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Improvements in the Rabbit Scarification
Method for the Assay of Smallpox Vaccine*

ROBERT W. KOLB, CLAIRE B. COX & HARRY T. AYLOR

For many years in the USA and at least eighteen other countries in the world, the
rabbit scarification method, with modifications, has been the laboratory test system used
in assaying potency and in standardizing smallpox vaccines. A revaluation of this control
procedure has kd to further attempts to improve the method and to the studies described
in this paper. Refinements in the method include an improved scarifying instrument per-
mitting more uniform vaccination results, a modified rabbit testing system using an increased
number of animals, a calibrated gradient ensuring more precise measurement ofindividual
pocks and confluent areas, and a simple mathematical scheme for quantitating potency of
unknown vaccines in terms of a reference. Experimental data from 500 rabbits reflect the
precision of the test system with the refinements suggested. A brief discussion of the ad-
vantages and disadvantages of the rabbit scarification test system as against other vaccinia
viruspotency titration methods indicates how the improved scarification method could better
serve as a practical and satisfactory means for evaluating the relative potency of unknown
vaccines in the control laboratory.

INrRODUCTION

Since its introduction by Calmette & Guerin
(1901) and subsequent modifications by Guerin
(1905), Belin (1912) and Force & Leake (1927), the
rabbit scarification technique has had considerable
use throughout the world (Desbordes; 1 World
Health Organization, Study Group on Requirements
for Smallpox Vaccine, 1959) for the potency evalua-
tion and standardization of smallpox vaccines.
Objections have been raised as to the sensitivity and
reproducibility of the method as well as to the fact
that results can only be expressed qualitatively. To
circumvent these objections, the following alternate
test methods have been proposed: the rabbit intra-
dermal method (Groth, 1921); intravenous injections
and chorioallantoic pock-counting methods in
embryonated chicken eggs (Beveridge & Burnet,
1946; Kaplan, 1960; Burnet, 1936); and tissue cul-
ture titration methods (Cutchins & Warren, 1958).
While these methods have been found to be more

sensitive in the titration of vaccinia virus, they are
not entirely applicable nor have they been universally
adopted for the control testing of smallpox vaccines.

* From the Division of Biologics Standards, National
Institutes of Health, Bethesda, Md., USA.

1 Unpublished working document WHO/BS/IR/61.

The lack of sufficient correlating human data, sim-
plicity of technique, practicality and economic
feasibility are some of the factors influencing their
suitability.

In a revaluation of the official method of assay,
attempts have been made to improve the rabbit
scarification method in order to reduce the variability
of the test system and to provide a more uniform
control test procedure. In the present paper, modi-
fications of the official method are suggested, a
simple mathematical and quantitative means of ex-
pressing potency of smallpox vaccine in terms of a
control preparation is proposed, and it is shown that
an improved means of evaluating potency and stand-
ardizing smallpox vaccine can be accomplished by
this method.

MATERIALS AND METHODS

The control and test vaccines

The National Institutes of Health (NIH) Control
Smallpox Vaccine, Lot lb, and six lots-ofcommercial
vaccine of calf lymph origin were used in this study.
The control vaccine is a dried preparation which
has been found to produce both primary and secon-
dary infectivity reactions in human beings and has
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served as a laboratory control in the testing of com-
mercial vaccine since 1950.

Potency assay
The method used was similar to that initially

described by Force & Leake (1927) and incorporated
in the Minimum Requirements: Smallpox Vaccine
of the National Institutes of Health (US Depart-
ment of Health, Education, and Welfare, 1951)
except for certain refinements introduced by the
authors. These refinements are indicated in the
following descriptions of the various steps in the
assay.

Vaccine dilutions. The vaccines were diluted in
a manner similar to that described in the Minimum
Requirements: Smallpox Vaccine (op. cit.) using
sterile buffered physiological saline, pH 7.0. The dilu-
tions were 1 :1000, 1 :3000, 1 :10000, 1 :30000,
and 1: 100 000.

Preparation of test animal. The hair from the back
and both sides of New Zealand white rabbits weigh-
ing 5-6 pounds (2.3-2.7 kg) each was removed with
electric clippers. The animals were inspected, and
only those free of hair undergrowth were selected
for test. The denuded skin was cleansed, and with
the use of a plastic stencil and indelible pencil, 4 or 5
equal test sites measuring 2.5 x 5 cm each were
marked off on the right flank, left flank and dorsal
paravertebral skin areas of each animal. In mark-
ing the areas, care was taken not to stretch the skin.
Using a scarifying instrument as shown in Fig. 1,

the test sites of uniform size were prepared by
repeated light strokes until areas of even redness
were produced without provocation of bleeding or

FIG. I
SCARIFIER FOR USE IN TESTING SMALLPOX VACCINEa
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a Reproduced through courtesy of Mr D. E. Marshall, Parke,
Davis & Co.

laceration. The pattern for this instrument was
kindly supplied by Mr Oliver E. Closson and Mr
Donald E. Marshall of Parke, Davis & Co. The use
of this instrument results, in general, in more uniform
scarification with the end result of better vaccina-
tion than with pieces of broken glass tubing or other
devices formerly used.

Inoculation of animals. The number of test
animals was increased from two to three. On each
animal, two test vaccines and the control vaccine
were inoculated, with the test areas being varied on
each animal (Fig. 2). By increasing the number of

FIG. 2 RABBIT SCARIFICATION SITES

RABBIT 2 RABBIT 3
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FIG. 3

PLASTIC GRADIENT FOR MEASURING DEGREE OF TEST
REACTION

rabbits and varying the test areas over the three
animals, the variability among animals was minim-
ized and possible variation due to differences in
sensitivity among test areas was eliminated.
A quantity of 0.2 ml of each vaccine dilution was

applied and rubbed into each scarified test area.

If any vaccine was spilled outside of the area's
boundary, it was removed with blotting paper.
Upon completion of all inoculations on an animal,
the sites were air-dried by use of a hair drier before
the animal was returned to its cage.

Reading and recording of results. A transparent,
plastic measuring device (Fig. 3) has been introduced

to measure the extent of reaction on the fourth and
fifth days following inoculation, which experience
has shown to be at its height on these days. The
measuring device was laid on the reaction site, and
the percentage area covered either by confluent
eruptions or individual lesions was rapidly deter-
mined.
The measuring device was scaled to coincide with

the over-all size of the scarified area. The largest
subdivisions represent a 4°/ area and the smallest,
a 0.5% area.

In recording results, the highest percentage
reaction obtained on either the fourth or fifth day
was considered as the end-point reaction. The
measuring device made it possible to assign a per-

centage value to a single lesion. The maximum
degrees of infectivity for each dilution were deter-
mined as the average percentage reaction obtained
for the three animals. The arithmetic mean of the
average percentage reactions occurring at the
1: 3000, 1: 10 000, and 1: 30 000 dilutions was com-

puted and considered as the descriptive figure for
the respective vaccines under consideration.

RESULTS

Trials with control and test smallpox vaccines

Reproducibility of results by the aforementioned
method was demonstrated in sixty experiments with
507 rabbits. In Table 1 data are presented for ten

TABLE I
DEGREES OF REACTIVITY OF NIH CONTROL VACCINE, LOT lb,

BY RABBIT SCARIFICATION TECHNIQUE

Average percentage reaction at dilution shown Mean per-
TetN.No. of rabbits ______-Aergprcnaecentagereac-Test No.

per test - tion at dils
1:1 000 1:3000 1:10000 1:30000 1:100000 1: 30000

1 9 93 92 72 48 18 70.7

2 6 99 94 76 45 14 71.7

3 6 97 95 78 54 13 75.7

4 3 NT 98 95 82 53 91.7

5 6 93 78 49 19 NT 48.7

6 12 NT 84 55 26 8 55.0

7 3 100 100 80 60 20 80.0

8 3 NT 98 82 43 8 74.3

9 12 98 93 78 42 NT 71.0

10 21 NT 94 84 57 23 78.3

NT Not tested.

1
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TABLE 2
SUMMARY OF REPLICATE RABBIT SCARIFICATION
TESTS WITH COMMERCIAL SMALLPOX VACCINE

Over-all
Vaccine Mean percentage reaction at mean

lot dilutions 1: 3 000 to 1: 30 000 percentage
reaction

1 73, 79, 72, 94, 77, 84, 73, 71, 74 77.4

2 75, 78, 79, 71 73.5

3 60, 74, 63, 78, 55, 53, 67 64.3

4 63, 50, 53, 57, 73, 73, 69, 62, 73, 83,84 67.3

5 69, 83, 69, 84 76.3

6 63, 56, 60, 72, 54, 75, 75, 56, 66, 78, 82,
94, 84, 78, 84, 73 71.9

randomly selected experiments in which the NIH
Control Smallpox Vaccine, Lot lb, was employed.

It is apparent from these data that the degrees
of infectivity or reaction do not follow a linear dose-
response relationship. Extreme degrees of reactivity
and variability of the test occur at the 1: 1000 and
1: 100 000 dilutions. For these reasons, computa-
tion of mean percentage reactions from the 1: 3000,
1: 10 000 and 1: 30 000 dilutions seemed valid, these
representing the more critical portions of the test.
The results of all sixty experiments showed the

mean percentage reactions for the control vaccine
to range from 48.7% to 91.7% reaction, with an
over-all mean of 70.1 % reaction.

TABLE 3
SUMMARY OF CONTROL LIMITS FOR SIXTY

EXPERIMENTS WITH NIH CONTROL SMALLPOX
VACCINE, LOT lb

Mean per- Limits±
No. of No. of cenage t Standard 2 standard
tests ani- dilutions error a

mals 1: 3 000 to Lower Upper
___ ___ 1~1:30000 ~___ _ pe

30 310 68.93 12.59 43.75 94.11

40 394 71.28 11.80 47.68 94.88

50 472 70.73 11.02 48.69 92.77

60 507 70.12 10.53 49.06 91.18

a Standard error and control limits refer to the mean per-
centage reaction computed for groups of three rabbits. In
several Instances, however, it was necessary to eliminate
results of animals because of poor physical condition not
associated wlth smallpox.

Further evidence of reproducibility with commer-
cial vaccine is shown by the data presented in Table 2.
The over-all mean percentage reactions shown

for these lots compared quite favourably with the
70.1 % reaction obtained with the NIH Control
Smallpox Vaccine, Lot lb.

Establishment of control limits
Since it was evident that the test system could

not be modified to the extent where variability was
entirely negligible, it was necessary for control
limits to be established on the areas of reactivity of
the control vaccine. The most satisfactory control
limits appeared to be 2 standard errors on either
side of the mean percentage reaction (Hald, 1952;
Dixon & Massey, 1957). Using the data amassed
with the control vaccine for the first 30 experiments
involving 310 animals, a routine analysis of variance
was made. The mean percentage reaction was
68.93 %, with a lower reactivity limit of 43.75% and
an upper limit of 94.11 %.

In any test thereafter in which the mean percentage
reaction of all of the control animals fell outside
the control limits, the test was repeated. New
control limits were computed upon completion of
each ten additional tests as the data were amassed.
Table 3 shows the control limits for all sixty experi-
ments and reflects the degree of consistency that
may be obtained by this procedure.

DISCUSSION

Some of the principal objections to the rabbit
scarification test are that its estimates of potency are
qualitative, the errors due to technical and animal
variation are large, and the total number of infective
virus particles cannot be detected. As a result, other
test systems have been devised to overcome the
objections to the rabbit scarification test. These
methods, too, have their limitations.
The rabbit intracutaneous method has the dis-

advantage (Collier, 1955) of not being sensitive
enough to titrate vaccines of dubious quality or
unstable character because of inconsistent or poor
development of intracutaneous lesions. Collier
attributes this to an interference phenomenon of
dead virus particles with the remaining viable par-
ticles. The experience of the authors (unpublished
data) showed that dead virus particles do not inter-
fere with viable virus particles in vaccines when the
rabbit scarification technique is employed.
Kaplan & Belyavin (1957), in studying the repro-

ducibility of vaccinia virus titrations by the chorio-
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allantoic membrane pock-counting method, found
that the distribution of counts was neither Poisson-
ian nor normal. The count variance wandered so
extensively that no valid estimate of the over-all
coefficient of variation was possible. Armitage
(1957), Overman & Tamm (1956) and Westwood,
Phipps & Boulter (1957) experienced the same
difficulties in their studies, using the pock-counting
technique.

Cutchins & Warren (1958) have provided a titra-
tion system in which a tissue culture assay in mon-
key kidney was used. This method provides a
titration system which is very much more sensitive
in detecting viable infectious vaccinia virus particles
than the rabbit scarification method. Correlation
between tissue culture and the rabbit scarification
methods is reported elsewhere in this issue of the
Bulletin ofthe World Health Organization.I However,
until a sufficient number of human trials have been
carried out to establish a correlation between virus
titre by this method and successful human vaccina-
tion, it cannot be adopted for the assay of com-
mercial vaccines.
Kaplan (1960) has recently devised a method for

assay of vaccinia preparations in which embryo-
nated eggs are injected intravenously. However, in
spite of the reproducibility of the method, it would
not be practical in the routine assay of vaccines for
reasons of time and expense.

In spite of the disadvantages cited, the rabbit
scarification method still seems to be the most
practical laboratory method for the assay of vaccines
used for human inoculations. There are sufficient
human trial data correlated with results of this test
to estimate the probability of successful human

vaccination; it is economical in that on three animals
two test vaccines can be directly compared with a
control vaccine; a minimum amount of training is
required for personnel; and by the use of the modi-
fications described herein, test results can be de-
termined and expressed in relative terms by simple
mathematical means.

In this laboratory, it is necessary to determine the
potency and stability of commercial vaccines. For
purposes of expressing potency of unknown vaccines
in terms of the control vaccine, a simple method
was desired. This was accomplished by using the
calculated mean percentage area of reaction obtained
for the test and control vaccines (test/control) in
the same animals to calculate a ratio. Thus, a
relative potency value can be obtained.
To date only limited data are available from

studies in progress correlating a minimal acceptable
potency ratio for commercial vaccines to that of
successful human vaccination (unpublished data).
Experience indicates that those test vaccines having
a ratio to the control vaccine of 0.70 or greater are
of acceptable potency. Subsequent data may show
a lower significant value, but for the present, a 0.70
ratio is both satisfactory and desirable, particularly
from a control standpoint.

Since the introduction of a US Reference Smallpox
Vaccine is contemplated, additional experience with
this new preparation will be necessary. It is believed
that the use of the test system herein described would
be a useful tool in such studies and the experience
thus obtained would be helpful in further estab-
lishing a minimal acceptable ratio as well as more
uniformity and standardization of the commercial
product.

RtSUMt

L'evaluation et la standardisation des vaccins anti-
varioliques par la m6thode de scarification sur le lapin
est utilisee dans une vingtaine de pays du monde entier.
On a reproche A ce test d'etre seulement qualitatif, d'etre
sujet A des variations dues A la technique et A la sensibilit6
individuelle des animaux, et de ne pas se preter A la
numeration des particules infectieuses. Les tests propos6s
pour le remplacer ont aussi leurs desavantages. La
m6thode intracutan6e sur le lapin n'est pas assez sensible
pour evaluer les vaccins instables ou de qualit6 inf6rieure.

1 See the article by Kolb, Cutchins, Jones & Aylor on
page 25.

La methode de numeration des pustules sur membrane
chorio-allantoldienne de poulet varie dans de, telles
limites, qu'elle ne permet pas de fixer un coefficient de
variation. Le titrage sur culture de tissu de rein de singe
est beaucoup plus sensible que la methode par scarifica-
tion du lapin, mais tant que l'on n'a pas etabli un rapport
entre le titre du virus trouv6 par cette voie, et l'efficacit6
de la vaccination chez l'homme, on ne peut le pr6coniser
pour le titrage des virus du commerce. En attendant
mieux, la m6thode par scarification reste la plus com-
mode, peu cofiteuse, n'exigeant pas une formation tres
pouss6e du personnel qui l'applique, et pratiqu6e depuis
assez longtemps pour que l'on connaisse la relation entre
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les resultats qu'elle donne et l'efficacite du vaccin pour
l'homme.

Les auteurs, attaches au Departement des Etalons bio-
logiques des National Institutes of Health, des Etats-
Unis d'Amerique, a Bethesda, Md., ont cherche a per-
fectionner cette methode en reduisant la variabilite et en
ameliorant la technique de contr6le. Ces modifications
portent sur le scarificateur, le nombre des animaux utili-

ses (qui passe de 2 a 3), la mise au point d'un instrument
calibre permettant de preciser les dimensions des pustules
et des plages confluentes, et un calcul mathematique grace
auquel il est possible d'exprimer quantitativement l'acti-
vit6 de vaccins inconnus en fonction d'un temoin. Les
experiences sur 500 lapins, avec ce test ameliore, en ont
prouve la precision.
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