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‘nntiaora availadle besides a horses serum.

Bctuliem Caused bty Inhelztion
By: E. HOLZIR

Senior Physician Dr, E, HOLZER, Medical Word of the Municipal
Kiunchen-Schwabing Hospital (head pkysician: prof. med, Or. H.
BEGEMANN), MUnchen 23, K&lner Platz 1,

(Translated by: Bdward Lachowicz, Maryland, Xodical-Legal Poun-

~ dation, Inc., 700 Pleet Street, Baltimore, Maryland, 21001)

In thils rejort are diocunood three cases of laboratory in-
toxication caused by the inhalation of dust that contained botu-
linal toxin, We describe here the possibilities of resorption
by way of the plaryngonasal cavity and by the respiratory tract.
Ve also report here & rare occurrence of the toxic infection
involving botulism. The botulinal polsonirg has irhibitive effect
on the acetylcholine synthesis, or on acetylcholine secretion of
the cholineigic nerve fibers and leads to disturbances of the
neuromuscular trancference at the end plates., Honce, a treatcant
with ncetylchélino seens to have a rarticular justification in
addition to the doses of antiserunm, 'tvtlitun") and general

therapeutics. We shall slac explain the necessity of havizg other

The botulism, a poisoning with ths toxin of Clostridiuz botu-
linum, i8 quite & rare 1llness that is distinguisked by a high

mortality. Generally, all persons get sick after eating food tﬁat
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contains this toxin, Since the toxin is regarded as one of *he

most powerful known poisons, thus, nctwithstanding careful pre-
csutions, even the szallees’ amounts of it taken with spciled food
can cause a fatal disease, Actually, the number of poisonings that
occurred in Aaerica is considereld higher than that in Burope (LE-
YER'%). Even during the last war botulinal diseases were infrequent

in Germany (KOBPPE‘O) .

But, during the years of occupation frcz

1940 to 1944, LEGROUX, LEVADITI and JERAKEC'> determined in Prance

pore than 1,000 poisonings out of 500 foci. While in Americsa the
poisonings with Cl. botulinum were predominantly detected by way

of cans with vegetables, or cans with fruits as vehiclas, the cases
exanipned in Europe revealed the presencs of tﬂ; toxir mostly 1ia

poorly preserved canned meats and in dried meats. Recently -e- (:)
ported poisonings were caused mostly by contaminated cheese spreads

tvn),

As early as in 1897 van KMNGEHS

descrived the clinical
syaptoas as follows:

1. A decrease or increase ol saliva and secretions of mucus
in tke mouth, pharynx, etc.

2. More or less pronounced external and internal ophthalmo-
plegia.

3. Dysphagis to aphagia, aphonia, severe obdstipation,

4. Absence of fever, of sensation disturbances and ceredral
disorders.

5. Respiratory disorders and cardiaoc disturbances are frequont.

ly associated with this combination of symptoms and can lead, on an

. )
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sverage, to a sudden death with the irdication of buldar paralysis

and asphyctic collapse symptonms,
If we add to this descripticn that a considcrable and gexzoral

ousculsr weakneass occurs, whiie zost reflexes rezain intact (18)

and that objective symptozs may be preceled oy subjective disorders,

such as numbness, or a feeling of intozication, ore c¢cbitoins c¢cz-
plete features of the clinical picture. Doubtlcas, mydriansie La
nct inevitable (19a,b)., Various toxina that are produced with the
human pathogernesis by Cl, botulinum are the types A, B3, C and E
(20) and they develop identical symptozs of the disease; they are
differentiated only in connection with the type-specific neutrali-
1)

zation process of the toxin. According to BINGOLD 7, a different.al
diagnosis should be made antithetic to cncuphalitiuJepfdemlca, *he
initial stage of poliomyelitis, diphtheric incapacitation, =sthyl
alcohol poisoning, paratypboid fever, atropine poiscning, =zushroca
poisoning, lues cerebrospinalia, buldar paralysis, myastkLenia azd
acute bulbar myelitis.

Unlike the familiar cusce oI botulism produced aftler eaiing
contarinated foodstuffs, we report here three poisonings developed
siaultaneously as laboratory infections by way of the irhalation
of highly purified toxins, Three peticnta.V.R.(S. K.l.(j anl G.G.
Q autopsied rabdbits and gulnea pigas, which the day before were
exposeld to merosol of a highly purified botulinal toxin tygpe A
that was released in a hermetically closed container. The patiantas

V.k., and G.G, were present all tre tlize at tlhe autopsy of five ani-

mals, including the skinning of hides and dissection of orsuns,
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while the patient KX.M. asaisted for & short time only. The =0
three participants wore a complete protective clothing during
ﬂetual ser~sol experiaenis, Sut the sudsejuent observations of
animale were .arried out in other cages and in another secticn
without protective clothing, but merely protective gloves were
used, Moreover, the molistening of the skin of ox;ori;intal anicels
{to brcvont stirring ~* duat duricog rezoval of skins) waes applilad
to one animal only, but a2t to the other four. By addition of
colloide the toxin became stabdle.

Y.R., wbose pr;viou' histcry of allergic reaction to tetanic
horse antitoxin ie of importance, noticed three daya later a
"feeling of mucous plug in the throat®, which he was unadle to
relieve by cough, or by hswis. The next day he felt lixke incurring
a bdeginning of cold, but no fever, He had in the mouth a great
quantity of mucus that he could not swallow; he Jelt slightly bve-
nuzbed the entire day. In the evening he experienced, for the first
tipo; d1fficulties in swallowing: he could swallow 8o0lid foods
-niy with a 1i3gaid. Now, he perceived spontansously the first. sus-
pxéion of having botulism, The next day his numbness tecame more
intense, alsoc the difficulties in swallowing increaced and a faelirng
of retarded ocular motions appeared. Standard checking on adzittnnce
that day brought ths following findings: EZ good, Al d;stinctly
reduced. Increased motility of mucus., Indistinctness of speech,
Pupils round, alike on bLoth sides, moderately wide, react to light
and to clo-o‘focua. 31light rotatory nystagaus, TLhoracic organs

¢linically and roontgondgically corioct. Pulse 32/zin, RR 135/9C

- 4 ==

()

C

O




e =

;
4
i
b

NI

wm Hg. Abdomen inconspicuous, tonicity, trophicity, sheer stroxgth
and motility of arme and .egs all inconspicuous; release of terions’
reflexes and periosteux reflexes unobctructed. Superficial sencation

and deep sensation undisturbed; gait sozewhat uncertain, I3 2/6 =a,

' blood picture: hd, 17.3 g%, ery. 5.22 aill., b/ 33.2‘/!. leuko,

9,50:1% stad,, 71% sega., 20% lympho., 8% mono; total albdbucin 6.8
g%; electrophoresis: aldumins 58.0 rel.%, alpha-1- 3.5 rel.x, alpha

-2~ 11,0 rel.%, bets - 15.0 rel.%, gamza-giobulinas 12,5 ral«%,. Elcctrec

cardiogram: inconspicuous. Nrine condition: tporadic leukocytes and
eplthelia, - Since, in spite of all efforts, we could obtain oaly
horse antitoxic serum, thus, after previous udxininfration of pro=-
batory saall doses that were well endured, we administered 100 ml
of antitoxic serun nftorva prior injection of prednisclene on the
day of nrriinl. The next day we administered all together 100 ml

of serum again, fractionally., Moreover, the patient received in-
fusion of periston-N, according to recomz=endastions of SCEUBERT (21),
and also repeated intramuscular injectiocns of acetylcholine during
the first four days. On the second day of his hospitalization, he
atill had consideradle difficultiss in swallowing, bu¢t only light
subjective visual disturdbances, and also light headackes, but ro
numbnesa, On the third day the difficulties iﬁ ewallowing docrcased
considerably, however a elight nucbness reappeared, Or the fourth
duay: the condition remained the same. On the fifth day: still
slight accommodation disturbances. Noted additional decrease in
difficultises of swallowing, but a slight numbness still remained;
the patient felt essentlally better, in gonersl. On the sixth day:

the condition remsined the saxe, however urticaria began to appocr
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in places of the injections of serum. The patient received anti-

histaminic injections. He was iischarged on the 9th day. Pew days

later a typical serum illness appeared, After that, a slow con-
valescence followed,
The animal experiment with the patient’s serunm ad:iniatored
to & mouse (25) showed a positive result as to botulinal toxin.
G.G, perceived, at first, a sensation of dizziness and intoxi-
cation in the evening on the third day arfter the autopsy of animals;
later, indistinctness of speech and difficulties in ewallowing
appeared, The next day, as slight dizziness continued, a chocking
feeling in the throat appeared and this made the eating of noon
aeal almost impossible. The patient went to bed again after her
noon meal,perceiving that ocular motions increased dizziness, Iﬁ (:)
the evening, with difficulties in swallowirg, a great quantity of
sucus oppearsd in the mouth and, as it could not be swallowed, the
patient experienced speech difficulties. She was so weak on the
next day that she was unabdble %o cut a piece of nwread. Anyhow, she
arrived at her place of work like intoxicated and experiencing
severe difficulties in swallowing. Consultation, - FPindings on
admittance: EZ good, AZ distincily reduced, Pace slightly swollen,
swallowing consideradly aggravated, pupils mocerately wide reacted
%o light and to close focus, Absence of clearly viaible paralysis
of the eye muscle, Slight rotatory nystagmus, readirg oo oxeftive,
letters are blurred, Speecn inconspicuous, Thoracic organs clini-
cally and roentgenogically corroét. Pulse 72/ain. RR 130/70 m= Rg.
Abdomen inconspicuous. Tonicity, trophicity, sheer strength and —_
A
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motility of extremities all uraffected, Superficlial sersation ard
deep sensation normal. Release of tondons’ rcflexes and paricsteun
reflezes uncbstructed; gait distinctly uncertzin, BES 4/10 =3,
blood picture: kd, 14.3 g%, ery. 4.27 =mill,, hd./= 33.5 )J" louka,
11,700, from this 1% Eo, 1% stab., 86X segmn., 5 lyzpho., 7 mono.
Electrophoresis: 61% albunins, 4% alpha-li-, 9% alphka-2-, 133 teta
and 13X gamma globulins, Blectrocardiogram: inconapicuous, Trins
condition: normsl. - On the day of adzittance we administered 100
m]l of antitoxic horse serum intravenously and additionally S0 =l
(intramuscularly) infusion of periston-~K; then, repeated intra-
muscular doses of acetylcholine (for 4 days). Cn the erecond day
again 50 ml of serum were administered intramuscularly, wbﬁrcupon
& short-lasting fever of 38.6% appeared, We Btill noticed on the
second day of treatzent a conslderables numbness like intoxication,
severe difficulties in swallowing, blurred vision and headaches,
The difficulties in swallowing continued on the third day, while
the headaches and visual disturbances diminiskhed, Headaches dis-
appeared on the 4th day, but some difficulties in swallowing still
remained. On the 5th day: no visual disturbances, the patient could
read, but sliight difficulties in swallowing still remainéd.’On.the
6th day: the condition bas not changed., On the 9th day: 3light
general weakness, otherwise no cozplaints; diacharged. The animal

experiment on a mouse also positive,

KE.M., who zesiated for a short tize at the autOpsies of acimale.

al80 became 1ill on the 3rd day having moderate headaches and ¢ feel-

ing of some numbness, On the next days he felt a gevere tightness
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and a chooking fealing in the throat in addition to ‘O a slight
feeling of difficulties in swallowing. He was sdmitted as a ﬁod
patient with the other two already hospitalised, Pindings oa ed-
aittance: EZ good, AZ slightly reduced; slight difficultios in
swallowing. Pupils amcderately wide, round grd well reacting to
1light; contraction of pupils to convergence - good, Eyes’ rmotility
pormal, speech unsffected. Thoracic organs clinically and roentgen-
ologically correct, Pulse 96/min; RR 125/80 mm Hg. Abdozen incon-
spicuous, tonicity, trophicity, sheer strength and motility of
sxtreaities all undicturbed, Superficial sensation and deep son-
sation normal. Release of tendons’ reflexes and periosteum roflexes
unaffected. BKS 2/4 mm, blood picture: hd. 16,94 g%, ery. 5.27 =ill,,
nb./B 32.2, leuko, 8,000, from this 1% Bo, 72% segm., 20% lyspho.
and 7% mono. zloctrophorieil: albumins 54,0 rel.%; globulins: alpha-
1- 5%, alpha~2- 9%, bdeta - 13%, gamma - 19%, Blectrocardiogras:
- inconspicuous. Urine condition: normal.

His previous history for the last 7 years indicated two passive
preventive inoculations for tetanus, of which one was with a horss
serum. Since we could only obtain horse antitoxic serum, thus,
potwithatanding the previous history, we attenpted to produce a
prerequisite for the serua therapy by way of & careful desensi-
tisation act. But, regardlees of the doses of prednisolone, Novocain
acd 'Dolant1n'.). the patient reacted even to the smallest doses
vof seruzs by evoking gensralized urticaria sruptions on ihe skin,

sonsequently additiongl dcses had to be discontinued after a total

- - P > T P S D WD TP = - - —— - W - - - -

O

@)




|
E

e e s e et . = e e
e ————— e et

@

of 5 cl. Hence, the treatment followed with infusions of poriston-N,
also ;ith repsated bdblood transfusions and with coansccutive ldozoa

of acetylcholine (for 5 days). We couald control well with anti-
histaminic drugs numerous urticaria (with hezztic ecscinopkilia;
eruptions that appeared particularly on the 6ik day. Trne paticn?,
being exposec only for a short tize to the inhalation of the tcxin,
faced a consicerably easier recovery; the symptiozs of {ntoxication
were limited to headaches, slight dizziness, zmoderate difZiculties

in swallowing and no visual disturbances, Consequontly, witacut

" & serum therapy, he waa alaso discharged on the 9th day. CI course,

the animal experiment, like with the serum of other paticnia,
brought positivs resulta,

The well-defined clinical rindings, also positive experixzonts
with animals and good results obtained from tha sntitoxic seruan
administered to two seriously ill patients, proved that, in cor-
nection with the deenribed diseases, we wore dealing with the bdotu-
linal poison intoxication. Since the poisonirng revealed itself as
oral, the mode of intoxication was nons other than the inhalatisn
of finely divided "toxic dust® that roczained suspended in tho fur
of animals after aercosolization. In general, bvotulism is an intoxi-
cation, not infection, since all its symptozs can be released by
the toxin (8). Pindings of recent years indicate Lowever that,
contrary to previous opinions, an inlection with botulinal recillt
can also occur. K.F.KEYER (15) deterxined already in 1928 that,

no doudt, nontoxic apores of A and B types can germinate in the

. e -

bodies of animals, tren they can develcy poizons and produce botulis:
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+5% 1543 an experisontal apd absolutely typical botulisx was dovelopad

in a muscle of guinea pig by injection of wzalded germa or culturcs
ol tho type C botulism (20). Also, odscrvationo wcera reporisd thLt
involved threo fatal cases of botulinuc-genic wound irfcctiono (9,
22, 5). Botulisz can alao‘appoar as 8 toxic izfoction 1ikd totozmus
and not @olely as an intoxication, We stould zmontion hore c¢ccasion-
al ieports about postxzortal detections of bdotulinal bucilli in the
spleon, in liver and gall, oo well as irn tka 1Lteatinaa (19). Zkus,

in cases of antoral poisonings, one has to consider that, in cd-

dition to the toxzin prosont in foodstuffs, additional production

of toxin takes place in the intestines of the host. Hence, or'
obvious importance is a careful ilimination of tho gastrointestizal
tract izmoediately in cases of detected obstipation.

Tho toxin diacovered by van ERLENGEL in 1836 was lTown provi-
oudly as.tha "neurotoxin®, According to a recont conception, tha
toxin is a coamporient part of bactarial cells (20) ard diffusaa
progreasivcly in the surrounding medium. The importance of the
toxin 1o the 11fe of baoilli is unimown, Penioillin stops the gerca
nvet wifectively (24). Subeequently to tho doses of chloramphonicol
and ponicillin, BOKVENTHE and EEXPE (3) could not deterzine any
incracse of cello, but a quite conai@érabln increrne of toxiciily
in the source of pourishment caused by the lysis of bacillar bodias,
Thorefore, VIZRLING (24) justifiably refers to a possi%ility tnat
a trcatzont with antibiotics in tho pressnce of a botulinus-gonic
infection cay strengthen the intoxication. Tho toxizns as suck ero

tizple protoins of a globulin type and are eolely cozposed of cziro
R
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mo%or nerves and, perhaps, on the parssympathetic Ziders, Tke
sdrenergic and the sensory fibers appear to %e fully refractory
opposite the poison., Unlike the curare effect, the muscle recmains
sensitive to exogencusly aupplied ecetylcholino; the poisoned zuzclo
reacts also to direct stimulation, Consequently, Prostigzin 18 not
an antidote. Often a question arises, whother tho mochruznios of
poisoning leads to a decreased synthesis of acetylecholine, as TORZA
and WOLPT (23) bvelieve on the basis of their ex;ericents with fro3s’
brains, or whether the secretion alone is obtstructed. Thus, stric-l.
speaking, botulinal toxins may not be cellular poisona; they sup-
posedly affect biochemical subastrate (11), The toxin does not
influence cholinootor;uo. This interpretation of the tox’x’s effoct,
sscured experimentally, tontradicta the clinical obssrvatiocns of
MOELLER (18) pertinently to the favorable action froz intralucbar
administration of antisera versus the intrasuoculer doses of serun
after they proved ineffective: this can only be explained by a
neutralization of the toxin that became combined when acting on
the central nervous system. One should also refer to the experi-
ments of DAVIES et al. (4) who failed to see any local effect afisr
injections of the toxin into medulla obdlongata and into the nervus
isohiadicus,

As to the absorption of the toxin in the gastrointestinal
tract, the place and the method of xosorpfion have so far not bveen
clarified distinctly. Certain detoxication takes place on the
sction of the proteolytic onzymc;{;ypain and chymotrypein, no doubt,

Pertinently to pepsin, this is questionsdhle, But, in view of the
- " (A ‘/‘\
-/
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trecendous toxicity, even very cirute amounts of the toxir are
sufficient for resorption, The nssnﬁlt of proteolytic ferzecrts
clarifies the fact well in that in anizal exjpcrizonts moig than
100,0C0-f0l1d larger dcees tay he rnecenscry for porcral lethal
poisoning than for s parenteral dose., The rescrytion ¢f so.oson
Thug,

can even result frox the zucous zembrane (n the zouth.

amorg others, GEBIGER (7) points out that thy toxin can te pilcked
up via injuried in the guma, also with skin atrasions (thurnc!)

and it can be reabsorbved irom mucosa, Consequently, even exjeri-
zental tasting of spoiled foodstuffs without swellowing a sazple

can lead to a fatal intoxication (15). The ecope of inforzation

about the described cases that involved possitilities of resorption.

through pharyngonasal cavity end respiratory trast is i=zportent

in connection with this report. The incidents were proven experi-

mentally. With the intranseal instillaticn, the toxicity reveclo

itaelf at once in greater poisonous amounts and ie subatantially
Figher than in peroral dsse. The toxin 1is recadily rescorted froz
the respiratory tract and the saxze ralationanllp applies hLere te-
tween particle sizss and resorption, as e.g., during irhalaticn cof
redicanenta, The faitest resorptior takes place in d§ep1y situated
parte oY the brorchial eystexz, 1.,e, accor:iing to the decrease in
the thickness of the epitheliuz. In principle, the intra;.lzcnary
resorption correasponds to that of intravenous, with ihe oxception

that the entire absorption laats longer, LEGHRCUX, (ZVAZITI and

CERALEC (14) determined by experizents on anizals the tize of death

using equal amounts of botulinal toxin type B, rnazely: {atravenous

-— 13 -
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acids. Out of the five different types of toxinz, type A can te

-proparnd in a cryitalliznd fora, It was found by ceana of the

electrophoresis and ultracentrifuge that the A type ia A'hozogonoua
protein and {ts nol.‘weigbt was cetercined about 900,0C00; 1t is
comrosed of 19 anino acids, according to the chozical analysis, How
large is the toxic unit i1tsel?, it could not te clarified so rox.
Tho‘ﬁotulin&l toxin 18 not a pure nerve polson. The entire mole-
cule bas also hemagglutinating properties (11). The Henagglutinin
cannot be separsted from the neurotoxin by chexzical ceans, tuv it
can be adsorded on erythrocytes, whoreupon the diffusion abilisiy

of the neurotoxin could be increased. Thus, the actual acurotoxin
may be smaller than one correeponding to the determined mol. weight
of 900,000. According‘to LANANXA (11), the botulism toxin is "un-
questionably the strongest of the krown poisons®; less thaz 0.1
{wnce) of 10"3 microgram can kill a souse, Only tetarus ard Shigella
neurotoxins seem to have a sicilarly strong toxic effect, Azong

the poisons with proteirn characteristics is, e.g; ciphtheria toxin
leas strong essentially and, amorg ths nonprotein tdxina. the
darigerous econitine is with its toxicity far below the level of
botulinal toxius. Long discuesions have been presented on the
subject of the toxin’s point of assault, It continues to te a
woil—foundod opinion today that, in thé first place, 1f not'in a
Zeneral manner, only the cholinergic fibers become involved, BISHOF
and BRONPENBRENNEK (2) provec in 1936 the inhibvition of thé reuro-
muscular transference ae the essential ér:act 0. polsoning. The ‘

toxin is supposed to act proﬁonderatin&ly on the end platée of the

-— 11 e=
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* dose = 2 hours, 25 minutes; intrabronchial adzinistration - 5 houss
and subcutaneous injection - 7 bours, 45 minutes,

No preliminary findings are availadle relevant to sporzdioe
effects of the toxin on the respiratory tract of man, because such
occurrence oannot take place under normal corditiorns, Cnly suclk
poisonings like & laboratory intoxication assuze tho.r thooretical
importarnce and, in our cases, also a medical significance, Eoeidoe,
ori® must take under consideration a posoibility'in discussing s |
var that toxic serosols can be used as & weapon (32). As we proved,
very ainute amounts of purs toxin, like those suspended in furs
of animals used for merosol intoxication, wers sufficient to trigger
the classical deseass. The toxin can bde sufficiently stadbilired
by colloidal solvent aleso againat the zechanical aseault during
atomiza%ion (17), According to the previously reported findings
of KBYZR (15) in connection with the increase of toxicity b}
serum, it seems that a sure activation of the toxin can be pro-
duced with the addition of colloidal solvents.

Considering the thofapy, tﬁo earliest posaidle and suflficiernt
doses of antiserum are recommended in order to try to confine the
toxin, and also a lavage with “"Kolljdon" is suggested. Conforia-
bly with new discoveries pertinent to the mechanism of activity,
also repeated adainis<rations of parenteral doses of acetylchcline
are desirable in spite of possibilities of causinz a lameress of
the nouromuscuiar synapses with relationr to contractions of thﬁ
muscles, In our circumstances we experienced the inability of

obtaining sera of other animals, except a horse seruz, i.e. not
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only in Qerzany, but alsso {n other Zurcpean cocuntrioes, even in <he
USA; we considered this a considerable obtstnc s in the way of
treatzent, Rven, as we nope, the botulinal intoxication will rezain
scarce, yet, with a high mortality of tho discuse,therapeusic re-
sourses would bde perfectidle, if we had prejareld and availatle

antitoxic sera of other anizals as we.l,.
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