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Observations on the Classification and Interpretation
of Reactions to Smallpox Vaccination *
Group Captain R. M. CROSS, L.R.C.P. & S., D.T.M. & H., D.C.P., R.A.F.'

Over the last ten years extensive trials have been carried out on various smallpox
vaccines prepared by the Lister Institute ofPreventive Medicine in England, and the oppor-
tunity has been taken to make careful records of the reactions encountered, to investigate
the significance of the immediate reaction and to determine the relationship of techniques to
vaccination failures.

In this paper the various classifications of vaccination reactions are reviewed, and a
modified system of classification is suggested, based on the experience ofa large number of
vaccinations performed with a uniform technique.

The two main vaccination techniques (linear scratch and multiple pressure) are con-
sidered and evidence is adduced to suggest that the depth ofinsertion of the virus is the most
important single factor contributing to successful vaccination. A standard scratch technique
is recommended, which, by its speed and simplicity, is well suited to mass vaccination as
well as to general use for individual patients.

The problem of duration of immunity following successful vaccination is also discussed,
experimental results suggesting that it is unusual to get a " revaccination vaccinia " reaction
on revaccination within three years, providing the previous vaccination was successfully
performed.

CLASSIFICATION OF VACCINATION REACTIONS

Vaccination against smallpox was the first immuni-
zation procedure adopted for the protection of man
against disease, and since its introduction by Jenner
in 1798 it has been practised on a world-wide scale.
It is remarkable, therefore, that there is as yet no
universal agreement on the classification of the
results of vaccination or on their interpretation.
For many years results were recorded as " success-

ful " or " unsuccessful ", or as " take " or " no take ".
Leake & Force (1921, 1930) laid the foundations of

modern classifications by grading the results of
vaccination as:

(a) " Primary Vaccinia-a papule appears at the
site of inoculation from 1 to 6 days following the
vaccination, becoming vesiculated from 1 to 3 days
later. Surrounding erythematous reaction is present
which reaches its maximum diameter about the
ninth day."

* This article will also be published, in Spanish, in the
Boletin de la Oficina Sanitaria Panamericana.

1 R.A.F. Institute of Pathology and Tropical Medicine,
Halton, Aylesbury, Bucks, England. Present address: Armed
Forces Institute of Pathology, Walter Reed Hospital,
Washington, D.C., USA.

(b) "Accelerated Reaction or Vaccinoid-the
papule appears earlier, the vesicle will be smaller and
the erythematous reaction reaches its maximum in
4 to 7 days."

(c) " Reaction of Immunity or Immediate Reac-
tion-the reaction consists only of a papule and
areola, with the maximum diameter of erythema in
from 8 to 72 hours after vaccination."

This method involved noting the timing of the
greatest erythematous response in addition to the
morphological appearances, but daily observations
are rarely possible except in scientific studies, and the
erythematous response is too inconsistent to be of
use in routine practice. Various workers have
modified the original method to make it more
acceptable.
Broom (1947) considered that the reaction could

be read on the eighth day, when the accelerated reac-
tion was just reaching the stage of pustulation.
He regarded an immediate reaction as a papule
surrounded by an area of erythema at the site of
insertion.
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Benenson (1952) discussed the criteria used in the
USA for recording vaccination results and stated
that they varied too often with the operator. To
some persons any morphological response other than
trauma was considered to be evidence of a successful
vaccination. Others relied on a single reading on the
eighth day and if there was no visible reaction at that
time an immediate reaction was assumed; if scab or
subsiding lesion was present, a vaccinoid reaction was
recorded; if the lesion was active, a primary vaccinial
reaction was reported.

PRESENT PRACTICE

The instructions in the Memorandum on vaccination
against smallpox of the Ministry of Health of Eng-
land and Wales (1956) leave some doubt as to how
the results of vaccination should be read. They base
the reading on the maximum size of local reaction but
do not indicate whether the local reaction refers to
the vesicle or to the surrounding erythema, or to
both. Inspection on the seventh day is recommended
for correct assessment of the results in primary
vaccination, whereas in revaccination it is suggested
that accurate assessment is usually possible by exa-
mination on the third or fourth day and again on the
sixth or seventh day. For ideal conditions daily
observations are advised until the maximum local
reaction is reached.

In the United Kingdom it is probable that many
revaccination results are never inspected owing to the
fact that the international certificate against smallpox
is valid immediately after revaccination, whether the
result is successful or not. The most common prac-
tice is for the results to be read only on the seventh
day, when the estimation of maximum response
depends on the morphological appearance.

If a vesicle is present at seven days it is assumed
that the maximum response has not been reached and
the reaction is called a primary type or primary
vaccinia. If the lesion has dried up to form a scab it
is called an accelerated reaction.

There is no accepted terminology to distinguish
between the vesicular type of reaction in a person
who has been vaccinated for the first time, and the
similar reaction in a revaccinated subject, both being
referred to as " primary vaccinia ". It is suggested
here that " primary vaccinia " should be restricted to
the reaction following primary vaccination, and that
"revaccination vaccinia " should be used for the
vesicular type of response to revaccination.
No reference in the literature has been found

mentioning a morphological distinction between pri-

mary vaccinia and revaccination vaccinia. In the
trials reported below it has been observed that revacci-
nation vaccinia can be distinguished from primary
vaccinia in 95% of cases. Whereas primary vaccinia
appears as a pearl-like vesicle with a faint pink to
red areola, revaccination vaccinia usually has an
irregular vesicle with a black haemorrhagic appear-
ance and its areola is irregular, dark red, with black
areas in it. It is proposed that this type of reaction
should be called " revaccination vaccinia of necrotic
type ", as opposed to the " revaccination vaccinia of
primary type" which morphologically resembles a
primary vaccinia.

It is not thought that the separation of revaccina-
tion vaccinia into these two types of reaction serves
any useful purpose in the reading of vaccination
results in routine clinical practice; it may, however,
have considerable significance in the scientific inter-
pretation of the meaning of the various reactions.
Most authors have accepted Leake & Force's

terminology for the accelerated reaction, but Mitman
(1952) objected that the onset was not accelerated
and might even be delayed. The facts remain that the
vesicle is present by the fourth day and that a dried
eschar is present on the seventh day; the whole
course of the reaction is therefore greatly shortened
and the term " accelerated reaction " seems amply
justified.
The " immediate reaction " is generally accepted

as a local reaction reaching its maximum size on the
second or third day, accompanied by elevation and
itching of the site, but without vesicle formation;
this virtually agrees with the definition of Leake &
Force.
There have been differences of opinion about the

significance of " no reaction at all " and, as Mitman
(1952) pointed out, a " negative)" reaction was once
regarded as evidence of " complete immunity ", but
this did not allow for failure of technique. Benenson
(1952) was convinced that lack of reaction after
vaccination must always be considered to be a
technical failure. There is no doubt, however, that
negative reactions can occur in subjects revaccinated
shortly after primary vaccination and that a highly
immune individual may show no reaction apart from
itching.

SUGGESTED CLASSIFICATION

The following classification of vaccination reac-
tions, based on the experience of a very large number
of vaccinations performed with a uniform technique,
is suggested:
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CLASSIFICATION AND INTERPRETATION OF SMALLPOX VACCINATION REACTIONS

A. Primary vaccinia (PV)
B. Revaccination vaccinia (RV)

(a) Primary type (RVP)-a rare type
(b) Necrotic type (RVN)-the usual type

C. Accelerated reaction (AR)
D. Immediate reaction (IR)
E. Negative reaction (Neg.)

DEFINITIONS

A. Primary vaccinia

This is the classical response in a subject who has
never been immunized by smallpox or by previous
vaccination. An indurated papule appears at the site
of vaccination on the fourth or fifth day, and by the
seventh day becomes a vesicle or pustule, circular or
oval in outline and pearl-like in appearance, sur-
rounded by a pink to deep-red areola. The reaction
reaches its peak about the twelfth day and the pustule
dries up to form a scab which in turn is shed to
leave a typical scar (Fig. 1).

B. Revaccination vaccinia

This is the response in a subject who has been
vaccinated on a previous occasion, but in whom the
degree of immunity is minimal.

(a) Primary type: response identical with that
produced in primary vaccinia, the significant
difference being the presence of a scar from previous
vaccination.

(b) Necrotic type: characterized by an indurated
papule appearing at the site of vaccination on the
fourth or fifth day, which by the seventh day becomes
a vesicle or pustule, usually irregular in outline with
a black haemorrhagic appearance. The surrounding
areola is irregular in shape, dark red, with black
haemorrhagic areas in it. The reaction reaches its
peak by about the twelfth day and eventually leaves
a typical scar (Fig. 2).
C. Accelerated reaction

This is characterized by an indurated papule
appearing at the site of vaccination on the third or
fourth day. A vesicle is rapidly formed and the
maximum reaction is reached about the seventh day,
when a superficial scab appears and is eventually
shed to leave little evidence of scar. The surrounding
erythematous reaction is similar to that found in the
necrotic type of revaccination vaccinia, but usually
is not so pronounced (Fig. 3).
D. Immediate reaction
This reaction is characterized by an itching,

indurated papule appearing at the site of vaccination
on the second or third day. The typical findings on
inspection at the seventh day are induration and a
small area of surrounding erythema (Fig. 4).
E. Negative reaction

Inspection at the seventh day shows no induration
and no erythema surrounding the site of insertion.
In some individuals there may have been a history
of intense itching at the site of vaccination on the
second day.

EXPERIMENTAL WORK

There is little doubt that primary vaccinia, revacci-
nation vaccinia or an accelerated reaction are all
good evidence of a successful " take " and that they
will be followed by a rise in the patient's immunity
against smallpox.
The significance of an immediate reaction is more

difficult to assess and conflicting opinions are held.
It had been considered that the immediate reaction
was evidence of successful vaccination in a subject
who was immune, but Marsden (1946) and many
others considered that it was a sensitivity reaction
only, and was not a reliable index of immunity.
The experience of different vaccinators in the past

has shown a large discrepancy in the percentage of
" takes ". It was therefore decided at the Lister

Institute of Preventive Medicine to investigate the
two main controversial points, i.e., significance of the
immediate reaction and the relationship of technique
to failure in vaccination.

METHODS

Subjects available
The majority of the subjects included in the trials

were males between the ages of 15 and 40 years, but
at least 50 infants were included owing to previous
technical failure to vaccinate by other medical
officers. The total number of primary vaccinations
and revaccinations was about equal in approximately
20 000 vaccinations. The subjects of the particular

9



R. M. CROSS

FIG. I
TYPICAL CLASSICAL PRIMARY VACCINATION

REACTION, TAKEN AT SEVENTH DAya

FIG. 2
NECROTIC TYPE OF REVACCINATION VACCINIA

REACTION, TAKEN AT SEVENTH DAYa

a Veslcle Is 4 Inch (1.7 cm) In length. Surrounding areola Is a Veslcle Is Irregular In shape with a black haemorrhagic
faint pink. appearance. SurroundIng areola Is Irregular, dark red, with

black haemorrhagtc areas In It.

FIG. 3
ACCELERATED REACTION, TAKEN AT SEVENTH DAYa

FIG. 4
IMMEDIATE REACTION, TAKEN AT SEVENTH DAYa

a Vesicle has dried up and the surrounding areola Is similar a There is induration at the site of vaccination with a small
to that seen In the necrotic type of revaccination vaccinta area of surrounding erythema.
reaction (Fig. 2).
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experiments to be enumerated below were all males
between the ages of 18 and 40 years, being vaccinated
at a recruits' training centre.

Vaccination technique
The single ¼/4-inch (6-mm) scratch method as des-

cribed in the 1956 Ministry of Health Memorandum
on vaccination against smallpox was used as the
routine procedure except that in some of the experi-
ments the depth of scratch was intentionally varied
and in certain experiments the multiple pressure
method was used to compare with the results
obtained by the scratch method. The reason for
choosing the modified scratch method will be fully
considered in the discussion.

Reading of results
The results of vaccination were tabulated accord-

ing to the classification already described.

RESULTS

Significance of the immediate reaction

Experiment 1-to determine the reaction to inacti-
vated standard dried vaccine. Fifty subjects who had
previously been successfully revaccinated within two
years were again revaccinated by the linear scratch
method, using heat-inactivated standard dried vac-
cine. A control scratch, using no vaccine, was made
at least one inch (2.5 cm) away from the test insertion.
The reactions were inspected on the third and

seventh days; the results are shown in Table 1.

TABLE I
RESPONSE OF 50 SUBJECTS REVACCINATED WITH
INACTIVATED VACCINE AND A CONTROL SCRATCH

Inactivated vaccine Control scratch
Type of response

3rd day 7th day 3rd day 7th day

Itching alone 2 _ _ _

Itching, induration
and erythema 31 - _

Induration and
erythema alone 6 37 _

Itching, induration,
erythema and
vesicle 1 - _

Induration
and eschar - I - -

Negative 10 12 50 50

Enlargement
of glands - - -

TABLE 2
RESPONSE OF SAME SUBJECTS AS IN TABLE 1

REVACCINATED 10 DAYS LATER WITH STANDARD
DRIED VACCINE AND A CONTROL SCRATCH

Standard vaccine Control scratch
Type of response

3rd day 7th day 3rd day | 7th day

Itching alone 2 = _

Itching, Induration
and erythema 30 - _

Induration and
erythema alone 4 24 _

Itching, induration
erythema and
vesicle 5 _ _

Induration
and eschar - 5 - -

Negative 9 11 50 50

Enlargement of
glands, indura-
tion and erythema - 10 - -

Experiment 2-a similar investigation as in Experi-
ment 1 but using active standard vaccine. The same
50 subjects as in the previous test were again revacci-
nated 10 days later by the linear scratch method
under similar conditions, using active standard dried
vaccine. The results are shown in Table 2.
Experiment 3-to investigate the serological evi-

dence of immunity following an immediate reaction
after the use of active vaccine. Serological studies
were carried out by Dr C. Kaplan at the Lister
Institute of Preventive Medicine on eight of the
subjects who showed immediate reactions when
vaccinated by standard vaccine. Four of them had
enlarged axillary glands. Blood was taken before
vaccination and seven days after. The results are
shown in Table 3.
Relationship of technique to failure in vaccination
Experiment 4-to compare the results between two

vaccinators using the linear scratch technique.
(a) This experiment was designed to show varia-

tions in take rates between two vaccinators under
standard conditions. Vaccinator A was experienced,
while vaccinator B was one of four medical officers
serving on a Royal Air Force recruit station where
mass vaccinations and inoculations were offered to
airmen on joining the Service. Vaccinator B's
experience in vaccination extended over a period of
two years and he had performed about 5000 vacci-
nations in that time, but he was not aware of the
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TABLE 3
SEROLOGICAL STUDIES ON IMMEDIATE REACTIONS
PRODUCED BY STANDARD VACCINE ON EIGHT OF

THE SUBJECTS IN TABLE 2

50 % pock inhibition titre
Serum

from subjects before 7 days after
revaccination revaccination

1 1/300 1/1000

2 1/20 1120
5 a 1/640 1/1000

6 a 1/630 1/1200
7 1/650 1/700

10 1/200 1/200

19a 1/100 1/300

24 1/1800 1/1300

a These subjects had enlarged glands in the axilla.

importance of the depth of scratch. He preferred
the linear scratch method. All subjects used in the
experiment gave a history of previous vaccination
and 90% showed scars on the left arm. Standard
dried vaccine was used; six ampoules were prepared,
pooled and divided into two. From a common
revolving table 20 Hagedorn needles were cleaned,
sterilized by flame and taken up for use in rotation by
each medical officer. Both vaccinators used the
linear scratch method, vaccinator A taking the left
arm and vaccinator B the right arm. The results,
which were read on the 4th and 7th days by five

TABLE 4

COMPARISON OF REVACCINATION RESULTS BETWEEN
TWO EXPERIENCED VACCINATORS, ONE OF WHOM

(VACCINATOR B) WAS NOT AWARE OF THE
IMPORTANCE OF DEPTH OF SCRATCH

Type of response

Revaccination vaccinia (primary)

Revaccination vaccinia (necrotic)

Accelerated reaction

Immediate reaction

Negative

Total vaccinated

Vaccinator

A B

independent observers and classified as RVP, RVN,
AR, IR, and Neg., are shown in Table 4.

(b) Similar conditions were used as in experiment
4 (a) but vaccinator C had had experience of mass
vaccination for only six months. He was aware,
however, that depth of insertion was an important
factor. Results are shown in Table 5.

TABLE 5
COMPARISON OF REVACCINATION RESULTS BETWEEN
TWO VACCINATORS, ONE (A) EXPERIENCED, THE OTHER

(C) INEXPERIENCED, BUT BOTH AWARE OF THE
IMPORTANCE OF DEPTH OF SCRATCH

Vaccinator
Type of response |A C

Revaccination vaccinia (primary) 11 11

Revaccination vaccinia (necrotic) 91 90

Accelerated reaction 81 65

Immediate reaction 3 6

Negative 0 14

Total vaccinated 186 186

Experiment 5-to investigate the effect of depth
of scratch in the linear scratch method. VaccinatorA
carried out all the vaccinations and revaccinations.
As it was considered inadvisable to vaccinate on
both arms subjects who were being vaccinated for the
first time, deep and superficial scratches were used
on alternate subjects for the primary vaccinations.
The superficial scratch was sufficiently deep to be
easily recognized in negative reactions on inspection
at the seventh day. For revaccinations each subject
was vaccinated by deep scratch on the left arm and a
superficial scratch on the right. The results are
shown in Tables 6 and 7.

TABLE 6
RESULTS OF PRIMARY VACCINATIONS BY AN
EXPERIENCED VACCINATOR USING THE LINEAR
SCRATCH METHOD, BUT VARYING THE DEPTH

OF SCRATCH

Number vaccinatedI Number of takes

Deep scratch 100 100

Superficial scratch 100 97

.
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TABLE 7
RESULTS OF REVACCINATIONS BY AN EXPERIENCED
VACCINATOR, VARYING THE DEPTH OF SCRATCH

Tyeof response Deep SuperficialType of response scratch scratch

Revaccination vaccinia (primary) 9 8

Revaccination vaccinia (necrotic) 60 43

Accelerated reaction 64 40

Immediate reaction 8 11

Negative 3 42

Total vaccinated [ 144 144

Experiment 6-to determine the effect of varying
degrees of pressure, using the multiple pressure
technique. Only subjects receiving primary vaccina-
tion were used in this experiment. Again, as it was
not thought advisable to give a primary vaccination
on both arms, deep and superficial pressures were
given to alternate subjects. The results are shown in
Table 8.

TABLE 8
RESULTS OF PRIMARY VACCINATIONS BY AN

EXPERIENCED VACCINATOR USING THE MULTIPLE
PRESSURE TECHNIQUE, BUT VARYING THE AMOUNT

OF PRESSURE

Number Number
vaccinated of takes

Deep pressure

Superficial scratch

DISCUSSION OF RESULTS

Significance ofthe immediate reaction
Benenson (1950) showed that certain vesicular

reactions, which he regarded as immediate reactions
because of the time of onset of the maximum erythe-
matous response, could be produced by revaccination
using inactivated virus. By definition such vesicular
reactions should be classified as accelerated reactions.
These findings have been confirmed by experiment 1,
in which one of the subjects developed a vesicle and
37 showed an immediate reaction.
On the other hand, the serological findings in

experiment 3 suggest that there may be a rise in the

level of immunity associated with an immediate
reaction following revaccination with live virus.

It seems, therefore, that the immediate reaction
and some accelerated reactions are basically due to
skin sensitivity, but that they may be associated
with active virus propagation and a rise in the level
of immunity. It is also likely that the distinguishing
characteristics of the necrotic type of revaccination
vaccinia are due to tissue sensitivity.
The reasons for the production of immediate

reactions in insufficiently immunized subjects who
should show an accelerated or vaccinial reaction are
twofold: inadequate technique or the use of deterio-
rated vaccine.
The production of an immediate reaction by using

inactivated vaccine has been accepted by many
authors. It is a common occurrence, however, for
vaccinators to produce an immediate reaction result
on revaccination when using a potent vaccine, yet,
because of doubt in the result, repeat vaccination can
produce an accelerated reaction. The immediate
reaction can thus occur on revaccination using a
potent vaccine when it is due to superficial sensitivity
alone rather than due to sensitivity in addition to
virus propagation. This occurs, in my opinion, in
some subjects who have been vaccinated successfully
within three years. Account must be taken of the
amount of residual immunity against the chances of
virus propagation. This can be so balanced that the
virus is unable to survive when the vaccinator does
not deposit an adequate amount of virus at the
optimum depth and the result could be a sensitivity
reaction alone.

Experience has shown that false immediate reac-
tions are more liable to occur with glycerinated than
with dried vaccine and this is probably attributable
to deterioration of the vaccine.
As long as the clinical response to vaccination

remains the only practical method of determining
immunity to smallpox, the problem will remain
whether an immediate reaction is sufficient evidence
of protection. The time interval since previous
successful vaccination should be taken into con-
sideration and if there is definite evidence of success-
ful vaccination within two years it is justifiable to
accept the production of an immediate reaction or
" weak " accelerated reaction as indicating immunity,
provided the vaccine has been shown to be potent in
other vaccinations. If the time of previous successful
vaccination is longer than two years, production ofan
immediate reaction must be regarded asprobable tech-
nical failure and the vaccination should be repeated.

2

%
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Relationship of technique to failures in vaccination
For many years various techniques of vaccination

against smallpox have been tried and Marsden (1946)
gave an excellent description of the details. The com-
mon object is to deposit an adequate dose of live virus
particles in the epidermis, where they can multiply in
the cells and so stimulate the production ofimmunity.
The two methods now in use are (a) the linear

scratch method, and (b) the multiple pressure method.
Since its introduction in modern form by Leake &

Force (1930) various reasons have been advanced
supporting the multiple pressure method in prefer-
ence to the linear scratch method. Parish (1944)
claimed that with the multiple pressure method reac-
tions were less severe and less painful, that the mini-
mum of trauma and secondary infection occurred,
and that the technique was more rapid. In a later
article (1956), however, he agreed that it took longer
to perform than the linear scratch method. Mole
(1947) claimed that the multiple pressure technique
gave more " consistent " takes than the linear scratch
method. Edsal (1947) and Benenson (1952) stated
that comparison of the two methods showed the
superiority of the multiple pressure technique, and
their authority for the statement was derived from
the articles of Parish (1944) and Mole (1947). In his
paper, Parish did not give comparative results
between the two methods. In Mole's experiment on
177 subjects who had all been vaccinated previously
within three years the main finding was that acceler-
ated reactions were produced in 40 by the linear
scratch method and in 46 when the multiple pressure
method was used. As alternate subjects were
vaccinated by either method there does not appear
to be sufficient difference to indicate that one method
was superior to the other. The " advantages "
claimed for the multiple pressure method do not
stand up to close examination:

(a) The degree of trauma produced by a ¼4-inch
scratch can hardly be more than minimal.

(b) It is absurd to compare the relative amount of
pain produced by a ¼/4-inch scratch using a sharp
needle and that produced by 30 pressures.

(c) A ¼/4-inch scratch can be carried out in less
than 10 seconds.

(d) It requires considerable skill to hold an infant
securely for an operator to carry out 30 pressures.

(e) There is no evidence to support the statement
that secondary infection is reduced by multiple pres-

sure. Whatever technique is used, infection can be
produced by contamination of the vaccine, dirty

needle, organisms present on the patient's skin, or
faulty technique in the dressings.
Many different opinions on techniques for giving

the linear scratch method have been expressed. There
are two main points at variance: how the vaccine is
applied and the number of applications.
As to the manner of application, one method is to

deposit the vaccine on the skin by means of a sterile
pipette or sterile probe. This is uneconomical in the
amount of vaccine used, and unless the vaccination
is carried out under good lighting conditions it is
possible to get a failure owing to the fact that the
needle does not go through the vaccine. A more
convenient method is to dip the needle into the
vaccine; sufficient virus will adhere to give a satis-
factory " take ". With the single dose of glycerinated
vaccine in a capillary tube there is no option but to
project the vaccine on to the selected site.
As to the second point, protection against smallpox

was thought at one time to be related to the number
of vaccination scars and the area of cicatrix. The
Committee on Vaccination (England and Wales,
Ministry of Health, 1928) supported this opinion,
but, in view of the problem of post-vaccinal encepha-
litis and the general decline in public vaccination, the
single scratch method was advised. In the presence
of an epidemic or in the event of failure of previous
vaccination, many authors (Leake & Force, 1930,
MacGregor & Peters, 1942; United Kingdom, War
Office, 1944) favoured the view that protection would
be better from several insertions.
There is no clinical or serological evidence to show

that protection of better quality is to be derived from
successful vaccination by multiple rather than single
insertions.

It does not appear necessary to advise multiple
insertions in primary vaccinations, but, as it is more
difficult to achieve a " take " in revaccination, or if
there is any question of fault in technique, the more
insertions are undertaken, the greater chance there
is of one being successful.
Whichever method is used, it is clear from experi-

ment 4 (a) that the maximum percentage of success-
ful vaccinations is not achieved by a vaccinator who
is unaware of the importance of depth of insertion.
Experiment 4 (b) confirms this finding, since it shows
that an inexperienced vaccinator can achieve almost
as good results as the experienced vaccinator, pro-
vided he is careful about the depth of insertion.
These results are further borne out by experiment 5,
where the fully experienced vaccinator was able to
produce different results in the one patient at the
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same time by varying the depth of insertion. There
seems no doubt, therefore, that in order to get
the maximum number of successful vaccinations, the
virus must be deposited in the deeper layers of the
epidermis. The advice given in the Army Medical
Department Bulletin (United Kingdom, War Office,
1944) with regard to the drawing of blood is therefore
to be preferred to that given in the 1956 Ministry of
Health Memorandum on vaccination against smallpox,
which advises that blood should not be drawn. On
these findings it is reasonable to conclude that the
major factor causing the marked variation in success-
ful vaccination by different workers is the depth in
the epidermis at which the maximum amount of
virus is inserted rather t1, the actual method
employed. Since the essence of the multiple pressure
technique is to produce the minimum amount of
trauma, it is not surprising that experiment 6 showed

a 20% failure rate, even in primary vaccinations,
when only superficial pressures were made.
The main reason for the introduction of the

multiple pressure method was the claim that it
caused less trauma, but, as has been shown in the
present trials, it is this very emphasis of minimal
trauma which is the main cause ofvaccination failure.
In the hands of an experienced vaccinator there is no
significant difference in results obtained in primary
vaccinations whichever method is used, but as the
Memorandum on vaccination against smallpox states,
the linear scratch method reduces the chances of
failure in revaccination. Because of its speed and
simplicity the linear scratch method is unquestion-
ably the method of choice for mass vaccination
and since it has several advantages and no dis-
advantages when used on the single patient it is
strongly recommended that it be used at all times.

RECOMMENDED VACCINATION TECHNIQUE

Over the period of the recent trials the major part
of the work on vaccination against smallpox was
carried out on males between the ages of 15 and
30 years, but experience was also obtained on the
children of families due to go overseas. At least
50 cases were referred due to previous failures in
primary vaccination.
The technique of the linear scratch method can

be learned only by demonstration and performance,
but there are certain basic principles which should be
followed.

It is impossible to vaccinate successfully if there
is any congestion at the elected site. All restrictive
clothing should be removed.
A strong Hagedorn needle is recommended, pre-

ferably 3 inches (7.5 cm) long. Using a 25-dose
ampoule in mass vaccinations the needle should be
dipped in the vaccine, but with the single-dose
capillary tube the vaccine is projected on to the skin

at the selected site. The needle is held horizontally
along the entire length of the forefinger so that
adequate pressure can be exerted in making the
scratch. The forefinger of the left hand should be
placed above the site to keep the skin firm and tense;
holding the charged needle along the right forefinger
a light scratch 1/4 inch, or 6 mm, in length should be
made, keeping the needle almost parallel to the skin
surface. The object of this initial scratch is to
determine the texture of the skin, which is subject
to considerable variation. According to the impres-
sion of thickness the angle between the needle and
the surface of the skin is raised and up to four
scratches are made along the original course of the
initial scratch, progressively exerting more pressure.
Vaccine from the edge of the needle is rubbed into
the scratch. If there is no congestion the amount of
bleeding is negligible and a plain sterile dressing is
applied immediately.

DURATION OF IMMUNITY

It is difficult for the author to produce statistics
relating the incidence of smallpox to the time of
successful vaccination because of the low incidence
of smallpox in the United Kingdom. The readily
available means of assessing immunity to smallpox
is by the interval between successive successful

revaccinations. A review on this subject was given
by Broom (1947) and his tables were rearranged by
Edsal (1947) to show the percentage of individuals
manifesting each type of response to revaccination.
To conform to present classifications the "primary"
type of reaction should be referred to as revaccina-
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TABLE 9

MODIFICATION OF BROOM'S (1947) TABLE TO SHOW
PERCENTAGE OF INDIVIDUALS MANIFESTING EACH

TYPE OF RESPONSE TO REVACCINATION

Time since last Type of results
vaccination Primary Accelerated Immediate &

(years) negative

0- 2 5.6 42.0 52.4

2- 5 7.5 50.0 42.5

5-10 9.0 54.0 37.0

10-15 23.0 48.5 28.5

15-20 22.5 48.0 29.5

20+ 35.0 48.0 17.0

tion vaccinia, and, as in Broom's results, separated
from accelerated reactions. As the majority of
immediate reactions represent only a sensitization
phenomenon, the figures of negatives and immediate
reactions should be combined. Rearrangement of
Broom's results is shown in Table 9.
During the trials reported in this paper opportunity

was taken to assess the results of revaccination by
the experienced vaccin'ator at various intervals after
previous vaccination. A series of 3029 revaccina-
tions produced the results shown in Table 10.

There is over-all agreement with Broom's findings,
and the figures also support Edsal's view that the
incidence of susceptible " takes " correlates directly
with the interval since last vaccination and that the
incidence of immediate and negative reactions
shows an inverse correlation. Broom expressed
surprise that 5% of primary vaccinias were produced
in persons last vaccinated within two years.

In the present trials, of those who gave a history
of previous revaccination within the past six months,
16% gave a revaccination vaccinia type of reaction.
Investigation of these cases, however, showed that
definite evidence of previous revaccination having
been successful, as evidenced by the presence of a
scar, was present in one case only.

TABLE 10

RESULTS OF 3029 REVACCINATIONS AT VARIOUS
INTERVALS AFTER PREVIOUS VACCINATION

Time since last Type of results
vaccination Revaccina- AccIrted Immediate

(years) tion vaccinia Acelerae eat
(% )

0- /2 16.0 45.5 38.5

/2-1 15.9 61.0 23.1

1-3 19.6 62.0 18.4

3-5 20.2 70.0 9.8

5-10 31.3 59.4 9.3

10 + 44.7 52.0 3.3

In Broom's review there is no indication whether
the subjects had been revaccinated on more than
one occasion since the original primary vaccination,
but in the present trials everyone vaccinated up to
three years previously had also been revaccinated
at least once before.
The following findings give a more accurate estima-

tion of the revaccination results carried out on 212
subjects who were revaccinated for the first time one
to three years subsequent to primary vaccination; all
vaccinations were done by the same experienced
vaccinator:

Revaccination vaccinia . . . . . . . . . . . . 2
Accelerated reaction . . . . . . . . . . . . . 47
Immediate reaction and negatives . . . . . . . 163

Total . 212

Of the 163 immediate and negative reactions,
55 were repeated: 53 again were immediate reactions
and two were accelerated reactions.
On the duration of immunity wide variations

exist between different individuals, but the results
suggest that it is unusual to get a revaccination
vaccinia reaction on revaccination within three
years, provided the previous vaccination has been
satisfactorily performed.
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RtSUMt

Bien que la vaccination antivariolique soit la plus
ancienne des methodes d'immunisation appliquees en
sante publique, l'interpretation et le classement de ses
r6sultats cliniques sont loin d'etre unanimement acceptes.
A la classification sommaire en <(positive)> et ((negative))
a succed6 une distinction plus subtile en ('reaction pre-
coce ), (reaction acceleree (vaccinoide))* et areaction
immediate (d'immunit6) .

Les instructions officielles du Ministere de la Sante du
Royaume-Uni ne donnent pas, selon l'avis de l'auteur,
des precisions suffisantes pour la lecture et l'interpretation
des resultats, ne distinguant pas, par exemple, les effets
d'une primo-vaccination de ceux d'une revaccination.
Apres avoir passe en revue ces instructions, l'auteur, se
fondant sur l'execution d'un tres grand nombre de vacci-
nations selon une technique uniforme, suggere une classi-
fication plus detaillee et plus nuancee.

Les etudes experimentales decrites dans cet article ont
porte en principe sur a) le type de reaction cutanee
indiquant, de fagon significative, que le sujet vaccine est
soit immun, soit protege efficacement contre la variole, et
b) la part de la technique dans l'echec de la vacci-
nation.

Tant que la reaction clinique reste le seul critere pra-
tique de l'immunite, on discutera pour savoir si la reac-
tion < imm6diate* est significative. II est indubitable que
le plus souvent la reaction immediate r6vele seulement une
sensibilite tissulaire. Un vaccin altre- plus souvent un
vaccin glycerine qu'un vaccin sec - peut provoquer des
reactions faussement negatives.

L'experience a montr6 que les diff6rences dans le
succes des vaccinations, qu'il s'agisse de scarification
lineaire ou de pression multiple, sont dues au degre de
penetration du virus dans l'epiderme plutot qu'A la
methode elle-meme. Ce facteur de variation depend de
l'operateur. La scarification lineaire est decrite en detail.
Rapide et simple, elle constitue, de l'avis de l'auteur, la
meilleure methode de vaccination de masse.
Les cas de variole etant rares dans le pays out s'est

poursuivie cette etude, la duree de l'immunite ne peut
etre evaluee que d'apres la periode qui separe une revac-
cination positive d'une primo-vaccination. Cette periode
est de l'ordre de trois ann6es. I1 est exceptionnel en effet
d'obtenir, I la suite d'une revaccination, une reaction
analogue a une primo-vaccinale moins de trois ans apres
la primo-vaccination.
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