
cases with animals, Bac. Botulinus wes sfifted out from the orgens.

After the internal infection with spores of rzbbite that had
been sicl from coccidiosis, oenteritis, or a pussy cold -~ they all
died from botulism. The botulisn agent was clso sifted out from
their orgens. In the opinion of Zelevinskaya, her experiments cor-
roborate the toxic-infectious pathogenesis of botulisn,

Minervin (1936) undertook a study of the mechanism in the
pathogenic functioning of the botulism bacillus. He infected guinea
Pigs through the mouth with a broth chlture that hed boen given a
prelininary heat treatment at 90 degrees dwring 20 minutes., Aninals
died in the pregence of botulis: symptouis; in two instances, it was
possible to discover toxin in the organs of animals; in the remain-
ing cases toxin was not found., The author expleins this by claiming
there was an insufficient content of toxin in the organs for linding
it with the help of biological tests. In subsequent exverirments by
Minervin and Zilberman (1937), guinea pigs were contaminated through
the mouth with heated cultures of the botulisn bacillus. As a pre-
liminary, the anivals were fed milk with opiun for weazening of the
peristalsis; or the intestines were stimilsted by bile vhich wms
introduced through & sounding borer. Tho aniwmls died from botulisn

after 1D o 12 dryz, onl Hmiulin: bnellll vere !t fron ‘Yo ore-ra,
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.:iinervin and Kotlyarevskeya (1937), in order to preeipilate

chcizaczs with bodulisn in animels, cpplied the method of onew-tine
civilizotion by means of suall doses of botulism toxin, In the
nrocess o sonsibilizing cuinee pigs, the doses of botulism toxin
weve xown to be unfobal (1/30, 1/50 of a fatal dose per guinea pig)
end the authors obtained a rore invariable botulism siclness during
The infection with regard to sm2il quantities of spores (from 6 mil-
lion %o 50 million). ‘fier the one~time introduction of a small
dose of toxin into the guivea pigs, they remain sensibilized over

2 veriod of six days.

In their further research, Minervin and Xotlyarevskaya (1936)
demontsrated the possibility of a non-specific sensibilization. Ot
becamie apperent that the filtrates from toxigenous strains of B, Pro-
teus, after introducing then subcutaneously and in certain instances
enterally, precipitatéd sensibilization of guinea pigs to the toxin
of botulisn. It was also succeeded in sensibilizing them by filt-
rations from a putrid decormposition of chicken albumin. During the
infoction of non-gpecific sensibilized guinea pigs qith spores fron

the botulism bacillus, a considerable percentage of the animals died

from botulism.

The filtrates from a bréth culture qf Bac, Sporogenes in the
experiments of Minervin and Kotlyarevskaye did not produce sensibile
ization. FHowever, Burnos (1940) during a one-time contamination of
guinea pigs with a heated culturc of the botulism bacillus and lac.
Sporogenes observed the death of & considerable number of animals

from botulism. She also succceded in sensidilizing animals with

£iltrates of broth culture from hey bacillus; during tho infiltra-

tion o2 animals by the heated culture Irom the botuliaa bacillus,
they beeaie sick with botulism,
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As wes indicated above, the organs of aninals that hed died
frox experimental botulimm infection usunlly did not yleld any
toxin. Only Orr (1921) with the aid of a precipitation reaction
was able to establish the presence of toxin In the organs.

The work of Minervin and Kotlyarovskaya (1937), devoted to
the study of this problem; occuples a special place. The cuthors
conducted a preliminary sensibilization of guinea pigs vith the
help of small doses of botulisi toxin; then, the animals were in-
fected with spores fro;:m this microbe that was free of toxin., The
guines pigs died from botulism in a large percentsge; in the organs
and tissues of these animals, by means of a biologicel test, it was
simple to discover toxin. The prescnce of toxin was established
in the urine for 86 percent, in the blood for 53 percent, in the
bile for 50 percent, in th'e thin and fat intestines for 50 percent,
in the liver and brain for 41 percent, in the spleen for 9 percent,
and in the moséntery for 6 percent of the cases. During the intro-
duction into guinea pigs of oomparat'ively large quantities of one
botulian toxin, the authors were successful in discovering it in
the organs only rarely.

After the publication by us in 1937 of the work on non-gymptom
botulisn infection, Minervin amd Kotlyarevskaya in the'ir research

| during 1939 also came to the conclusion on the possibility of ob-

taining latent forms of botulism in experimental animals. The suthors
nzde the hypothesis that the microbes of botulism, passing through
the walls of the intestines into the internal organs, can produce

" latent nucloi there that would provide a dozing infection.

Gryanko (1941) come up with interesting data. During the
infection of rabbits, guinea pigs ond nice with large quantities
of gpores from the botulim baeillua (severnl hundrols of nillienas)
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w.oo ned been freel fron toxin, the aninels became siclz and died

N

* ™

Joen towuldisn.  Applying the rethod of

& prelininary sensibilize
Jiicn on animnls vwith snall doscs of toxin and a subsequent con-
taninction of them with snll doscs of spores, Gryanko obizined

e animcle 212 not die from botulisz. Yot kmou-

inz all ol the cetallg, viaich zare of consilercble Impori~nce in the !

ceicniific experinents, it is difficult to explain
F the rencon for the regctive resulis obiained by the authors.

Gryanlio, as well as othcr authors, in the event of death of

the -ninals from botulis: sifted the botulin baeillus from their

orzcns. The cuthor of the experi-ents considered that the spores

e r—————— 1 7 3 S

of the botulis: ogent did not develop in the organs but degenerated.

At the prcsent tize, a large quantity of cliniczl and bac-~

O teriological data is availuble vhich support the toxic-infectious

T

character of botulism's pathogenesis. This data was obtained in : |
the course of observing those sick with botulism and during the

bacteriological study of human organs from persons vho died of

botulisn. Cortain of these facts corroborate in full the obser— |

.

vations reported fron experinental work.

The possibility of developing latent forms of botulism ip

, the hunzan being is sunported by cases of lengthy incubation per- ‘
iods, which have been known for z long time but Yo which no special |
Immartance vas attached until the capability of the botulism bacil-
Ius to rultiply itsel? in the organism of enimals was estcblished. |

ron

with the establiishment of this fact, cases of botulisn with a long

—— a——

incubzation period have been carefully studled,

,, Q Even in 1914, Vilbub and Cphules repcried a case of botulism

v human being with an incubation period of J, tc 5 daya. lleicr

EJ.
12

{(1973) eites in his work the ro-osis of Alfforant nutheia on o

e —— .- o
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o 1hiwlis sickness In vhich he incubation period attaired 8
ars even 1/ dar-s after the cuting of infected fezd. Guertl and

Coszs {1932) desceribed two inciences of botulisn with 2 slov dev-
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he illneccs, beginning 3 to 4 dxys after contarineted
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foel hald koen poritolen of several tines.

.. cowdism epidenie, with & slow develepneat of graptongs
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hy period of iacubotion, wzs described by Xeller

(1924) and pertained to 8 porsons. Sehtron (1934) observed an in—
vzace of botulisn in Horwvay having an incubation period of 2 to

3 days, after which the patients vere alflicted by paralysis of

the nervous gysten. It is interesting to note that one of the

paticnts hed a recidivation after 2 months,

li%olenko and Kamenskaya (1936), having observed 306 cascs
of botulism, note that in 3/ of the patients the incubation period
vas up to 5 days and mz;e but that in sone it came up to 13 deys.
Such a length for the incubation period can be explained only by
the toxic-infectious origin of this disease. Koritskii (1937),
after studying the clinical records of 260 botulisn cases, notes
that in 30 percent of them the incubation period lasted from 2 to
9 dgys.

Slutskii, Covseev anl iossin (1934) and also Changli-Chaikin
(1937) have mentioned that some persons 111 with botulism have a
hizher terperature. The authors explain this on the basis of the
toxic-infectious pathogenesls of the disease.

2 1930 at the city of Suzy, a botulisn copidemic occuredy
thet was caused by the flesh of dried sturgeon. The epidenic was
obsorved by Burova, lMitelman and Yasledysheva (1935).
were alfected. The toxdin was discovered in the fish and 21so in the

“ns and blool of the patients. Tro:: the organs of the cadavers,

U

Sixteen persons

-
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. ‘otulinus A was isolated. This epideric of botulism was elso

o

cterized by = slow development of the disease. In sone of
s the gymptos of botulisn appeared on the second and

talrd doy after the conswiplion of the poisorous food. At first,

intestinzl phenomena made thelir appearance: heartburn, vomiting,
sironz formation of gas in tihe stonach, efforvescent masges of
vo:it. The authors explain this by the imltiplication of botulism
bzecilli in the stomach, during which as is mown considerable gas
is forred. These phcnomena in certain of the patients were observe
ed over a pericd of 17 days after conswapiion of the dried sturgeon
nmecat that had been contaninated witih the botulism baeillus.

In this wrk, the authors describe the botulisn epidenic
al harkov in 1932 that wes caused by szlted sturgeon. Zighteen
persons became i1ll. The agent of botulism wes isolated from the
organs of the dead persons. On the basis of their observations,
tae authors come to the following conclusion: "From a comparison
c;f the clinical records on the development of the disease and the
bacteriological data, it follows that in the described instances

ve wvere dealing not only with the intoxication process but also undoubtedly

vith the infection process.®

In our ppinion, these data on the length of the incubation .
veriod in a hunan case of botulism sicl:nefs can serve as the basis
for a hypothesis on the role of small toxin doses from the botulism
bacillus which are produced during the incubation period. The toxin

is formed in the organism of a human being or an anindl and grad-
ually precipitates poisoning.

Interesting facts were discovered during the siudy of material
taken from persons ill with botulienm.
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wicdan and Losber {(1937) conducted an observaticn of
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3¢ newsons 111 with botulis: and 36 others vho hal recovered in

oxder to ascertain the content of the botulis: cgent in the intes-

“ines, They o2lss checkel for the preécnce of botulism toxin in
vhe blood (42 poticnts), the spinal cord fluid (22 patients), and
i wrine (35 patients).
ﬁuring the rcsearch on excrenment, they were nble to isol-
ate a toxdgenous culture of the Lotulism bzeillus in three cases

on the 10th, 11th and 12th day fron: the 4ime of poisoninz. 411

'

~tients, in vhose excrencnt the nierobe was fourd, werc observed
to have a heavy forn of botulism. In 30 tests of {he excrement
Srom persons vho had recovered from botulism, the results obteined

were negative.

) After observinz the wine of 20 patients, Friedmaon and

| Lorber established the presence of the toxin in the urine of three
patients on the 23rd anxd 32nd day after commencement of the sick-
ness. In one of these instances, the culture of the botulism
i:acillus was also isolated from the excrement.

In two persons i1l with a sévere forn of botulisu, prior
to treatment with serum, the authors discovered toxin in their

blood on the second and third day Irom the time of poisoning.
In research on the blood of 42 patients trested with serum, in

tuo of the sick persons the toxin was found on the 2nd, 6th and

8th day of the illness. In both cases, it was & serious form of 1
botulism,

The conducted obscrvations leave no doubt as to the toxic-

O infectious natire of the pathogenesis of botulism, I this were
to be excluded, then it vould be completely irpossible to exnlain
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the origin of toxin on the 6th 2nd Sth day of the sickness in

blood end on the 23rd and 32nd day in the urine of patients, vho
had until that time been treated with anti-botulism serum up to
300 ml. internzlly and subcutsneously.

The appearance of the toxin in the blood and urine over
such long perilods of tinme, vwhile the patient was belnz trcated
vith serun, ccn be explained only through the multiplication of
tic botulism bacillus in the patient's organisnm, which accompanies
the production of toxin ard its entry into the blood with sub-
sequent secretion of the urine.

In foroign literature, therc have also been reports about
the presonce of toxin in the urine, excronment and blood of cer-
cons ill with botulisn.

In 1921, lleler and Geiger discovered two cases vhere
the botulism bacillus was in the excrement of patients on the
6th and 11th doy after the infection started. Some instances,
where the botulism bacillus vas secreted with tho urine, are
reported by Grelhen am%Barger (1971). Xob discovered toxin
in the serum of an inf_c.nt on the 9th day of the illness, Zamerau
and Moak (1919) found toxin in the blood of patients on the 4th,
6th, 9th, 16th and 25th day of thesickness.

There are also the reports of Dek and Buuda (1923), who
introduced toxin into the stomach through a sounding 'borer of
nine monkeys: in six of the monkeys, toxin was discovered in
the blood.

In the spinal cord fluizd of 22 patients, Friedman and
Lorber (1937) did not find any toxin, The hematoencephalic

burrier appoardd to be inswrmountable for the btotulism toxin.




During the cwrrent period, 2 considersble nunber of

repords have been published cn the remUlts o boeteriological
observations of huusn and anisal coiavers caused by botulisn.
he fircy was Van Erxmeng vwho icolated the hotulizm baelllus fron
tho spleen, ctomach and fat intestines of & hurzan cadaver., He
wleined his discovery by the nenciration of the microbe into
the orgzns after the decath of the patient. This cxplanation
corresmondcd to his conception of the pathogenesis of botulism.
Dubovskaya and Ileier (1922) undertoo!: bacterioclogical
tests of hunan organs of rersons who had dlied from botulism,
In two instinces, they found the botulisa bacillus. One of the
tines the microbe was sceroted from the spleen and from the wall
of the thin intestine; in the second case, from tho brain, The
toxin in the orgons was not discovefed. The authors also found
the botulism bacillus in the spleen, livor and‘intestihes of
birds that had died from botulism. In certain instances, the

organs of the birds contained botulisa toxin. After the dissect~

ion of two horses and tw ;:ows that had died from botulism, a
botulisn culture was isolated from the liver and the lymphatie
glznds. '

Shapiro and MNikolenko (1937) studied 21 hunan cadavers
Por the adsorption of toxin by parenchymatous organs and &lso
the length of time it was found in the alinentary canal. In
order to awoid the penetration of the microbe into the orgens
and the formation of toxin after death, the dissection of the

czlavers took place over s period of sevorzl hours and at nicht.
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T.c Luthors esphasize that toxin was discovered in the central ner-

vous systen alone during an incubation perioci of from one to three
ZLenour units.

Attention is drawm to the fact that no toxin was found either
in tac stvomach or thin intestines of the deceased during the first
four hours after they had partaken of the poisonous food. Nost often
it was possible to discover toxin in the organs of dead persons, if
they had been ill not less than four days from the time theyz had
eaten the infected food. Toxin was found in the main part of the
brain up to the seventh day, in the blood to the ninth or even ll-th
day, and in the thin intestines to the ll-th day from the moment that
the poisonous product was used. The presence of the toxin was estab-
lished: in the spleen for three of the 15 deceased, in the liver for
two among 10, in the bone marrow for three in nine, in the cephalic

and spinal cord for five out of nine, in the mesenteric lymphatic

‘glands for two in five, in the blood for two out of eight cases.

Toxin was discovered in the stomach of two corpses out of six, but
in the colons of all six cadavers. It was found to exist in the
thin intestines of nine cases out of fourteen.

The existence of cultures from the botulism bacillus in the
orzans of these cadavers was also very considerable. Cultures of
this microbte were obtained in four cases when planting took place
from the mesentery of four corpses; in five cases out of ten from
the spleen, in four out of four from the cephalic and spinal cord,

in three out of five from the bone marrow, in one out of three from




the liver, in three out of seven from the stomach, in 13 out of 19

from the thin intestines, and in eight out of nine cases from the
colons.

Thus, it was established by examining the organs of persons
vwho had died from botulism that the stimulant had contaminated al=
mwost all of the organs. The contamination of the organs undoubtedly
took place also during the life of the victims, since dissection of
the corpses was conducted very soon after death. The presence of
the botulism microbe in the living organs is explained by the authors
as being due to the presence of toxin in many of the organs of cada-~
vers examined by then.,

On the basis of the foregoing experimental and clinical data,
it seems to us that all objections against the possibility of the
botulism stimulant penetrating through the walls of the intestines
into the parenchymatous organs are surmounted. This has been proven
through experimental research and bacteriological observation of the
corpses of persons who died from hotulism. The possibility has been
established that toxin of the botulism bacillus can spread and deve
elop in the organism of experimental animals.

Clinical observations provide the basis for the hypothesis
that the spreading of this microbe and the production of toxin take
place also in the orggnism of man, when he is ill with botulism,
This is indicated by the fact that toxin was discovered in the or-

ganiasm over long periods after the illness began.
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The prozence of toxin in the organism was also established
in puiients who were being treated with an anti-botulism serum.
A;;:.:r:‘-:. froz this, in many instances it wes observed that the course
of tic botulisxn illness possessed a lingering character.

In such a manner, the above mentioned materials do not leave
rcom Dor the slightest doubt in the toxic-infectious character of
botulisnts pathogenesis.

incidentally, until very recent times many scientists adhered
to tne opinions of Van Ermeng. The latter, as is well known, con-
sidercd that the botulism microbe was not pathogenic, that it can
nov develop in the organism of animals or human beings and cause the
illness through poisoning by the toxin which had developed inside
of the organism in the food product. Unfortunately, even in the
present time this position is accepted by many leaders in the field

of medical microbi.ology and infectious deseases (Topli and Wilson, etc.).

1. The Brovocation of Clinical Phenomena in Symptomless Botulinic

Infections among Mice.

Currently, there is no doubt as to the possibility of obtain-
inz experimental botulism in animals that have been infected with
spores. A necessary condition for attaining this appears to be the
contarination with a large quantity of spores from which the toxin
has bteen eliminated. When contaminated with small doses of spores,
the anirals do not die from botulism. The quantity of spores needed

for the developnent of the desease depends upon the method of their
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introduction, the toxigenousness of the type used, and the ability
of the botulisu stimulant to multiply in the organism. Almost all
of the experiments described in the literature on the subject were
sct up with animals that} had bsen infected by a large quantity of
spores from the botulism microbe, coming to several milliards and
even billions in one milliliter. For this reason we set ourselves
the goal of studying thg pathogenesis of the botulinic infection
in animals contaminated by small cuantities of spores, which would
not precipitate their de:;.th from botulism. Death of the animals
was also excluded because of toxin which could appear in the organ-
ism as a result of dispersal by the spores. Apa.rtv from this, our
experiments appruximated to a certain degree the naturad conditions
of infection by the spores of animals and man, especially when exp-~
erimental animals were infected through the mouth with non-lethal
doses. |

Easton and Meier (192;) announced thedr hypothesis on the
complete harmlessness of amall quantities of spores for man and
animals. In this view, small quantities of spores are not held
inside the organism but are mechanically excreted through the in~-
testines of the human being. This same point of view was adhered
to by Burova (1939).

In our ppinion, the hypothesis of Easton and Meier on the
mechanical passing of small quantities of spores through the in-
testines of man and animals is contradicted by their own research
(1921-1922) and the data of other authors. Apart from this, the
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ci.cnce of cpzarent clinical symptoms of boitulism during the employ-

ected with spores after inspection still does
nov <izaily comslete hormloscrescs in genercl. IZverything depends
uron Wi quontity ol products, dosree of thelr infection by sporas,

too e

izenousness of the botullism microbe, and the resistance of
tac hunon organism. Parts of the product, which has been slightly
contcmirated by spores, are completely harmless; however, separate

ports ey be strongly planted with spores. The harmlessness of the
latier, when used in food, gave rise to the doubt which in tum
served as the reason for experimcatal research.

In our experimental animals, contaminated by sub-lethal
doses of spores from the botulism bacillus, life was maintained

over long periods >f time without manifestation of any symptoms
of illness. This fact brought us arocund to the thought that as a
result of introducing spores into the organism of animals, a symp-

tomless botulinic infection developed. In order to establish the

correctness of this hypothesis, we gpplied the methods of provoca-
tion and utiliz4d the surgical trauma as a provoking factor.
Observation of mice was conducted, and various quantities
of spores from types A and B of the botulism microbe was introduced
subcutaneously. During 10, 30, and 45 days ia the mice the spleen
or bud receded; in certain instances laparotomy or amputation of
the legs were conducted. In cases of splenectomy, after 20 to 24
hours from the time of the operaticz, the animals underwent anj

internal blockade with sugar of iron at 0.5 or subcutaneously with
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toysen blue at 0.05 per one gramme of weight. Those mice were cone-
sidcred to have died from botulism, when they provided a character-
istic clinical chart and a positive result from their organs - liver,
keare, and also the place where the spores were introduced ~ in the
foran of cultures. The cultures were made in a Tarocci habitat under
a L.yé.r'_. of vaseline. The anacrobic cultures, morphologically sime
ilar to the botulism microbe, provided a neutralization reaction

to thz toxin of the anti-botulinic izt seru. The surgical trauma
was applicd in order to explain the length of time microbes can
exist in the organism of animals &¢nd not lose their property of
rrecipitating the beotulism sickness.

The computation of the quantity of spores in one milliliter
was accomplished by comparing the viscos.ity of the spore suspension
in a physiological solution with standard B. zmléalt In size,
the intestinal bacillus is much smaller tha.n the botulinic microbe.
Apart from this, the suspension of spores taken from a fluid habitat
always contains an admixture of particles from the habitat. Because
of this, the quantity of spores introduced during the infection pro-
cess was as a matter of fact considerably smaller than that shown
by the standard. In planting various cultures of spores preparaed
from a suspension apcording to specification in two milidards, with
a high agar in order to obtain separate colonies, not rwre than 50
to 70 million spores with life properties in one milliliter aprcared.
The quantity of 500 million spores portrayed by us in the tables cor-
responds to 12 = 15 million spores with living properties.
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Zuring che first series of experiments, the mice were infee-
ted vhrouzh he suspension of spores from the botulism microbe with

tho oizuls

simxltaneous introcuction of O. 25 mi...l:.l.ter of anti~botulinic
scrun for neutralization of the toxin. In the remaining experiments
the cuantity of spores was decreased, Death of mice in tie first
serice of eperizents fran butuldsa to splenectomy was almost none
cistent: in the course of taree tests, four mice out of 98 died
Irom botwldism. In all of the experiments of the first series, splen~
ectomy and blockade were conducted on G4 mice; of thuse, 65 (693)
dicd from botulism. On the other hand, of the 106 contiol mice on
which no splenectomy took place, three (2.93) died.
It is apparent from the tests in the first series that with
a decrease in the guantity of subcutaneously intrcduced spores from
the botulism stimalant also decreases the percentage of casualties
in mice after splenectomy. In tests No. 4 through 1X, in which the
dose of infectious material was decreased from 375 million to 2.5
thousand (according to the specification in two milliards), the
ceaths among the animals correspondingly dropped from 60 to 203.
In the second series of tests the mice were infected with a
suspension of spores from the botulism microbe that had been washed
five times in a physiologiczl solution and heated for one hour at
a temperature of 80 degrees in order to eliminate the toxin. During
the course of four tests in the second series, the aninals were in-

fected by 500 million spores (according to the specification of two

i
2i1liards B.eaib): in five tests the mice w terinated by th
milliards B..s2li); in five tests the mice were contexinated by the
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Sifun :a.-n:.ng flu:.d that nad been powrad off from the spores after
| ce..w. ifugal act:.on a.t 3 ,030 revolutions over a period of 30 mmrbes.
Srlenectony was conducted in &1l exveriments of this series cn the
tenth cay. Ecefore the cperaticn in one of the tests of the second
scrics, two mice died Jrom botulisnm; in a second tést, three mice
dicc. In the revaining experizents, no deaths of mice urior to the
oscxations were observed. Of the 56 mice in the second series of
tests, afier splenectomy and blockade, 48 animals (85.7%) dicd from
botulism; among the 47 centrol mice thgt did not undergo splensc—
tomy, only two mice (4.27) died.

In the third series of tests, the mice wers infected by five
mlll:.a.:ds of spores (accerding to the standard of two milliard B.
?f.{.&t) that had been washed and heated to 80 degrees for one hour.
The rmice underwent splenectory, neurectonmy, laparotomy, and amputa-
tion of the lsgs. The desease was obtained w:tth splemctm in 100%,
with neurectomy in 100%, with laparotomy in SO/o, and with a.mputation
of the legs in 278 of the cases.

The exper:.ments in the third series show that a :heavy surgi-
cal trawma, weakening the animal's organirm, leads to provocation
of clinical phenomena during a sympﬁbmless in.f.’ect.ion’ of mice with'
the botulisz microbe. In all series of tests, mice died from bot-
ulism on the second or third day after the obera.-::ioxi, and only an
inconsiderable number of them died on the fifth or sixth day.

t follcws from the 2bove described experiments that the spores

of the botulism bacillus, introduced subcutareously into ths organism

of mice, precipitate in them a symptorless infection. The cause for

SRS R SV Y

-

EOTRR—" S

) A .

PR

Ak D AR b b LA S M

e ot e osnit 0




LT T

| TIRETEY

s ——— S S et b DAt

. R

O O
- 93 -

this appears to be the weak penetration of the organism by the microbe

spores. 7The organism is, therefore, under the influence of the taxin

produced by the microbe. It creates an anti~toxin, as a result of
which at certain tires the phenomena cpnnected with the development
of botulism do not take place in the animal. However, as soon as
the normal condition of the animal organism is destroyed under the
fluence of surgical trauma, the symptomless infedtion changes in-
to one expressed in terms of 2 clinical illness. Bofulism quickly
‘develops in the animal and hes a deadly result. The transition of
the symptomiess infection into an obvious sickness is explained prob-
ably ih vhe following way: the production of anti-toxin is slowed
down whailc the organism is weakened; the formation of toxin can be
even increased in its rate of production, especially in the destroyed

aress whore the tissues have been nccrotized.

In swmmation of the results from these experiments, conducted

“upon 297 tested and 188 control mice, it is possible to accept as

éstaclished that mice undergoing surgical trauma pass from a sympbom—
les.?;\ botulinic infection into a clinical and open desease phase which
pmcipii".ates rapid death from botulism.

By means of these obéerva.tions, it was established that the
botulism stimlant after being introduced into the organism of mice
may be preserved up to 45 days and not lose its property of provok-
ing desease., This fact 'm'ras first established by us in 1937. The
devclorment of the illness in animals after the operation, in our

oplnlca, took place in connection with the formation of large part-

~
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4 tissue in the area of thne wound. In the case vaen
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the 2limentary canal of the mice., The infected animals remained

wnder ovgervation over a period of ten or more days. Thsn, the
‘splectonomy was effected and in one test a neurectomy.

i@ surgical trausa was applied in order to explain whether

the spores penstrate through the walls of the intestines and how

lonz the microves can remain in the parenchymatous organs without

losing their oroperty of causing the botulism desegse.

Computation of the quantity of spores in one milliliter was

accomplished the same way as in the preceding experiments. The

nuzber 50 to 70 million vikile spores, ehown on the tables, corres-

N4
oo

ponds to the viscosity of the suspension for specification B. oy
in two milliards. |

In the first series of tests the mice were contaminated by
12 to 15 million and 25 to 35 million viable spores of the botul~

ism microbe. The splenectomy was conducted on the tenth and 13th

day after the spores had bsen introduced.
Prior to the operation of 160 mice six died, and in four of
the latter cases the botulism microbe was isolated from their org-

ans. After the operation from among 77 mice under observation 17

(22) died from botulism. The percentage of death among the mice

cortaminated with 12 to 15 million spores averaged betwsen 7.6%
and 14.27; among the mice infectsd with 25 to 35 million, death af-
fected from 20% to 504. Among the control animals, which were' not
operated upon, over the same period only three (3.97) died.

In the second series of experiments the animals were infect-

ed with 50 to 70 million spores, which were introduced twice in
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separate doses of 25 to 35 million each at an interval of four to

L -

z doys. Prior Lo the operation, oui of 103 mice only three (33)

7

i died. The operation vas. ccaducted ten days efter the first con-

tomdinselon.,  OFf the 49 aninals operated on, 17 (3370 -l:xd 2

wlism; cwonz the 51 control rice, no death was observed. ‘

Zn the third series of tests, the Infection of mice wes

T a ™

tolien vhrough 100 to 200 million vizkle spores. The laticr

Via3o_e =38 Coe oo b\r 20U WIETe

2o
il ¢ yvic e

Zabroduced thres times, with 50 to 70 million each time, &i

vils of five to seven days. 4 total of 113 mice wers infected. Be-
f

}

for the ozcration, six animals (5.370) died of botulism. The opcra~ ;
. i

tion was undertaken on the 15th, 17th, 1l8th, 76th, and 92rd day aftcer ;

]
e Dirst contamination. In the course of the first three tests in

O this zeries, between 707 and 100: of the animals died; in the last

ey,

Lwo tests, this dropped to between 204 and 50%; in one experiment,

w0t cneo anincl died.
Cn the vnole cmoag 51 mice that underwent splenectomy, 36

(7044, Siod from botulism. Anmong the 56 animals in the control

Jwoun, wlhich were nob operated upon, during the same period of time

Zive zisc \ 0. 9,0) died.

Tn the fourth series of tests the animals were infected with

! 20 to 200 million spores and were submitted to neurectomy. Under ‘ :

tae influence of this operation, a provocation to infection was

| obtained on 80.55 of the animals.

Tac data received is compiled on Table 8.
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Thus, waen 12«15 million and 25-35 million viable spores were used
during the infection process, the mortality of mice from botulism
after the operation was egqual to 22 percent; when 50-70 xmillion
vere eppiied, it was 33 percont; wica 100-280 milliion were given,
the norcentage was 70.6; whereas ia cert.am experizents 1CJ percent
ol the coperated mice died.

Suring the last three tests in the third series, the percen-
taze of deaths from botulism was not very high (0-20-50). This can
be explained only oy the fact that the operation was conducted after
a very long period of tize had elapsed since the operation - on the
76th and 92nd day. The experimental and control mice, which had re- ;
sained alive after the operation, were killed about four months after
their infection. In the cultures taken from their organs, the bot-
ulisn stimulant was not discovered, whereas at the time of operatign
{ze nicrobe had been isolated from the spleen of many animals. Ap-
porcntly during the process of continuing bacillus carrying, there

o

tlzcs plzce a vrogressive freeing of the animal organism from the

inlecuing agent., This process is probably connected with the prod-

ucticn of immunity and the annihilation of the botulism microbe in
tac orgenism of the mice. It is possible to assume that the botul~ -‘
inic symptomless infection leads to the .production of Immunity
arxcag anixals and human beingzs. :

ifter the operation, the animals in 2ll experiments were

pizced under observation for a period of 10-15 days. Ceath from

botulisn took place in the majority of cases on the 3rd-5th dey
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after the operation. The culture was made from the organs and
blood of the mice in a Tarocci broth. During 6-8 days the cultures
remained in the anaerostat and in an atmosphere of nitrogen. Then,
computation of the cultures that had grown was undertaken by msans
of studying their morpholozy and zlso by means of a reaction neut-
ralizing the toxin with the aid of an anti-botulinic serum.

The culture from the organism of rmice was found to be very
strong. In the specimens frcm the spleen, taken at the time of
the operation, duri:t the first series of tests the microbe of bot-
ulisx was discovered in 76..4 percent of the cases; during the third
series, in 63.3 percent of the cases. Most often of all, the bot-
ulism bacillus was found in the liver - 49 percent; in the cephalié
part of the brain - 43 percent; and in the intestines = 40 percent
(see Table 8).

Subsequently, the spores of thre bét.ulism stimdant after
having been introduced through the mouth penetrate the walls of |
the intestines and colonize the organs of animals. Ve were unable
to determine the relationship between the intensity of this colon-

izztion in the animal organs and the dose of spores introduced into

- the bodr.

Many researchers studying the pathogenesis of the botulinic
infection unsuccessfully have attempted to discover, with the help
of biological experirents, the toxin of the botuldsm ric.ote in the
organs of animals that have died from experimental botulisz. In

the literature on the sutject, thare are only two examzices of re-

scorca where the authors amounce that they have succeeded in find-
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ing toxin in the organs of animals deceased from botulism. One of
these was the American Orr (1921) who discovered the toxin in the
organs of animals by m of a precipitation reaction. The other
was accomplished by Minervin and Kotlyarevski (1937) who, in order
to obtain experimental botulism in guinea pigs, applied a very in-
teresting method for a preventive specific sensibilisation by means
of small doses of botflyfinic toxin. In the organs >f these guinea
pigs, the authors established the presence of toxin from the botule-
ism bacillus, with the aid of a biological experiment.
Woaloomdomattcnpbtodismrt@inthaorm of
mice at the moment of their death from botulism. In experiment No.
2 (third series) nine mice were taken in the moment of agony just
before death; thi:z . luded the possibility that toxin was formed
in their organs afyer death. In these animals, a clear picture of
botulism was observed. They lay motionless with matted fur and
heavy breathing; the diaphragm was paralyzed which caused a stretch-
ing out of the body (wasp~like waist). The intestines and liver
of these animals were carefully comminuted in a porcelai: mortar,
after which the suspension of the organs was left for an hour on
the table at room temperature in order to extract the toxin. Then
the fluid underwent the centrifugal process and a biological test
was made of it. One mouse received 0.5 milliliter of the fluid
with 0.25 milliliter of normal horse serum; & second mouse was

given the same quantity of fluid with anti-botulinic serum. Both

mice remained alive. By these means, toxin from the botulism mic-
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robe was not discovered in the organs of mice at the moment of
their death from botulism, with the aid of a biological test.

The failure in the attempt to find toxin in the organs of
mice can be explained in the following way: the toxin, progress-
ively being formed by the botulism microbes, quickly united with
the cells of the organs and there was not enough of it in a free
condition for discovery through a biological experiment. This
problen needs further study. _

At this stage, the observation was set up in four series
of tests in the course of which 212 mice underwent surgical trauma
and 229 mice served as the control group and were not operated.

It was established that, upon contamination through the.
mouth with sub-lethal doses of spores, the mice developed a symp~
tomless infection which could be transformed into a clinical and
visible ons by mesans of a surgical trauma. The spores of the bot-
ulism bacillus pemtmt;_ through the walls of the intestines, and
in such a way the colonization by it of the organs takes place.
The intensity of the colonization of organs does not depend upon
the quantity of spores lintroduced at the time of contamination.

At the moment of the mouses death from botulism, toxin was not
found in its organs.

The completed observation shows that the hypothesis of
Easton and Meier (1924) on the complete harmlessness of the spores
from the botulism microbe which, according to their opinion, mech-

anically pass through the stomach~intestinal tract - is completely
without foundation.
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Botulism appears to be not only an intoxdcation but also
and infection. Most often poisoning of the human being and an-
imals takes place by the toxin which has formed inside of the
organism in food products. However, it is also possible for the
microbes to multiply and the toxin to form in the organs and the
tissues which facilitates the development of the desease.

3. Infectious Properties of the Botulism Stimulant

Under natural circumstances, the human being and animals some-
times eat various products containing a considerable quantity of
spores from the bacillus of botulism. If the product has no toxin,
then the visible desegse with a sufficiently expressed clinical
picture apparently develops under such conditions very rarely. As
has been shown above, certain researchers completely discarded the
possibility of the botulism desease from the use of products con-
taining only the spores.

We set ourselves the task of explaining the infectious role
of spores from the botulism microbe when it has entered the organ~
ism of animals through the mouth together with the botulinic toxin.
In this connection; it was important to establish whether the ani-
mals would come down with botulism if they would receive together
with the spores less than a lsthal dose of the toxin. Under such
circumstances the botulism desease, it would seem, should not take
place. However, as we already know from a swvey of exnerimental
data and literature on the subject, the spores penetrate from the

intestines into all organs and can manifest their infectious




O 0O

- 103 -

properties: multiply, germinate igto vegetative forms, produce
toxin. Under such circumstances, in the event that spores enter
the organism through the mouth together with a small quantity of
toxin, the animals should die from botulism.

For the purpose of explaining this problem, experiments
were undeartaken on mice and guinea pigs. The animals were infec-
ted by spores together with a small quantity of toxin through the

mouth, with the aid of a metal pipe. As a precautionary measure,

a lethal dose of dry botulinic toxin was titrath for the mice when
introducing it through the mouth; it was found to be the equivalent
of 0.0001 gramme. Two series of tests were set up.

The first series was conducted on mice. In order to infect

O the animals, seven to ten day cultures from the botulism microbe "AM

were .used. These contained a quantity of spores in large measure.
The spores were washed several times in a physiological solution and
heated at 80 degrees for one hour to eliminate the toxin. After
this, the g&ﬁity of spores was computed according to the specifi-
cation B.sa&lf. A4s has been mentioned already in the preceding, in
reality the quantity of live spores was much smaller than that on
the specification.

In the first group of tests, there were 112 mice which were
given from 25 million to 70 million spores and a one~third of a
lethal dose of botulinic toxin. During these experiments, between

52 percent and 84.7 percent of the mice died.

At the same time among the control group of 48 animals, in-
O fected with the same amount of spores alone, from four to eight

percent died. 1In the control group of 55 mice, receiving one-third
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of a Dlm of toxin without spores, in one test two mice died and in

two other tests one mouse died in each. The death of these mice is
explained by the individual sensitivity of animals toward the bot-

wlinic toxin.

In tiwe tests 60 mice of the second group were infected with
50 to 70 million spores and one-half Dlm of toxin. In these exper—
iments, between 60 percent and 73 percent of the mice died from
botulism. Among the 40 control mice, :Lr;feci;ed with spores alone,
.in one test three mice died. After the introduction of one-half
Dlm of toxin into 40 mice in the course of one experiment, the
death of 10 percent of the mice was observed; in the second test =~
20 percent, which is also explained by the individual sensitivity
of the mice to the botulinic toxin.

In five tests with 172 mice infected through the mouth with
spores and toxin, 116 mice (67.4 ;arcent) died from botulism. In
the control group of 88 mice, irnfected through the mouth with spores,
six (6.8 percent) died; there were 95 mice into which only oxin was
introduced, and ten (10.5 peréent) of thase died from botul:sm.
Cultures were made from the spleen and liver of the dead mice for
the purpose of discovering the botulism bacillus. The identifica-
tion of the cultures with this microbe was made bty means of bac-
terioscopy and with the aid of a neutralizaticn reaction.

The second series of tests was conducted on guinea pigs.

As a precautionary measure, a iethal dose of dry taxin was titra-
ted for the guinea pigs at the time that it was being intraduced

through their mouths. It appeared to be the equivalent ot 0.0012
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gramme, Just as was done in the first series of tosts, the guinea
pigs were given through the mouth wimiltaneously 75-100 million

spores and one-third Dlm of toxin. A total of three tests were

conducted. There were 33 guinea pigs infected by spores together

with toxin, and of these 24 (72.7 percent) died from botulism.
The control animals numbered 17, and they were infected only with
the spores; three (18 percent) of them died. Among the 17 guinea
pigs which were given only the toxin, two (11.8 percent) died.
The death of these animals from one~third Dlm of botulinic texin
was connected, as has been described in the foregoing about the
tests on mice, with the individual sensitivity which oscillates
very strongly in guinea pigs. The results of the tests on mice
and guinea pigs are presented on Table 9.
In these two series of tests on mice and guinea pigs, with
a determined constancy, the infectious properties of the botulism
bacillus were brought to light. The microbe, falling into the
organism together with the toxin, apparently multiplies more rap-
1dly and produced taxin in such a quantity that is completely
.sufficient for the animal's death. The toxin enters into the org-
gnism together with the spores and apparently shows a paralyzing
effect upon the pharocytosis and penetrabllity of tissues on the
part of the spores. i{s in turn conditions and permits the micr-
obe to penetrate more quickly into the organs and to multiply.
On the basls of these experiments, it is possible to make
the hypothesis that the toxin, introduced together with the spores,

causes the sensibilization of the mice and guines pigs toward such
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doses of the toxii which prodace the microbe that is penetrating
into the organs. A4s a result, it appears completely sufficient for
small cdoses of it to cause the death of animals from botulism.

The great majority of animals used by us in the tests died
vithin a period of three to fifteen days after the infection. Usual-
ly at the teginning, a substantial loss of weight was observed. In
some, a visible case of botulism developed. The animals remained
under observation during 20 days after thelr contamination.

The data obtained, supporting the infectious properties of
the botulism microbe, provided an incentive for us to analyze the
course that botulism takes in the human being. The basis of this
analysis was provided by the length of illness during various epid-
emics of botulism., If the botulism baci].’l:us i8 possessed of infec-
tious properties, then the sickness should be more serious and lon-
4er. As a result the human being develops an immunity and health
is recovered, or the organism of the patient can not resist the in-
fection and died.

We studied the works of a number of authors which were devoted
to the observation of 21 botulism epidemics including 215 patients.
Sixty-five of these died, 42 were i1l for two weeks, 75 were uick
one month, 26 remained patients for two months, and eight were ill |

for three months. In such a way, during the epidemics a slow recon- '

valescence was observed. This attests to the taxic-infectious

. character of the desease. Clinic workers observed in 1933 a large

opidemic of botulism at Dnepropetrovsk and conducted very carefud

supervision over the patients. They also came to the consludion
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Thbhle 9. The Infectious Properties of Bac. Botulimis when Infecting Mice by Mouth

Experiment Control with spores Control with toxin
n ) f
.m m i) o m on m. m. |
» m.w m £ mv £ m Wh qm..w m 4 w .u v. W m R
S Amcunt of toxin f.wm m.n & o f.mw emn_mm 8 Amount of toxin mn Wft m |
;09 O 2 o o o ;
b B- 4 "3 ) m f 99| ©
introduced w.m : = % “m .m M 5 ....mu q 98 M S introducsd 3 m < _m ﬂ
) ‘W N _D m ~r ﬂu ~
A
1 | One-third of lethal | 25-35 ' 16 | 1687 ] - |-— |- - ] one-thirdof lethal | 10 | 1} 10.0 1
2 | dose for mice 25-35 50 26 | 52.0 §25-35 {25 | 1 | 4.0 ]| dose for mice 25 2 8.0
3 50-70 , 46 |39 | 847 | 50-70 123 |2 | 8.0 20| 1| 50 '
oy
| | ; W
6 | One-half of lethal 5C-70 30 18 | 60,0 | 50-70 | 20 | 3 |15.0 | One-half of lethal 20 L | 20.0 P ;
5 | dose for mice 50-70 _ 30 | 22 173.3 | 50-70 | 20 [0 | 0 | dose for mice 20 | 2] 1.0 % :
, | N
Totals ... “ ” 172 116 | 67.4 _ 88 | 6§ 6.8 95 } 10 | 10.5 ! .
Infectious Properties of Bac. Botulinus when Infecting Guinea Pigs by Mouth -
C | s | e |
1 ' One-third of lethal }75-100 | 13 11 . 84.6 Qm.b.oo 7 | 2 |28.0 | One~third of lethal 7 1| 4.0
2 . dose for pigs 75~100 ~ 10 7 ' 70.0 175-100 5 | 1120,0 | dose for pige 5 1| 20.0
3 | 75-100 | 10 6 - 60.0 ".G..poo 5|00 5ol o
!
] : | .
| Totals ... taz D ooy | g2y _ 17 |3 1{18.0 17 | 2| 1.8
f i 1
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that botulism manifests itself as toxic-infectious. The slow
process of reconvalescence in botulism is connected not only
with the effectm upon the organism of the toxin already present
in the food but also with the poisonous activity of the toxin
that is produced by the microbes which have penetrated into the
organas and tissues.

The goal of our further research became the explanation
of the transformations in the organism of animals, changes that
ares caused by infection with spores.

-5owruir Yo explain tne Sensitiviiy of grey rats toward bot-
ulinic toxin, we set up corresponding experiments. It appreared
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CHAPTER IV

TBE PATHOGENESIS OF BOTULINIC INTOXICATION

Almost all domestic animals were shown to be sensitive to
the botulinic toxin. O0f the laboratory animals, most sensitive to
subcutaneous introduction of toxin appeared to be guinea pigs and
rabbits. Mice were somewhat more stable but also completely adapt-
able for experimantal work. Animals are more sensitive to subcutan-
eous introduction of toxin than they are to its introduction through
the mouth. According to Lippman (1910), a lethal dose of toxin for
mice taken by mouth is 1,600 times larger than a subcutaneous one.
The research of Bronfenbrenner and Schlesinger (1921) showed that
the minimum lethal dose per mouth for guinea pigs is 1,000 times
larger than one given subcutaneously and inside the peritoneum.

Gunnison and Meier (1930) occupied themselves with a study
of the relationships between lethal doses of toxin by subcutaneous
introduction and per mouth. They estab]@éthed that this depends on
the appearance cof the animal and the type of toxin. Burke, Elder,
and Pishel (1921) in their research came to the conclusion that the
absorption of the toxin from the intestines is influenced by various
factors, in connection with which it is absolutely impossible to
establish its lethal dose per mouth for animals.

In order to explain the sensitivity of grey rats toward bot-
ulinic toxin, we set up corresponding experiments. It appeared
that rats die after the introduction under the skin of a somewhat

larger:dose of taxin than the one that kills a medium-sized rabbit.

RS

e Tl et

e s A A e el

it i A 3t R Rk

< ok - SO 13- RS L B




O

®) 0

- 110 -

If we take into consideration in this connection the great difference
in weight between the rat and the ratbit, the great degree of stab-
ility of rats toward botulinic toxin becomes clear.

During recent years, two works have been published concerning
the sensitivity toward the botulinic toxin on the part of other wild

rodents. Himmelfarb (1936) established the existence of considerable

sensitivity toward that toxin on the part of the spotted marmot, where-

as Beridze (1936) did the same for the hamster who was shown to be
more sensitive than white mice. The autho®s recommend the utilization
of these animals for experiments in the study of botulism.

After the discovery of the botulism stimulant, one of the more
important events in the study of this desease was the obtaining of
experimental botulism in different laboratory animals. This provided

the possibility of precipitating almost all symptoms of botulism in

animals and of beginning the study of their pathogenesis. However,
despite the almost fifty-year period of ‘probing the pafhogeneais of
botulinic into:dcation,A this problem still remains in considerable
degree unexplained. | _

In studying botulinic intoxication, great attention was paid
$o research on the penetrability of the stomach~-intestinal tract for
the botulinic toxdn. Thus, it was established that the toxin in the
alimentary tract undergoes insignificant destruction. Bronfenbrenner
and Knox (1923) as well as Schlessinger proved that neither pepsin
nor tripsin digest the toxin which is able to sustain the acidity

of the stomach at 37 degrees during twenty-four hours.
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The botulinic toxin was less stable in alkali surroundings,
where its activeness dropped considerably over a period of twenty
four hours. As a result of the instability shown by the toxin in
alkali surrcundings, it is more quickly eliminated from the intes-
tines than from the stomach. On this basis, Bronfenbrenner made
the hypothesis that its absorption transpires mainly in the stomach
and in the upper part of the thin intestine.

Kagan and Matyash (1939), studying the influence of proteases
upon the toxin of the botulism microbe, obtained somewhat different
results. In their experiments, the toxin that underwent the activity
of the stomach juice for 18-20 hours was completely inactivated. If
the toxin remained in a 10 percent solution of pepsin or tripsin dur-
ing four to six hours, its activeness did not changs.

Dek (1926) showed in his tests that the toxin does not under-
go disintegration when mixed with particles of tissue from the stom-
ach and particles of muscle from the stomach wall of guinea pigs
and mice over a period of one hour at 85 degrees temperature. After
direct introduction into the stomach of guinea pigs and rats, the
to;:in was discovered in active condition during three to twelve hours.

In certain animals the walls of the stomach and intestines
apparently are penetrable to only & small degree by the botulinic
toxin, and for this z:eason enimals can(%&'ry large doses of this

poison. Thus, for example, Dek and Dzhibbard (1926) established

" the existerce of a very high degree of stability in pigs for botul-

inic toxin when introducing it per mouth: after feeding it nine to
ten million mouse doses, and animal weighing €.3 kilogrammes remain-

ed conpletely healthy; not even a trace of toxin was discovered in
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its blood. The toxin was introduced, in the case of two pigs, into
a bandaged loop of the thin intestine. Thep the blood from the ves—

sels, passing thoough this fragment, was observed. In one instance,

a negative result was obtained (the toxin did not pass into the blood);
in the other, it was slightly positive. A similar test was undertaken
on eight rabbits. In five of these, during two to t.wo-and-one-half
hours, a small quantity of toxin was discovered in the blood. The

ekl ke v, Mk kAR | 2 P

wall of the thin intestine in a dog also appeared to be impenetrable,

according to the data collected by Hegram and Duke (1938), for the
botulinic poison. ’

In 1942 Dek and Hoskins continued their experiments in the
study of the penetrability by the botulinic toxin through the intes-

Al e AL 2 it 2t

tinal walls of monkeys. In the wall of the colon in these animals,

a fistula was made, th@'\xjxgh which toxin was introduced. The monkeys -
that received this dose of poison through the mouth died from botul-

ism. Of the four monkeys that were given the toxin in the same , ]

quantity straight into the nodule of the colon, only one died; three

remained alive without showing any symptoms of the desease. The same

Jrrv—

dose of the toxin, k:Llling the monkeys when introduced per mouth,

e

when introduced into the ‘colon appeared to be non-poisonous for the
majority of the animals.

It follows that the botulinic toxin was not absorbed at all |
by the colon. This contradicts the hypothesis about the greater pen-

etrability of the botulinic poison through the walls of the stomach
and the upper part of the thin intestine in comparison with the re-
maining part of the intestinal tract.
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Kushnir (1941) studied the influence of N-ion concentrations
upon the activeness of the botulinic toxin. She established that
the toxin, introduced into guinea pigs through the mouth, was pos-
sessed of its greatest degree of activeness at pH = 6.6 - 6.7.
Lowering and increasing the concentration of H ions greatly les-
sened its activeness.

The activity of the poison is also reflected upon by the
reaction of the stomach content, possible due to the absorbing
properties of certain food products. Therefore, in order tc have
the desease develop not only a sufficient quantity of toxin is
necessary but also favorable conditions for its absorption through
the wall of the stomach and the thin intestine.

From the alimentary tract, the toxin penetrates into the
blood. Its presence in the blood of patients ill with botulism
and in the blood of experimental animals was proven by many auth-
ors (Friedman and Lorber, 1937, and others).

Clinical observations have received full corroboration in
experimental research. According to the data of a number of auth-
ors, when the botulinic toxin is introduced per mouth into guinea
pigs, rabbits and monkeys, it is discovered in the blood; the
introduction of 0.1 milliliter of this bloed into mice caused
their death after visible symptoms of botulinic intoxication.

The conducted experiments speak of ccnsiderable stability

. on the part of the toxin, present in the blood. This also supports

the work of Zakharina (1937) who introduced intravenously various

doses of the toxin into rabbits and observed its circulation in
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the blood during 24-48 hours. A minute study of this problem was
conducted by us together with Bulatova (1948), and the resudts of
this research are given in the following.

Thus the presence of botulinic toxin in the blood in the
course of a certain time, which is at times of considerable length,
as is the case in huma;]beings ill with botulism, also in animals
can be considered as proven. |

The toxin penetrates from the blodd into the organs, where
it paralyzes the cells of different tissues. Naturally, by circul-
ating in the blood, the toxin fhows its effect also on the heart-
vessed system. Clinical observations over the past twenty years
provided considerable factual material on the paralysis of the
heart-vessel system by the poison from botulism.

Clinical workers have observed in patients i1l with botulism
paleness of the skin, dryness of micin, a good fulhess of the pulse
while the work of the heart has been weakened. Assuming that all
of these symptoms depend upon the reduction of vessels through the
action of the botulinic -taxin, this hypothesis was corroborated
in the experiments of Petrovski, Naumenko fmd Baturenko (1937) as
well as Serebryana and Shkaver (1937). They all noted the reduc-
tion of vessels through the activity of the botulinic toxin as it
gffected the vessels in the ear of a rabbit.

The vessels of the kidneys and lungs, according to the data
of Petrovski, Naumenko and Baturenko, are affected by the toxin in
two phases. At first this precipitates an enlargement and later

a contraction. The authors consider the botulinic toxin to be a
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strong vessel poison. In studying the condition of the capillaries
in botulism patients, Steinberg (1937) adso discovered the contrac-
tion of the arterial node in the capillaries. Certain authors (Mir-
tovski and Govseev, 1937) explain many of the symptoms attending
botulism by the collapsing condition of the vessels at the periphery.
Usually, the patients complain of poor sight ("sight like through a
cloud,” #a curtain has dropped before the eyes,""it is dark in front
of the eyes"'} » 8pinning of the head, head-~aches. All of these symp-
toms can be, according tc the authors, connected with the collapse
in the condition of the vesse.s in the main part of the brain., Dixon
(1915) considers that changes in the nerve cells appear to be the
result of lessening the access of blood to them. This problem re-
quires further stucw..

Dixon (1915), Semerau and Noak (1919), Wilbur and Ophules
(1924), vartin (1932) announced that botulinic toxin causes the
cells of vessels to become damaged, especially the endotheliums
of the cappilaries, expressed in injwury to their wholeress. It
is necessary to mention that the mentioned authors were studying
the pathomorphological transformations on the basis of very small
material (Dixon and Wartin on four cases, the remaining authors on
one). For this reason, their data can not be of serious importance
in the study of this problem.

Circumstantial observation of damage to the vessels in bot-
ulism was conducted on considerable material by Kuraev (1937). The
author mad a pathologic-snatomical study of 23 botulism cases, in

the course of which he observed all tissues and organs. As a result
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there was established a certain common typ® of paralysis for var-
ious organs, among which was the vessel system. Kuraev notes that
the changes most often met with in the vessed systvem are "ewelling
of the endotheliums, clearly expressed in the endothelium ->f the
cappilaries in fine vessels; further it is transformed into the pro-~

cesses of necrobiosis. The process of sweiling of cells and necro-

 biosis in the medium and small vessels is noticably spread out in

the middle membrarne."

On the vasis of this data, it is clear that during a para-
lysis by the toxin of endothelium cells, the vessels are substan-
tially injured in the impenetrability of the vessel walls. The
botulinic toxin pers rates from the blood-carrying ves'sels into
the surrounding tissue and precipitates in it damage to the cells.

The path by which botulinic toxin reaches the central ner-
vous system for the present time has not been definitively estab-—
lished. On this question, the litarature availa.bie contains a small
amount or contradictory observation. The clinical resexrch on bot-
ulism provides a condiderable number of fatvs, indicating the sel-
ective paralysis of the central nervous system. The presegce of a
special sensitivity of th: nerve tissue toward the botulinic toxin
was established by the experiments of Kempner and Shepilevski.
These authors expressed.the hypothesis on the transfer of the bot-
wlinic toxin with the flow of the lymph or blood and possibly the
spreading of it through the neurons to the nerve cells. Lazaris,
Minervin and Friedman (1937) also cams to the conclusion that the

r.ervous system possesses a substantially expressed sensitivity to
the bot *linic toxin.
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Contradictory results were obtained in the experiments of
Burke, Elder and Pishel (1921). Kolimen (1924), repeating the
tests of Kempner and Shepilevski, also obtained negative results.
He explains the discovery.of toxin in the brain tissue, when it
was introduced parenterally on experimental animals, through its
presence in the cappilaries.

This explanation does not zgree with the findings of Shapiro
and Nikolenko (1937). Examining the presence of taoxin in the org-
ang of people who had died from botulism, they discovered it almost
exclusively in the spinal cord, at the same time that it was absent
from other tissues. It 1is characteristic that toxin was found in
100 percent of the cases where persons above 16 years of age had
died from botulism., Finally, the problem of the special sensiti-
vity on the part of tissues in the central nervous system toward
botulinic toxdin still remains unsolved and requires more study.

The question of peanetration by the toxin into the central
nervous system was studied by Mirtovski and Govseev (1937). Basing
their work on a large amount of clinical data, they reject the
hypothesis of Burke, Elder, Pishel and Kolimen on the possibility

of penetration by the toxin along lymphatic paths and the axial

cylinders of the nervs fibres; they suppoi-t the overwhelming im-

portance of the hematogenous channel for penetration by the bot-
ulinic toxin into the central nervous system.

As corroboraticn of their point of view, they call attention

to the research by Rappoport and Lifshits (1937) who could not dis-

cover toxin in the liquiform of 17 botulism patients. The chagnges
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of a pathological nature in the liquiform also appeared to be com~- ;

pletely insignificant: only a small enlargement of the glubulines : |

was discovered. Insignificaant transformations in the liquiform |

point toward the absence of a imeningeal reaction. For this reason,

’ the hypothesis abiut the distribution of the toxin along the pari-
neural area is of little credence. In the opinion of MHirtovskl

and Govseev, the toxin penetrates into the nervous system through

the heavily damaged walls of the brain cappllaries. }

This point of view agrees with the experiments of Silberman
(1938) who studied the poisonous effects of botulinic toxin when
introduced into rabbits by various methods. During the inpravenous,
subdural and subarachnoidal introduction of the toxin, the rabbitis
.4 O died simultaneous],vﬁ the size of the lethal dose and the clinical
picture were also identical. Last of all the raﬁbits died, wnen
toxin was introduced subcutaneously. Sulfur therapy for botulism
in animals, when the serum had been introduced subdurally and in-
travenously, provided equivalent results; the subcutaneous method
of introducing the serunm appfaared to be less effective.

Observations corroborate the opinion of Mitrovski and Goseev
on the hematogenous channel along which the toxin penetrates into
the central nervous system as a result of damage to the endotheliums

of the brain vessels. The point of view expressed by these authors

experimental study. °

)

!

seems to be the most probable, although it requires more thorough i,
%

)

In a second work by 2ilber and Govseev, on the basis of their ‘

i

O pathologic-anatomical research, they present the hypothesis that
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the toxin peneirsates into the central nervous systém by hemato-
2iquiform-encephalic means.

A uniformity in opinion has yet to be achieved also on the
question as to which part of the nervous system is stricken hardest
of all in botulism. In the view of Mitrovski, Govseev, as well as
3ilberman and others, the ganglionic cells of the central nervous
system are paralyzed fundamentally in botulism. Other authors
(Dixon and Shevki, 1923: Edmunds and others, 1923 and 1924; and

" also Koritski, 1937) explain all of the symptoms of botulism as

the effect of the toxin (similarly to curare, South American arrow
poison) upon the ends of the motor nerves of the voluntary muscul-
ature. The poisvnous activities of the téxin precipitate a cond-
ition leading to rapid fatiguing of the nervous system. Ths ends
of the sensory nervous system remain undamaged.

Kuraev on the basis of pathologic-anatomical research (1938)
came to the conclusion that 'the place of primary fixation for the
toxin is served by the supporting tissue - uniting, reticulinous,
elastic fibres, a chromatic substance - from which the activity 91‘
the toxin is distributed ameng all reticulin-endothelial systems,
then on the parenchymatous elements of different organs (the kid-
ney cells, flat and laterally striped muscles, the cells of the
endothelial-vessel nervous sysvems), after which already on the
background of these transformations the whole clinical sympiom
complex is played."

It can be seen from the survexy of literature that has teen
brought out that the pathogenesis of the botulinic invaxication re-
mains unexplained. Only separate stages in this proceszs have beon
‘established.
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Certain scientists attempted to approach an explanation of

the problem by means of studying the impact of the toxin upon the
isolated organs. Three works have already been conducted in this
direction. One of these was done by Petrovski, Naumenko and Bat-
urenko (1937) who studied the vessel-contracting effect of the

botulism toxin and alsc established its ability to stimulate the

flat musculature of the intestines. In the second project Shkav-

era (1941) and Serebryanin (1937) also note the ability of the
botulinic toxin to strengthen the contraction of the intestines.
The authoir's state the hypothesis on the selective activity of the
botulinic toxin directed toward the parasympathextic nervous system.
However, this research did not provide any definitive solution to

the questicn as to the mechanism of the botulinic intoxication.

1. Reaction of Cells in Vessels of Animals and !fan to Botulism Toxin

As can be socen from the data in the literature mentioned in
the foregoing, the study of botulinic intoxication over the past 15
years brought about the explanation of many hitherto unknown aspects
of this process. A series of facts have béen established, showing
that botulism not only strikes at the nervous system but also at
the cardiac-vascular and muscular systems.

These conclusions of clinical workers (Shteinberg, Katsnel-
son,igﬁpernyi, Kutsyzin, Kheifets, Changli-Chaikin, Abramova, 1937),
in p;;t corroborated through pathoiogical-anatomical research
(Kuraev, 1937), still require experimental checking. Apart from

this, careful observation of separate botulism epidemics showed

that the course of many cases could not be explained in full only
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on the basis of an exogenous intoxication during which, as is
known, the infectious role of the botulism microbe is rejected.

In a botulinic poisoning of a human being or animals, the
botulism microbe enters the organism together with the toxin.

For this reason, when explaining the mechanism of the botulinic
intoxication, it is necessary to take into account the part played
by these two factors.

The above cited experimental research showed that small
(relatively speaking) quantities of spores from the botuiism bac-
illus, introduced through various channels into the organism of
animals, can remain in the organs for a long time without losing
their viability. In connection with this, it is important to ex-
plain the influence manifested upon the cells by the spores from
the botulism microbe that is found in the tissues. Does this pro-
cess appear to be one of carrying without reference to the deseass,
or is it a genuine 'infection precipitating corresponding changes
in the cells and the flﬁids of the organism?

A solution to this problem is of very great theoretical and
practical significance. It is a prerequisite for a correct under-
vtanding of the pathogenesis of botulinic intoxications as well as
for planning practical measures in the struggle against the botul-
ism infection.

As was shown in the foregoing, quite often products that
are contaminated by the spores from the botulism microbe are used
in food after boiling. However, as was shown by the experiments
of Komkov (1935) even a lengthy boiling of a product does not kill
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the spores of this microbe. The effect of these spores upon the

organism of the human being and animals is unknown.
The mechanics of botulinic intoxication with ready toxin in

man and animal also remain not completely clear. As the research

of several authors has shown, the toxin is absorbed mainly in the
upper part of the alimentary tract, in the stomach, and in part in
the thin intestine. From these organs, the toxin passes on into i
tbe bloed where it fan circulate for a considerable time. In cer-
tain cases of botulism, it appears in the blood and then disappears
and then appears again. A substantial quantity of the toxin, ap-
parently is secreted with the urine (Fridman and Lorber, 1937).

When entering into the bldiod carrying vessels, the toxin causes

their paralysis. According to the data zf Shteinberg, Kutsygin,

and Kheifets (1937), a strong contraction of all blood vessels also
takes place under the influence of the toxin.

In order to check on the correctness of these clinical res- |

ults, we conducted the e:i:perimenta.l research described in the fol- i
lowing.

RV

In the pharmacological and physiological research on the
reaction of vessels, the method of isolating organs as instituted

by Kravkov and Pisemski in 1912 is widely applisd. At the present

. 1
time, it is used mainly for the study of the effect by various sub-

stances upon the vessels of animals and man. !

In the literature on botulism, there are thiee works of

Soviet scientists devoted to the study of the reaction by vessels

P

in the ears of rabbits and the feet of frogs to botulinic toxdin.

- e o ¢ e e e
- - —

Al R i b
o b ay A matn

NIRRT : < - =, . - - IEPPSRwA-SP- ST SVRE S i et A B At a1 FeFerhae a7 ¢ as e AR e d e
] , [
R SR e rmthai e beAmatte s AR a4 femw T EScfusL oAt S
- BRI v ,‘&.



- 123 =~
Petrovski, Naumenko and Baturenko (1937) in their experiments were
able to obtain & sharp contraction in the vessels of rabbits' ears

when passing a solution of active toxin through them and a much
weaker contraction with the boiled toxin.

Serebryanaya and Shkavera (1937) studied this problem and
obtained contradictory results. In their tests on the vessels in
the ear of a rabbit, a toxin inactivated through boiling gave a
sharper contraction than a toxin which had not undergone boiling.
The authors explain that the effect of the amines in the surround-
ings, for which the botulinic toxin was prepared, is the controling
factor. The contradictoxy results from these observations were
apparently caused by the diffeiing composition of the surroundings
for which the toxin was prepared. The experiments were conducted
with a fluid botulinic toxin, because of which the effect upon the
vessels of different substances in the form of admixtures was esp—
ecially strong.

In owr study of the effect had by the botulinic toxin upon
. the vessels of animals and man,we also utilized the Kravkova-Pisemski
method but took for this purpose a toxin that had been cleaned of
all admixtures. The utilization of such a toxin for our tests, ac- .
cording to our hypothesis, should have given more accurate results
reflecting the reaction of the vessels to the poison.

The method of Kravkova was at first applied to the work on
isolated ears of rabbits, then it was used for work on the rear half
of the body of Pbats and guinea pigs, human kidneys and other things
(Pisemski, 1912; Zekusov, 190L4; Waldman, 1940). In expermr{s“@ on
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bacterial toxins, this methodclogy was widely used by Kravchenko
and Galanova (1941) and Zamuri (1936) in their research on the
immunological condition of cells in vessels durirg various infec-
tions and immunixzations.

The work wain isolated organs according to the Kravkova-
‘Pisemski method does not present great difficulties. It requires
only a strict adherence to the methodology in each test and, thus,

identical results are obtained. The main aspects, which it is nec-
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essary to take into consideration, are the maintenance of constancy
in the temperature of the fluid driéping into the organ and the
pressure of the liquid column.

After isolating the organs, the vessels were washed from
blood with the help of a large syringe. In order to do this, the
tip was placed in the artery and a Ringer-Lokk solution heated to
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37 degrees was passed through until a transpérent fluid was attaine-
ed. Then the organ was fastened on a glass plate with corks and
pins. Finally the heated Ringer-Lokk solution was passed through
the organ with a pressure column of 48 centimeters until a con-
stant number of drops per minute had been established (see the
schemat of this apparatus on Figure 2).

This type of washing in each test took place for not less
than 10 to 30 minutes, depending upon the reaction of the vessels
to the fluid passing through them. The quantity of drops of the
fluid was regulated by means of changes in the width of the strip
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of filter paper along which it dripped. As a convenience in com-
puting,during the work on the ears of rabbits and the rear half ?
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Figure 2. Construction of the Kravkova-Plsemski Apparatus.
.1 =~ shelf for containers with solution; 2 -~ containers with Ringer

Lokk solution and toxin; 3 ~ rubber tubes through which the Ringer

Lokk solutions and toxin drip toward the coils; 4 - coils, serving
to heat the Ringer-Lokk solution and the cultured toxin; 5 -~ vesa_el
with water, where the coils are located; 6 - electrical temperature
regulator with heater for heating water in:the vesmel with coils;

7 - thermomster, showing temperature in the vessel with coils; 8 -
thefmometer, controling the temperature of the fluld entering the
isolated organ fastened on to the Bunsen stative; 10.- the isolated

organ; 11 - vessel for fluid dripping from the.organ. '

[ o

of the body of guinea pigs, the number of dripping drops at the beg-

inning of the test these were established at no less than 80 and no

more than 150 per minute. In the experiments on the humnan kidney,

the quantity of fluid dripping in one minute was measured in a
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drininy curiag thrce minultes, comprised the calculated arithuetd
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mean. Therelfore, in the course of five minutes a suiution of toxdin

[y

This, conin ducing three minutes with a preceding interval the mwa-

wania

Ler of crops of fluid dripping in one minute was computed. Tha

restlis consiszted of one-~-half the crithmetic mean of the ficure
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toxin, the Ringer-Lokk solution was reclecsed until the

() - ostcblishuent of a constant nurber of drippings per minute. The
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atboinizz the preceding quantity of dripping fluid con-

i tinwed for no less than 10 to 15 minutes; beforc thiw time, a con-
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vessels could not be ascertained.

SR S

weontity of Ringer-Loltk solution, after release of the

: voii., wouelly s alweys somewnab smeller than at the beginning

e amount of dripping fluid after the toxin has bzen

reases, then such a test is excluded since it wos Lo-

j sun waen the reaction of the vessels to the Ringer-Lokk solubicn

1 eonctant.

sebting up the tests, a dry toxin was prepared fiom Bac,

4

Lyy> A or B by means of extracting it from a soliilon of
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Jlcue.  The toxin floated to the surface and was collected
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rowder, znd titroted on rice to calcsulat
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In these erperizents, 22 Towin u

Ve

& lethal dosg for mice comprize? 0.82371L to 0.0630230) mrommzs.

Dry toxin wvas watered dotn 1C0 times and thon underweat analysis
in a coloidal sack, at first 16 to 18 hours in running tap water,
and then for twenty-four hours in distilled water.

By such a method, it was possible to obtain taxin free from
ma;':y adzmixtures present in the fluid toxin, It did not include
amines, since these do not settle in ammonium sulfate. Apart from
this, it was free fram certain albumins in the surroundings which
did not fall into the sediment in the cencentrated solution of anm-
monium sulfate. With the aid of dialysis, it was possible to clean
it from the admix‘.'.urg of various salts and possibly also of many
otizer substances.

After the dialysis, the poisonous properties of the toxin
solution decreased two to three times. This was dependant appar-
ently upon'. the fménentary elimination of certzin dispersion on
the port of the toxin at the time of the dialysis. In the tests,
therclorz, solutions with a large quantity of toxin were used.

In order to obse:.rve the tonicity of the vessels when releas-
ing “ic soiution of botulinic toxin through then, we used tne ves-
sels from rabbits! ears, the rear half of the body ficx
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nigs, and the vessels of the human kidney. Vessels from isolzted

organs appz2ar to be very favorable subject matter for research,
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since they preserve their vizbility for a long tire,

Kratiov (1923) concerned hmself over .'r.a.ny years with tho

study of the reaction of vessels to various substances, Ye com:

e e e T QT S

to the conclusion that "the ears of rabbits, preserved withcoubl wnyr

[SREV)

special precautions; the ears ol hares, killed during husting; tha

-2

A ‘ears of calves from butcher shops - 21l continue to react slightly

to vascular substances and other actions for several days, and when

preserved on ice for several weeks. Under special conditions of

conservation, the vessels of the ear can manifest thelr viability

over an uncalculated long time."

In the first series, we established tests with the vessels

from the ears of 15 rabbits. 4As a precautionary measure in the

O rabbit the ear artery was sepa.ra.ted bound with two ]J,gaturea » and

PRI

then between the ligatures the ear was cut with a aharp razor.
Then the ear vessels were washed with a hea.ted R:I.ngon-l.okk solu-
tion. From this moment, according to the constant tonicity estab-
lished which was calculated on the basis of fluid dripping out in - .
one minute, we commenced to release the toxin at first in a strong

and then in a mch weaker solution. The first solution of toxin F:
was 1:50,000; the second was 1:25,000; and the third was 1:10,000.

For six rabbits in this series, it was customary.to allow
a solution of the toxin to enter through one ear and a solution of
inactivated toxin through the other ear. In order to inactivate
the solution 100 times, it was boiled for 15 to 20 minutes in a :

water bath. The vessels of the ears from all 15 rabbits reacted I
O by contracting to the botulinic taxin (Table 10). - J
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’ Table 10. Reaction of Vessels to Botulinic Toxin 3
1
o | 'f ‘ Averagze coniraction
[} . . . } 2
o of vessels (in percent) |
'C‘;J; B !
_ © % Experirenc or Conirol e -
. & N O : :
5 © o 5 : i
: £ :; :4) . toxin texin | toxin !
i [¢ ¥ ~ :
; 2 =2 . 1:50,CC0 ¢ 1:25,000 ;| 1:10,000 ~
f = ; i
" Reaction of vessels in ears of rabbits :
P . - : ’ 4 ~ .
: 1 ! 19 . L:’.'perment [ F NN ETNREENRERENNEE AN : 23.2 ! 36.5 ; 36'9
. ‘ {
: . : ! ;
L - . Control with boiled toxin ...: 4.0 6.0 | 6.5
i i : ! : i
t‘ 3 | i i '
: < ’

i Reaction of vessels in recr part of body in guinea pigs
¢ ! | i

O 2 | 10| Experiment ..ee.eeceeceeeens. 231 25.2 | 35.8
z ; ’
1

- —e
o O A e A A

| 5! Control with boiled toxin ...! 4.6 64 | 3.8

i 1 ‘ Reaction of vessels in kidney of human being

: 3 1 10 | Bxperiment seeeeesesesneseene] 22,1 25 ; 32.7

] s l Control with boiled toxin oeo| 49 | T4 | 16,7 -'

; SR | |

{ j
: In the first distributicn of the unboiled toxin, the vessels !
underent an average contraction of 23.2 porcent; in the second, 36.5 |

‘ - percent; in the third, 36.9 percent. Thus, in the second and third : |
f distributions of the toxin the vessels in the ears of the rabbit# . |

E reacted 2lmost identically in their contraciion. %

t | The vessels in the ears, through which the inactivated toxin
O was passed, gave an insignificant contraction: in the first distribution
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of the bolled toxin the average contraction was four percent, and

in the second and third bstween six percent and 6.5 percent.

In these experi.mants, completely accurate results were ch-
tained which portroyed the reaction of the vessels in the =zors of

rabbits to the botulinic toxin. The higher the concentration of

toxdin, the stronger was the contraction of the vessels. When the
botulinic ‘to:d.n was inactivated by boiling, cleansed by a precaut-
icnary preécipitation and submitted under dialysis, it caused a very
insignific;a.nt contraction in the vessels of ths rabbits® ear -~ es-
pecially i”n comparisen with natural to:d.n.

The second serdes of tests was made ‘on 15 guinea pigs. The
.aninsls v.jére killed by striking their heads against a hard object.
Then the stomach nodule was opened, bandaging with ligature the
stomach ;orta., and cutting the animal's body with sharp scissors
in half. In the aorta of the rear half of the guinea pig's body,

a glass"tube was inserted and the vessels washed with a ayringe
using the heated Ringer-Lokk solution. After th:l.s, the preparation
was etrengthenedonagla;ss plate. Ammmmm»mm
was passed through uhtil the establistment of a constant quantity
of fluid dripping during one minute.

In this series of experiments, the gction of the same toxin

distribution was observed as in the preceding one. The reaction
of the vessels was observed toward toxin in 10 guinea pigs; the

toxdin was not boiled. In letting through the first and second
distribution of toxin, the vessels of the animals showed an aver-

age contraction of 23.1 to 25.2 percent; and in the thind, 35.8,
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The toxin inactivated through boiling precipitated a contraction
in the vsssols of five guinea pigs to the extent of 4.6 to 6.4
percent (Table 10).

The data cited frum the tests with the vessels of guinea
piga do not differ from the results of tests in the first seriss,
which were conducted with vessels from the ears of rabbits. The
vessols of guinea pigs reacted with a cinsiderable contraction to
the botulinic toxin and gave almost no ° ~ction to the toxin that"-
had been disintegrated through boiling.

In the third serieq of experiments, we studied the reaction

.ofvusehmmthehmld.dnmtothobotxﬂinicto:d.n.

Vessels from the organs of man after daath also preserve
their viability very-long. According to the research of Shkavera
(1923), the reaction of the kidney vessels begins to weaken only
during the second or third 24-hour period after death. Waldman
(1940) considers that the arteries in a cadaver preserve the pos-
sibility of a reaction in the course of 24 4o 48 hours after death.

In order to obtain accurate results in tests on human ves~
sels, it was very important to use the organs from human cadavers
which had not lost their vessels from the desease. In the study
of the reaction by vessels to botulinic taxin, we took kidngkys
from human cadavers that had died from street accidents. It was
possible in most cases to obtain the organs wj.thin four to five
hours after death. A totad of 13 experiments was undertaken (sec
Table 10). The methodology used was the same as that applied to
the previous experiments. A glass tube was inserted into the ar-

tery of the kidney, and a Ringer-Lokk soluticn was passed through
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until there was no more blood in the fluid dripping out. After
this, a solution of the botulinic toxin in the same series and in
the' same distributidon as in the preceding tests wes passed through
the vessels of the kidney. . .

For the first culture of the toxin, the vessels of ths human
kidney showed an average contraction of 22.1 percent; in the second,
25.5 percent; and in the third, it was 32.7 percent. The contrac-
tion of the kidney vessels when treated with the boiled taxin in
the first culture amounted to 4.9 percent, in the second 7.4 per-
cent, and in the third 16.7 porc;nt. The results achieved in the
tests on hunan kidneys do not differ from the preceding.

Thus the vessels from rgbbits! ears, the vessels from the
rea half of guinea pigs, and the vessels from the human kidney
provided identical reactions to the botulinic toxin. Contraction
of the vessels in these organs differ only in their inteasity. This
can be explained through the mechaniam of direct effect which the
botulinic toxin has upon the flat musculature and upon the sympe-
tﬁot.ic endings of the vasoconstructors :I.n‘the vessels of animals
and human beings. In the pathologic-anatomical observations of
Kuraev (1937, 1938) data are provided supporting this position.

A stronger contraction was provided by the vessels in the
sars of rabbits and a weaker one in the vessels of the human kid-
ney. ‘The weakest contraction of vessels amounted on the average
to 22 percent, whereas the strongest was no greater than 37 percent.

With the aid of the toxin that had been clsansd through
ammmw,mwntbhtqwuhmdua
effect upon the vessels of animals and man, mmmm

L —————— T —

T

s b, At

I . ALy ok e s - - 7

DS Lt s b e &

T

s il A ol -0

P e




been disintegrated through boiling in a water basin precipitated
‘ a very weak reaction in the vessels of animals,

| In our opinion, these experimental observations provided |
full corroboration for the observations of clinical workers on the
condition of ths cardiac-vascular systam during botulism. In the A
clinic, patients are observed to have a full pulse although the work
of the heart is weakened, and also a pale skin, as well as dryness
of the mucous glands. Cligical workers who had studied this prob-
len (Shteinberg, Katsnelson, Kutsygin and Kheifets, 1937) announced
their hypothesis that these phenamena take place in connection with

the vessel-contracting etfect of the botulinic toxin. Our tests
have corroborated this hypothesis. |

1 experimental research, it can be stated definitely that the botul~
i inic toxin appears to be a very strong vascular poison which causes
" contraction of the vessels.

i 2. Penetration of Toxin from the Botulism Microbe into the Central

|

i

|

i

%

i

i

i

;

i-

& In such a way, on the basis of clinical observations and | {
i %
{

|

|

1

]

4 Nervous System |

i As has already been shown in the foregoing, the path of pene-
J tbation by the toxin into the central nemﬁa sygtem renains unex-
plained to the present. Its presence in-.the blood during botulism
poisoning in human beings as well as mcxper:lmm animals is no
longer a matter of opinion. Being in ;r.a.efblood vessels, it causes

their contraction. Apari from this, aswaa proven by Kurasv (1938)

. i
o on the basis of considerable pathologic-anatomical material, the ’
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botulinic toxin causes damage to the walls of vessels ~ mainly the
precappilaries and the cappilaries, in all human organs.

It seemed

completely natural that the channel of forwurd movement by the toxin

into the tissue of the organs, among which is the nervous spstem,
should lie through the damaged waull of the blood vessels. However,
such &8 path for 11'.9 passing into the main part of the brain did not
obtain even primary corroboration in experimental observations.

No uniformity of epinion was achieved as to which part of
the nervous system is paralyzed by the bétuli.nic taxin. Dixon and
Shewke (1923), Koritski (1937) consider that the toxin of this mic~
robs functions primarilly on the peripheral nervous system and dis-
integrates the endings of the motor nerves, _

Visibly expressed symptoms of paralysis to the nerwvous sys-~
tem during botulism gave rise to the hypothesis on the special
sensitivity of it to the botulinic toxin. This point of view was
supported by the ressarch of Lasaris, Minervin and Fridman (1937).

Certain authors reject the special sensitivity of the cen-
tral nervous system tmnrd toxin, Thus, Burke, 'Eldor and Pishel
(1921) assume that the toxin enters the ceatral nervous system by

means of the lymphatic paths and the axial cylinders of thé nerve

- tibres.

Mirtoviki and Govseev (1937), on the basis of clinical ob-
servation, agree only to the hematogenous path for penstration of

the taxin into the tissuss, including the nervous tissue. They

reject the ]mhomvch:ml for penstration of the toxin into
the nerve tissue on the foundation that meningeal reaction is
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abscnt from the patients. In connection with the absence of the
meningeal reaction, these authors consider that little credence
should be placed in the forward movement of the taxin along the
lymphogenous path and also in the perineural area., Besides, very
insignificant transformations are observed in the spinal cord f}uid
during botulism. Support of this is also found in the absence of
toxin from the liquiform of botulism patients when it is present
in the blood, which was established by Rappoport and Lifshin (1937).
Frideman and Elkels (1934) reject the hematogenous path for
the penetration of the toxin into the nerve tissue. On the basis

of their research, they came to ths conclusion on the complete in-

_penetrability of the cappilary walls in the central nervous system

for the botulinic taxin. In their opinion, the taxin circulates
in the vessels é.nd does not reach the neﬁom systen,

As we can see, many contradictory opinions are voiced on
this question, It, therefore, seemed to us very important to ex-
plain which of these was closest to reality. )

With this goal, a series of tests were undertaken (Matveev,
Bulatova, 1948) which would lead to an explanation of the channel
used by the botulinic taxin for its penetration into the central
nervous system. _ A

The fi»st series of experimenigs was made on\j( 22 rabbits.

A large quantity of toxin was introduced intravenously into the
rabbits, and it was measured by the quantity of Dlm for mice.

Once the animals received from 10,000 to 15,000 doses lethal for
mice. Part of them received subcutaneously 24 hours prior to the
test one-half of a lethal dose of taxin for a rabbit, and on the
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following day intravenously 2,000 to 10,000 Dlm for mice. This
quantity of toxin was injected 2, hours before the experiment in
order to cause a paralysis of the vascular system in ths animals
and create favorable ;:ond:l.tions for the penetration of the toxin
into the tissue. After the intravenous injection of largs doses
of toxin into the rabbits, they either dead within two hours or
died in the majority during three - four - five hours or in separ-
.ate instances during 10 to 24 hours.

For the purpose of explaining the channel of penetration
by the toxin into the main part of the brain, experiments weree
made for its presence in liquiform, blood, and an extract from
the maein brain. Liquiform from rabbits was taken by means of a
suboccipital puncture during one to two hours after the injection
and in the pexriod of their agony in the course of three - four ~
tive hours, 10 to 15 minutes before death. After the death ¢f the
rabbits, the main part of the brain underwent a careful washing
with a physiological solution in a Petri dish. The washing was
repeated several times, until the tissue of the main brain was not
completely cleansed of blood. From various parts of the brain,
pieces were taken and comminuted on a slide to whioh double their
volume of pjysiologlcal solution was added; tho_ suapens:lqn was
kept for two hours on the table for extracting the taxin. Blood
for the blological test was taken from the heart immediately after
the death of .he rabbit. .

A blological axperiment on mice was made with the suspension
from the main part of the brain, liquiform and blood for the purpose
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of discovering the bectulinic toxin. The animals received subcut-
aneous injsctisns in all tests of 0.l1; 0.5; 1.0 milliliter of the
vuspension from the braln or dlood azd o.l; 0.5 milliliter of the
liquiform.

In all experiments with the suspsnded matter Zram the main
part of the brain gnd the iiquiforin, the blological test for toxin
was negative at the same times that toxin waw found ~in the blood of
19 rabbits in karge quantities. The bleood of certsin rabbits (No.3,
7, 10, 13, 22 and 21), diluted four to five times with a physiolog-
jcal solution in quantities of 0.1; 0.5; 1 milliiliter, caused the
death of mice.

Interesting facts were established through these tests. It
appeared that in tiae presence of a large quantity of Hetulinic tox-~
in in the blood of animals, the toxin is not found in the spinal
cord fluid or in tho main part of tke biain.

The negativs results obtained in our experimsnts on the
liquiiorm of rabbits correspond in full with the data of Rappo-
port and Lifshits (1937), obtained from their ressarch on the li-
quiforn of human beings ill with botulism. These authors found
toxin present in tha blood of 17 patiexnts but did rot discover it
in thelr spinal cord fluid. It follows that the botulinic toxxin
does not penetrate j.n_to the liquiform of rabbits or human beings,
even when it is present in large quantities in the blood.

This fact completely coincides with a second important as—
pect, the absence of the toxin in emulsions from the main part of
the rabbits! brain. According to the theory about the hemato-
encephalic barrier, the latter impedes penetration into the brain
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of many substa.ncéfi' from the bdlood, which have not first of all
reached the spinal cord fluid. 4Any kind of substance can enter

the brain only through the liquiform. In ths given instance, the

abgence of the toxin from the brain suspension would seem to sup~
port this point of view.

Frideman and Elkels, on the basis of the absence of toxin
from the main part of the brain, came to the conclusion about the
absolute inpenetrability of vessel walls in the central nervous
system for the botulinic toxin.

In view of the fact that in botulism the symptoms of para=-
lysis in the central nervous system are expressed very clearly,
this especially emphasizes the #affinity" of the nerve tissue for
botulinic toxin. Therefore, the conclusions of individual authors

about the special "affinity* of the nervous system toward botulin-

ic toxin appear to be correst. The absence of toxin from the brain

suspension, in our opinion, could be dspendant upon the fact that
the toxin extraordinarily stably was adsorbed by the tissue in the
main purt of the brain and extraction in the course of two hours
was insufficient for separating it.

In order to check this hypothesis, we established supplem-
entary experiments. Suspended matter from the brain of six rabbits
that had received taxin was intrdduced twice into mice and guinea
pigs. The mice remained healthy, but the guinea pigs died fram
botuliam. However, the guinea pigs that had received this suspen-
sion together with aft-botulinic serum remained well. Besides,

the suspended matter from the main part of the brain of rabbits
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together with the double volume of physiological solution were
placed into a thermostat. After keeping this in a thermostat for
two to seven 24-hour periods, the tissue from the main part of

the brain began to fall apart and consequently freed the botulinic
toxin. The toxin was discovered through the reaction of neutraligz-
ation with anti-botulinic serum in nine of the 16 tests.

It is important to mention that while the brain remained in
the thermostat, the toxin appeared unevenly in the extract: in some
experiments more rapidly, in others slower, and in certain ones it
did not appear'at all. The botulinic toxin is possessed of consid-
erable stabidity to the action of temperature and products disinteg-
rating the albumin. However in separate instances, apparently under
the influence of disintegrating products from the brain tissue, it
undergoes inactivization.

The described experihents convincingly show the considerable
naffinity" of the tissue in the main part of the brain for the botul-
inic taxin. The former can adsorb the latter in a very stable way.
Only during disintegration of the nerve tissue in individual cases
is the toxin liberated. Disintegration of the tissue in the brain
of rabbits within the organism of guinea pigs took place with a
freeing of the taxin, and the guinea pigs died trdm botulisn.

These tests also establish that taxin can penetrate into the
main part of the brain eluding the liquiform, since the toxin was
absent from the latter in all experiments, although it was present
in the blood in a large concentration. |

The forward movement of the toxin into the main brain of

rabbits along the axial cylinders of the nerve fibres is excluded.
In oxder to reach the main brain by this path, providing that this
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is at all possible, the toxin would need a longer period of time
than that observed in our experiments.

The second series of tests was made on mice and guinea pigs
in order to check the experiments of Frideman and Elkels (1934).

We set up five tests in the course of which 20,000 Dlm of
the botulinic toxin was injected intravenously into each mouse.
The animals died within one and one-half hours from botulism. This
dose of toxin was selected for the purpose of creating a large con-
centration of it in the blood, which should have provided the cond-
itions for its penetration into the brain through the walls of the
capillaries, In mice that died from botulism, the nain brain was
extracted and washed several times in a physiological solution. |
A suspension was prepared from the brain by means ot. carefully com-
minuting it in a mortar and adding a double volume of physiolog- |
ical solution. The suspensive matter was injected subcutaneously
in quantities of 0.5 milliliter each into 10 mice and two milli- -
lisers each into four guinea pigs. All of the mice remained d.ivc,l

‘but the guinea pigs died from botuliam. In the brain tissus, we

found toxin which had been atahl.y adsorbed and thus lost its pois-
onous properties. Thorefére, the mice stayed alive.

In the following six experiments the mice received intra-
venous injections of 4,000 Dlm each. The animals died from botulism
within two hours. During a one~time introduction of the brain sus-
pension from the dead mice at 0.5 milliliter into 12 mice and at
two milliliters into six guinea pigs, the mice remained healthy but
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the guinea pigs became ill with botulism. After & second introduc-
tion of the brain suspension from mice, all guinea pigs died on the
third or fourth day from botulism.

In the course of 32 experiments, a total of 1,000 Dim was
injected into each mouse; the animals died within three houra. The
suspensive matter from their brain was introduced once into 24 mice
in the quantity of one milliliter and twice into 12 guinea pigs with
two to three milliliters each time. Of the 12 guinea pigs, seven
died from botulism; all mice remained healthy, without any visibls
desease.,

In order to explain the stability of the mice to the taxin,
after twice injecting the brain suspension from mice and receiving
intravenously 4,000 Dlm of taxin each, we set up nine supplementary
exporiments. In the latter, the brain suspension vas introduced
twice into 18 mice with 6.5 milliliter and into nine guinea pigs
with two milliliters each. All mice and guinea pigs died from bot-
ulimn, with the exception of ths guinea pigs that had received two
nilliliters of anti~botulinic serum.

The conducted tests clearly show the pressnce of the botul-
inic toxin in the brain tissue of mice receiving it intravenously.
It is important to note that during a single injection into mice
of the brain suspension from mice, which contains the adaorbod tox-
in, these animals did not manifest the botulism desease at the same

time that guinea pigs receiving the same suspension died from |
botulism. .

The lethal dose of toxin, injected intravenously, was ten
times larger for guinea pigs than it was for mice. In all tests
the guinea pigs received the brain suapens;’n.on only two to four
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times in larger quantities than did the mice.. Probably the disin-
tegration of the brain tissue of the mice and rabbits in the organ-
ism of the guinea pigs took place together with the liberation 6!
the adsorbed toxin, and theyikdied from botulism.

The completed observations show that the experiments of
Frideman and Elkels wex'-e erronious and their conclusions on the
.absence of the botulinic toxin fram the main part of the brain
in mice incorrect. '

In sumarizing the achievement of our observations, we see

_ that in the tests on rabbits and mice with intravenous injections

of the botulinic toxin identical results were cbtained. In these
animals the toxin penstrated into the sentral system where in con-

siderable qmntit;_r it vas a.dsorbod by the nerve tissus, temporarily

losing its poisonous qualities. When introducing the emilsicn from
the brain of mice in quantities of 0.5 to 1l milliliter, the animals
remained well. However if the brain tissus containing ths taxin
underwent disintegration in ths themmostat pr:l.o? to injection into
the mice of if it was injected into guinea pigs, the toxin liberated
itself and the animals died of botuliam.

All of this data prove that the central nervous system in
rabbits is accessible to the botulinic toxin which penstrates threugh
the vessel walls in the brain. Corroboration for this appears to
lie in the absence of it in the liquiform of these animals. In the
case of mico; penetration of the toxin into the main part of the
brain takes place apparently through th:ls channel. |

Cn the basis of all of our data, it is possible to make only
one conclusion: the botulinic toxin poxiot.rat.es into the central
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nervous system of rabbits and mice through the walls of the ves-
sels in the nerve tissue. .

Apparently this path for the peneétration of the botidinic
toxin into the main brain in sick human beings is also the principal
one. This hypothesis is supported by the faot thntv in the presence
of the toxin in the central nervous system inside of people who have
died from botulism it is at the same time absent from the liquiform.

3. Reaction of Vessels in Experimental Animals during Symptomless
Infection

The botulinic intoxication, causing acute illness, is accom-
paniéd by a strong paralysis of the vascular system. The question
arises: how does a long-lasting symptomless botulinic infection ref-
lect upon the mcula.r system of animals? The possibility of creat-
ing such an infection in experimental animals was established by us
in the preceding experiments.

Up until recent times, nobody among researchers attempted to
explain what happens in the organism of the experimental animal when
it is infected with a amall quantity of spores that do not precipi-
tate the death of the animal. |

The study of this problem is a prerequisite for a corrzct
presentation of the botulinic intoxication. Observation on the
condition of the vessels at t".he moment of discovering the botulism
stimilant in the organs of animals, in our opinion, will help to
explain what tmstozjnaum occur in the organism at this time and
whether the spores cause a real infection or whether this is only
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the inculcation of other bodies as is claimed by certain authors.

Maling use of the writings of Waldman #that in infections
and intoxications, acute as well as chronic, we are faced with a
paralysis not only of the vaso-motor centers but of the vessels
themselves, their tonicity,"” we launched upon a study of this prob-
lem from the immnological point of view.

In a chronic intoxication there should take place not only
a paralysis of the vessels but also tmsfomationa of their ':Inmno-
logical condition. According to our hypothesis, the cells of the
vessels should acquire an immmity to the toxin of the microbe that
causes chronic infection.

The research of Galanova, Kravchenko, Matveev, Zampri estab-

. 1ished the possibility for the cells of vessels in rabbits and in

guinea pigs to attain immnity through active Lmmnisation by anti-
gens Bac. abortus, Bac. typhi abdominl;l.is, Bac, diphtherias.

As has already been shown above, thoboi_’-ulinictaxinc&uu
& strong contraction of the vessels in rabbits, guines pigs and in
the vessels of the human kidney. In chronic botulinic infections
there ahou:ld take place a transformation in ths imapological con=-
dition of the cells. In oxder to study this problem, we also ap-
plied the Kravkova-Pisemsiki methodology.

'Rabbits were infected mbcut.m.ow; guinea pigs through
the mouth, with sub-lethal doses of spores trcm't.ho botulisn bacil-
lus type A and B that had been freed from taxin by geans of heating
iﬁamterhathat&Odogrus over ons hour of tims. After ths con-
tamination with spores, the weight of the animals was registered;
it appeared that thoy gained in weight identically with the control
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group. Rabbits and guinea pigs were infedted by different amounts
of spores. Determination of the amount of spores in one milliliter
was conducted by the same method as in preceding experiments.

Tests on Rabbits .
Over a period of six months, while the experiments lasted of
70 rabbits contaminated with spores only eight died; five of these
from pneumonia and three from unknown causes. In six of the dead
animals, the organs produced the botulism microbe although symptoms
of the desease had not been observed. Of the 44 control rabbits in
the same period, seven died; three of them from pneumonia and the
remairiing due to unascertained circumstances.
We studied the reaction of vessels in rabbits' ears to the
dialysized toxin which was prepared in the above described manner,
Prior to the test, the toxin was diluted 1:50,000 and 1:10,000. At

* the beginning the toxin was passed through the vessels in a stronger

dilution and then in the weaker. After the toxin; the vessels were
washed with the Ringer-lokk solution until the reestablishment of
their original condition. Eight tesis were made on rabbits which
can be divided into two groups on the basis of their results.

In the first group of experiments (Tablell) the rabbits were

‘infected with 100 to 200 million viable spores, to which in the first

two experiments 50 to 60 million were added daily and in the ramain-
ing experiments every three to four days. .

The tests were set up between the third and 19th day after
contamination of the animals. In experiment No. 1, the vessels
in the ears of ten rabbits infected with spores reacted by expanding
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to the first dose of toxin (1:50,000); the quantity of drops leav- |
ing them increased. For the second dose of toxin (1:10,000) the

vessels in the ears reacted with a small contraction; the quantity
of drops decreased by 7.4 percent on the average. In experiments {
No. 2 and 3, the vessels in the ears of 15 rabbits reacted with con-

traction to both doses of the toxin; the quantity of drops, when

| | passing through the toxin diluted to 1:50,000 decreased on the aver-
‘ age from 3.8 percent to 8.8 percent; the taxin in a dilution of
! 1 1:10,000 caused a decrease in the number of drops from 6 to 12.6

percent, In test No. 4 there were five rabbits, the vessels in :

the ears of which reacted by expanding to the first dose of the
; " “toxin but contracted after the second dose. In this experiment,

A

§
) O the vessels of three rabbits reacted identically with those in the ;
L
{ i control group to the passing toxin. The vessels in the ears of

: the control animals in tests No. 1, 2, 3 and 4 (20 rabbits) reac~

-t

ted to both doses of the botulinic toxin by contracting. The amount

of drops decreased on an average of 14.3 to 33.5 percent when the
,‘ toxin was passed through. ‘

.4 On the basis of these experiments, we see that clready dur-
; ing the third day after the infection of the rabbits with spores
from the botulism microbe, the vessels in the ears of these animals
react differently to the specific tcxin thah the vessels in the

. ears of normal animals. The vessels in the ears of normal rabbits
o react to the passing toxin with a clearly expressed contraction,

L i aaan A I o T e M - RATHEL i SRR Pravs Y

whereas the vessils in the ears of rabbits infected by spores react

- .

O to this very same toxin with a much weaker contraction or even with
expansion. 3 '
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‘‘In the second group of tests (Table 11) the vessels in the ears of
28 rabbits, between 41 and 47 days and even between 62 and 145 days
after infection by spores from the botulism bacillus, reacted only
with a slight contraction to the passing toxin of this microbe; the
number of drops coming out of the ear vessels decreased on an aver-
age of from 10 to 20.8 percent. During the very same time the ear
vessels of 17 normal control rabbits reacted with a stronger con-
traction to the toxin of this series and of the same dosage; the
number of drops from them decreased between ih.? and 42.7 percent.

Thus the vessels of the infected rabbits reacted to the same
doses of botulinic toxin two to three times weaker than the vessels
of normal animals. _

In comnection with the fact that botulinic toxin causes a
strong contraction in normal vessels, the hypothesis arose gs to
whether the weaker reaction to the toxin by the wssgls of rabbits
infected with spores was not connected with their paralysis by the
to:d.r.x that formed in the organism and precipitated the contraction.
During the first period after infection with spores, this paralysis
of the vessels apparently occurs. This is indicated by the irreg-
ular reaction to the toxin in tests No. 1 and 4, in which the ves-
sels at the beginning of the experiment reacted by expansion to the
weak dilution of toxin and contracted to the stronger one.

In order to explain 1;he mechanism by which the botulini.c
intoxication functions upon the vessels of rabbits infected by
spores, we set up tests using adrenal (Tables 12 and 13).
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The reaction of the vessels was studied in a parallel way:
one ear with taxin, the other ear with adrenalin. The intensity
of the reaction to adrenalin by the vessels in rabbits! ears, con=-
taminated with spores from the botulism microbe in ‘t;he early and
later period of the infection, and by the vessels of uninfected
animals was the same.

Cn the basis of these experiments we assume that a weaker
reaction to the toxin by the rabbit ears, infected by spores, pos-
sesses a specific immnological chara.cter.)( The presence of agglut-
inates in the serum of these rabbits indicates a development of an
anti-bacterial immunity in them. Anti-toxins in the biood of the
experimental animals were not discovered.

The animalis were killed one or two days after studying the
reaction of the vessels. Next a culture from the liver, spleen,
and blood was made in a Tarocci habitat; in tests No. 5 and 7, this
was done from the main part of the brain in order to discover the
presence of the botulism bacillus in them. This microbe was found
in the organs of all infected rabbits in tests No. 1, 2 and in the
organs of a majority of animals in tests No. 3, 4, 5, 6 and 7. The

botulism stimulant was not discovered in the 6rga.ns of abbits used

in experiment No. 8. In the stains from the organs of certain an-
imals, substantial gram-positive bacilli similar to the botulism
microbe were discovéred although the spores were ‘absent. Determin-
ation of the microbe in the cultures was conducted by msans of
bacterioscopy and a neutralization reaction with anti-toxin serum.
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These observations clearly show that the botudism stimulant ._
may exist in vegetative form within the organs of animals while |
;; they are still alive. In such & case, if & long period of time
| has elapsed s:l.nco contamination of the animals with spores, the
colonization of the organién with this microbe doéx;ouol. In test
- No. 8 during 135 to 145 days after contamination, in not a single
of the 1l rabbits was it possible to isolate the botulism stimulant
from the organs (Table 14).

A aimm o n

The research undertaken on 62 rabbits, infected with the
spores from the botuliam microbe, and 37 normal animals (see Table

11) shows that the vessels from the rabbit ears infected by spores

provides a weaker reaction to the taxin of this microbe. This is -
o explained by the fat‘zt’ that the microbe spores germinate in vegeta- ' - ;
[ tive forms within the organism, and these forms produce toxin. The
toxin pa.raJ.yzes‘the vascular system causing contraction, and in rare
{ cases expansion, of the vessels during the first period of infection.
] Further under the influence of new small quantities of botulinic
'1 " toxin, produced in the organism, the cells of smooth muscles of |
vessels acquire immmnity toward it and in this connection react fr
in a weaker fashion to the toxin passed through than do the cells ‘ *
of vessels in normal animals.

We established a reaction for ggglutination and neutraliza-
tion of the toxin with the serum for all rabbits contaminated by
spores. The reaction to agglutination with the botuliam microbe ,
was positive for the majority of rabbits. Beginning with the llth -

~ 1
O day after infection, serum was given to the agglutination in dil-
ution of 1:50, 1:100; 1:200, 1:500 an in certain cases 1:1,000 (on

MR I B MR [T
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The

the 4lst day after contamination and after longer periods).

reaction of agglutination on 11 rabbits in experiment No. 8 was

positive with a serum dilution of 1P400, 1:500, 1:800 and 1:1,000

(Table 14).

Anti-toxin was absent from the serum,

Colonization of 6rgans and Titr of Agglutinates in Rabbits infected

Table 1.

with the Spores of Bac. Botulinus
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In such a way, it was established through the foregoing experimentc

that when rabbits are infected subcutancously with non-lethal doses of

spores from the botulism microbe, ‘colonization by this microbes occurs
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in the organs of the animals; this precipitates a symptomless in-
fection in tham. The spores, finding their way into the organs,
germinate into vegetative forms and produce toxin; during a long
action by insignificant quantities of toxin, the gella of vessels

acquire an immmity to it. Besides, agglutinates are produced in
animals.

Experiments on Guinea Pigs

The tests with guinea pigs were undertaken according to the
Kravkova~Pisemsid method and wers set up for the purpose of explain-
ing the ymmmnological transformations caused by the botulism mic-
robe when it penetrated into the animal organs from the alimentary
tract. The possibility of such an infection of the animal organs
was established in the preceding experiments on mice. |

A total of four tests were set up. The guinea pigs were in-
fected through the mouth with the aid of a metal tube and by means
of spores of the botuliam stimalant, first of all heated in a water
bath at 80 degrees for one hour. The quantity of living spores in
ommurm oWbythopucodimmthod. After con-
taminaticn, the animals were cbserved, checking the weight of the
test and control animals. ALl guinea pigs were maintained in the
same identical conditions. In the course of the whole experiment,
the increase in weight of those infected with spores as well as the
uncontaminated snimals remained identical.

In the first test, eigt}t guinea pigs were infected by a
single injection of 50 to 70 million viable spores. One guinu.
pig died of pnsumonia; the botulism microbe was extracted from its
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orzgns. The remaining animals were killed on the 27th to 34th
day, separating the rear half of the body, and tests were conduc-
ted by the Kravkova method in order to explair the reaction of
vessels to toxin prepared in the same way as previously. As can
be seen from Table 16, the vessels of guines pigs that had been
infected with spores provided on the average a weaker reaction to
the botulinic toxin than did vesselw of control animals which were
not contaminated. When the toxin was passed through, the vessels
of infected animals contracted 10.7 to 17.8 perdent while the ves~
sels of the control group contracted 24.2 to 32.2 percent, i.e.
more than twice as strongly. |

In the second test 10 guinea pigs were contaminated with 150
to 200 million spores;, uh.'g.ch wers injected three times at intervals
of three to four days. During 38 to 39 days after the infection,
the reaction to the toxin by the vessels of these animals was inves-
tigated. In the first dilution of the toxin (1:50,000) the vessels
reacted with an average contraction of 10.7 percent and in the sec-
ond dilution (1:10,000) ot.16_.3 percent. The vessels of the five
control guinea pigs for the same dilutions of the toxin reacted
more strongly in their contraction: in its first concentration on
an average of 23.5' percent and in i;he second of 29.8 percent.

The third experiment applied a one-time infection to 10 guinea
pigs with 50 to 70 million spores. Prior to studying the reaction
of vessels, two guinea pigs died from pneumonia. The vessels of
eight guinea pigs on the 63rd, S4th and 75th day after the infec-
tion reacted to the toxin with a contraction of 7.7 to U percent

on the average; at this time, the vessels of the five control animals
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with the same doses of taxin contracted on the average between

37.8 and 40.8 percent, i.e. about three times as strongly as the
vessels of the contaminated animals.

In the fourth experiment, the investigation centered upon

L e nnian R

the reaction to adrenalin by the vessels of six guinea pigs which
were infected three times with 150 to 200 million spores. These
tests were launched with the aim of explaining the reason for the

weaker reaction to toxin on the part of guinea pig vessels contam-
inated by spores.

From Table 15 it is clear that the vessels of these animals,
on the 34th, 39th and 43rd day after infection by spores and the
vessels of control animals provided almost identical reactions of
contraction to adrenalin. The vessels of the test guinea pigs gave
a contraction on the average of 27.9 to 43.4 percent to adrenalin,

whereas the vessels of the five control animals provided an average
of 29.5 to 32 percent.

TabGY 15. Immunological Condition of Vessels in Guinea Pigs during a 5

Syuptomless Infection with Bac. Botulinus B |

. — |

4 3 ' - | *React adrenalin -
§ g Dose of g § < Reaction to toxin ion to g
Test. rage contraction of o
o “ apores ix g-i £ &verage contraction ave con o. ; g
5 or ent

_g & $neaction § ;% of vessels (in %) vessels (in percent) § %
0 . : i
2 | Control é by mouth B g | 1:50,000 1:10,000 [1:1,000,000{ 1:500,000 i i
1 | test | 7 | 50-60 | 27-34 10.7 17.8 Ppid !
Control | 3 24.2 32.2 . .
(O test | 10 | 150-200 | 38-39 | 10.7 16.3 1
control | 5 23.5 29.8 | 1
3 Test 8 | 50-70 | 63-75 7.7 14.0 ] !
Control | 5 37.8 / 40.8 o ‘ f |
L | test 6 | 150-200 | 34-143 ! ’ |
control = 5 .

P
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Thie data shows that the weaker reaction to the taxin by
the guinea pigs, infected with spores, appeaz;s to be a specific
characteristic. Ve a#sume that it depended upon the immumne con-
dition of the smooth musculature in the vessels of these animals
in their relation to the botulinic taxin.

At the moment of arrangement for the experiments, according
to the Kravkova method, cultures were taken from the organs of the
guinea pigs that had been infected with spores. The cultures were
made in different surroundings for discovery of the botullism stim~
uwlant. This was determifjed by using the same procedures as in the
other tests. _

In the organs of 28 out of 31 guinea pigs, the microbe of
botulism was found. The bacillus was isolated in a large nwnber
of cases, and more often than from other organs, from the liver
and spleen. With the serum of all guinea pigs, an agglutination
reaction for the botulism microhe was undertaken; it was found to
bo positive in 24 animals for different dilutions of the serum

(Table 16).

Observation of guinea pigs provided the same results as the
tests on rabbits. These experiments represent considerable inter-
est, since they indicate the posaibmty of .changing the immnol-
ogical condition of vessels when the spores of the botulism microbe
penetrate through the walls of the intestines into the internal
organs of animals.

Under circumstances where the guantity of viable spores is
small, there develops a symptomless infection contributing to the

P
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production of the botulinic toxin in small doses. Chronic intoxi~

cation in guinea pigs as well as rabbits causes the development cf

an immnity by cells of the vessels in the smooth musculature toward

toxin; in this connedtion, when its solutions are passed through, )
they provide a weaker reaction than do the vessels of normal animals,

Apart from this, in guinea pigs as well as in rabbits the
symptomless botulinic¢ infection is accompanied by the preduction of
agglutinates. Proof of existence of an infection lies'; in the fact
that the bbtulism bacillus is found in the orgé.ns of a majority of
the animals at the moment Kravkova-type experiments are arranged and
during a long period of time, after the infectiqn.

In these tests, as in the previous ones, the spores o: the
botulism microbe after their penetration into the organs of animals
were not found th¢ ‘e in the category of extraneous dead substrata
that do not manifest any activity. On the contrary, this was an in-
fection with manifestations of activity on the part of a microsorganism;
as a result of this, in the organism of guinea pigs there took place
substantial imminological transformations. Agglutinates were dis-
covered in animals, theé reaction of cells of vossels to toxin changed
(it became weaker), the microbe of botudism was isolated from the
organs,

In this connection, the infection of guinea pigs took place
without any inner manifestations (the animals ate fodder well, gained
weight on a par with the control group, death from botulism was not
observed), On this basis, we assume that it was symptomless, chronic.
It is important that the dévelopnent of this infection in guinea pigs
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i b vas established throagh infecting them with spores by mouth as well

" as througb subcutaneous contamination.

e i e

4. Reaction of the Smooth Musculature in Experimental Animals during :

a Symptomless Infection ?

Our previous sbsgervations devoted to the study about the |
condition of cells in vessels of rabbits and guinea pigs during a

symptomless botulinic infection showed that the spores of this mic-

" robe introduced internally or parenterally into the organism ofv

~ ; animals causes changes in the reaction of cells in vessels to the
1 botulinic texin.

In connection with these observations, the hypothesis arose
that the cells of other organs also undergo immunological rebuild- !
_‘ O ing under the influence of amall doses of botulinic toxin, produced
]

h

PITYIN

in the organs of animals.

Our further research was undertaken with thq aim of studying f ‘

e

. the immunological condition of cells in the organs of animals during

_ different periods, after they had been contaminated with the spores
from the botulism microbe. Basing ourselves on the work in the fieid
of cellular immmnology by Galanova (1934), Zamuri (a936), Matveev
(4937), Kravchenko (1938) and Akonyan (1938) w:a turned our nbsesrvation

smsathomaiifiiitite
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-

to the reactive ability of the uterus and the intestines of guinea
pigs, infected with sublethal doses of spores from the botulism mic-

robe, when they were being affected by the activity of the dialysis-
i ized toxin of this bacillus.
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Figure 3. Schemat of a Schultz-Delia Apparatus
1 - bottle with Ringer-Lokk solution; 2 - vessel with Ringer-Lokk

solution, preserving constant temperature; 3 - smdll glass, where

beak of uterus or fragment of intestine is «hcated; 4 — vessel for
fluid, leaking during the washing of organ; 5 - Schwartzman stative;
6 - glass tube with hook, to which organ is tied; along this tube,
air is forced through a water-jet pump iﬁto the organ; 7 = cylinder
of lqmograph with smoked paper; 8 -~ isolated organ in small glass;

9 and 10 - electric heater with thermoregulator; .1l - regulating
ligature; 412 - tub with water; at all times in test, a constant tem-
perature of water is maintained which is heated electricaily with a
thermoregulator; in our tests, a small giass with the isolated oigan

was submerged in the tudb; 13 - thermometer, sontroiing temperature -
of water in the tub.
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The action of the extracts (toxins) of the smooth paracytic
platheininthes upon the isolated intestine was studied by Talyzin
{1941); according to his observations, concentrated soiutions prec-
ipitated a short-time stifiing of the rythmic functioning of the
intestine atter which a stable increase in tonicity ocfzured.

Petrovski, Naumenko and Baturenko (1937); Shkavera and Sereb-
ryanaya (1941), studying the action of the botulinic toxin upon the
smooth musculature of the isolated intestine, noted the stimulating
property of this toxin. Apart from this, Shkavera and Serebryanaya
observed, an increase in the contraction of the uterus beak from a
female rabbit under the influence of the botulinic toxin,

Research on the reactive capacity of the uterus in the intes-
tine of guinea pigs, when toxin was affecting it, was conducted by L
us with the aid of the Schultz-Delia methodology applied by these
authors for the study of cellular immunity.

The Schultz-Delis apparatus is schematically presented in
Figure 3. ' - ‘

Before the experiment, the primeval guinea pigs were killed. ~
The stomach cavity of the animal was openéd, the uterus carefully
separated from the fat, and the beak at the base of the uterus cut
off with shears. All of this has to be accomplished with great
care so as not to wound the organ, since this could affect the ’
results of the test. |

One uterus beaik remained in a smalli glass with a Ringer-Lokk

solution heated to 37 degrees; air was intrdduced into the small

glass through the glass tube at all times. Simultaneously, the
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other uterus beak underwent a test in the Schultz-Deiia apparatus.
‘'he uterus beak was placed in a small glass with a 50 miliijiter
capacity, where it was tied to the glass hbok having an opening
to suvoly air. The other end of the uterus beak was attached to
a Jlever, which had a pen at one end for tracing the curve on the
cylinder of the kymograph. '

The sma..l..L glass, in which the organ was located, was filled
with the ninger-Lokk solution heated to a temperature of 37 degrees;
Air was supplied at all times into the small glass through the frac~
tured hook to which the uterus beak was fastened. After placing the
uterus beak in the small glass, it remained quiet for a periocd of
20 to 30 minutes. During this time, the contractions of the organ
were taking place at the slowest possible rate. .When the organ
had been in a quiet condition for 5 to 1O minutes, the experiment
was started. The pen-lever, to which the uterus beak was attached,
was led to the cylinder of the kymograph with the smoked paper; the
botulinic toxin in a dilution of 1:100 was poured into the amall
glass, The toxin was prepared in the same way as for the experiments
on the vessels. After the activity of the taxin had been completed,
the pen-~lever was removed from the cylinder which was ha.l.to&; the
uterus beak was then washed in a Ringer-lokk solution until the
organ was completely quiet. After this when the uterus besk ceased
to contract, the pen~lever was again brought to the revoiving cyl-
inder of the kymograph; and a new dose of toxin was poured into
the small gla.aé. The washing process was conducted under the con-
dition that &ha® the uterus beak did not contract trem the effect

et .

g~

"

i




- 164 - , . ’
of the toxin. The doses of the toxin were increased at ali times,
but they did not go over two to three milijiliters.
on the isolated :}nt.estines of guinea pigs, tests were also

carried out in the Schuitz-belia apparatus. The guinea pigs were

killed, the stomach cavity opened, and the middle part of the thin

intestine taken for the experiment. The latter was carefully sep-
arated from the mesentery. At the end of this intestine fragment,
ligatures were placed, and it was lowered into a small glass with
a Ringer -Lokk solution heated to 37 degrees. Air was admitted
at all times to the intestine in the smail glass.

With the establishment of a normal peristalsis of the in-
testine, a fragment two centimeters long was taken from it for the
experiment. fThis fragment of the intestine was attached to the
glass hook and to the lever of the pen, Just Llike the uterus beak.
The small glass in the apparatus was filled with a Ringer-Lokk
solution, the intestine was lowered into this, and air was at all
times given access to the small giass. The pen-iever was led to
the cylinder of the kymograph having the smoiced paper in order to
record the rythmic contractions of the intestine. At the beginning
a small dose of the toxin was added to the glass, then twice as
large a dose, stc. After adding each new dose of the toxin, the
fragment of intestine was washed with the Ringer-Lokk soiution.

In view of this fact that the initial rythm for contraction of the
intestine was resumed quite rapidiy after washing it from the toxin,
in the course of the expériment ugbroken tracings of the curve were
maintained on .the cylinder.
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In order to determine the viability of the isolated organs

;
(
v

! ' (uterus and intestines of guinea pigs), after the action upon them

' 1
of various botulinic toxin doses, they underwent irritation by the :
endotoxin of B. typhi abdominalis.

it .~ it

The endotoxin of this microbe was prepared in the following
manner. The bacteria were cultivated in hard swrroundings for 24 -
_tb 48 hours, after which they were washed in a plvéiological 801~

M o . it

ution and a suspension was prepared from them. The suspension com-

prised 20 milliard microbe bodies in one mi.l.l.uiter; The micrcbes

were killed through heating at 60 degrees for two hours. Then the

} suspension was checked for sterility by means of cultures in various
surroundings and was preserved in a refrigerator at 2 to 3 degrees.

O Primeval guinea pigs weighing 200 to 250 grammes were infec- a
ted subcutaneously with such doses of spores from the botulism ;

I PO TRP DT Srgy ™ Wy, T

microbethattheduthofthemmuuyouldbeataminimorto-

] . tally absent. Besides, the infection caused by this quantity of

3 spores should not have influenced the condition of the animalis:
increase in weight and pressrvation of appetite. Liberation of | i
the spores from taxin took place by washing them in a physiologi-

cal solution and heating them in a water bath at 80 degrees over a

et

period of one hour. The quantity of living spores in one gim-
liter was determined by the same method as in preceding tests.

In the first series, 16 guinea pigs were infected with 100
to 140 million living spores from the botulism bacillus type A and
| B. The contamination took place twice with 50 to 70 million over

Fn N
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a period of three days. There were six control, uncontaminated
guinea pigs. The latter were maintained under exactly the saue
conditions as were the test animals. During seven days after the
first contamination, one guinea pig died from botulism and ancther
cne frem an uwnimown cause. After the infection, the guinea pigs
preserved a good appetite and gained in weight. The average weight
prior to contamination was equal to 307.1 grammes, whereas after
the infection on the day tests were made it was 371.2 grammes. The
weirht of the control guinea pigs before the experiment made an
average of 292.6 granﬁes, while on the day when the reaction of

the organs to the toxin was observed it reached 363.3 grammes. So
the test and control animals gained weight evenly. At the time

of the experiment with the uterus and intestine of animals in the
Schultz-Delia apparatus, a culture was taken from the other organs
in order to determine the presence of the ‘botulisn microbe in thexm.
In the blood of these guinea pigs, the botudism stimulant was dis-
covered three times, in the liver 1l times, in the spleen nine tines,
and in the main part of the brain five times. With the serum of
the animals, a reaction for agglutinetion with a culture from the

- botulism bacillus was undertaken. A positive reaction was given

by the serum of 11 guinea pigs in a dilution of 1:10 to 1:100, and
only in one case at a 1:200 dilution. No anti-toxins were discov~
ersed in the serums of the guinea pigs.

During the infection with sub-lethal doses of spores from
the botulism bacillus, the guinea pigs did not manifest any phen-
omena observably connected with the dessase and normally increased
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their weight in no way differently from the control animals. On
the basis of the foregoing, we assume that the infection was symp-
tozless.

Investigatiox; of the reaction by the uterus and intestine
of guinea pigs in the _Schultz—DeLié. apparatus to the toxin was con-
ducted on the 8th to 24th day after the first infection. Beginning
with the eighth day after the contamination, one or two tests were

| made on the organs of the animals. The botulinic toxin was applied

for the experiments, in a minimum lethal dose which equaled 0.0000L
gz;ame for mice.,

Into the small glass, which contaiged the organ, altermately
0.5; 1; 2; and 3 miliiliters of the dialysized toxin was added. The

O toxin had been diluted 100 times in a physiological solution. It

remained in juxtaposition with the organ for two minutes, since we
had an{q.ed that during such a period of time the most powerful
contracting action takes place upon the cells of the smooth muscul-
ature in the uterus and intestine of guinea pigs.

“To check on the viability of the organs after the botul-
inic toxin, their reaction was investigated with reference to endo-
toxin B. typhi abdominalis which was added to the glass also in
quantities of 0.5; 1; and 2 milliliters. The a&ion of this endo-
taxin upon the uterus usually Jasted 4O seconds and upon the in-
testine ~ one minute.

Comparing the curves (Figures 4 and §, 6 and 7), reflecting
the reaction to the toxin of the uterus and intestine of an uncon-

c
O taminated guinea pig, and the reaAtion to toxin .of these same organs
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in a guinea pig on the l6th day after its infection with spores ‘
from the botulism bacillus, we see that these organs of the latter

R

animal react more stronglyiuto the toxin by contraction than do the

organs of the former. : , ' |
| The organs of the guinea plg, contaminated with spores from ;
.
: the botulism microbse, possess a higher sensitivity to the toxin of %
‘ this bacillus. ]
i
%
] i
| |
: ]
b : !
_,: Figure 4. Contraction of the uterus beak in a guinea pig, not in- ]
i 0 fected with spores 1. the botuliam bacillus, during action by the

taxin of Bac. Botuliwu: and the endotaxin B. Typhi Abdominalis.
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Figure 5. Contraction of the intestine in a guinea pig, uncontam-

inated by spores from the botulism bacillus, during action by the

O . toxin of Bac. Botulinus and the endotaxin of B. Typhi Abdominalis.
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E’ Figure 6. Contraction of the uterus beak in a guinea pig, infected
i’ with spores from the botulism bacillus, during action by the toxin
Bac. Botulinus and the endotoxin B. Typhi Abdaminalis.
] T - 5
] ]
]
: i
1 O !
; 4
:
- |
|
| |
i Figure 7. Contraction of the intestine in a guinea pig, contamin- :
L ' ated by spores from the botulism microbe, daring action by the taoxin i
‘[ of Bac. Botulinus and the endotaxin of B. Typhi Abdominalis.
| ‘ — ~ |
; O |
|
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spores of Bac. Botulinus.
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Reaction of organs to
toxin of Bac.Botulinus )
Reaction of organs to endo-
toxin B. Typhi Abdominalis
Figure 8. Average height of . Figure 9. Average height of
curves for contraction of uter- curves for contraction of intes-
us in guinea pigs during 8-24 tines of guinea pigs during 8-24
days after infection with.the days after infection with the

spores of Bac. Botulinus.

Figures 8 and 9 demonstrate the avez;age contrgction force during
the gction of the toxin Bac. Botulinus upon the cells of the smooth
msculature :L; the uterus and intestines of all guinea pigs in the
first series of tests which had been infected with the spores of
this microbe. As wac shown, this contraction was much stronger
than the contraction by the musculatures of these organs in the
normal control animais (Figures .0 and il). The heightensd sensi-
tivity ot the uterus and intestines toward the toxin waw dliscovered
in 12 guinea pigs (out of 16 infected by the spores), and in some

of the animals these organs reacted to the toxin similarly to the

organs of the six normal controJ. guinea pigs.
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Reaction of organs to
toxin of Bac.Botulinus

Reaction of organs to endo-
toxin B. Typhi Abdominalis

Figure 10. Average height of Figure LL. Average height of
curves for contraction of uterus curves for contraction of intes-~

in normal guinea pigs. tines In normal guinea pigs.

% stronger reaction on the part of organs in animals infected
by spores depended upon whether the spores germinated into vegetetive
forms within the organs, which forms then producec;. toxin in small
quantities and through the toxin sensibiliged the cells of the or-

gans. However, in so far as the toxin was produced in insufficieat

. amounts to cause the botulism desease in animals, on the surface

no manifestations were visibie. Apparently the toxin wa3 also prod-
uced insufficientiy for . s formation 91' considerabls amounts of
anti-toxin, which was not founci in a majority of cases in the blood
of guinea pigs.

In the second series of tests, 15 guinea pigs were contami-

nated with 150 to 200 mitiion spores of Bac. Botulinus; four guinea

e am i o ot 1
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. different periods, during 45 and 85 days after the contamination,

munity, or giving completely no reaction thanks to the immmity prod-

the spores, the animals stili manifested a heightened sensitivity

- 472 -

pigs were used tor the control group. The spores were injected
subcutaneously three times with 50 to 70 miition each time at in-
tervals of six days. Prior to the establishment of the tests, three
of the guinea pigs died from botulism and one from gn unknown cause.
Despite the liarge dose of spores, the guinea pizs (amithe control
group also) increased in weight. No symptoms of the desease were
observed on them, Investigation of the reaction by the uterus and
intestines to the toxin of the botuiism bacilius was conducted at

Depending upon the reaction of the organs to toxin, the
animals in this series of tests weré divided into three grou,és:
1) with heightened sensitivity of the uterus and intestine - four -
guinea pigs; 2) with a very weak reaction of the organs to taxin
which can be looked upon as the beginning in the development of im-

uced - four guinez pigs; 3) withmchamétion of the organs to
toxin as that in the control, noma.l.anima.l,a-three@dneapigs.‘
During a period of 45 days and longer after infection with

in the cells of their internal organs toward the botulinic toxin;
and turthermore, under the intiunence of mtcnd.n doses fram the
germinating spores, immnity begins to deveiop.

Only in such a way, apparentiy, is it possible to exp.uin
the differing reaction of the animal organs to the toxin in this
series of experiments. ' | |
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In the cu.Lf:ures from the organs of guinea pigs in the second
series of tests, the botulism microbe was discovered in the biood
twice, in the liver five times, in the spieen tour times, and in
the main part of the brain twice. The baciilus was not isolated
from the organs of three pigs. <“he agglutination reaction with the
botulisn microbe was positive for certain guinea pigs in a diiution

" of 13400, and in certain others 1:1,000. Anti-toxin was discovered

in the blood of two guinea pigs in an insignificant quantity; 6.5
piliiiiter of serum neubbalized 2 Lim of the botulinic toxin in these
animals. The organs of these guinea pigs provided a very weak reac-
tion to the toxin during their observation in the Schultz-Deliia
apparatus. ‘

In the third series of experiments, the reaction to toxin by
organs of animais after a long period from their intection was stud-
ied. For this purpose, ten guinea pigs were contaminated with 100
to 140 million viable spores from the botuiism bacillus which were
introduced twife from 50 to 70 million each time at intervais of
tive days. Besides that, five guinea pigs were Left uninfected as
a control group. Prior to the arrangement of the test with the
isolated organs, one guinea pig died fram botuliism. The remaining
ones, identically Like those used for control, gained weight féry
well. Symptoms of the desease were not observed in them. The blood
of ali Juinea pigs, taken on the day the tests were set up, showed
agglutinates to the botulism microbe at a serum dilution of Ll:lue,
1:500, and in some 1:1,000. The serum of two guinea pigs in a quan-
tity of 0.5 miiliiiter neutralized 2 Dim of the botu.l;inic taxin.
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In the cultures from the organs of guinea pigs, the microbe of bot-
ulism was discovered in the blood once, in tie iiver four timss, in
the spleen twice, and in the main part of the brain once. In the
organs of four guinea pigs, the botulism microbe was not found at
all.

The study of the reaction by the uterus and intestine of
animals toward the dialysisized toxin was conducted on the 92nd
day; the very latest tests were made on the 1O0Oth da;r atter tﬁe
first infection. The curves on rigures L2 and 13 show that none
of the four toxin doses caused any contraction by the organs of

guinea pig No. 7 which had been infected with spores. At the same

Figure 12, Contraction of the uterus besk in a guinea pig infected
with the spores trom botulism bacilius, during the action of taxin
Bac.Botulinus and endo-taxin B, Typhi Abdominalis.

Figure 13. Contraction of the intestine in a guinea pig intected
by spores from the botilism microbe, during the action by toxin

Bac. Botulinus ana endotexin B. Typhi Abdominalis.
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time, the organs in the control guinea pig No. 4 gave the usual

reaction to the toxin observed in normai guinea pigs during the

course of all tests (rigures L4 and Li5).

Figure i4. Contraction ot the uterus beak in a guinea pig, not
infected by spores of the botulism microbe, during action by the
toxin ot Bac. Botulinus and endotaxin B. Typhi ibdominaiis.

rigure L5. CUontraction of the intestine in a giinea pig, not in-

tected by the spores of botulism bacilius, during action or taxin
Bac. Botulinus and endotoxin B. Typhi Abdominaiis.

on igures IS and L7, the given disgrams portray the average

power (in centimetsrs) of contraction by organs (uterus and intestines)

in all nine guinea pigs of the third series of experiments. As we : 1

can see, the¢ first three doses ot the toxin cause a very insigniticand

e e apm——

e e e e n v S — T I pmimp g iiegisnd ey s
. . * .

- NP

L e Sy

y fon ! S,
‘ l-" pormorr— eipafimvincvasehueiyaent Sast SRR




- 176 =
Reaction of organs to
toxin Bac. Botulinus
Reaction of organs to endo-
" toxin of B. Typhi Abdominalis
Figure 16. Aveeage height of Figure 17. Average height of

curves for contraction of uterus curves for contraction of intes-
in guinea pigs during 92-100 days tines in guinea pigs during 92-
after infection with spores of 100 days after infection with
Bac. Botulinus. spores of Bac. Botulinus.

e —————
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contraction and only the fourth dose (3 millilibérs) precipitated a
stronger reaction. However it was cons:".derably_ weaker than in the
control suinea pigs, not intected by the apores of the botulism
stimilant (Figures 10 and 11).

In the majority of animals with symptomless botulinic infec-
tion, during 92 and 100 days after their infection by spores, an
immunity of the cells in smoof.h miscles of the uterus and intestine
toward the toxin of the botulism bacillus was created. The presence
of immunity was indicated by the very weak reaction of their organs
to the toxin of that microbe. The intensity of this immnity was,
however, relative: the uterus and intestine of these animals, when
applying larger doses of the toxin, caused a contraction.

From the three series of experiments that have been described,
wo see that diring the infection of guinea pigs with the spores of
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botulism bacillus, freed of the toxin, a colonizatiog of the organs
in these animals is observed by this microbe over a protracted period
of time.

Host often of all the botulism microbe was discovered in the
liver and the spleen: in six guinea pigs, it was isolated also from
the blood of the heart and in eight guinea pigs from the main part
of the brain. The presence of the microbe in the organs of animais
did not precipitate any reaction, ever fram the directdon of the
central nexrvous system.' The infection in general did not affect
the condition of guinea pigs that had a good appetite, and they
gained weight just like the control animals. At the same tima,
the infectious process developed very slowly within the organism.
This is supported by the presence in the blood of ths animals of
agglutinates to the botulism bacillus. Antitoxins in rare instances
may, apparently, accumulate in considerable quantity. They were
discovered in the biood in small amounts all told only in four guinea
pigs. This testifies to the fact that in ths organism of animals
the formation of toxin takes place in very insignificant quantities,
although these are completely sufficient to cause changes in the
immunological conditicn of cells if organs 1nglnding the snooth
musculature of the uterus and intestines.

There was not enough of the toxin, produced by the vegeta—h
tive zells of the botuiism baciilus, for the formation of con-
siderable quantities of anti-toxin. During the first period of
the infection, the toxin precipitated the sensibilization of cells

in the organs of animals which gave a stronger contraction during
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the action by the toxin of the botulism microbe than did the same
orzans in normal animalis. In certain guinea pigs, the reaction of
organs to the toxin of this microbe remained unchanging. This was
in connéction with the beginning in the development of immunity,
which in the given instance brought about a loss in the heightened
sensitivity to the toxin. Uuring a lengthy coursaz in the symptom-
less botulinic infection, the condition of iygcreased sensitivity by
the cells in the organs of animals tooi place graduaily, and an im-
munity was developed. For this reason, the organs of guinea pigs
during 92 and 100 days after infection with spores gave a mush weaker
contraction during action by the toxin of the botulism microbe than
did the organs of the control animals. The immunity of the cells
in the smooth musculature of the uterus and the intestine devoloped
'in all animals, despite the absence of the anti-toxin from the blood
of the majority. This corresponds with the data, presented in the
work of Kravchenko on the immunity of cells a= wslii az in our vesearch
(1940) which showed that the immunity of cells in the orguns does
not depend upon the presence of anti-bodies.

The development of an immunity in the cells of organs in guinsa
pigs took place during a singls disintegration of the botulism microbe
in the organism. In the first series of tests, which were condicted
during 8 to 24 days after the infection, the microbe of botulism was
discovered in the organs of all animals. In animals on the organs
of which tests were made substantfally later, it was impossible to
find the botulism bacillu‘s; it was absent in three guinea pigs of
the second series and in four guinea pigs of the third series of
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experinents, This phenomenon was observed in our previous teosts
on mice and rabbits: during a long period of time after the infec-
tion with spores, no botulism microbe was to be found in their
organs either.

The data from this research shows that the presence of spores
from the botulism microbe in the organs of animals does not appear
to be differentiated for it. The colonization of the organism with
spores — this is not an inculcation of particles, it is an infection
during which the botulism microbe lives in the organs, germinates
into vegetative forms, and causes the formation of agglutinates, and
at times also anti~toxins; the action by the toxin of this microbe
conditions a deep immuiological transformation in the cells of the
snimal organs. All of this supports the contention that botulism
appears o be toxic-infectious and that it takes place very slug-
glshly in those circumstances when the spores penetrate into the
organism but vary vioLéntly when therc are accompanied by the toxin.
When the animal organism is infected (apparently also in the case of
a hunan being) by spores from the botulisia microbe, the toxic-infection
takes place along the lines of a symptomiess infection with corres—

ponding immunologica} changes in the blasod and organs.
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CHAPTER v

. .

CLINICAL PICTURL OF THE BOTULINIC INTUXICATION IN THE HUMAN BEING

The general clinical symptoms of botulism were described .
logg before the discovery of this deseases stimuant. In pre-
revolutionary Russia, in comnection with the many poisonings trom
fish, the ciinical course of botuiism was described quite thorough-
1y in the works ot Anrep (1885), Berkovski (1857), Sokoiov (1896),
Chugin (1883), Chernyshev (1889), Arustamov (189l1). In other .iands,
primarilly in Germany, botulism was caused by vénison and sausage,

and was described by Mueller, Guzeman, and others.

; O . In 1895, van Ermeng also wrote about the clinical aspects "

; of botulism and revealed the role of toxin in the appearance of
of

Y
! many s}ffmoms of the poisoning. Van trmeng corroborated his ciin—

\ ical observations by means of experimentation with the taxin on
i animals,

In subsequent experimental tests and cliinical observaticans

it was estabiished that the symptoms of botulism are caused by the

poisonous action of the taxin upon the celiis of the human and ani-
nal organisms,

The taxin may enter the organism together with food prod-

ucts, as a result of botulism microbes developing in tne latter,

orik it may be produced by this microbe when it already exists in
the organism of human beings or animsls. In this connection, a
P &
O large role is played by the first small pg\tions of the toxin that !

weaxan the defensive capabiiities of the organiam.
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itelated to the fadt that the cells in the nervous system are
paralyzed by the botulinic toxin more than the cells of other organs
is the fact that the syndrome of botuliem fundamentaily consists of
a complex of nerve-paralytic phenomena, which express themselives in

an upset of innervation ot the muscutar system. Usually symmetricali-

1y general or local paralysis is observed. The general disorders
are manifested by increased or decreased secretion and motor functions
in the initial part of the atimentary duct. In this connection dry-
ness is observed in the mucous membrane of the mouth nedule, at times
salivation, and also appearances of dysphagia. At the beginning of
the illness almost always there occur nausea, vomiting, pain under
the pit of the stomach, all of which indicate dispeptic phenomens.

The incubation period differs: most oiten of all it is from
18 to 24 hours, but at times two to three days. The described cases
of botulism have had very short incubation periods - between two and
six houbs, as well as very .Long ones — from nine to ten days. In
some bojulism epidemics, relapses from the disease were observed
atter a'm.u. recovery. |

The varying .Lengtﬁ of the incubation period depends upon the
the very first dose of the toxin which bas entered the organism with
the food product, and also depends upon the immunological conditlon
of the human organism or that of the animal: the larger the infitial
dose of toxin, the shorter the incubation period; the more" intensive
the anti-botuiinic immunity, the longer the incubation period.

Apart from this, according to our hypothesis, a long incudb-
ation period in the human and animal is observed under such conditions
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when the initial doese of toxin entering the organism withbthe tood

is very smally in such circumstances the basic role in the develop-

ment of symptoms is apparently playzd by the toxin, produced in the

organism by the botulism microbe. ’

According to the data of Mirtovski and Govsesv (1937), a
direct relationship exists between the length of the incubation
period and the itethainess., A iight case of the disease is preced-
ed in most cases by an incubation period ot four to five days.
Certain authors note the considerable number of botulisn cases
with a very slow development of the disease, in which the incuba-
tion period lasted up to thirteen 24~hour periods (Nikoienko and
Kamenskaya, 1937; and others). Apart from this, all researchers
emphssize the very siow recuperation of botulism patients.

During the paat 25 years, betulism epidemics have been des-
cribed many times in the USSR and also in other countries. We wilit
not stop to write about each epidemic as a separate item but will
cohsider only the works of those authors who studied the disease
in detall or those who describe completaly new phenomena on the
clinical afgects of botulism.

In the writings of foreign authors, devoted to this question,
only the general clinical picture is usuaiiy cited without a detail-

ed description of the syndrome o€ botuwlism. Worid literature about
botulism contains onliy one wdrk-which providew a very detailsd study
of the epidemoiogy, pathogenesis and ciinical picture of botulism.
This book was written by Soviet doctors who studied botulism at the

time of the epidemic in Dnepropetrovsk of 1933, which had been caused
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by fruit preserves. ledical dostors with different speciaiizations

participated in the observations, and the results of this collec~
tive work was of considerable importance for the correct understand-

ing of the pathogenesis and clinical aspects of botulism.

L. Peptic Disturbances during Botuiinic Intoxications
When using ifood products containing the toxin and microbes

of botulism, the alimentary canal is the first to come into direct

contact with the latter. Xoritski and Meler reported the hypothesis

" that the phenomena of gastro-enteritis, which were noted by many

authors, develop with botulism in connection with the irritating

action not by the toxin but by the bacteria. On the cther hand, the

symptoms caused by the action ot the botulinic toxin do not develop
"at once in the alimentary canal but only after a varying incubation
period.

Koritski (193%) in his research on the peptic disturbances
attending botulinic intoxications, conducted on 272 cases of botul-
ism, notes tha;t the symptoms arising when the aJ.:imentag canal 1s
stricken by the toxin, in the majority of caoes; arise simultaneousliy
with other symptoms. ‘'he work of Koritski, in the quantity ot mat-
erial and the carefulness of his study, appears to be the only iit-
ezature in the world of this type on botulism, and that is why we
shall go into it in great detail.

The tirst group (7< men) comprised patients ilL with sroded
as well as uncertain forms of botulism. DbDisturbances of the alim-
entary tract were manitested in this group through vpain in the in-

testines, dryness in the mouth and throat. bUisruption of deglutition
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in the patients oi this group were tound lLess frequentiy. Nausea
ana vomiting were not orten observed (in 26 to 2Y percent o the
cases). ‘I'he bowel movement was normal for the majority of the
patients.

The second group of patients consisted of 53 with a light
form of botulism..  Koritski notes that this form of the disease
is identified by the differentiation in its symptoms. Dryness in
the mouth, nose and pharynx appeared op the third or fourth day 0%7-
the illness and was observed in 65 percent of the patients. In 12
percent, a copious secretion of saliva was noted. ﬁii'ficulties in
degiutition and dysphagia as a result of spastic phendémena were ob-
served in 44 percent of the patients. In a majority of cases, these
symptoms appeared during the first days of the disease; at times on
the y\ird to eighth day during the pezk in the development of the
infectious process. In more than one-half of the sick persons there
was nausea; vomiting was observed only in 24 percent of the patlents.
Among the symptoms indicating raralysis of the intestinal tract were
pains in t.he stomach area and intestines, which usua.lly appeared
during the ﬁ.rst days of the illness,

The thim: group consisted of 52 persons sick with a heavy
form of botulism, ending by a return to health. The disease in
these patients was also accompanied by a number of symptoms. Es-
pecially sharply expressed was the paralysis of the nerve-muscular
apparatus. Dryness in the mouth and pharynx was observable in 70
to 75 percent, the phenomemnon of sa.liva,tioﬁ - in 14 percent of

cases. The author emphasized that the aarlier dysphagia appeared,
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the harder the desease. Dysphagia was accompainied by difficulties
in breathing. Difficulties were also abserved in the masticatory
muscles' functioning, a sharp muscular weakness, and hanging of the
lower maxillary (at times the mouth had to be closed with a hand).
Vomiting was noticed in certain of the patients; many of them mani-
fested flatulence, with'viaibhr expressed coanstipation. Pains in
the area of the stamach and intestines were noted in 57 percent of
the cases. '

The fourth group, in which there were a considerable number
oflsthal cases from botulism, comprised 92 patients. Of these, 75
were studied. However, even this number was not studied ig de%.ail
due to the seriousness of their condition. Sharply expressed syuap-
toms of paralysis in the nervous and muscular systems wese noted in
them, as well as thes remaining symptoms observed in the preceding
group. In all cases, thex;e was & progessive disturbance in swal-
lowing with the appearance of a stable aphonia. With the growth
of the symptoms, .a sharp paleness of the skin and the mucous glands
was observed; this can be explained through the contraction of the
blood vessels under the influence of the toxin. In order to charac-
terize the clinical pictidre for this form of botullism, we will cite
one case history of the disease from the work by Koritski,

"Z,G., 2l years old, during eight 24-hour periods after pois-
oning she suddenly felt her head spinning at work, saw darkness in
front of her eyes, objects seemed doubled, and was nauseated. A
pain started in the area under the stomach pit. In the evening,

she came to the hospital herself. On the second day, the same pha-
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nomena. On the third day, pressure and heaviness ori the chest,
ptosis of both eye~lids, disturbance of the convergence, diffic-
ulty in swallowing and speaking, shortness of breath, chilling of
the extfrmities. On the fourth day, the state of health has some-
what improved, the voice is hoarse, but speech is clearer, swallow-
ing takes place with difficulty, heaviness behind the chest, and
difficult breathimg. Head-ache, dryness in the mouth, heaviness
throughout the whole body, sleepiness, but she can not sleep. To-
ward the evening, nausea, panting, speech is disorganized. (n the
fifth day, a. sharp paleness of the integuments. The neurological
symptams increase: ptosis of both eye-lid'a » convergence disturbed,
pupils of the eye react vﬂ;_]y to color. Swallowing is sharply
difficult, nausea and calls to vomit. In the evening sharply worse
condition, superficial breathing, non-rythmic, more difficult.
Mphonia, aphsgia, cyanosis. At twelve o'clock in the night - death
with indications of asphyxiation.®
The cited example shows that after a long period of infection,

& serious iliness with a lethal end may develop. Koritskli consliders
that the length of the incubation period should be explained by the
slow multiplication of the botulism bacillus in the organism. The
course of many observed cases of botulism testifies, in the opinion
of the author, to the toxic-infuctious character of the disease.
The author emphasizes in this connection that the toxin paralyzes
not only the nervs .but also the muscular system, and appears to be
thus a strong miotropic poison.
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2. Ulisturbances in the Functions of the Upper hespiratory Tract

The functions of the upper respiratory channeis are also upset
in botulism. The symptom which occurs moé”i often, when the breathing
channels are stricken, is the spasm of the larynx, dryness of the
mucous glands, difficulty in breathing.

Halperin (1937) studied the condition of the respiratory chan-
nels in 8l persons sick with botulism, of whom 20 were males and 61
females. The author discovered a decrease or m'c'rease in the size
of the cavities of the nose, in connection with the change in the
blood content. The nose channel were enlarged or strongly reduced
in size. The patients comp.l.é.ined of pain in the nose and loss af
mmell. {n 23 of the .patient's, a paralysis of the soft palate was
observed; in 16 patients - disturbance of the motor functions and

anemia of the mucous lLarynx which strongly interfered with breathing.

There was a lack of symptoms from the direction of the hear-
ing organ. Halperin considers that this can be reiated to the small
possibility of the botulinic toxin paralyzing the sensitory organs.
‘these conclusions do not appear to be sutficiently corroborated, in

our ppinion.

3. Paraiysis of the Nervous System during Botulinic Intoxisation
Paralysis of the nervous system, especially the central one,
in botulism is expressed so sharpiy that tor a ilong time ciinical
workers concentrated all of their attention on it. Oniy during the
past 25 years, Soviet dostors have discovered also other serious

paralyses in botulism patients. As a result of the action by toxin
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upon the central nervous system, one notices at the beginning of
the disease restliessness, tear, poor siumber, in certain cases
hysterical attacks. In the end stages, as has been indicated,
apathy and sleepiness is 6bserved. In connection with paraiysis
or the nuclei in the medullia ob.Langat.a{of botulism patients, a clear
picture of bulbar syndrome. Disturbance of the deglutition, aphonia,
unbalanced breathing and heart activity are observed. When the in-
toxdcation becomes more severe, the patients complain of difficulty
in breathing which develops in connection with paralysis of the
respiratory channels as welil as in connection with the partial or
complete paralysis of the diaphragm. Appearances of asphyxiation
progress, and there usually takes place a progressive collapse flue
to awphyxiation which ends in death. _ _
Mirtoveki and Govseev (1937) studied the condition of the
nervous system in botulism pit.ients. They observed 75 sick persons ~
39 men and 36 women. The authors investigated the disea:so in var-
ious periods of its developmont.
The first symptoms, ;.ndicatihg a paralysis of the nervous
system in botulism patients, appear to be the eye symptoms. They almost

" always bring the sick person to the doctor. Most often, the patient

compaains that he 'sees double!" and about the rapid fatigue of viksion.
Next a weakening of the peri;ahera.l. musculature is noticablie, the patient
compiains about the difficuity in movement, rapid weariness. During
further action b}? the toxin upon the nervous system, the weakness of

movement quickly increases. At certain times, a muscular weakness in
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in the Lezs and hands is observed. A4s a result ot disturbances to
the muscular runctiops, the patient is unable to hold up his head

and it ralis either forward or to one side. 'The sensory spheres

in the sick persons undergo almost no change. ALL appearances of

sensitivity are preserved.
rurther, the eye symptoms ;f'gogress“ The internal and side

eye muscles are stricken. very often paraiysis of the eye-lids

(ptosis) develops., In certain cases, paralysis of the right and

deft eye-Lid is expressed differently. Quite often paresis of the
internal eye muscies and disturbance in accomoda.tion are obsgerved.
kxpansion of the eye-pupil and a weal:: reaction to color are notic-

able in all botuiism patienﬁs. In separate cases, the toxin para-

lyzes the vision nerve.

Kazas, Kova.r-skayé, Krol, Barshavskaya and Berman (1937),
while examining 80 botulism patients, established a new hitherto

vompletely unknown symptom in botuwlism -~ the absence or sharp de~
crease in the reflex of the eye cormea. This symptom was manifested
by 55 patients. Barbel (1932) in one case observed paralysis of the
eye bottom as a result of tr;a central nervous system having been

stricken by the toxin of botulism,

Death from botulism occurs after paralysis of breathing dur-

ing continuation of the activity by tlie heart. The sick persons

always die with a clear consciousness; even in the perioed of agony,

loss of consciousness is noted very rarely.
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L. Paralysis of the Heart-vacular 3ystems

The cardiac-vascular systems sufter considerablie changes in
botulism. For a“long time, the syndrome was complietely disregarded.
In the study of botulism epidemics the main attention, a. has been
mentioned, was directed toward the paralysis ¢f the nervous system.
It was considered aiready known that the cardiac-vascular system
undergoes smzll changea in botulism bu., that it is the most resis-

tant. Howcver a careful study of botulism patients and a pathotogic-

‘anatomical investigation showed that very strong varalyses of the

heart and vessels may take piace in botulism, Shteinberg (1937)

notes the sharp disturbance in blood circulation of botulism patients-:

which is expreszed in “a decreased fiow of biood toward the right
part of the heart, in a decreased dlastolic filidng of the heg.rt.“
These rhenomena are caused ndt only by a serious dizturbance to the
innervation of the heart but also by a paraiysis to the curdiac
mscles by the botulinic toxin, which has been substantiated tlLrough
pathologihic~anatomical research by Kuraeva. |

During the presenve of these symptoms from the side of the
heart, it is difficult to sufticientiy explain the tulnsss and tense-
ness of the pulse. It is assumed that s'.xcﬁ a condition ot the pulse
in botulism patients depends upon the strong contiacticn oif the
peripheral blcod vessels. |

Shteinberg (4937), having studied the capillarioscopic pic-
tures of 42 persons sick with botulism, discovered a contrection

of the arterisl node and a simuitaneous expansion of the vein node.
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Jhe wuthor caxzpizins this phenomencn only by expressing the hypoth-

esis thou, if the capiitabioscopic tests were applied from the tirst
day o: the aisease, then the spasm of vessels possibly would appear

more a.ccurately and would be mev with more often. Katsnelson, Ku-~

tsysin and aheirets (L9Y37) studied 105 botulism patients ror the
condition of their blood pressurs; they discovered in one~half of
’c};e sick persons higher as well as systolic and diastolic blood
pressure, whereas in the remaining it was norma..
It was impossible to make these data agree with those ftor
~the heart paralysis, about which we spoke in the foregoingz, if
there had not been determined ciinical data on the considerable
degree ol contiaction by the bicod vsssels in botulism. <this phe-
nomenon is often substantiatied through the observed dryness of the
mucous glands and the paieness of the skin of botuiism patients.
¢ilinical observations show that, apart fyom the ‘contraction
of blood vessels, the botulinic toxin causes difficuity in the en-~
tirety ot the vessél wall, especially in the capillaries and the
precapiliaries. This was established by Katsnelson and Paperny
(4937) who were studying the Rumpel-Leede phenomenon in botulism
patients.
As 1s known, the essence of this phenomenonzlies in the cuom-
pression of an extremity with an elastic bandage and the appearance
below the place of compression of minute subcutaneous hemorrhages

in the instance when the walls of the blood vessels have been af-

fected by action of the intoxication. This phenomenon appeared teo

ke positive in 34 of the'63 patients and was observed to be the

most often met with in average or serious cases of botulism.
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5. (hanges in Temperature during Botulism

iccording to the data of most authors, a case of botulinic
poisoning usually takee place with the temperature being normal.

Such a unanimity in views for a given czse can be explained
by the insufficient attention given to this problem. A fever in
botulism was noted by Slutski, Govseev and Rosin (1937) who observ-
ed an epidemic of poisoning from sturgeon. In certain of the
patients, the temperature remained higher than normal for a long
time. Changli-Chaikin (L1937) examined 40 victims of botulism; in
19 he noted a fever even befors injecting the serum. The tempera-
ture was high also in 8 of the 34 persons sick with a serious form
of botulism; in a group with average botulism, the temperature was

high prior to the serum therapy in 15 out of 72 persons. In a large

muber of patients, the fever remained also after the serum therapy A'

which can be explained by the action of the serum. In certain in-
stances, the temperature remained high over 2 period of 9 to 14
days; in two cases - up to 24 days. Changli-Chaikin comes to the
conclusion that a high temperature in botulism patients iz connec~
ted with the viability of the botulism bacilius. Censequently,
botulism in certain cases doss not differ in its course from other

infectious diseases.

6. Condition of various Qrgaans in Reconvalescents
In almost all works devoted to the study of clinical botulism,
a very slow rate of reconvalescence is noted which at times lasts for

months. This period is characterized by a gradual reestabl8ihment
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of all functions in organs disturbed by the action of the botuli-
nic toxin. Very interesting material on this problem is given in
the work of Rappoport, Lifshits and varshavskaya (1937), who ob-
served the condition of 46 reconvalescents for more than two months,
after the latter had left the hospltal. In all of theso casos, tho
nervous system had been seriously stricken.

The special intensity of the process reestablishing the func-
tions of organs was noticed for the first 15 days of reconvalescence.
Among the symptoms, the first to pass was the damage to breathing and
swallowing, considerably later - the head-ache, snuffles, aphonia,
ptosis. Lven later or simultaneously with these the general weak-
ness, paralysis of the heart, miastenic phenomena, pain in muscles,
the operation of the nerve stems were all relieved. In serious in-
stances, return to health took place only after two to three months
and at times even later. In.one case a recidivity of acute snufflea
was observed almost cne month arfter reconvalescence.

Changli-Chaikin (1937) observed the condition of the cardiac-
vascular systems in 23 reconvalescents ovar a period of four to
six months., AllL of the patients, after leaving the hospi‘c;al, com=
plained abcut general weakness, rapid fatigue, and a strong heart
beat during physical exertion. In persons who had suffered only
a mild form of the disease, ;uch a condition lasted from two to
three weeks after release from the hospital; in those who had the
serious form of botudism, substantially longeri

Reconvalescents, who underwent the serious and medium forms
of botulism, complained often about pains in the heart area espec-

ially after physical exertion. -In certain cases, an expansion of




O O

- 194 -

the heart was aecertained radiologically. Changli-Chaikin considers
that the ciinical phenomena {Efeminedly appear in the paralysis of
the miocardia and in the vesseis. 1In his conciusion, the author
comes to the following: "It is necessary to conclude that the cardiac-
vagcular insufficiency, gbserved by us in boﬁu.ﬁnic reconvalescents,
depended first of all upon the direct influence of the botulism toxin
upon the cardlac muscle. ‘This is supported by the cleariy degener-~
ative transformations in the mlocardia, discovered by histological
investigation. Similarly to the case during infectious miocardias
of various etiologies (scarlet {ewsr, dyptheria, typhus), the clin-
ical picture characteristic for the miocardia parajysis appears alter
a more or less lengthy latent period.t ”
In such a manner it was definitely established that paralysis
of the cardiac-vgscular systems in reconvalescents is observed just
as often as during the acute period of the disease. At the end of
the acute period of the illness, there develops a paralysis of the
miocardia which also expla.ins the presence among the reconvalescents
of symptoms characteristic for an infectious miocardia condition.
Apart from the symptoms sliovm above, quite often miosis was
observed in the reconvalescents. Paralysis of the skelston muscles |
developed in later periods of the disease and were more often seen
in those who had survived tfxe heavy form of botulism. The picturex
of the muscular illness, according to the dat._a. of Abramova, was very
similar to the picture of acute muscular reumatism and was accom~
panied by pain and difficulty in movement. The muscles swelled

e —————— sttt
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slightly, became very painful during contraction; fever was absent
in this connection. Abramov observed 30 reconvalescents over a
long period of time; they had overcome a serious or medium form of
.bot.ulism; among these, .18 patients were stricken in the muscuiar
systemn. After heat treatment, the micsis passed after one or two
days; in the absence of treatment, the process iasted 7 to 1O
days.

The above described symptoms in reconvalescents are very
characteristic. un the one hand, they ae.x'initeiy show that the
botutinic¢c toxin causes a very deep pathologlic transformation in a
series of organs and tissues. Resestablishment of the stricken cells
takes place very slowly; in this connection, same of the distur-
bances remain for lLife as is observed also in other infections
and intoxications.

The course of the process of reconvalescence from botulism
also gives rise to the hypothesis on the presence of a lengthy
intoxication which may be comnected with the muitiplication of the
microbe in the organs ana the production of toxin. The picture

of' reconvalescence from botulism definitely indicates the toxic—
infecticus character of the disease.
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DIUNITY TO BOTULISM
Chapter VI

Immunity to botulism is a field on which very little study
has been done. Up to the present time, we are unable to explain
the various sensitivities toward the botulinic toxin in certain
human beings and animals. In many cases of botulinic poisoning,
when using the same quantity of poisonous food, certain menbers of
a fam.‘l.ly died from botulism whereas qthers suffered a Very serlious
form of botulism and still others had a light form of the diaeaao
or were not ill at all., Some authors explain this by the cluster-
like location of the spores in the product. Similar instances were
observed also in diseases caused by semi-fluid conserved products,
and this explanation appeared to be unconfirmed. The hypothesis of
Meier and Heiger {1921) that the insensitivity of certain persons
to the botulinic toxin is explained by the presence of anti-toxin
in their blood is also unsubstantiated. In this type of individual,
in the majority of cases, anti-~toxin was not discovered in the
blood. 4

Individual insensitivity to the botulinic toxin is also
met with among various animals. Certain laboratory animals ~ rab-
bits, guinea pigs and mice - manifest in experiments considerable
resistance to the botulinic toxin. We were able to observe this
several times. Minervin and Kotlyarevskaya (1937) set up a special
test in order to explain the individual insensitivity of guinea
pigs to the botulinic toxin. It appeared that of the 21 gulnea igs,
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three had very little sensitivity to this poison. Insusceptibility
to the botulinic toxin on the part of certain domestic animals, es-
pecially pigs and cattle, is also known,

Hinervin agd Kotlyarevskaya announced the hypothesis that
resistance to the botulinic toxin is connected with the "insensi-
tivi‘cy of tissues and cells, usually stricken during botulism, to
the botulinic poison.!" As was shown in our previous experiments,
this hypothesis is fully supported in the test with.isolated organs.
When infecting a;.nimals with the spores from the botulism stimulant,
the cells and tissues of their organs may acquire immunity to the
botulinic toxin.

In our research on the immunity to bof.ulism, we set ourselves

the task of explaining the separate aspects of the mechanism in this

phenomenon.

1. The Anti-toxin Immunity of Cells in Organs

The possibility of obtaining an anti-toxin immunity to botul-
ism has long been established. It was considered, in this connection,
that the organism is. protected from the intoxication exclusively by
the anti-toxin found in its blood. The condition of the cells and
organs was not taken into consideration.

Lven vantErmeng attempted to create an anti-toxin immunity in
animals by injecting small doses of botulinic t@. The first at-
tempts by Kempner (1897) to immnize rabbits and guinea pigs wers
unsuccessful. Forsman (1902) imminized these animals with a botul-
inic toxin heated during 30 minutes at 60 degrees, but he received

Lt
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unsatisfactory results. Later Kempner was able to imnunize goats

to toxin with harmless methylbenzene, atter which he applied the

* concentrated toxin. Utilizing this method for the imminization

of goats, Forsman obtained a very strong serum.

Continuing along this line, botulinic serum of various ac-
tiveness was obtained by a number of authors: Graham, Bruckner,
"and Pontius (1918) on sheep, goats and bulis; Meier, Hurwitz, and
Taussig (1918) on dogs; Leichs (1912), Bengston (1924), and Hateh
(1924) on horses. These authors used pure toxin or a mixture of
toxin with anti-toxin for the immunization. They all write about

the difficulty of immunizing animals with small doses of the toxin.

Dixon and Hoyt (1920) were successful in immmnizing goats with the
toxin but only for several months, and they noted that the goats
reacted differently to the toxin. During the immunization of four
horses with toxin, which was introduced in smail but always in-
creasing doses, lheeler (4923) lost three horses, and the immuni-
zation ot the survivors sasted six months. AlL of this data in-
dicates that during immunization with smail doses ot the botuliniec
toxin, a sensibilitation of the animal organlism takes place, and
as a result they die from botulism. It is interesting that none
of the reaearchers paid any attention to this important fact. The
sensibilitizinug properties of the botuiinic toxin, prior to the
investigations of Minervin and Kotlyarevskaya (1936), were com-
pietely unknown.

| Importarit changes in the methodology for preparing anti-~
botuiinic serum were introduced by the observations of Wainberg
and Hoy (4924, 1925). These authors proposed the immunization of
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animals with anatoxin, prepared by addaing to the potulinic toxin
fron 6.3 to 0.8 percent of formaiin and keeping this for a period
of 12 to 17 days at a temperature ot 27 degrees in a thermostat.
The formalinized toxin possesses good anti-~genous properties and
does not precipitate intoxication phenomena during immunization of
animals. Small animais (rabbits, guinea pigs) can be immunized by
means of injecting under the skin 0;5 to one milliliter of anatoxin
every day or at intervals of tour to five days. They can also be
imunized by the method of a single injection subcutaneousiy of
20 mitlititers of anatoxin. Horses carry through the immmnization
well; at first they were given doses of 20 to 30 milidliters of the
anatoxin which were gradually increased so that the last one may
bje equal to 500 to 600 miliiliters.

In the Soviet Union, the anti-botulinic serum according to
the method of Wainberg and Hoy was first obtained at the Mechnikov
Institute on horses and later on goats (Komkova, 1930). At the
Central Institute for kEpidemological Medlcine, Zelevinskaya and
Volkova (1935) prepared an excellent serum on horses. Later on,
accoruing to the Wainberg and Hoy method, anti-~botulinic serums
tor medical use were being prepared in many lLands. The majority
of these contained not more than 3,000 to 4,000 AE ip one milliiiter.

Soviet microbiologists in 1940 attained fine results in the
conduct of anti-botulinic immunization. Thus for example, Burova
and Kats (1940) by means of a separation of strongly toxizenous
variants from industrig..l. strains, obtained the cultures of the

botuilisn stimulant, providing a very strong toxin. Altogether
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a totas of 10,000 to 25,000 Dim in one miliiliter of toxin, obtained
from these strains, contained 250,000 to 300,000 Ulm in one milii- {
liter. Burova and Kats, utilizing for the immunization a taxin of
that strength together with irritants (acids, chiorous caiciums),
ohtained serums with a high anti-botulinic titer. In one horse,
having 750 AE, the titer rose to 35,000 Af; in a second with 4,000
it ciimbed to 75,000; and in a third from 500 to 40,000 AX in one
milLititer.

,. The medical anti-botutinic serums possess specific, typical
properties. Usually monovalent serums of types A, B, C, D, and E
are propared; then by means of mixing, a polyvaient serum is achiev-
ed. Serum is prepared in large quantities against the toxin of
Bac. Botulinus, types A and B, as those which are most prevalent
in nature.

In their experiments with crossed titration of serums of
types A and B, Legru and Dzheramek (1935) discovered that one and
the same amount of serum type A neutralizes 100 Lethal doses of
toxin type B. This was established even earlier by Jensen (1926).
In his tests, one Dlm of the toxin type B neutraiized itselt through
the addition of a large quantity of serum type A. According to the
data of Bronfenbrenner (1924), the toxin type A in the presence of
serun type C increases its activity, kilis animals more rapidly,
which was corroborated by Jensen. Dzheramek, titrating serum type
A, prepared by Ramon, expilained that one miililiter can neutralized
75 miliion DIm of toxin ‘type B. The serum B in his experiments
neutralized 5,000 Dim of homologous toxin and 300 Dim of toxin A.

In the opinion of the author, this indicates an affinity betwocen
toxins A and B.
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1% appears to us‘that these properties of serums A and B can
be explained not only by the affinity toward toxins but also by the
adsorbtion properties of the serums. It is known that the serums
with a high speciiic titer are able to neutraiize small cuantities
of other an;‘l(c}gene_a. It is also necessary to toke into account tho
purity of the strains, utilized for the preparation ot typical ser-
ums. ‘this is suppobted by the experiments of Mason and Robinson
(1935), who did not obtain a cross neutralization when titrating
serums 4 and B. Serum A would not neutraliize even a minimum amount
of toxin B ana , conversely, toxin A would not neutraiize serum B.

Anti-botuiinic immunization may be reaiized by means of in-
troducing the anatoxin by mouth. As far back as 1905, Chichkina
showad the possibility of immunization against hotulism through
the mouth. Studying this probiem, Wainberg and Hoy (1924, 1925)
introduced into rabbits through the mouth up to 50 miiiiiiters of
anatoxin. Serum taken on the Z20th day of immunization neutraiized
tour .Let{é@.l. doses of toxin. The same results were obtained when
rabbits were immunized over a period of 12 days, using one to five
milliliters of anatoxin.

ifeinik and Starobinets (1936) established that subcutaneous
imminization of animals against botulism is attainable very easily.
Passive immnization against botulism also does not present any
difriculty.

At the beginning of treatment for botulism with serum, this
méthod did not find general acceptance. Negative judgements were

even made on this problem. A commission for the study of botullsm
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in the United States came to the conclusion that serum does not

manifest any healing action. The same conclusion was arrived at

by Burke, klder and Pishel {1921). In the opinion of these authors

the serum shows healing qualities only if introduced intravenously
prior to the appearance of symptoms or at the very first appearance
of the disease. In all remaining cases, no benefﬁ'. from the serum
allegedly appeared. During their tests on monkeys, Dek and Bud
(1928) also cbtained no effect after introducing the serum when the
symptoms appeared, caused by the toxin of botulism.

The unsuccessful instances of serwn therapy for botulism can
be explained apparently by the late introduction of the serum -
after considerable quantities of the toxin had already united firmiy

with the organism tissues. Apart from this, in these cases serum

. was probably not of the type as had precipitated the disease. In

treatment, it is necessary to apply only polyvalent serums. During
the present time in the Soviet Union treatment of botulism with a
polyvalent serum is widely appliied. According teo the data of Petrov
(1936), Kanevski and Shapiro (1937), Koleénikov, Dorofeev and Mami-
khin (1937), Khozhainova (1938), Morozova (1941), it provides sat-
isfactory results. Applying the treatmment with serum in 58 cases
of the botulism disease in its serious form, Shteinberg, Stanishev-
skaya and Berman (1937) came to the conclusion that the serum gives
good results when introduced early in large quantities. It is
necessary to introduce the serum intravenously at first 5 to 10
milliliters; during two to three hours later, 50 to 100 milliliters.
The patients should also receive injections of the serum into the

muscles during the first days of the disease several times with 50
to 100 millijliters each tims.
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In recent times Legra, Dzheramek and Levadit (1943, 1944,
1948) published reports on the treatment of botulism patients by

means of serum in France. The treatment began with immnization

by an anatoxin; then serum was introduced. Such a method provided

very good results, especially in cases having a long incubation
period. Good results with serum therapy for botulism were also

announced by Marsden (1942). In the opinion of Minervin and Kot-

lyarevskaya (1938), Minervin and Batrak (1938), Minervin and Mor-

ganova (1939), in order to achieve successful treatment of botulism,

it is necessary to utilize not only and anti-toxic serum but also
an anti-bacterial one.
of an anti-bacterial serum for the treatment of botulism, in the |
report by Minervin and his collaborators, provided good results.
On the basis of the foregoing survey of basic research on
the anti-toxic immnity toward botulism, it is apparent that no-
body from among the investigators paid attention to the problem
of the condition in the organ cells during active and passive im-

munity to botulism. All of the work done was devoted to the study

of the resistance by the organism in relation to the titer of the

anti-bodies. In this connection, the experiments of Galanova and

Kravchenko established that the “anti-toxic actibe immunity during
dyptheria is conditioned not only by the presence of the anti-toxin
in the organism but also by the presence of immunity in the cells,
their areactiveness, reconstruction to an extreme measure in rela-
tionship to these substrata B. Dyptheriae which are found in its
protoplasma, and possibly in connection with substances which are

secreted by a microbe into the surroundings" (Galanova, 1936).

Under experimental conditions the application
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Our further jnvestigation was devoted to the explanation of
the possibility for development on the part of similar phenomena
; during botulinic immnity.
| In the previous expérﬁanents , we already showed that during
| ,' the infection of rabbits and guinea pigs with the spores of the
botulism stimulant, their organs can be areactive toward the bot-
ulinic toxin. In order to explain the mechanism of this phencmenon

we established experimental observations over the immnigation of
animals by the botulinic anatoxin,

Guinea pigs were immunized cubcutaneously with the anatoxin
three times during five days; using one, two and three milliliters
each time. The anatoxin was prepared by the method of Wainberg and

O Hoy in a medium of bull meat. After the immnization of the anim-
als, > 5< 20 AE of the anti-toxin was maintained in the blood.
Between the 7th and the 29th day after application of the anatoxin,

LX the guinea pigs were killed. We used the Kravkova-Pisemski method
h in attempting to observe the reaction of vessels from the rear half
of their bodies to the taxin of the botulism bacillus. In order to
&, ' set up the teats with the vessels, the toxin was prepared ir boulion
from rabbit meat in order to eliminate en anaphylactic reaction by

the vessels when solutions of the toxin were passed through. Such a k

reaction could take place in a case of utiiizing the toxin, prepared ‘
in a medium of bull meat. The experiments were undertaken with puri- \
tied dry toxin, initially undergoing dialysis, as was done in the
| preceding experiments. Prior to allowing the toxin solutions to

O pass through, the vessels of the guinea pigs were carefully washed
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with a Ringer—-iokik soilution until the blood had been eliminated in
tull. The vessels of fdve guinea pigs were tested on the 7th to
9th day, another five animals on the i7th to 19th day, and the re-
maining tour on the 28th or 29th day after immunization. In all
instances, the vessels of immnunized agjimals reacted to the toxin
in a weaker manner than did the vessels oi the controi and normal
guinea pigs. While allowing the taxin in a dilution of 1:50,000;
1:25,000; L4:40,000 to pass through the vessels of the animais that
were treated with anatoxin, these vessels provided an average con-
traction of i0, 12,1 and 13.2 percent. On the 28th and 29th day
atter immunization, irrespective of the decline in the titer of
antitoxin in the blood to »8,5< 2 AE, the vessels manifested a
very weak reaction to the toxin at all times.

With the objective of estabiishing the cause for the smalil
reaction to taxin by the vessels of imminized guinea pigs, a sec-
ond series of tests was set up on six guinea pigs. The weak reac-
tion could have depended upon the contraction of the vessels nnder

the 1ni‘.Luence of the anatoxin and also upon the immune condition

of the cells in the smooth musculature of the vessels. The guinea

pigs were ld.lled on the 15th to the i8th day after immnization by
an anatoxin and experimental reaction of their vesselis to adrenalin,
If the areactive condition of the vessels to the toxin were non-
specific, then the vessies of the immnized animals would provide

a weaker contraction to adrehalin than would the vessels of normal
animals. However, as can be seen on Table 17, the vess{ﬁés of
guinea pigs immunized by anatoxin and the vessels of control anim-

als not undergoing immunization, gave identical reaktions of con-
traction to adrenaiin,
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Table 17. The Reaction to Adrenalin of Cells in the Smooth ‘
Musculature in Vessels of Guinea Pigs, Immunized with Anatoxin ?
of Bac. Botulinus
| d d t &
' Date and dose a
ate sation a - Reaction of vessels to adrenalin
@ Titer of e g
= 3] o+
g antitoxin [ © & '
% 'g (2] i = i g ﬁ 8
® 13,15, 3.2L. {3.27. insermnor | 8 5 | 33 1S4 1 3
5 o = .!.g ,000,000 gg 00,000, & &
' (AE) 8 :‘.":’ o 0e & 3
: kN 2 5
g 2 3
=
1{10]| 2.0 | 3.0 | ¥5¢10 | 4.12. | 1356 82 112 7% | 106
O 21 10| 20 | 3.0 ] 2510 | 4.22. | 120 86 116 70 | 116
3120 2.0 |30/} >5<10 | 4.15. | w6 | 2102 o | 9% | 132
| L | 1.0 2.0 | 3.0 | 25< 10 | 4.15..| L0 70 138 68 | 12,
51101} 20 |30 »5¢10 | 413. | 0 | 108 132 | 102 | 18
; ' 6 11.0| 2.0 [ 3.0} >5¢ 10 | 4.33. ] w0 98 13, | 96 | 120
t .
| Totqls: 802 546 'm& 506 | 716
§ Average contraction .of vessels 31.9% A3k.5%
Control Guinea Pigs:
1 | L.11. | 126 72 12, | 68 | 120
| 2 4.15. | 100 60 9 | 58 | 96
| 3 413, | U0 /A 132 | 02 | 130
;[ O Totals: 366 206 35, | 228 | 346
|
; Average contraction of vessels 43.7% 35.6%
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On the basis of these tests, it can be stated with assurance
that a weaker reaction to the toxin by the vessels of guinea pigs,
imminized by anatoxin, was dependent upon the immnity of the cells
in the smooth musculature of the vessels to the botulinic toxin.
Subsequently, the areactive consition of the vessels was specific.

in connection with the presence of anti-toxin in the blood
of immnized animals, the hgpothesis also arose that the weak reac-
tion of their vessels may be connected with the neutralization of
the toxin.

Aiter washiné the vessels with a Ringer-Lokk solution, there
still could have remained blood containing toxin, which neutralizing
the toxin could have simulated a weak reaction of the vessel cells
to the toxin. Apert from this, the anti-bodies found on the sur-
face of the vessel cells in the form of so-called sessile receptors
could protect the cells from the action of the toxin upon them. It
was necessary to explain whether the areactive condition of the ves-~
sels depended upon the imminological consition of the cell protoplasma
or upon the anti=toxin found in the blood.

In the third series of tests, the guinea pigs received sub-
cutaneous injections of 10 milliliters of anti-botulinic serum which
contained 500 AE in one milliliter; subsequently during 24 to 48
hours, the reaction of their vessels to the botulinic toxin was

observed. Prior to passing the toxin solution through the vessels

of these animals, the latter were washed as carefully as had been

done in the preceding experiments, A total of nine tests were set

O

up (Table 18); the vessels of the passively immunized guinea pigs




&

; Table 18. The Absence of a Passive Transmittal of Immnity by |
| Cells in the Smooth lMusculature in the Vessels of Guinea Pigs during
Introduction of Anti-Botulinic Serum

| ) Reaction of 1s to toxin
i § .‘2 ! g § % eaction of vessels to |
: g o g % :
' = (=] i
g & S g.ﬁ » gl ’
T w "3 8 © ﬁ ﬁ ﬁ =] ﬁ
Alg |%s1%98 | *2 | 35 35 535 cf:
s | ipdl oF “ 8 L3 150,000 L3 12:25,000 4% 1:10,000 43
51518318 | 38| B4 23l | 5% e
= 5 | 8B &> 2
= &o H
X 2 2 |0 | 1.1, | 1.3, 110 90 80 él, 82 | 66
¥ O 3 3 |10 | 1.21. | 1.13. 12 | 114 |120 | 100 | 110 5 | 70
. [ L 110 | 1.15. | 1.17. 80 56 64 Lo 56 4O | 50
| 6 g |10 | 1.20. | 1.23. 100 78 98 50 68 30| 52
' 7 9 |10 | 1.28. | 1.29. 130 | 112 |14 | 100 | 104 0 | 8o
x g 120 | 10 | 1.28. | 1.29. 100 g8 | 100 60 70 | 50
1 9 |11 ;10 | 1.28. | 1.29. 110 9 | 110 8, | 104 4 | 5
| Totals 1,020 | 842 | 916 | 630 | 768 | 389 | 518
E Average contraction of vessels 17.5% 31.3% L9.4%
‘ Controi Guinea Pigs
R 1.17. | 130 | 120 |128] 70 | n8| 50 | 65
2 ; 1.19. 90 60 78 6L Y 3 | 45
3 | 1.21. %0 76 90 68 72 50 | 62
3 : 1.29, 90 60 90 84 90 36 | 50
E. 500 1.30. | 120 | 200 |16| 70 [ 10| & | R
| :
| Totals 520 | 416 | 502 | 356 | 464 | 230 |29
| O
{ Average contraction of vessels 20.0% 29.1% 50.4%
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Figure 18. Contraction of Beak on Uterus in Guinea Pig, Immunized

with a Botulinic Anatoxin, during the Action by Toxin of Bac. Botul-
inus and the Endotoxin of B. Typhi Abdominalis.
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gave the same reaction to the toxin as the vesse;!.s of normal animals.
It 1s obvious from these tests that the areactive consition of the
vessels in gulnea pigs, immunized by anatoxin, does not depend upon
anti-bodies but is connected with the deep immunological transform-

ations of the protoplasma itself in the cells of the smooth miscul-

ature of vessels,
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Figure 19. Contraction of the Intestine in a Guinea Pig, Immunized

with a Botulinic Anatoxin, during the Action by Toxin of Bac. Botul-

S

inus and the Endotoxin of B. Typhi Abdominalis.
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The described tests indicate the impossibility of passive
transmittal of imminity by cells with a serum containing anti-
toxin., Consequently, the relationship was experimentally establ-
ished between the cellular anti-toxic immunity and the antibodies,
Hence, the unlastingness and instability of the anti-toxic humoral
immnity becomes understandable; it arises as a result of intro-~
ducing the serum with ready anti-bodies into the organism.

The fourth series of experiments was arranged in oxrder to

study the immnity of cells of the smooth musculature in the uterus
and intestines of guinea pigs, immunized with the anatoxin frém
the botulism bacillus. The condition of these organs was observed

- in those guinea pigs which had already been studied for the reaction 1

ultaneously with the vessels according to the Kravkova-Pisemski
method, and with the uterus and intestines in the Schultz-Delia

apparatus, In order to cause an anaphylactic reaction by these !

Figure 20. Contraction of the Uterus Beak in a Normal Guinea Pig
(not Irmunized with the Botulinic Anatoxin) diring the Action of
the Toxin Bac. Botulinus and the Endotoxin B. Typhi Abdominalis.
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organs after immunization with the anatoxin, the experiments utilized
botulinic toxin prepared in a boullion from rabbit meat. The dry
toxin was diluted 1:100 and submitted to dialysis.
together 12 tests were conducted in the Schultz-Delia

apparatus with the uterus and intestine. In the five gulnea pigs,
the reaction of organs was studied on the 7th to 9th day; in five
guinea pigs on the 17th to 19th day; and in two of the animals on
the 29th day after Lummization by the anatoxin. When comparing
Figures 18 and 19 {reaction of organs in an imminized guinea pig)
with Figures 20 and 21 (reaction of organs in a normal guinea pig),
we see that the reaction of the uterus and intestine to the botuli-
ic toxin in these animals was different. The organs of the imrmunized
guinea pig did not at 21l strengthen their contraction in the pres-
ence of the toxin, at the same time that the organs of a normal
animal provided a clearly expressed reaction to the botulinic poison.

On Figures 22 and 23, there is protrayed the average height
of curves for the contraction of the organs (uterus and intestine)
in guinea pigs that have been thrice imminized with anmatoxin. We
see that the reaction by the organs of these animals takes place only
on the last dose of the toxin. On Figures 24 and 25, there is por-
trayed the average reaction to the toxin by organs in normal animals:
considerable strengthening of the contraction in the presence of the
botulinic toxin. It is necessary to note that the contraction by
imminized organs and normal animals in the presence of the endo-
toxin of the typhoid-fever stimalant was irientical. This testifies

to the fact that an areactive condition of organs in immunized
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Figure 21. Contraction of the Intestine in a Normal Guinea Pig
(not Immnized with the Botulinic Anatoxin) during the Action of
the Toxin Bac. Botulinus and the Endotoxin of B. Typhi Abdominalis.
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Reaction of Organs to
Toxin of Bac. Botulinus

Reaction of Organs to Endo-
. toxin of B.Typhi Abdominalis

Figure 22. Average Height of Curves Figure 23. Average Height of Curves
for Contraction of Uteruses in Guinea for Contraction of Intestines in Guinea

Pigs, Imminigzed by Anatoxin of Bac. Pigs, Immunized by Anatoxin of Bac. {
Botulinus. _ Botulinus,
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guinea pigs was specific. The cells of the smooth musculature in

the uterus and intestines of these animals achieved immunity from |
the poison of botulism: contraction of the organs in immunized '
guinea pigs in the presence of botulinic toxdin was not increased.

It can be concluded from the described experiments as fol-
lows: In the immnization of animals with a..botulinic anatoxin,

there occurs not only a collection of a.nti-bodie%in the blood but

e S T T

also immunological transformations in the cells of the smooth mus~
\ culature of the vessels in the uterus and intestines. The orfans

of the immunized animals become areactive to the botulinic poison.

e ————rs - — i —

Reaction of organs to
O toxin of Bac.Botulinus

Reaction of organs to endo-
toxin of B.Typhli Abdominalis

! ' Figure 2. Average height of curves Figure 25. Average height of curves
‘ : . for contradtion of uterus in normal for contraction of intestines in

guinea pigs. normal guinea pigs.
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The portrayed data are very important for an explanation of
the mechanism of immunity in these organs, which immunity occurs in

animals as a result of a lengthy symptomless botulinic infection.
O In the immunigation of guinea pigs with a preparation made from the l
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botulinic toxin - anatoxin, the cells of their organs acquire im-

L munity. Such a condition takes place under the influence of the

botulinic infection, caused by the spores from the bacillus of

; botulism, This supports owr conclusion to the effect that during
the symptomless botulinic infection toxin is formed, which toxin
creates an immune reconstruction of the cells in the smooth muscu~-
‘;\ lature of the organs. In connection with the ability of the cells
- in the organism to acquire areactiveness toward the botulinic toxin
after irmunization by anatnﬁn, the hypothesis of Legra and Dzhera-
mek (1943) about utilizing it for the treatment of botulism should
be taken into considera.t;ion. ‘According to the data of the authors,

this method of treatmmnt provided very good results, especially in :
o cgses with a long incub;tion period. It is completely clear that
| the anatoxin must be applied in all instances where botulism is
| suspected and also as a prophylactic means for persons consuming
} | products contaminated by th; botulism microbe.
| ' Nunerous experiments have shown that in the immmnigation of
animals against brucellosis, typhoid forer, and also during their
infection by the stimulants of these diseases, the cells in the

e e e T T

organs of animals (vessels, uteruses, intestines) acquired immmnity

to the endotoxin of these microbes. Apart from this, agglutigates
were produced in considerable quantities in the blood. Kvarchenko
in his research conducted on the stimulant of typhoid fever showed

that during the disappearance of agglutinates, the cellular areact-
iveness toward the endo-toxin is preserved.
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We established the absence of any relationship between the
immnity of cells toward B. abortus and the presence of anti-bodies
in the blood as well as the impossibility of passive transmittal
of immmnity and allergy by the cells in this infection (1940).

The possibility of obtaining immnity in the cells of the
smooth musculature of the uterus and intestine toward poisonous
products of the dyptheria sti;mhnﬁ was established by Galanova
and Kravchenko. We together with Bulatova conducted our research
according to the Kravlgova—Bisemski method on the vessels of kid-
neys immunized by anatoxin of horses - producers of medical serums.
In the experiments, we observed the reaction of kidnéy vessels in
15 horses, immunized by a dyptheria amto:d.xi; 12 horses, immunized

O with a tetanus anatoxin; and 14 normal horses. A considerably weaker
reaction was obtained to the tetanus and dyptheria toxin in the cells
of the smooth muscles of kidneys in immunized horses than the reaction
to these poisons by the cells in the vessels of kidneys in normal
horses. The areactiveness to the toxin by kidney vessels in horses,
immnized by anatoxin, did not depend upon the titer of anti-toxin
in the blood of these horses. Such results were obtained during
tests on rabbits and guinea pigs.

Subsequently, in our research on the cellular anti-toxic
immunity toward botulism and also to tetanus and dyptheria, we
established such a rule in obtaining it as is true of the anti-
bacterial immnity during brucellosis and typhoid fever. During
the immunization with bacteria and the products of their activity -

O by means of the toxins there occurs not only a collection of anti-
bodies but also a transformation in the reactiveness toward the

| ar;ti-genes of cells in the animals organs., The areactive condition
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- of the cells in this and in other cases depends upon the deep im-

munological transformations of their protoplasma under the influence
| of the anti-gene. It is necessary to keep in mind that the immmno-~
logical transformations do not take place in all cells simultaneously

i and to the same degree. The differentiation of the immune recon-
. struction in various cells was established by the work of Kravchenko
" (1941).

2. Changes in the Reactiveness of the Central Nervous System during
Ixmmnizat:_[on against Botulism

In botulism, the earliest symptoms of the disease arise as a
result of paralysis in the central nervous system caused by the

toxin. For this reason the problem of guarding the central nervouS ' )
o system during serum therapy possesses a very large practical sig-
nificance. It is known that the serum shows a good effect in the
treatment of botulism only during an ea.rly injection into the ill

person. Later application of serum therapy provides considerably

poorer results. .
Less effective in the medical action of the serum, during a
late injection into a patient, was explained in that the anti-toxin
did not penetrate through the hemato-encephalic barrier into the
central nervous system and that the toxin located there did not
undergo neutralization. . In this connection, paralysis of the cen-
tral nervous system and of other organs always increases, and the
patient dies from botulism. \
The majority of researchers conducted a study of the penetra-
O bility of the hemato-encephalic barrier in relstion to the agglutinates,
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hemolysins and precipitins. Such a direction of work was related
to the lighter and simpler methods of discqvering these anti-bodies
in the blood and in the spinal cord fluid of animals. On the basis
of results obtained with the agglutinins, hemolysins and precipitins
it was assumed that also the anti-toxins penetrate into the spinal

cord fluid during their circulation in the blood of ilmmnized

.animals.

However, these observations although containing data on the
absegjce of anti-toxins in the spinal cord fluid, were all not absol-
utely confirmable in connection with the fact that the experiments
were conducted at a low titer of anti-toxins in the bloof of the
animals.

All of this served as a reason for gaunching together -with
Bulatova in 1947 research for the purpose of explaining the possib-
ility of penetration by the botulinic anti-toxin into the spinal
cord fluid during a large content of it in the blood of activel;
and passively immunized animals. These observations were of in-
terest, because in the serum therapy for botulism and tetanus usually
la.x;ge quantities of anti-toxic serum are :Lnjected,' and during which
the titer of the anti-toxin in the blood of patients is very high.

Tests were conducted on rabbits with the botulinic anti-
toxin, At first we observed the biood and liquiform in the animals
for the presence of anti-toxin., After this, the rabbits were given
intravenously various amounts of anti-botulinic serum (from 3 to 26

milliliters, 2200 - 20000 AE); then during four hours the liquiform

m"‘y’“'v -
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O and the blood was observed. In this connection, it was found that

in all 20 rabbits anti~toxin was absent from the liquiform at the
same time that there was 15 to 30 AE in the blood.

Similar experiments were set up on 13 rabbits, subcutaneously
3 immnized by anatoxin with 3, 5 and 10 milliliters at intervals of

| 5 to 6 days. On the 8th to 1llth twenty-four hour period after the
imminization, the titer of anti~toxdn in the blood and liquiform
were determined. The anti~toxin was absent from the liquiform, and
! in the blood it was found from 5 to 50 AE.

Consequently during a passive and active immunization of
rabbits against botulism, regardless of the high titer of anti-
toxin in the blood, it does not penetrate into the spinal cord
fluid. | |

O In order to study this important problem, we conducted more
detailed observations of rabbits and colts into which were injected
iarée quantities of heterogenious anti-tetanus serum. The experi-

K ment included 42 rabbits and one colt (Matveev, Kassil and Sokolov,

‘ 1946). First of all, in order to determine the anti-toxin in the

standarfi, blood and liquiform was taken from the rabbits. The titer

of the anti-toxin was below 0.001 AE and only in two cases waw it .

equal to 0.001 AE in one milliliter., After this the animals rec-
eived intravenously injections of the anti-tetanus serum: three

rabbits, 50 milliliters; four rabbits, 70 to 75 milliliters; and

eight rabbits, 70 to 90 milliliters. The serum contained 400 AE

in one milliliter. In such a manner, each rabbit received from

O 20,000 to 40,000 AE, i.e. from 10,000 to 20,000 AE per one kilo-
| gramme of weight. Computing this on the basis of the weight of
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the average human being (60 kilogrammes), this would amount to
between 60,000 and 1,200,000 A% (up to three livers of serum).

In order to eliminate ‘the reaction, occuring during the in-
Jjection of large quantities of the serum, the latter was introduced
slowly with 20 to 25 milliliters at a time and' intervals every 10
to 15 minutes. Usually, besides a small asthma, no other phenomena
are observed in the animals.

During 30 minutes after introduction of the serum in rabbits,
blood and liquiform was taken for determination of anti-toxin. In
eight cases out of 15, an insignificant increase in the mmount of
anti-toxin in the liquiform was noted - up to 0.01 AE in one milli-
liter during the presence in the blood of 100 AE in three rabbits H
in four rabbits, 150 AE; and in eight rabbits, 200 AE in one milli-
liter. '

Corelation of the liquiform: the hlood comprised 1:10,000;
1:15,000; 1:20,000, The titer of the anti-toxin in rabbits was
checked during one, two, three and four hours; it usuadly remained
without any change. Puring 24 hours the titer of the anti-toxin

. in the liquiform of rabbits from the last gromp increased to 0.1

AE, whereas in the blood it dropped to 180 AE (Figure 26). .

After 24 hours, é. rapid drop in the anti-toxin titer took
pl;ace. During the course of three 24-hour periods, its titer in
the liquiform again decreased to 0.01 AE and in the bladod to 90
AE. Up to the eighth day, the quantity of anti-~toxin in the liqui-
form remained unchanged; whereas in the blood, it kept dropping
in all of this time. On the 17th day, the quantity of anti-~toxin
in the liquiform and in the blood had returned to normal.
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Colt no. 19 weighing 180 kilogrammes, in which normally there
was less than 0,001 AE in the liquiform and blood, received 1470

milliliters of bull serum with 600 AE in one milliliter (882,000 AE).
At the time the serum was introduced, a slight panting was noticed
" which continued for not longer than 10 to 15 minutes., The experimont

represented considerable importance because at first the anti-

botulinic bull serum in a large quantity for an intravenous injec-

tion on a large animal; this was a pioneering test. In this con-

nection, it was very’ important that not toxic phenomena were ob-
served in the colt.

We had made the hypothesis that during an intravenous intro-

‘duction into the colt of large quantities of bull, i.e. heterogenous

O anti-tetanus serum, the tetanus anti-bodies would penetrate more
easily into the liquiform through the hemato-encephalic barrier than -
after injection of the horcas serum.

This hypothesis was not supported by the test. During two
hours after introduction of the serum into the little colt, the titer
of anti-bodies in No. 19 in the liquiform rose to 0.0l AE; after 2
hours, to 0.1 AE; after which on the seventh day, it dropped to 0.Q1
AE in one milliliter.

Remaining on this level to the 17th day, the anti-toxin titer
in the liquiform began to decrease gradually and returned to normal
og the 25th day after injection of the serum. In the blood of the
colt after two hours from the time of serum injection, there was 30

AE; on the fourth day, the titer began to drop gradually; and on

~.

O

the 36th day, it attained its normal condition (Figure 27).




~~
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hours days of titration

in liquiform

e e in blood

Figure 26. Changes in the Anti-toxin Titer in the Liquiform and
Blood of Rabbits during Introduction of Horse Serum

These experiments show that in rabbits and colts, the hemato-
encephalic barrier during intravenous introduction of large quant-
ities of heterogenous serum is practically inpenetrable for the
tetanus arti—to:dn Regardless of the high titer of the anti-toxin
in the blood (for the colt - 30AE, for the rabbits - up to 200 AE
in one milliliter), the auti-body titer in liquiform increased only
insignificantly from 0,01 to 0.1 AE in one milliliter.

In this connection, it was observed in rabbits that the anti-
toxin titer dropped very rapidly in the blood. lassive doses of
the serum, equal to 1/20 of the rabbit;f weignt, provided a passive

immnity lasting hot more than 15 to 16 days. At the same time,
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the passive imrunity in the colt continued until the 26th day

after injection of the serun.

The following series of experiments was set up on rabbits

; and on a colt by injecting homologous anti~tetanus serums into

them (for the rabbits s & rabbit serum; for the colt, a horse serum).

et

Hours Days of titration

|

i (et renite « s o A \
| ,
|

. in liquiform 1
- = - -~ in blood |

. Figwre 27. Changes of the Anti-toxin Titer in Liquiform and Blood
of Colt no. 19 during Introduction of a Bull Serum.

e

’ In order to obtain an anti-toxin serum, the rabbits were immn-
ized subcutaneously with a tetanus anatoxin., Then the animals were

uncovered and their serum introduced intravenously into fresh rab- ’ |

!
"bits. Three rabbits, possessing an average of 0.001 AE in the liqui- :

| form and in the blood, received: the first, 30 milliliters - a total \
: of 400

Ii; the second, 33 milliliters -~ 1,000 AE; and the third,

40 milliliters - 800 AE. In the blood of these rabbits over a period

of two days, there was an average of seven AE in one milliliter.
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After this the anti-toxin titer began to fall rapidly, and on the
1Jth day it almost reached normal. During two hours after the in-
Jection of anti-toxin serum, the anti-body titer in the liquiform
ol rabbits was equal to 0.01 AE. On this level, it was maintained
for 48 hours; then, after five days, it decreased to normal.

An analogous test was set up on colt no. 1 with a weight of
112 kilogrammes, in which the norm was 0.00L AE in the liquiform
and in the blood. He received 1,400 milliliters intravenously and
subcutaneously another 120 milliliters of anti-tetanus horse serum,
totalling 1,770,000 AE. 1In colt no. 1, a considerable tension of
the passive immunity was achieved. During two hours, the blood con-
tained 100 AE; after this, the anti-toxdin titer in the blood began
to decrease. After 48 hours, it had dropped to 70 AE. It stayed
on that level until the eigi'xth day, then dropped to 40 AE (in the
course of two days), after which it again increased over four days
to 60 AE. From that moment, a slow decrease in the titer commenced;
this continued over a peéiod of 102 days. The extraordinary length
of the passive immunity in this colt - almost 3% months ~ attracts
attention. We assume that this was dependent upon the introduction
of the homologous serum. After two ﬁours there was up %0 0.5 AE in
the liquiform, on the second day the titer had increased to 1 AE,
gnd on the fourth day it again dropped to 0.5 AE. iaintaining it-
self on this level until the eighth day, the anti-toxin titer in
the liquiform dropped on the l4th day to 0.1 AE and remained Like
that for a period of 45 days. Only after 70 days did the anti-toxin
titer in the liquiform return to normal (Figure 28).

~
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Figure 28.

Changes in the Anti-toxin Titer in Liquiform and in
Blood of a Colt during Introduction of Horse Serum

In this series, we obtained different results (at first glance)

from those achieved in the tests on rabbits and the colt. During the

intravenous injection of homologous anti-toxic serum into the rabbits,

penetration by anti-bodies into the liquiform was not observed. It

is possible that this was connected with the comparatively small

tension in their passive immunity. The colt showed a different pic-

It wvas noticed that he had a small increase in the anti-body
titer in the liquiform during the introduction of a large quantity
of homologous anti~toxin serum (up to 1 AE).

ture.

The comparatively high level of anti-bodies in the liquiform
of colt no. 1, we explain in part by the blood failing into the
liquiform at the time of puncturing and in part by the lowered re~

sistance of the barrier in the young specimen. When there was a
high content of anti-bodies in the blood, the presence of 0.001

to 0.01 milliliters of blood in the observed portion of liquiform
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was sufficient to increase the titer of anti-bodies up to an
average of between 0.5 and 1 AE, In view of the fact that the
puwncturing was conducted often, it was impossible to completely
eliminate the penetration of blood into the liquiform. We are
taking for granted that a small admixture of blood apparently caused
certain increases of the titer in the liquiform.

Considering that the colt received a massive dose of serum
and that the resistance barrier in young animals is considerably
.lower than in full-grown ones, it follows to agree that emen when
injecting large quantities of homologous serun the hemato-encephalic
barrier allows only small quantities of tetanus anti-bodies into
the liquiform.

On the basis of condiicted experiments, we can came to the
conclusion that durinmg intravenous injections of large quantities
of heterogenous or homologous anti-toxin serums into healthy ani-
mals it is possible to discover very insignificant quantities of
anti-toxin at the time that the blood of animals may contain it
in large quantities. _

Consequently, during the serum therapy of botulism and te-
tanus the anti-toxin in practice does not penetrate into the res-
ervoir of liquiform. However this still does not prove the defense-
lessness of the central nervous system during the serum therapy for
these infections.

As has been shown in the foregoing, the absence of a medical
effect on botulism when the serum is injected late was explained
by claiming that the anti-toxin does not penetrate into the central
nexrvous system and that the toxin already there remained unbound.
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In order to check these opinions, together with Bulatova we laun-
ched upon a study of the condition on the central nervous system
during active and passive immnization a‘ga:ins’d botulism.

The condition of the central nervous system during the im-
minization against toxic infections remains to this day unexplained.

Ru and Borrel (1898) and also Ponomarev (1935) on the basis
of their research came to the conclusion that the central nervous
system during active and passive imminization against tetamus and
dyptheria remains defenseless.

The experiments of Van den Hoven (1933) and also of Decombe
(1929) conducted on a small number of animals avpear to be uncon-
firmed, although the authors came to the conclusion about the
defensiveness of tha ~3ntral nervous system during immnization
against dyptheria and .etamus, The basic insutficiency of these
experiments is involved in the fact that the animals {rabbits amd
guinea pigs) after immunization received the toxin through the
cerebrum. In such a method of introducing the toxin, it is neces-
sary to wound the capillaries in the brain tissue. Blood is re-
leased, and this neutralizes the toxin, so the animals remain
healthy. For this fea.son, the experiments of Van den Hoven and
Decombe appear to be unprovable. |

Ascertainable data on the defensiveness of the central ner-
vous system, after immnization against cerebro-spinal epidemic
meningitis, were undertaken and a.nndunced by Zdrodovski and Goli-
nevich (1934) as well as by Trotski., Sviridova and Ginzburg (1935).
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In the course of our research, conducted together with Sok-
olov (1947), it was established that the absence of the tenatus
anti-foxin in the reservoir of liquiform does not appear to be
proof of the defenselessness of the nervous system against tetanus
toxin. During the absence of the anti~toxin from the liquiform
of rabbits, the central hervoua system was found to be areactive
to large doses of toxin suboccipitally injected into the animals.

We have set ourselves the goal to explain (Bulatova and Mat-
veov, 1949) whether the central nervous system in rabbits is defen-
ded during passive and active immnization against botulism as well
as to study the mechanism of this phencmenon taking place during
immunization against botulism and tetanus.

The first series of experiments was established with the
passive imminization of rabbits, into which anti-botulinic serum
in various quantities was injected intravenously. Prior to the
serum injection, the anti-toxin in the liquiform and blood of the
animals was absent; usually, there was less than 1/1000 AZ in one
milliliter.

In the first test the rabbits received 26 milliliters (20,000
AE) of the serum, after a suboccipital injection of up to 20 Dim of
the botulinic toxin, and all remained healthy. The toxin was intro-
duced during four hours after injection of the serum.

Then we conducted 10 other experiments in which the rabbits
received injections intravenously of 10; 5; 3; 1l.5; 1; 0.5 milli~
liters of anti-botulinic serum (corresponding to 7500, 3750, 2200,
1100, 750, 375 AX). The liquiform contained, during four hours
after the intravenous injection of serum, 1/1000 AE; the blood had

e -
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between 5 and 30 AE. _

Of the 46 rabbits that received suboccipitally 200 Dlm of
the botulinic toxin each during four hours after the serum injec~
tion, five died from botulism, three from other causés , and the
remaining 29 rabbits remained healthy without any observable symp-
toms of the diseass.

In the course of subsequent tests, all three rabbits rec-
eived 0,25 milliliter of serum (190 AE), then in g suboccipital
injection during four hours 200 Dlm of the toxin; all died from
botulism. This quantity of serum did not defend the central ner-
vous system of the animals from 200 Dlm of the botulinic toxin.
When ijcreasing the quantity of toxin up to between 400 and 800
Dlm, the injection of even 10 X milliliters of serum (7,500 AE)
could not preserve the central neribtus system of rabbits from the
botulinic toxin (Table 19).

It is obvious from the described experimentsa that during the
suboceipital injection of large botulinic toxin doses, small quan-
tities of serum injected intravenously will maintain the central
nervous system. An important fact in thiw connection appears to
be the absence of any increase in the quantity of anti-toxin in
the reservoir of liguiform. |

A second series of tests was set up with actively immun-
ized rabbits. Prior to their iidmunization, a titer of the anti-
toxdin in the liquiform and blood waw conducted on them. This
process indicated less than 1/1000 AE in one milliliter. After
this the rabbits received subcutaneous injections of botulinic

anatoxin in amounts of 3; 5; 9; 10 milliliters at intervalw of
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five to six 24-~hour periods. On the 8th bo 1llth day after immuniz-
ation, they received injections suboccipitally of the botulinic
toxin. Prior to the injection of the toxin, again the titer for
the anti-toxin in the blood and liquiform was determined. In the
blood, from 5 to 50 AL were found; in the liquiform, 1/1000 A% or
(1/1000 A% in one milliliter. After an active immunization, the
quantity of anti-toxdn in the liquiform reservoir of rabbits did
not increase either.

These experiments also show the defensive ability of the
central nervous system in rabbits from large doses of botulinic
taxin, when the former aro immunized with a botuliric anatoxin.

Control for all described experiments took the form of a
constant checking of the Dlm botulinic toxin for rabbits during
the suboccipital injection of the same.

It was established through the work of physiologists that
the reservoir of liquiform posssices a movement in a caudal dir-
ection. This was corroborated y the research of P, N. Ulyanova
(1930).

Consecuantly it was possible to assume that the toxi:, in-
troduced suboccipitally, was not able to manifest lengthy action
on the central nervous system since it rapidly removed itself in
a caudal direction into the blood where it was neutralized by the
circulating anti-toxin.

In order to explain this provlem, the following series of
experiments were undertaken. Ule decided to check the results ob-

tained by us by means of other methods for injecting toxin intoe




|
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rabbits, through which the toxin woﬁld enter most fully into con~
tact with the main part of the brain. Prerequisites of the test
remained the same - blood was not to fall into the liquiform.

The first experiments were established with tetanus toxin.

J'e selected thres methods for introducing the toxin into
rabbits:

1) through a trepanated opening in the area of the main brain's
herisphere under the hard cerebral membrane on the day of operation
(according to the Paster station-.method :at the Mechnikov Institute
in Moscow);

2) through the trepanated opening intra-cerebrally;

3) through the supra-orbital cansl.

During the first two experiments, ten rabbits received intra-
venous injections of 20 milliliters each (500 AE) of the anti-tetanus
serun and after four hours 200 Dlm of the tetanus toxin subfdurally
through the trepanated opening. Seven rabbits remained healthy, one
died from cerebral tetanus, and two from other causes.

Subsequent tests were made on nine rabbits which received
intra~venous injections of 5, 2 and 1 milliliter of serum (125, 200,
100 AE) and after four hours the same method was used to introduce
200 Dlm of the toxin, Of the nine rabbits, .only one died from cereb-
ral tetanus; it had received five milliliters of the scrum. These
experiments show that

. some way 5, 2 and 1 milliliter (125, 200,
100 AE) of the serum protects the nervous system of rabbits from 200

Dlm of toxin during the sub-dural method of injection on the day of
the operation.

However this contradicts the data obtained by us in
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the above described experiments, (iatveev and Sokolov, 1947). The serun
doses of 5 and 10 milliliters (2,025 to 4,050 /E) in connection with

a suboccipital injection of 200 Dlm toxin could not protect the cen-
tral nervous system of the rabbits.

Subsequently, it was concluded that the results of these tests
appear to be unconfirnable. Also the method of introducing the toxin
into the rabbits under the hard cercbral membrans immediately fol-
lowing the trepanation must be considered unsuitable, since blood

leaves the wound and neutralizes the toxin.

The second series of experiments was undertaken on four rab-
bits, into whichithe toxin was introduced intracerebrally through
the trepanated opening according to the method of Van-den-Hoven and
Decombe. First of all the rabbits were given intravenously two and
one milliliters (200 - 100 AE) each of anti-tetanus serum, doses that
could not protect the central nervous system in connection with a
sub-occipital injection of 200 Dlm toxin and during four hours intra-~
cerebrally 200 Dlm tetanus toxin. ‘

All rabbits in this series remained alive and healthy.

The third series of tests was also set up on four rabbits, into
wnich toxin was also injected sub-durally through the canalis supro-
orbitalis. These animals were given intravenously two and one milli-
liters each (200-100 AZ) of serum and during four hours 200 Dlm of
toxin.

All rabbits, similarly to those in the second series of tests,
remained healthy. In these two series of experiments, the animals

stayed healthy because during injection of the toxin into the tissue
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of the brain or into the canalis suproorbitalis there took place

a wounding of the brain vessels. Blood emanated from the latter

and, since blood contained anti-toxin, the toxdin underwent neutral-

ization. In support of this conclusion is the fact that the quan-~
tity of serum which the animals received in these experiments does
not protect the central nervous system from 200 Dlm of tetanus toxin
when it is injected suboccipitally (Matveev and Sokolovy 1947).
Consequently, from these three series of tests, we can come

to the conclusion that the sub-dufadly’ toxin injection on the day
of trepanation, intracerebrally and into the canalis suproorbitalis
does not appoar to be of any value for testing the reactiveness of
the nervous system in xx imminized animals.

O In order to obtain unchallengable data showing whether the
toxin proceeds in a caudal direction, when it is injected into the

| cisterna magna and what thé role of this phenomenon is for protec-
i tion of the central nervous system in immune animals, we utilized

? a method for introduciﬁg tetanus and botulinic toxins through a
trepanated opening in the area of the brain hemisphere under the
hard brain membrane. The toxin was injected through the undamaged
hard membrane of the brain on the day following the operation,

when the hemorrhage from the diploetic veins had ceased. In such

conditions, the toxin was ;l.oca.ted in contact with the brain tissue

for a longer period. Leading it in a caudal ;lirection could play

no substantive role. The absence of protection to the main part

- of the brain by the anti-~toxin circulating in the blood shouid have
O brought about the death of the animals from tetanus and botulism.
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Fresh ravbits were taken and submitted to trepanation operations,
after which the blood and liquiform were observed for AE content.
Cn the following day serum was introduced intravenously, and during
four hours toxin was injected into the animals by piercing the hard
brain membrane.

The first series of experinents was conducted with tetanus
toxin., Five rabbits received 2.5 and 5 milliliters of anti-tetanus

serum (1250 - 2025 AE) and during four hours 200 Dlm of the toxin.
All rabbits died from tetanus.

L

Subsequent tests were made on 10 rabbits which received ten
and two milliliters (8,100 AE) of the serum and dwring four hours
200 Dlm of the tebanus toxin. Of the ten rabbits, two remained
healthy, six died from cerebral tetanus, and two died from other
causes.,

In other experiments condicted on three rabbits, it was
established that evén the injection of 20 milliliters (16,000 AE)
of serum did not protect the central nervous system of the animals
from 200 Dlm of toxin which had been intfoduced subdurally in the
area of the hemisphere. The obtained results were significant,
also because in our earlier experiments (Matweev and Sokolov, 1947)
after injecting 20 milliliters (8,000 AE) and 40 milliliters (10,000
AZ) of the serum during a sub-occipital introduction of 200 Dlm of
the tetanus toxin, a2l rabbits remained glive.

During subsequent tests, we reduced twice the dose of te-

tanus toxin. ‘

On the day following the trepanation, the animals received
intravenous injedtions of 20 milliliters each (16,000 AE) and during
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four hours 100 Dlm of toxin was introduced under the hard brain
membrane. All six rabbits stayed healthy. The dose of serum of
10 milliliters (8,000 AE) could not protect all animals from 100
Dlm of the toxin, introduced by this method (of the six rabbits,
one died from tetanus). A dose of 20 milliliters (4,000 AE) pro-

tected from this amount of toxin only half of the animals (in the

tests, we used different series of serum containing various amounts -

of AE in one milliliter).

These experiments show that during suboccipital injection
of the tetanus toxin, the latter's movement in a caudal direction
may play a part in the protection of the. central nervous system
of immunized animals. |

In the event that the taxin is injected under the hard brain
membrane in the area of the brain hemisphere, there takes place a
lengthier contact of the toxin with the nervous system. In these
tests, if was protected by the serum from smaller doses of the toxin.
If during the sub~occipital -injection of ‘the toxin, 10 - 20 milli~
liters (8,000 - 16,000 AE) of serum protected the nervous system
of rabbits from 200 Dlm, then when introducing the toxin under the
hard brain membrane in the area of the brain hemisphere, these
doses protected animals only from 100 Dlm of the tetanus toxin.

The obtained results were check_ed in experiments with the
botulinic toxin. In the course of five tests, the rabbits under-
went a trepanation in the area of the hemisphere; on the following
day, they recelved intravenous injections of 3, 1.5, 1.0, 0.5
milliliters each of anti-botulinic serum (2,200; 1,100; 750; 375

AE); during four hours, injections were given of 200 Dim toxin
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under the hard brain membrane in the area of the brain hemisphere.

The anti-toxin titer in the blood of animals was more than 10 and

less than 30 AE, and in the liquiform cystern it was 1/1000 AE.

0f the 15 rabbits, 14 remained alive and one died from an
unknown cause. As a control group for these tests, we had seven
rabbits which received the same amount of serum; the toxin wag in-
jected sub-occipitally. All of these animals remained healthy
(see Table 20). ’ .

The experiments on the rabbits, immmnized with botulinic
ana~toxin, corroborated our data that have been described above.

Of the seven animals that received sub—durally in the area
of the brain hemisphere from 200 to 2,000 Dlm of botulinic toxin,
two died from botulism (500 and 2,000 Dlm), one from an unknown
cause, and four remained healthy.

In all of the rabbits, the quantity of anti-toxin in the
liquiform cystern amounted to 1eés than 1/1000 AE; in the baood,
it was from 5 to 50 AE. In the rabbit that died from 500 Dlm, the
anti-toxin titer in the blood was considera.‘ély lower than in the
healthy animals that received 200 Dlm of the toxin.

Observations condiicted with the botulinic toxin did not
give any results that would corroborate the data obtained with
the tevanus toxin: about its fragmentary movement in a caudal
direction during injection into the cisterna magna and the signi-
ficance of this factor for the reactiveness of the central nervous
systen toward botulinic toxin in innmmizedi animals.

The experiments undertaken upon passively and actively immun-
ized animals show that the method of introducing the botulinic toxin
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plays no substantive part. One and the same very small quantities
of serum (0.5 milliliters, 375 AE), injected intravenously, protect
the central nervous system of rabbits from very large doses of the
toxin (200 Dlm) injected sub-occipitally and sub-durally in the area
of the brain hemisphere.

After such a manner, the obtained experimental data show that
the condition of the central nervous system during passive and ac-
tive immunization against botulism does not differ from that con-
dition in which it remains during immunization against tetanus., Dis-
regarding the absence of anti~toxin in the liquiform cystern of an-
imals immunized against botulism, their central nervous system stays
in an areactive condition toward the action of very large botulinic
toxin doses introduced by the sub-occipital or sub-dural methods.
This shows that the anti-toxin, found in the blood, penetrates through
the capillary walls into the intra-mural liquiform that directly
washes the brain cells. For this reason, the protective qualitiés
of the central nervous system during immnization against botulism
and tetanus can be explained as follows: the toxin located in direct
contact with the nervous system is neutralized by anti-bodies, sit-
uated in the nerve cells in the form of sessile receptérs as well as
anti-bodies found in the intramural liquiform.

However, if we introduce sub-occipitally or sub-durally a very
large quantity of tetanus or botulinic toxin, the animals will die,
because the anti-toxin situated in the intramural liquiform appears

to be insufficient for neutralization of the injected toxin.

C -
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The results of research on botulinic toxin show that during

the introduction of larger quantities sub-occipitally or sub-durally, .

very small quantities of serum are sufficient for protection of the
central nervous system,

The anti-tetanus serum, which was injected into animals in
our tests, contained a quantity of AE neutralizing 1,000 Dlm of
the tetanus toxin for mice. During the sub~occipital or subdural
injection of 100 -~ 200 Dlm into a rabbit, this quantity of toxin
comprised 20,000 - 40,000 Dlm for mice. Only large quantities
(16 © 20 milliliters; 8,000 - 16,000 AE) of very strong anti-
tetanus serum protected.the central nervous system from larger
doses of tetanus toxin. Ve assume that this is explained by the
sensitivity of the nervous system to tetanus toxin and that for
its protection a considerable concentration of anti-bodies is re-
quired in the intranural liéuifom.

A completely different phenomenon was observed in the tests
on the botulinic to:d.n.‘ Very small qﬁantities of anti~botulinic
serun (0.5 milliliters; 375 AE), i.e. ten times smaller than the
anti-tetanus 5enm, introduced intravenously protected the central
nervous system from very large doses of toxin equal to 200 - 500
Dlm for the rabbit or 100,000 = 250,000 Dlm for the mouse. Appar-
ently, this less successml' serun therapy of tetanus in comparison
with botulism is explained by the greater sensitivity of the nervous
system toward the tetanus toxin. However this can be stated only
in terms of a hypothesis.

In further experiments it was found how to explain the

protection of the central nervous system during immunization against
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botulism and tetanus from large toxin doses (up to 200 Dlm) at the
same time that the cystern of liquiform contained no anti-toxin.

In the course of the preceding experiments we had laid down
the hypothesis that the anti-toxin found in the blood penetrates
through the capillary walls into the intramural liquiform which
directly washes the brain cells. For this reason, the protection
of the central nervous system during immunization against tetanus
and botulism may be explained as follows: the toxin, situated in
direct contact with the nervous system, is neutralized by anti-
bodies which are found in the nerve cells in the form of sessile
receptors as well as anti-bodies located in the intrarural
liquiform,

Freund (1930) established that the agglutinins may be ex-
tracted from the main part of the brain and the spinal cord of
rabbits, actively and passively immunized against typhoid fever.
The penetration of anti-bodies into the brain took place very
rapidly during 15 mingbes, and in the liquiform they were found
during several hours after injecting the immune serum into the
blood. He finds it doubtful that the anti-bodies penetrate into
the brain through the spinal-cord fluid, because the titer of ag-
Zlutinins is larger in the brain than in the liquiform and because
they penetrate more rapidly into the brain.

Stolchenova (1945) studied the distribution of the irmmune
serun in the organism of experimental animals and obtained contra-
dictory results., She injected typhoid-fever serum intravenously
into rabbits, wvashed the organs with a physiological solution

through the vessels, and by means of filtrates set up an agglutination
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reaction in the organs. In the main part of the brain and in the
spinal cord, the agglutinins were not discovered in a single case.

In the literature on the field, we could not find any men-
tion about the discovery of anti~toxins in the tissue of the central
nervous system. In order to explain the possibility of penetration
by the tetanus and botulinic toxins into the tissue of the main part
of the brain, we set up the following experiments (Bulatova and Mat~
veev, 1949).

The rabbits received intravenous injections of anti-botulinic
and anti~tetanus serum. During four hours, at first taking the
liqﬁii‘onn by means of sub-occipital piercing, the animal was given
a na.rcosis; tubes were inserted into the a. carotis from both
sides, the head was cut off, and the Ringer-Lokk solution was
allowed to pass through for a period of 1.5 hours (during that
time, between three and four liters of the solution went through
the vessels). The fluid, leaking from the veins during 1.5 hours
from the time the solution started passing through, was collected
and titrated for the presence of anti-toxins. Such a lengthy pas-~
sing of the fluid through the vessels is necessary in order to wash
all anti-bodies out of them. Of course, in part also anti-bodies
that had penetrated from the blood intc the central nervous system
were washed away. ’

After completion of the test, the brain was absolutely with-
out blood everywhere. A suspension with a double volume of the
Physiological solution was made from it; at night, this was placed
into a refrigerator. On the following day, it was filtered through
a talcous filter and titrated for the presence of anti-toxins.
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We established seven tests with the anti-tetamis serum., The
rabbits received intravenously 4,000 AE each. Titration of the 1li-
guiform cystern, of the Ringer-Lokk solution, passed through the
brain vessels, and the filtrates of the brain suspension in 1/1000,
/100 and 1/10 AE in one milliliter took place. In these seven
experiments, only one case of the anti-toxin titer appeared to be
the same in the Ringer-Lokk solution as in the brain suspension
filtrate,

In the course of six tests the anti-toxdn titer in the brain
suspension filtrate was tenf: times larger than the anti-~toxin titer
in the Ringer-Lokk solutién lthat had been passed through the vessels
=% the brain. In the liquiform cystern, the anti-toxin titer al-
ways remzined < i/1000 AE in one milliliter.

Light experiments were set up with the anti-bokulinic serum.

During the first three tests on rabbits, they each reacived
intravenously 7500 to 3750 AE. Identical titers were discovered in
the filtrate from the brain suspiusion and in the Ringer-Lokk sol-
ution. During subsequeat 'aq)eriments, the rabbits were given smaller
quantities of serum but such that would protect the rabbits from
200 DIm of the botulinic toxin during sub-occipital or sub-dural
injection of the same.

the course of five tests, the rabbits received intravenous
injections each of 0.5 — 1 milliliter of serum (375 and 750 AE).
The results of titration showed that the anti-~toxdn titer in the
Ringer-Lokik solution was always 5 to 10 timcs smaller thah that in
the filtrate from the brain suspension. In the liquiform cystemn,

the anti-toxin titer always re.azined ¢ 1/1000 AE in one williliter.
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These observations, conducted with anti-tetanus and anti-
botulinic serum, show that regardless of the absence of anti-toxin 3
in the central liquiform it mairntains itself in the nerve tissue

after it has been washed out completely from the brain vessels with

a Ringer-Lokk solution (Table 21).

Table 2L. Penetration of Anti~toxin into the tissue of the Brain
in Rabbits during Intravenous Injection of Anti-Tetanus and Anti- |
Botulinic Serum
o ) o
LA e g B = 9
g B o ?32 § 2 52 4
@ - SE* q S Rod
HEE =% 9389 2355
| Q [ 1 3 = = 0n 0N 0 4
| % |28d] 2 | Zs 2538 55225
¥ @i & & “ O Lo QY - M © o ol B o
O & |95 3 | B e SEETS
S |»E 5 B b E SE £ S8g .4
' + O o (o] ord [ B
8 [Boe g Sod 2548 E2.B°
f|53E1 0§ | 55 555, §558s
} 2 |88%| & 59 585 5323
i
} ' Anti-Tetanus Serum [
i
: 1 |2 4,000 | <1/1000 =1/1000 | >1/100<1/10
2 |'20 4,000 . | <1/1000 | >1/1000¢1/100 >1/100<1/10
3 20 4,000 | <«1/1000 =1/100 $1/100<1/10
A 20 4,000 | <1/1000 | >1/1000¢1/100 >1/100<1/10
5 20 4,000 <1/1000 | $1/100 <1/50 % >1/100<1/50
6 20 4,000 <1/1000 =1/100 | >1/100
7 20 4,000 <1/100¢ <1/1000 =1/100
Anti-Botulinic Serum
1 10 7,500 { <1/1000 | >1/100<1/10 > 1/100<1/10
2 10 5500 | <1/1000 | »1/50 < 1/10 >1/50 L1/10 !
3 5 3,750 | <1/1000 } >1/100<1/50 >1/100<1/50 !
L 1.0 750 | <1/1000 =1/1000 >1/000<1/10
5 1.0 750 | <1/1000 <1/100 =1/100
] é 0.5 375 <1/1000 =1/100. >1/100<1/10
O 7 0.5 375 | <1/1000 =1/1000 $1/10041/10
8 0.5 375 | <1/1000 =1/1000 =1/10
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Cur previous experiments, in which we established the areact-
iveness of the central nerve system toward tetanus and botulinic
toxins in actively and passiyely immunized animals, appear to be
circumstantial evidence for the penetration of anti-bodies through
the capillary walls into the central nervous system. Tests sct up
with the washing of brain vessels irdicated the presence of anti-
toxin in the filtrate of the brain suspension, which appears to e
direct proof of the penetration by anti-toxins from the blood-carrying
vessels into the tissue of the central nervous system.

In such a way the mechanism of areactiveness toward toxiu Ly
the central nertvous system in animals, during irmunization against
tetanus and botulism, depends upon the penetration of anti-bodies
woward the brain cells in the intramural liquiform. The anti-bodies
penetrate through the capillary walls. It is possible that they
are located on the nerve cells in the form of sessile receptars,
defending the former from the toxin injected into animals by the
sub-occipital or sub—dural methods. During an active immmnizaton,
the possibility is not excluded for an immunized reconstruction of
the nerve cells themselves. However this hypothesis requires it-
self to be proven.

From the above described experimental observations, clear
and practical conclusions flow.

During the serum therapy for botulism and tetanus, it is
necessary to inject as early as possible intravencusly large quan-
tities of serum. In order to avoid shock, the intravenous injection

should be commenced with small quantities of serum (5 - 10 milli-

liters), and then during two to three hours with 50 - 100 milliliters.’
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The patients should also receive injections of the serum intra-
ruscularly several times of 50 - 100 milliliters each.

Such a method of serum therapy for tetanus, according to
the data of Sokolov (1943) and Ishkhanov (1945), was justified
very well in practical application.

During the intravenous introduction of large quantities of
serum, good medical results are obtained in connection with the
rapid penetration of the aﬁti--to:d.n through the capillary walls
in the intramural liquiform. In the event that the toxin enters
the liquiform, the .fomiar undergoes neutralization.

A late injection of the serum provides poorer therapeutic
results, because the toxin is able to make a strong connection
with the central nervous system and the anti-toxin can not split

the toxin away from the nerve tissue and consequently neutralize.

3. Anti-Bacterial Immunity

The study of the basic phases in the development of anti-
toxdic immunity toward botulism has yet to introduce full clarity
into a presentation of its existence, especially concerning its
natural immunity.

As has been shown in the foregoing, with the aid of estab-
lished facts it was impossibie to explain the stability of certain
persons and animals toward the botulinic toxin. During botulism
epidemics in various countries, many phenomena observed were not
gnderstood. At the same time that certain members of a family,
having eaten products infected with the toxin, became ill with a

serious form of botulism which often had fatal consecquences -

, others stayed completely well or were sick with a light form of
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botulism. A considerable number of such cases have been described
in foreign as well as in our own native literatgre. During the
study of fish poisoning at Astrakhan, Sokolov (1886-1893) observed
a large number of persons who remained healthy after eating fish
that had been the cause of a series of poisonings. According to
the data of Sokolov, children appeared to be less resistant to the
botwiinie toxin. Among 13 poisoned children in ages up to 16 years,
eleven (85 percent) died; of the 137 adults who were poisoned, only
46 (33 percent) died. Wilbur and Ophules (1914) described a botul-
ism epidemic at Standford, where 24 students ate some bean salad;
12 of them became ill, the others stayed we&ll. As Geiger, Dixon
and lMeier announce in their monograph of the epidemology of botul-
ism (1922), a mother and son both ate canned asparagus; the mother
died from botulism, but the son remained healthy. Among eight per-
sons who partook of camnned beans, seven became ill but one was not
affected. Fridman, Lorber and Silberman (1936) described several
similar cases, where not all of those who ate poisoned fish in their
food became sick. A mother and daughter ate smoked herring; the
mother died from botulism, whereas the daughter did not become ill.
Thirteen persons ate some fish; three of these came down with sick-
ness, the remaining stayed well. Roe coﬁtaining botulinic toxin
was eaten by seven individuals, but only two became ill. One fam-
11y of eight persons partook of salted sturgeon in their food, in
the course of which all of them ate in the same quentity; only four
came down with botulism. Fish from the same lot was eaten by a hus-

band and wife; the husband died from botulism, the wife was well.




cspecially interesting material was released by liinervin and
rotlyarevskaya (1937). According to their data, in 1933 a total
of 172 persons in 61 families ate fish roe containing botulinic
toxin and microbes. Of these 11/ persons came down with botulism
in various degrees, many of these cases ending in fatalities. The
reraining members of the family were well. This can possibly be
explained by the cluster-like distribution of the toxin in the prod-
uct at a given instance.

Certain researchers attempted to explain the insensitivity
toward toxin by individual persons through the presence in their
blood of an anti-toxin for the poison of the botulism bacillus,

The experiments of Heier and Geiger (1921), Kolimen (19220 provided
negative results., Even in the blood of those who recovered from
botulism, they could not find any anti-toxin.

Minervin and Kotlyarevskaya (1937) occupied themselved with
the study of this problem. They write: "It is possible to assume
that anti-bacterial immunity plays a part in the pathogenesis of
botulism in man. However the materials available in this connec-
’;.ion to date are still insufficient for a solution of this problem
and require further collection and study." |

These authors make the hypothesis that the resistance of man
to botulism may be related to anti~bacterial immunity. They have
based their conclusions upon experimental observations in which
guinea pigs, immunized with botulism microbes, appeared to be con-
siderably more resistant to the disease of botulism.

The question arises: by what means can anti-bacterial imunity

toward botulism develop in the human being? Apart from this, it is
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necessary to explain whether there is at all available data sup-
porting the possibility for the development of such an immunity.

Facts were presented in the foregoing which testified to
the very wide distribution in nature of the botulism bacillus, es-
pecially in certain of its types. Research conducted in different
parts of the USSR shows that type A is more widely distributed in
nature thaa is type B.

In connection with the fact that the botulism microbe is
often discovered in the soil, on fruit and vegetables there is a
large possibility for the infection of food products with this
bacillus. This enables it to penetrate into the intestines of
the human being together with contaminated food. A study of the
intestinal content in healthy persons for the presence of the

botulism bacillus supports the possibility of a similar path for

_the penetratiog. Tanner and Dek {1922) obtained two cultures of

type B from 10 specimens of feces of healthy people. Graham and
Warger (1921) discovered the microbe of botulism in the feces of
a laboratory aide who had never been sick with botulism. A simi-
lar case is reported by Fridman and Lorber (1937).

The possibility for the spores of the botulism microbes to

penetrate into the human intestines as well as those of animads

'and from there into the internal organs is no longer open to doubt

at the present time. The botulism stimulant was discovered in the
internal organs (Shapiro and Nikolenko_, 1937) during the dissect-

ion of cadavers immediately upog death. There is also data in the
literature on the field about the discovery of the botulism microbe

in the intestines of botulism patients (Fridman and Lorter, 1937).
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However of special interest is the research on the col-
lection of agglutinins and their concentration in the direction
of the botulism bacillus in the blood of recovered patients.
Geiger, Armstrong, Story, Scott (1919) discovered the agzlutinins
in tho blood of recovered persons on the 14, 18 and 26th day in
a dilution of 1:40 and 1:320. Nikolenko and Burnos (1937) presen~
ted considerable material on this problem. They studied that pres-
ence of agglutinﬁns for the botulism microbe in 80 serums on people
+ 111 with botulism or suspected of this disease. Blood samples were
taken at various times after the disease -~ from three days to three
months. In many patients and those recovered from botulism, the
agglutination reaction showed itself to be positive when the serum
was diluted 1:200 and in certaii cases 1:400 and 1:800. In one in-
stance, they observed a positive agglutination reaction with the
_botulism bacillus in a healthy man at a dilution of 1:400. All of
these data.‘ indicate the ability of the botulism microbe to penetrate
from the intestineé into the internal organs of man and facilitate
the production of agglutinates.

Miss Fridman (1941) observed 532 serums of healthy persons
for the presence of agglutinins toward the botulism microbe. It
. appeared that 124 of the serums from healthy individuals contained
agglutinins toward this microbe in various titers. In certain of
the individuals the agglutinins were discovered when the serum was
diluted 1:1,600 to 1:3,200. A4 positive agglutination was obtained
with the botulism microbe type A but very rarely with type B. A4s
is known, in the development of anti-bacterial immunity a part is

played not only by tacteriolysins, opsonins, tropins, precipitins
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but also by agzlutinins. For this reason we set up experiments for
the explanation of the presence of agglutininé for the botulism bac-
illus in healthy people, domestic animals and experimental animals.
In order o establish these tests, we utilized the serums
taken from donors for the purpose of checking the reaction in themy
of th. Vasserman test. The agglutination reaction was condiicted at
first with the botulism microbe type A and B, subsequently only with
type A.
In connection with the fact that 200 human serums gave no
agglutination reaction to badillus botulinus type B in all cases,
it was not used any more with this anti-gene.
. The anti-gene for the reaciion was prepared by means of make-
ing a culture with the botulism microbe in boullion without sausage
meat, located in large bottles having from five to eight liters in
volume. The culture was made copious, after which 1t wags maintained
in a thermostat for 10 to 12 days. Usually during that time the
bacteria, after a violent growth, subsided to the bottom of the bot-
tle. The top layer of the broth was poured off, wfhereas the sedim-
ent consisting almost completely of bacterial cells and spores was
dravm off into small containers., Then the bacterial mass wvas diluted
in a 0.5 percent solution of chloride of sodium up to 20 milliard
badterial bodies in one milliliter according to the standard B. coli,
and one percent of formalin was added to it., The antigene was kept
in a thermostat with formalin three to four days, after which it
was protected in a refrigerator all of the time. Prepared in such
a way, the antigene could be utilized for the setting up of a reac-~

tion during the course of a long period. Prior to the experiment,
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tre human serum was diluted not with a physiological solution as
is usual but with a 0.5 percent solution of sodium chloride in order
to avoid spontaneous agglutination. To each test tube was added from
one to two drops of antigene, after which the test tubes were placed
in the thermostat for two hours. Then the results were noted. After
this the test tubes remained on the table, and the results were checked
a second time during 18 t¢ 20 hours. In the majority of cases, they
did not change. Periodically the specificity of the anti-gene wgs
checked by means of setting up an agglutination reaction with the
typical specific serums from the botulism microbes type A and B.

It was part of our work to check 500 serums from healthy in-

, dividuals for the presence of agglutinins for the botulism microbe.

As is apparent from Table 22, a total of 212 serums gave a positive
agglutination reaction with the anti-gene of type A. In 179 cases
the agglutnins were maintained in small quantity. The reaction was
positive with a small dilution of the serum. The remaining 39 per-
sonal serums contained agglutinins in considerable quantity. A
positive reaction in a dilution of 1:4C0 was given by 1, serums;

of 1:500 by five; of 1:800 by 13; of 1:1,000 by one; and of 1:1,600

by three serums,

As has been shown above, such data was also -obtained by Niko-
lenko and Burnos as well as by Fridman when they studied the reaction
of agglutination with the botulism bacillus in people. All of this

has considerable significance for an understanding of 'natural inmmmun-

ization of a human being to botulism., Apart from the presence in

the blood and agglutinins, which appears to be in party an indication

of development on the part of an anti-bacterial immunity in persons
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having a hirh titer of

blood contains also other enti-bacterial antibodies of this bac-

illus. It is possible that these people have an areactiveness to

the botulinic toxin by

Table 22,

Symptomless Botulinic Infection of Human Beings and Animals

Reaction of Agglutination during

O
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agzlutinins for the botulism microte, the

the cells in the ergan tissue.
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The serums of human beings, providing 2.positive azglutine-
ation in dilutions of 1:800 and higher, were used for setting up
a neutralization reaction with the botulinic toxin. In all cases,
it was found to be negative; ©.5 milliliters of the serum would
not even neutralize one lethal dose of the botulinic toxin for
mice. Only one serum, giving a positive ag, lutination in a dil-
ution of 1:1,600, precipitated a postponement of the mouses death
for three to four days. These experiments clearly showed the ab-
sence of anti-toxin in the serum of people during a high titer of
the aggdutinins.

The presence of agglutinins in the serum of healthy indiv-
iduals may be explained only by the fact that, in comnectionsz with
a considerable distribution of the botulism microbe in nature,
there fakes place often contamination of various products with the

spores of this microbe. The data, enumerated above after observ-

~ation of the soil, support this hypnthesis. In the event of eat-

ing with food such products, at times the human intestines are
entered by considerable quantities of spores which penetrate into

the organs a.d cause the formation of agglutinins. If the spores

- of the botulism bacillus only rarely fall into the food of man,

the agglutinins are absent from the serum or are available only

in small guantities. The content of agglutinins of the botulism

microbe may exist in large quantities in the serum of certain

healthy individuals, and this is apparently related to the fact
that at times the persons ate products heavily infected by the
spores of this microbe.

On the basis of the data from literature in the field and

from experiments, the possibility of the botulism microbe going
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fro.z the intestines into the organs may be considered as fully
established. It is clear that the botulism.micégbes, situated
in the organs, cause a determined reaction by the tissue cells
on their presence; as already has been shown, this may lead not
enly to the formation ol agglutnins but also to the areactiveness
of the organ cells toward botulinic toxin.

In support of the enunciated position, we also have the
results from studying the reaction of agglutination with the bot-
ulism microbe in domestic animals.

VWle selected 50 serums from pigs and 100 derums from large
cattde (cows) for our experiments; the animals were characterized
by a small sensitivity toward botulism. It is known that nigs
are carriers of tremendous doses of the botulinic toxin, without
showing any symptoms of the disease. During botulism epidemics
among horses in collective farms, which were caused by fodder from
silos, the cattle and pigs did nol bzcome sick even after feeding
from the same silos for considerable lengths of time.

During the time of the German occupation of France fronm
1940 to 1944, there were 500 epidemics of botulism involving over
1,000 human beings. The cause for the betulism disease in 93 per-
cent of the cases was pork. Studying this problem, Legr, Dzheramek
and Levaditi (1944, 1945) came to the conclusion that pigs during
their lives may be infected with the spores from the botulism bac-
illus, especially in those cases vhen they are fed on tarow-aways.
Legr and Dzheramek discovered large quantities of spores from the
botulism microbe in the meat of one pig immediately after it had

been slaughtered. In connection with such facts, the study of
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anti-toxins and agglutinins in these animals was very important
for an explanation of the mechanism in the develbpment of a nat-
ural anti-bacterial immunity.

The experiments were set up with the application of the
previous methodology; the antigene used in the agglutination reac-
tion with human serum was also applied here. The results of the
observation appeared to be completely different. The aggiutination
witn the serug from pige was positive, with the botulism microbe
of type A in 80 percent, and also in 20 cases (40 percent) with a
dilution of the serum from 1:800 to 1:1,800 (Table 22). Of the 50
serums, a negative reaction was given by only 10, The serums from
cattle provided identical results. Among 100 serumns, a positive
reaction was obtained in 71 (71 percent). When diluting the serums
from 1:800 to 1:1,800 the reaction was positive in 23 instances
(23 percent).

The anti~toxin was not discovercd in the serum of these
animals.

The presence in large quantity of agglutinins in the blood
of animals is explained by the type of food they eat. When feed-
ing on various fodder, large quantities of spores from the botulism
stimulant enter the animal organism. The presence of the botulism
bacillus in the intestinal contents of pigs and cattle was estab-
lished by the research of Easton and Meier (1924). In the event
of penetration by the spores of this microbe from the intestines
into the organs, there takes place an immunization - in animads,

not only agglutinins are produced but also a resistance to the
toxin from the botulism bacillus.

-
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The hirn degree of stability toward the botulinic toxin
shown by the mentioned types of animals has been establ§ihed long
ago. It was possible for us to discover in their blood larse
quantities of agglutinins for the stimulant of this disease, which
also indicates the development of an immunity.

The possibility of the developinent of an anti-bacterial im-
munity toward botulism on the part of animals in natural conditions
of existence is also supported by experimental data.

As has Leen shown by Meier, Leikhs at first ottained an ag-

glutination with the serum of animals immunized by botulinic toxin
that contained bacteria. Bronfenbrenner, Shlezinger and Kalazans
(1921) showed that the serum of animals immunized from the botulism
microbe aggiutinate this microbe well. 3hengolts and leier (1923)
imminized 69 rabbits with a dead culture of the botulism microbe;
of these, 46 animals provided a good agzlutination serum in sepa-
rate instances with the titer up to 1:4000 and 1:10 000. With the
serum of eight rabbits, the agglutination was weak; and the serums
of 15 rabbits did not contain any agglutinins whatsoever. Similar
results were obtained by Sterin and Dek (1923). These authors note
the formation of agglutinins in very large quantity during the im-
manization of rabbits by the spores of the botulism bacillus; the
titers of serums in such conditions were considerably increased,
but a part of the animals died from botulism notwithstanding.
Good serums, agglutinating the botulism microbe, were obtained
in the USSR by Zelevinskaya (1935), Matyash (1940), Matyash and
Asikalonov (1941).

In order to study the role of anti-bacteriad immunity in

relation to the protection of the organism from the disease of
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botulism, very interesting observations were made by lMinervin

and Kotlyarevskaya (1937). It appeared that guinea pigs immun~
ized with the botulisxﬁ nicrobe, during the absence from their blood
of anti-toxin, were possessed of a considerable stability in re-
gard to the infection of botulism which was caused in them by a
sensibilization of the toxin., These authors consider it possible
that an anti-bacterial immunity toward botulism may exist in human
beings as well as in animals and that this irmunity may have been
introduced through a natural path in the process of feeding on in-
fected products. ‘

During the time devoted to the experiments described in the
foregoing, we also studied agglutinins in the serums of animals
contaminated by the spores of botulism microbes. The concentra-~
tion of these anti-bodies was observed in rabbits and guinea pigs
when they «ere infected subcutaneously with spores and a.l.g. through
the mouth., The appearance of agglutinins :i.n the blood of animals,
infected with the spores of the botulism bacillus through the mouth,
testify to the fact that they penetrate through the walls of the
intestines into the organs and cause the development of an anti-
bacterial immunity.

The agglutination reaction, during the infection with spores,
was positive for 33 rabbits among 63 gnd for 2, guinez pigs out of
31 (Table 22). The agglutinins were discovered in various titers;
in individual cases the serum provided a positive reaction in dilutions
of 1:800 and 1:1000. In view of this fact that the animals in their
majority were infected once with a small quantity of spéres, the
high titer of the agglutinins may be explained only by the develop—
ment in them, as we assume, of a symptomless botulinic infection.
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In such a manner, the data contained in literature on the
field and the results of our own experiments leads us to the con-
clusion thatbthere is a possibility for development of an anti-
bacterial immunity to botulism on the part of human beings as well
as animals,

Under the heading of causes for contamination of cartilag-
inous fish by the botulism stimulant, it appears that they may be
met with in individual lots of the product whic;h has been consider-
ably contaminated by the spores even in the absence of the toxin.
When eating such products in the form of food (usually after cook-
ing, which does not kill the spores) people apparently develop a
symptomless infection that usually ends fortunately without any
visible clinical symptoms. During the developnental process of
the infection, agglutinins are produced, and there takes place a
transformation in the reactiveness of the tissue cells toward the
botulinic toxin, The development of cellular immunity toward bot-
ulisnm a ‘pears to be the cause of stability on the part of iyjdiv-
idual persons to the botulinic toxdin.

Apparently the anti-bacterial immunity and the areactiveness
on the part of tissue cells protect in individual cases the human
being and animals from the botulism disease. These means for de-
fense appear to be the basic ones during the penetration of spores
of the botulism bacillus into the organs at the time contaminated
food or fodder is being eaten.

T et e =
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CONCLUSIOX

Swrmarizing the above described data found in the literature 1
on the field and in experiments, we are able to make a series of con-
clusions on their basis.

The snorus of the botulism stimulant possess an exclusively
greater stability toward the action of chemical and physical factors.
Under the influence of a high tempergture, they may transform f.hem—
selves inside of cultures into "dormant spores" and not develop for i
a long period of time.

Food products (meat, fish, fruit, vegetables in cans, etec.),
econtaminated with the spores, even after freezing may become toxic
in cormectiog with the destruction of certain parts of the spores
under the influence of low temperatures. Spores introduced into the
organism of the human being and animals spread out, grow into vege-
tative forms with the formation of toxin, and cause changes in the
reaction by cells as well as the produétion of agglutinins and anti-
toxins.

The botulism stimulant is capable of producing a very strong

toxin in the organism of man and animal through food products in an
artificial medium. '

The problem of transforming toxigenous strains into non-

toxigenous ones under the influence of high temperatures hgs been

studied inadequately.

The concept that botulism appears to be a very rare disease

|
1

does not correspond with reality. This is contradicted by the wide

distribution of the botulism stirmlant in nature and also by the
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quite freguent discovery of it in food products. Apart tiom this,
not all cases of botulism are diagnosed,

Varm-blooded animals play a considerable Yole in the distri-
bution of the botulism microbe on the earth's surface and in the con-
tamination of the soil. Wild birds, making flights over long distan-
ces, rodentd, and also domestic animals add to the spreading of the
stimulant in nature. The statement that the botulism bacillus appears
to be the natural inhabitant of only the soil, and even exclusively
virgin soil, is without any kind of serious scientific foundation.

The problem of distribution on the territory of the USSR of

" individual types of the botulism stimulant requires further study:

this is of considerable impoptance for the perfection of serum therapy
against botulism,

In oud country during the pre-revolutionary period and in the
first years after the revolution, the principal factor causing the
botulism disease in human beings was cartilaginous fish (various kinds
of sturgeon). At the present time, a case of botulism in the USSR
after eating cartilaginous fish salted industrially is very rare.
Botulism is always still observed after the consumption of cartilag-
inous fish salted at home and smoked privately. Of great importance
in the sharp decline of botulism in our co?;t:ry were the studies by
Soviet microbiologists, who established the causes favoring the con-
tamination of cartilaginous fish by the botulism microbe. Infection
of the Zish may take place not only by endogenous means - from the
intesiines, but also exogenously - from the outer medium, during poor
sanitary conditions of processing, transporting and preseriing the fish.

Bacteriological control over the cartilaginous fish, infected

by the spores from the botulism microbe, showed that during its con-
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sunmption in food, even after cooking, the development in human
beings of a symptomless botulinic infection is possible. The res-
ults of bacteriological control corroborate experimental observa-
tions on rodents (miue,. grey rats, guinea pigs, rabbits). Grey rets
ate fish infected with the spores of the botulism microbe, and the
latter easily penetrated through the wadl of the intestines, causing
a contamination of the organ tissues in these animals. The same
results were obtained also in other animals during their infection
per mouth by the botulinic spores. Analogous phenomena were estab-
lished in the cadavers of people who died from botulism; during the
few hours after their death, theinicrobes of botulism were found many
times in their organs.

Cartilaginous fish, contaminated with the spores from the bot-
ulism microbe, after thermal processing apparently is unable to cailse
clinically visible cases of botulism, despite the fact that the spores
are notv destroyed during such processing. However the absence of
clinical symptoms of botulism does not provide the basis for the state-
ment that small quantities of spores from the botulism microbe, fal-
ling into the hLuman organism by consuming cartilaginous fish infected
with spores, are completely harmless. , ‘

It can be said without any doubt that the microbe is conditioned
to live in the organism of warm-~blooded creatutes that possess clearly
expressed and stable toxigenous properties; when found in the organs
of man or animal, it should cause specific changes in the organism,

The consumption in food of products, in which the presence of
spores from the botulism bacillus have been established, may be safe

only after sufficiently prolonged thermal processing that fully guar-

antecs the destruction of the spores.
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The results f{rom the study of processes which take place in
the orzanisn of experimentul animals (rice) durins the presence of
an infection, but in the absence of visible clinical symptoms of
botulism, can be brought down into the following thesec:

1. The botulism stirulant possesscs the capability of pene-

rating from the alimentary tract into the organs of animals (liver,
spleen), causing contandnation of the organism. As a result there
develops a symptomless botulinic inrfection which, after a surgical
trauna, mey be transfermed into a clinical visible one ending in the
death of the animals from botulism,

2. In the organs of animals, the botulism microbe may be loc~
ated for lony periods of time (up to 92 days) without losing its
toxigenous properties and the capability of multiplying in the or-
ganism of warm~blooded creatures.

3. Toxin, gaining access to the alimentary canal of animals
together ‘'with spores, similarly to the surgical trauma paralyzes the
protective abilities of animals, contributes to the multiplication
of the botulism stimulant and the production of new toxin, as a reault
of which the animals died from botulism.

4. The botulism microbe possesses infectious properties and
appears to be a pathogenic microbe.

Clinical observations and experiments on animals have estéb-
lished that the botulinic toxin proceeds from the alimentary canal
into the blood-carrying vessels, where it is discovered easily with
the help of biological tests on animals., However to date the action
of the toxin upon the blood-carrying vessels and the path for its

penetration into the central nervous system have rnot bien explained.
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The experimental observation conducted by us decisively refutcs

the point of view that the botulinic toxin strikes mainly at the ner-

vous systgﬁ”ﬁot causing in this connection pathological transformations

in other organs.

Our experiments prove beycnd a doubt that the vessele of the
animal organs and human orgéns react to the botulinic toxin by strong
contraction, while at the same time the vessels of these same animals
and human beings provide an insignificant reaction t6 toxin that has
been dispersed through boiling.

In such a way, the results of tests support the conclusions

of clinical workers about the vessel-contracting action of the

‘ botulinic toxin.

The hematogenous path as a means for distribution of the toxin
throughout the whole organism, apart from the centr#l nervous system,
exists without any doubt. The path for the penetration of the botul-
inic toxin into‘the'central nervous system has not been explained po
the present time.

The following has been established, on the basis of tests con-
ducted witﬁ animals which received intravenous injections of la-ge
quantities of botulinic toxin:

1. The absence of toxin from the spinal cord fluid while it
is present in large quantities in the blood even after the death of
the animal. This fact appears to be unchallenged proof that the toxin
penetrates into the central nervous system along lymphatic paths,
since the 2atter have been reported with the sub-nembrane area of
the brain (Speranski, 1935).

2. The penetration of the botulinic toxin by heratogenous

means (through destruction of the capillary walls and thosc of the
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pre-capillaries) into the central nervous system, where it adsorbos
itself cuite strongiy; during subsubtaneous injections of the brain
suspeunsion into animals, it does not manifest its poisonous property.

The data obtained by us in experimenta2 research on the patho-
genesis of the botulinic intcxication rmay be reduced to the following:

L. The toxin penetrates from the alimentary canal into the

Jlood~carrying vessels.

2. ‘“ne toxin spreads over the whole organism with the blcod.

3. Situated in the blood, the toxin causes a strong contrac-
tion on the part of the vessels, paralysis of the miocardia and walls
of the vessels.

L. The toxiy penetrates through the damaged walls of blood-
carrying vessels into various oogans as well as into the central
nervour system.,

In animals infected with doses of spores from the botulism
microbe, there develops a symptomless infection which may last over
a long period of time and be accompanied by a very slow multiplica-
tion of nicrobes in the organs.

Under the jnfiuence of toxic products of microbe viability,
the i:z:rzmnolcgical condition of cells in the smooth musculature of
vesscls is transformed. As a result, there takes place the formation
of agzlutinins (at times in insignificant quantities - of anti-toxin)
and a weakening of the reaction by vessel cells upon the toxin, In
such 2 way, the symptomless infection caused by spores leads to tae
deveLomnent o inmmunity by the cells of the smooth musculature in
vessles,

Experinental observations in order to explain the meclanism

of imuunity during botulisn permits the fnilowing conclusions:
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1. During immwnization with the botulinic anatoxin, there
occurs in animals a deep transformation not only iﬁ the blood but
also in the cells of the organ tissue: a cellular and humoral im-
mani.ty toward the botulinie toxin develops.

2. The anti-toxip immunity during botulism, as also in dyp-
theria and tetanus, is conditioned by the presence of anti-bodies
and the areactiveness of tissue cells in the organism toward toxin.

3. During contamination with spores, the immunity of cells
in orgzans develops propitiously thanks to inramization from the toxin
vhich i8 formed in the organism. Infection with spores and immuniz-
ation by the anatoxin identically cause the areactiveness of cells
in the organs of animals toward the botulinic toxin. In this and in
other cases, imnunity is precipitated by one anti-gesne; this appears
to be proof abofy) the production of toxin in the organism during the
contamination §f animals with sub-lethal doses of spores.

4. The obtained results confirm and support the necessity for
applying anatoxin during the treatment of botulism.

5. Better results are obtained during the serum therapy for
botulism with a single immnization by anatoxdn, especially in hard
cases of the disease. The latter depends upon changes in the con-
dition of tissue cells within the patient's organism; these assume
areactiveness toward the toxin produced by microbes.

By studying the areactivemess of the central nervous system
during serum therapy and during active immunization, it wes estab-
lished that in the serum therapy against botulism and telanus the
anti-toxin practically does not penetrate into the liquiform cystern.

Hovwever this fact can not serve as the basis for claiming the
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defenselessness of the central nervous system during serum therapy
and during active immunization against toxinemic infections. Our
2xperimentat data indicate an areactive condition in the central
nervous system during passive and active irmmunization against bhot-
uiism and tetanus. This shows that the anti-toxir situatcd in the
blood penetrates through the capillary walls ifto tie int:amural
liguiform, directly washing the brain cells. The toxin located in
direct contact with the nervous system neutralizes itself by means
of the anti-toxin,

Practical conclusions Ifrom ovr research are contained in the
followiag: during serun theranpy for botulism and tetanus, it is
necessary to inject as soon as possible intravenously large quanti-
ties of serum; simultaneously, tiie serwa should also be injected in
large quantities intra-ruycularly rcr the purpose of maintaining a
high titer of the anti-toxin in the blood éf the patient.

tudying the formation of agglutinins in laboratory, domestic
animals and in healthy huran beings showed that in the pathogercsis
of botuliem a considerable role is played by anti~bacterial immunity.
In animals, infected subcutaneously or per mouth with the spores of
the botulism bacillus, there is observed the formation of agglutin-
ins in large quantity. At the same time, and absence of anti-toxin
from their blood is observed; on the other hand immunity of ths organ
cells toward the toxin is present.

This phenomenon can be explained by the fact that the microbe
produces an insufficient amount of toxin Lo irrdtate the ceils par-
ticipating in the production of anti-toxin; this is corroborated by

the absecnce ol it from the blood of animale during many injections
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of small botulinic toxin doses into them in sequence. After conduc-

|

|

} ting an agglutination reaction with the microbe of botulism and serum
| from pigs and cattle, it appears to be positive. in those animals in ;
i a large percentage of cases. The presence of agglutinins in a high |
‘ titer throughout the blood of certain animals may be explained by the
fact that they were infected with spores while eating fodder.
Studying the reaction of agglutination with the botulinic bac-
illus and human serums, it appeared that in a part of the cases the
reaction was positive when the serum was highly diluted (from 1:800
to 1:1600), in others when it was low, but finally in the majority

of cases it was negative.

These data definitively point toward the development of a .
O symptomless botulinic infection in certain pereons; this infection
| precipitates immunological transformations in the organism.
The stability of individual persons to the toxin apparently
can be explained by the development in them of an immunity when they

consumed withftheir food products that were infected by the ‘spores
of botulisn. | ’

. So, the human being and animals, when consuming food of an in-
ferior quality at times become infected by the spores ﬁom the mic-
robe of botulism; as a result of this, they develop an anti-bacterial

and anti-toxic immnity.

The botulism bacillus appears to be the most promising model ‘ ,
for the study of the pathogenesis of other symptomless anaerobic in-

fectiohs. During a symptomless infection caused by the spores of an
O anaerobe, there takes place an endless process of interaction between
the microbe and the macro-organism. A hypothesis to the effect that
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the spores of anaeroves can remain for a certain time in a non-active

condition, does not correspond with realitk.

4

|
The microbe, having penetrated into the organism, immediately '

; berins to manifest its viability and causes immunological transform-

ations in the organism. The microbe and the macro-organism during

the whole time of the infection manifest endless action one upon the

o A

|
other; as a result of this, the infection is destroyed and immnity |
develops or the disease commences. The final outcome depends upon : |

] the aggressiveness of the infectious agent and the defensive capa- |

bilities of the macro-organism.
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