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SYNOPSIS

The author first discusses the developments made in the last
thirty years in methods of destroying contaminating micro-organisms
and of reducing the amount of extraneous tissue debris, in cultivat-
ing virus in the embryonated egg and in tissue culture, in producing
stable dried vaccine, and in methods of titrating the potency of
vaccine. As to the strain of virus to be used in vaccines, he does not
consider it necessary to use strains which have periodically been
passed through the human subject.

He then discusses a trial of the stability of dried smallpox
vaccine which is being conducted by the World Health Organiza-
tion and the characteristics of a dried vaccine developed at the
Lister Institute of Preventine Medicine. Encouraging results have
also been achieved there in the production and use of virus inactivated
by ultraviolet irradiation, in order to decrease the risk of complica-
tions consequent upon the use of living virus vaccine.

Consideration of the duration of immunity and the protection
afforded after contact with smallpox leads to the conclusion that
complete protection may be expected in most cases if vaccination
is carried out within 24 hours of exposure, but that if vaccination
is delayed more than three days it will have little influence on the
infection.

Developments in Smallpox Vaccine Production

Any discussion of the use of smallpox vaccine and its results and com-
plications should include some reference to developments in the production
of the vaccine. These developments during the last thirty years or so can
be grouped under five heads:

1. Improved methods of destroying contaminating micro-organisms.
2. Methods of reducing the amount of extraneous tissue debris.
3. Cultivation of the virus in the embryonated egg and in tissue culture.
4. Production of stable dried vaccines-particularly the development

of drying from the frozen state.
5. Improvement in methods of titrating the potency of vaccine-

particularly the development of pock-counting on the chorio-allantois of
the developing chick.

At the beginning of this century it was usual to rely on the action of
glycerol, with or without the addition of oil of cloves, slowly to destroy
contaminating micro-organisms; vaccine lymph was said to " mature " over
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a period of months or even years. Bactericidal agents, such as chloroform
vapour and phenol were successfully introduced into the preparation of
lymph; their-main importance being, not only greatly to reduce the bacterial
content of lymph issued for clinical use, but also to make it possible to
produce lymph ready for use in less than a fortnight instead of the months
previously required. The importance of this advance in rapid production
in the face of an epidemic needs no emphasis.

During recent years, the appearance of antibiotics has led to many
conflicting reports on their use as bactericidal agents in the purification
of lymph. It was difficult to see how penicillin could act effectively in the
cold in the presence of 40% glycerol as was claimed. Rao 10 and
Krishnamurthy 5 independently showed quite clearly that if the residual
penicillin was removed before test cultures were made the organisms could
be shown to be still alive. Krishnamurthy 6, later, however, reported that
streptomycin is an effective bactericidal agent in lymph, and this was
independently reported by Arnoult & Demarchi 1 and by Schoenaers.11

Extraneous epithelial debris from the vaccinia-infected tissues which
are the source of the virus can now be removed and the virus concentrated
by methods of differential centrifugation. Though not of great importance
in the preparation of ordinary lymph, these techniques are useful in the
production of purified elementary-body suspensions for research and for
use in the preparation of dried vaccines.

The development of the cultivation of vaccinia virus in the chorio-
allantois of the embryonated egg in the preparation of vaccine was probably
mainly due to Goodpasture & Buddingh4 and Bud.dingh. 2 Their technique
makes it possible to produce a bacteria-free suspension of vaccinia virus
and this has been regarded as a potentially great advance in the production
of smallpox vaccine. In view, however, of the methods now available for
the purification of vaccine lymph and in view of the expense and labour
involved in the production of comparable quantities of egg-vaccine it is
doubtful whether there is a case for abandoning the well-tested and now
much improved vaccine derived from the living mammal.

Recently, however, Dr Wesslen, working in the State Bacteriological
Laboratory, Stockholm, has developed a method of preparing smallpox
vaccine in tissue cultures of embryonic bovine skin. Good multiplication
of virus is also obtained in suspended cells which are surviving but not
actually growing, and this method is now in routine use in Sweden. This
method, which is not only extremely economical but also results in a
bacteria-free suspension of virus, appears to be an important advance in
vaccine production. It is understood that a description of the methods
used and results obtained is being prepared for publication.

The most important technical advance in recent years has probably been
the development in many countries of methods of producing a stable dried
smallpox vaccine. The relative instability of vaccine lymph with its living
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virus, especially in those hot climates in which smallpox is endemic, has
always been the stumbling-block of vaccination programmes. A heat-stable
dried product which is easy to reconstitute and use should solve a number
of problems for vaccine producers and health authorities.

Trials of dried vaccines are now in progress under the auspices of
WHO and these, as well as recent experimental work on the preservation
of these vaccines, will be discussed later.

The traditional titrations of ascending dilutions by scarification or by
intracutaneous injection in the skin of rabbits or on the cornea of the same
animal are still the officially recognized tests of the potency of a vaccine
-other than its clinical trial in the field. These tests leave much to be
desired in their accuracy or reproducibility, owing partly to the limitations
of the techniques and partly to the variation in the susceptibility of the
individual animals to the virus. It is probably here that the technique of
cultivating the virus in the embryonated egg may make a most valuable
contribution. The method of counting the pocks produced on the chorio-
allantois by suitably diluted vaccine gives remarkably reproducible results.
Preliminary work by the writer's colleague, Dr Collier, indicates that to
give 100% successful primary vaccinations by the multiple pressure method
a titre of at least 107 pock-producing units in 0.1 ml of vaccine is necessary.
Using the single linear scratch method of vaccination, 100% successes were
obtained using vaccine of titre 106 units in 0.1 ml. These results can, of
course, only be applied to the virus used at the Lister Institute, and further
work is needed not only with larger groups of children but also with vaccines
produced elsewhere. This method does, however, offer the opportunity
of carrying out a much needed investigation into the relationship between
the laboratory titre of vaccines, wet or dry, from various sources and their
success rate in the field.

Strain of Virus in Vaccines

There has been a tendency in some quarters to stress the importance of
the strain of virus used in smallpox vaccine and the desirability of using
virus that has been periodically passed through the human subject. My own
experience in comparing vaccines from many different sources prepared
in different species of animals and used in the Near East during the recent
war has led me to conclude that they all produced a comparable immunity
in the experimental animal and that they all caused complete protection
against each other. We have conclusive epidemiological evidence that the
vaccine lymphs produced by the Government Lymph Establishment in
England, until it closed in 1946, and by the Lister Institute, both protect
against smallpox, yet neither of these strains of virus appears to have been
passed through the hupman subject since the time of the Franco-Prussian
War in 1870.

6
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It seems to me that any strain which, in addition to producing typical
vaccinial lesions, produces insusceptibility to subsequent vaccination with
a strain known to protect against variola in the field should be accepted,
provided, of course, that it has never shown any undue tendency to generalize
or produce lesions of the nervous system in either animals or man.

Vaccination Technique

In Great Britain it is now officially recommended that the vaccination
of infants should take place at about four months of age; routine vaccination
during the first few weeks of life, before breast feeding or artificial feeding
is established, and while there may be passive immunity transmitted from
the mother, is discouraged.

The multiple pressure method of vaccination is now officially recom-
mended in Great Britain in place of the single linear scarification. There
is no doubt that, in the hands of those experienced with this method, a
high success rate can be achieved with much less local trauma to the skin
and consequently much less secondary infection. My own personal experi-
ence has led me to the slightly unorthodox conclusion that, especially in
the revaccination of those already partly immune, a higher success rate can
be obtained by the use of a single linear scratch not more than 1/4-inch
(about 6.5 mm) long. In the face of an epidemic, when successful vaccina-
tion of contacts is vitally important, two linear scratches not less than one
inch (25 mm) apart are advisable. There is now no point in the old method
of multiple insertions by cross-scratching.

Contra-indications to Vaccination

The only important contra-indications to vaccination would appear to
be obvious malnutrition and anaemia, acute febrile states, septic skin
conditions, the presence of allergic eczema and-recently discovered-
the danger inherent in primary vaccination during the first three months
of pregnancy. The Society of Medical Officers of Health in Great Britain
have stated that " the danger of death following vaccination of those
suffering from allergic eczema is so great that they should not be vac-
cinated ".12 The birth of a premature hydropic infant covered with severe
generalized vaccinia who died within 18 hours of birth following the primary
vaccination of the mother at the end of the third month of her pregnancy,
led MacArthur 9 to search the literature and to follow up the records of a
series of women who were pregnant at the time of vaccination. Analysis
of the results in 203 pregnancies in which the woman was vaccinated imme-
diately before or during pregnancy showed a highly significant increase
in mortality among the foetuses of women vaccinated during the second
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and third months but established that there was virtually no risk from
vaccination during the later months. This rather surprising finding may
be linked with the discovery of the importance of other viral infections
during the first trimester of pregnancy.

Dried Smallpox Vaccine

Reference has already been briefly made to the obvious advantages
of a dried vaccine which does not demand constant refrigeration during
storage and transport. An important trial of the stability of dried vaccine
has been organized by the World Health Organization and is now in progress.
Many producing and testing laboratories in different countries are colla-
borating in this trial, which aims at determining the relative resistance to
storage at temperatures up to 450C of dried and glycerinated vaccines
produced in several different laboratories. As yet, of course, no conclu-
sions from this investigation can be given, but it is already quite clear
that the dried vaccines resist storage at the higher temperatures for many
weeks, and sometimes months, longer than the glycerinated vaccines. It
may be that a dried vaccine stored below OOC may be shown to be suffi-
ciently stable to be issued as an international standard if one is required.
When this preliminary trial is completed * it is proposed to proceed, under
the auspices of WHO, to a controlled trial of these dried vaccines in the
field. This should provide an opportunity for correlating the results of
laboratory titration of the vaccine with its success rate in clinical use-most
valuable information for future use, which has never been available for
vaccine lymph.
A dried smallpox vaccine should withstand tropical temperatures for

several weeks without losing its capacity to produce the maximum number
of vaccinations. It must be easy to use, even by semi-skilled vaccinators,
and economical to manufacture. After a thorough study of the condi-
tions affecting the preservation of dried vaccine at high temperatures,
the writer's colleague, Dr Collier 2a, has produced a vaccine which is thought
to satisfy these criteria. It consists of a partially purified, elementary-body
suspension in 5 % peptone at pH 7.2, freeze-dried by the centrifugal process.
This material gives very constant results. When stored at 370C for one-
month it does not fall in titre by more than a factor of 2 as judged by-
pock-counting and scarification on rabbits; thereafter the fall is much
slower.

Tested on small groups of children, one batch gave 100% success
after storage for 4 months at 370C or for 12 months at 220C. More extended
trials are being carried out.

* Since this paper was written, the laboratory-controlled trial of dried vaccines in the field after storage
at 450C and 370C for varying periods has been completed, and the results are being prepared for publication-
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Virus Inactivated by Ultraviolet Irradiation

Primary vaccination of infants is associated with a low but definite
complication rate and some of these complications are serious. These
risks are increased in the primary vaccination of older children and adults.
Some American workers 8 had reported that some viruses could be inactiv-
ated without loss of antigenicity by ultraviolet light under carefully con-
trolled conditions. The possibility that irradiated vaccinia virus might
produce antibodies in the blood and modify the response to subsequent
vaccination was worth investigating. Even if irradiated virus failed to
produce a firm or lasting immunity, preliminary inoculation with this
material might reduce the risks and discomfort following a dose of living
virus. Experiments at the Lister Institute during the last three years have
given encouraging results in animals. Rabbits produce quite a high titre
of circulating antibody and there is obvious modification of their response
to subsequent vaccination. A report on this work, by L. H. Collier, D.
McClean and L. Vallet, is shortly to be published in the Journal ofHygiene.
Inactivation without destruction of antigenicity depends upon exposure to
very intense irradiation for a very short time and it is clear that the condi-
tions of irradiation are critical. Before using this material on human volun-
teers, we want to be quite certain that our results cannot be attributed to
traces of living virus that have escaped detection in our tests. This is not an
easy question to settle finally.

Complications

Although the subject is somewhat outside the scope of the present paper,
it may not be entirely out of place to note that in many instances of gene-
ralized vaccinia it has been established that no virus-neutralizing anti-
body could be detected in the blood of the patients. In the light of this
it would seem very necessary to conduct a thorough trial of persistent
-passive immunization, either with immune globulin or, failing that, with
serum from recently vaccinated persons. If possible, treatment for gene-
ralized vaccinia should be started before secondary infection has become
dangerous.

Duration of Immunity after Vaccination and Protection
afforded after Contact with Smallpox

In conclusion, it may be appropriate to consider briefly the duration
of immunity after vaccination and the protection afforded by vaccination
after contact with smallpox, since these are questions uppermost in the
minds of health authorities and the general public whenever an outbreak
of smallpox occurs. In all immunological problems of this kind there

AA')



USE OF SMALLPOX VACCINE

are many individual exceptions to the general rule. Thus, if a group of
men or of experimental animals are examined for their individual immunity
after any form of preventive inoculation it will be found that there is wide
variation in both the degree and the duration of the resulting immunity.
Although Jenner's original contention that vaccination conferred com-
plete lifelong immunity against smallpox cannot be maintained, it is prob-
able that it does provide some permanent protection in that a person
who has once been successfully vaccinated is less likely to die from small-
pox than an unvaccinated person. General epidemiological experience,
however, indicates that in order to maintain the immunity of the com-
munity at a sufficiently high level the frequency with which revaccination
is desirable bears a direct relation to the existence of endemic smallpox
in neighbouring countries, for on this is likely to depend the frequency
with which infection is introduced. Thus revaccination is recommended
at shorter intervals in Japan, Indonesia, and the USSR than in most Euro-
pean countries. In 1896 a Royal Commission in Great Britain considered
that, in general, immunity lasted for 10 years after successful vaccination,
and 30 years later Leake recommended revaccination every 5-10 years.
Today it is thought that those who may come into contact with small-
pox should be revaccinated after two years, since the immunity of an
individual may be much less than that of the community as a whole.

Epidemiological and clinical observations have given much useful
information about both herd immunity and the protection of the individual,
though it has also brought to light startling exceptions to the general
rule. Observation of the type of skin lesion that results from revaccination
has been generally accepted as a reasonably reliable guide to the immunity
of the individual. The reactions are classified as the primary non-immune,
the "accelerated" (that is, vaccinoid or partially immune), and lastly
the more debatable " immediate " reaction, which may or may not indicate
a firm immunity. Recently some doubt has been thrown on the reliability
of these skin reactions, and the measurement of circulating antibodies
has been advocated. Collier 3 from Indonesia, in particular, has recom-
mended the measurement of the inhibition of virus haemagglutination by
the serum, but it is uncertain whether this antibody bears a direct relation
to the protection of the individual. If circulating antibodies are to be
measured, the neutralization of virus growth either on the skin or in the
chick embryo still seems to be preferable.

Despite individual anomalies, which Stevenson 13, 14 reviewed a few
years ago, the reaction to revaccination is probably the more direct measure
of capacity to react to infection. Although the titre of circulating anti-
bodies may be low, the basic immunity to an antigen that has been encoun-
tered in the past enables the body to react rapidly, and this is indicated
by the modification of the skin reaction. This is probably the reason
why cutaneous immunity may be demonstrated for much longer periods
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than circulating antibodies. Stevenson concluded that herd immunity
lasts for ten years, but that individual protection is much more variable
and may fall far short of this. He pointed out that protection was not
dependent on the potency of the lymph, since it resulted equally from
vaccination with undiluted lymph or lymph diluted ten-thousand-fold.
A vesicular " take " is sufficient, but the development of the vesicle may
depend on the idiosyncrasy of the host and not on the quality of the lymph;
this variation exists in many species of animal as well as in man. Stevenson's
conclusion- that the immunity does not depend upon the dose of virus is
relevant to the prolonged controversy over the desirability of multiple
insertion of the virus and the relation of area of scarring to duration of
immunity. It is not surprising that the immunity developing after the
injection of a killed bacterial antigen or a toxoid should have some rela-
tion to the dose inoculated, but Jennerian vaccination depends upon the
inoculation of a living virus which multiplies in the body of the host. The
final concentration of virus bears little relation to the amount originally
inserted, and this may be why the development of a typical vaccinial
vesicle is the all-important indication of successful vaccination.

It is probably safe to say that complete protection may be expected
in most cases if vaccination takes place within 24 hours of exposure to
smallpox. Some modification of the disease may be hoped for if the patient
is vaccinated within three days of exposure. Beyond that interval vaccina-
tion exerts little or no influence on the infection. The protection con-
ferred by vaccination in the early stages of smallpox depends upon the
more rapid evolution of the vaccinial infection, but the response of the
individual and probably the degree of infection with variola must also
have some effect. Thus the protection of vaccination cannot always be
absolute.

R12SUMIt

Au cours des 30 dernieres annees, la production du vaccin antivariolique s'est per-
fectionn6e dans diverses directions: protection de la lymphe vaccinale contre la conta-
mination, elimination des debris tissulaires, culture sur euf embryonne, dessiccation sous
cong6lation, evaluation de l'activite du vaccin en laboratoire.

Parmi les antibiotiques ajoutes A la lymphe vaccinale pour remplacer les agents con-
servateurs prec6demment utilis6s, la streptomycine semble donner des r6sultats satis-
faisants. Par centrifugation diff6rentielle, il est actuellement possible de separer le virus
des d6bris de tissus de la lymphe, ce qui permet d'obtenir des suspensions de corpuscules
e16mentaires purifiees, n6cessaires pour la recherche et la dessiccation sous congelation.
Grace a la culture du virus vaccinal sur chorio-allantoide de poulet on peut obtenir une
suspension exempte de bacteries, ce qui est consid6re comme un grand progres. On peut
se demander cependant si cet avantage suffit a faire preferer cette methode aux procedes
classiques de preparation du vaccin, aujourd'hui nettement ameliores.

La production de vaccin desseche a ete peut-etre 1'amelioration technique la plus
importante, au cours des dernieres ann6es. La relative instabilite de la lymphe vaccinale,
surtout dans les pays tropicaux ou la variole est endemique, a toujours ete un ecueil.
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La mise au point d'un produit supportant une certaine temperature et facile a reconstituer
apporterait aux producteurs de vaccin et aux autorites sanitaires la solution de maints
problemes.

La culture du vaccin sur ceuf embryonn6 a rendu de grands services comme methode
d'evaluation de l'activite du vaccin. Elle permet d'etudier le rapport entre le titre des
vaccins en laboratoire et leur efficacite dans la pratique. On a etabli, par exemple, que
pour donner 100% de resultats positifs par la methode des pressions multiples, le vaccin
devait contenir 107 particules vesiculogenes par 0,1 ml.

En Grande-Bretagne, il est officiellement recommand6 de vacciner les enfants des
l'age de 4 mois et d'adopter la methode des pressions multiples. De l'avis de l'auteur
et surtout pour les revaccinations de personnes partiellement immunes, une scarification
superficielle lineaire de 6 mm est a conseiller et, en cas d'epidemie, deux scarifications
lineaires a 25 mm de distance.

Les principales contre-indications de la vaccination sont: la malnutrition flagrante
et l'anemie, les etats febriles, les dermatoses, l'eczema allergique et la grossesse (premier
trimestre, en cas de primo-vaccination).

Une etude de la stabilite du vaccin desseche est en cours, sous les auspices de 1'OMS.
Bien qu'il soit premature d'en donner les resultats, il est des maintenant certain que la
resistance du vaccin dess&eh a des temperatures relativement elevees d6passe de plu-
sieurs semaines et meme de mois celle du vaccin glycerine.

Des complications s'observent, dans un certain nombre de cas, a la suite de la primo-
vaccination des nourrissons. Les risques d'accidents postvaccinaux s'accroissent lors de
la primo-vaccination des enfants plus ages et des adultes. L'irradiation du virus par les
ultra-violets pourrait eventuellement permettre de les eviter; une primo-vaccination par
virus irradie diminuerait peut-etre les risques d'une inoculation subsequente par virus
vivant. Les etudes se poursuivent dans cette direction.

L'opinion de Jenner selon laquelle la vaccination confererait une protection perma-
nente n'est plus soutenable. Il est probable cependant qu'une personne ayant ete vaccinee
une fois avec succas court moins de risques de mourir de variole qu'une personne non
vaccinee.

Les observations 6pidemiologiques indiquent que, pour maintenir un degre d'immunite
assez eleve dans la communaute, la frequence des vaccinations doit etre etablie en fonction
de 1'endemicite regnant dans les pays limitrophes. C'est ainsi que les revaccinations sont
exigees au Japon, en Indonesie et en URSS a intervalles plus rapproches que dans la
plupart des pays d'Europe. Actuellement, on estime que les personnes qui courent le
risque d'une contamination doivent etre revaccinees tous les deux ans.

Une protection complete peut etre escompt6e si la vaccination est effectuee dans les
24 heures qui suivent la contamination. Une certaine modification dans l'evolution de
la maladie peut etre esper6e, si la vaccination est appliquee dans les trois jours qui suivent
l'exposition a l'infection. Passe ce delai, le developpement de l'infection n'est guere
influence. La protection conferee par le vaccin au debut de l'infection depend de la
rapidit6 avec laquelle s'installe l'infection vaccinale. La reponse de l'individu, et le degr6
de l'infection variolique jouent probablement un role. Aussi la protection ne peut-elle
etre toujours absolue.
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