
THlE ST(;NIF ANCL OF I'YPIi 1'. i: (Y i jm 1,, 1.1;1,

It LAB~ORATORY D1

CL EARJUWE UIE

FOR FEDER~AL SCIEN-T!' " N1

TE%4JIiN[CAL !NFuRAII Iý.

Hardcop KlQrOfichB/

____ CON___ DD C

I:OR])~'f A8>Y N~;~~x~1966

FOR DELUCK F1 -L. I'!, c



sl¢lIII oIIAAI IT $al glow 0

CM 97

13pI3T AVAILM, 0•C."

DDC AVAILABILITY NOTICE

0.alified requestors may obtain copies of
this document from DDC.

This publication has been translated from

the open literature and is available to the
general public. Non-DOD agencies may pur-
chase this publication from Clearinghouse

for Federal Scientific and Technical Informa-
tion, U. S. Department of Comm.erce, Springfield,Va.

S. • . , -.:. , : 7 '; .

,Technical l4ibrary Bratih

Teqhnioa'l 'InformaTiof" Division

a I , I



riiE SIGNIFICANCE OF TYPE E BOTULINUJM TOXIN ACTIVATION IN THE
LABORATORY DIAGNOSIS OF BOTULISM

[Following is the translation of an article by T. I.
Bulatova, Ganialeya Institute of Epidemiology and Micro-
biology, AI.IN, USSR, Moscow, published in the Russian-
language periodical Zhurnal Mikrobiologii, Epidemiologii
i luununobiolo8ii (Journal ot Microbiology, Epidemiology
and Itmaunobiology), No. 8, 1964, pages 97-101. it wn!
submitted on 14 Jan 1963. Translation performed by
Sp/ 7 Charles T. Ostertag Jr.]

Of the six known causative agents of botulism (types A, B, C,
D, E, F) only four have been detected in the Soviet Union -- types A,
B, C and F. It has been established by investigations of recent years
(Kravchenko et al., 1960, Shishulina, 1962) that not only types A and
B botulism causative agents are widely distributed here, as this was con-
sidered earlier, but types C and E are encountered also -- types A, B,
C and E have been found in the soil, A, B, and E in fish, and type E in
water. According to the comprehensive investigations by the stated
authors (6,804 tests) the causative agents of type E were isolated
most often in various regions of the USSR, both in the soil and in fish.
Type E was detected in 73.9% of the total number of positive tests.
However, up until now in the communications of native investigators it
is indicated that outbreaks of botulism in the Soviet Union are caused
mAinly by te tye A and B c.au.sative agcents. A I unique case of type E
botulism was described by Zavadovskaya in 1940.

In recent years, in connection with the issue (by the Gamaleya
institute of Epidemiology and Microbiology, ANN, USSR) of diagnostic
type specific antibotulin sera of types A, B, C and E, outbreaks of type
E botulism began to be detected more often (Donets, 1961; Sirota and Raynes,
1962; Litvinenko and Suvorov, 1962; Sergeyeva, 1962).

The causative agent of type E botulism is considered a weakly toxi-
genic microbe, since usually on artificial nutrient media it produces a
weak toxin.

However, cases of botulism caused by it in humans testified to the
high strength of this toxin. Since the discovery of this microbe (1934)
more than 55 outbreaks of type E botulism have been described abroad. These
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have encompassed 263 persots, out of which 88 died (Dolman et at., 1962),
that is, the lethality was 34%.

Investigations conducted by us in 1954-1956 (Matveyev and Bulatova)
and the recently published works of other authors make It possible to
explain this apparent discrepancy (Sakaguchi et all., 1956-1959; Duff
et al., 1956; Gordon et al., 1957).

By studying the toxin formation of Cl. botulinum type E in a mixed
culture with Cl. sporogenes (18 strains) or CI. putrificus (3 strain-),
we established that several strains of Cl. sporogeues stimulated the
formation of type E botulinum toxin (strain No. 188-20), thereby con-
firming che data of Kushnir (1952). After beiiug maintained for 6-8 days
in an incubator at 280, the filtrates of the mixed cultures and the pure
culture of strain E No. 188-20 were titrated in mice, and simultaneously
the neutralization reaction was set up with type specific serum type E.
Only in one out of 18 tests with the Cl. sporogenes strain No. 3170 an
increase of 100 times was noted in the strength of the botulinum toxin
in comparison with its Initial strength, The tLiter of the toxin of the
pure strain usually equaled 1,000 Dim in 1 ml, the titer of the toxin of
the mixed culture reached 100,000 Dim. '-he botulinum toxins obtained by
incubation of a mixed culture were strictly type specific, and were
completely neutralized by type specific antibotulinum serum type E.

During the joint incubation of botulism causative agents of types
A, B and 3 with strain No. 3170, the strength of the toxin taken in the
tests of the microbes was not increased.

In order to clear up the mechanism of the described phenomenon, we
treated an 8-day filtrate and the cultural liquid of Cl. botulinum with
the filtrate of a 2-3 day culture of strain No. 3170. The filtrates
were combined in a ratio of 2:1, 1:1 and 1:2, and maintained in an in-
cubator for 1, 2 and 24 hours at 370. In a number of cases we observed
a noticeable increase in strength of the botulinum toxin. However, it
was less than during the combined incubation of Cl. botulinum type E and
CI..sporogenes No. 3170.

The facts obtained led us to the thought' of the possible activation
of type E botulinum toxin by a culture of Cl. _sorogenes. The phenomenon
of toxin activation by enzymes is described in Cl . perfringens type D
(Turner and Rodwell, 1943). In the work by Ross et al. (1949) there is
talk of the toxin activation of Cl. perfringens type E.

Assuming the presence of a prototoxin in Cl. botulinum type E, we
attempted to activate both the sterile filtrates of this microbe, and the
non-filtered cultural liquid, by treating them with enzymes. We combined
2 parts of a filtrate of a type E culture and 1 part of a 4% solution of
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pancreatin in test tubes; in control test tubes physiological solution
was added in place of pancreatin. The p)l of the filtrates equaled 6.0.
The mixtures were maintained at 370 for 5, 30 and 60 minutes and 2, 5
and 24 hours. Titration of the control mixture and the mixture activated
with pancreatin showed that the strength of the toxin after activation
with pancreatin had increased considerably. Tn the majority of tests
the index of activation equaled 100 (incubation for 1--2 hours at 370);
if the strength of the initial toxin comprised 100--1,000 DlM, then
correspondingly the strength of the activated toxin reached 10,000 --
100,000 DIm in I nil..

The activity of the ,terile filtrate treated with pancreatin was
approximately the same as the activity of the whole culture treated with
pancreatin. This testified that the liberation of toxin from the bacterial
cells is not the main reason for the increase of toxicity after activation.

We also established an increase in toxicity in filtrates of a pure
culture of type E following the action of pancreatin on them, at the
same time that in filtrates, obtained as a result of the incubation of a
mixed culture, the strength of type E botulinum toxin following the.
Influence of pancreatin on them increased insignificantly (1.5 -- 2 times)
or not at all. This speaks for the fact that the mechanism of action of
Cl. sporogenes and pancreatin are the same, that is, this is a fermentation
process, as the result of which a nonactive substance is converted into
an active one.

Further tests on the activation of type E native botulinum toxins
were conducted with other type E strains (table 1). It was established
that in several strains, which formed weak toxins on nutrient media
(2--10 Dii), atiter thoe.. activation h, -ancreati-n t"he src-ngth. of the
toxin reached 5,000--10,000 Dlm/ml, that is, the index of activation
equaled 500--1,000. At the same time, in other strains the index of acti-
vation did not exceed 10.

The results of similar tests on the activation of botulinum toxins
of types A, B, and C were negative (the work was performed with 5-6 day
filtrates of these toxins).

In tests oi mice and guinea pigs we were able to show the significance
of activation of type E botulinum toxin by enzymes by the toxic effect on
animals. In the test we used the filtrate from a pure type E culture and
a mixed culture. These were administered to the animals before and after
activation. The mice received the toxin intravenously and orally, and the
guinea pigs -- oral'y and subcutaneously (table 2).

The results of the tests showed that after activation of the filtrate
of a pure strain by pancreatin, a significant increase was observed in the
toxicity for mice following the intravenous administration and for guinea
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pigs following the subcutaneous administration. At the santc time,
following the oral administration of the toxin to mice and guinea pign

no increase in toxicity was ob.served. In the• mixed culture ani increase

in toxicity following the activation by pancreatin could not be detected

neither following the parenteral administration to mice and guinea pigs
nor following the oral admitnietration.

The data obtained makes it possible to propose that a filtrate of
a culture of type F, containing a little botulinum toxin and a large amount-
of prototoxin, was activated following oral. ad•ministraLtion in the digestive
tract, therefore following the oral administration of an actcLatud filtrate
an increase, in its toxicity could not be noticed. The results with toxin
of a mixed strain make it possibl.e to ainiume that this toxin is activated
by the proteinase of Cl. sporogenes, therefore after activation by pan-
croatin, as it should have been expected, there was no increase in itU
toxicity not only following oral administration but also following sub-
cutaneous and intravenous administration.

The high lethality during poisoning of humans with type E botulinum
toxin becomes fully understandable, in spite of the fact that pure strains
of type E possess a weak toxicity. Botulinum toxin and its prototoxin
enter the human organism together with the food. The prototoxin is
activated by enzymes in the digestive tract, therefore tne destructive
effect of the toxin on the organism is Increased. Besides this, in the
food product infected with the type E microbe there is the possibility of
the activation of the toxin by proteinases of various origin (mainly
attendant microflora) which also increases the destructive effect of the
toxin on the organism.

in sanitary-epidemiological stations and other diagnostic labora-
tories, following the isolation of a causative agent which caused food poi.soo-
ing with a clinical picture similar to botulism, often a toxin is not
detected and a toxigenic strain is not found. In order to exclude the
presence of type E Cl. botulinum in the materials being investigated, it is
necessary that the nontoxic filtrates under study be subjected to activation.

In our investigations, conducted with extracts from various food
products, in which we administered doses of hype E botulinuot toxin that
were nonlethal for mice (0.1 - 0.01 - 0,001. Dlm/ml), the toxin could be
exposed by a test on the mice only after activation with pancreatin (table
3).

We consider that the activotion of extracts or filtrates should be
conducted in all cases of laboratory investigation for botulism if they
prove to be nontoxic during the initial investigations. Therefore, in the
recently issued "Instructions on the sequence of investigation and registra-
tion of food poisonings with the method of bacteriological investigations

4.



dur ing food 10oi ;oui.ng:'' (Medgiz, 1962), we have provided for the acti-
vatiou of extracts being invastigated with pa;creatin. T"lhi, make8 It
possible to improve the laboratory diagnosis of botul lan.

Sakaguchi (1959), during the Investigation of the cultural liquid
of several strains of Cl. botulinum type E on a 1-2 day growth prior to
their activation with pancreatin, did not detect toxin in them in tests
on mice, whereas after activation 1 ml contained 20 Dim of the toxin.

It With the help of pancreatin activation Shishulina (1962) was able
to increase tho p)ercenLtage." of detection of the cauoative agent of type E
botutsm dur.ing investigations of soil sa.iI1p les.

Conc lus ions

1. On artificial nutrient media, Cl, botk]linum produces a toxin and a
nontoxic prototoxin. The latter may be transformed into a toxin due to
the action of various anzymes (pancteatin, proteinase of Cl. sporogenes).

2. When botulinum prototoxin type E reaches the digestive tract its
activation by enzymes takes place. As a result of this the toxic effect
on the organism is strengthened.

3. During the investigation of various materials (food products, dis-
charges from a patient, section material, original seedings) for the
presence of botulinum toxins, it is necessary to subject the nontoxic
filtrates to activation by pancreatLin, and after this set up biological
tests and the neutralization reaction with antibotulnum serum type E.
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lTabl c 1

AM %iati on of tY) - Lkotuljil toX ii 1bLy pncrvatin

Thtor of toxin
Strain (t D im/ nl) Index of

- __ .::_ __ _ ... activation

Of ore After
activitlH oi"l a-ctiva ti on

ln.-20 1i. 000 1.)0 000 100
1.53 100 -1 ;iU 10
ked-i 10 AM0 10

PIoI-2 1() J 0(00 500
Ped-3 1.0 10 000 :1 009
Pod-4 2 1 000 500
P-34 100 1. (000 I0
IIV-8 50 5 000 N00

20-18 1.00 1 000 .10
115-35 50 1 000 20
1 6-2 20 1 000 50
Ser�,yewt1 10 000 100 000 10

Table 2

Influenco of activati.,n by pancrentin or thLN. txicity of type v' cl.
botulinuiu for guinea pi.gs and el ice durin vtarious ",wehods o" ahid-Ts-
UaI ai oil

CO tu Toxin Utilized lin tes't Value of 1ethall :lo;w (l e.0 For

frolm whlhch various; an il.

toxin ob-
ta ined M _ice'o Guinea p"' s

h) ti'a- Orally SubVu- Orali5"
A'i'OUS, taneou.

Strain E l'fore act:ivation 0.(0:1. 0.2 0.05 0,5

No 188-20 After activa.ion O.OO(}1. 0.2 0.0005 0^5
Mixed Before a ctivation 0.00002 0.2 0.0005 0.5

Aftor act;.ivation 0100001 0.2 1 5
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