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Summgry

Assay of cholera toxin and anti-toxin in rabbit skin
offers a convenient, accurate, and sensitive assay of cholera
toxin activity. Since the discovery of cholera toxin in the
8tools of cholera patients at the CRL, the development of the
rabbit skin assay has been carried out in Dacca, although
majority of the work was done both in Dr. Craig's and other
laboratories abroed. The cholera toxoid field trial of 1974
called for cholera anti-toxin titrations of large numbers of
sera. Of necessity, the serological survey samples from the
field trial populsation were finger-stick samples. The rabbit-
skin assay offered a convenient and accurate assessment of
anti-toxin titers;in the small; dilute samples because of its
great sensitivity; and therefore the rabbit-skin assay was
used to titer g systematic' sample of 20% of the sera from the
vaceine field trial serological survey. The data indicate a
higher median haseline titer for children aged 1-4 than
children aged 5 to_j4, or sdults. The lower 1imits of a
detectable end-point was found 'in the neighborhood of 3 AU/ml
in samples of 100:1lambda velume of blood diluted 1-10 in
normal saline in the field, Although children aged 1-4 have
a higher average base-line titeér, their response to two
injections of 100 mcg of Wyeth ‘21201 toxoid were less on the
average than older children or ‘adults. The geometric mean
titer for each pge group was pohsiderably less than comparable
titers observed in the Phase }I- study in village Meharan,
summer 1973 using Wyeth 11201-toxoid. By comparing antitoxin
titers from simulteneously drgwn finger-stick’ and venepuncture
sample, it was estlablished thp ldifference’was due to an
erroneous estimate' of the initial dilution which, in fact,
wes ‘always greater than 1 to 10 because of average hematocrits
considerably less ‘than 50% in ﬁhe field trial population.
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. Cholera is a disease caused by action on the small
bowel by an extremely.active.protein toxin called, dhdIera
eﬁ?€?3:¥5£1n. “ffie entero-toxic properties of the cholera
toxin_were establisHed Trom cudtures by.Datta.et. al.(1) in
India and was ¢onfirmed te be preeent in eheiers BTe6l 6
patledfs st the Dacca” CR616Ta "R886aTch Laboratory by A
Df. John. P. Craig (2,3) who als® eetablished é vascular S
' permeability -property of thé toxin™ “€alled Pf. “The development
of rabbit and guinea pig skin £OF. the &ssay, of cholera toxin
aqg, subeequentlx&“cholera anti-toxin weg_ fugmhen“ﬂetﬁlogg@

at Dr. crﬁf"‘“"g 5 laboratory.(4) e and_abroad, but the Cholera,.
R“e&d?ﬁﬁ“ﬁhboratory maintained technical capabilltxgghto

= et Al

perform these t&gﬁe “in_Dacca.

e A L g 5 e rEAR)

The first large scale field trial Qf cholera toxoid
which occuffed T tHE Ia{Ear part.af. the. dalender. in 1974
requlred serological survey of s anto-toxin titer An addition
ﬁf:ﬁiﬁ}ioﬁiaﬁiﬂ%itere which had been _a_common, accompaniment.
of previoue STrTeld™trials. A serological BUrvVey of_}%;giﬂﬁhg
fTeTd ™ trrat—population demaniE tHat.. “finger—§tick Bamples be
obtaifed IR ¥he field. This dictates ¥ T&%“tﬁé"”fn“i‘fig.mlu-~_
tion of §&¥um for assay OF. antitoxin antiBody be at least
greater tHai 1 to To 10. Should low titers of anti-foxin ¥e
sighificant in protecting . against cholera, 1t 18 désirable
to use a sensitive assay for anti-toxin, Two antitoxin assays

were thought 10" be feasibia in this ‘setting: The hemagsIuti-

Ry ox s ) M £

but it offered”reduced eeneitivity. The rapbit 8Kin assay

of Pfﬂ_giiﬁ‘er‘éd“éénsitlvity, but 1t was not as_ ‘efficient or
chedd as HEh@EEIﬁ}ination. ‘Therefore, it was decided that the.
hemagglutiridtion assay. to.monitoxr the, qptire eeroiogical i
survey would be eetablishedﬂponcurrently with the Pf assayfto

--------

Methods

The toxoid field trial called for finger-stick bleeding
of every member of every 33rd family priar to the first and
eecd“ﬁ'injamiinne. ‘and 81X Weeks following the second
injectiow, "SEHpIes were obtained 88100 “lambda. “whale-blood
collected from a finger etick "int07 100" lempda heparinized
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R auf capillary tubes which were evacuated immediately into .9 mi.
“ :

of ‘sterile normal saline in the field. In cases when it was
not possible to get a good sample of 100 lambda, 50 lambda
were, obtained, and evacuated into .45 ml. of normal saline
-in the field. Patient's identification and the date were made
on the diluteé whole blood. Samples were returned to Matlab
and were ferwarded te Daesa the Fellewing day en iese.

" Immediately on arrival in Dacca the cells were spun down and
- diluted plasma decanted and frozen.

Dr. Ansaruddin Ahmed will detail the methodology and
results of the hemagglutination assay which was performed on
every sample. Permeability factor assay in rabbit skin was
performed on every 5th sample in a serial order beginning with

a random start.

The finger-stick blood samples received from the field
were considered to have a initial dilution of 1-10 neglecting
Het.% of the patients. Depending on the volume, the sera
were first screened .at the dilution of 1-80 and 1-640.

Standard Toxin: Finkelstein Purified Cholera Toxin lot
No., 0572 were used throughout the tests. The Lb. of the toxin
was found to contain 27 Lb/mcg as determined both in Dacca
CRL and in Brooklyn by Dr. Craig. A 5 mgm vial of toxin was
rehydrated in { ml distilled water and then diluted 1o a
volume of 200 ml of 1 mcg/ml in phosphate buffered saline
diluent containing 0.1% bovine serum albumin and 0.01%
merthiolate (PBSSM) as per manufacturer's direcgion. Aliquots
of 1 ml vial was quick forzen and stored at -60°C. One.
aliquote of the toxin was thawed and diluted to 1 meg/ml. and
kept at 4 C until it was used within a maximum of five days.

Standard Antitoxin: The serum used is the provision
standard antitoxin "Purified Cholera Antitoxin Lot
No. EC3{A~2/67)-B" prepared by the Swiss Serum Vgccine
Institute, Switzerland. The material ie hence reférred to as
SSVI-B. When rehydrated as per instruction of the manufacturer,
the serum has been assigned to contain 4470 AU/ml in
Dr. Craig's laboratory. Rehydrated 1 vial of S5VI-B with
distilled water and then in normal sealine containing 0.01%
merthiolate in a 25 ml volumetric flask, the final dilution
being 357.6 AU/ml (say 358 AU/ml) and kept at stock at 4°¢.
For use in our assay it was diluted in BG'to 10 AU/ml and
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° ‘' ipe the teést dose of toxin depends upon the sensitivity
of antitoxin detection desired, 1/10 Lb/ml was found to be
conveniefit. This dilution tests at the Lb/200 level since
1/200 Lbs of toxin enters each injection site.

- Serial 2-fold dilution begining from 1-80 or 1-640 of
the test sera in BG were dispensed in 0.3 ml volume in
. Vasserman tube. The initial dilution was chosen based on the
’ result of the screening tests. SSVI-B, which was used as the
' standard Antitoxin control, was prepared in serial 2-fold
di}utiona in BG buffer containing i/4, 1/8, 1/16 and 1/32
AU/ml. :

, To each tube of both standard antitoxin and test sera

h we added an equal volume of toxin 0572 containing 1/10 Lb. -
i.e. 0.0037 mcg (4 mg)/ml. A positive control for toxin was
included in each test which contained equal volumes of toxin
(1/10 Lb/ml) and B.G. buffer. A negative control of BG buffer
only was also included in all the testa. All the tubes were
incubated at 37 C in water bath for one hour and injected
intracutaneously in a volume of 0.1 ml in to one randomly
chosen spot on each of the two rabbits.

Between 22-23 hours after the injection 1.2 ml of a

5% solution of Pontamine Sky Blue 6BX (DuPont) in 0.45%
saline per Kg. body weight was administered intravenously.
One hour after the intravenous dye injection the diameter )
(in mm) and the blueing intensity (on a graded arbitrary scale
of + to ++++* as defined by Dr. Craig) of the lesions were  _
measured. The blueing scores were calculated by multiplying

- the mean lesion diameter in mm by the mean intensity value.
The bluing scores were plotted against the log serum dilution
and the interpolated concentration of antitoxin which yielded /
a mean bluing score of 20, which was considered the steepsst
part of the curve in our tests, was considered the end point
of the assay. The log of the test serum dilution was then
substracted from the log of the standard antitoxin in units,
which represented the log of the AU/ml of the test serum.

Ul

In addition to finger-stick samples from the serclogical
survey of the toxoid field trial, simultaneous collection of
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'*"“*?"Géﬁé%ﬁﬁé%ﬁfa whole blood and finger-stick samples were
+ .. conducted following the epidemic in 33 individuals who had

received "toxoid or who were convalescing from cholera. Serum
. was "obtained by vein puncture, and finger-stick samples
%! were obtained in 1C0 lambda quantities and were diluted in
f~ ..9'ml saline exact.y as in the field. The pairs of undiluted
gerum and diluted plasma wero assayed in the rabbit skin by
~ 7 the same techniques.as described above.
A further set of 50 paired sera of Phase II study of
Wyeth 11201 toxold in Meharan was assayed on the rabbit skin
by the same technique as described sbove 40 show the corre-
lation of the results obtained in Dr. Craig's lab and in
Daceca CRL.

Results

Figure 1 illustrates a frequency distribution of titers
obtained in serological surveys in Pf assay. The median and
significant percent of observations are indicated for each
of the 3 age groups on day 0, day 42 (just prior to the
second in;ection); day 84 (8ix weeks following the second
injection). It is seen that children aged 1-4 have a higher
median titer and lower percentage in the undetectable titsr
range. Sensitivity was usually 3 antitoxin units per ml.
depending on the particular run on the sensitivity of the
rabbit skin. It is also noteworthy that the placebo-
immunized group did not change significantly. A few individuals
were seen to raise their titer considerably, and although
these individuals have not been matched with hospitalized
cases, wWe have already heard that there is more than
sufficient cholera in the area to explain the low proportion
of placebo immunized patients showing a significant rise in
the antitoxin.

Table ! presents median antitoxin units per ml, as
determined by the permeability factor assay among the toxid
field trial survey population. It seemed that children 1-4
started with a higher median titer, but responded less than
older children or adults.

Figure 2 is a correlation diagram of antitoxin units

per ml. determined by the permeability factor aggay using
pairs of whole serum and diluted finger-stick plasma.
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Table 1II shows the rssults obtained in Dacca CRL and
in Dr. Craig's lab, Brooklyn, U.S5.A., and Figure 3 is a
correlagtion diagram of antitoxin units per ml. determined by
the permeability factor assay of the 50 paired serum of
Phase II study of Wyeth 11201 toxoid in Meharan.

Discussion *

The accuracy of the rabbit skin assay for permeability
factor makes it a convenient reference to use between
laboratories. In a situation at the CRL in 1974 when large
numbers of finger-stick samples of diluted human plasma were
to be assayed for antitoxin, the increased sensitivity of the
rabbit skin assay made it possible to perform simultaneous
assay by two techniques of antitoxin.

Becaugse of the increased sensitivity in the rabbit skin
essay, it was possible to estimate with greater accuracy the
vaseline titers of all the people included in the serological
survey. The data contained no surprises in that children
showed higher average base line titers than older children
or adults. It was surprising, however, that children responded
less well on the average 10 two injections of 100 micrograms
Wyeth 21201 toxoid than did older children or adults. The
placebo immunized patients 4id not change significantly with
placebo immunization. Five percent did,however, increase
their individual antitoxin "titrations when the same person
wasS followed serially. This is perfectly conasistent with the
attack rate of cholera which was seen in the area during the
time of the serological survey.

Although there were significant numbers of patients who
had undetectable end-points of antitoxin titrations because
of the initial dilution of plasma for assay, a compariscn
of median responses to 100 micrograms of similar toxoids
indicates that the response to Wyeth 21201 is less than the
response 1o Wyeth 11201. This is opposite of the observation
made in Texas volunteers in which the field trial lot was
thought {0 be slightly more antigenic than the preliminary
lot. In an effort to establish the magnitude of inaccuracy
which occurs as a consequence of a variable initial dilution
of finger-stick blood simultaneous corrections of finger-
stick and venepunctures Samples were obtained in toxoid
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immuniZBd or convalescent patients.

Conclusion

The rabbit skin assay per cholera antitoxin was shown
to be a penoitive, feasible masay of ¢holers antitoxin, The
data generated from this assay confirmed previous observation
of higher average titers with younger people. The trend to
an increased response t0 cholera antitoxin administered
intramuscularly with increasing age was noted. We conclude
that the rabbit-skin assay is a valuable part of the Cholera
Research Laboratory capability in toxin and antitoxin
research. Ite usefulness lies in accuracy and increased
gsensitivity over hemagglutination. Its drawbacks are the
expense of maintaining a rabbit colony and limited numbers of
samples which can be handled on a day to day basis.
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