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of ]otulinal ToXID.

Modification Method of Indirect Hemagglutination Reaction and It.

Comparative Ivaluation with Som Tests Bnployed for Detection of
Botulinal Toxins

By% V.hAINI1TBYN

CHITA Institute of Spideslology, Microbiology and Hygiene

(Received November 9, 1959)

(Translated by:s dward Lohowics, Maryland, Medioal-Legal Poln-

dation, Inc., 700 Ploot Street, Baltimore, Maryland, 21202)

In report I* we discussed some questions In connection with

tile tnfluonce of certain physical and chemical factors on the soens

tivity, specificity and rapidity of the indirect hemaglutination I
reaction. On the basis of conducted invostigations we prepared a -

modification of the test in question pertinently to determination

of botulinal toxins. Thus, in the current report we discuss a variant

of the indirect hoeagglutination reaction, as developed by un, also

the evaluation dotas of the method which was compared with the bi.-

1ogical test on mico, sa well as compared with the hemagglutitatiom

reaction in modification of RYTSAI (correotly: RYCAJ) and with the

MINIRYII method. Sincoin using fthis method to detect botulizal

) Por report I see Journal of Microbiology, Upideoiology and IZmi-

nology, 1960, No.3.
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texad, type A am 3, we obtained analogous resuflts, thus we quote

itis O "eport goly Investigation data on thue toxin type D.

To used in. , te experiments liqaid bot•linal tozin type 3, whish

i . 1m1 nestaimed 50 Dl. (corrotlys MUD) for while iace weighing

10 to 12 gn, and antibot•,lina ser& type A (15,625 BU/ul), also

type 3 (8,064.5 RU/ml). In addition, we considered essential for

our variant method the following constituents: sheep erythrooytes,

teMml aocid solution and normal serum of rabbits.

Sheep erythrocytes were obtained in a usual wayt they we"e

washed five times with a physiologioal solution of table salt (0.65%0

ipB 7.2) prior to carrying out the ezperimente, until the fluid

above the sedimentation became completely colorless. A 3% suspension

of %be precipitato was prepared with the same solution.

A Solution of tannico old in a concentration of 0.1% was pre-

pared with the physiological solution of Uble Salt (pH 7.0) In-

mediately before the expierimentations.

We inactivated fresh rabbits* serum (without any traces of

hemolysis) In water bath at 56°C in 30 minutes, then adsorbed it

at room temperature (19 to 250) with sheep erythrocytes and diluted

it with a physiological solution of table salt (pM 7.0) in proportion

of I 3100.

On the day of experiments, the toxin was adsorbed with sheep

erythrooytes at room temperature In 10 minutes, then the mixture

was centrifuged and the obtained centrifuga*e was pumped off; the

lattr was Sed sutooquently for a preparation of a series of di-

lutione for whish a nmctal rabbit serum was used as diluting agent.
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The sheep *rythrocytes were processed with tannic acid. Thusm

1 vOlume of a 3% suspension cf sheep erythrooytes was added to I

volume of 0.1 0/oo solution of tannic acid, then the mixture was

kept in water bath at 370C for 10 minutes and. subsequently, it

was centrifuged. The residue was washed twice with a physiological

solution of table salt (pH 7.2) and then it was resuspended in 1

volume of the physiological solution of table salt (pH 7.0). We

effected the sensitisation of sheep orythrovytes in this way: to

1 ml of tannised orythroo)teo we added 16,129 BU (2 al) of anti-

botulinal serum type B and 8 al of physiological solution of table

salt (pH 6.4); next, we agitated the test tubes and placed them

for 15 minutes under thermostatic control at 37°C. After we centri-

fuged the mixture, the residue (erythrocytes) was washed twice

with a normal rabbit serum and then It was resuspended in I al of

the same serum.

she planning of the toot was reduced to this course: to each

test tube with 0.5 ml of suitable dilution of botulinal toxin we

added 0.1 ml of erythrocytes sensitised with antibotulinal serum;

we agitated thiw and placed it under thermostatic control at 37°C

until the completion time of reaction in control test tubes, which,

we considered,usually required 1V2 to 2 hours tine.

Zvery investigation was accompanied by the following controls,

1) (;.5 ml of the least diluted botulinal toxin + 0.1 al of

nonsensitized sheep erythrocytes;

"2) 0.5 al of normal rabbit serum + 0.1 &l of nonsensitised

sheep arythrocytea;
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3) 0.5 m1iof nonial rabbit serum *0.1 al of senisitized sheep

erythreeytes.

For researoh on whit1=0 prepared suitable dilutions of bots-

limal toxin in a physologloal solution of table salt; the toxin

""G MmiLnisetor•e i 1 01 doses to animals by intraperitoneal in-

oeotiors. Sinoe we carried out our experiments with toxins well

known, we mitt~ed the neutraliSation test.

-Peor determination of the phagocytie index according to the

method of MXOITI, the botullnal toxin type B was diluted with a

phIsiologioal solution of table salt (0.85%, py 7.0) and It was

poured per I volume in each into three series of test tubes. Then,

to each teot tube of the first series we added one volume of the

physiologeial solution (p1 7.0); to the second series - antibota-

limal toxin type A, and to the third series - type B serum. We O

s"ed for control purposes the least diluted botulinal toxin heated

in bolliMn water bath for 20 minutes. The inactivated toxin was

also poured into each of the three series of test tubes, to which

we added physiological solution and corresponding antibotulinal

sers. The toot tubes were agitated and placed under thermostatic

control at 37°C; tho,, after 40 minutes, we removed from each I

volume of contents and added 1 volume of citrated blood of rabbits

(2 volumes of blood + 1 volume of 1.6% solution of sodium citrate),

we agitated this and left for 20 mAuntes at 37 0 C. Subsequently, we

put into each test tube I volume of suspension of Staphylococcus

aurere (strain 209) thet contained 2 million microbes in I al and

we plceod the toot tubes again under thermostatic control for 20

4_



Table 1

SensitivityT IvAluation Results Rf-thf~, Bioaoxical Toot end of the

HOW 111%1Ato of IUAIrect Hemaaglutination Reaction in DeterAinatjgon

of Dotialins ?OZLD

Dilution of Results of tests on white mice ind-uis ct

totxine lot day 2nd day 3rd day 4th -day nationure

1:10 0000

Acoo %O-0J00 0C E
1:400 +++

Sym-bols: 0 Mourse alive; 0 dead souse.

Tbble2

.vlf~r ofS~&k o~~f IrdrcLHm~~~ilo ecini
MjItkijjcAý.L~.S5 RYTSAI 1'roce&nod by Us

Serum Xo4,.ficatI-on-of RY,;AI- Author' a modification
Physio-Physio-

Toxin's Type A Type B logical Type A Type B oluteigi
di *2..- ____ solution slt?

1:100 - -- 4,

1:2CO 4.,

':400 -44 --. *-

1:800 - 4

TnOxin Deatedat ICO for
20 mizutes- -

Nlormal rab~ti
serum ---



ninutoe. loex, we obtained from each test tube two smOear prepa-

ratlons which we"e later fixed with MIXIPFOROVT' mixture and we

etaimod them sith asure-ooeit dye. We computed in each preparation

the numLer of microbic cello in 25 noutrophileo. In order to do-

tOemine the pbagocytlc Index, we divided by 50 the general quantity

of microbes phagocyted with 50 leukocytes.

We submit in Table 1 the comparative results of indirect hemag-

glutination reaction and of biological test.

In carryiga out the biological test of botulinal toxin, we di-

luted the latter with the physiological solution (9H 7.0) to 1:10,

1:50, 10100 and 1:200 for Indirect hemagglutination reaction, using

a normal rabbit serum with a ratio of 1010, 185O, 1:100, 1:200,

1&400 aA 1:0G. The results obtained indicate that the hemaggluti-

nation reaction is considerably more (approximately 8 times) sonel-

tive than the biological test on mice; also, the teat time in de-

tormtnatioln of minimal amounts of botulinza toxin with the aid of

indirect homagglutination reaction is approximately 24 times shorter

than the toot time in determination on white mice.

Cur conditions of oonductinj a test of a comparative evaluation

or the indirect hemagglutinalton reaction wore exactly the same as

those in the modification of RTTW . Also, the initial components

"seed were the sa"e; the only difference was in the method itself.

In numerowe determination& of the Indirect hemagglutination reaction

in both modifications we noticed that the titer In modification of

h!M6AI varied withia a range of 2 to 3 dilutions, whereas In our

modification the bmagglutination titer seldom changed, even In a



irgle dilution. We frequently noticed a change in the Indicia of

agglutination in a test tube that contained a minimum concentration

of toxin determinable.

In Table 2, which reflects one of our experiments, we submit

data showing that the hema~ lutination reaction in our modification

is more sensitive than the reaction of R TMAI.

In a comparative evaluation of the sensitivity of indirect

hemagglutination reaction (in our modification) with the modified

method of KMIUREVIN, we also used the same specimens of the toxin

and of antibotulinal sera. ?toe Investigation reflected in Table 3

shows that the indirect hemaeglutinatior reaction exceeded in

sensitivity the mocified rmethod of MINXRVIi. The exact results from

determination cf the phagocytic index, which were obtained with di-

lution of toxin at 1:10Q, -,id-the Indirect hemagglutination reaction,

permitted to detect and to differentiate exactly the A and B types

of the toxin in a dilution at 1:400.

Speaking about sensitivity of the method, we have in mind a

determlination of minimal concentrations of the toxin in a few milli-

liters of fluid. If we take Into account that with modification of

the MINURVIN method we used 0.025 ml of each dilution of the toxin
and 0.5 al in indirect hemagglutination reaction, ii becomes obvious

that the first method is considerably more sensitive. Of course, o

detection of botulinal toxin In such small quantities as 0.025 ml

is of no specific importance in a practical application, but it is

important to be able to detect a minimal concentration of botulinal

toxin that d6aesn't change with relation to the volume of the examined
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haa~mfl feelagthe 5easltLVtIX of the ModUIPAe method of
~UYI3am that of the I difell Iesaaclmiat""on Reoution In

h~mi~ti~n of Botalige foila !vm I

KIMIN'S Seth*& Ilndireet ue g1Itnation
_ _ _ _ _ _ _ aa c t i o n

TO1 ype A type 1* logLoel eType A Type D logles.

1.**I ut ~tlon eolutle,

.t18100 2.24.2 2.66 0-

13100000 2.71 2.6 32--
.1:100.0000 2.69 2.4 2.4 --

1:190 heated for
20 *iintes at 2.54 2,96 2.2

-OT - -

CQrg&eZu ~ jhjLue Iaite Of the BOneitiVitY Methods iA DeeMinatIOU

of 9ouieAi

________Reliability_
Average. Averag of . ..- *
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fluid used in analysis. The investigations proved that an Increased

quantity of the investigated material did not Inorase the sensi-

tivity of the modified XIURTUIRS method as used, while the sensi-

tivity of the Indirect henagglutination reaction did increase with

the increased volume of the investigated material.

The statistical analysis of obtained results proved the follow-

ing. In the course of titration of the toxin in 10 experimentd on

animals (120 white mice), we determined that one minimal fatal dome

of the toxin corresponded to the average dilution of 1:90. Hence,

we regarded a higher dilution of the toxin as a definite part of

Dlm. ?or example, a dilution of the toxin at 1:1,600 corresponded

to 0.05 DIm and a dilution at 1:800 corresponcaed to 0.11 Dln, eta.

Thus, the reliability of differences obtained in comparable oxpori-

ments with respect to the sensitivity of our method versus other

methods (biological test on white mice, RYTSAI'S method and modified

test of VMII13I) we determined by analyzing an average error

according to the formula: j where M and N1 are comparable

arithmetical means; where a and a, are their average errors respective

ly. We considered as Important differences only those that exceeded

the minimal error in diversity (i.e. they were greater and occurred

not less than 3 times).

Judging from the t values submitted In Table 4, the differences

in sensitivity of our method, as compared with the biological test

on white mice, with the method of RYTSAI and with the modified method

of KIUi3VIN , can be evaluated as substantial and reliable.

0
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Of greater practical importance is a study of the possibility

Sof determination of botulinal toxin In various concentrations of

table salt. Such study wuuld be in connection with a possibility of

poisoning with botulinal toxin after eating salted fish. The concen-

tration of table salt in extracts made of strongly salted fish may

reach to 8 or 10%.

Bene*, we diluted botulinal toxin with a solution (PH 7.0)

containing diverse contents of table salt from 0.8 to 15%. We used

the o6me percentage contents of table salt for indirect henaggluti-

nation reaction while diluting the toxin with normal rabbit serum.

Data presented in Table 5 indicate that determination of botu-

linal toxin with the modified method of MIUNRVIl Is difficult, when

the conjentration of table salt approximates 2%. The indirect hemag-

glutination reaction enabled us to detect and to differentiate a

type of botulinal toxzN when a concentration of table salt equaled

15%. As the concentration of table salt Increased from 2 to 15%,

the hemablutination titer decreased gradually from 1:800 to 1:200.

At the saes time, we observed a gradual retardation in precipitation

of erythrocytes.

Conclusions

1. The indirect heagglutination reaction in our modification,

used to determine botulinal toxin, exceeded in sensitivity the modi-

fication of ItYTSAI, also the biological test on white mice and the

modified method of HIMVIN.

2. The modified method of MINUIR enabled us to dotermino

11-



boet"lIm toxia in investigated fluid with the oonoentratiuon of

table sat not exceediong 2%; the Indireot hoe~mrutination reaction

in our modiftoation permitted uas to dote*t and to difforontiate a

type of botulnal toxiLn in a fluid with a onacentration of table

slt up to 15%.
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Smnqyj (oonied)

The author presents a od:ifted toeohnique of Indirect homw4-

glultination reaction, as applied in the determination of botulinum

toxizJ he• asper"a the sensitivity of this reaction with the bioloiocal

test on white iLos, Indireot heomaglutindtion reaction (modified by

St12W) and the modified method of KIURV IN,

The data obtained demonstrate that the suggested modification

of the indirect heaagglutination reaction permits tdetermiz"

18 1L" of bot1julnhm toxin for white nice within 3 hours.

11Y the sensitivity and stability of Its results the test our-

passes the Indireot hemgrutination acoOrding to RYTSAI and the

medifed u~nYIN moth"* )I
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