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Use of the Indirect Hezagylutiration Reaction in Determination of

Botulina)l Toxin in Industrial Saueuze Yanufacture

By: R.,KrR. YAPAEV and S.4. CIEFELEY

S.KE. ZIKOV'S Medico-li.itary Acacdemy {(awarded Qrd

er of _eain),
Leningrad, Faculty of Epidemiclogy and Dieinfection

{Received Juliy 23, 1950)

\Translatec by: Edward Lacbowicz, Karyland, keilcal-lega. Foun-
dation, Inc., 700 Pleet, Baltimore, Maryland, 21202,

The detectiorn of bvotuliral toxin in foodstuffs is of great
importance for the prevention oI botulism. Actually, tne only re-

Liabie and pract.ically tre orlv available nethol of diagnos:s is

<re  lclogical tw8l on whlte mice, or gulnea pigs. Fy now, numerous

sipfovemente 1: the uiciuslce,. 1es8t have been proposeil ani they
;8rrit u3 to speed up conulieradbly the time of detecttion, but, if
we jeal with 8 low concentration of toxin in daily food products,
ati.. '< to 18, or éven wOrv Lours are reyuired for the iiscovery
vf toxiu., Various methods 1n vitro (MIWE-VIN et al,) suzgested for
tetection o!f botulinal toxin so far tailel o !in? & jeneral ac-
cejtance due .. cumbersome resesarch work anri wnrejiability <7 the
resuits obtained,

For tre purpose of determinaticn oI botluilram, toxin 1rn fool
products, RYTsal (RYCAJ - correctly, proposec .juite re.2ntly a

podified reactiom of the indirect hemagglutination ani, t'.us, he




raised again the questicn of advisability of the reaction in vitro.
According to his opinion, erythrocytes are not sensitized with
antigen, but with antibodies. Moreover, he used processed erythro-
oytes with tannic acid in a tenfold concentrstion, as compared with
the universally adopted corcentration {1:2,000); he alsc made certain
changes in the pH of salt sclutions ueed in the reaction and in the
concentration of the normal serum added, According to the findings

of RYTSAL, the indirect hemagglutination reactiown (in hio modifi-
cation) is even more sensitive than the biological test.

Having reproduced exactly the method of RYTSAIl, we obtained
negative results from the indirect hemagglutination reactior with
botulinal toxin. In connectior with tbis, certain changes were
introduced to the procedure of the reaction and they w're fully
confirmative. It should be noted that two reports were published
itn the Zhurn., Mikrobtiologii, Bpideminlogi. { Immunologii, No.3 and
4, o0, Ore is that of SINITSYN, who checked the suggestions of
HYTSALI and obtained enccuraging results, SINITSYN introduced a
peries of changes to the reaction and thus increased its asensi-
tivity. The report of SINITSYN waes published alreacy after <he
compietion of our experiments and we found that it contained some-
what different technical recommendations in comparison with ours.

In the firest seriea of experiments we perfurme! a preparuatory
processing (sensitization) of tanned erythrocytes with toxins in
various concentrstiona. Evidently, the variart used wus unsuitadle,
thue we were compelled (as hYTSAI suggeeted) to try the iuniirect

hemagglutination reaction with erythrocytes previously proceussed
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with antibotulinal sera of the A and B types., We tested in these
experiments various series of therapeutic and diagnost1c1) anti-
toxic sera. We always obtained negative results from the indireot
hemagglutination reaction while using unpurified sera in sepite of
the presence of some obvious preventative fuctor in the biological
test. Therefore, we used only therapeutic sera purified by the
Diaferz-3 methods {MECHNIKOV’S Institute of Vaccines and Sers,
Koscow) and they proved fully satisfactory. Apparently, the negative
results obtained with crude antitoxic sers car be explained by the ‘
presence of albumin in the sera, which, as is well known, exerts

an innibitory effect on the indirect hemagglutination reaction
(NETER et 8l.).

We conducted cur experiments wit: botuliral toxins type A and
B of different series einc in verious concentrations.

In accordance witn tne firal technique ir detection of votulinal
toxin by way of the hemuggiutination reaction, we zixed in a physio-
logical eclution in equal propcrtione a 2.5% suspension of sheep
erythrocytes (washed until hemolytic fluid disappeared cowpletely)
with a tannin solution (1:20,00C); then, we kept thie for 1C minutee
at 37°C. Subsequently, we washed erythrocytes free of tannic acid
once, using physiclogical sclution. Two tatches of (.1 ml each of
the weshed erythrocytes were ssturated with 3 ml of therapeutic

antibotulinal seras of the A and B types respectively {concentration

1:10) in a phosphate buffered physiological solution {pE=6.4); the

- = -~ ——— = L - — et B e m.—— .. — .- .- - -

1) - The latter were kindly offered by K.I.MATVEEV ard T.]. BUULATCVA
(GAMALEI’S Inetitute of Epidemiolcgy and X¥icrotiology, Academy
of Medical Sciences,USSk)
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type A serum countained 7250 BU in 1 ml and sorum B 2500 BU. The
saturation was aoccomplished at 37°C in 50 miputese, whereupon erythro-
cytes were washed twice in a physiological solution (nonbuffered)
containing 1% inactiveted normal rabbit serum (inactivation effected
in 30 =inutes in & water bath at 56°C). Prom the processed and
washed erythrocytes a 2% suspension was prepared in a phosphate
buffered physiological solution (pH=7.0) with 0.4% of normal rabbit
serum added., Then, 0.1 ml portion of tho mentioned suspension was
added to each test tube containing the toxin. Twofold dilutions

of the latter were prepared in advance in series beginning with
1:1,000 up to 1:10,000 in a phosphate buffered rhysiological so-
lution (pH=7.0) with 0,4% of normal radbit eerum added, Having
placed in tes: tubes 0.5 ml of the toxinpn of each dilution, the
centents of the teest tubes wae agitated and stored at 37°C for 60
minutes, The checking of the results followed immediately after,

It is necessary to fuliill exactly the recommendations concerring
the use of buffered and nonbuffered physiological solutions, also
the pH level and the concentration of normal rabbit serum that pre-
vents the spontanecus agglutination of erythrocytee after processing
with tannic acid,

The results of the experiments proved a high sansitivity of the
indirect hemagglutination reaction. Thus, we succeeded in ceter-
asingtion of the toxin type A in a concentration of 1:320,00C (Dlm
for white mice 1:50G,000). At the same time we found that erythro-
cytes processed with serum B were also agglutinated by the type A

toxin, although to s lesser degree (Table 1.

— 4 -

|
|
|

LN

%




‘90730801 2ATINTNT — tauof}o®ax aaliec! jo A3ysueijur ‘s Yes '44+ :groquUic

- 5 a-

T T
- - - - - - - . .e Tee e Fa d
]
- - - - 3 e e v ! ves ‘et ‘e ‘o4 \'4
s s T N U TS )
-— - — -— - — - -— -— -
W ~n ..“. n f..U — ~n -—
m n g m m o O
-t wn n o o
~ - o (o] 1} <
o 3 3 o o o o S e S
o ‘Q (94 - = onJg
(013109 o o o ' be! S es
(@] (o] o
o o o ¢
I H
uOT38IZUIIUOY @ UIYXDY

- e

¥ oAk UTX0L SUTLIA30g GIi{M UCTisuUl, A g Iay 30aI1PUT Jo “foyyoeeyd

\ era®]




As we know, the botulinsl toxin can evoke a nonspecific aggluti-
nation with nonsensitized erythrocytes (LAMAKNA). Thus, it can be
assuned that cross reactions are epecifically caused by this circum-
stance: the sgglutination effect develops in the presence of high
coacentrations of toxin and, as the concentration decreaces, the
effect gradually disappeare. RYTSAI and later SINITSYN recomzended
that, in ordcﬂio prevent a side nonspecific hemagglutination effect
of botulinal toxin, one has to proceess (deplete; the toxims with
erythrocytes beforehand. Apparently, this recommendation is based
on erroneous analogies with various immurclogical reactions calcu-
lated to saturate immune agglutinating sera. An experimental teat
with a prior depletion of toxins with erythrocytes proved that no
sigultaneous changes occurred in the character of tLe subsequent
indirect hemagglutination reaction, i.e., the deprleted and the usual
goxins showed quite alike behavior (Table 2),

In order to prevent cross reactions betweern the toxins of the
A and B typee, we accomplished a depletion of the therapeutic anti-
toxic sera with erythrocytee to which we previously adsorbed toxins
of heterologous. types, But, this method also proved unsuccessful and
the cross reactions still persisted., Evidently, they are linked
either with the presence of general antigens in toxins of the 4 and
B typee, or with the familiar polyvalency of the industrially pro-
duced sera. Our efforts to eliminate the polyvaulency of the sera
proved unsuccessful.

With the progreess of our experiments we tried to estaltlish

the possidbility of ueing the indirect hemagglutination reaction for
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detoction o1 botulinal toxin in .ndustrial sausage ranufacture, We
used for thia purpose & 5 gm portion of the product, which we cut
into small pieces and, placing them in a sxall mortar, we poured
over them 3 ml of botulinal toxin, elther type A or B (we used
toxins’ seriees of different strength in our experimerte;) and left
standing at soom temperature for 5 minutes. Next, we added to eack
mortar 10 to 20 ml of phosphate buffered physiological solution
(pd=7.0) with 0,4% of normal radbbit serum end we triturated thie
cerefully. Then, we centrifuged the obtained susjensior at 2,0CC
revolutions per minute for 5 to 10 minutes. We used the superna‘®ant
fluid (extract) im 0.5 ml volures for the indirect hemagglutination
reaction. Then. we used for control purposes a pure toxin in ap-
proximately the eame concentration (allowing for the volume of fluia
used to obtain the extract) ant also &n exiract ol sausage uninfect-
ea,

In addition to the direct infection of sausagee with botulinal
toxins types A and B, we glsc infected sausages with a S5-day culture
of Cl. botulinum type A (etrain No0.98) and B (strain Nc.255)., After
the infection, sausages were stored in an incutator at 37°C for 7
days and then for 142 to 2 weeks at 8 to 10°C., Ir these instances
the extract for the indirect hemagglutinavion reaction was prepared
according to the aforedescribed method.

The seme extract was administered to white mice intraabdominsally
in ' sl doses for control purpoeses, During 30 minutes prior to ad-
ministration of the extract,some white mice were administered sub-

cutaneously type A and B sera (500 BU each)., The otservation of in-
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Table 3

Deterzination of Toxin in Hoiled Sauzage Pollowirg Infection With

Botulins Toxin

ey
Minizm: 1 corcentration of extract at w#hicha
Type of ad- Tyre of ietection of toxirn ocgurred _
ainistered .
toxin serunx keaction o2 indirect Ziclogical teat
remozeslutination [
4+
A 1.16 ! 1:5C
A + —
B 1:4 hesative
A 1: 4 Whole sxtract
B
B 1:8 Whole extract
A Negative Negative
R hegative Nezative
Turle 4
seterc.nation Of Toxin iu a lalf—<moked Ssusase Following I:.fection
Witn Spores of T1l, “otulinux Tyres A anc 3
Tyve of ad- Minimal concentration of extract at which a
oinistered Type of detection of tosin occurred
irasture serum keaction of indirect Bloliougical test
remagglutination
A 1:64 ¥hole extract
A ;
B 1:32 Negzative
5 A 1:8 L nerative L
B 1:8 ( Negative
- 9 - -
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fected aninale lasted > cays,

Type A toxin wae detected wiih the ald of the indirect homag-
glutination reaction ever after the erxtract had been diluted 16 times
{Table 3); the reaction proved positive also with erythrocytes that
were poensitired with the perum type B (1:4 concentration of the
extract).

In other wordse, aleo in these experiments we failed to obtain
a clear differentiation of the 4 and B types of botulinal toxin by
means of the indirect hemagglutination reaction., At trne same time,
the biological test on white mice conducted sigpultaneously with the
indirect hemagglutination reacticn permitted us to detect typo A
toxin when the extract wes diluted 5C times; thus, the biological

test provea to te more nensitive in thios case, Furthermore, we also

succeeced in differentiatiou of trne type of toxin, becuuse the type <)

¥ eserum did npot exert & preven-ative effect, We detected type B
toxin by the 1ncirect hemagglutination reaction when the concent-
ration o: the ®xtract wae 1:8 with the serum type B, and 1:4 with
tre serum type &, It should be mentioned that although tre indirect
remagyliutinatior reaction dic not permit us (also in thie case) to
differentiate clearliy the type of toxin, yetl It fproved to be more
wers.tive than the violosica. test: ceath of arimale, which had not
receivec a rerum injection, resu.ted only after infection with whole
extract. We a.8c railedl to cobtain & differentiatior. of the type B
toxin vy means of the Licloy.cal test,

Contreol tests witll tre extract from act contaminated sausage P

proved the absernce of toxin 1n tne 1n2irect hemagysiutination reaction

, ¢
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and in the biological test.

In investigation of the sausage infected with cultures of Cl.
botulinum types A and B, tre indirect hermsgglutination reaction was
zore sunsitive than the biolcogicel tsct (Tabdble 4), Apparently, s
partial (A) or complete (L) destruction of the toxin cccurred during
storege of the product, alithough the entigen corponents that par-
ticipated in the irncdirect cemagglutination reaction were preserved,
The adbove data prove that the indirect hezsgylutination reaction
car. bte useld for retrospective dlegnnels after tne tioclcgical test

has aslready produced negative results.

'. Tce iad.irect henasxlutination reaction was sufficiently
swn8itive and it aade possidle to detect botuli-al toxin in sausage
osroducts within 3 hours, while no .es838 than 15 to 24 hours 8re re-
(e.T9d v BT Lapilan this with th3 bilologicel test,

4. Tue indirect hemaggiutin.tion resction is specific, glthough

-t {3 practically limpossivie tu effect the differentiation of the

A an< B typee of botulinal toxins by means of the industrially pro-

iuced sera,
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Summary (copied)

Duata are preventel on the use o0f the indirect rhemaggiutlination

reuaction for determination o?f botulism in suusazes., The reaction

proved to be sufficiently sensitive [in practice it was a3 gensitive

a3 the »iologicel test on animula); however, it was inpresible to

differentiate botulines of the A and B types with the aid of the

ex18ting sera. Indirect hepa., iutination reaction zmay evidently be

used for retrospective diagnosis when the biloiogical test may have

al—eudy given a negative rasgit, C e
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