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A Study of Immunity to Smallpox in Persons who
have Experienced a Previous Attack

V. E. VICHNIAKOV, M.D.1

Most persons who recover from an attack of smallpox have lifelong immunity to a
second attack but some persons lose their immunity more or less quickly and become
susceptible to another attack. A study was made in Afghanistan in 1963-64 on 425 persons
of all ages and both sexes who had previously suffered an attack of smallpox to determine
their immunity to vaccinia virus. In all, 53.9 % of those tested reactedpositively to vaccina-
tion with vaccinia virus and there were no differences in response in males and females. It
was demonstrated that the loss of immunity to vaccinia virus depends upon the time that
has elapsed since the attack of smallpox and upon the severity of the attack. Loss of
immunity to vaccinia virus rarely occurs among persons who have suffered an attack of
smallpox less than 5 years previously. The authors point out that in some endemic areas,
such as Afghanistan and Nepal, from 2.5 % to more than 10 % of the population has been
affected by smallpox and should not be excludedfrom mass-vaccination campaigns.

Although vaccination against smallpox, using
vaccinia virus which is closely related to variola
virus, has been available for more than a century
and a half, much has still to be learned about various
aspects of immunity to smallpox. In a monograph
on smallpox, Dixon (1962), referring to immunity,
noted that " the immunity mechanism in smallpox
is imperfectly understood, although much can be
deduced from the study of the disease". The
immunity derived from an attack of the disease is
of particular interest and it is known that most of
those who suffer from an attack of smallpox have
lifelong immunity thereafter. There are, however,
the exceptions who lose their immunity more quickly
and again become susceptible to an attack. Dixon
(1962) gives the frequency of a second attack as
1 in 1000 and notes that when second attacks occur
they appear to be grouped at the extremes of the
range of severity. That is, they are malignant and
frequently fatal or exceedingly mild and abortive.
Ushida (1952) saw 3 cases of a second attack; 2 of
them occurred a short time after the first attack-
10 months and 19 months, respectively.
A few authors have observed that persons with a

history ofsmallpox have on some occasions developed
typical vaccinial lesions due to an application of
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liquid vaccine (Ozol, 1936). Marsden (1964) saw
a case of primary reaction of the Jennerian type on
a woman who had suffered from variola minor
about 30 years previously. On the other hand,
Downie (1951a, 1951b) showed that there is a close
immunological relationship between the artificially
propagated vaccinia virus and variola virus. He
also surveyed the evidence concerning antibodies
against variola and vaccinia, and in a small series
of persons who had had smallpox from 1 to 8 years
previously he found that complement-fixing anti-
bodies were absent and the amount of antihaemag-
glutinins low, whereas neutralizing antibodies had
remained high.
The aims of the present study were: (1) to see if

there is an immunity to vaccinia virus among per-
sons with previous attack of smallpox; (2) to in-
vestigate by means of skin reactions the existence
of a correlation between number of years elapsed
since an attack, of smallpox and immunity to vaccinia
virus; and (3) to see if there is correlation between
the severity of attack and type of skin reaction.

MATERIALS AND METHODS

The investigation reported here was carried out
in Afghanistan during 1963 and the first half of
1964. Only those persons with a definite history of
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smallpox attack and typical pock marks on their
faces were selected for this study in the Kabul area

and in a few provinces. A total number of 425 such
persons, including 283 men and 142 women of all
age-groups, who had suffered smallpox attacks from
several months to 50 or more years previously,
were studied. For the purposes of this investigation,
pock-marked persons were grouped into 1 of 3
categories.

Severe smallpox attack. Persons who had pock
marks on the face so densely packed or confluent
that it was difficult to see areas of unaffected skin
in between; 87 persons (i.e., 20.5% of the study
group) belonged to this category.

Moderate smallpox attack. Persons with discrete
pock marks on the face with an area of unaffected
skin in between; 282 persons (66.4% of the study
group) were placed in this category.

Mild smallpox attack. Persons with scattered
pock marks on the face and large areas of unaffected
skin; 56 persons (13.2% of the study group) were

in this category.

Vaccine

At the beginning of this study both freeze-dried
vaccine and liquid lymph were used but later only
the freeze-dried vaccine was used. The majority of
persons in the study group were vaccinated with
Russian-made freeze-dried vaccine and this report is
based only on the 425 persons vaccinated with it.
The vaccine was freshly reconstituted and kept
(under field conditions) in vacuum flasks.

Technique of vaccination
All those persons with a history of smallpox

were vaccinated by means of the same scratch

technique. The skin of the upper arm was first
cleaned with soap and water; on a cleaned and
dried surface of skin, 3 drops of vaccine were placed
2 cm-3 cm apart in a triangle and through the drops
of vaccine single linear scarifications, 0.5 cm long,
were made. The scratch was deep enough to draw
the smallest visible punctum of lymph along its
length. After the vaccination, the skin was left
exposed for 4-5 minutes. Results were read 2 or

3 times from the second or third day up to the
seventh or eighth day after vaccination. The occur-

rence of a major reaction was taken to indicate
a successful vaccination. Reactions were classified as

follows (WHO Expert Committee on Smallpox, 1964).
Major reactions. (1) Primary type; the presence

of a typical Jennerian vesicle 1 week after the
vaccination of a person with a history of smallpox.
(2) Revaccination type; the presence of a vesicular
or pustular lesion or an area of definite palpable
induration or congestion surrounding a central
lesion which was a scab or ulcer, after 6 to 8 days.

Equivocal reaction. Any other response to vacci-
nation.

RESULTS

The results relate to 425 persons of both sexes

who were available for examination and on whom the
investigation was based. As will be seen from
Table 1 more than half the vaccinated persons

showed major reactions. The number of persons
who responded to smallpox vaccination is thus high.
The differences in response to vaccination by males
and females are statistically insignificant and both
sexes can, therefore, be considered together.
The analyses that follow were made in order to

explore the possible influences of length of time

TABLE 1
RESULTS OF VACCINATION OF PERSONS WHO HAVE PREVIOUSLY SUFFERED AN

ATTACK OF SMALLPOX

Major reactions Equivocal reactions
Total vaccinated

No. % No. %

Males 151 53.4 132 46.6 283

Females 78 54.9 64 45.1 142

Total 229 53.9 196 46.1 425

Where x2= 0.09411, n=1, P<0.8.
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TABLE 2
RESULTS OF VACCINATION OF PERSONS WHO HAVE PREVIOUSLY SUFFERED AN ATTACK OF SMALLPOX,

ARRANGED BY NUMBERS OF YEARS ELAPSED SINCE ATTACK AND SEVERITY OF ATTACK

No. of years Severe attack Moderate attack Mild attack Total
since attack Vaccinated| Takes % Vaccinated| Takes % Vaccinatedl Takes % Vaccinatedl Takes %

Lessthan 5 16 0 0 33 0 0 15 5 33.3 64 5 7.8

6-11 38 6 15.8 98 53 54.1 20 19 95.0 156 78 50.0

12-17 16 5 31.2 56 34 60.7 14 14 100.0 86 53 61.6

Over 18 17 8 47.0 95 78 82.1 7 7 100.0 119 93 78.1

Total j 87 J 19 |21.8 282 - 165 58.5 56 - 45 80.4 425 229 53.9

Where x2 = 12 584, n = 3, P = 0.01. x2 = 68 855, n = 3, P<0.01. x2 = 28 462, n = 3, P<0.01.

elapsing between the attack of smallpox and the
vaccination, and of the severity of the original attack
on the response to vaccination. These were the
main objectives of the study and the results of the
analyses are shown in Table 2. It is clear that the
loss of immunity to the vaccinia virus does depend
upon the time that has elapsed since the original
attack and also upon the severity of that attack.
Loss of immunity rarely occurs among persons

who have suffered a severe type of attack less than
5 years previously. Immunity acquired as the result
of an attack of smallpox appears to reach a plateau
after about 9-11 years and then to decrease slowly.
A higher percentage of those who suffered a mild
attack of smallpox lost their immunity and this
occurred sooner than in those who suffered a

severe attack (see accompanying figure). Thus,
there appears to be a definite relationship between

PERCENTAGE OF SUCCESSFUL VACCINATION TAKES IN TEST SUBJECTS RELATED TO TIME ELAPSED SINCE
AN ATTACK OF SMALLPOX CONSIDERED AS MILD, MODERATELY SEVERE AND SEVERE
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TABLE 3
RESULTS OF VACCINATION OF PERSONS WHO HAVE PREVIOUSLY SUFFERED

AN ATTACK OF SMALLPOX, ARRANGED BY SEVERITY OF ATTACK
AND TYPE OF MAJOR REACTIONS

Type of major Severe attack Moderate attack Mild attack
reaction No. % No. % No. j % Total

Primary
(Jennerian) 3 15.8 17 10.3 10 22.2 30

Revaccination 16 84.2 148 89.7 35 77.8 199

Total major
reactions 19 100.0 165 100.0 45 100.0 299

Total No. of per-
sons observed 87 282 56 425

Where x2 = 4.342, n=2, P>0.1.

the severity of the attack and the loss of immunity
to vaccinia virus. Those persons who suffered a
severe attack of smallpox responded much less to
vaccination than those who had suffered only a
moderate or mild attack, and vice versa. These
differences are statistically significant and are in
direct relationship to the number of years that have
elapsed since the attack. However, it was also of
great interest to see whether there was a correlation
between the severity of attack and the type of
response to vaccination that was seen. A cross-
tabulation of these factors does not reveal any
relationship between the severity of the smallpox
attack and the type of major reactions. The differ-
ences observed are not statistically significant and
could have been due only to chance (Table 3).

DISCUSSION

It was found that the average vaccination success
rate in persons who had previously suffered an
attack of smallpox was 53.9%; males and females
responded to vaccination almost equally. It was
noted that the loss of immunity to vaccinia virus
conferred by an attack of smallpox depends on the
time that has elapsed since the attack and that after
9-11 years the average susceptibility to vaccination
exceeds 50%. It was also noted that a higher level
of immunity was maintained among those who had
suffered a severe attack than among those who had
suffered only a mild attack. On the other hand, no
significant relationship could be found between the
severity of the smallpox attack and the type of

successful vaccination reaction. It must be empha-
sized that these findings relate to the immunity of
persons who have suffered a smallpox attack to
vaccination with vaccinia virus which is artificially
propagated, and an important question is whether
those persons may have also lost their immunity,
even in part, to the variola virus. Experiments con-
ducted by Downie (1951b) have shown that strains
of artificially propagated vaccinia virus are immu-
nologically related to both variola and cowpox
viruses. Thus, a gradual loss of immunity after an
attack of smallpox, as measured by vaccination,
may also indicate a loss of immunity to variola virus.

It is well known that the immunity that follows
vaccination gradually decreases and the incidence
of smallpox among vaccinated persons is, in many
places, high. We can therefore assume that immu-
nity which follows an attack of smallpox also
decreases, although possibly less quickly than the
immunity due to vaccination. This might be con-
firmed by detailed studies on second attacks but
such studies would be difficult to carry out since
not only might some clinical cases be missed or
wrongly diagnosed on account of inadequate case-
histories of patients but so might some extremely
mild cases without eruption, although the latter
are probably much less frequent. Severe or moder-
ately severe cases being more easily recognized can
be isolated in hospital or at home, but mild cases,
particularly a second attack, may not be recognized
and isolated and may continue to disseminate in-
fection. This should be kept in mind during the
smallpox eradication or control campaigns that are
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being undertaken in a number of countries. Since
the highest possible level of immunity to smallpox
in the community is the aim, persons who have
previously suffered an attack of smallpox ought not

to be left unvaccinated; such persons may account
for very significant numbers in some endemic
areas-from 2.5% to 10% or more in such countries
as Afghanistan and Nepal.
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RJSUMIS

La presente etude avait pour objectifs: a) de verifier
1'existence d'une immunite envers le virus vaccinal chez
les personnes ayant souffert precedemment d'une atteinte
de variole, b) de rechercher une eventuelle correlation
entre la valeur de cette immunit6 et l'intervalle ecouIl
depuis la maladie et c) de voir dans quelle mesure les
caracteres de la reaction vaccinale cutanee sont influences
par la gravite de l'infection variolique passee.

Les investigations, men6es en Afghanistan en 1963-
1964, ont porte sur 425 personnes des deux sexes qui
avaient contracte la variole plusieurs mois a plus de
50 ans auparavant. Ces anciens malades, classes en trois
groupes suivant l'intensite de l'infection - evalue a
posteriori par I'aspect des sequelles cutanees - ont requ
la vaccination antivariolique. On a enregistre un succes
de la vaccination, avec reaction vaccinale majeure du type
primaire ou du type <(revaccination *, chez 229 (53,9 %)

des sujets. Il est apparu que la perte de I'immunit6 envers
le virus vaccinal etait fonction du temps ecoule depuis
I'atteinte de variole; le niveau de l'immunite est rarement
diminue apres 5 ans, il semble se stabiliser apres 9 a 11
ans et il ne decroit ensuite que tres lentement. On a aussi
mis en evidence une correlation entre I'intensit6 de
I'atteinte virale primitive et I'affaiblissement de l'immu-
nite: chez les sujets qui avaient presente une variole grave,
le taux de prise n'etait que de 21,8 %, alors que chez ceux
qui avaient souffert d'une affection benigne, il atteignait
80,4 %. En revanche, on n'a pu deceler aucun rapport entre
la gravite de la maladie et le type de r6action vaccinale.
Ces observations montrent que dans les campagnes de

vaccination antivariolique, ou l'objectif est d'assurer une
protection totale de la collectivit6, il convient de ne pas
exclure les anciens varioleux du benefice des mesures
preventives.
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