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INTRODUCTION
Satisfaction at the eradication of smallpox was
always tempered by concern that illicitly held
supplies of smallpox virus might be used as a
weapon by terrorists or ‘rogue’ states [1]. This con-
cern was increased in the late 1990s by informa-
tion provided by a defector from the Russian
bioweapons programme. Consequently, plans to
manage the deliberate release of smallpox virus
were being modelled before the events of Sep-
tember 11 and the subsequent still unexplained
deliberate release of anthrax spores in the USA
[2–5]. However, these latest events add an impor-
tant contemporary edge to the value of assessing
historical studies on smallpox.

The work discussed here, published in 1913 by
William Hanna of Liverpool, though not a ‘paper’
and not all wholly original, deserves ‘classic paper’
status. His monograph is one of the earliest, objec-
tive, and certainly most impressively presented
expositions of the duration of vaccine immunity
and the effect of post-exposure vaccination. As
such, it is clearly of considerable historical and
current interest.

In the UK during the second half of the 19th
century, the imposition of compulsory vaccina-
tion and increasing evidence that smallpox was
occurring in adults vaccinated in childhood
caused considerable controversy [6]. Supporters
of vaccination pointed to the lower mortality and
attenuated disease in the partially protected [6,7].
Opponents, citing the Jennerian dogma of com-
plete lifelong protection, regarded any case of
smallpox, no matter how mild or how long after
vaccination, as ‘proof’ that vaccination did not

work [6,8]. Both sides selected and manipulated
data to serve their own ends in ways that now
would not be acceptable, and the value of these
studies is difficult to assess. Also, because vaccine
was maintained by arm-to-arm transfer, quality
control was impossible and there was concern
about the safety and efficacy of vaccination [6].

Lobbying by opponents led to the appointment
of a Royal Commission and then the 1898 Vacci-
nation Act. This replaced arm-to-arm vaccination
by the use of safer, more reliable, animal vaccine
and vaccination was no longer made compulsory.
Consequently, although some opposition contin-
ued, the start of the 20th century heralded an era
when more objective views became dominant [6].
A large outbreak of smallpox in Liverpool during
1902–3 was studied in great detail, due to con-
troversy over the possible role of smallpox hospi-
tals in the spread of the disease [9,10]. Vaccination
was not an issue although naturally information
on it was collected. This provided the raw data
that Hanna, Assistant Medical Officer of Health
for the port, analysed so impressively in his mono-
graph. Cases were assigned to vaccinated and
unvaccinated groups on the certain presence or
absence of vaccination scars. This was more relia-
ble than ‘proof’ on paper, and uncertain cases were
not included. Infant vaccination was in theory
compulsory up to 1898, with optional revaccina-
tion of children or adults recommended only
after that date. Hanna’s data therefore concern
the effects of childhood primary vaccination only
on subsequent smallpox. Reference to vaccination
‘scars’ (in the plural) relates to the fact that up
to five or six insertions were commonly used for
a primary vaccination at the time [11]. Hanna
uses the term ‘de-vaccination’ to denote the
diminishing protective effect of vaccination with
time. The monograph is too long to reproduce in
full, but the most important and currently most
relevant extracts are reproduced verbatim.
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INTRODUCTION
A study of the early history of small-pox, before vaccination

was introduced, shows that the disease was one of extensive

prevalence and great malignancy. In the 18th century it reached

its highest point of intensity and distribution in Europe, the

mortality from small-pox in England at that period being one-

tenth of the total mortality. In London it was constantly pre-

sent, and the deaths averaged, during the period 1761–1796,

from 3,000 to 15,000 yearly; indeed, in the latter half of the

century the deaths seldom fell below 1,000. The great malig-

nancy of the disease when introduced into fresh countries in

later years has also been frequently recorded. The decrease in

small-pox prevalence since the beginning of the 19th century,

and the marked reduction in its fatality, have been shown to be

due to the protection afforded by the process of vaccination.

...Small-pox still continues to invade our shores from abroad,

the extensive movements of populations, the rapid means of

communication, and the travelling facilities afforded by fast

steamships, enabling the disease to jeopardize our ports and

the country generally, even more so than heretofore. Countries

such as Canada, the United States of America, Spain, Russia,

Egypt, etc., are well within the incubation period of the disease,

and from time to time persons have been landed in our ports

in the incubation stage.

...After a long spell (seven years) of comparative quiescence,

the disease broke out in epidemic form in Britain in 1902–3; it

carried off a large number of persons; in the City of Liverpool

alone there were during that period 2,280 cases, with 161 deaths.

...The series of small-pox cases under consideration has been

collected from amongst those which have been admitted to the

hospitals of the City and Port of Liverpool during the past ten

years. The large majority occurred during the above-mentioned

epidemic period (1902–3), and since then the cases admitted

have been chiefly imported from abroad.

...A STATISTICAL STUDY OF 1,163 CASES
OF SMALL-POX, WITH SPECIAL
REFERENCE TO VACCINATION IN
MODIFYING THE DISEASE.
The examination of a large series of cases of small-pox is of

value as affording additional testimony to the efficacy of

vaccination as a prophylactic measure, as an estimate of the

severity of the disease, and of the mortality generally in the

vaccinated and unvaccinated; and in particular, the measure of

the efficiency of the vaccination in the case of the vaccinated.

Some new methods have been adopted in recording and

comparing this series of cases.

...The cases of small-pox numbered 1,163, consisting of 943

vaccinated in infancy and 220 unvaccinated.

The method adopted was that of tabulating the age, the

presence or absence of vaccination scars, and in the former case

of measuring the area in square inches.

The cases were placed in ten age-groups, and arranged in

order to show the proportion of vaccinated and unvaccinated

in each. These have been set out in Tables I and II, where the

extent and severity of the disease are also revealed. The influ-

ence of vaccination on the mortality will be first considered.

Influence of vaccination on the case-mortality
Whilst there are several criteria of the severity of the disease,

such as extent of eruption, temperature, etc., the one of most

value is the case-mortality. When, therefore, a comparison is

made of the influence of vaccination on the case-mortality of

small-pox, it will be seen that amongst the 943 cases which

were vaccinated in infancy, there were twenty-eight deaths, or

2.9 per cent, and amongst the 220 unvaccinated cases there

were sixty deaths, or 27.2 per cent; that is, the ratio of deaths to

attacks is ten times as great in the unvaccinated as in the

vaccinated (see Table II).

...On Chart A and in the accompanying tables, the cases have

been arranged into suitable age periods, so as to show clearly

the value of vaccination on the mortality in passing from

infancy to adult and old age. An examination of the deaths

recorded amongst the vaccinated under each age-group reveals

the interesting fact that no death occurred until the 20–30 year

group is reached, and the case-mortality for this group is only

0.9 per cent. It will be observed, however, that the percentage

case-mortality amongst the vaccinated steadily rises from this

point onwards in life, but never exceeds 10 per cent.

On contrasting these figures with those amongst the

unvaccinated, we observe a striking difference. Under 2 years

of age the deaths are 58 per cent of the cases attacked, for

2–5 years 30.6 per cent, and the figure then falls until

10–15 years, when it is 3.2 per cent.

This decrease may be attributed to the gradual development

of the natural resistance and recuperative power of youth

enabling the patient to recover from the disease; this may be

compared with what is observed in other infections diseases.

From adolescence onwards the mortality in the unvaccinated

gradually increases, until it reaches 50 per cent at the periods

from 40 years and upwards. This high ratio of deaths to attacks

amongst the unvaccinated, especially at the early and late

periods of life, compares with what is well known of this
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disease in pre-vaccination days, viz., that the severity and

mortality lay heaviest on infants and young children under ten

years of age.

...De-vaccination
The length of the period of protection can be fairly well gauged

by an examination of the appended Tables.

The period will vary a good deal for each individual, but

from the figures given, the highest resistance lasts only a short

time. After a few years those who become susceptible develop

the disease only in a mild form, and further on in years greater

severity manifests itself in the type of the disease, but no cases

of severe and fatal small-pox appear in this series of cases until

over 20 years of age. It is evident, then, that following a

primary vaccination in infancy, the period of greatest pro-

tection in childhood probably does not cover more than three

to five years, and after this, the absolutely preventive effici-

ency of vaccination rapidly diminishes, and cases of small-

pox begin to appear amongst the vaccinated. The power to

modify the disease, however, still continues to remain con-

siderable until adolescence, and even into later life, as will be

seen by comparing the severity and the percentage case-

mortality in different age-groups of vaccinated and unvacci-

nated cases.

...Observations on the interaction of
concurrent variola and vaccinia.
It has been abundantly shown by the experiments of Thiele

and Ceely, and more recently by Klein and Copeman, that

cow-pox or vaccinia may be considered as an attenuated

descendant of small-pox; and in connection with this close

relationship, if not absolute identity, of these two affections, the

examination of the following series of 75 cases of small-pox

with a concurrent vaccination will prove of interest. The cases

have been collected during the past ten years in the City and

Port of Liverpool. Many of them were persons who were

landed incubating or suffering from the disease, and were

removed to the Port Isolation Hospital; these were chiefly

Classic Paper 205

Copyright # 2002 John Wiley & Sons, Ltd. Rev. Med. Virol. 2002; 12: 201–209.



cattle-men from Boston, who landed incubating small-pox

during the severe outbreak in that city in 1902–3.

The cases may be examined in the light of the relative effects

produced on one another by each of these conditions: (1) As

regards the success of the vaccination when performed sub-

sequently to infection with small-pox; and (2) As regards the

effect of the vaccination on the course and severity of the dis-

ease. Cases of concurrent variola and vaccinia have rarely been

given the prominence which they deserve, and it was with this

object that the present series was collected. The series, then,

gives information of the effect of vaccination or re-vaccination

periormed after exposure to infection and running concurrently

with the course of the disease.

The success of the vaccination.
The success of the process may first be considered, and the

series may be conveniently divided into two groups, viz.: (1)

Those who have never been vaccinated until infected with

small-pox, Chart B; (2) Those who have been primarily vacci-

nated in infancy, Chart C.

On examining the charts it will be seen that the period of

twelve days has been taken as the duration of the incubation

period: this has been found to be practically correct for all the

cases; they were all carefully investigated both as to the

symptoms of onset and initial rash, and found to correspond to

the period set forth in the charts.

...The cases have been set out showing those vaccinated and

re-vaccinated on different days: first, during the period of

incubation, and second, after the onset of symptoms, and even

until three days after the rash had appeared. It is unnecessary

to say that vaccination efficiently performed in susceptible

people before exposure to infection of small-pox will, almost

without exception, prove successful, and will protect the

individual from developing any symptoms or signs of the

disease.

Vaccination during Incubation.—On examining the charts it

will be found that all the vaccinations and re-vaccinations have

been successful if performed during the incubation period and

even up to the day of onset of symptoms. When the term

‘‘successful’’ is used, it must be understood that the phenom-

ena at the site went through the typical and normal course of

human vaccination.

...Vaccination after onset of the disease.—The operations

performed subsequently to the onset of symptoms were

unsuccessful.

...Influence of concurrent vaccination on the
course of the disease.
The remarkable antagonism of these two diseases can only be

explained by a consideration of the question of immunity or

concurrent immunities. It may suffice to say that in small-pox

with a concurrent vaccination, it is a race between the virulent

and the modified organisms; the less virulent and the more

saprophytic forms grow faster and produce immunity more

quickly than the more virulent ones. Protection is not acquired

at any particular time, but there is a gradual accumulation of
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immunity in the blood, which usually shows itself to be com-

pleted by the beginning of the second week after vaccination.

It would seem from an examination of the charts, that nine

days after vaccination is the period required to give real

evidence of the increasing protection against small-pox.

...On referring to Chart B of unvaccinated cases, it will be

seen that cases of small-pox vaccinated within three days after

infection will develop very slight or no symptoms of small-pox;

and a reference to Chart C shows no cases occurring within the

first three days. One may safely infer, therefore, that vaccina-

tions performed within the first three days of infection in

persons with a primary vaccination will not develop small-pox,

and in those who are unvaccinated the chances are that the

disease will not develop; or, in other words, vaccination

requires nine days to develop an immunity which will

absolutely prevent or minimise and attack of small-pox....

COMMENTARY
In addition to the extracts reproduced and analy-
sed here, Hanna also included information relat-
ing the area of vaccination scars to the duration of

immunity. This is omitted here because, although
Hanna showed a positive correlation, the subject
was not pursued further; improvements in the
production of vaccine and improved vaccination
techniques soon made multiple and large vaccina-
tion lesions unnecessary [6,11].

Hanna’s data on the duration of immunity, well
displayed in Tables I and II and particularly in
Chart A, are self-evident. He discussed them appro-
priately, and they require little in the way of
comment here. Because the vaccinated popula-
tion of Liverpool was much higher than the
unvaccinated [9,10] there were inevitably more
cases among the former. The most obvious dif-
ference between the two sets of patients was the
much lower mortality in the former (2.9% vs 27.2%;
Table II). In the vaccinated cases severity and
mortality increased with age, whilst in the unvacci-
nated cases increased severity and higher mor-
tality occurred at the extremes of age (Chart A).
In each age group mortality and severity were
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higher in the unvaccinated (Table II, Chart A).
The results showed clearly that vaccination con-
ferred protection from serious illness and death
for up to 20 years. They also showed that, when
compared with the unvaccinated, some protec-
tion was evident for very much longer. Although
similar and more extensive data were collected
later, Hanna’s results continued to be favourably
discussed and his figures and tables were
reproduced by smallpox experts through to the
official WHO account [1,12,13].

Of course, in terms of Jennerian dogma, these
results show the failure of vaccination to protect
all individuals completely — and this should be
the ultimate goal. However, they do show consi-
derable attenuating effects which can only benefit
the infected individual. There is also a hidden but
most important benefit. The results show the effect
of smallpox in the partially immune. However,
not pointed out by Hanna, and always a tantalis-
ing unknown is how many other individuals were
completely protected from an otherwise infectious
dose. Because of this, the results of these and
similar studies underestimate the total level of
immunity in the population. Unfortunately how-
ever, there was a drawback to the community
from partially protected individuals. Infection
spread from these ambulatory and undiagnosed
cases was an important means of transmission
[1,12–14].

Results such as those collected by Hanna are
particularly important because they relate directly
to immunity to smallpox, something which is
otherwise extremely difficult, if not impossible, to
assess properly. Revaccination is too severe a
challenge in this respect, and can produce a
‘primary’ response a short interval after the initial
vaccination [15]. The vaccine is placed directly in a
favourable site for replication, whereas smallpox
virus would have to travel a tortuous path of
nonspecific and residual specific immune barriers
in order to infect. Although there is recent
evidence that there may be considerable long
term immunological memory of vaccination
[16,17], such results are not necessarily related to
actual immunity. Virions released naturally from
infected cells (so-called ‘extracellular, enveloped’
virions) play an important role in pathogenesis
[18]. However, long lasting immunity has been
detected with the traditional neutralisation test
[16]. This is done with artificially extracted

virions, (so-called ‘intracellular, naked’ virions)
which lack important neutralisation sites present
on the naturally released extracellular virions
[17,18]. Also, it is not known with certainty whe-
ther long lasting cytotoxic T-cell activity [17]
detects viral antigens in general rather than those
that induce immunity [16].

As well as protecting the individual, pre-
exposure vaccination is also intended to reduce
the overall impact of smallpox in the community.
Such impact can be reduced further, and needless
mass vaccination avoided, by the detection and
isolation of cases and contacts — the so-called
surveillance-containment strategy that ultimately
proved so successful [1]. The risk of disease in
these contacts can be reduced by post-exposure
vaccination as early in the incubation period as
possible. The considerable effects of post-exposure
vaccination in those who had never been vacci-
nated and in those who had been vaccinated in
childhood are shown by Hanna. The charts (B and
C) with the patients arranged sequentially to show
the effect of vaccination in relation to the interval
between exposure and vaccination are most
impressive, and require little comment. Vaccina-
tion during the first 11–12 days after exposure was
usually ‘successful’—here, Hanna was referring
only to a take rather than any protective effect. If
the post-exposure vaccination was in fact a re-
vaccination it offerred significant protection against
moderate and severe disease if done during the
first 11–12 days (Chart C). If it was primary vacci-
nation it offered significant protection if done
during the first week (Chart B). Again, what
cannot be determined with any certainty is the
number who were protected completely, because
the total number exposed and the degree of
exposure is unknown. However, Hanna included
two such completely protected contacts as Cases
1 and 2 of Chart B. These were newborn children
born to infected mothers and in these particular
instances the risk of infection must have been
extremely high. Post-exposure vaccination became
a standard procedure [1,12,13], would play an
important role in the management of any future
episode, and would be an effective use of limited
vaccine supplies.

Both the UK and USA abandoned routine vacci-
nation in the early 1970s. Consequently those
born since then will be fully susceptible. However,
to regard the level of immunity in those over
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30 years old as low or non-existent may be unduly
pessimistic [20]. The data collected by Hanna, and
amply confirmed by others, suggest that there
should be a considerable degree of protection
against serious illnesss in a large proportion of
those aged over 30. Also, as mentioned above,
there will be a further, unknown proportion with
complete immunity. This is not to infer that a
sensible programme of revaccination should not
be implemented for the over-30s.

It has been stated rather pessimistically that the
smallpox database is over 20 years old [20]. So it
is, but this does not make it obsolete. Indeed,
analysis of data such as Hanna’s mostly collected
100 years ago still has considerable value when
smallpox control measures are being debated.

ACKNOWLEDGEMENTS
The copy of Hanna’s monograph used for repro-
duction was kindly made available by the Uni-
versity of Liverpool.

REFERENCES
1. Fenner F, Henderson DA, Arita I, et al.

Smallpox and its Eradication. WHO: Geneva,
1988.

2. Henderson DA, Inglesby TV, Bartlett JG, et al.
Smallpox as a biological weapon: Medical and
public health management. JAMA 1999; 281:
2127–2137.

3. O’Toole T. Smallpox: An attack scenario.
Emerg Infect Dis 1999; 5: 540–546.

4. Rosenthal SR, Merchlinsky M, Kleppinger C,
et al. Developing new smallpox vaccines.
Emerg Infect Dis 2001; 7: 920–929.

5. Meltzer MI, Damon I, LeDuc JW, et al. Model-
ing potential responses to smallpox as a
bioterrorist weapon. Emerg Infect Dis 2001; 7:
959–969.

6. Baxby D. Smallpox vaccine: ahead of its time.
Interdiscipl Sci Rev 2001; 26: 125–138.

7. McVail JC. Vaccination Vindicated. Cassell:
London, 1887.

8. Tebb W. A Century of Vaccination and what it
Teaches. Sonnenschein: London, 1898.

9. Reece RJ. Report to the Local Government Board
on Smallpox and Smallpox Hospitals at Liverpool,
1902–1903. HMSO: London.

10. Hope EW. Observations of the Medical Officer of
Health upon the Report of Dr Reece to the Local
Government Board on Smallpox and Smallpox
Hospitals at Liverpool, 1902–1903. City of Liver-
pool: Liverpool, 1905.

11. Baxby D. Smallpox vaccination techniques;
from knives and forks to needles and pins.
Vaccine 2002; 20: 2140–2149.

12. Dixon CW. Smallpox. Churchill: London, 1962.
13. Downie AW. Smallpox. In Infectious Agents and

Host Reactions, Mudd S (ed.). WB Saunders:
Philadelphia, 1970.

14. Millard CK. The Vaccination Question in the
Light of Modern Experience. Lewis: London,
1914.

15. Baxby D. Indications for smallpox vaccination:
policies still differ. Vaccine 1993; 11: 395–
396.

16. El-Ad B, Roth Y, Winder A, et al. The persist-
ence of neutralizing antibodies after revacci-
nation against smallpox. J Infect Dis 1990; 161:
446–448.

17. Demkowicz WE, Littaua RA, Wang H, et al.
Human cytotoxic T-cell memory: Long-lived
responses to vaccinia virus. J Virol 1996; 70:
2627–2631.

18. Payne LG. Significance of extracellular envel-
oped virus in the in vitro and in vivo
dissemination of vaccinia. J Gen Virol 1980;
50: 89–100.

19. Vanderplasschen A, Hollinshead M, Smith
GL. Antibodies against vaccinia virus do
not neutralize extracellular enveloped virus
but prevent release from infected cells and
comet formation. J Gen Virol 1997; 78: 2041–
2048.

20. Cohen J. Smallpox vaccinations: how much
protection remains? Science 2001; 294: 985.

Classic Paper 209

Copyright # 2002 John Wiley & Sons, Ltd. Rev. Med. Virol. 2002; 12: 201–209.


