
Biology in History

Nestling cuckoos to vaccination-a
commemoration of Edward Jenner

T he cuckoos comprise a large
family of birds with world
wide distribution. Many of

the more than 100 species inhabit
the tropics, and those of the temper
ate regions migrate to the tropics for
the winter. The cuckoo family takes
its name from the song of ehe com
mon or European cuckoo, Cuculus
canorus.

The common cuckoo is found
throughout Europe. In addition to
its distincrive song, it is famous for
another characteristic, brood para
sitism. C. canorus lays its eggs in the
nests of other species of birds, after
which the nestling cuckoo is raised
by the host birds. After the cuckoo
hatches, the offspring of the host
birds are ejecred from rhe nest, re
sulting in destruction of unhatched
eggs and death of nestlings. The ejec
tion of host eggs and nestlings was a
mystery. The mother cuekoo never
returns to the nest afrer laying an egg
therein. Ir was elear that a nestling
cuckoo did not have the strength to
throw obiecrs as large as eggs and
nestlings from the nest. Unlike euck
oos, most species of birds eare for
their young; rherefore, the parents
would not do sueh a horrific thing as
murder their own young. Who then
does commit the murderous act? The
mystery was solved byEdward jenner
(Figure 1).

Of all the infecricus diseases that
have afflicted humankind, smallpox
was one of the most devastating.
The disease is highly contagious,
and before preventive control it
spread rapidly chrough the popula
tion. Death was often the outcome,
and many of those who survived
were hardly, if any, more fortunate
than those who died, because they
were eften crippled or blinded as
well as having hideous pockmark
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scarring of the face and body. Small
pox predates any known written
records of the disease; some mum
mified bodies of ancient Egyptians
show the typical scars of smallpox
(Adams 1992). Throughout the cen
turies of recorded history smallpox
smoldered in endernic form, with
epidemics occurring frequently. Dur
ing the eighteenth century the dis
ease was not only widespread in the
Old World, but was also prevalent
in the New World [Mather 1722).
Mercifully, in the elosing years of
the eighteenth century vaccination
to prevent smallpox was discovered,
ehe first immunization procedure
against any disease. This discovery
too was made by jenner,

Biography of Jenner

jenner was bo m in Berkel ey,
Gloucestershire, wes tern England,
on 17 May 1749 (Baron 1827). He
was the sixth and youngest ehild of
Stephen Jenner, vicar of Berkeley.
His parents died when he was five
years old, and thereafter he was
brought up by a much older brother.
Growing up in Berkeley, a small
town in a dairy farming region,
jenner acquired a great love of na
ture. He collected fossils and other
natural objecrs and was a keen ob
server of the loeal wildlife.

At the age of 13, in accordance
with his own wishes, he was appren
ticed to Daniel Ludlow, a surgeon in
nearby Sodbury. On eompletion of
his apprenticeship at 21,lenner went
to London for further training with
lohn Hunter, a Seottish surgeon prac
ticing there. Hunter was renowned
as a surgeon. He was also noted for
his research zeal into several areas of
the natural and medical sciences.
Hunter was a surgeon to the king,
and elected to fellowship in the Royal
Society, the premier scienrific soci
ety in Britain. While in London, and

on Hunter's recommendation,
jenner, in addirion to his surgical
studies, assisted in classifying and
cataloging biological specimens
brought baek by joseph Banks, natu
ra list aboard the Endeavour for
Captain Cook's first voyage of dis
covery.

At ehe age of 24, jenner returned
to Berke1ey to establish a practice in
surgery. He was successful in his
career and became a member of two
societies for the advancement of
medical knowledge. At that time
surgery and medicine were separate
professions. Nevertheless, surgeons
frequently practiced medicine, and
physicians often performed surgery,
and in reality there was little differ
ence between the professions. The
rnajor differenee was in the educa
ticn process-c-surgeons learned their
profession by a pp re nt ices hip ,
whereas physicians were university
educated. In addition to his medical
interests, Jenner played the flute and
violin, wrore poetry, and pursued
activities in the natural sciences. In
1788 he married Catherine Kings
cote. They had four children. In 1792
jenner was awarded a medical de
gree by St. Andrews University I Scot
land. Although he had previously
practiced medicine as weil as sur
gery, he thus officially became a
physician as weil as a surgeon.

The study of nestling cuckoos

Outside of his professional werk,
jenner turned to his love of nature
and employed some of his leis ure
hours studying rhe European cuck
00, with the hope of illustrating a
subject not sufficiently investi
gated-the fate of the hosr birds'
young afrer harching of the cuckoo's
egg lJenner 1788).

jenner studied the nests of several
species of bird in which a cuckoo's
egg had been deposited, with most
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Figure 1. Portrait of Edward jenner painted in 1803 by James Northcote. By
courresy of the Na tiona l Portrait Gallery, London.

of his observations made on hedge
sparrows. Whatever species rhe ho st

.birds were, if there was a hatched
cuckoo in the nest, the eggs and
nestlings of the host birds were found
in disarray outside the nest, the eggs
usually broken and the nestlings
dead. On replacing any living nest
lings back in their nests , he later
found thern ejected again, However,
if he removed the young cuckoo from
the nest, the host birds' own eggs
and nestlings remained in the nest
and were cared for by their parents.
Jenner then reported (1788, pp. 224
226):

From rhese experirnenrs, and sup
posing, frorn the feeble appear
ance of the young Cuckoo jusr
disengaged from the shell, thar it
was utterly incapabJe of displac
ing either the egg or rhe young
Sparrows, I was induced to be
lieve, that rhe old Sparrows were
the only agencs in this seeming
unnatural business; bur I after
wards clearly perceived the cause
of this strange phaenomenon, by
discovering the young Cuckoo in
the act of displacing its fellow
nest lings, as the following rel a
tion will fully evince.

June 18 , 1787 ,1 examined the
nest of a Hedge-sparrow, whieh
then contained a Cuckoo's and
three Hedge-sparrow's eggs. On
inspecting it the day following, I
found the bird had hatched, but
that the nest now contained only
a young Cuckoo and one young
Hedge-sparrow. The nest was
plaeed so near the extrernity of a
hedge, that I could disrincrly see
what was going forward in it;
and, to my astonishrnent, saw the
young Cuckoo, though so newly
hatched, in the act of turning out
the young Hedge-sparrow.

The mode of accornplishing th is
was very curious. The little ani
mal, with the assistance of its
rump and wings, contrived co get
the bird upon its back, and mak
ing a lodgement for the burden by
elevating its elbows, clambered
backward with it up the side of
the nest till it reached ehe top,
where resring for amoment, it
threw off its load with a jerk, and
quite disengaged it from the nest.
Ir remained in this situation a
short time, feeling about with the
extremities of it5 wings, as if to be
convinced whether the business
was properly exeeuted, and then

December 1996

dropped into th e nest again. With
these (rhe extremities of irs wings)
I have often seen it examine, as it
were, an egg and nestling before it
began its operations; and the nice
sensibility which the se parts ap 
peared to po ssess seemed suffi 
ciently to compensate rhe want of
sight, which as yet ir wa s destitute
of. I afterwards put in an egg, and
this , by a sirnilar process, was
conveyed ro the edge of the nest,
and thrown out. These exper i
ments I have since repeated sev
eral times in different nests, and
have a lways faund rhe young
Cuckoo disposed to act iri the
same mariner. In climbing up the
nest, it someti mes drops its bur
den , and thus is fo iled in its
endeavours; but, afrer a little re 
spite, the work is resurned, and
goe s on almost incessanrly t ill je is
effected. IUs wanderful to see the
extraordinary exertions of the
young Cuckoo, when it is two or

three days old, if a bird be put into
the nest with ir that is too weighty
for it to lift out. In this state it
seerns ever restless and uneasy.

As noted above, the nestling
cuckoo sometimes drops its heavy
burden and must then start the labo
rious task again. However, as jenner
discovered on ph ysical examination
of the nestling cuckoo, it does have
an adaption to lessen the likelihood
of irs dropping the load (Jenner 1788,
p.226):

The singularity of its shape is weil
adapted ro these purposes; fo r ,
d iffere nt fr o m other ne wly 
hatched bird s, its ba ck from the
scap ulae downwards is very
broad, with a considerable de
pression in the middle. Th is de
pression seems formed by nature
for the design of giving a more
secure lodgement to the egg of the
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Hedge-sparrow, or of its young
one, when the young Cuckoo is
employed in removing either
Irorn the nest. When it is about
twelve days old, this cavity is
quire filled up, and then the back
assumes the shape of nesrling
birds in general.

Comparing the size of adult birds,
]enner noted that the cuckoo is much
largerthan ehe hedge-sparrow. How
ever, cuckoo's eggs are somewhat
smaller than those of hedge-sper
rows. jenner gave an explanation of
the necessity for a cuckoo placing its
egg in the nest of a species producing
small eggs (Jenner 1788, pp. 227
228);

The smallness of the Cuckoo's
eggin proportion to the sizeof the
bird is a circumstance that hith
erto, I believe, has escaped the
notice of ornithologisrs. So grear
is the disproportion, that it is in
general smaller than that of the
Hedge-sparrow; whereas the dif
ference in the size of the birds is
nearly five to one.

The circumstance of the young
Cuckoo's being destined by na
ture ro chrow out the young
Hedge-sparrows, seerns to account
for tbe parent-cuckoo's dropping
her egg in the nests of birds so
small es those 1 have parti
cularised. If it were rc do this in
rhe nest of a bird which produced
a large egg, and consequently a
large nesthng, the young Cuckoo
would probably find an insur
mountable difficulty in solely pos
sessing rhe nest, as its exerrions
would be unequal to the labour of
turning out ehe young birds.

Having cast its nestmates to their
death, the nestling cuekoo receives
the full attention of its foster parents
and all rhe lood brought back to the
nest Co satisfy its seemingly insa
tiable appetite. Although they da
not live long, the host's nestlings do
not die in vain, as Jenner commented
(Jennec 1788, p. 228):

Here it may be rernarked, that
though nature permits the young
Cuckoo to rnake this great waste.
yet the animals thus destroyed are
not thrown away or rendered use
less. At the season when this hap
pens, great numbers of tender
quadrupeds and reptiles are seek
iog provision; and if they find the
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callow nestlings which have fallen
victims to the young Cuckoo, rbey
are fumished with food weIl
adapted to their peculiar state.

Some other studies of nature

T 0 assist Hunter in his numerous
research endeavors into natural and
medical sciences, jenner undertook
several projects. These projecrs in
cluded a study of hibemanng hedge
hogs, in which he investigated body
temperature, weight, and the amount
of fat tissue throughout the hibema
tion period.

Jenner had a lifelong love ofbirds,
and they were the subject of some of
his poetie writings. His"Address to
a Robin" (Baron 1827, p. 20) is a
delightful piece of rhyming verse,
rbe opening lines of which read:

Come, sweetest of the feather'cl
throng!

And scorhe me wirh thy plain
tive song

The robin addressed is the European
rabin, which is much smaller than
the American robin.

Jenner's interest in birds also led
to a lengthy study of bird migration.
Although scme species of birds were
known at the time to migrate, there
were other species not seen during
winter thar were thought by many to
hibernate rather than migrate. jenner
provided strong evidence, based on
the physical appearance of the birds,
for migration and against hiberna
tion. When the supposed hibemat
ing birds rnake their first appearance
after winter they are plump and
fleshy, as weil as strong on the wing
and full of activity. However, when
hibernating animals appear after
winter they are languid and emaci
ated, their fat alt gone.

Another avenue of inquiry con
cerned a common belief that same
birds not seen during winter lacked
flying strength for migration, and
therefore hibernated. Although un
der normal circumstances such birds
appear reluctant to take to flight,
and then fly only a short distance
before settling down again, Jenner
noted that if they are forced on the
wing by an extraordinary cause (i.e.,
a frightening experience) they ex
hibit strong flying ability. ]n other
words, necessity hegets exertion.

One of the birds studied, which
Jenner contended was a migratory
bird, was the landrail, also called a
corncrake. Ir is now known that the
European landrails migrate to Af
rica, but in Jenner's time many ar
gued that it hibernated (Jenner 1824).

Despire his wide-ranging inter
esrs, due to the ever-increasing
amount of time needed for the study
into a preventive for smallpoxJenner
had less and less time for natural
seien ce, and his studies on bird mi
gration were not put together and
published until after his death in
1823 (Jenner 1824). Nevertheless, it
was jenner's stature as a natural
scientist that brought about his elec
tion to fellowship in the Royal Soci
ety seven years before he discovered
vaccination (Royal Society 1789).

The discovery of vaccination

Centuries ago it was noticed that
persons who recovered from small
pox rarely caught it again, and if
they did it was never fatal. There
fore, it was better to have suffered a
mild ca se of smallpox than never to
have had the disease at all. A mild
case removed ehe fear of having a
severe, and perhaps fatal, case of
sruallpox. These observations led ro
the practice of smallpox inocula
tion, the deliberate introduction into
the body of matter taken from a
pustule of a person with a mild case
of smallpox, with the intention of
causing a mild disease in the inocu
lated person. The origin of smallpox
inoculanon LS not known with cer
tainty. Ir was praetieed in Asia be
fore being introduced iota Europe
by Timonius in 1714 from Turkey
(Timonius 1714). The practice in
volved considerable risk to treated
people and to the communities in
which they lived because the inocu
lated disease was not always mild,
and on occasion death was the out
come. Moreover, inoculated persons
could be a souree of natural infec
tion to others, who often suffered a
severe illness.

Twenty years of investigation by
Jenner preceded the first vaccina
tion in 1796, when Jenner inoeu
lated cowpox matter to prevent
smallpox (Jenner 1801). Cowpox,
unlike smallpox, is a mild disease in
human beings.
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Figure 2. Jenner's illustration of cowpox lesions on the hand of Sarah Nelrnes, a
milkmaid. Matter taken frorn a lesion on this hand was used byJenner to vaccinate
James Phipps, an eighr-year-old boy, giving hirn subsequenr protection against
smallpox, The lesion on the finger was not acrually on ehe hand of Nelrnes, bur was
on ehe hand of another milkmaid, and was placed rhere ro show the appearanee
of an early lesion in comparison with the advanced lesion shown above the fingers.
By permission of the British Library, Lenden (British Library reference c112 f2).

My inquiry inro the nature of the
Cow Pax commenced upwards of
twenty-five years ago. My atten
tion ro this singular disease was
first excited by observing, rhat
among those in ehe country [ was
frequently called upon to inocu
late, many resisted every effort to
give them Small Pox, These .pa
tients I found had undergone a
disease they called the Cow Pox,
contracted by milking Cows,
(Jenner 1801, pp . 1-2)

Cowpox was common at that time
among persons having direct con
tacr with cattle, but other than that
the disease was generally unknown ,
The srnallpox referred to in the above
quotation was the disease condition
that arose after inoculation with
smallpox, hopefully a mild form of
the disease.

In pursuing that exciting observa
tion, a primary question to be ad
dressed was whether resistance to
inoculated smallpox was actually due
to a previous case of cowpox or was
rather a result of an earlier bout with
smallpox, with protection eoming
as a result of that ilLness. Living in a
rural area rather than an urban 10
eale was of value in answering that
question (Jenner 1798, p. 10):

lt is necessary to observe, that the
utmost care was taken to ascer
tain, with the most scrupulous
precision, that no one whose case
is here adduced had gone through
the SmalJ Pox previous to these
attempts to produce the disease.
Had these experiments been eon
ducted in a large city, or in a
populous ne ighbourhood, some
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doubts might have been enter
tained; but here, where popula
tion is thin, and where such an
event as a person's having had rhe
SmalJ Pax is always faithfully re
corded, no cisk of inaccuracy in
this particular can arise.

Including in his study only persons
who had been free from smallpox but
who had a history of cowpox, jenner
proceeded with his investigation.

Smallpox oeeurred frequently in
the loeal area over the period of the
investigation (Jenner 1798). The
threat of the disease led to a steady
flow of people wanting smallpox
inoculation. Thus in the course of
his professional services Jenner was
able to garher much evidence that
people with a previous history of
eowpox were protected from small
pox, because inoculared smalJpox
was mild in those people,

If infection with cowpox as a pre
ventive treatrnent for smallpox was
to be of value, it would need to
confer a long period of protection.
Jenner presented several cases to
show longevity of proteetion fol
lowing natural infection with cow
pox (]enner 1798, p. 11):

[ have purposely selected several
cases in which the disease had
appeared at a very distant period
previous to the experiments made
with variolous [smallpox] mat
ter , to shew that the change pro
duced in the constitution is not
affected by time.

In one case, 27 years elapsed be
tween natural infeetion with cow-

pox and inoculated smallpox, and
the outcome was an exrremely mild
ease of inoculated smallpox.

Evidenee that previous natural
infection with cowpox brought about
proteetion against smallpox led to
the question of whether or not arti
ficially induced eowpox would have
the same effect (Jenner 1801, p. 5):

During the investigation of the
casual Cow Pox, I was struck with
the idea that it rnight be practi
cable to propagate the disease by
inocularion, after the manner of
the Small Pox.

By putting the idea to test, Jenner
performed the first vaccination, be
cause inoculated cowpox indeed gave
the desired protection (Figure 2;
Jenner 1798, pp. 32-34}:

[ selected a healthy boy, about
eight years old, for the purpose of
inoculation for the Cow Pox, Th e
matter was taken from a sore on
the hand of a da irymaid, who was
infected by her master's cows,
and it was inserted, on the 14th of
May, 1796, into the arm of the
boy by rneans of two superficial
incisions, barely penetrating the
cutis, each a bour half an inch long.

On the seventh day he corn
plained of uneasiness in the ax
illa, and on the ninrh he became a
Iirrle chilly, lost his appetite, and
had a slight head-ach. During the
whole of this day he wa s percep
tibly indisposed, and spenr the
night with some degree of rest
lessness, but on the following day
he was perfectly weil.

In order to ascertain whether
the boy, after feeling so slighr an
affection of the system from the
Cow-pox virus, was secure from
the contagion of the SmalJ-pox,
he was inoculated the 1st of July
following with variolous matter,
immediarely taken from a pus
tule. Several slight punctures and
incisions were made on hoth arms,
and the matter was carefully in
serted, but Da disease followed.

Jenner subsequently inaculated
several more people with cowpox
matter, and on ehallenge with small
pox matter they were all resistant to
it. In addition to matter taken from
a pustule of a human with cowpox,
Jenner also demonstrated the effec
tiveness of matter taken directly from
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a cow (Jenner 1798).
Two fearsome aspects of small

pox inoculation had been fataliries
that sometimes occurred as a conse
quence of the rrearment and trans
mission of smallpox from inoculated
persons to ochers. Jenner took these
dangers into consideration wirh re
spect to cowpox inoculation before
attempting this treatment. Concern
ing fatalities, based on his experi
ence of treating many patients with
cowpox over many years Jenner had
the security of never having come
across a faraliry from cowpox. Wirh
regard to the possibility oE an inocu
lated person transmitting cowpox (0

someone else, by purposefully ob
serving patients with cowpox and
the people they lived with and asso
ciated with Jenner determined that
cowpox was not transmissible be
tween human beings.

At 00 time did jenner act in an
improper or imprudent manner dur
ing his studies leading to the discov
ery of vaccination. His patients
wanted smallpox inoculation for
themselves or their children. In per
forming that service he noted the
outcome of inoculation in relation
to whether or not his patients had a
past history of natural infection with
cowpox. Those patients inoculated
with cowpox matter, and then in
oculated with smallpox matter to
ascertain if they were protected from
smallpox, had asked to receive small
pox inoculation anyway.

The success of
smallpox vaccination

Such was the prevalence and fear of
smallpox, and the advantages of
vaccination over smallpox inocula
tion, that vaccination was enthusi
astically received and quickly spread
far from Gloucestershire. Because
the first immunizing material came
from cowpox, the term vaccination
came to be used (from the Latin
vacca, or cow). lohn Clinch, a long
time friend of jenner, gave the first
vaccinations in the New World in
1798 in Newfoundland. He used
cowpox matter sent to hirn by jenner.
The first vaccinations in the United
States were given in 1800 by Ben·
jamin Waterhouse, a physician and
professor at Harvard College, with
cowpox matter obtained from En-
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gland (Waterhouse 1800). Water
house vaccinated his five-year-oid
son. After the success of that, as
determined by vaccination sequelae
(redness, swelling, and the develop
ment of a characteristic pustule at
the site of vaccination], he subse
quently vaccinated his three-year
old son, his year-old infant daugh
ter, the nurserymaid, and other
servants. Again, after noting success
without any problems, he moved out
of the family cirde into the popula
tion at large and became a strong
advocate of vaccination.

Ir should not be construed that
smallpox vaccination became estab
lished without any problems or con
troversy. However, many of the prob
lems could have been avoided if
Jenner's procedure had been followed
in accordance with his report. AI
though Jenner gave descriptions of
cowpox pustules on cows and on
human skin (jenner 1798), some
medical practitioners used exudate
from any kind of skin eruptions on
cows as vaccine; if the material came
from a disease other rhan cowpox,
the result was a lack of protection
from smallpox. Jenner had fore
warned of this risk in his 1798 trea
eise, and in a later publication he
reiterated the need to be able to
distinguish between cowpox and
other eruptive diseases of the skin of
carrle (Jenner 1799). Jenner drew
attention to the fact that most prac
titioners of human medicine are not
familiar with animaI diseases such
as cowpox. Therefore, it was incum
bent on surgeons and physicians
obtaining vaccine material from 10
cal animals to be sure that it was
indeed cowpox matter.

Among the controversies was one
that arose after some people vacci
nated at the London Smallpox Hos
pital developed smallpox pustules.
Was it because the cowpox matter
had become contaminated with
smallpox matter? That was ruled
out because the physician adminis
tering the treatment had success
fully used rhe same vaccine else
where on other people without any
of rhe recipients deveJoping small
pox. Apparently, the smaUpox suf
ferers had naturally caught small
pox while waiting to be vaccinated
arthe hospiral (Jenner .nd Woodville
1800). Vaccination is a preventive

trearmenr that must be given before
infection occurs in order for immu
nity to develop against the infec
tious agenr.

The above problems notwith
standing, the rapid and widespread
success of vaccination gave jenner
reason ro be more than a little opti
mistic about his discovery (jenner
1801, pp. 7-8):

The numbers who have partaken
of irs benefirs throughout Eu
rope and other parts of the Globe
are incalculable; and now it be
comes too manifest to admit of
controversy, that the annihila
tion of the Small Pox, rhe most
dreadful scourge of the human
species, must be the final result
of rhis practice.

After a well-planned global cam
paign in which vaccination played
the major role, the World Health
Organization in 1977declared smalJ
pox eradicared from rhe world.

Conclusion

Although Jenner recognized the sig
nificance of his discovery for human
welfare and received international
acclaim for it, he never sought finan
cial gain from the discovery. Indeed,
quite the opposite-he freely gave of
his own time in promoting vaccina
tion, giving advice, and assisting
others worldwide to establish the
treatment. The demands on Jenner
from around the world concerning
matters related to smallpox vaccina
tion, and his obligations to his medi
cal pracrice, Ieft hirn virtually no
time for his other major interest, the
study of birds.
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