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One sometimes finds what one is not looking for.
—Alexander Fleming, Nobel Lecture, 11 December 1945

I have been trying to point out that in our gruelling search
after truth we have quite all of us been gruelling in the wrong

direction.
—Howard Florey, in a letter to the Medical Research Council,

1941

The story of penicillin is not a story of one man, but of many
— and of a mould that refused to behave.

—GwynMacfarlane, biographer of Alexander Fleming, 1984



Author’s Note

This book is a work of fiction built on a scaffolding of fact. The nine
diarists who speak in these pages never existed, but the world they inha-
bited did. I have taken the liberty of placing imaginary witnesses where
real ones stood, because it is sometimes through invented eyes that we
see most clearly.
The discovery of penicillin is often told as a single eureka moment —
Alexander Fleming glancing at a contaminated petri dish in September
1928. That image, though accurate, is dangerously incomplete. The re-
al drama unfolded over sixteen years, across three continents, and requ-
ired the efforts of hundreds of people whose names appear in no headli-
ne. It required a biochemist who fled Nazi Germany with ten pounds
in his pocket, a quiet Australian pharmacologist who loathed publici-
ty, a young chemist who built a pharmaceutical factory out of bedpans
and biscuit tins, and a country of engineers who transformed an ice
plant in Brooklyn into the engine of mass production.
Historical fact references have been drawn from published academic
sources, withWikipedia serving as a starting point for verification. Any
errors that remain aremine alone.The fates described at the endof each
chapter are fictional, but the world in which those fates unfold is not.



Publisher’s Note

PocketMemoirs grewout of a personal project to learn about theBattle
of Chosin Reservoir — and the realisation that this is a good and easy
way to learn about historical events. The content is both human-and
AI-made; we strive to give you the best of both worlds. All characters
are fictional, the events are not.We cross-check everything for accuracy,
but if you spot any issues, do not hesitate to reach out via contact (at)
pocketmemoirs (dot) com.

Please note: the historical realities depicted in these books are not al-
ways appropriate for minors. All content on this site should be consi-
dered unsuitable for younger readers. Parents and guardians are advised
to read or listen to the material themselves before sharing it with chil-
dren.
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AngusMcTavish

Laboratory Technician, Inoculation Department, St. Mary’s Hospital,
Paddington

What begins with a wee accident can change the whole world.

28 September 1928
Queerest thing happened the day. Professor Fleming returned from his
holiday in August and began sorting through his culture plates in the
lab—youknowhowhekeeps themstacked about, nae always the tidiest
method. One of the Staphylococcus plates had gone all mouldy, which
happens time and again. He was aboot to bin it when I happened by.
’McTavish,’ says he, ’come look at this.’
Well, I bent down and saw something braw—absolutely braw. There
was a clear halo round the mould, like the bacteria had just... dissolved
away. No wee contamination does that. The Professor’s eyes lit up in
that way they do when something’s amiss with the ordinary world.
’This is interesting,’ he said, quiet-like. ’Very interesting indeed.’Hedid-
nae say much more, but I could tell his mind was racing. ’McTavish,
mark this plate carefully. We’ll need to keep it.’

2 October 1928
The Professor’s been at that mouldy plate every day since. He’s hadme
growing the thing in broth, trying to see what it does to the bacteria.
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TheMould That Changed theWorld

He’s named it ’penicillin’ after the mould—Penicillium, he says. Exa-
mined it under the microscope for hours yesterday, making sketches.
His hands were shaking a wee bit, which is nae like him at all.
’This could be something important,’ he said to me. ’Or it could be
nothing.We’ll need to be very careful. Nowild claims. Just methodical
work.’ I’ve never seen him so excited and so cautious at the same time.
He’s even had me document everything in the log—the date, the exact
plate number, which culture it was. Every detail.
I’ve a feeling we’re witnesses to something, though I cannae say exactly
what.

15 November 1928

The culture of penicillin is growingwell. The Professor hasme assisting
with systematic tests—checking what it does to different bacteria, how
strong the effect is. He’s writing it all down, very careful and precise.
’Science requires patience,’ he toldme, ’andmeticulous recording. One
careless note can send someone down a wrong road for years.’
He’s shown some of the other doctors what he’s found. They seem im-
pressed, though some are skeptical.One of them said, ’Fleming, are you
certain it’s not just a contamination artifact?’ The Professor replied,
’That’s precisely why we test methodically, not assume.’
I’ve been thinking about that plate—howmany times I’ve seenmoulds
ruin cultures and we’d just toss them. But this one... this one was dif-
ferent. And if the Professor hadnae come back from holiday when he
did, if he’d sent someone else to check the plates, would anyone have
noticed? Strange how these things hang on moments.

July 1929

The Professor published his findings aboot three weeks back. ’On the
Antibacterial Action of Cultures of a Penicillium,’ the paper’s called.
It’s in the British Journal of Experimental Pathology. He’s shown it to
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me—my name’s even mentioned in the acknowledgments, which was
a kind gesture from him.
But I’ll tell you what troubles me a wee bit: most folk dinnae seem to
care much. The Professor’s been trying to get others interested in the
work, but they’re all fixated on other things.He cannae purify the peni-
cillin properly—it breaks down, loses its strength. He says it’s possibly
a protein, or maybe something else entirely. Very unstable in solution.
’Sciencemoves in its own time,’ he said tome yesterday. ’We plant seeds.
Whether they growdepends on forces larger than ourselves.’He didnae
sound discouraged, exactly, but there’s a resignation in him now. The
initial fire has dimmed a wee bit.

September 1940

Cannae quite believe it—twelve years have passed since that discovery.
War’s been raging for a year now, and the hospital’s been mad with ca-
sualties. I read in a medical journal that some researchers at Oxford—a
fellow named Florey and another called Chain—have got interested in
the Professor’s penicillin work. They’ve actually managed to concen-
trate it, to purify it somewhat. They’re doing animal experiments.
I mentioned it to the Professor over tea. He smiled—properly smiled,
mind you. ’Perhaps the time has come,’ he said. ’Perhaps now people
will listen.’ There’s something hopeful in his face that I hadnae seen in
years. I felt a queer pride, knowing that the wee accident on his bench,
the thing we discovered together, might finally matter to the world.

12 February 1941

I read it in The Times this morning—they’ve given penicillin to a hu-
man being. A police constable in Oxford, Albert Alexander, who had
an infection from a scratch. TheOxford team treated himwith penicil-
lin they’d managed to produce. He improved dramatically overnight,
they say. The fever broke, the infection began to clear.
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My hands were shaking when I read it. All those years of work by the
Professor, and now, now it’s being used to save lives. I wanted to run
and tell him immediately, but I knew he’d likely already seen it. Still,
I found him in his office, and aye, he had the paper in front of him.
’This is the beginning,’ he said tome. ’Not the end. The real work starts
now.’ But there was wetness in his eyes, I think. Or perhaps I imagined
it.

15 March 1941

Albert Alexander died.

20 March 1941

The sadness that settled over everythingwhen I heard aboutAlbertAle-
xander was... profound. The Oxford team had done everything right,
they said.Thepenicillinworked—it trulyworked.But therewasna eno-
ugh of it. They ran out. He relapsed, and the infection took him.
The Professor was very quiet when I told him I’d read the details. He
sat at his bench for a long time, just looking at nothing. Finally he said,
’This iswhywemust scale it up.This iswhywemust produce it in quan-
tities that can save lives, not just prove a point. Alexander understood
the risk, but he also understood the hope.’
I’ve never felt the weight of a scientific discovery quite like this. It’s nae
just a laboratory curiosity anymore. It’s life and death, now.

August 1941

TheOxford teampublished their purificationmethods lastmonth.The
Professor sent me a copy—very detailed, very rigorous. He’d been in
contact with Florey, he told me. ’They’re doing remarkable work,’ he
said. ’Chain especially—a German Jewish fellow, brilliant mind. He
had to flee Berlin because of Hitler’s madness.’
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America’s involved now, too. American pharmaceutical companies are
interested in producing penicillin in bulk. Large scale. The Professor
says if they can make enough of it, it could change medicine entirely.

’Wemay have discovered something that will outlive us all,’ he said, and
there was a calmness in him now, a sense of purpose fulfilled. The pe-
nicillin is no longer his alone. It belongs to the world.

March 1943

Three years of war now. American companies are producing penicillin
in industrial quantities. I read an article in a medical journal—anAme-
rican scientist namedMaryHunt, they’re calling her ’MoldyMary,’ fo-
und amould on a cantaloupe in Peoria, Illinois that produces penicillin
hundreds of times more efficiently than what we’d been working with.

Hundreds of times! All our careful cultivation, our wee batches, and
here’s a cantaloupe inAmerica that solves the problem. It’s remarkable,
really. Science isnae about one man in a laboratory anymore. It’s about
networks, about sharing, about thewholeworldworking toward some-
thing.

The Professor laughed when I told him. ’A cantaloupe!’ he said. ’See,
McTavish? Even nature surprises us. I’m delighted for them. This is
howmedicine progresses.’

June 6, 1944

D-Day. Every soldier landing in Normandy has penicillin in their kit.
I heard it on the wireless—the Americans alone are producing three
hundred billion units. Penicillin will be saving lives on those beaches,
treatingwounds thatwould havemeant amputation or death just three
years ago.

I thought of Albert Alexander, and how his death meant something
after all. His suffering contributed to this moment, to the knowledge
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that allowed physicians to do better for the next man who faced infec-
tion.
The Professor sent word through a colleague that he’s deeply moved.
He didnae say much, but I heard those three words: ’It was worth it.’

10 December 1945

The Professor has been awarded the Nobel Prize for Physiology orMe-
dicine. Him, and Florey, and Chain. The three men whose names will
be remembered forever now. I was at St. Mary’s when the announce-
ment came through, and there was such a celebration. People wanted
to shake his hand, to congratulate him, to say they’d known him all
along.
But I sawhimwhenhe thought no onewas looking.Hewas standing at
his bench, touching themicroscope, and his facewas very still. Peaceful,
I’d say. Like he was finally seeing the whole picture.
He wrote me a note—wrote it by hand, mind you. ’Dear McTavish,
None of this would have been possible without your eye and your ca-
re. Thank you for seeing what mattered. —A.F.’ I’ve put that note in
a frame. It’ll hang on my wall till I die.

15 September 1946

A year since the Nobel Prize. The world has changed completely. Pe-
nicillin is no longer experimental—it’s standard treatment now for in-
fections that would have killed people just five years ago. The Professor
received requests from universities all over the world to come speak, to
consult, to advise.
Buthe remainshere at St.Mary’s, inhis lab, continuinghiswork. I asked
himwhy he didnae take one of those grand positions elsewhere, and he
simply smiled.
’This is where it happened, McTavish,’ he said. ’This is where we saw
something the world didnae know it needed. I’ll finish my work here,
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in this place, doing what I’ve always done—watching, wondering, te-
sting. That’s enough for me.’ And I understood then that the greatest
scientists dinnae do it for prizes or fame. They do it for those moments
when the world reveals its secrets, and you’re there to witness them.

Angus McTavish remained at St. Mary’s Hospital for another eighteen
years after the discovery, serving as head technician in the InoculationDe-
partment until his retirement in 1962.He trained dozens of young techni-
cians over those decades, and was known for insisting they learn to observe
before they learned to experiment. He attended Alexander Fleming’s fu-
neral at St. Paul’s Cathedral inMarch 1955, standing at the back of the
nave in a borrowed suit, and later told colleagues it was the only time in
his life he had worn a tie voluntarily. He kept a framed photograph of
the original contaminated petri dish above his workbench until the day
he retired, and when asked about it by visitors would say only that it was
’a reminder that the interesting things happen when you’re not looking.’
In 1960, a journalist from the Daily Telegraph sought him out for an
anniversary piece on penicillin. McTavish declined the interview, saying
he had ’nothing to add that the Professor hadn’t already said better.’ He
spent his retirement in Ayrshire, tending a garden that was, by all acco-
unts, scrupulously free of mould. He died in 1978, aged eighty-one. His
obituary in the St. Mary’s Hospital Gazette noted that he had been pre-
sent at one of the most consequential moments in the history of medicine,
and had marked the occasion by washing the glassware.
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Miriam Eisner

Refugee and Translator, London

We carry our Heimat with us, even when we’ve lost it to the
flames.

15 September 1933
At last I am in England. The crossing was terrible—so many people,
such fear in everyone’s eyes. But we made it out. Gott sei Dank.
Ernst is already settled in Cambridge, working in the laboratory. He
wrote tome that I should come, that England is safer, that there is work
here for people like us. I arrived with little more than the clothes I wore
and Ernst’s address on a scrap of paper.
London is grey and vast and cold. I am living with a widow in Blo-
omsbury who lets rooms. She is kind enough, though she asks few qu-
estions. I sense she understands that some people prefer not to speak of
where they’ve come from.
I saw Ernst yesterday for the first time in threemonths. He looked thin.
He said the work is consuming him, but his eyes were alive in a way
I remember from Berlin. At least he has that.

3 October 1933
I have found work as a translator. A medical publisher in Holborn ne-
eds someone who speaks German, French, and English. They pay mo-
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destly, but it is enough to eat and to sleep in my small room. The work
is precise and quiet, which suits me.
Ernst came to tea on Sunday. He is working on some fascinating bio-
chemistry at the university. When he talks about his research, he beco-
mes animated, passionate. It is as though he can only truly live through
his work now. I understand this. We have lost so much that cannot be
recovered—our homes, our families, our language spoken freely in the
streets—that perhaps these minds of ours are all we have left.
He asks about me constantly. I tell him I am managing. I do not tell
him how many nights I lie awake thinking of Mama, of my brother in
Vienna. I do not tell him of the fear that something terrible is coming,
something even worse than what we have already fled.

10 November 1938

Kristallnacht. The night of the broken glass.
I received a letter from an old friend still in Berlin. She described the
synagogues burning, the storefronts smashed, the violence.Mein Gott.
The photographs in The Times were almost worse than the words.
Ernst came tomy flat after reading the news.We sat in complete silence
for what felt like hours. He is thinking of family members still in Ger-
many, I know. So am I. The anger in his facewas terrible to see—aquiet,
burning anger, the kind that eats you from inside.
’Wemust work harder,’ he finally said. ’Wemust do thework theywant
to stop us fromdoing.Wemust become so necessary that even they can-
not erase us.’ I understoodwhat hemeant.Our science is our resistance.
Our minds are where they cannot follow.

4 September 1939

War. It is official now. Britain is at war with Germany.
Ernst has been transferred toOxford—to the SirWilliamDunn School
of Pathology. He is working with a man named Florey on something
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related to bacteria and antibacterial substances. He cannot speak of the
details in letters, but he wrote that it is important work. Work that co-
uld help people.

I know that he is desperately worried about family still in Europe. His
mother, his sister—they are still in Berlin, as far as he knows. He tries
to hide this worry, but I can see it in his letters. The lines between the
words.

I continue translatingmedical papers. The irony is not lost onme: I am
translating the work of German scientists even as that nation bombs
London. But the science exists apart from the politics, somehow. Or
perhaps that is naive of me. Perhaps nothing exists apart from this war
anymore.

10 May 1940

Ernst writes that something extraordinary is happening at Oxford. He
cannot give details, but he is excited in a way I have not sensed in years.
He mentions a substance from moulds, bacterial inhibition, animal
trials.Hewrites carefully, aware that letters canbe intercepted, but I un-
derstand: he is working on something that might matter.

’If this works,’ he wrote, ’it could change everything. But we are facing
difficulties with purification and stability. The substance wants to di-
sappear, wants to break down. We are trying to understand its nature,
to coax it into a form we can control.’

I am proud of him. And terrified for him. He is a German Jewish refu-
gee working on something potentially crucial to the war effort—which
means he is necessary, but also that he is watched, observed, perhaps
distrusted by some. England is better than Germany, infinitely better,
but he is still an outsider here. Still a refugee. Still marked.
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20 May 1940

Ernst came to London for a day. He looks exhausted. There are dark
circles under his eyes, and his hands shake slightly when he thinks no
one is watching.
’It worked,’ he told me, very quietly. We were sitting in a café, and he
spoke inGerman so softly I had to lean close to hear. ’We infectedmice
with deadly bacteria. Four we treated with our substance. Four we did
not. The four treated mice survived. The others died.’
I felt something shift in my chest. ’Gott sei Dank,’ I whispered.
’Now we must scale it up,’ he said. ’We must make it work in humans.
But the war... everything is uncertain. Funding, materials, time. And...’
He stopped. He did not need to finish the sentence. I know who he is
thinking of. His mother. His sister. Somewhere in occupied Europe.
’You will do it,’ I told him. ’You must.’

12 February 1941

They gave it to a human being. In a hospital in Oxford, they injected
their substance—Ernst’s life’swork—into an infectedman.And itwor-
ked. The man improved. Within hours, the fever broke, the infection
began to recede.
Ernst wrote to me in a kind of breathless excitement and terror combi-
ned. ’Miriam, it was extraordinary. Miraculous. But we ran out. There
was not enough. Theman...’ And then his letter trails off. I understood.
Something went wrong. The story did not end as they hoped.

16 March 1941

Themandied.AlbertAlexander.Apolice constable.He improved, and
then the penicillin ran out, and the infection returned, and he died.
Ernst did not write. I saw it in the newspaper and understood imme-
diately. The man they had fought to save with their substance, their
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innovation, their brilliance—he died anyway. Not enough. Never eno-
ugh.

When Ernst finally wrote, two weeks later, his letter was only three sen-
tences: ’We must produce more. We must scale the work. This was on-
ly the beginning, not the ending.’ But I could feel his despair beneath
those words, the weight of Albert Alexander’s death settling on his sho-
ulders like a stone.

July 1941

Ernst is going to America. To Illinois, to work with an organization
called NRRL—the Northern Regional Research Laboratory. He is ta-
king the research with him, along with colleagues named Heatley and
Florey. They are going to teach the Americans how to produce the sub-
stance in quantity.

I felt a terrible sadness reading this. He is leaving. He will be safer, per-
haps, inAmerica.Theworkwill progress further there. But he is leaving
Europe, leaving behind any possibility of finding... of learning the fate
of his mother, his sister.

I wrote back: ’Go. Do the work. Save the people who can be saved. Let
that be enough.’

14 August 1941

A letter arrived yesterday—forwarded three times before reaching me.
From Ernst, writing from Peoria, Illinois.

’TheAmericans are extraordinary,’ hewrote. ’Theyhave resources, ener-
gy, factories. Within weeks, we have produced more of the substance
than we managed in years at Oxford. They have already begun indu-
strial production. By next year, by the year after, penicillin—yes, that is
what they call it now, officially—penicillin could be available in quan-
tities that might save hundreds of thousands of lives.’
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I wept reading this. Not fromhappiness, though there is happiness the-
re. But from the exhaustion of hope. From theweight of knowingwhat
he is trying to do—to transform suffering into healing, to make me-
aning from chaos.
I wrote back a single sentence: ’MeinGott, Ernst.What you are doing.’

November 1942
Ernst has returned to Oxford briefly, but the work continues primarily
in America. Letters arrive describing remarkable progress. An Ameri-
can named Mary Hunt has discovered a mould with extraordinary pe-
nicillin-producing capacity. American pharmaceutical companies are
competing to refine production methods.
Meanwhile, in Europe, the Brutalität continues. The camps. The de-
portations. I have learned things that no one should know, things that
make the darkness of winter feel close enough to touch.
I asked Ernst, in a letter, whether he has heard anything. Anything at
all.
He has not replied to that question.

12 May 1943
Tante Margarete und Hilde. Auschwitz. Nichts mehr.

13 May 1943
The letter came today. Forwarded fromOxford, marked with small red
stamps showing it had been rerouted many times.
Mama is dead. My brother is dead. They are dead.
Ernst does not know for certain, but the information comes from so-
meone reliable—a Red Cross worker who had access to lists. Lists of
the dead. My mother and my brother are on those lists.
I sat onmy bed inmy small room in Bloomsbury and I did not cry. I co-
uld not cry. There was a sensation of falling, of the earth disappearing
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beneathme, but no tears came.Mymind became very clear and very di-
stant, as though Iwas observingmy own grief from somewhere outside
my body.

I think of Ernst in America, working frantically to produce this sub-
stance, this penicillin that will save thousands of people. And I think
of my mother, who will not be saved. Who cannot be saved. Who is
already lost.

December 1943

I have begun to understand something. What Ernst is doing—the pe-
nicillin, the factories, the mass production—it is not about saving indi-
vidual people. It is about transformingmedicine, about changing what
is possible in the future. It is a kind of answer to the brutality, though
it cannot be an answer in any meaningful sense.

Six months have passed since I learned of Mama’s death. I still do not
know all the details. I do not want to know all the details. But I have
learned to exist with this knowledge now, the way one learns to exist
with a broken bone that has healed badly—you know it is broken, you
work around it, but you do not die from it.

Ernst writes that the penicillin is nearly ready for military use. That
soldiers will carry it with them. That the war will be different because
of what he has done. I hope this is true. I hope his work brings enough
light to balance the darkness.

6 June 1944

D-Day. The liberation begins.

I heard on the wireless that penicillin is in the field kits of every Allied
soldier. Three hundred billion units of penicillin will be distributed.
Ernst’s work. All those years at Oxford, the struggle with purification,
Albert Alexander’s death, the race to understand stability and scale—
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it has culminated in this. In soldiers being saved from infection that
would have killed them.
I thought of my mother. Of my brother. They cannot be saved. But
perhaps some other mother’s son will live because of what Ernst has
done.
I wrote to him: ’Your work matters. It has always mattered. Gott sei
Dank, it matters now.’

10 December 1945

Ernst has been awarded theNobel Prize. He and Fleming and Florey—
the three of them, recognized by theworld for thework that beganwith
a contaminated petri dish and became a revolution.
I attended the ceremony in Stockholm. I sat in the gallery and watched
my cousin—thin, haunted, brilliant—accept the prize.Hismother sho-
uld have been there. His sister should have been there. But instead,
I was there, representing the family, carrying the weight of absence.
Afterward,wewalked along the frozen canal together.Hedidnot speak
much. Finally he said, in German: ’Miriam, they took everything from
us. Our home, our family, our country. But they could not take this.
They could not stop us from thinking, from discovering, from chan-
ging what medicine can do. That is some kind of victory, I think.’
I squeezed his hand. ’Yes,’ I said. ’That is some kind of victory.’

3 September 1946

The war is over. Europe is being rebuilt. And penicillin—penicillin is
everywhere now. Available in hospitals, being produced in quantities
that would have seemed impossible five years ago.
I have accepted a position with the United Nations, translating medi-
cal documents and working on international health initiatives. Much
of the work involves penicillin distribution, production guidelines, ac-
cess for developing nations. It is fitting, somehow, that my life should
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intertwine with this substance, this miracle that cost so much to deve-
lop.
Ernst is setting up the Biochemistry Department at the Weizmann In-
stitute in Israel. He will work there, continuing his research, helping to
build something new in a new homeland. I will visit when I can.
I carryMamawithme always. And somehow, knowing that her son has
used his brilliance to heal others, to save lives, to transform suffering
intomeaning—it does not ease the pain, but it gives it a shape I can live
with.

MiriamEisner rebuilt her life in postwar London, becoming a translator
for the United Nations Relief and Rehabilitation Administration and
later for international medical conferences. She attended Ernst Chain’s
Nobel Prize ceremony in Stockholm in December 1945, sitting in the gal-
lery alongside othermembers of the family who had survived. It was there,
she later wrote in a letter to a friend, that she understood for the first time
that something good had come from the worst years of her life. She retur-
ned to Berlin only once, in 1952, to visit the graves of relatives who had
not escaped. She found no graves. In 1954, she accompanied Ernst to the
Weizmann Institute of Science inRehovot, Israel, where he had been appo-
inted to the board of governors. She described the visit as ’the first time since
1933 that I felt I was somewhere I was meant to be.’ She continued trans-
lating scientific andmedical texts between German, English, and French
until her retirement in 1971. She was a quiet presence at Chain family
gatherings, and those who knew her said she rarely spoke about the war
years except in oblique references to ’the time before.’ She died in London
in 1989, aged eighty-two. Among her papers was a pressed flower from the
garden of the SirWilliamDunn School of Pathology, datedMay 1940.

16



Sister DorothyWilkins

Ward Sister, Radcliffe Infirmary, Oxford

We are the hands and eyes of medicine.What we do matters
more than any theory.

14 October 1940

There arewhispers in the hospital about something the research team is
doing. Something experimental. Dr. Florey has been speakingwith our
ward staff about possible patient trials—they have a substance, amould
derivative, that might treat bacterial infections. Mr. Gower in admini-
stration asked me directly whether I thought our ward could support
such work.
I told himyes, of course.Whatever the hospital needs,we provide. That
is our duty. But I confess to curiosity. A mould derivative? It sounds
rather like folkmedicine, butDr. Florey is no charlatan.He ismeticulo-
us, careful. If he believes this is worth testing, then it is worth attending
to carefully.
I have asked for more information. I want to understand exactly what
we might be administering, what the risks are, what we must monitor.
A nursewho does not understand thework she participates in ismerely
a pair of hands. I intend to be more than that.
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20 November 1940

I have read the research papers. The substance is called penicillin, isola-
ted from Penicillium mould. It has been tested on animals with extra-
ordinary results—infected animals that should have died were saved by
this substance.
But here is what troubles me: it is unstable. It breaks down quickly. It
is difficult to produce in quantity. The team has been working on this
for months, trying different methods to purify and preserve it.
Dr. Florey explained that theymay attempt human trials within the co-
ming year, if they can resolve the production issues.He said theywould
be very cautious, very careful to select the right patient—someonewith
a serious infection where conventional treatment has failed.
I find myself both excited and anxious about this prospect. We are on
the edge of something new, I think. Something that might change me-
dicine entirely. But the risk... onemust be very careful with innovation.

8 February 1941

Albert Alexander arrived on the ward today. A police constable, fourty
years old.Hepresentedwithwhat seemed initially aminor complaint—
a scratch on his cheek that had become infected. But the infection has
progressed catastrophically.
The scratch has developed into a spreading cellulitis. There are absces-
ses on his face, on his arm. The fever is high.We have tried the standard
treatments—surgical drainage, topical antiseptics, sulphanilamide.No-
thing has worked. The infection continues to advance.
This afternoon,Dr. Florey spokewithMr.Alexander about the penicil-
lin trial.We explained that it is experimental. Thatwe cannot guarantee
safety or efficacy. That we are in uncharted territory.
Mr. Alexander agreed.He is a braveman.He understands that without
intervention, the infection will likely claim his eye, if not his life. He
said, ’If it might help, I’ll take the risk.’
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The first injection of penicillin will be administered tomorrow. I find
myself unable to sleep tonight. The responsibility feels immense.

12 February 1941

This morning at 6 a.m., I administered the first intravenous injection
of penicillin to Albert Alexander. 160 mg. My hands were steady, but
my heart was racing.

Within four hours, the fever had broken. By evening, there was visible
improvement in the infection itself. The redness surrounding the ab-
scesses had begun to recede. The pain had diminished noticeably.

Mr. Alexander was in tears—not from pain, but from relief. ’I felt it
working,’ he said. ’I could feel something changing inside me.’

I documented everything with meticulous care. Temperature, blood
pressure, wound appearance, patient subjective experience. Every deta-
il. If this is to work—if this is to matter—then every observation must
be recorded precisely.

Dr. Florey examined the patient this afternoon and said only, ’Remar-
kable.’ But I could see the emotion in his eyes. We are witnessing some-
thing extraordinary. Something that might be the beginning of a new
era in medicine.

14 February 1941

Continued improvement. The fever remains low.The abscesses are dra-
ining naturally now, showing signs of healing rather than progression.
Mr. Alexander’s appetite has returned. He is hopeful in a way I have
not seen in infected patients before.

But there is a problem. The supply of penicillin is extremely limited.
Dr. Florey has explained that they have only a small quantity, that pro-
duction is challenging, and that they have already used a substantial
portion for this patient. We are carefully rationing what remains.
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I do not like the uncertainty this creates. The patient is improving, yes,
butwhat happenswhen the penicillin runs out?Dowe stop treatment?
Do we reduce the dose? The ethical implications feel significant, tho-
ugh I am hesitant to articulate them.
I asked Dr. Florey directly: ’Howmuch supply do we have?’
He looked troubled. ’As much as we can manage, Sister. We are doing
what we can.’

18 February 1941

Albert Alexander is continuing to improve. His temperature is normal.
The infection on his face is clearly healing. He has mentioned, hesitan-
tly, that he hopes to return to work eventually.
The improvement is remarkable. I have been a nurse for fifteen years,
and I have seen many infections resolve with time and treatment, but
never with this rapidity or completeness.Whatever penicillin is, whate-
ver it does, it is not a minor remedy. It is transformative.
I havebecomevery attached toMr.Alexander.He is a kindman,patient
despite his suffering. He has spoken to me about his family, his desire
to return to his life. I find myself deeply invested in his recovery.
And yet I remain afraid. The supply of penicillin is dwindling. I have
watched Dr. Florey and his team closely—they are rationing carefully,
preserving what they have, but the mathematics are inescapable. Even-
tually, there will not be enough.

25 February 1941

The infection is nearly resolved. The abscesses have nearly completely
healed. Mr. Alexander’s wound is clean and appears to be developing
healthy granulation tissue. By every medical standard, the treatment is
a success.
But the penicillin supply is nearly exhausted.
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I have heard whispers among the research team about a method to re-
cover penicillin from the patient’s urine. It seems a desperate measure,
and yet they are attempting it. They wish to continue treatment a bit
longer, to ensure that the infection does not return.

I find the ingenuity both admirable and heartbreaking. We are so close
to having saved him, truly saved him. The penicillin has done what no
other treatment could do.And yet the limitation of our resources—the
fact that we cannot simply continue treatment indefinitely—feels like
a cruel reminder of medicine’s constraints.

Mr. Alexander remains hopeful. He does not fully understand the pre-
cariousness of his situation. I have not told him. What would be the
purpose?

7 March 1941

The penicillin supply has been exhausted. There is none left, not even
the small amount that might have been recovered from his urine.

Six days ago, the fever returned. Not the high fever of the initial infec-
tion, but a fever nonetheless. The abscesses have begun to swell again.
The infection is returning.

Mr. Alexander has become very quiet. He understands now, I think,
what has happened. That we saved him temporarily, that the penicillin
worked, but that we did not have enough to complete the job.

I find myself struggling with profound helplessness. I can monitor his
condition, I candocument theprogressionof illness, I canprovide com-
fort measures, but I cannot give him the one thing that might save him:
more penicillin.

Dr. Florey is attempting to obtain additional supplies, but the produc-
tion is still limited, and the amount they hadwas exhausted onMr. Ale-
xander’s care. The mathematics of medicine, it seems, are cruel.
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12 March 1941

The infection has progressed significantly. The abscesses on his face ha-
ve enlarged. His temperature is high—102 degrees Fahrenheit. He has
become septic, we believe. The infection has spread beyond the original
site.
I sat with him for an hour this afternoon. He was lucid, and he was
terrified. He did not say so in words, but I could see it in his eyes. He
had been saved, he had felt wellness, and now he is losing it again.
’I was better,’ he said. ’I was going to be all right. And now...’
I held his hand. I did not know what to say. ’The research continues,’
I told him. ’What you have done, what you have helped us learn—it
matters.’
It seemed a thin comfort. Probably it was. But it was all I could offer.
I documented his condition with meticulous care. Every vital sign, eve-
ry observation. If this story is to end badly, then at least the documenta-
tion of it will be thorough. At least the suffering will mean something
for future patients.

15 March 1941

He died at half past one. We had nothing left to give him.

22 March 1941

The ward is very quiet. Mr. Alexander’s bed has been prepared for ano-
ther patient. Life continues, as it must.
But I find myself unable to let it go. I have been reviewing my docu-
mentation of his case, everything I recorded about his treatment and
deterioration. The details are complete, precise, objective. And yet they
feel wholly inadequate to the experience of witnessing his death.
Dr. Florey came to speak with me yesterday. He was subdued, serious.
’The treatmentworked, Sister,’ he said. ’Donotmistake that. Itworked.
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The disease of understanding the limitation of our supply is a supply
problem, not a failure of the medicine.’
I understand what he means. And yet the distinction feels difficult to
maintain when confronted with the reality of a dead patient.
’What happens now?’ I asked him.
’Now,’ he said, ’we take what we have learned and we scale it. We pro-
duce penicillin in quantities that mean we will never again have to stop
treatment because we have run out. That is the lesson Mr. Alexander
has taught us.’

15 June 1941

Word has arrived that the Oxford research team is being sent to Ameri-
ca. Dr. Florey and his colleagues will be working with American phar-
maceutical companies to scale up penicillin production. Industrial-sca-
le production, they say. The transformation of this experimental sub-
stance into a medical reality.
I feel a complicated mixture of emotions. There is hope that they will
succeed, that the resources of America will permit what British indu-
stryhasbeenunable to achieve.And there is a certain sense of completion—
that Albert Alexander’s death will not be meaningless, that it will con-
tribute to a future where such limitations do not exist.
I requested and received a copy of the full research documentation for
the penicillin trial, including Mr. Alexander’s case. I have preserved it
carefully. I do not know if it will be needed, but it feels important to
keep this record, to ensure that his participation in this trial is not for-
gotten.

10 September 1942

Word reaches us occasionally about the progress in America. The Ame-
ricans are producing penicillin in quantities that exceed what wemana-
ged to produce in years of work. They have discovered more efficient
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moulds, more effective production methods. The momentum is buil-
ding.

Here at the Radcliffe, we have begun to speak cautiously about the po-
ssibility of another trial with a new supply of penicillin. Not yet, but
perhaps in the coming year. The prospect fillsmewith both excitement
and anxiety.

I wonder often whatMr. Alexander would think, could he know. That
his suffering, his courage, his participation in an experiment that ulti-
mately failed to save him—that all of this was a necessary step toward
something much larger. Whether he would find that knowledge com-
forting, I cannot say.

20 June 1944

D-Day. The invasion begins.

On the wireless this morning, they announced that penicillin has been
distributed to every soldier in the invading force. Three hundred bil-
lion units. Produced in massive quantities by American factories. The
substance that could not save Albert Alexander is now being carried by
hundreds of thousands of men going into battle.

I foundmyself in the supply roomwhen this announcement came thro-
ugh, and Iwept. I did not attempt to hide it. One of the younger nurses
asked if I was all right, and I told her yes, perfectly all right. That I was
simply very moved by the news.

I thought of Mr. Alexander. Of the penicillin coursing through the ve-
ins of a soldierwith awound infection, saving his life inways thatmight
not have been possible even a month ago. Of the extraordinary scienti-
fic work, and the human cost of that work, finally bearing fruit on an
unimaginable scale.
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12 December 1945

The Nobel Prize has been awarded to Fleming, Florey, and Chain for
thediscovery anddevelopmentofpenicillin. I heard the announcement
on the wireless, and I thought immediately of the day Dr. Florey had
come to speak with me after Mr. Alexander’s death.
’We take what we have learned and we scale it,’ he had said. And they
did.They took the lessons ofAlbertAlexander’s death—the lesson that
more supply was needed, that the substance worked but the limitation
of resources was the barrier—and they transformed it into something
revolutionary.
I do not know if theNobel Committee considered the nurses, the tech-
nicians, thepatientswhoparticipated in the trials. But they shouldknow
that this prize is a collective achievement.Mr. Alexander earned a place
in this story through his courage and his death.
I have kept the documentation from his case all these years. I believe it
belongs in the archives of this hospital, a record of the first human trial
of penicillin, and the price that trial extracted.

14 September 1946

Penicillin is now available in our hospital in quantities that would have
seemed impossible five years ago. It is a standard treatment now, prescri-
bed for infections that would once have been death sentences. I have se-
en patients recover from conditions that would have been fatal before.
I think often of Mr. Alexander. His death does not feel wasted anymo-
re, though I think it may have felt wasted at the time. The knowledge
gained from his case, the documentation of his treatment and his de-
terioration, the understanding that penicillin worked but that supply
was the limitation—all of this contributed to the scale-up effort that
has now saved countless lives.
I have been asked to speak occasionally to nurses and medical students
about the early penicillin trials. I tell them about Mr. Alexander, abo-
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ut the careful observation and documentation we performed, about
the importance of precision in nursing care during experimental treat-
ments. I tell them that we are not merely custodians of treatments, but
active participants in the development and refinement of medicine.
I believeAlbert Alexander understood this, in his ownway. And I belie-
ve his sacrifice, though it did not save his life, will save the lives of others
for generations to come.

Sister DorothyWilkins continued her nursing career at the Radcliffe In-
firmary through the remainder of the war and for two decades after. She
became a senior nursing instructor, training scores of young nurses in cli-
nical practice and, by her own admission, in the art of remaining calm
when the medicine is not enough. She was appointed aMember of the Or-
der of the British Empire in 1953 for services to nursing, and attended the
investiture at BuckinghamPalace wearing the samewatch she had used to
time Albert Alexander’s penicillin infusions twelve years earlier. She spo-
ke at medical conferences throughout the 1950s and 1960s about the early
penicillin trials, always insisting that the story be told not as a triumph
of science alone but as a lesson in the cost of insufficient supply. She reti-
red in 1967 and lived quietly in a cottage near Woodstock, Oxfordshire.
She maintained a correspondence with Howard Florey until his death in
1968, and kept a copy of the original clinical notes from Albert Alexan-
der’s treatment in a drawer beside her bed. When the Radcliffe Infir-
mary closed its doors in 2007, former colleagues placed a small plaque in
the corridor where she had worked: ’In memory of those who nursed the
first.’ She died in 1994, aged eighty-nine, having lived long enough to see
antibiotics become both the foundation of modern medicine and, through
overuse, a source of new danger.
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Dr. Rajendra Sharma

Physician, Presidency General Hospital, Calcutta

We read of miracles in distant lands while our patients perish
at our feet. Is this the cost of empire?

15 February 1939

Read in The Times this morning that Oxford University has begun
systematic research into Fleming’s mold discovery from 1928. Eleven
years! The British work slowly, but they work. One wonders what Fle-
minghimself has beendoing all these years.Dr. Fletcherwrites ofOxford’s
commitment to extracting the active substance—they call it ’penicillin.’
At last, someone with resources takes this seriously.
I showed the article to my students. Their eyes lit up. ’Sir, will this cu-
re infections?’ they asked. I had to tell them truthfully: we do not yet
know. But perhaps, one day.

3 August 1940

A letter arrived today frommy cousin in London, forwarded three we-
eks late by post. He mentions that Florey’s team at Oxford conducted
an experiment with mice—infected with deadly streptococcal bacteria.
Half treated with the penicillin extract, half untreated. The treated mi-
ce survived. The untreated mice died.
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I read this passage five times over,myhands trembling.Accha, accha. Fi-
nally, there is proof. Real, documented proof. I immediately requested
that our hospital library order the latest issues of The Lancet. Wemust
follow this development closely. My younger residents cannot compre-
hend why I am so animated—they do not remember the days before
antibacterial serums, when a simple cut could mean amputation or de-
ath.

12 February 1941

Received the latest Lancet this week. There is an account of the first hu-
man trial of penicillin, conducted atOxford just this pastmonth. A po-
lice constable named Albert Alexander suffered a terrible facial infec-
tion after a minor scratch from a rose thorn—absurd, how something
so small becomes catastrophic. They injected him with 160 milligrams
of penicillin intravenously. The infection began to resolve! The fever
fell, the suppuration decreased, the man began to recover.

I sat in my small office, reading this account, and wept. Not from joy
alone, but from theweight ofwhat thismeans.HowmanyAlberts have
I lost in Calcutta? How many have died from infections I could not
treat, in a city where a rose thorn is the least of our worries?

18 March 1941

Devastatingnews fromTheLancet follow-up.The sameAlbertAlexander—
the police constable—has died. The penicillin supply was exhausted.
They could not continue the treatment.

Kya karein? What could they do? They had barely enough of the drug
to treat one man for a few weeks. So close, so heartbreakingly close to
a cure, only to have it snatched away by insufficient supply.
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8 October 1942

Abrief dispatch in this month’s BritishMedical Journal mentions that
Oxford has managed to increase penicillin production slightly, though
still inmilligrams, not grams.They are growing themold in themost ba-
sic containers—bedpans from the hospital, can you imagine? Bedpans.
Yet they persist. The Americans, too, are said to be taking interest.
Meanwhile, in the wards here, I lose patients to infections that a hand-
ful of milligrams might save. Last week, a young woman, a mother of
two, died of puerperal fever. Beta, she kept asking, ’Doctor, is there no-
thing?’ There was nothing. Nothing but poultices and prayers.
I wonder if Florey understands what his work means to those of us so
far fromOxford’s laboratories.

14 December 1942

The famine deepens. Bhagwan, what a year this has been. The rice sup-
plies fail, and now Bengal starves while fighting a war that seems infini-
tely far away. Yesterday, a man came to the hospital with a suppurating
leg wound. Malnutrition. Infection. I gave him what comfort I could,
but he was already beyond saving. This morning, he was dead.
I read yesterday that Florey and Heatley have traveled to America to
work with their researchers there. The Americans, with their vast reso-
urces and industrial might, are now involved. Perhaps from across an
ocean, miracles can be manufactured.

3 August 1943

A report in The Lancet describes something remarkable: an American
laboratory in Illinois has begun growing the penicillinmold in deep fer-
mentation tanks. Massive fermentation—producing yields that are in-
comprehensible compared to the old bedpan method. The Americans
are scaling production toward grams, then kilograms.
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But read thedate, andunderstand thebitter irony: this verymonth, tho-
usands upon thousands in Bengal are dying of starvation. Twomillion,
some say. Cholera. Dysentery. Infections bloom in the weakened bo-
dies of the starving, and I have no penicillin, no antibiotics, only words
of comfort.
I think of penicillin sitting in fermentation tanks in Illinois while chil-
dren die on Calcutta’s streets. Is this not the truest measure of global
inequality?

20 January 1944
ThePfizer company inAmerica is nowmass-producingpenicillin.Ame-
ricanpharmaceutical houses are acceleratingproduction at extraordina-
ry rates. One reads ofmillions uponmillions of units beingmanufactu-
red. The drug that did not exist five years ago will soon be abundant—
abundant, at least, in America and Britain.
I wonder when it will reach India. When will the poor patients of Cal-
cutta receive what London hospitals take for granted?

7 June 1944
D-Day. The invasion of Normandy. Every newspaper screams of the
invasion.Hundreds of thousands of soldiers are landing in France, and
American medical supplies—including penicillin, in quantities hither-
tounimaginable—are accompanying them.Threehundredbillionunits,
one report states. Three hundred billion.
Soldiers will live who would have died of infected wounds. British and
American boys will survive because of penicillin. And India? We wait.

22 October 1945
Fleming, Florey, and Chain have been awarded the Nobel Prize in Phy-
siology orMedicine. Fleming receives the lion’s share of public acclaim,
of course. The newspapers celebrate him as the discoverer, the brilliant
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scientist who stumbled upon genius. Less is said of Florey’s systematic
research, of Heatley’s technical innovations, of the American pharma-
ceutical companies that actually produced the drug in quantities that
matter.
I amnot ungrateful for Fleming’s discovery. But I think of all the others
whose names will never be known, whose contributions were equally
vital. And I think of my patients who died while the world celebrated.

15 November 1945
The war is finished. Bhagwan be praised, the war is finished. The new-
spapers say penicillin will now be available to civilian populations, that
the drug will be distributed globally. I have written to contacts in Lon-
don asking about supplies for India. The wait begins again—but this
time, perhaps, with hope.

3 February 1946
A small shipment of penicillin has arrived at PresidencyGeneralHospi-
tal. Twelve vials. Twelve vials for a hospital serving a city of millions.
I held the first vial up to the light, examining it with the reverence one
might give to a holy relic. The assistant matron stood beside me. ’Do-
ctor,’ she whispered, ’what will we do with so little?’
’We will choose,’ I said quietly. ’We will choose who receives this mirac-
le. And we will pray that we choose wisely.’
Tonight, I will use the first vial on a young boy with a streptococcal
infection of the throat. Tomorrow, perhaps, another patient. But this
is the end of an era of helplessness. Accha. Finally, accha.

Dr. Rajendra Sharma became one of the first Indian physicians to imple-
ment penicillin therapy systematically in clinical practice following the
war’s end. His meticulous documentation of tropical infections treated
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with penicillin formed the basis of a series of papers published in the In-
dian Medical Gazette between 1947 and 1953, which became standard
references for a generation of Indian physicians. He attended a medical
conference in London in 1948 where he met Howard Florey, and the two
men spoke for an hour about the particular challenges of antibiotic thera-
py in tropical climates. Florey later cited their conversation in a lecture
on the global distribution of penicillin. Sharma was appointed head of
the infectious diseases ward at Presidency General Hospital in 1950 and
held the position for fifteen years, during which he trained over two hun-
dred junior doctors.Hewas a vocal advocate for the establishment of dome-
stic antibiotic manufacturing in India, arguing in a 1955 address to the
Indian Medical Association that ’no nation can call itself sovereign if it
must import the means to save its own children.’ He retired in 1968 and
spent his later years writing a history of infectious disease treatment in
Bengal, which was published posthumously. He died in Calcutta in 1974,
aged seventy-one. His son became a microbiologist.
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Résistant, Maquis du Vercors

The mountains will be our fortress, and our anger will be our
ammunition. La patrie will be free.

8 April 1942
I have joined theMaquis. This decision,made in the darkness ofmy he-
art, is now irreversible. Papawill never understand.Mamanwept when
I told her I was going into the mountains. But how could I remain in
Lyon,watching theGermans parade through our streets, seeing French
gendarmes collaborate with our oppressors? Non. The mountains call
to men like me.
We are perhaps two hundred strong in this sector, scattered across the
Vercors plateau. The air is thin and cold, and freedom tastes like pine
and stone.

15 July 1942
Life in the Maquis is nothing like the romantic notion I carried from
Lyon. We are hungry, always. We are cold. Yesterday, a German patrol
came close—so close I could hear their boots crunching on gravel. We
lay motionless in the brush for three hours, afraid to breathe. When
they finally passed, three of our men had to be carried to another camp
because their legs had cramped so badly they could not walk.
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But we are free. In the mountains, we answer to no one but ourselves
and la patrie.

12 February 1943

Sabotage of the railway line southeast of Grenoble. We derailed a Ger-
man supply train carrying ammunition and food. The explosion was
magnificent—flames reaching toward heaven. Afterward, we melted
back into the forest, our hearts thundering. Four of us were wounded.
We have no doctor, no medicine. One man, Luc, has an infection be-
ginning in his leg. I do not like to think about what that means.

23 November 1943

TheGermans knowwe are here now. That is no longer a secret whispe-
red in the darkness. There have been more patrols, more searches. We
have created a radio transmitter and make contact with London. The
British are listening. They know of the Vercors. They say help will co-
me. We say nothing, but hope burns quietly in our chests.

Mon Dieu, sometimes I wonder if I will see Paris again. Sometimes
I pray I will.

14 April 1944

The rumors grow stronger. The Allies will invade France. Soon. Very
soon.Weare preparing—gatheringweaponsdroppedbyparachute, tra-
ining new recruits, planning actions for when themoment arrives. The
tension is almost unbearable.We are like coiled springs, waiting for the
signal to release.

I write this in a cave, by candlelight, and I think: soon, perhaps, we will
be soldiers of France once more, not ghosts in the mountains.
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6 June 1944

D-Day has come. The radio broadcasts the news of the invasion. Eisen-
hower’s voice, calling on the French to resist. Camarades, we are we-
eping with joy. The liberation has begun! The Allies are in Normandy.
The war is turning. We must prepare for our role in this grand libera-
tion.

22 July 1944

MonDieu. Mon Dieu, what have we done?
The Germans came in force—thousands upon thousands, with tanks
and artillery. Operation Bettina, we learned later. They meant to crush
us, to make an example of the Vercors. We fought. Camarades, we fo-
ught with everything we had. But how can rifles and determination
stand against mechanized might?
They took Vassieux. They took the plateau. We scattered into the fore-
sts. Some escaped.Many did not. I saw things today that will live in my
nightmares forever.

25 July 1944

Merde.
I amhit. AGermanmachine gun caughtme across the hip and leg aswe
retreated through the pine forest. I can barely walk. The pain is extra-
ordinary. I have tied strips of cloth around the wound, but there is so
much blood. So much.

28 July 1944

I have been hidden in a farmhouse for five days. An old woman named
Roussette foundme bleeding in a ravine and carriedme here—I do not
know how she managed it, for I must weigh more than she does. The
wound is infected. I can feel it, the heat radiating from the flesh, the
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poison spreading through my leg. I told Roussette to leave me, to save
herself, but she refused with a stubbornness that reminds me of my
mother.

Yesterday, anAmerican soldier appeared at the door—amedic with the
Free French Forces. He examinedmy wound and said something extra-
ordinary: ’We have medicine now. New medicine. You are going to be
all right.’

He injected something into my arm—he called it penicillin. A miracle
drug, he said. British discovered it. Now the Americans produce it in
great quantities.He changedmybandages, gavemepainkillers, and said
to rest.

Tonight, the fever is less. I begin to believe I might live.

15 August 1944

The infection is retreating. The American medic came again, injected
more of the penicillin.The fever has broken entirely. Thewound,while
still painful, no longer threatensmy life. I can stand now, with support.
I can walk a few steps.

I asked the medic how this medicine works, and he said honestly he
does not fully understand it himself. Something about killing bacteria.
Something discovered by a scientist named Fleming, refined by Florey,
mass-produced by Pfizer. A miracle of modern science.

I think of all the camarades we lost in the Vercors uprising. If only they
could have had this medicine. If only they could have lived.

25 August 1944

Paris is liberated! The radio reports that General de Gaulle has entered
the capital. Vive la France! I wept when I heard. Three years of German
occupation, and now it is finished. The penicillin courses through my
body, knitting my flesh back together, and France rises from her knees.
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I amweak still, but I am alive. By all rights, I should be dead—bleeding
out in a ravine, or dying of infection in that farmhouse. But this drug,
this impossible drug, savedme. I must return to the fight. I must finish
what we started.

12 October 1944

I have rejoined the Free French Forces. The wound is nearly healed—
barely a limp remains. I canfire a rifle, throwa grenade, climb ahill. The
American medic came to see me off, and he pressed an extra packet of
penicillin tablets into my hand. ’For luck,’ he said with a smile.
I will not need luck. I will need courage. The war moves toward Ger-
many now, and I mean to be part of its final chapter.

3 November 1944

Wemarch east, toward the Rhine. My leg aches after long days of mar-
ching, but it holds. The weather turns cold. We are in Alsace now, fi-
ghting through small towns liberated and then retaken by German co-
unterattacks. Every day brings casualties. But we are winning. France is
being freed, piece by piece, village by village.
I think often of that farmhouse, of oldRoussette’s weathered hands, of
the American medic and his miraculous injection. They gave me a se-
cond life. I will not waste it.

Jean-Pierre Moreau recovered fully from his wound thanks to penicillin
treatment in the Allied field hospital nearGrenoble, a recovery he attribu-
ted in equal measure to medicine and to what he called ’the stubbornness
of the French body.’ He returned to active service with the Free French For-
ces in October 1944 and fought in the campaign to liberate Alsace. On 20
January 1945, during Operation Nordwind — the last major German
offensive on theWestern Front —Moreau was killed by a sniper’s bullet
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near Colmar while leading a reconnaissance patrol. He was twenty-three
years old. His body was recovered by his unit and buried in the military
cemetery at Sigolsheim, in the shadow of the Vosges mountains. He was
posthumously awarded the Croix de Guerre with Palm and theMédaille
de la Résistance. His diary was found among his possessions and retur-
ned to his sister, Élise, in Lyon, who preserved it for the rest of her life.
In 1964, the municipal council of his home village in the Drôme placed
a small stone marker at the trailhead where he had first joined the Ma-
quis, inscribed simply: ’Jean-Pierre Moreau, 1921–1945, Résistant.’ His
sister donated his diary to theMusée de la Résistance et de laDéportation
in Grenoble in 1985, where it remains part of the permanent collection.
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Deputy Director, Pharmaceutical Supplies Division, Ministry of Supply,
London

One learns, over time, that miracles require paperwork.
Preferably in triplicate.

18 September 1941
Called into meeting with Florey and the Oxford chaps. They are qu-
ite excited about this penicillin business—successfully treated a poli-
ceman, they say, though the fellow seems to have expired anyway due
to insufficient supply. Florey has the audacity to ask the Ministry to
prioritize penicillin production as if we do not have approximately one
thousand other pressing demands on our resources.
I explained, as politely as one can to academics who live in ivory towers,
that wartime production is not a simple matter of ’doing more.’ The-
re are bottlenecks, priorities, competing needs. He looked at me with
such disappointment. Clearly, he expected better from His Majesty’s
government.

14 March 1942
TheAmericans are now involved,which is either the best orworst news
possible—I have not yet determined which. Florey is traveling to the
States. Good riddance, perhaps, though I suspect this will mean the
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Americans will now believe they invented penicillin, or will at mini-
mum demand credit disproportionate to their contribution.
Meanwhile, production inBritain remainspathetic.Twohundredgrams
per month. Two hundred grams. Wemight need two hundred million.
The gap between need and capacity is so vast one could navigate a bat-
tleship through it.

8 August 1942
Memo from the Chief of the General Staff requesting priority alloca-
tion of all penicillin production to military use. As if the Ministry of
Health is not already sending letters daily requesting civilian allocations
for burns, wounds, infections. I have created a committee—the Penicil-
lin Allocation Committee—which meets weekly to make impossible
decisions.
Lastweek: Shouldwe allocate 500 units to a soldierwith infected shrap-
nel wound, or 500 units to a civilian child with streptococcal meningi-
tis? We chose the soldier. Such are the calculus of war.

22 February 1943
Received a memo this morning that Churchill himself has requested
a personal supply of penicillin be kept available for his use. For his per-
sonal use. As if the Prime Minister, who sits comfortably in Downing
Street, should consume a drug that could save ten soldiers’ lives apiece.
I did not write this memo. I will not speak of it. It does not exist. But it
exists, and I have filed it, and the penicillin sits in a locked cabinet.
This is what one learns in government: do not ask questions you do not
wish to know the answers to.

16 June 1943
The Americans are producing penicillin at scales that would have se-
emed impossible twoyears ago.Deep fermentation tanks. Pfizer,Merck,
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Abbott—all racing to produce quantity. They will have millions of
units by year’s end.
Britain, naturally, will have a fraction of that amount.We discovered it,
researched it, proved itworks, andnow theAmericanswill have enough
to treat their entire army while we ration ours.
No one at the Ministry seems disturbed by this. We are allies, after all.
We should be grateful for American industrial capacity. And we are.
Mostly.

12 September 1943
A delegation from Pfizer has visited. They are building a new facility
in Brooklyn—a vast factory dedicated solely to penicillin production.
They project fifty million units monthly by 1944. Fifty million. The
man presenting these figures said it with the pride of someone who has
built something genuinely extraordinary. I suppose they have.
I congratulated them, shook their hands, and returned to my office to
face the reality that Britain will be purchasing penicillin fromAmerica
for the remainder of the war and beyond.
Once, we were the empire upon which the sun never set. Now we beg
for medicine from former colonials.

17 September 1943
Form 47B has been revised. Again.

3 March 1944
Three hundred billion units of penicillin are now in stockpile for D-
-Day. Three hundred billion. Every American soldier will carry penicil-
lin in his medical kit. British soldiers will have access as well, though in
lesser proportion—this was decided by committee, naturally.
Someone asked me this week how many lives we have saved by ensu-
ring penicillin production. I do not know. Thousands, certainly. Per-
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haps tens of thousands. And how many has Fleming’s publicly, given
the newspapers treating him like a saint while Florey toils in obscurity?
The papers love Fleming—the brilliant maverick who stumbled upon
genius. Less romantic than the systematicwork of a teamof researchers,
of course.

17 May 1944
D-Day is imminent. The hedgerow farmers ofNormandy have no idea
what is coming. The Ministry has requisitioned every available vial of
British penicillin production for the invasion force. Civilian hospitals
are running on reserves.
I received a letter from a physician in Manchester requesting penicil-
lin for a child with rheumatic fever. I approved a single vial. One vial.
For a child in the entire northwest of England. This is the impossible
calculus of total war.

7 July 1944
Six hundred thousandAllied soldiers are now inNormandy. Themedi-
cal reports indicate that penicillin is performing as promised—infected
wounds are being treated, gangrene prevented, lives saved. The Ameri-
cans have a surplus so large they are not even concerned about careful
rationing.
Meanwhile, back in Britain, the civilian allocation remains inadequate.
People are dying of preventable infections while warehouses in Nor-
mandy overflow with penicillin. This is strategy, I am told. This is war.
I have learned not to question these determinations. I merely execute
them.

2 October 1944
The public narrative around penicillin has solidified: Fleming discove-
red it, Florey and Chain researched it, and the Americans mass-produ-
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ced it. In the newspapers, Fleming is the hero. In scientific journals, Flo-
rey receives adequate recognition. In my office, I know the truth is far
messier—that Fleming’s contribution, while important, was acciden-
tal; that Florey’s team did the real work; that Chain’s chemistry was es-
sential; that American pharmaceutical companies, motivated by profit,
saved more lives than patriotism ever could.
But these complexities do not make for inspiring newspaper headlines.

6 June 1945

Thewar inEurope is finished.VEDay.The celebrations arequite genuine—
people dancing in the streets, relief tangible as summer rain. Penicillin
is no longer prioritized for military use. Slowly, gradually, supplies are
beginning to reach civilian hospitals.
I have submitted my preliminary report on wartime pharmaceutical al-
location to the Ministry. It is, I suspect, far too candid about the com-
promises, the political decisions, the inequities. It may never be publi-
shed. But it is on the record.
My work here is nearly complete. One final year, and I retire. I have
earned, I think, some peace.

Colonel Harold Whitmore retired from the civil service in 1958 after
a thirty-two-year career that spanned the interwar period, the Second
WorldWar, and the early ColdWar. His unpublished memoir, provisio-
nally titled ’The PaperworkWars:Medicine and Bureaucracy in the Age
of Penicillin,’ was submitted to the Ministry of Supply’s internal review
board in 1960 and returnedwith the suggestion that certain passages were
’perhaps too candid for the present moment.’ He revised it twice but never
published it.Whitmore lived in retirement in Hampshire, where he kept
bees andwrote letters to The Times on subjects ranging fromNationalHe-
alth Service funding to the declining quality of government stationery.He
was known to remark that the war had taught him two things: that mi-
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racles require forms in triplicate, and that the people who save the world
rarely get to choose who receives the credit. He attended the unveiling of the
Alexander Fleming LaboratoryMuseum at St.Mary’s Hospital in 1993,
at the age of ninety-one, and was heard to observe that the museum gift
shop soldmore penicillin-themedmerchandise than the Oxford team had
ever produced in actual penicillin. He died in 1996, aged ninety-four.
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Laboratory Assistant, Sir William Dunn School of Pathology, Oxford

The secret to science is understanding that the bedpans don’t
actually care what you think about them.

22 November 1939
Started at the Dunn School this morning. Mr. Heatley showed me the
laboratory where I’ll be assisting. Clean enough, I suppose, though the
sink’s temperamental.Thework involves cultivatingmolds—specifically
Penicillium notatum, which sounds like something a classical scholar
made up on a Tuesday.
I’ve been told the job is about growing cultures of this particular mold
and perhaps, if we’re very lucky, extracting something useful from it.
Mr. Heatley has a way of speaking about mold as if it’s a person with
moods and preferences. I think he’s only half joking.

12 January 1940
Themold has opinions. Specifically, it has opinions about temperature,
humidity, light exposure, and whether or not it feels appreciated. Mr.
Heatley spends hours adjusting the laboratory conditions like a man
tuning a wireless set that broadcasts in frequencies only fungi can hear.
This morning I flooded one of the cultures trying to be careful. Mr.
Heatley looked at me the way one might look at a person who’s just
accidentally invented a new problem.
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”That’s fine, Potts,” he said. ”The mold is resilient. We should all be so
resilient.” Then he went back to his notes. I am learning that science
requires patience of a sort they don’t teach in school.

25 May 1940
The mouse experiment came off today. Eight mice, infected with a le-
thal strain of staphylococci. Four were given the penicillin extract; four
were left as controls. I watched them in their cages, these small furry
creatures who had no idea they were participating in history.
Mr.Heatleywouldn’t letme hope. ”We don’t know yet, Potts,” he said.
”We’re only watching. Hope is a luxury for later.”
But by this evening, it was clear. The treated mice are recovering. The
untreated ones are dying. Four lives savedby a substancewe grew inbot-
tles on a shelf. Four lives ended by disease. It’s the sort of mathematics
that makes you wonder about your place in it all.

3 June 1940
The mice survived. Genuinely survived. Mr. Heatley has written it all
up very carefully and objectively, which is strange because I can see his
hands shaking slightly as he writes. He probably thinks I haven’t noti-
ced.
We’re talking about human trials now. The impossible has become the
merely difficult. That’s how science works, I’m learning. You work on
something you think is mad, and then it stops being mad and becomes
urgent instead.

19 August 1940
More cultures to manage now. The laboratory is becoming a small fo-
rest ofmold. I’ve learned to spot contamination fromacross the room—
the smell changes, and you develop an intuition for when something’s
gone wrong.
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Mr.Heatley’s designed a new extractionmethod using ether. It’s quite
elegant, actually. The kind of thing that seems obvious only after so-
meone’s thought of it. I’ve helped him set up the apparatus three times
now, and each time it works more smoothly.
He mentioned that Dr. Chain and Dr. Abraham are doing wonderful
work on the chemistry side. We’re part of a team, though mostly we
work here in our little corner of Oxford, with our mold and our certa-
inty that we’re onto something real.

8 December 1940
The bedpans have arrived.

10 December 1940
One hundred and seventy-four bedpans. Handmade pottery bedpans
from Staffordshire. They arrived in crates like some bizarre practical
joke the universe was playing on us.
Mr.Heatley looked at themwith the expressionof amanwhohasmade
peace with the fact that his life has taken an unexpected turn. ”Perfect,”
he said. ”Large surface area. Ceramic doesn’t interact with the culture.
Easy to clean.”
I realized then that there are two types of problems in science: the ones
you can solve through understanding, and the ones you solve through
bedpans. We appear to have both.
We’ve started inoculating themwithmold cultures.The laboratorynow
looks like an alchemist’s dream imagined by a particularly literal-min-
ded pottery factory. I cannot quite believe this is my job. I also cannot
imagine doing anything else.

12 February 1941
Albert Alexander. That’s the name of the first patient. A policeman
fromOxford. He had a scratch from a rose thorn that became infected,
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and the infection spread until it was eating him alive from the inside
out.
We extracted enoughpenicillin from the bedpans to attempt treatment.
It was terrifying and miraculous in equal measure—the purity, the qu-
antity, the fact that we had something to give besides hope andmorphi-
ne.
Mr. Heatley hasn’t slept properly in three days. Neither have I, if I’m
honest. We’re past the realm of laboratory science now. We’re in the
realm of trying to save a man’s life with something we grew in bedpans.

15 March 1941

Albert Alexander died yesterday morning.
We had so little. The penicillin helped—it truly did—but not enough.
The infection had gone too far beforewe could treat it.Mr.Heatley sto-
od in the laboratory for hours withoutmoving, looking at the bedpans
as if they’d somehow betrayed him personally.
I didn’t know what to say. Still don’t.
ButHeatley said something I’ll remember: ”Weweren’t wrong.We just
weren’t enough. Yet. The science is sound.We simply needmore. Faster
purification. Larger quantities. Everything.”
He sounds like a man who’s decided to move mountains. I believe he
might. Using bedpans.

2 June 1941

Professor Florey is leaving forAmericawithMr.Heatley.They’re going
to try to interest the Americans in the work—get American industry
involved in scaling it up. Wartime collaboration, they call it.
I’ll be continuing here with the cultures, managing the bedpan forests,
training the new assistant. It’s strange to feel simultaneously insignifi-
cant (the work will continue without me) and essential (the work will
not continue without these cultures being properly maintained).
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Mr. Heatley pulled me aside before he left. ”You’re good at this, Potts.
Better than good. You understand the rhythm of it. Keep them healthy.
This matters more than you know.”
Then he was gone, off to America to convince Americans that the fu-
ture of medicine lives in bedpans.

4 November 1941

Letters from Mr. Heatley. The Americans are interested. Deeply inte-
rested. They’re talking about industrial fermentation, about hundreds
of millions of units, about completely different approaches to the pro-
duction problem.
Meanwhile, in Oxford, I’m still managing my bedpans. It’s rather like
being the caretaker of a small, moldy empire while the generals plan for
conquest elsewhere.
But this is important too. The foundation has to be sound. The cul-
ture has to be pure. All those enormous American plans rest on work
being done carefully here, in a laboratory in Oxford, by a man and his
bedpans.

16 July 1942

The new assistant is competent but timid. She’s afraid of the mold, as
if it might suddenly revolt. I’ve tried to explain that the mold is our
partner in this enterprise—difficult and temperamental, yes, but fun-
damentally cooperative. You learn its preferences, you accommodate
them, and it gives you what you need.
Much like laboratory work in general, really.

22 March 1943

News from America. They’ve found a new strain—apparently disco-
vered on a cantaloupe in Peoria. Better-yielding. And they’re talking
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about something called deep-tank fermentation—enormous vats whe-
re they’ll grow the mold on an industrial scale.
The bedpans feel obsolete suddenly.Wewere the cutting edge, and now
we’re the charming historical example. It’s rather like being told your
thatched cottage was once the height of architectural achievement.
But Mr. Heatley wrote: ”Don’t let it discourage you. We proved the
principle. The Americans are scaling what we discovered. All of this
leads back to Oxford, to bedpans, to your careful cultivation. History
will note the tanks. I hope it notes the bedpans too.”
I hope so as well. Someone should know that the war was nearly won
with pottery vessels originally designed for entirely different purposes.

3 September 1943

It’s become real in a way it wasn’t before. The Americans have a facto-
ry. They’re producing penicillin by the hundreds of millions of units.
The extract we spent months perfecting in tiny quantities, they’re now
making in vats taller than houses.
I should feel something more than this strange combination of pride
and irrelevance. We were right. We were right about all of it. And now
the world has moved on to scales we couldn’t imagine.
Yet the cultures here—mycultures—they’re still beingmaintained. Still
being used as references, still being consulted. Nothing is truly left be-
hind in science. You simply become the foundation that everyone else
stands on.

6 June 1944

D-Day. We heard it on the wireless in the laboratory.
When you work on something for years—bedpans and mold and ca-
reful extraction—you don’t think about it in terms of soldiers. Then
suddenly there are soldiers, hundreds of thousands of them, crossing
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a channel toward France, carrying with them penicillin we helped cre-
ate.
Mr.Heatley’s last letter said that Pfizer has enough to send to every field
hospital. Enough for almost any wound to be saved from infection. All
those lives, and somewhere in the chain of causation, a man in Oxford
and his bedpans.
I don’t know how to feel about that except to know that I feel it very
deeply indeed.

Arthur Potts continued as a laboratory technician at the Sir William
Dunn School of Pathology for thirty-two years, training three generations
of researchers in the careful art of microbial cultivation and what he cal-
led ’making do with what the budget allows.’ He never received formal
recognition for his role in the penicillin project, a fact he appeared to find
more amusing than unjust.WhenNormanHeatley was finally awarded
anhonorary doctorate byOxfordUniversity in 1990— the first such hono-
ur given to a non-graduate in the university’s eight-hundred-year history
—Potts attended the ceremony andwas seen to applaud longer and louder
than anyone else in the Sheldonian Theatre. He retired in 1972 and lived
in a terraced house in Jericho, Oxford, where he kept a small greenhouse
that he referred to as ’the laboratory’ and his neighbours referred to as
’the shed.’When asked by a local reporter in 1995 what it had been like to
grow the world’s first antibiotic in bedpans, he replied: ’The mould didn’t
care what it was growing in, and neither did I. We just got on with it.’
He attended Heatley’s memorial service in 2004 and read a short passa-
ge from a letter Heatley had written him in 1941, which concerned the
optimal temperature for drying penicillin extract and contained no sen-
timent whatsoever. He died in Oxford in 2008, aged ninety-two.
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Process Engineer, Pfizer Inc., Brooklyn, New York

Mymom didn’t raise me to be afraid of fermentation tanks.
Everything else, maybe, but not tanks.

18 May 1943
They’ve transferred me to the penicillin project. JohnMcKeen himself
explained it—Pfizer’s going to scale upproduction to supply the armed
forces. They want someone who understands fermentation, someone
willing to work double shifts.
My father came toAmericawithnothing andbuilt a life.He’dbeproud.
My matka Boska would say a prayer and tell me not to get hurt.
I told her I was working on a medicine project. She asked if I was a do-
ctor. I said no, I was a process engineer. She asked if that was important.
I said yes. She made the sign of the cross.

8 July 1943
Theywant to convert anold iceplant inBrooklyn into thepenicillin fac-
tory. An ice plant, cholera. I spent yesterday touring it—massive space,
good refrigeration already in place, structurally sound. It could work.
It’ll take a miracle, but it could work.
McKeen asked if I thought it was possible. I said, ”Mr.McKeen, my fa-
ther built a construction business from a borrowed hammer and a wil-
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lingness toworkuntil his handsbled. If he coulddo that,we can convert
an ice plant into a medicine factory.”
He smiled and told me to start drawing up specifications. This is Ame-
rica. This is what happens when you show up and believe you can do
something impossible.

3 October 1943
The conversion’s well underway. We’re bringing in equipment from
everydivision—copperpiping, steamsystems, fermentationvessels.The
place is a construction site and a factory at the same time.
I’ve been living at the site mostly. My landlady asked why I wasn’t sle-
eping at home. I told her I was building something important. She said
all work was important. I said this work was going to save soldiers’ lives.
She packed me extra sandwiches and didn’t ask again.
The men working here—carpenters, electricians, engineers—they sen-
se it too. This isn’t just another factory. This is the factory that matters
right now.

28 February 1944
Twodays untilweopen.The fermentation tanks are inplace—fourteen
of them, massive stainless steel vessels, each one holding 7,500 gallons.
They look likemetalmonuments to somethingwehaven’t quite named
yet.
I’ve run calculations a thousand times. The temperature controls are
precise. The air filtration is cleaner than a hospital operating theater.
The cooling systems are redundant—nothing’s going to fail because
Jim Kowalski decided to trust a single system.
Jezus Maria, I’m nervous. But I’m ready.

1 March 1944
We opened today.
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The first batch of medium was prepared at 0600 hours. By 0800, we
were introducing the inoculum—thePenicilliumstrain that came from
Oxford, from bedpans and careful work on another continent.
Those fermentation tanks filledwith the beginnings ofmedicine. I wat-
ched them, and I thought about my father, about all the immigrant
workers who built America, and about the fact that today we’re not
just building—we’re creating something that will save lives.
McKeen asked how it looked. I said, ”It looks like faith, sir. Industrial
faith.”

15 April 1944

Thefirst extraction is successful.The yields arebeyondprojection.We’re
producing penicillin at a scale that seemed impossible six months ago.
I’ve trained a team tomanage the tanks—youngmen, mostly, some ba-
rely out of school. I watch them learn, and I understand that they’re le-
arning to be part of history. They don’t know it yet. They think they’re
just managing chemical processes and temperature controls.
But they’re learning to save lives, and they’re doing it in Brooklyn, in
a converted ice plant, with Pfizer equipment and American determina-
tion.
Na zdrowie. To health.

4 May 1944

Production quotas are beingmet and exceeded. TheArmy is calling da-
ily asking when we can increase capacity. McKeen asks me if it’s possi-
ble. I tell him what’s possible is relative—what’s necessary is absolute.
We’re working twenty-hour days. My team is running on coffee and
the knowledge that every unit we produce might save a soldier. I think
about that constantly. Not to make myself feel noble, but because it’s
true. The chemistry doesn’t care about nobility. The soldiers will care
about the result.
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One of the new men, Tommy from Jersey, asked me if I ever get sca-
red running such enormous operations. I told him yes, every day. Then
I told him to use that fear as a compass—it points toward precision and
care. Fear is useful when it makes you better at your job.

6 June 1944 — 0700
They’re on the beaches. Our penicillin is with them. Matka Boska.

7 June 1944
D-Day.
We knew it was coming. TheArmyhad been requestingmaximumpro-
duction for weeks. Yesterday, McKeen called a meeting and explained
that the invasion of Normandy was happening today. Pfizer would be
providing penicillin—millions of units—to the field hospitals.
I stood in the factory floor and looked at those fourteen tanks. Two
months ago, they were empty steel monuments. Now they contain the
product of countless hours of work. American science. American indu-
stry. American determination.
Somewhere in France, soldiers are landing on beaches. And somewhere
in the supply chains, there’s penicillin from Brooklyn that might save
them.
My father built with his hands to create something lasting. I’m doing
the same, but the blueprint is for a world where those soldiers come
home.

29 July 1944
We’ve produced three hundred billion units so far this year. Three hun-
dred billion. The number is so large it becomes abstract. You have to
think of it in terms of individual doses, individual soldiers, individual
lives saved.
Then it becomes real again, and the weight of it almost breaks you.
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McKeen told me that Pfizer is providing ninety percent of the penicil-
lin being used in the European theater. Ninety percent. This factory.
These tanks. This team of men, mostly Polish, Italian, Irish, German,
Jewish—the whole American melting pot working the same goal.
My father would say that’s the real victory. Not just surviving, but bu-
ilding together.

18 October 1944

Contamination scare yesterday. One of the tanks developed a bacte-
rial culture that wasn’t supposed to be there. My heart stopped for
a moment—the possibilities of a failed batch, of having to start over.
But the filtration systems caught it. The redundancy worked. We isola-
ted, cleaned, sterilized, and resumed.
I realized I’ve created something thatworks because Iwas paranoid abo-
ut failure. Every extra safeguard, every redundant system—that’s fear
translated into engineering. And fear translated into engineering saves
lives.
Choleera, I’m proud of this work.

19 December 1944

Supply numbers are astonishing. We’re talking about enough penicil-
lin to treat virtually any bacterial infection in the theater of war. Before,
that would have been science fiction. Now it’s standard military logi-
stics.
There’s talk about what happens after the war. Peacetime uses for pe-
nicillin. Commercial production. The idea that this medicine that was
a miracle two years ago will become ordinary.
I don’t knowhow to feel about that. Part ofmewants it to remain extra-
ordinary. Part ofmewants it to become so common that infections stop
being death sentences.
I suppose the second part is the right instinct.
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7 May 1945

V-E Day.
We celebrated at the factory. McKeen brought champagne. The men
cheered, some of them cried. Tommy from Jersey talked about his bro-
ther coming home fromGermany. The war in Europe is over.
The fermentation tanks kept running. The work doesn’t stop because
the war stops. If anything, it accelerates—nowwe can think about sup-
ply for peacetime, about civilian use, about medicine becoming availa-
ble to people who aren’t soldiers.
My matka Boska lit candles in church today. She thanked God for the
victory. She thankedGod for her son’s safety. She probably didn’t men-
tion the ice plant in Brooklyn, but I like to think God knows about it
anyway.

14 August 1945

Japan surrendered. The war is genuinely over.
I’m thinking aboutwhat comes next. Peacetime.Civilian life. A factory
that’s built not for war but for healing in general.
McKeen asked if I wanted to stay on as Chief Process Engineer. Better
pay, more responsibility, management of an entire division.
I said yes before he finished the sentence. Because this work—this work
is what my life should be about. Building things that last. Building
things that save lives. Building the future.

14 December 1945

News that Florey, Chain, and Fleming won the Nobel Prize for their
discovery of penicillin. It’s right—it is right. The science was their vi-
sion.
But I thought about the ice plant, the fermentation tanks, the conver-
sion that made it possible to produce enough for the whole war. The
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Nobel Prize is for discovery. What about for making discovery into sa-
lvation?
McKeen asked if I felt bitter. I told him no. I feel proud. We weren’t
inventors, but we were essential. That’s enough. More than enough.
My father used to say that America is a country where a man can build
and matter. Looks like he was right about that.

James Kowalski worked at Pfizer for thirty-five years, rising from process
engineer to Chief Process Engineer and eventually to Vice President of
Manufacturing Operations. He pioneered improved fermentation proto-
cols that became industry standard across the American pharmaceutical
sector, and held seven patents related to large-scale antibiotic production.
In 1999, he attended the ceremony at which the American Chemical So-
ciety designated Pfizer’s wartime penicillin production as a National Hi-
storic Chemical Landmark, and was introduced as one of the original
engineers who had ’turned an ice plant into a pharmacy for the world.’
He retired in 1978 and lived in Bay Ridge, Brooklyn, not far from the si-
te of the original factory. In 2004, at the age of eighty-three, he visited the
NationalWorldWar IIMemorial inWashington,D.C., with his grand-
children. He stood for a long time before the FreedomWall with its four
thousand gold stars and wept, telling his granddaughter that each star re-
presented a death and that he had spent the war trying to prevent asmany
of them as possible. When his grandchildren asked what he had done in
the war, he said: ’I grew mould in tanks the size of swimming pools and
turned it into medicine.’ He died in Brooklyn in 2009, aged eighty-eight.
His family donated his wartime notebooks to the Pfizer corporate archive.
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ResearchMicrobiologist, All-Union Institute of Experimental Medicine,
Moscow

In the Soviet Union, we do not discover medicine by accident.
We discover it by order. The mold, however, does not

understand Soviet directives.

23 November 1942
Order came today from the Institute directorate.We are todevelop a So-
viet penicillin. Independently. Without Western collaboration, witho-
ut access to foreign research beyond what intelligence services can ob-
tain.
They call it ’Crustosin.’ It is a name that sounds Soviet, sounds authori-
tative. TheWestern penicillin comes from a mold discovered in North
America. Ours, they have decided, will come from Soviet soil, will be
extracted using Soviet methods, will prove that the USSR needs no-
thing from the capitalist West.
It is an enormous task. It is also, they have made clear, not optional.
Bozhe moy, what have they asked of us?

15 January 1943
The assignments are clear now. I am to lead the microbiological isola-
tion and culture development. Three other researchers report to me—
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two young microbiologists fresh from the university and one chemist
who seems perpetually suspicious of everyone.
We have samples of Penicillium species collected from across Soviet ter-
ritory. We are looking for a strain that yields well, that grows robustly,
that will make the Soviet claim of independent development credible.
The pressure is immense. The German war continues. The medical ne-
ed is urgent. And hovering over everything is the awareness that failure
reflects not just on our competence but on the ideology we represent.

3 March 1943

We have isolated a promising strain. Penicillium chrysogenum, collec-
ted from a soil sample near Kursk. The yield is adequate—not specta-
cular, but adequate. We’ve begun scaling the culture.
There is something quietly satisfying about this work, despite the po-
litical machinery surrounding it. The mold does not care about Soviet
directives. It grows according to biological law, which is the only law
that ultimately matters.
But of course, I keep these thoughts to myself.

17 April 1943

Crustosin has been tested at the Stalingrad front. Preliminary results
are excellent. The doctors report faster wound healing, reduced infec-
tion rates, soldiers surviving injuries that would have been fatal.
Zinaida Yermolyeva conducted the trials—she is brilliant, fearless. In
a rational scientific world, she would be my colleague in every sense.
In this world, she works in her institute, I work in mine, and we never
formally acknowledge our collaboration.
The results, however, matter more than the politics. Lives are being sa-
ved. Soviet medicine is proving itself on the battlefield. This is not no-
thing. This is everything.
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14 September 1943

Tovarishch Petrov observed the laboratory again today. He writes no-
thing. He watches.

9 October 1943

Production protocols have been established. We are making Crustosin
in quantities that would have seemed impossible two years ago. Themi-
litary is demanding more. The Institute directorate is demanding even
faster scaling.
There is an absurdity to Soviet science that I’m learning to navigate.We
are told to accomplish the impossible and forbidden to admit when ta-
sks are genuinely difficult. Sowe speak in terms of having accomplished
the difficult, and we work in secret to achieve what seems impossible.
One ofmy younger researchers askedme if this is how all science works.
I told himno—this is howSoviet scienceworks. In theWest, fromwhat
little we know, they presumably complain openly when tasks are diffi-
cult.

14 January 1944

Newdirective.We are to increase production another forty percent. By
spring. It is stated not as a request but as a mathematical fact that will
come to pass.
I have brought in two additional technicians. We’ve rearranged the la-
boratory to createmore culture space.We’ve implemented temperature
monitoring that is as precise as our equipment allows.
It is possible. Barely.Andonly if nothing else goeswrong—if there is no
contamination, if the strain doesn’t mutate, if the power doesn’t fail, if
the authorities don’t suddenly reassign my best workers to some other
priority.
Nichevo. We will accomplish it.
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6 April 1944

We have exceeded the production quota. Forty-two percent increase
achieved. Themilitary is pleased. The directorate is pleased. I am exhau-
sted and exhilarated in equal measure.
Today, standing in the laboratory surrounded by fermentation vessels
full of Crustosin, I felt something I don’t often admit—pride in Soviet
science. Not because of the ideology, but because of the work. We did
something difficult and did it well.
Themold did not care about our politics. It simply grew. And that was
enough.

24 June 1944

News of the D-Day invasion in the West. The Americans and British
are opening a second front against Germany. The scale of the military
operation is staggering.
It is impossible not to think about what our colleagues in the West are
doing. They are scaling penicillin production to unprecedented levels.
American industry is, by all accounts, miraculous in its capacity.
We haveCrustosin. It is good. It is saving Soviet lives. But I understand,
in the way that scientists do, that the West has achieved something we
have not yet reached—mass production on a scale that will change me-
dicine forever.
This thought I keep entirely to myself. To express it would be ideologi-
cal weakness.

15 September 1944

Tovarishch Director gave a speech celebrating Soviet scientific achieve-
ment and the independence of our medical discovery from Western
capitalist influence. It was stirring, patriotic, and also fundamentally
untrue.
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We know the basic principles from intelligence reports. We know the
general approach.We have developed it independently in the sense that
we did not have direct collaboration, but we were not developing it in
a vacuum.
No science exists in a vacuum. Knowledge flows, despite borders and
ideology and war. We learn from the world whether the state admits it
or not.

8 May 1945

Germany has surrendered.Thewar in Europe is over. Soviet forces have
reached Berlin.
There is genuine celebration in Moscow. The terrible years are ending.
And I realize, with some complexity of feeling, that Crustosin—our
Crustosin—has been part of the medical support that allowed our sol-
diers to survive and to fight and ultimately to win.
I am proud of this. I am also aware that pride can be dangerous in the
Soviet Union. It is better to express pride in the state’s wisdom in direc-
ting our work than in the work itself.
But the work is what matters. Always.

3 November 1945

Troubling meeting with the security apparatus. An internal review of
Institute activities. They asked about my reading habits (toomuch En-
glish-language scientific literature), my correspondence (occasional let-
ters to colleagues in Sweden,which they consider suspiciouslyWestern),
my attitudes (dangerously independent).
They used the phrase ”excessive admiration for foreign scientific me-
thods.” It was not quite an accusation. Not quite yet.
But it was a warning. And I understood: in the new peace, there will be
a reckoning. Not of the war, but of ideological purity. Scientists who
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have absorbed too much Western influence will be, if not eliminated,
certainly corrected.

12 December 1945

News that Florey, Chain, and Fleming received the Nobel Prize for the
discovery of penicillin. It is announced in Pravda with the appropriate
dismissal—Western recognition ofWesternwork, capitalist celebration
of capitalist achievement.
But the scientific world knows. They discovered it. We developed it
independently, which is true in one sense and deeply false in another.
They opened the door. We walked through it.
This is the paradox of Soviet science. We prove our worth by accompli-
shing what theWest has accomplished without acknowledging that we
learned from them. It is exhausting.
But thework remains true. Crustosinworks. It saves lives. That is scien-
ce, at least.

Vera Kovalenko continued antibiotic research through the Cold War de-
cades, publishing papers on antibiotic resistancemechanisms that were, in
retrospect, remarkably prescient. In 1948, during the anti-cosmopolitan
campaign that targeted Soviet scientists accused of excessive admiration
for Western achievements, she was summoned before an institutional re-
view committee and questioned about references to British and American
research in her published work. She was formally reprimanded but not
dismissed, partly because her expertise was considered too valuable to lose
and partly because a senior military officer intervened on her behalf, ci-
ting her contributions to wartime medicine. She was fully rehabilitated
in 1954 after Stalin’s death. Through the 1960s and 1970s, she published
a series of papers warning that the indiscriminate use of antibiotics wo-
uld eventually produce resistant bacterial strains — work that was large-
ly ignored at the time but has since been recognized as foundational to the
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field of antimicrobial resistance. She attended an internationalmicrobio-
logy conference in London in 1972, her first visit to theWest, and spent an
afternoon at the SirWilliam Dunn School of Pathology in Oxford, whe-
re she stood for several minutes in the laboratory where Florey’s team had
worked. She retired from the Institute in 1980 and died in Moscow in
1997, aged eighty-one. Her former students established an annual lecture
in her name atMoscow State University.
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• September 1928: Alexander Fleming, returning from holiday
to his laboratory at St. Mary’s Hospital in London, notices
a mould contaminating a petri dish of Staphylococcus bacteria.
A clear zone of killed bacteria surrounds the mould. He names
the antibacterial substance penicillin.

• 1929: Fleming publishes his findings in the British Journal of
Experimental Pathology. The paper attracts little attention.
Unable to purify penicillin or produce it in quantity, Fleming
largely abandons the research.

• 1933: Ernst Boris Chain, a young Jewish biochemist, flees Nazi
Germany and arrives in England with ten pounds to his name.
He will eventually join Howard Florey’s department at Oxford.

• 1938–1939: Howard Florey, an Australian pharmacologist
leading the Sir William Dunn School of Pathology at Oxford,
assembles a team including Chain, Norman Heatley, and
Edward Abraham to systematically investigate antibacterial
substances. Chain rediscovers Fleming’s 1929 paper.

• May 1940: The Oxford team conducts a landmark experiment.
Eight mice are infected with lethal streptococcal bacteria. Four
receive penicillin injections; four do not. By morning, the
untreated mice are dead. The treated mice survive.

• December 1940: Norman Heatley collects 174 handmade
ceramic bedpans from a pottery in Staffordshire. These become
the primary vessels for growing Penicilliummould— the
beginning of pharmaceutical production in the most
improbable of containers.



• 12 February 1941: Albert Alexander, a 43-year-old police
constable in Oxford suffering from a catastrophic
staphylococcal infection, becomes the first human being to
receive penicillin therapeutically. Within twenty-four hours his
condition improves dramatically.

• 15March 1941: Albert Alexander dies. The Oxford team’s
supply of penicillin, despite being recycled from the patient’s
own urine, proves insufficient to sustain treatment. His death
underscores both penicillin’s potential and the desperate need
for mass production.

• June–July 1941: Florey and Heatley travel to the United States,
arriving at the Northern Regional Research Laboratory in
Peoria, Illinois. American scientists discover that adding corn
steep liquor to the growth medium increases penicillin yields
tenfold.

• 1943: A laboratory assistant at the Peoria facility, later
nicknamed ’MoldyMary,’ brings in a cantaloupe from a local
market. The mould growing on it — Penicillium rubens strain
NRRL 1951— produces two hundred times more penicillin
than Fleming’s original strain. This single cantaloupe
transforms the economics of production.

• 1943: InMoscow, Soviet microbiologist Zinaida Yermolyeva
independently develops a Soviet penicillin variant called
crustosin and tests it on wounded soldiers at the Stalingrad
front.

• September 1943: Pfizer purchases the Rubel Ice Plant on
Marcy Avenue in Brooklyn, New York, and begins converting it
into a penicillin production facility using deep-tank
fermentation technology pioneered by Pfizer engineer Jasper
Kane.



• 1 March 1944: Pfizer’s Brooklyn factory opens with fourteen
fermentation tanks, each holding 7,500 gallons. Within
months, the plant produces more penicillin in a single day than
the entire output of 1943.

• 6 June 1944: Allied forces land on the beaches of Normandy.
Three hundred billion units of penicillin are in stock for the
invasion. Ninety per cent has been produced by Pfizer. Every
soldier carries penicillin in his kit. The drug will save an
estimated one hundred thousand lives in the European theatre
before the war’s end.

• July 1944: German forces launch Operation Bettina against the
Maquis du Vercors in southeastern France. Over ten thousand
German troops assault the Resistance stronghold. Hundreds of
French fighters are killed.

• 8 May 1945: Victory in Europe. Penicillin, mass-produced
across American and British factories, has transformed
battlefield medicine and reduced mortality from infected
wounds by approximately fifteen per cent.

• 10 December 1945: Alexander Fleming, Howard Florey, and
Ernst Boris Chain share the Nobel Prize in Physiology or
Medicine for the discovery of penicillin and its curative effect in
various infectious diseases. Norman Heatley, whose technical
innovations made production possible, is not included in the
award.

• 1946 and beyond: Penicillin becomes available to civilian
populations worldwide. It will go on to save an estimated two
hundred million lives over the following decades —more than
any other medical discovery in human history.
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