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WITH ABUNDANT ANTIBIOTICS available today, it is hard to
imagine the dangers of infections in a world without them. In 1900,
the average life expectancy was only 46.3 years for men and 48.3 years
for women in the U.S.! Infectious diseases such as smallpox, cholera,
diphtheria, pneumonia, and typhoid fever accounted for the high morbidity
and mortality.? In the history of medicine, antibiotic substances were noted
in theory as early as in Ancient Egypt, around 1000 B.C.? Still, the naturally
occurring antibiotics could not be verified until the twentieth century. The
amazing, accidental discovery of penicillin in a British laboratory in 1928
would eventually revolutionize how people fought infection. However,
with no methods to mass produce the treatment, it initially offered little
significant medical value. During World War II (WWII), American
pharmaceutical companies overcame this hurdle by developing methods to
scale up the production and distribution of penicillin. American scientists’
mold fermentation research, funded by the U.S. Department of Agriculture
(USDA) about twenty-five years prior, paved the way for this effective
collaboration between American and British scientists in producing
penicillin in large quantities. The U.S. government’s indispensable role in
building the research-industry network was vital in accelerating the mass
production of penicillin in the early 1940s.

The Discovery of Penicillin in Great Britain

In 1877, Louis Pasteur and Jules Francois Joubert, two French
scientists, made the first observations of naturally occurring antibacterial
substances.* However, the true significance of this discovery was not
recognized until about half a century later. In 1928, Alexander Fleming,
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a Scottish bacteriologist who worked at St. Mary’s Hospital in London,
noticed by chance that the bacteria he seeded in staphylococcus cultures
began to break down when it came into contact with a greenish mold, later
identified as Penicillium notatum.’> As outlined in his first publication on
this discovery, Fleming was initially intrigued by penicillin’s ability to
break down cells.® Although his primary attention was not on penicillin’s
antibiotic effect, Fleming’s accidental discovery of penicillin opened a
new door for medical scientists to study antibiotic substances.

Throughout the 1930s, the practical value of penicillin was still in
doubt, mainly due to the lack of feasible methods to isolate and mass-
produce penicillin as a therapeutic compound for clinical use.” In 1936,
Australian scientist Howard W. Florey and his research team at Oxford
University were devoted to solving this problem.® On May 25, 1939,
Florey’s research team at Oxford conducted their first successful clinical
penicillin test on mice, signifying a breakthrough in penicillin-related
research.” They produced small quantities of the first stable products
containing penicillin from surface cultures and established penicillin’s
chemotherapeutic properties. In 1940, Florey’s research team was ready
to move forward to conducting clinical tests on patients.

Unfortunately, they encountered a formidable hurdle. With WWII in
full swing across Europe, the British pharmaceutical companies could not
produce penicillin on a large scale due to the war-related constraints on
materials and workforce. The Oxford team was also worried that their
penicillin samples would fall into the hands of the Nazi government, which
then relied on sulfanilamide drugs produced by German companies.!”
They decided to turn to the U.S., which remained officially neutral in the
war until December 1941, for help. The journey of penicillin from the
British laboratory to the U.S. production line had begun.

The Collaboration between American and British Scientists

When Florey’s research team at Oxford succeeded in penicillin’s
clinical tests in 1939, it did not catch much attention in the American public
media. The first penicillin coverage in The New York Times appeared as
late as October 20, 1940. This first report contained six pieces of news
on science, and one of them was on penicillin. Penicillin was compared
to sulfanilamide, the then germ-killer produced by German companies.!!
Waldemar Kaempffert, the 7imes science news writer, sounded quite
doubtful about this discovery and wrote, “It looks as if penicillin contains
something as powerful as sulfanilamide. Whatis it? Nobody knows as yet.””'?

In February 1941, the Oxford team published another milestone
work with their successful clinical tests on patients.'> They agreed that
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penicillin should leave the war-ravaged Europe and enter a safer market.
In June 1941, to avoid their penicillin samples falling into the Nazi’s
hands, Florey and colleague Normand Heatley rubbed their lab coats
with the mold, knowing that the chemical would live for a long time on
the fabric, and flew to the United States.'

These two scientists were eager to share the magic of penicillin with
their American fellows. They first visited Florey’s old friend John Fulton,
a physiology professor at Yale University.!> With Fulton’s help, Florey
and Heatley met with Charles Thom, the USDA’s principal mycologist,
Robert Coghill, the director of the USDA’s Fermentation Division, and
Andrew Jackson Moyer, the director of the USDA’s Northern Regional
Research Laboratory (NRRL) in Peoria, Illinois.'® Florey and Heatley
also went to Washington, D.C., where they met with Ross G. Harrison,
Chairman of the National Research Council (NRC), and Percy Wells,
head of the Eastern Regional Research Laboratory (ERRL).!

The British scientists described their production problems at these
meetings. It became clear that the NRRL in Illinois, where an elite
group of fermentation specialists had been developing large-scale mold
fermentation, would be an excellent place to work with Florey’s team. One
month later, the British and American scientists began their collaborative
work in Peoria, [llinois. By adopting the American scientists’ fermentation
method, they figured out how to utilize a new fungal source from a moldy
cantaloupe in a Peoria market as a new medium, making producing larger
amounts of penicillin possible.'®

Florey and his Oxford team remained unrecognized for their
contributions to the successful penicillin production until December
1943, when the American Pharmaceutical Manufacturers Association
offered them an award for their experimental work in treating disease."
Two years later, Fleming, together with Florey and Ernst Chain (one of
Florey’s team members), won the 1945 Nobel Prize for Physiology and
Medicine. It was not until then that the public started to understand the
significance of the discovery of penicillin.

However, even less acknowledged and underappreciated in the history
of penicillin were the heroes behind the scenes at the USDA, who
collaborated enthusiastically with British scientists and offered their long-
developed mold fermentation methods to make the mass production of
penicillin a reality. The American scientists at the USDA began to study
fermentation as early as 1916.2° The first generation of chemists led by
Charles Thom collected numerous Aspergilli and Penicillium molds and
closely examined these fungi’s oxalic acid production capability. Their
research helped develop mold fermentation methods for mass-producing
gluconic acid. In the 1920s, the USDA started working with Pfizer &
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Co., Inc.—which would become the world’s largest penicillin producer
after 1941—to develop mold fermentation methods.

In the 1930s, a group of scientists in Arlington, Virginia made
breakthrough progress in fermentation. In 1935, they patented a
“submerged” fermentation method by which a mold was grown throughout
the medium.?! This method was eventually used for mass-producing
penicillin in 1941. In 1937, Andrew Moyer, who would collaborate with
British scientists in July 1941 in Illinois, made a significant discovery
of using corn steep liquor as a component in growth medium. Moyer’s
method led to a thirty-fold increase in penicillin production.?

Reasonably, the often-told story of the penicillin miracle is mainly
about Fleming’s accidental discovery of Penicillium and the Oxford team’s
successful clinical tests. Whereas the fruitful cooperation between the
American and British scientists was also praised, it is worth emphasizing
that nearly twenty-five years of research on mold fermentation funded
by the USDA and conducted by generations of American scientists was
the essential foundation for the mass production of penicillin. If the
American scientists had not been prepared so well with their mature
fermentation methods, Florey and Heatley might have had to return to
Europe empty-handed.

Penicillin in Mass Production and Its Big Salvation

Finding the key to solving the production problems of penicillin was
only one side of the card. Convincing American pharmaceutical firms to
invest in mass production lines was another hurdle. On October 8, 1941,
Alfred N. Richards, Chairman of the Office of Scientific Research and
Development (OSRD)’s Committee on Medical Research (CMR) and
an old friend of Florey, took the initiative to organize the first penicillin
meeting. This meeting invited research directors from a few large
pharmaceutical manufacturers (e.g., Merck & Co., Pfizer & Co., etc.).
Thom from the USDA reported the successful collaboration between
the American and British scientists. The OSRD members showed their
desire to fund additional equipment and personnel to expedite penicillin
production, but the pharmaceutical companies made no promises.?
Richards hosted the CMR’s second meeting on November 17, but no
substantive progress was made.

A turning point ultimately arrived in December 1941. On December §,
the day after the Japanese attacked Pearl Harbor, the U.S. declared war on
Japan. Several days later, Germany and Italy declared war on the United
States. On December 17, the CMR held its third penicillin meeting. Many
chief executive officers (CEOs) of large pharmaceutical manufacturers
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showed up and expressed their willingness to cooperate with the OSRD
and researchers. George W. Merck, President of Merck, was a leading
voice for supporting large-scale penicillin production, although he had
been pessimistic about it before. He said, “If these results could be
confirmed in their laboratories, it was possible to produce the kilo of
material for Florey, and industry would do it!”?*

In this meeting, the OSRD urged building government-research-industry
partnerships and networks between American companies. Heatley joined
Merck’s research team right after this meeting. Pharmaceutical companies
initiated a wide range of collaborative teams. In the following years, they
would work together to solve different technical problems of penicillin
production, such as fermentation, recovery, purification, and packaging.?

Today, it is impossible to say for sure if the pharmaceutical
manufacturers’ drastic change in attitude toward mass-producing
penicillin was due to the fantastic research results from American and
British scientists, the OSRD’s promised support to mitigate the risk, the
U.S.’s entry into WWII, or perhaps a combination of any of these factors.
However, it is safe to argue that December 1941 was one decisive moment
for the destiny of penicillin.

On January 7, 1942, President Franklin D. Roosevelt established the
War Production Board (WPB) to supervise the production and allocation
of defense supplies, materials, and services.?® The WPB kickstarted
the production of penicillin. It played a predominant role in providing
participating pharmaceutical manufacturers with the tremendous funds
and materials necessary for large-scale production and expediting the
distribution of penicillin.

The first American patient, Anne Miller, was diagnosed with septicemia
(commonly known as blood poisoning) and treated with penicillin on
March 14, 1942. Miller’s doctor received the WPB’s special approval to
offer Miller a tablespoon of penicillin, which was half of the entire store
of the antibiotic produced by Merck in the nation.?”” Miller was cured.
At the end of 1942, the U.S. had only enough penicillin to treat fewer
than 100 patients.

In 1943, thanks to the WPB’s tremendous support, the American
pharmaceutical industry accelerated its penicillin production. By
August 1943, “many millions of units (of penicillin) are now being
made available.”?® An increasing number of companies nationwide were
devoted to manufacturing penicillin.? The antibiotic drug was under
strict allocation of the WPB and exclusively reserved for armed forces.
By September 1943, the U.S. stock of penicillin was sufficient to satisfy
the demands of the Allied Armed Forces. On March 15, 1945, penicillin
was made available over the counter in U.S. pharmacies.*
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Without any doubt, penicillin saved many lives both during and after
the war. During World War I, 12-15% of the wounded soldiers treated
in front-line hospitals died from infections. This number dropped to 3%
during World War I1.3! Giving penicillin at an early stage prevented severe
sepsis from developing and thus decreased casualties.’? Penicillin also
helped lower the death rate of Allied soldiers because it was proven to be
a hundred times more fatal to bacteria than sulfa drugs, which the Germans
relied heavily on.* In the post-war era, as penicillin was increasingly used
to treat diseases such as staphylococcal septicemia, syphilis, and gonorrhea,
millions of civilians benefited from the newly developed antibiotics industry.

Conclusion

The history of penicillin is full of miracles. Most public reports focused
on Fleming’s accidental discovery of Penicillium and the Oxford scientists’
breakthrough clinical tests. Historical accounts of the antibiotics industry
praised the contributions of American chemical corporations. Beyond any
doubt, all of these factors accounted enormously for penicillin’s success.
However, what is also remarkable but underappreciated by the public
was the U.S. government’s “invisible hand” upholding basic research and
promoting research-industry partnerships.3* Thanks to the USDA’s decades
of funding and several generations of American scientists’ advanced
mold fermentation methods, Florey’s team had access to the means of
mass-producing penicillin. The OSRD’s efforts to build the government-
research-industry network set the mass production of penicillin in motion.
The WPB’s involvement eventually sped up penicillin production,
allocation, and distribution in only three years.

In July 1945, Vannevar Bush, the director of the OSRD during WWII,
wrote about how the U.S. government could continue supporting scientific
research in peacetime in his report entitled “Science: The Endless Frontier,”
which would be delivered to President Truman and later serve as a critical
foundation for the establishment of the National Science Foundation in
1950. Unsurprisingly, Bush used penicillin as his best example of the
government’s crucial role in advancing scientific progress. He wrote:

Penicillin reached our troops in time to save countless lives because the
Government coordinated and supported the program of research and
development on the drug. The development moved from the early laboratory
stage to large scale production and use in a fraction of the time it would
have taken without such leadership.®

However, even Bush’s enthusiastic account did not fully credit the U.S.
government for its various roles in the transition of penicillin from the
laboratory to mass production. He was correct about the leadership of the
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OSRD and the WPB in accelerating the mass production and distribution of
this miracle drug during World War II. However, Bush missed the USDA
as the unsung hero who supported American scientists’ mold fermentation
research for decades.

The marvelous encounter between penicillin and fermentation methods
was a critical turning point in the history of medicine, without which the
success of penicillin would not be possible. Fleming, Florey, and his
Oxford team are the engrossing superstars in the history of penicillin. But
we should not forget that the USDA and numerous American scientists
(e.g., Moyer, Thom, and their colleagues) powered the engine of penicillin
production. One miracle led to another. The research-government-industry
partnerships initiated and cultivated by the OSRD and the WPB eventually
launched the often-admired penicillin marvel. Unpuzzling the penicillin
story is incomplete until we identify both visible and invisible pieces.
The U.S. government’s persistent and patient support for research is less
visible but indispensable, exemplified distinctly by the history of penicillin.
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