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Over the past few years, the world has wit-
nessed the final engagement in a long and costly
war against smallpox. It now becomes increas-
ingly clear that the war has been won, that
smallpox has been totally and we hope irre-
vocably eliminated from among the plagues of
mankind. The last stages of the war were
necessarily global-that is, involving coopera-
tion of many nations. The story is unusual in
many regards, not the least of which is that it
has a very happy ending. For this reason, it
merits particular consideration by historians as
well as physicians and biologists.

Smallpox is certainly an ancient disease. The
earliest clinical material still extant is to be
found on the mummy of Pharaoh Ramses V,
who died about 1160 B.C. A study of the
lesions on his face has led physicians to the
conclusion that he must have died of acute
smallpox. In ancient times the disease was epi-
demic in the Orient and in India. Curiously,
its spread as an epidemic into Europe seems to
have been delayed for reasons not entirely
clear. It spread through Europe during the
Middle Ages and soon assumed its place among
the great epidemic diseases. Morbidity and

mortality rates were appalling. It is estimated
that the usual mortality in an epidemic ranged
from 20 to 40% of affected individuals. It is
generally believed that no more than 20% of
the population of Europe escaped an attack of
smallpox. Partially isolated islands were pe-
culiarly vulnerable. It is claimed that one-sixth
of the population of Ireland died within a sin-
gle year of the disease, while 36% of the popu-
lation of Iceland succumbed in 1707 in a simi-
lar epidemic. Although those who survived an
attack of the disease were immune, a fact which
was early recognized, they also were frequently
hideously pockmarked-particularly trouble-

1 This paper was prepared at the invitation of
Robert F. Acker, Executive Director, American
Society for Microbiology. It represents an expan-
sion of remarks made on 25 April 1977 in pre-
senting Donald A. Henderson, Dean of the School
of Hygiene and Public Health of The Johns
Hopkins University, to the membership of the
National Academy of Sciences on the occasion of
the award of its Public Welfare Medal. Dr. Hen-
derson has kindly agreed to append a postscript.

Fig. 1. Pharaoh Ramses V of Egypt, c.1160 B.C.:
an early case of smallpox (photograph courtesy
of WHO).
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some because the disease usually is at its worst
on the skin of the face. In its heyday, smallpox
was the leading cause of blindness in the popu-
lation of Europe. In the early 16th century,
smallpox was transmitted by the Spanish ex-
plorers to the Americas; it soon became a
major cause of death among the Indian
populations.

Even in modern times, smallpox has been a
disease without useful treatment. The defenses
against smallpox were distressingly few, among
these, flight and isolation. Then, out of the
Orient and India, by way of Turkey, came
variolation. This was the practice of transfer-
ring from an affected patient some of the pus-
tular material into a susceptible but unaffected.
individual. Generally, this was done by means
of a scratch in the skin or by the introduction
of cotton soaked in variolus pus into the nostril,
although there are reports of inhalation of dried
(attenuated?) material. This practice had been
reported as early as 1000 B.C. in China, where
it was called “pock-sowing.” It appears that the
word “innoculation” was invested to describe
this deliberate transfer of a pathogenic agent.
Variolation in one or another form found its
way into the folk medicine of Europe and
Africa in the 17th century. It was specifically
described in 1675 by Thomas Bartholin, anato-
mist at the University of Copenhagen.

Variolation seems to have come to England
by way of Turkey. The first published report
( 17 14) is an account in the Philosophical
Trtrnsactions of the Royal Society of L o n d o n
of a 1713 letter from an Oxford-trained Greek
physician, Emmanual  Timoni, residing in Con-
stantinople, in which he described the mode
and effects of variolation as practiced in the
Near East. Two years later, an Italian phy-
sician serving as the British Consul in Smyrna,
James Phlarini, published a more detailed re-
port in the same journal.

The credit for the widespread use of variola-
tion in England goes largely to Lady Mary
Wortley Montagu. A beauty and a leader of
society in London, her complexion was seri-
ously damaged by an attack of smallpox in
1715. When she accompanied her husband to
Constantinople on a diplomatic mission, she
was therefore deeply interested to learn of the
practice of variolation. She promptly had her
own child variolated in 1717, and after her re-
turn to England she entered upon a proselytiz-
ing campaign to convince others to subscribe to
this immunization procedure. Her enthusiasm
was undoubtedly an important element in the
acceptance of variolation by the aristocracy in
Great Britain. Lady Mary’s own physician,
Dr. Maitland, carried out an early clinical trial
when he variolated a number of condemned
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criminals. The success of these experiments
led to the immunization of the grandchildren
of George I. Some military leaders, including
Fredrick the Great of Prussia, recognized the
strategic advantages of having an army which
was resistant to smallpox-a disease to be
reckoned with in military campaigns.

Variolation was a procedure of significant
hazard. Most of the published series of cases
in the 18th century indicate that it carried a
mortality of between 1 and 2%, although
Robert and Daniel Sutton, father and son, re-
ported a series of 2,s 14 consecutive variolations
in England without a single death. The vario-
lated individual, after all, was immediately at
risk of contracting a generalized attack of
smallpox. In addition, the variolated individ-
ual was a possible focus of a new epidemic of
the disease. This was early recognized, and
procedures were established to isolate the in-
dividual after variolation for appropriate pe-
riods of time. Undoubtedly, such attempts at
isolation, however, were occasionally honored
in the breach. Nonetheless, professional vario-
lators appeared in all of the countries of Eu-
rope, and one must suppose that their successes
outnumbered their failures.

The scene now shifts to North America,
where in the city of Boston in 1721 an epi-
demic of smallpox erupted. The outstanding
intellectual leader of the community was the
Reverend Cotton Mather, remembered chiefly
for his association with the witch trials in Sa-
lem. In the present historical context, Cotton
Mather is revealed as a forward-looking and
far-seeing leader. He apparently had access to
the Philosophical Transactions of the Royal
Society of London, probably through the good
offices of Dr. William Douglass, a Scottish
physician in the city of Boston, and here he
read the papers treating of variolation. He
called these to the attention of the approxi-
mately 30 physicians then practicing in Boston
in the hope that they would muster an effective
defense against the rages of the epidemic. Only
one responded positively; this was Dr. Zabdiel
Boylston, the son of a physician and himself a
practicing surgeon. Defying the anger of his
colleagues, including Dr. Douglass himself, and
of the press, Zabdiel Boylston undertook a cam-
paign of variolation, inoculating 280 citizens of
Boston, of whom six died, possibly as a result
of the inoculation. Of the nearly 12,000 per-
sons residing in Boston at the time, about one-
half contracted the disease during that epidemic
and, of these, 844 succumbed. Thus, the mor-
tality of the unvariolated population was 7%)
while that among the population variolated by
Dr. Boylston was only 2%. It is noteworthy
that Boylston succeeded ultimately in convert-
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ing the initially hostile medical community of
Boston to his viewpoint, and even the recalci-
trant Dr. Douglass finally admitted the virtues
of variolation. Boylston’s success was appre-
ciated in England, and in 1725 he traveled to

London as a guest of its leading physician, Sir
Hans Sloane, to report his experiences to the
British medical practice. It is noted that dur-
ing this stay in London he was accosted by a
down-and-out young fellow American named
Benjamin Franklin, whom he helped with the
generous gift of 20 pounds-a gift which
Franklin recalled in later life. Zabdiel Boylston
returned to Boston and to the practice of medi-
cine and surgery. He is recalled with affection
by his grand nephew, John Adams, who, as a
special privilege when a young lad, was taken
occasionally to visit Uncle Zabdiel and to in-
spect his microscope and his telescope. Some
interest attaches to the intensity of the public
assault on Cotton Mather,  proponent of vario-
lation, and Zabdiel Boylston, its chief operator
during the 1721 epidemic. There were vitriolic
attacks by the press and personal attacks threat-
ening the lives of these two gentlemen. An
excerpt from Cotton Mather’s diary describes
his evaluation of this assault.

July 16, 1721: At this time I enjoy an uyt-
speakable Consolation. I have instructed one
Physician in The New Method used by The
Africans and Asiaticks, to prevent and abate
Dangers of the Small-Pox, and infallibly to
save the Lives of those that it wisely managed
upon them. The Destroyer, being enraged at
the proposal of any Thing, that may rescue
the Lives of our poor People from him, has
taken a strange Possession of the People on
this Occasion. They rave, rail, they blaspheme;
they talk not only like Ideots but also like
Franticks, And not only the Physician who
began the Experiment but I also am an Object
of their Fury; their Obloquies and Invec-
tives.

r

Cotton Mather was reacting to what was
neither the first nor the last time when irra-
tional public emotion attempted to dictate the
course of scientific development. One wonders
how the good Dr, Mather would have reacted
to the “Obloquies and Invectives” hurled at the
bold physician who dared to screen babies for
the XYY karyotype in the same city of Boston
250 years later. Fortunately, in 172 1, reason
and science refused to succumb to public pres-
sure. Mather’s performance may be held to vin-
dicate his earlier, less distinguished record in
regard to the epidemic of “witchcraft” in Sa-
lem. He was, in his time, one of the most
prolific American men of letters and was hon-
ored by election as the first American member
to the Royal Society of London.

The beauty of milkmaids is legendary. It was
extolled by the Elizabethan poets, but few, if
any, appreciated that this beauty was skin deep.
It resulted from the fact that most milkmaids
did not exhibit the pockmarking which was so
very common among other women. The asso-
ciation between the absence of smallpox among
milkmaids and the occurrence of a disease of
cattle-cowpox or vaccinia-appears to have
been missed for a long time. This pustular dis-
ease of cattle was transmitted to the hand of
the milkmaid in the course of her work, where
it resulted in a localized lesion and did not
evoke a generalized eruption. What it did, how-
ever, was to confer effective immunity for a
period of some years to the thus accidentally
vaccinated milkmaid. The relationship between
exposure to vaccinia and immunity to variola
appears first to have been made by Benjamin
Jesty, a British farmer, who deliberately trans-
ferred vaccinia to one or more humans in 1774.
A similar procedure was carried out by school-
master Plett in Holstein in 1792. These experi-
ments, however, had little or no general impact
until the studies of Edward Jenner (1749-
1823)) a country practitioner of medicine who
settled in Berkeley, in a rich dairy area. He
had had excellent training; among his teachers
was the great physician, John Hunter. It was
with Hunter that Jenner shared his original
ideas, conceived about 1780. His preceptor
advised him, “Do not think, try.” Jenner dis-
regarded the first portion of this recommenda-
tion and considered his problem for many
years. Finally, in 1796, he performed his first
vaccination on an &year-old farm boy, named
James Phipps, with matter from a pustule on
the hand of a milkmaid who had contracted
cowpox. He subsequently challenged the boy’s
immunity by variolation and found the im-
munization to be effective. Jenner was a minor
poet and a humanist. He provided James
Phipps, in later life, with a home around which
he personally planted flowers.

The experiment is a brilliant example of
targeted research. Jenner knew exactly what he
wanted to accomplish, and after performing a
single experiment he determined that he had
hit a bull’s-eye. He continued to experiment
along these lines and 2 years later in 1798 pub-
lished his brochure entitled “An Inquiry into
the Causes and Effects of the Variolae Vacci-
nae, a Disease Discovered in Some of the West-
ern Counties of England, particularly Glouces-
tershire, and known by the name of THE COW
POX.” It was an instant success. Within the
2 years that followed, vaccination was practiced
in many countries of Europe, and by 1800 it
was introduced in the United States. Threads
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were dipped into vaccinial pus, and these, upon
drying, were shipped from place to place. It is
certainly worth noting that active material sur-
vived the then slow passage across the Atlantic
Ocean. Dr. Benjamin Waterhouse, the first pro-
fessor of the theory and practice of physics at
Harvard, received some vaccine from British
friends and proceeded to vaccinate 7 of his
own 13 children. Could this have been in the
nature of a controlled clinical trial? He passed
his information and some of his materials onto
his good friend, Thomas Jefferson, who, with
his usual enthusiasm for scientific advance, pro-
ceeded to vaccinate his entire household of
family and slaves. Jefferson predicted that vac-
cination for smallpox “would finally extirpate
that disease from the earth.” At this time we
are celebrating the fulfillment of this prediction.

Vaccination had obvious advantages over
variolation. It produced a single local lesion,
it produced significant disease in humans only
in very rare instances, and it did not require
quarantining of its subjects. Here, at last, was
an almost ideal prophylaxis. Jenner was hon-
ored at home and abroad, and by 1804 a medal
was struck in France commemorating the intro-
duction of vaccination.

The history of the rapid acceptance of vac-
cination belies the claim that an excessive delay
normally intervenes between the development
of a new scientific device and its wide clinical
adoption. When the device is truly useful,
when it is quite obviously so, and when its early
application reveals that it is relatively free of
adverse reaction, then it appears to this writer
that the application is often very rapid, the
acceptance very general. When there is a sig-
nificant delay between discovery and applica-
tion, it frequently proves that the delay was
justified.

By 1840, the advantages of vaccination over
variolation had become sufficiently obvious to
warrant the passage of a law in England making
variolation a felony. Vaccination was practiced
with increasing frequency, but progress toward
the eradication of the disease was not smooth
and major epidemics occurred from time to
time. For example, during the France-Prussian
War ( 1870) there were about 200,000 cases
and 24,000 deaths from smallpox among the
soldiers, while in the besieged city of Paris
18,000 people died of the disease.

In the early 20th century, massive vaccina-
tion programs in many countries led to the
elimination of the disease, except for sporadic
outbreaks, in the developed countries of Europe
and America. In 1967, smallpox was still en-
demic in 33 countries, and by one estimate
there may have been 10 to 15 million cases of

the disease. In that year, the World Health Or-
ganization established a program directed to-
ward the total eradication of smallpox. This
was considered feasible for the following rea-
sons: ( 1) the disease has no known animal
reservoir; (2) there is no indication of a chronic
carrier state for smallpox; (3) there is a very
effective immunization procedure which pro-
vides a moderately enduring and high level of
immunity; (4) the immunization procedure is
both safe and easily carried out.

Headquarters were set up in Geneva, and
Dr. Donald Henderson, then of the Center for
Disease Control, Department of Health, Edu-
cation, and Welfare, was detailed to the direc-
torship of the program. Whereas his head-
quarters were in Geneva, the world was his
laboratory for the big experiment which was
about to be initiated. Clearly, success would
be unlikely if countries which harbored the
disease did not enter into the program. Such
initially was the situation with Nigeria, which,
under considerable pressure, finally agreed to
participate. Teams of health officials, derived
chiefly from the country under consideration
but directed in most instances by physicians
trained in the United States, France, Turkey,
India, Brazil, Austria, and the U.S.S.R., were
soon in the field vaccinating large numbers of
the population.

The ultimate success of the program rested
largely upon three innovations. The first of
these was the replacement of the fluid suspen-
sion of vaccinia particles which had commonly
been used by a freeze-dried preparation. This
effected a very large increase in the stability of
the product. The fluid suspension, for its con-
tinued preservation, had to be refrigerated, a
condition which was difficult to meet in the
field, particularly in certain underdeveloped
countries. The freeze-dried preparation, how-
ever, was stable for many weeks at ambient
temperatures. The second innovatiin related to
the mode of delivery of the vaccine to the sus-
ceptible subject. The old scratch techniques
were at first replaced by the use of a jet gun
which sprayed the particles into the skin at very
high velocities. This device permitted the very
rapid vaccination of large numbers of people.
However, although ingenious and highly effi-
cient when it was in operating condition, the
jet gun turned out to require frequent servicing.
Such servicing was often difficult to provide.
For this reason, another device, both inexpen-
sive and simple, was needed, and this was. pro-
vided in the form of the two-pronged needle.
Vaccinators, it was found, could kasily be
trained to use this simple instrument which was
cheap, sterilizable, and disposable. The third
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innovation was in many ways the most interest- probably prove to be the last victim of small-
ing. The initial concept of the campaign was to pox on the surface of this globe. (Some 11
vaccinate a very substantial fraction of the weeks after the completion of this manuscript,
world population. Although this would cer- I learned of a case of variola major in Birming-
tainly have been effective, it would also have ham, England. The disease, first recognized on
been expensive and time-consuming. It was 25 August 1978, was confined to a single case
discovered that essentially the same effect could involving a medical photographer in an insti-
be achieved by surveillance of the population, tute in which variola virus was being cultivated.
prompt identification of new cases, and the A similar outbreak of laboratory infection had
containment of the disease in the vicinity of occurred in this same institute in 1966. The
new cases by construction about each new case present victim was last vaccinated at that time.
of a barricade of immunized individuals. This Inadequate immunization and an apparent
novel, epidemiological technique became known breach in microbiological technique both con-
as surveillance containment. It took advantage tributed to the present unfortunate episode.
of the fact that the rate of spread of smallpox The surveillance containment procedure with
in a typical population was slower than had vaccination of all known and suspected contacts
been anticipated and that the rate at which a of the individual appears to have contained the
skilled team of vaccinators could spread im- disease. This episode will certainly lend sup-
munity was more rapid than the rate of spread port to the view that all or most laboratory
of the disease. In many countries the applica- stocks of variola virus scattered over the coun-
tion of this technique permitted the eradica- tries of the world should be destroyed.) Since
tion of smallpox with the vaccination of only that time, surveillance has of course continued,
a small fraction, as low as 6%) of the total and despite the increasing bounties offered for
population. To ensure that the surveillance was the detection and reporting of new cases, none
effective, a system of bounties was established. has been forthcoming. The procedure calls for
As smallpox became progressively less and less a 2-year active and fruitless search since de-
frequent, the bounty to be paid the reporter of tection of the last case, after which there will
a new case increased. The most recent quota- be a final review by a team of experts before
tion for the reporting of a new case of smallpox the pronouncement of ultimate victory.
is $1,000.

Whereas Americans seem to have dominated
There is a high level of confidence among

the program, it was in fact international. The
Soviet Union provided a very large fraction of
the freeze-dried vaccine which was used, and
physicians and health officers in each country
participated actively and in large numbers. The
total cost of the program over a lo-year pe-
riod, however, was surprisingly modest and is
estimated to have been less than $100 million.
About 25% of this funding came from United
States sources.

.

By 1976 it was clear that the outcome would
be successful. In that year it was announced
that smallpox had been eliminated from the
world with the exception of the Horn of Africa.
In October of 1975 the last Asiatic victim of
smallpox was seen in Bangladesh. This was
also the last case of variola major, the more
lethal form of the disease, Thus, 10 years after
initiation of the World Health Organization
campaign, smallpox persevered only in its mi-
nor modification and solely in one area of the
world. Ethiopia and Somalia comprise a diffi-
cult and inaccessible terrain at best. At this
time the problem was complicated by bitter
border warfare. Nonetheless, the vaccinators
continued in their invasion, and in October

Fig. 2. Ali Maow Maalin of Somali, October 1977:

1977 they discovered and successfully treated
a late case of smallpox (photograph courtesy of
William C. Watson, Jr., Center for Disease Con-

the Somalia native, Ali Maow Maalin, who will trol).
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the experts in the field that no new cases of
variola are likely to appear at this time. This
is based upon experience garnered from many
countries where smallpox has been eradicated.
In no instance, after a 6-month lapse, has a new
case appeared except by overt importation.
Undoubtedly, we shall wait until 1979 before
an official announcement of final victory is
published.

In the past few years we have witnessed the
transition of variola from the position of an
endangered species to that of an extinct species.
The disease is gone. We are told that there are
scattered over the world a few deposits of va-
riola virus, but these reside in the deep-freeze
chests of investigators rather than in the tissues
of human subjects. The ultimate disposal of
these laboratory materials is still under consid-
eration. They pose no serious hazard, however,
since adequate stores of freeze-dried vaccinia
vaccine are also being preserved.

Smallpox has been a remarkable episode in
the history of our civilization. It has contrib-
uted such words as inoculation and vaccination
to our language and such ideas as immunity
and virus to our thinking. It is, to date, the
first and the only disease of humans which, by
the conscious and deliberate effort of humans,
has been eliminated from the face of the earth.
This would appear to represent the highest goal
of medical science. It sets, therefore, a model
of achievement which may become an appro-
priate target in other disease situations. Mea-
sles and poliomyelitis suggest themselves as pos-
sible candidates for global eradication. In
another sense, the several vitamin deficiency
diseases are also susceptible of elimination, al-
though in this situation surveillance will have
to continue indefinitely. Up to the present
time, no chapter in the history of medicine has
come to a more satisfactory conclusion than
has that one entitled smallpox.

Postscript
D. A. HENDERSON

School  of Hygiene arld Plrblic  Health, The Johns Hopkins University, Baltimore, Maryland 21218

26 October 1977 marks the date of onset of
the world’s last known case of smallpox-just
10 years, 9 months, and 26 days after the World
Health Organization’s intensified global eradi-
cation program began. More than 20 countries
have already stopped their programs of small-
pox vaccination. By 1980, the remaining phases
of the program to confirm eradication will have
been completed, and then smallpox vaccination
throughout the world will cease. Apart from
preventing untold suffering and blindness, the
achievement of smallpox eradication will result
in annual savings to countries throughout the
world of more than $1,000 million.

More important than the achievement of
eradication is the impetus and confidence which
the program has given to countries throughout
the world to undertake more ambitious pro-
grams to prevent disease. Rapidly gaining mo-
mentum is a World Health Organization global
program to vaccinate children against the ma-
jor childhood illnesses for which good protec-
tive vaccines are available-diphtheria, whoop-
ing cough, tetanus, measles, and poliomyelitis.

A newly conceived global research program,
coordinated by the World Health Organization,
is seeking aggressively to find more effective
techniques for the prevention and cure of the
most devastating tropical diseases, including
malaria, leprosy, and sleeping sickness. A glo-
bal program against blindness is also gaining
momentum.

The smallpox eradication program exempli-
fied the potential of the United Nations and the
World Health Organization. Only through an
international organization could necessary na- -
tional and international resources have been so
effectively mobilized and cooperative agree-
ments between countries so readily achieved.
In perspective, the eradication of smallpox is
but a small step toward improved health for
peoples throughout the world. The ultimate
test of its worth will be our success in subse-
quent efforts to extend the scope and intensity
of other programs designed to improve the
health and well-being of people throughout the
world.

’
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The Penicillin Saga Remembered 1
KENNETH B. RAPER

Departments of Bacteriology and Botany, University of Wisconsin, Madison,  Wisconsin  5.3706

In recounting one of the great human dramas
of our time, the best I can hope for is to out-
line the main threads of development as seen
and experienced by one individual working in
a team primarily at the Northern Regional Re-
search Laboratory (NRRL) in Peoria, Ill., but
having close contacts in Wisconsin and other
universities and in many pharmaceutical lab-
oratories here and abroad. I am not a chemist,
engineer, or physician, so I shall of necessity
have to omit, or treat in minimal fashion, many
important chapters of the story I propose to
tell. Also, if I tend to mention some names re-
peatedly, as I will, and fail to include others,
as I must, keep in mind that there would be no
penicillin saga to relate were it not for the close
and unselfish collaboration among hundreds of
individuals in the United States and Great
Britain during a very critical period in our
national histories.

And now with that brief preamble, may I call
your attention to Fig. 1, for it expresses in
poignant terms just what the penicillin saga is
all about-a young 4%year-old boy with a
severe Staphylococcus infection photographed
at zero time and again 11 days later after treat-

Fig. 1. Young boy with severe Staphylococcus
infection at beginning of treatment and on day
11 of treatment. (ex Abraham et al., Lancet  241:
177,16 August 1941).

ment with a very impure and still untried
emergent drug, penicillin (ex Abraham et al.,
1941) . Figure 2 shows how it all began, as
illustrated in a paper by Alexander Fleming in
the British Journal of Experimental Pathology

1 From a lecture presented at the Third Inter-
national Symposium on The Genetics of Industrial
Microorganisms, Madison, Wis., 6 June 1978.

VOL. 44, NO. 12, 1978

Fig. 2. Culture plate showing the dissolution of
staphylococcal colonies in the neighborhood of a
Penicillium colony. (ex Fleming, Br. J. Exp.
Pathol. 10:226, 1929).
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his Staphylococcus plate by a mold was an ac-
cident; but Fleming’s recognition of a potenti-
ally important phenomenon was no accident,
for Pasteur’s observation that “chance favors
the prepared mind” was never more apt than
with Fleming and penicillin.

Three years later Harold Raistrick, an out-
standing organic chemist and coauthor of more
than 100 papers on the biochemistry of molds,
took up the study and with Clutterbuck and
others published a paper on, among other
things, “Fleming’s Penicillin.” In the mean-
time they had the mold correctly identified by
Charles Thorn, who diagnosed it as Penicillium
notatum, not Penicillium rubrum  as cited by
Fleming; they reported that penicillin was un-
stable in acid and alkali and that it was present
in very small amounts; and they even attempted
to interest some physicians in testing their “con-
centrate” on some patients but to no avail.
They also isolated a yellow pigment, chrysoge-
nin, about which I shall comment later.

Some additional information was published
by Roger Reid, then at Pennsylvania State Col-
lege, in 1933 and 1935. But that is about all,
and Fleming’s penicillin was virtually forgot-
ten. In fact, when Thorn, at the International
Microbiological Congress in New York in
1939, asked Fleming what had become of his
penicillin, he was told, “I forgot about that
some years ago.”

With the outbreak of World War II immi-
nent, the need for drugs effective against battle
wounds (staphylococci, clostridia, etc.) was
recognized, and Howard Florey (Fig. 4) and

a team at Oxford
University, who in-
cidentally had been
studying lysozyme,
dusted off Fleming’s
penicillin. Associ-
ated with Florey
were such men as
E. P. Abraham, Bo-
ris Chain, Norman
Heatley, and others,
later joined by Flo-
rey’s wife, Mary,
who was also a phy-

Fig. 4. H. W. Florey, J. sician. This was the
G e n .  Microbial. 70:289, real beginning of the
1970. antibiotic era, and

very important work
was reported, particularly in 1941. Methods for
growing the mold had been developed by
Abraham, Gardner, and others, modeled after
those of Raistrick, and procedures for extract-
ing and concentrating penicillin had been im-
proved. Chain had accumulated appreciable in-

14 16

Fig. 5. Protocol of Florey’s first mouse protec-
tion test (from Heatley, 1978).

formation regarding the chemical properties of
penicillin; a somewhat mystical but very essen-
tial assay had been developed by Heatley; and
the Floreys had conducted animal experiments,
the first of which is shown in Fig. 5, and had
actually treated some patients with promising
results, including the boy previously shown.
However, there were serious disappointments;
for example, while successfully treating a Lon-
don bobby, their supply of penicillin ran out
and the policeman died of staphylococcal pye-
mia. There were untold production difficulties
as well, and concerning these Florey et al. tell
an interesting story in their two-volume work,
entitled Antibiotics (1949). The mold was
cultivated as surface cultures, the only method
then known, and the number of Erlenmeyer
flasks required to produce the reasonable
amount they needed for further purification
was prohibitive. They overcame this in the
following manner, as I quote’:

It may be amusing to recount the evolution of
the first vessels. Apart from th’e usual labora-
tory ware, trials were made with various kinds
of glass and enamel domestic dishes and uten-
sils, and biscuit and other tins (both with and
without a coating of lacquer or varnish), but
it was found that the old-style bedpan with a
side-arm and lid was an ideaR  culture vessel,
providing a relatively large sudface area over a
shallow layer of fluid and with a side-arm for
inoculation and withdrawal.- Unfortunately
when an effort was made to procure 600 of
these vessels it was found that such a large
number could not be provided as they had
been replaced by a more modern streamlined
structure without a lid. At the time they were
required the Battle of Britain had been won
but the country was being subjected to heavy
bombing so that it was difficult to secure
supplies of any sort. Glass vessels could not be
made within a reasonable time, but Messrs. J.
Macintyre & Co., of the Staffordshire pottery
industry, undertook to make special rectangu-
lar porcelain vessels, fitted with a side-arm,
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which could be readily stacked in incubator
and sterilizer. To overcome transport diffi-
culties Heatley borrowed a van and drove 200
miles to fetch the first consignment. He re-
turned with them in a snow-storm on 23
December and they were first ‘sown with
Perzicillirlm  rlotatum  on Christmas Day, 1940.

The bombing of Britain made it impossible
to envision substantial production there; with
support from the Rockefeller Foundation,
Florey and Heatley came to the United States
in July 1941 to seek help for the manufacture
of penicillin. They stopped in New York and
visited some of the pharmaceutical firms in the
environs; although one cannot say they were
given a brush-off, they were not exactly re-
ceived with open arms. The reasons are quite
clear. As a drug, penicillin was at a very early
experimental stage, and yields at that time
rarely exceeded 4 units per ml of culture broth.
In any case, the Foundation sent them to the
National Academy of Sciences in Washington;
President Jewett sent them to see Charles
Thorn, a member of the Academy and the
world’s authority on Penicilliuln (Fig. 6) ; and
Thorn, in turn, recommended that they go to
the Fermentation Division of the newly created
NRRL in Peoria, Ill. Official arrangements were
made through the acting chief of the Bureau of
Agricultural and Industrial Chemistry, Percy A.
Wells, and the Englishmen arrived in Peoria on
a Sunday afternoon and came to the laboratory
the following day, 14 July 1941. Work was
initiated immediately.

Why Peoria? you may ask. There were good
reasons.

( 1) Thorn was being moved from Washing-
ton to Beltsville and was about to retire.

(2) The U.S. Department of Agriculture’s
Fermentation Laboratory, formerly at Arling-
ton Farm (where the Pentagon now stands),
had been dismantled and moved to Peoria the
previous year, and on its staff were men expe-

Fig. 6. Charles Thorn (left) conversing with
Selman A. Waksman, 1939 (photo by W. B.
Sarles).

rienced in mold fermentations: Andrew J.
Moyer, George E. Ward, Lewis B. Lockwood,
H. T. Herrick, 0. E. May, and others, together
with Robert D. Coghill, newly appointed Head
of the Fermentation Division.

(3) Thorn’s very substantial collection of
molds had gone with me to Peoria, also, and
this was to be the potential source for many of
the microorganisms that we would study.

At NRRL, research on penicillin was ini-
tiated at once, and it was mutually agreed
among the English and ourselves that this
would focus on the following three primary
objectives :

(1) To formulate, if possible, a more pro-
ductive substrate-improvements, had been
possible in earlier fermentations, e.g., citric
acid.

(2) To develop, if possible, a submerged
method for producing penicillin-this had been
done for gluconic acid, using Penicillium chry-
sogenum and Aspergillus niger.

(3) To find or develop a more productive
culture-in previous mold fermentations,
strains better than the original had always
been found. Still, the Fleming strain of P. no-
tatum was then the only mold known to pro-
duce penicillin, so our work began with it and
in surface culture.

Florey remained in Peoria a few days and
then returned to England via New York. Heat-
ley (Fig. 7) stayed for several months to ac-

quaint us with pro-
duction methods as
practiced in England
and, more impor-
tantly, to teach us
how to assay for the
presence and titer of
penicillin - without
which we would have
been hopelessly lost.
Looking back, one
may tend to mock

Fig. 7. Norman Heatley surface culture
(from Heatley, 1978). methods, but keep in

mind that this was
then the one method known for producing
some penicillin.

In time, singular success was realized in at-
taining each of the three aforementioned goals.
Before considering these, perhaps we should
speak briefly of the assay based on the so-called
Oxford unit (OU) that depended upon the dif-
fusion of penicillin through an agar plate pre-
seeded with Staphylococcus aureus  (Fig. 8)
and was defined as follows: “that amount of
penicillin which when dissolved in 1 ml of
water gives the same inhibition as this (arbi-
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Fig. 8. Early penicillin assay plate showing cy-
linder method (NRRL photo).

trary) standard.” If this sounds like the blind
leading the blind, it is not far from the truth,
for new standards had to be set up quite fre-
quently, and each had to be based on a prior
one.

It was not until October 1944, more than
3 years later, that an international unit based
upon weight was established. The standard
was based upon pure sodium penicillin G; by
definition, l- mg -was to equal 1,667 interna-
tional units, or 1 unit = 0.6 pg, which by design
was set to approximate the OU, about which
there was then a vast literature. The pooled
sample upon which the international unit was
based had been recrystallized by Frank Stodola
and J. L. Wachtel of NRRL and assayed 1,650
OU/mg,  which was not bad agreement. Figure
9 provides a dramatic comparison between
equal amounts of pure penicillin and the crude
drug (40 to 50 OU/mg) used in early thera-
peutic studies.

Pure penicillins other than sodium penicillin
G have, of course, different units per milligram,

Fig. 9. Crude penicillin as used in early thera-
peutic tests (left) and pure penicillin (right). The
amount of penicillin is the same in each sample
(from Heatley, 1978).

but all were interpreted in terms of that stan-
dard. With modifications, e.g., substituting fil-
ter disks for cups, the zone of inhibition assay
is still used by the Food and Drug Admin-
istration.

Now to return to the work at NRRL and
elsewhere in the United States. Because of his
past experience with mold fermentations and
particularly  the production of gluconic acid,
Dr. Moyer was assigned primary responsibility
for improving the culture medium; progress
was dramatic. By Christmas of 1941, yields
were up to 40 OU/ml,  a lo-fold increase; the
pharmaceutical industry was definitely inter-
ested! Additionally, the United States was then
at war. Some work had been done meanwhile
at Merck, at Pfizer, and particularly at the
Squibb Laboratories, for Geoffrey Rake was
able to return to us in January 1942 a version
of the Fleming culture, accessioned as NRRL
1249, which was superior to the one then in our
possession. This became the basis for future
surface culture studies.

Variations of culture media were studied,
and the introduction of corn steeping liquor
(previously used in the gluconic acid fermen-
tation) proved to be the single most important
ingredient, particularly when combined with
lactose (which was slowly utilized) and some
inorganic salts. This culture medium, with
various modifications, remained for many years
the one most used in industry, first for surface
production and subsequently at lower nutrient
concentrations for submerged production as
well.

By careful selection of monoconidial cultures
from NRRL 1249, a substrain, 1249.B21  (see
Fig. 12) was obtained within a few months,
which yielded up to 180 to 200 OU/ml  in
flasks in laboratory experiments and up to 100
OU/ml or more in bottles used in the fac-
tories (Fig. 10). It was the strain generally
used for this purpose, and inefficient as the
culture and method may seem in retrospect,

Fig. 10. Small segment of a bottle plant for
penicillin manufacture (ex Chicago Tribune, 29
August 1943).
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this strain and the bottle method were respon-
sible for the production of the penicillin upon
which the efficacy of the drug was firmly es-
tablished by the Floreys in England and by
Herrell, Keefer, Finland, Mahoney, and others
in this country. The type of penicillin was
penicillin F, to which I will return later. Figure
11 is a comparison of the curative rates in

WORLD WAR

HEALING OF BONE INFECTIONS
AND COMPOUND FRACTURES

World War II with
those in World War I
for two types of bat-
t l e  casualities,  t h e
improvement being
due in major part to
penicillin.

I n  p a s s i n g ,  I
should say that a
modification of the
surface method was
seriously investi-
gated by researchers
at Parke, Davis &
co., prompted no
doubt by their prior
experience in mak-
ing a digestive aid,

Fig. 11. Comparison of Takadiastase,  by
healing rates in World growing Aspergillus
Wars l-and II. oryzae on bran. Pen-

icillium grew well,
and the mold produced some penicillin, but the
elution was difficult, and they soon joined others
of that day in turning to bottle production. An-
other and more successful variation was ac-
tually practiced for a time at an experiment
station in Hawaii. Gauze floating on nutrient
broth was inoculated with P. notatum; when it
had grown, the gauze was lifted off and applied
directly to superficial wounds.

Word of this might have gotten around, or
a lot of people came up with the same idea at
about the same time. In fact, “homemade
penicillin,” a favorite topic for the Sunday sup-
plements, so threatened to become a reality that
Dr. Coghill  and I felt constrained to place a
note in the Journal of the American Medical
Association (24 December 1943) warning that
there were scores of blue-green penicillia  of
which very few were known to produce peni-
cillin, and what some of the others might pro-
duce no one really knew. Little did we know
how prophetic we were, for even the term
“mycotoxin” was still in the shadows. Penicil-
lin was not just news in 1943 and 1944-it  was
big news; the press seemingly reported every
civilian request for the drug-occasionally
available, usually not, but good copy none-
theless.

Let us return to the main thread of our story.

Fig. 12. Fleming’s f. not&urn NRRL 824 (left)
and a derivative strain, NRRL 1249.B21,  used
for the production of penicillin in surface cul-
tures (right) (NRRL photos).

For reasons still unknown, neither strain
1249.B2  1 nor any other derivative of the
Fleming culture (Fig. 12) was ever found to
produce interesting yields of penicillin in
shaken flask or other types of submerged cul-
ture. Still, all realized that if the drug was to
be produced in the amounts then being de-
manded, some type of tank process was im-
perative. Knowing that molds differ in their
potential, it was reasoned that by careful search
and screening we might find a culture of
P. notatum that could be adapted to produc-
tion in submerged growth. Such a strain, NRRL
832 (Fig. 13)) originally from Biourge’s labora-
tory in Belgium, was found among the cultures
then maintained in our collection. When grown
submerged, it produced much lower yields per
milliliter (ca. 40 to 50 OU) than did 1249.B21
when the latter was grown in surface culture,
but even this amount was deemed advantage-
ous; it produced primarily penicillin G, a more
desirable drug than penicillin F. As rapidly as
feasible and as fast as they could obtain the

824 ’ 1 2 4 9 . 8 2 1

Fig. 13. I? not&urn NRRL 832, the first culture
to be used successfully in submerged fermenta-
tions (NRRL photo).

VOL. 44, NO. 12, 1978 649



scarce but necessary stainless steel for fer-
mentation tanks and ancillary equipment, most
of the manufacturers began to phase out their
bottle plants and replace those with factories
designed for submerged production. The rea-
son was as simple as this: one lO,OOO-gallon
tank was the equivalent of 60,000 to 70,000 2-
quart milk bottles, with tremendous savings in
labor and in losses from contaminated cultures
-if they operated pure culture tank fermenta-
tions, which, by the way, was no easy task.
Penicilhm  is aerobic, and huge quantities of
sterile air had to be provided while the whole
content of the tank was continually and vigor-
ously stirred. Too great of credit cannot be
accorded the engineers and microbiologists who
together achieved these goals. Yields of up to
80 to 100 units per ml were in time obtained,
and for a year or more NRRL 832 was the
culture used for the bulk of an ever-expanding
production. Attempts to produce more produc-
tive strains by mutation of NRRL 832 proved
generally unsuccessful in our laboratory and
elsewhere. Translating the results from shaken
flasks to small and then to larger and larger
tanks presented many difficulties in providing
adequate aeration while maintaining asepsis.
Furthermore, what was optimal for small
vessels generally required modifications as tank
volumes increased and their relative propor-
tions changed. Nonetheless, through close co-
operation among many research laboratories-
government, university, and industry-these
problems were resolved. Although I suspect
that you are all familiar with the multistory
fermentors now used in the antibiotic industry,
I think we might look back four decades and
see with George Ward the modest beginnings
from which they sprang (Fig. 14).

The search for new and improved cultures
was perhaps the most dramatic and fruitful of
the three approaches, albeit its success was
firmly grounded in the prior development of
the corn steep liquor-lactose substrate and the
demonstration that penicillin could be pro-
duced in aerated and stirred tanks. With NRRL
832 having been found among the cultures then
in hand, a very determined search was begun to
isolate even more productive cultures from na-
ture. To this end we asked one and all to send
in samples of soil, moldy grain, fruits, and
vegetables; for some months in 1942 through
1943, we employed a young lady to scour the
markets, bakeries, cheese stores, etc., of Peoria
for samples bearing blue-green molds-a lady
who did her job so well that she became known
as “Moldy Mary.” The irony of it is that the
cantaloupe that yielded the bonanza strain
NRRL 1951 came not from a fruit market in
her search but from a Peoria housewife who
brought the melon to the laboratory. The story
caught on, the press loved it, and it became one
of the favorite antecdotes in the folklore of
penicillin. Perhaps it is just as well, for the
cantaloupe was not a local melon, and it must
have come from a market 2 or 3 days earlier.
There were other interesting incidents, as well.
An Arizona rancher sent in a beautiful green
lichen-covered rock, thinking it was Penicil-
Zium,  and said that he could send tons like it
to speed along the project about which he had
read. We also enlisted the help of the armed
services; I remember well some of the packages
sent in via the Navy and Air Force from far-
away places and often wondered what the re-
actions of the noncommissioned officers (or
privates) might have been when they were sent
out to gather dirt for some characters in Peoria!
All molds suspected of being either P. notatum
or its close relative, P. chrysogenum, were iso-
lated and put through a very simple preliminary
screening procedure, with NRRL 832 and
NRRL 1249.B21  grown as parallel controls
(Fig. 15).

Fig. 14. Early fermentors for mold fermenta-
tions used by George Ward (shown), and others:
rotary drum fermentors (left) and small, upright
aerated tanks that replaced them (NRRL photo).

t

Fig. 15. Simple screening test. Numbered
plugs were cut in radial lines from edge of mold
colonies and placed on plates preseeded with
Staphylococcus aureus (NRRL photo).
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When first isolated, the cantaloupe strain of
P. chrysogenurn,  NRRL 1951 (Fig. 16))  gave
submerged yields approximating those of
NRRL 832 and was pigmented intensely yel-
low, an appearance that was then generally cor-
related with good penicillin yields. However,
its superiority was not revealed until subcul-
tures were isolated from a plate upon which
mycelial growth from a week-old shaken cul-
ture had been streaked. It was singularly vari-
able, and subcultures were picked from areas
of differing growth patterns and numbered A,
B, C, D, etc. Of these strains, B was the best;
from this, a series of monoconidial cultures
were isolated and tested for production in sur-
face and submerged cultures. In both tests, one
isolate, 195 1 .B25 (Fig. 16)) seemed to be
slightly superior; this became the basis of in-
tensive study in our laboratory and elsewhere,
for yields of up to 250 OU/ml  could be ob-
tained in small tanks. It was sent to collaborat-
ing laboratories and to manufacturing compa-
nies in April and May 1944. Demands for
penicillin at this time were unbelievable, and
the Office of Producton Research and Develop-
ment of the War Production Board set up proj-
ects at the University of Wisconsin, Stanford
University, the University of Minnesota, and
the Carnegie Institution in Cold Spring Harbor
as the word went out that a million dollars

X-1612

1951.525

Q-176

Fig. 16. I? chrysogenum NRRL 1951 and cul-
tures derived from it: 1951, wild type; 1951.825,
a “second generation” selection; X-1612, X-ray-
induced mutation of the preceding, by Demerec;
Q-176, UV-induced mutation of X-1612, by
Backus  and Stauffer (NRRL photos).
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would be a cheap price for a still better culture.
It was not long in coming.

Milislav Demerec at the Carnegie Institution
irradiated conidia of NRRL 1951 .B25 with
X rays, isolated survivors, and sent them to the
University of Minnesota, where they were sur-
veyed by Stacy French, John Ehrlich, and
others. A dozen or so of these were selected
as probably superior and forwarded to the Uni-
versity of Wisconsin, where they were first ex-
amined by Elizabeth McCoy and associates in
the Department of Bacteriology and then sent
to W. H. Peterson and Marvin Johnson in the
Department of Biochemistry for evaluation in
small tanks. One of this small group of cultures
seemed to be clearly superior, strain X-l 612
(Fig. 16)) for this gave yields of up to 450 to
500 OU/ml,  which were subsequently con-
firmed in a 60-gallon fermentor in Peoria. In
turn, strain X-1612 was subjected to UV ir-
radiation by Myron P. Backus and J. F. Stauffer
in the Botany Department, and they came up
with a still better cuture, Wis. Q-176 (Fig. 16))
capable of producing up to 900 OU/ml  with
basic cultural requirements essentially un-
changed from the original Moyer medium.
Jubilation knew no bounds-but not for long.
It soon developed that, although the unitage
was high, Wis. Q-l 76 was producing not peni-
cillin G but a different and less stable antibiotic,
penicillin K, which in vivo failed to retain
satisfactory blood levels.

Fortunately, this adverse situation was soon
corrected, for at that time phenylacetic acid
was known to be part of the penicillin G
molecule; Dr. Coghill  (Fig. 17) and others
reasoned that the production of penicillin
might be redirected by adding this compound
to the culture broth. This was done, the high
yields were retained, and the penicillin was pri-
marily the desired penicillin G. The addition
of precursors to fermentation substrates be-
came accepted practice and has remained an
area of intensive research since that time.

The work at Wisconsin continued for several
years with steady improvement in yields by
careful selection of natural variants and the
production of mutants by exposure of conidia
from progressively better strains to UV light or
nitrogen mustard compounds; as these better
cultures were obtained by the mycologists and
proven by the biochemists, they were released
to industry. Also important was the isolation
by Backus and Stauffer early in their series of
a so-called pigmentless strain that was a good
penicillin producer but lacked the capacity to
produce “chrysogenin,” Raistrick’s yellow pig-
ment that had been a welcome indicator of
good penicillin yields but a bane for the people
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Fig. 17. Fleming and Coghill,  NRRL, July 1945
(ex Peoria Journal Transcript).

who had to separate it from the pigment-free
drug in the recovery process.

Needless to say, individual industries took
these Wisconsin -cultures  and pursued their
own programs for further strain improvement.
More recently special laboratories have emerged
to mass screen for even more productive strains
or, as in the case of Panlabs,  to supply manu-
facturers with known superproductive cultures
-cultures that I am told produce up to 50,000
units per ml ( = 30 mg of sodium penicillin G
per ml), a far cry from the 4 units per ml with
which we began ! While subjected to untold
mutations and selections during the past 35
years, it can be said, insofar as I have been
able to determine, that the cultures now being
used for penicillin production throughout the
world stem from the cantaloupe strain isolated
in Peoria in July 1943.

Many important developments have occurred
during the ensuing years, but I do not have
time to consider these in the manner they merit.
Rather, I must be content to mention a few,
and these all too briefly.

Along the way an important discovery was
that by adding the precursor phenoxyacetic
acid to the culture medium a new and valuable
penicillin, phenoxymethyl penicillin, or penicil-
lin V, could be produced. This was particu-
larly advantageous for the patients since it
could withstand gastric juices and hence could
be taken orally. The discovery of the drug is

crdited to Otto K. Behrens of the Lilly Labora-
tories, while its acid stability was discovered by
two Austrian scientists, Brand1 and Margreiter.
Since that time, penicillin V and penicillin G
have been the two major natural penicillins
manufactured and prescribed.

During the past 20 years, the so-called semi-
synthetic penicillins have come into very wide
use. For a while the penicillin nucleus per se
was produced by fermentation, and selected
side chains were added by chemical processing
to make drugs with specific properties. More
recently, the normal side chain of penicillin G
(or penicillin V) has been removed by either
chemical or enzymatic hydrolysis and another
has been added. Some 30,000 of these semi-
synthetic penicillins have been produced; of
this number, a very small percentage have
come into therapeutic use. Ampicillin and
amoxicillin may be cited as representative of
these newer penicillins that are especially use-
ful because of their activity against gram-
negative bacteria and, more importantly,
against strains of gram-positive species that
have become resistant to the older drugs.

Another very important development of the
past 20 years has been the slow emergence and
then a rapid expansion in the manufacture and
use of the cephalosporins. These drugs are
much like the penicillins in their basic struc-
ture; substitutions can be made to construct
drugs which are a very useful alternative to the
penicillins or for use when the penicillins are
no longer efficacious. Most of these are ob-
tained from the mold Cephalosporium  acremo-
nium by hydrolyzing a natural cephalosporin,
cephalosporin C, and then by chemical synthe-
sis constructing the drugs used clinically; some
may be made by stripping the side chains from
nuclei of penicillin G or penicillin V and adding
more desirable ones to produce drugs such as
cephalexin.

During this talk, I have said nothing about
the streptomycetes and the many useful drugs
that have been and still are derived from them:
streptomycin, the tetracyclines, erythromycin,
gentamicin, kanamycin, and lincomycin, to
name some principal ones. This is not because
of their lesser importance. It is because they
were secondary to penicillin in their genesis; it
is because in their development and manufac-
ture the same general procedures and equip-
ment were used; and finally it is because after
38 years penicillin in its many current forma-
tions still represents the most widely used and
the least toxic of all the antibiotics yet dis-
covered.

For several years I plotted the monthly pro-
duction of penicillin in the United States, which
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by 1951 had reached about 25 to 30 trillion
units. I regret that I have not kept the graph
up-to-date, but I can say that according to the
U.S. International Trade Commission the pro-
duction of penicillin, exclusive of the semi-
synthetics, was 384.5 trillion units for April
1978, and for the year 1977 the grand total was
3.875 quadrillion units, again not including the
semisynthetics (even at 0.6 pglunit this repre-
sents a very considerable amount). Amazing
as the increase in penicillin yields over the past
35 years has been, the decrease in price has
been even more dramatic; whereas 100,000
units sold for $20.00 in 1943 (when it could
be obtained), the current market price is about
$23.00 per kg (= 1.6 X log units).

To achieve this end, let it be said that the
penicillin saga was made possible by teamwork:
teamwork within the several institutional groups
and among different groups, whether in gov-
ernment, universities, or industry. For example,

Fig. 19. Lasker Foundation Award ceremony,
NRRL, 23 November 1946. (Left to right) G. E.

the Oxford group included microbiologists, bio- Hilbert, A. F. Langlykke, R. T. Milner, A. J. Moyer,
chemists, chemists, and physicians; the Peoria and K. B. Raper (ex Peoria Star).

group was similarly diversified (except for phy-
sicians); and both enjoyed the full cooperation
of other participating groups; while during the
war the whole endeavor was coordinated
through the Office of Scientific Research and
Development with the full support of the War
Production Board.

The pioneering work on penicillin did not go
unrecognized : Fleming, Florey, and Chain
were awarded Nobel prizes in 1944, the same
year in which the two Englishmen had been
knighted by King George VI. Additionally, the
Oxford team was cited by the Lasker Founda-
tion in 1953, and this citation stands today en-
graved in pink granite in a small rose garden at
Oxford University (Fig. 18). The Peoria team
was given the Lasker Award in November 1946
(Fig. 19))  followed by the U.S. Department of

Fig. 18. Lasker Foundation, Award citation, Ox- Agriculture’s Distinguished Service Award a
ford University (from Heatley, 1978). year later.
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