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Abstract 

This review describes the background to Jenner’s first vaccination, his later work, and the dissemination of information 
about vaccination and the vaccine itself. Although based on relatively slender evidence, Jenner’s theories were basically 
sound and he merits the credit given him. Given the circumstances, particularly the slow speed of travel and the lack of 
information about the duration of immunity, vaccination became established very quickly in many countries. 
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1. Introduction 

Edward Jenner vaccinated g-year-old James 
Phipps on May 14 1796. This was the first recorded 
smallpox vaccination, and the bicentenary of this 

event has been wideky- celebrated. The introduction 
of smallpox vaccination probably represents the ear- 
liest and most important example of how quickly a 
medical development of direct benefit to the individ- 
ual can be made generally available. This review 
describes the background to Jenner’s first vaccina- 
tion, his later work, and the acceptance and dissemi- 
nation of not just information about vaccination but 
also of the vaccine ;itself. The original literature, 
which is now rare and largely inaccessible, is not 
cited. It has been quot.ed, and analysed with various 
degrees of objectivity in a variety of secondary 

sources [l-10], and some important early items have 

been reproduced [6]. 
It is important to appreciate the state of medico- 

scientific investigation, publication and communica- 

tion at the end of the 18th century, and how it differs 
from today’s practice. Nowadays, experiments in- 
volving humans require ethical approval and results 
are usually published in peer-reviewed journals with 
international readerships. Consequently it may take 
time to get modem trials organized and their results 
published, but international access to published in- 

formation, aided by computerized searches is quick 
and easy. In contrast, in the Jennerian era ethical 
considerations were of little or no importance and 
peer-reviewed journals were uncommon. Results 
were usually published privately by the authors. As a 
consequence trials, often badly planned, could be 
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organized and the results published quickly. How- 
ever, the lack of objective editorial control often led 
to disputes, sometimes acrimonious, conducted via 

rapidly published pamphlets. Widespread dissemina- 
tion of such information was then determined by the 
speed of horses and sailing ships. 

2. Edward Jenner 

There has always been some controversy about 
Jenner’s role in the introduction of vaccination, with 

over-enthusiastic supporters provoking those who 
would minimize his role [2]. Critics included those 
who advanced the claims of earlier ‘discoverers’ of 

vaccination [6], those who believed that Jenner’s 

vaccine was simply attenuated smallpox and that he 
had introduced no new principle [9], and those who 
maintained that others did the bulk of the work 
which established the value of vaccination [6,9]. 
Some, at the time and much later, argued that his 
vaccine was in fact related to syphilis and therefore 

actually dangerous [51. Assessments of Jenner as an 
individual have varied from simple country doctor to 

genius by supporters [ 1,7,10] and from misguided 
fool to deliberate deceiver by critics [5,9]. 

Although Jenner preferred country life to London, 

the simple country doctor tag is inappropriate [2]. He 
trained in London with the great John Hunter, helped 
him with various anatomical and physiological ob- 
servations, and helped to arrange the specimens 
brought back by Joseph Banks from Captain Cook’s 
first expedition. Hunter offered Jenner a partnership, 
which he refused, but continued to guide and encour- 

age his ex-pupil in a spirited exchange of letters until 
Hunter’s death in 1793 [1,2]. Some would argue that 
the release from Hunter’s guidance resulted in the 
mistakes or even deliberate deceit of Jenner’s vacci- 

nation work [5,6]. He also published an improved 
method for preparing tartar emetic, and was the first 
to associate the clinical features of angina pectoris 

with the underlying anatomical changes [2,8]. How- 
ever, quite apart from his work on vaccination, he 
should be remembered for his observations on the 
cuckoo. It was Jenner who first observed that it was 
the newly-hatched cuckoo which ejected the eggs 
and nestlings of its foster-parents from the nest; he 
also described the transient anatomical modification 
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Fig. 1. Smallpox in the Royal House of Stuart. Monarchs indicated by crowns. Bold indicates those who had smallpox, t indicates those 

killed by smallpox. 
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which facilitates this. For these observations, and 
sponsored by Hunter and Banks, he was elected to 
the Fellowship of the Royal Society in 1789 [2,8]. 

By the time Jenner came to publicize vaccination 

he was a well-respected physician and surgeon with 
a general practice in the Vale of Berkeley and a 
consultant practice in Cheltenham where he had a 
second home. Here he was consulted by the well-to- 

do patients of his ILondon colleagues when they 
spent the season in Cheltenham. The influential con- 
tacts made in Cheltenham and in London through 
Hunter and Banks were of great value in the cam- 
paign to promote vaccination and Jenner’s role in its 
introduction [lo]. 

Lincoln who was incubating smallpox when he gave 

his Getteysburg Address in 1863 [ 111. 
Before the introduction of vaccination, smallpox 

could be prevented by inoculation (variolation): de- 
liberate infection with smallpox via the skin in the 

hope that a mild but immunizing infection would 
result. Long practised in the East, it was introduced 
into Western society by Lady Mary Wortley Mon- 
tagu who had seen it practised in Turkey in 1717- 
17 18 [l 1,121. Although there is some evidence that 
variolation could produce a mild infection, the re- 
sults were inconsistent and there were risks to those 
inoculated and their contacts [2,12]. There is evi- 

dence that it was used extensively only in populous 
areas and when epidemic smallpox threatened [12]. 

3. Smallpox and inoculation 
4. Jenner’s first vaccination 

By the early 18th century smallpox could be 
diagnosed clinically with reasonable certainty, and 
this allowed its importance to be assessed [2,1 I]. 
Most people in populous areas became infected 
eventually and 20% or more would die; survivors 

were often badly scarred. Children were particularly 
vulnerable and as many as one-third of deaths in 
children were caused by smallpox. The effect of 
smallpox on the family of Charles I of England is 

often used to illustrate its impact (Fig. 11, and other 
monarchs killed by smallpox include Joseph I of 

Austria (171 l), Louis I of Spain (1724), Peter II of 
Russia (17281, and Louis XV of France (1774). 
Well-known survivors include Elizabeth I, Louis 
XIV, Mozart, George Washington, and Abraham 

Jenner was an experienced variolator and aware 
of its deficiencies. He was also aware of the current 
folklore that cowpox, a mild localized disease tradi- 
tionally acquired when milking cows, protected 
against smallpox and started collecting epidemiologi- 
cal data to test this idea from the late 1770s (Table 

1). From information on 28 individuals he concluded 
that natural cowpox was a safe, localized, non-trans- 
missible infection which gave long-term protection 

against natural and inoculated smallpox. He also 
concluded that the origin of cowpox was an equine 

disorder (‘grease’) which conferred less certain pro- 
tection unless modified by transfer through the cow 

Dl. 

Table 1 

Jenner’s conclusions, based on epidemiological and/or experimental evidence 

Evidence 

Epidemiological Experimental 

Natural cowpox prevents natural smallpox 

Natural cowpox prevents inoculated smallpox 

Inoculated cowpox prevents natural smallpox 

Inoculated cowpox prevents inoculated smallpox 

Immunity life-long 

Effective after arm-to-arm transfef 

Local lesion only 

Non-transmissible by ‘effluvia’ 
Vaccine originates in horses 

Different types of cowpox (true, spurious) 

+ 

+ 
- 

+ 
_ 

+ 

+ 

+ ‘_ 

- 
+ 

+ 

+ 
+ 
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Fig. 2. Cowpox lesions on the hand of Sarah Nelmes from Jenner’s ‘Inquiry’, 1798. Believed to be a composite illustration. it shows lesions 

at various stages of development and in plan and profile. 

On May 14 1796 he inoculated James Phipps at 
two sites with material taken from a lesion on the 
hand of Sarah Nelmes (Fig. 2). The lesions devel- 

oped uneventfully, and six weeks later Phipps was 
variolated without effect. Inoculated cowpox had 
prevented inoculated cowpox; at least in the short 

May 1796 

cow - S Nelmes* ------+ J Phipps 

March 1798 

A) Horse - T Virgoe” B) Cow - W Summers 

1 1 
J Baker W Pead 

1 
H Excel1 and others 

1 1 1 
R Jenner J Macklove M Pead M James Sent to Cline 

1 
J Barge 

Fig. 3. Jenner’s vaccinations described in the ‘Inquiry’. * indicates accidental infection. Those in bold type resisted subsequent variolation. 
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term. Jenner was ternpted to publish this data and 

some critics [5,6] believed that a paper was rejected 
by the Royal Society. However, there is no evidence 

of a formal submission in the Society’s records, and 
it is likely that Jenner’s data were assessed infor- 
mally at the suggestion of Everard Home (Hunter’s 
brother-in-law) and Eianks, the President [I]. Appar- 
ently they concluded that it would harm his reputa- 
tion to publish such slender evidence and he was 
advised to collect more. This was sound advice 

which he acted upon. 

5. Jenner’s ‘ Inquiry’ 

Jenner did more vaccinations in March-April 
1798 and published his results privately in his fa- 
mous ‘Inquiry into the Causes and Effects of the 

Variolae Vaccinae. . ’ later that year. Critics have 
suggested that he published privately to avoid further 

rejection. However, private publication was perhaps 
the most common means of disseminating informa- 
tion, and all the major early studies on vaccination 
were published in thins way [2,6,8]. 

Two slightly different manuscripts exist of a pa- 
per drafted by Jenner in March-April 1797, one 

corrected by a colleague, possibly Richard Worthing- 
ton [1,3]. Obviously lthe vaccinations of 1798 could 
not be included. However, in view of later criticism 
of Jenner it is important to note that all his ideas 
were in the early draft before it was submitted for 
this informal peer-review, although suggested correc- 
tions improved the clarity. For example, Jenner ap- 
preciated the importance of working in a rural area 
where smallpox, and the immunity to it, was uncom- 

mon so that he could determine as best he could that 
any resistance to smallpox had been induced by 
cowpox. However, his colleague suggested that more 

emphasis be given to this, and that the term ‘cowpox’ 
be used more often rather than ‘it’ and ‘this disorder’ 

[31. 
The extra vaccinations, though few in number 

(Fig. 3) were the important addition. Briefly, they 
showed that vaccination could be passed serially by 
arm-to-arm inoculation. Also, that resistance to vari- 
olation was retained through this series, although 
again these challenges were made only a few weeks 
later. 

Jenner’s conclusions (Table l), presented in the 

‘Inquiry’ were that cowpox, which could be trans- 
ferred by arm-to-arm inoculation, was a safe altema- 

tive to variolation and produced lifelong resistance to 
smallpox, but that his cowpox material had an equine 
origin. He also provided preliminary information that 
there were different types of cowpox: ‘true’ cowpox 
which gave the expected result, and ‘spurious’ cow- 
pox which did not protect and/or produced unac- 
ceptably severe lesions. 

6. Dissemination of Jenner’s findings 

Knowledge of the ‘Inquiry’ spread very quickly. 
As we have seen, publication of some sort had been 
planned since 1796, and Jenner presumably provided 
advance news of the ‘Inquiry’ when he visited Lon- 
don to have it published. In fact the first copy 
reached America in the first week of 1799 when 
Benjamin Waterhouse received a copy from John 
Coakley Lettsom, Jenner’s friend and colleague [ 131. 
The first detailed, and generally favourable, response 
was published privately as early as November 1798 
by George Pearson. The ‘Inquiry’ was also 
favourably reviewed in 1799 in the first issue of the 

‘Medical and Physical Journal’ which was soon to 
become the principal vehicle for rapid exchange of 
views on vaccination, not only in Britain, but also 
for continental Europe [2]. However, those in Europe 
did not have to rely on the English version or 

reviews for long because the ‘Inquiry’ was translated 
into Latin and German in 1799, French and Italian in 

1800, and Dutch and Spanish in 1801 [8]. 
Two points are of interest here. Firstly, the spread 

of this information took place during the aftermath 
of the French Revolution and during the Napoleonic 
Wars. Secondly, response to the basic idea of vacci- 

nation was generally favourable, and Jenner’s role in 
its introduction was generously acknowledged [2,4]. 
However, the ‘Inquiry’ left questions unanswered. 
Pearson, for example, pointed out that more vaccina- 
tions were needed to assess its safety, particularly in 
those with various skin conditions or who were 
pregnant. The idea of lifelong immunity was gener- 
ally criticized, as were the ideas of an equine origin, 
and spurious cowpox [2]. 
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7. Early confirmation and controversy 

What was needed were more vaccinations, and 
preferably independent confirmation. Jenner contin- 
ued his own work with new cowpox material, but 
early in 1799 Pearson and William Woodville started 
a controversial trial involving over 600 individuals 
which has been analysed in detail elsewhere [2,4,9]. 
This trial took place at the London Smallpox Hospi- 
tal and approximately two-thirds of those vaccinated 
promptly developed generalized lesions. Woodville’s 

initial conclusion, published privately, was that cow- 
pox produced generalized lesions. However, by 1800, 
and after an exchange of privately-published pam- 
phlets by Woodville and Jenner, it was evident that 
the generalized lesions were smallpox. Many of the 
trial participants had either been given cowpox vac- 
cine contaminated with smallpox virus, or had con- 
tracted smallpox through the contaminated air of the 

hospital. Unfortunately, therefore Woodville’s large 
trial had no bearing on the ability of cowpox to 
prevent smallpox, although it did focus attention on 
the importance of recognizing the lesions of cowpox 
and inoculated smallpox. Worse soon followed be- 
cause Pearson distributed some batches of 
smallpox-contaminated vaccine [2,9]. This led some 
to argue that the bulk of 19th century vaccine was 
modified smallpox virus, and that little or no credit 
was due to Jenner for introducing a new principle; 

prophylaxis with material of animal origin [9]. 
Jenner was responsible for some confusion here. 

In the text of the ‘Inquiry’ he emphasized the similar 
appearance of cowpox and inoculated smallpox, but 
provided an illustration which showed the opposite 
([2]; Fig. 4). The lesions of cowpox had an even 
margin whereas that of inoculated smallpox was 
irregular, often with secondary, satellite lesions. Fol- 
lowing the temporary disagreement with Woodville 

Fig. 4. The arm of Hannah Excel1 from the ‘Inquiry’ showing three vaccination lesions. 
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the differences were soon appreciated and publica- 
tions illustrating the comparison became common 
from 1801 ([2,4]; Fig. 5). 

As a result vaccines were soon established from 
cowpox in England and continental Europe in cir- 
cumstances where smallpox contamination could not 

have occurred [2]. Particularly active were Luigi 
Sacco of Lombardy and Jean de Carro. The latter, an 
Edinburgh-trained Swiss based in Vienna, although 
doing few vaccinations himself, facilitated the distri- 
bution of vaccine in Europe [2]. Vaccines were also 
established from horsepox, which Jenner had con- 

Fig. 5. Comparison of cowpox vaccination (left) and inoculated smallpox done in 1801. Vaccination produced lesions with even margins, 

variolation produced lesions with irregular margins and often satellite lesions developed. 
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fused with grease, by, for example, Loy in Yorkshire 
[2,6] whose work was soon translated into French 
and German, and by Sacco in Italy and Lafont in 
Salonica in 1803, and these equine strains were also 
widely distributed [1,2,6]. In fact Sacco attempted to 
set up a parallel nomenclature, with ‘equination’, 
etc., as the counterpart of vaccination, and at one 
stage Jenner described himself as ‘equinating con- 

stantly’ [ 1,2,6]. 
Jenner’s evaluation of spurious cowpox was 

severely criticized [5,6], and in fact it was used as an 
excuse for vaccine failures. However, Jenner’s 
recognition of various categories of spurious cow- 
pox, in his ‘Further Observations’ of 1799, was 

remarkable. They included, in modern terms, other 
bovine zoonoses, and improperly stored or old mate- 
rial in which the cowpox virus had been inactivated 

and which contained pathogenic bacteria [2]. 
Jenner’s major error was to continue to express 

publicly his belief that cowpox induced long-lasting 

immunity, after the importance of re-vaccination was 
appreciated. This was probably wishful thinking. 
Jenner knew that variolation and even natural small- 

pox did not always offer complete protection, and 
privately conceded that vaccination could not be 

expected to be more effective. Nevertheless all but 
this one of Jenner’s major claims proved to be valid. 

8. The spread of vaccine and vaccination 

Although Jenner’s publications and ideas were 
spread relatively quickly, there were some difficul- 

ties in exporting the vaccine itself. Initially, there 
was a natural desire to obtain material from, or 
approved by, Jenner himself although Pearson’s vac- 
cines were also exported. Also, if and when indige- 
nous cowpox was found abroad, it could then be 
compared with the authentic product. 

Vaccine could be transported over short distances 
or in cool climates in any of three ways: (a) dried on 
ivory points or lancets; (b) squashed and dried be- 
tween small glass plates; or (c> soaked into threads 
which were then dried [ 13,141. By these methods 
vaccine was soon distributed throughout Britain and 
to north America, southern and central Europe and 
the Mediterranean basin by 1800, and by 1801 to 
Scandinavia and Russia [4,11,13,15]. Jenner’s early 

attempts to get vaccine to India were foiled by 
shipwreck. However, Sacco’s dried vaccine reached 
Constantinople by 1800 and Baghdad early in 1802. 
After being revived in human trials it was then sent 
in dried form to India [15]. 

For longer distances, particularly in warmer cli- 
mates, a different method was used. The vaccine was 
maintained by weekly arm-to-arm transfer through 
volunteers or children. This had the advantage that 

the immune population could be increased at the 
same time, and in this way vaccination was spread 

through the British forces in India [15]. This method 
was also used to distribute vaccine to the Spanish 
Empire by an official expedition led by Francisco 
Balmis which sailed for central and south America in 
1803 [16]. 

There was a particular need to get vaccine to 
countries where cowpox was not indigenous, and 

here there were some false alarms. Waterhouse 
thought he had found it in America only to find he 
had been duped by students who had inoculated 
cows with vaccine [2,13]. In India, ‘ancient’ 

manuscripts, apparently describing the use of cow- 

pox long before Jenner, were found to be forgeries 
intended to aid acceptance of Jennerian vaccine [17]. 
Claims to have found indigenous cowpox outside 
Europe were not confirmed, and it is now known that 
cowpox virus circulates only in Europe and some 
western states of the former USSR [18]. 

Also of interest is the numerical extent of early 
vaccinations and the introduction of regulations. Ob- 

viously, more early vaccinations were needed to test 
the safety of vaccination and the immediate resis- 
tance to smallpox. However, it should be remem- 

bered that confusion over the appearance of cowpox 
and inoculated smallpox was only resolved from 

1800. Also, that initial evidence of long-term protec- 
tion rested solely on Jenner’s circumstantial evidence 
that a few individuals resisted variolation or natural 
smallpox some years after having natural cowpox 
[2]. Nevertheless over 100 000 vaccinations had been 
done in Britain by 1801. Luigi Sacco, the ‘Jenner of 
Italy’ was very active and had vaccinated 8000 
individuals by 1801, and 90 000 vaccinations had 
been done in Italy by 1803 [2]. 

The first elements of regulation and even compul- 
sion emerged as early as 1800. Joseph Marshall and 
John Walker, with Jenner’s approval, sailed as pri- 
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vate individuals with the Royal Navy to spread 

vaccination along the northern Mediterranean coast. 
However, by July 1800, the British Naval and Army 
commanders ordered compulsory vaccination for all 
personnel who had not had smallpox and general 
vaccination of the British Army was introduced in 
1802 [ 11,151. Many countries set up official commis- 
sions to assess the value of vaccination, but it is 

perhaps surprising that vaccination was made com- 
pulsory as early as 1807 in Bavaria, and also in 
Denmark (18101, Norway (1811) and in 1812 in 

Russia [ill. 

9. Discussion 

Jenner was not the first to try cowpox inoculation 
but the claims of, for example, Benjamin Jesty only 

came to light after 1798 [6]. Others were to make 
significant contributions but could only build on 
Jenner’s foundations. Although he created some con- 

fusion over the appearance of cowpox and inoculated 
smallpox, his analysis of true and different varieties 
of spurious cowpox was a remarkable contribution 
without which vaccination could not have been 

soundly based. 
In fact all but one of Jenner’s main conclusions 

were confirmed; the exception being his unfortunate 
insistence that cowpox induced lifelong immunity. 
Claims that smallpox vaccine was simply attenuated 
smallpox virus [9] are unsound. Vaccines were de- 
veloped from cowpox in circumstances where con- 
tamination with smallpox virus could not have oc- 

curred, and all modern controlled attempts to derive 
vaccine from smallpox virus have failed [2,19]. There 
is no evidence that smallpox virus used for variola- 

tion was becoming consistently attenuated before 
Jenner started work with cowpox, and it is clear that 
his use of animal mlaterial marked a radical new 
departure [2]. 

Vaccines were also developed from horsepox and 
widely used in the 19th century. So, although Jenner 

had used the wrong term (grease) and it was not 
necessary for horsepox to be passaged through the 
cow, there was some truth in his ‘grease’ theory. In 
fact cowpox, smallpox and smallpox vaccine (vac- 
cinia) viruses are quite distinct species [20-221 and it 
is difficult to see how any one could have been 

derived from another except by gradual evolution. 
However, it is possible that surviving vaccine strains 
represent artificial survival of the now naturally ex- 

tinct horsepox virus [2]. 
The introduction of vaccination was opposed by 

some variolators who saw the loss of a lucrative 

monopoly. However vaccination, and Jenner’s role 
in its introduction, was soon supported at home by 
an impressive array of medical opinion; even 
Woodville supported Jenner after their initial dispute 

had been resolved. Perhaps the one major supporter 
of vaccination who opposed Jenner was Pearson, 

who tried to claim excessive credit for his extension 
of Jenner’s work [2]. What is particularly noteworthy 
is the speed with which information about Jenner’s 
work and the vaccine itself were distributed to other 
countries. Also, that credit was generously given to 
Jenner by overseas workers who confirmed and con- 

siderably extended his pioneer studies. 
Towards the end of the 19th century increased 

concern about vaccine safety and failures, and con- 
flict between state regulation and freedom of the 
individual, led to the development of anti-vaccina- 

tion movements. However, there is no doubt that, 
properly used, vaccination and re-vaccination had a 

considerable impact on the incidence of smallpox 
[ 11,201. During his life Jenner received considerable 
acclaim from institutions and Governments. How- 
ever, the most remarkable and lasting tribute was the 
posthumous one made by Pasteur, who had devel- 
oped immunization protocols for fowl cholera and 
anthrax. In 1881 he suggested that the term vaccina- 
tion (from vacca = cow) should be extended to in- 
clude all immunization procedures in Jenner’s hon- 

our. The final tribute, and on a global scale, is the 

fact that, properly used, smallpox vaccination made 
possible the eradication of smallpox 1201. 
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