
8. Development of a stable smallpox vaccine

Collier L. J Hyg 1955; 53 : 76–101

AN APPRECIATION BY DERRICK BAXBY

35 Galston Avenue, Rainhill, Merseyside, UK

Introduction

During its first century the journal attracted well over

100 papers on poxviruses. During the last 50 years

this was probably due in part to the fact that Allan

Downie, the world’s leading poxvirus authority helped

to edit the journal from 1951 to 1982. This expertise

and association was acknowledged by the publication

of a special academic tribute of 12 papers, including

5 on poxviruses, in 1982 (89 : 353–478).

Significant papers on poxviruses published by the

journal include: what became standard methods

for the titration of virus [1] and neutralizing antibody

[2] ; analysis of the immune response to smallpox

and vaccination [3] ; details of the simplest biological

method for differentiating orthopoxvirus species, by

determining their maximum temperature of growth

[4] ; a series of four papers in 1969 (67 : 603–630) in

which the results of laboratory investigations con-

tributed to our understanding of the clinical features

and epidemiology of smallpox; proof that bankvoles

and woodmice are the reservoir hosts of cowpox virus

[5]. Rather less auspicious was publication of prob-

ably the last claim to have transformed variola virus

into vaccinia virus [6].

Although the papers published covered the whole

range of poxvirus genera, 46 were concerned with

myxomatosis. Thirty-two of them, including a linked

series of eight by Frank Fenner, Ian Marshall and

their colleagues, describe attempts to control wild

rabbit populations in Australia by introducing

myxoma virus. Although the exercise was only par-

tially successful, these papers document the fascinating

interaction between the originally highly susceptible

rabbit and the originally highly virulent virus. This

resulted in the simultaneous evolution of rabbits

more resistant to the virus [7] and also of less virulent

virus strains [8]. This situation is still monitored and

remains an interesting and important exploration of

the host–pathogen relationship [9]. The appearance

of the Australian papers in the journal no doubt

attracted papers describing similar surveys conducted

in Britain (see e.g. [10]).

Heat-resistant smallpox vaccine

Any of the above papers could justifiably be

reproduced here. However, the one chosen is the

description of the development, at the Lister Institute

by Leslie Collier, of dried and heat-resistant smallpox

vaccine [11].

Historical perspective

From the very early days of vaccination there was

the need to transport and preserve vaccine material.

Initially, in temperate climates and for short distances

and unpredictable periods, this was achieved by drying

vesicle fluid on threads or ivory points or by sealing it

between glass plates. For long distances in tropical

climates vaccine was maintained arm-to-arm through

a sequence of susceptible individuals.

Towards the end of the 19th century vaccine, grown

in animals, was suspended in glycerol. Originally used

empirically, glycerol was later shown to have some

antibacterial activity by S. Monckton Copeman. With

developments in refrigeration, vaccine in 40–50%

glycerol could be kept liquid at x10 to x20 xC.

Thereafter glycerolated vaccine sealed in glass or

plastic capillary tubes and kept at <0 xC became

the standard product wherever a satisfactory cold

chain was available. However, the requirement for a

vaccine that would maintain its potency in primitive

tropical conditions was acute.
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Vaccine development

Apparently successful vaccines dried in vacuo from

the liquid state had been developed in the 1920s

but Collier’s attempts to reproduce these were ‘dis-

appointing’ [12]. However, the increasing availability

of effective freeze-drying techniques made this ap-

proach more attractive. Almost coincidentally with

Collier’s work, a combined yellow fever–smallpox

vaccine prepared in this way had maintained its

infectivity at 0 xC for 16 months, but still required a

cold chain [13]. Collier’s intention was to develop

a dried vaccine which, as well as meeting the then

current British requirements of stability at 37 xC for

at least 1 month, could be reconstituted easily and

used by semi-skilled workers.

The paper reproduced here documents in detail

all the variables tested in the vaccine’s development,

e.g. glycerol vs. lanolin [Table 2] ; addition of ‘pro-

tective’ constituents such as peptones, serum, etc.

[Tables 15–17] ; effect of phenol [Tables 3–5] ; storage

under vacuum or nitrogen [Tables 9, 10] ; techni-

calities of freeze-drying [Tables 7, 8] ; batch-to-batch

variation [Tables 6, 20], and bacteriological quality

[Table 22]. The final ‘Lister ’ vaccine was a partially

purified suspension of virus in 5% peptone, sealed in

ampoules under nitrogen after drying from the

frozen state. The paper also correlated the infectivity

for the CAM against clinical effect, and in preliminary

results was fully effective after at least 6 months at

37 xC and at least 12 months at 22 xC [Table 18].

The vaccine in use

Independent comparative trials involving laboratory

titrations and vaccination of RAF personnel showed

the superiority of the Lister vaccine (coded P in

ref. [14]).

Subsequently the vaccine was found to be fully

effective after storage at 45 xC for up to 2 years.

Astonishingly, the dried vaccine also retained a clini-

cally effective titre after being immersed at 100 xC for

2 h [15]. Collier’s method became the standard for

vaccine production during the Smallpox Eradication

Campaign.

The vaccine in perspective

When assessing this study, one should remember that

attenuated vaccines for poliomyelitis, measles, rubella

and mumps were still to be developed; indeed measles

and rubella viruses had not been grown in vitro at

the time. As for the future, if recombinant vaccinia

vaccines are used to vector other immunizing anti-

gens in tropical climates the technology developed by

Collier will be used.

D. A. Henderson, Chief of the WHO Smallpox

Eradication Unit during the important early years

listed three developments which, in chronological

order, laid the groundwork for the ultimate eradi-

cation of smallpox. The first was the bulk pro-

duction of vaccine in animals. Second was Monckton

Copeman’s development of glycerolated vaccine.

Third was Collier’s development of freeze-drying

of the vaccine, which permitted the vaccine to be

distributed throughout the tropics in potent form.

‘Copeman and Collier made an enormous con-

tribution for which neither, in my opinion, ever

received due credit ’ (D. A. Henderson, personal

communication, 2000).
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