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In report I') we discussed some questions in connection with N
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of Botulinal Toxins
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Modification Method of Indirect Hemagglutination Reaction and 1ts
Coaparative Bvaluation with Some Tests Employed for Detection of
Botulinal Toxins
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CHITA Institute of Bpildemiology, Microdiology and Hygiene
(Received Noveader 9, 1959)
(?ranslated ty: Rdward Lachowics, Maryland, Medical-Legal Foun- .
dation, Inc., 700 Pleet Street, Baltimore, Maryland, 21202) s.,._ ‘<§
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the tnfluence of certain physical and chemical factors on the sensi z
tivity, specificity and rapidity of the indirect hemagglutination ‘\i
reaction. On the basis of conducted investigations we prepared 8 o a
sodification of the test in question pertinently to deteraination

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

of the indirect hemagglutination reaction, as developed by us, also

the evaluation data of the method which was compared with the bio-

logical test on mice, as well as compared with the hemagglutinatiom
reaction in modification of RYITSAI (correotly: RYCAJ) and with the
MINERVIN method. 5ince,in using this method to detect bdotulinal
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®) = Por report I see Journal of Microbiology, Bpideuioclogy axd Iasw-
’ nology., ‘9“0 Bo.3.




toxins type A and B, we obtained analogous results, thus we quote ;
ia this report omly investigation data on ﬂn toxin type B, ¢

We used in the experisents liquid bdotulinal toxin type B, whieh
in 1 ml oontained 50 Dla (correctly: MID) for white mioce weighing
10 to 12 gm, and antidotulinal sera type A (15,625 BU/ml), also
type B (8,064.5 BU/al). In addition, we considered essential for
our variant ssthod the following constituents: sheep erythrooytes,
samnic acid soiution and normal serum of rabdbdits,

Sheep oryfhrocytu were odtained in a uwsual way; they were
washed five times with s physiological solution of table salt (0.85%,
pii 7.2) prior to carrying out the experiments, until the fluid
adove the sedimentation became coapletely colorless. A 3% suspension
of the precipitate was prepared with the same solutionm,

A solution of tannic acid in a concentration of 0,.1% was pre- ‘
pared with the physiological solution of tadle salt (pE 7.0) im-
aediately bdefore the exyerimentations.

Ve insotivated fresh rabdbite’ serum (without any traces of
hesolysis) in water dath at 56°C in 30 minutes, then adsorved it

at room tempersture (19 to 25°%C) with sheep erythrocytes and diluted
it with & physiological solution of table salt (pH 7.0) in proportien
of 1:100.
On the day of experiments, the toxin was adsorbed with sheep

erythrocytes at rooa temperature in 10 mainutes, then the mixture
was centrifuged and the obtained centrifugate was pumped off; the
Jatter was used subsequently for a preparation of a series of di-
lutions for which & nmorsal rabbit serus was used as diluting igont.




The sheep erythrocytes were processed with tannic acid, Thus,
1 volume of a 3% suspension cf sheep erythrocytes was added to 1
voluse of 0.1 ﬂ/oo solution of tannic acid, then the aixture was
kept in water bath at 37°C 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 tabdble ealt (pH 7.0). Ve
effected the sensitisation of sheep erythrocytes in this way: to
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1 ml of tannized erythrocytes we added 16,129 BU (2 ml) of anti-
botulinal serum type B and 8 ml 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 3}7°C. After we centri-
fuged the mixture, the residue (erythrocytes) was washed twice

. with a normal rabbit serum and then it was resuspended in 1! ml of
the saxe seruam,

The planning of the test was reduced to this course: to each
test tube with 0.5 ml of suitable dilution of bdotulinal toxin we
added 0.1 ml of erythrocytes sensitized with antidotulinal serum;
we agitated thiw and placed it under thermostatic control at 37°b

o dm e

until the completion time of reaction in coatrol test tubes, whioh,
we considered,usually required 1¥2 to 2 hours tise.
Every investigation was accompanied by the following controle:
1) 0.5 ml of the least diluted botulinal toxin ¢ 0,1 =l of
nonsensitized sheep erythrocytes;

*2) 0.5 m)l of normal rabdbit serua + 0.1 ml of nonsensitised

sheep erythrocytes;
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3) 0.5 ml of normal rabbit serum + 0.1 ml of sensitized sheep
erythroecytes, ,
3 Jor research on -m‘ﬂ. prepared suitadle dilutions of dotu-

s i T A el

1imal toxin in a physiological solution of tadle salt; the toxin !
was adainistered in 1 al doses to animsls by intraperitonesal in-

;\ocnm. 8ince we carried out our experiments with toxins well

knowa, we omitted the neutralisation test,

!: Por deteraination of the phagocytic index according to the

aeothod of MINERVIE, the botulinal toxin type B was diluted with a
physiological solution of tadle salt (0.85%, pH 7.0) and it was

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

t0 sach test tude of the first series we added one volume of the
physiological solution (pH 7.0); t> the second series - antibotu-

1inal toxin type A, and to the third series - type B serua. Ve .
used for control purposes the least diluted botulinal toxin heated

in bol'uu water Bath for 20 ainutes. The inactivated toxin was

also poured into each ot' the three series of test tudbes, to which

we added physiological solution .and corresponding sntibotulinal

sera. The test subes were agitated and placed under thermostatic
control at 37°C; thew, after 40 minutes, we removed from each 1
volume of contents and added 1 volume of citrated dlood of raddits
(2 volumes of blood + 1 volume of 1,6% solution of sodium citrate),
we agitated this and left for 20 minutes at 37%. Subsequently, we
put into each test tube 1 volume of suspension of Staphylococcus
sureus (straim 209) that contained 2 million microbes in 1 ml and
we placed the test tubes agein under thersostatic control for 20
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Table 1
ensitivi yalu n Results of the Biological Test and of the
Modification of Indjirect Hemagglutination Regction in petermination .
tu X
Dilution of Results of tests on white xice ;532332: ¢
botuline nemagglut:
toxin st day 2nd day 3xd day 4th day nstion re.
action
1:10 0000 oeoL
1. %0 £CO0 $00 oc J.] ]
1:100 C00C 000C 00C0 goco reee
1:200 Alive for 1C  days +oes
1: 400 - d " » reee
1:6C0 . - " " -

Symbols: ¢ mouse alive; § dead mouse,

ZTuble 2

Bvaluatior of Seneitivity of Indirect Hemggglutingtion Reaction 4n
Mcdification cf RYTSAI I rocessed by Us

Serus Modificetion of RYTSAI {Author'a modification
YT gﬁy;i:I Physio-
, oglc legical
§g§::" Tyve Al Type BI g jution| TYP® A | Type B | 0 tio
1: 100 - et e - reee -
1:2C0 —-— teee — - 4 e -
1: 400 — ++ — - *he e -
1: 800 —— - — - 444 -
Toxin aontod
at 1C0™ for - - - - - -
20 mirutes
RS SN S, SO SURp—
Kormal rabtit
serua - - - - - -
) 4 —

- S--




sinutes, Next, we obtained from each test tube two smear prepa-
rations, which were later fixed with NIKIFOROV’S mixture and we
stained thea with azure-eosir dye, We computed in sach preparation
the nuater of microbic cells in 25 neutrophiles. In order to de-

. termine the phagooytic index, we divided by 50 tke general quantity
of ,Lerobo. phagocyted with 50 1oukocytoo..

, e submit in Tadle 1 the comparative results of iadirect hemag-
glutination resction and of bilological test,
In carrying out the biological test of botulinal toxin, we di-

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

1150, 1:100 and 131200 for indirect hemagglutination reaction, ueing
e norsal radbbit serum with a ratio of 1:10, 1:50, 1:100, 1:200,
1:400 and 1:80C. The results obtained indicete that the hemaggluti-
nation reaction is considerabdbly more (approximately 8 times) senei- .
tive than the biologiéul test on mice; also, the test time in de-
tersination of minimul amcunte of botulipa) toxin with the aid of
indirect hemsagglutination reaction is approximately 24 times shorter
than the test tise in detersination on white mice.
Cur conditions of conducting s tclt‘of a comparstive evaluation
of the indirect hemagglutination reaction were exactly the same ss

those in the modification of RYTSAI. Also, the initial components
used were the sase; the only difference was in the method 1tuolf.

Ia numerous determinations of the indirect hemsgglutination reaction
in both modificeations we noticed that the titer in modification of
KYTSAl varied within a range of 2 to 3 dilutions, whereas in our

.olttlcutthn the hemagglutination titer seldoa changed, even in s
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sirgle dilution. Ve frequently noticed a change in the indicia of

.ngslutinntion in & test tube that contained a ainimum concentration

of toxin deterainable,

In Table 2, which reflects one of .our experiments, we sudbmit
data showing that the hemagglutination resotion in our modification
is sore sensitive than the reaction of RYTSAI.

In a comparative evaluation of the sensitivity of indirect
hemsgglutination reaction (in our modification) with the modified
method of MINERVIN, we also used the same specimens of the toxin
and of antibotulinal sera, The investigation reflected in Tabdle )
shows that the indireét hemagslutination reaction exceeded in
sensitivity the mocified rethod of MINERVIN. The exact results froa
determination cf the phaeocyti? indox. which were obtained with di-
lution of toxin &t 1:100, and-the indirect hemagglutinstion reaction,
peraitted to detect and to differentiate exactly the A and B types
of the toxin in a dilution et 1:400,

Speaking sdbout sensitivity of the method, we have in mind a
determination of minimal concentratione of the toxin in a few milli-
liters of fluid. If we take into account that with modification of
the MINERVIK method we used 0,025 @) of each dilution of the toxin
and 0.5 ml in indirect hemagglutination reaction, it becomes obvious
that the first msethod is considerably more sensitive, Of course, a
detection of bdotulinal toxin in such small quantities as 0,025 ml
is of no specific importance in a practical application, but it i
important to be abdle to detect a minimal concentration of botulinel
toxin that doeen’t change with relation to the volume of the examined




Zeble 5

Seres MINERVIN’S aethod Indirect he lutination
)

: s | 2pe niegioal | type a] Type 3] LEIIE0

ype ype ogical . Type ype oa

Toxin'® solution . u:ftttoz
1300 1.2 2,66 0.9 - e -
11200 1.57 2 1.3 - +oee -
18‘00 2031 2.1‘ 2.2‘ - *+4e -
1!” 2.6 - 2.5‘ 2.1‘ - *e -
.1!‘.0“ 2.24 2.21 2.66 - hnend ‘-
1310.000 2011 2098 302 - — -
1!1“.000 20‘9 2.4 2.45 - — -

11 100 heated for
20 nimates 030 | 2.54 2.96 | 2.2 - - -
Normal reddit
serua

Sensisivity
(in Dlam)

Average

3 adratioc
ivergence

Reliabild
of 41is- bd

tinctions *)
of two

indicas

R R R
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fluid used in analysis. The investigations proved that an increased '
quantity of the 1nvg.t13atod material 4id not increase the sensi-
tivity of the modified MINERVIN'S method es used, while the sensi-
tivity of the indirect hemagglutination reaction 414 increase with ‘
the increased volume of the investiguted material,

The statistical anslysis of obtained results proved the follow=-

ing. In the course of titration of the toxin in 10 experiments om

aniaals (120 white mice), we determined that one minimal fatal dose

of the toxin corresponded to the average dilutiom of 1:90, Hence,

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

Dls. Por example, a dilution of the toxin at 1:1,600 corresponded

to 0.05 Dla and & dilution &t 1:800 corresponaed to 0.11 Dim, etc.

Thus, tae reliabdility of differences obtained in comparabdle experi-
‘ ments with respect to the nnettiiity of our method versus other

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

test of MINERVIN) we determined by analyzing an average error
| &

1
v n! + l:

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

according to the formula:

. S S e it e ¥

3 where M and M, are comparabdle

ly. We considered as izmportant differences only those that exceeded
the minimal error in diversity (i.e. they were greater and occurred
not less than 3 times),

e v+ e ne b o B T

Judging from the t values subzitted in Table 4, the differences
in sensitivity of our method, as oompared with the biological test
on white mice, with the method of RYTSAI and with the modified method
: ~ of MINSRVIN, cen be evaluated as substantisl and reliadle,
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Of greater practical importance is a study of the possibility
of determination of botulinal toxin in various concentrations of
tadle salt. Suoh study would be in connection with a possibility of
poisoning with botulinal toxin after eating salted fish. The concen-
tration of tadble salt in extracts made of strongly sslted fish may
reach to 8 or 10%,

Hence, we diluted botulinal toxin with a solution (pB 7.0)
containing diverse contents of tadle salt from 0.8 fo 15%, We used
the same percentage contents of table salt for indirect hemaggluti-
nation reaction while diluting the toxin with normsl radvit serus.

Data presented in Tabdle 5 indicate that determination of botu-
linal toxin with the modified method of MINERVIRN is difficult, when
the concentration of tadble salt approximates 2%, The indirect hemag-
glutination reaction enabled us to detect and to differentiate a
type of botulinal toxin when a concentration of tadle salt eqQualed
156, As the concentration of table salt increased fros 2 to 15%,
the bemagglutination titer decreased gradually from 1:800 to 1:200.
At the same time, we observed & gradual retardation in precipitation

of erythrocytes,

Conclusions

1, The indirect hemagglutination reaction in our modification,
used to deterains botulinal toxin, excesded in sensitivity the modi-
fication of RYTSAI, also the diological test on white mice and the
acdified method of MINERVIN,

2. The modified method of MINERVIN enadled us to determine

- 1] «=
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vetulinal toxin in investigated fluid with the oonoentration of
sadle salt not exceeding 2%; the indireot hemagglutination reaction
in our modification peraitted us to detect and to differentiate a
type of dotulinal toxim in & fluid with a conoentration of tabdle
salt up to 15%, |
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Susmary (copied)

The suthor presents a modified technique of indirect hemag-

' glutination reastion, as applied in the deteraination of botulinus

toxﬁnﬂ hecompares the sensitivity of }hh reaction with the biolociu‘
test on white mice, indirect hemagglutindtion reaction (modified by
RYTEAI) and the modified method of MINBRVIN, ’
The data odtained demonstrate that the suggested modification
of the indirect hemagglutination reaction permits wdetonin’"
¥8 MLD of botulinum toxin for white mice withim ) hours.
By the sensitivity and stability of its results the test sur-
passes the indirect heasgglutination according to RYTSAI and the
aodified MINERVIE’S method. ),'\ .
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