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Exploring the o6Therapeutic Biolo
Antibiotic Resistance and Experimental Pharmacology 1900
1940

Christoph Gradmann
Universitetet i Oslo
Seksjon for medisinsk antropology onedisinsk historie

christoph.gradmann@medisin.uio.no

Histories of Antibiotic Resistance

Few historical phenomena seem so closely linked as the historied' cB&tury anti
infective chemotherapy and the history of antibiotic resistance. Recentdsstdsulfa

drugs and antibiotics have left no doubt that the arrival of such medicines from the mid
1930s on was followed by that of resistant strains of the microbes targeted by such
medicines (Bud 2007; Lesch 2007; Brown 2004). Yet, the history oftieagmenon

has a lot more dimensions to offer and we should be cautious of associating it too
closely with the recent histories of pharmacology, clinical medicine and public health.
The phenomenon did for example play an important role in the history tdriahc

genetics from the 1930s, at a time when it did not occur in clinical medicine.

Yet, the concept is a lot older. If we take the trouble to check a literature review on the
issue published in 1944, we experience a few surprises(Eagle and MagnuéprO1o4

the one hand research did indeed focus on questions that we would expect to be
discussed in those days, e.g. the question whether resistance to chemicals as a trait of
microbial species results from mutation or selection. At the same time, howmever,
paper is not concerned with bacterial species we would expect to be addressed by
clinicians or geneticistsInstead the review, which does indeed discuss views on the

nature of resistance as such, almost exclusively deals with a certain genuslaflanice

! Cf as an introductionSummers 2008Clinical researchers in those days would e.g. focus on

gonococci where resistance had been resulting from therapy with sulphonabgisiels 2007 277).
Fleming and Florey would observe it e.g in staphylococci when working with peni@ilid 2007.
Bacterial geneticists would try to build laboratory models of mutation with bacteria such as
Escherichia coliCreager 200y



parasites, trypanosomes. Some of these are known to be the pathogens of human
trypanosomiasis, better known as sleeping sickness. In relation to these and that is the
real surprisé the paper points to some 40 years of research. This added lgntplist

of resistances to various chemicals that could be artificially induced in these unicellular
organisms. On top of this there is no mentioning of any clinical relevance of such
research in relation to the many trypanosomiases of men and anincalssssleeping

sickness, Chagas disease or Ngana.

So why was it studied then? In my paper | want to elucidate that seemingly strange
research into antimicrobial resistance prior to 1940, research in which trypanosomes
seem to have been central and in Wwheither clinical issues nor genetics played much

of a role. For that purpose | will reconstruct the historical situation in which drug
resistance in trypanosomes was first observed. | will then follow the development of
what seems to have been a susthimgerest for decades and finally ask how this
research contributed to the more familiar debates about resistance as they evolved from
the 1940s. All this will be based on the guiding hypothesis that antimicrobial resistance
as it evolved from 1900 to 104followed other trajectories than those which became

relevant later on.

A Therapy with Side Effects

There are good reasons to place the beginning of our story in the year 1905, when at the
Liverpool school of tropical hygiene two researchers, Breinel E@mamas, observed

that the arsenical compound atoxyl was capable of controlling the growth of
trypanosomes (Thomas 1905Atoxyl, an ostensibly notoxic arsenical, had been
synthesised in the 1880s and had so far enjoyed a somewhat inconspicuous tlaeeer i
treatment of e.g. syphilitic disorders of the skifrypanosomes, which had been known

for a few years had only one year before been identified as the pathogens of sleeping
sicknesgLyons 1993 Following that there had been a rush to explore possibilities for

their control and the two Liverpool researchers had observed that the parasites were

> Cf. Dale 125,373
¥ On Atoxyl: Riethmiller 1999
David Bruce has been credited with that discovery, but not without diguated 1973)



vulnerable to the substanteésrom then on the drug followed two interc@tted
trajectories. The first of these is not so interesting for us. It was a short lived euphoria
connected to atoxyl as remedy for sleeping sickness. From 1906 on it was tested on
several expeditions in Africa. Alas, Atoxyl, did not fully live up to ttmerapeutic
expectations: What it brought about was a slowing down of the progression of an
otherwise still 100 % lethal diseag&cheube 1910 (1896)On top came violent side
effects. For lack of alternatives and a few other reasons it enjoyed a certain popularity,
but around WWI it was pushed aside by more effective medicines, most notably Bayer
205,which became known as German(ickart 1997,505-13). ’

The second trajectory started in one of the institutions where atoxyl was studied, Paul
Ehrlichds I nstitute for Experimental Therar
different from what researchers in Africa focussed on. Whereas for é&xdRgbert

Koch more or less restricted himself to testing Atoxyl on the shores of lake Victoria
(Gradmann 2009213-225), Ehrlich pursued a researgtoject in which fundamental
immunology and therapy were intimately connected. To understand how research on
resistance became part and parcel of such a research program it is useful to remind
ourselves of the essential steps of its development. Ehrlitolcassed his early work

on histological staining. For that purpose he had employed certain synthetic dyestuffs,
known as aniline dyes. Such dyes had two peculiar properties that influenced their
further career. First, they were synthetic chemicals anll aéefined standardised
industrial products, implying that anything that was done by their application seemed
easily reproducible. Secondly, they had specific affinities for (prokaryotic) bacterial
cells, while leaving (eukaryotic) bodily cells unstainéal. his dissertation of 1885
(Ehrlich 1885)Ehrlich had put forward an explanation of such staining that took it to be

a physidogical rather than a physical process, in which the event of staining was bound
up with a metabolic intake of colours by a given cell. It was but a small step to research
the pharmacological qualities of such phenomena: in 1891 Ehrlich described the
application of methylene blue for the staining of the pathogen of maRlaamodium

falciparumand subsequently tried it as a possible therapy on malarial patients.

There had been predecessors starting with arsenical acid in 1899, but they were either less effective or
too toxic (or both) cfDale 1925373. Cf.Pearce and Brown 19%8r an owerview of substances used

in experimental research on Trypanosomes

A curative effect was possible for very early stages that were hard to diagnose, however.

" Cf. Tropenabteilung 193&f. Lyons 1992



It was about ten years later, while developing his-sltg@n theory of immunity, that
Ehrlich ventured into making more systematic statements on antibiotic chemotherapy.
He proposed that relations between therapeutic molecules and microbes actually
resembled those between toxins and antitoxins respectivelyali®ol chemoreceptors

on the surfae of microbial cells would facilitate the intake of therapeutic molecules,
which would then eventually have an effect on these t@lle main advantage of such

a therapy lay, so he stated, in its specificity. Ideally, just as infectious diseases were
cawsed by single bacterial species, these would in turn be susceptible to medicines that

would selectively target those cells. Ehrlich put it like this in 1906:

Al f we picture an organism as infected
obviously be esy to effect a cure if substances have been discovered which have an

exclusive affinity for these bacteria and act deleteriously or lethally on these alone,

while at the same time they possess no affinity for the normal constituents of the body
and can theefore have the least harmful, or other, effect on that body. Such substances
would then be able to exert their full action exclusively on the parasite harboured within

the organism and would represent, so to speak, magic bullets, which seek theirftarget o
t hei r o w(Ehrliahcl860 (19D6)59).

It was from 1904 that Ehrlich directed his work towards the development of such
therapies. His choice of experimental object may seem strange, since he choose vector
borne tropical infections, trypasomiases in particular. Yet these unicellular parasites
suited his interests rather well. First of all, two French researchers, Laveran and Mesnil,
had recently demonstrated that the blood of mice infected with animal trypanosomiasis
(Ngana) could be cteed of these by the injection of an arsenical that was known as
Fosters solutor> Thomasdé and Breinelds discovery
parasites followed suit and thus there were good reasons to see trypanosomes as

promising objects of resedr. They responded well to toxic chemitathey were easy

8 For an introduction se8ilverstein 2003

° Ehr | i c mbpapers ard irevolame 3 of his collected pafenslich 1956/57
101902, cf.Pearce and Brown 191810.
1 Better than bacteri&hrlich and Shiga 1960 (19084.

by
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to cultivate, as unicellular organisms they offered bigger, more distinefucelions.
On top came swift pathologies.

Ehrlich tested a large number of chemicals and the first effective priepanat came

up with was a red synthetic dye, which subsequently became known as Trypan red
(Ehrlich and Shiga 1960 (1904Bven though this constituted a working animal model

of therapy, it was but of a theoretical valut turned out that it was not effective against
varieties of trypanosoma pathogenic to humans and that it only worked in mice anyway.
Trypan red was suited to demonstrate the principle of specific chemotherapy, but

unlikely to have any practical relevae(Gradmann 2004Y

The second preparation that Ehrlich came up with was of a more traditional design. The
arsenical atoxyl had been synthesised in the 1880s. As | have mentioned, Ehrlich had
not even discovered its suitability to treat trypanosomiasiself, yet he delivered a

new chemical formula of the substance afRlethmiller 1999)working on this
chemical took his research a large step forward. It was"bmarch 1907 that he
delivered a paper in Berlin about his experimental studies on trypanosomes that had by
now occupied him for almost three years. Together with Kiyoshi Shiga he had
succeeded in identifying a whole series of chemicals that were effeatigaimal
experiments. By doing so, they had eventually come across a bewildering phenomenon:
Susceptibility to such preparations could eventually drop and even disappear altogether
after their prolonged application. This kind of reduced susceptibility e@viously a
property of the pathogen, since it could be inherited and even transferred together with
the manipulated microbes between laboratory animals at will. The first observation of
that sort had been made in relation to fuchsin, a red dye:

0 T h enust have been produced a fucklim s t orr eGsfilsadhasnitnd strain
chosen this expression because | found that such a resistance, once acquired appears to
remai n un aEhtichao®® [ é] o

2. On the testing of various afttiypansomal preparations by Koah East Africa:Koch 1912 (1907),
542.
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Upon further investigation, it turneout that the phenomenon could be induced by a
host of other chemicals. Ehrlich suspected that it would eventually occur with any

chemical effective against trypanosomes:

AJudging from our experience this sthoul d be
that more trypashostile chemicals will be revealed, it is also very likely that it will be
possible to produce st(Ehmlichn807314.at are resi st

The Impact of Resistance

By the time induced resistance was observedvas mostly a laboratory event: The
phenomenon as Ehrlich could produce it was for example not observed by Robert Koch
in East Africa, when he treated a large number of patients on lake VigByadmann
2009,213225). What appear to be irreconcilable observations can be explained by the
rather different setups of experimental therapy in Frankfurt and East Africa. Resistance
in Germany had beerhe result of a carefully monitored therapy that evolved over
months. Koch, however, had usually confined treatment to massive shots of the

medicine administered over just a few days. His patients would usually run from his

camp anyway as soon as they fele t t er . Kochbés observation g
short to come across the phenomenon. Curi ou
the subject even clashed in a single event

servant had incidentally been infed with sleeping sickness in August 1906. With

Koch beinginEasAf ri ca his treatment was | argely g
atoxyl treatment was tried and half a year later, his parasites turned out to have been

made resistant. After this unpksmt discovery, which actually occurred almost
simultaneously with Ehrlichodés paper on ¢ he
February 1907, t he patient became a playq
synthetic dyestuffs. Koch however, after his rettorGermany, when presented with

the phenomenon, insisted that he had never encountered it on (Gesémann

2009.166).

Consistently he resumed agbtherapy.

13 His collaborator R6hl had taken the resistant strain through 36 generationissanded no alteration
in its qualities (ibid, 341).



I T Medi cal records of B Schmidt with (temtrgnsl!| at ed)
to hospital. Trypanosome strainict i vat ed; resistant to atoxyl .0 Sour ce

Of course, resistance shed som&wuaurable light on the limited feasibiligf atoxyl as

a therapy forsleeping sickness. Ehrlich was, however, also deeply intrigued by the
phenomenon in its own right. Resistance had some peculiar qualities that made it
possible to investigate whathdched t he At her apeut(Ehdichbi ol ogy
1907,313). Once acquired, it was an inheritable trait. It was also exclusively a trait of

the parasite, since it could be transferred together with the latter at will between various
individual animals and even species, including humans. It was also specific in the sense

that it would be confined to one chemical substance or sometimes closely related groups

of these.

But what did this peculiar discovery actually mean for contemporagiame? If we

consider antibiotic resistance as a clinical phenomenon that has to be taken into account

in the treatment of i ndividual patients, t
interest in atoxyl as a medicine for trypanosomiasis ceased0n and this can be

attributed to the abovementioned limitations of this kind of medicine, but also to the
instance that severe side effects of this medicine such as loss of eyesight had become
public. (Gradmann 2005 Tropenabteilung 193831-34). In this situation, Ehrlich



12

himself took his interest in antibiotic chemotherapy from sleeping sickness to syphilis
and fran trypanosomes to spirochetes. As is well known, this resulted in the
development of Salvarsan, which was marketed from 1918 blowever, no such

thing as a resistant strain of tl&pirochaeta pallidato Salvarsan ever turned up
(Tropenabteilung 193863-71). Moreover, in quite a contrast to what everybody
expected, Salvarsan was not first of a long line of effective chemotherapies. Instead it
remained the only effective antibacterial chemotbeifar almost 30 years, that is until

the arrival of the first sulpha drugs in the mid 19%08nce it had been observed,
resistance was not important as a clinical phenomenon. Not even in relation to the
parasitic vectoborne infection of sleeping sickss&g which was after all one of the
major public health issues in colonial Africa, did resistant trypanosomes continue to be
of some relevance. The reason is that in the treatment of sleeping sickness atoxyl was
soon pushed aside by Tryparsamid and rigtarahe First World War by Bayer 205,
better known as Germaniropenabteilung 1938Both of these proved to be potent
medicines which also had the advantages of fewer side effects and ooingnd
resistance in the trypanosomes. Atoxyl, even though it continued to be used, was now

an outdated, yet cheap therapy with known-gfiects.

However, Ehrlich, after losing interest in the therapy for sleeping sickness seems to
have had a continuedterest in the resistant trypansomes. He returned to the issue in
several papers around 1910 which discussed the principal questions of chemotherapy
and immunity(Ehrlich 1960 (1909)Ehrlich and Gonder 1960 (1914)At the same

time the phenomenon became gelgrenown and it was for instance reproduced in
bacteria such as pneumocd€aind two researchers even wrote on laws of resistance.

To understand the fascination in the phenomenon we need to examine more closely why
Ehrlich was so intrigued by it. A papby Ehrlich, delivered in 1909, provides us with

some insight:

4 On the introduction of SalvarsagBauerteig 2000)

> See: Lesch 2007.

® (Marks 1910) In the Zeitschrift fir Immunitatsforschunground 1910 several such papers by
Constantin Levaditi from the Institut Pasteur are reviewed.

" Morgenroth; Rosenthd 912.

=



13

AThe discovery of resistant strains and th
mo st val uabl e means to study the truly inf
(Ehrlich 1960 (1909)195).

When Ehrlich had developed his theory of drug action, he had essentially modified his
sidechain theory of immunity within the realm of pharmacology. In much the same

way by which toxins linked to antitoxins, chemical compadairwould link to those

parasite cells which presented suitable chemoreceptors on their surface. Yet, it was not

an easy task to find any evidence for the existence of such devices, let alone to describe
single receptors in more det&ilAntibiotic resistace, however, provided a means of

doing precisely this. Antibiotic chemotherapies had been envisioned as an application of
immunology in the first place. Yet, for the time being the traffic was in the opposite
direction and resistance instead became attostudy mechanisms of immune response

and address questions about the structure of cells. Years after he had suspended his
work on the chemotherapy of sleeping sickness, Ehrlich published a whole series of
papers on principal questions of chemotherapglirof which inducing resistances is
introduced as a handy analytical tool . I n
of the Cell 0 he came back to the i ssue an
means of substantiating his claim that therecdr receptors existed on the surface of

cells (Ehrlich 1960 (1909)178/9). The host of resistances that could be produced in
trypanosomes made them the ideal model organism for studying the therapeutic biology

of the cell.

The evidence that could be produced this waas manifold: on a very basic level,
resistance supplied evidence t o Ehrl ichos
physiological uptake of therapeutic molecules by cells. Such observations were also
confirmed for bacterid® Given for example a certain gotum of medicine that was

i njected into a | aboratory ani mal 6s bl ood
bloodstream if a susceptible pathogen was present. If resistance of this pathogen did

arise this uptake would gradually be suspended in a plausiat®mneto the strength of

resistance. Secondly, the phenomenon efadled crossesistances could be exploited.

' On Ehrlichos sPrill 2003Phila Maehlet éne blalliwell 200916-40; Silverstein
2003
1 Levaditi and Twort 1911n relation to bacterial toxindg@cillus subtilig.
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If, for instance, induced resistance to arsenicals as a side effect produced resistance to
other, chemically unrelated dyes, which had nomnbagplied, this led Ehrlich to the
conclusion that a single receptor on the surface of the cell was susceptible to both of
these substancegEhrlich 1960 (1909)) The arsenigesistant strain had also
consistently lost its ability todostained by these dyes, an ability which, of course, it had
possessed in its newsistant form(Ehrlich 1960 (1909),209). Resistance offered
positive evidence for the existence of a device, namely the chemoreceptor, whose

existencéhad so far been more or less theoretical.

A 6Wholly Mysterious Phenomenono

Resistance had by the First World War becor
theory of immunity and of his related views on chemotherapy. This made it a likely

point of atack for those, who wished to challenge them. The quality of evidence that
resistance offered depended to a large extent on the stability of the phenomenon as
being inheritable, transferable, quantifiable and specific. This, however, was doubted
almost imnediately, for example when in 1908 Mesnil and Brimont from the Institut

Pasteur showed that the stability and degree of resistances did vary when the parasites
were transferred between species. Resistance produced in mice could disappear in rats
buti so b sayi re-emerge, if the parasites weretransferred to mic&’ While the
stability of the phenomenon was reasserted
that the specificity now seemed less impressive. Of, courserasistances had been

notedfrom the outset, but were considered to be rare. Yet, as Gonder and Kudicke noted

in 1912 there were now lots of cases were resistance to one chemical led to the same
phenomenon arising in connection with other, unrelated cherffc&limally, the
questionwhether resistance arose from mutation, selection or adaption was open. While
Ehrlich had opted for the first, but showed little interest in the issue as such, others such

as Levaditi insisted that the issue was open and rel&vant.

Also it was unfortunatand frequently pointed to that there was in fact no action at all

of arsenicals such as Atoxyl on trypanosomes in vitro: an effect, however, which only

% This was demonstrated by Mesnil and Brimont in 19D&l¢ 1925380).

2 Reported irDale 1925381.

22 |evaditi 1911 reported in Zeitschrift fur Immunitatsforschung, 1911: 419, 471. Cf. Pringsheim ibid.
1912, 287 ff.
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took place in vivo, was in any likelihood dependant on some host interaction. The
nature of this was lnonown and also poorly accounted
chemotherapy, which centred on the interaction of parasite anddtugas from such
observations t hat Henry Dal e | aunched h i
chemotherapeutic theories in 19@3ale 1925). Deconstructing resistance, if | may say

so, was an important part of it. The phenomenon, he conceded, did indeed stand out as
evidence for Ehrlichés statements such as
cells and of the existenad chemereceptors. However, substantial evidence suggested

that things were ultimately a lot more complicated. Transferability of resistance was not

a general rule and cross resistances to chemicallyalgmed substances were so

wi despr ead s explamdtion Bvasrinsuifficiemtd He also stressed that the whole

model of chemotherapy demanded an immediate interaction of drugs and parasite cells,

which was far from proven in a model that worked only in vivo in important examples,

such as atoxyl. All irall, while not doubting the existence of drug resistance as such,

Dale turned it from a cornerstone of Ehr |
phenom@aeol®2b381). That pointed to major fl aw

action.

A Revival

One would now expect that in the /i820s t en years after Ehrlic
having been subject to major challenges, resistant trypanosomes would cease to be
important as laboratory models and would be relegated to the status of a curious
phenomenon arising in strange parasites treateds t r ange ways. Yet, ap
critique, there were other factors lending stability, beyond the standing of its followers.

in German scienc@-ischl and Fischl 198 Schlossberger 1930)

One of the more important is that the program was developedapearation with the
pharmaceutical industry{Schlossberger 1930)The best documented case is the
cooperation of the Bayer Company and Ehrl i
Wilhelm Roehl, became head of the research departmen®lifh. In the following

decades Bayer had a leteym involvement in synthetic remedies for tropical diseases

such as malaria and sleeping sickness. None of these produced resistance, but at Bayer

% The argument waput forward by Voegtlin and Smith, @ale 1925,376.
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no one doubted the phenomena itself: Roehl in the early X2t his allegiance to
Ehrlichos theory and reaffirmed t hat t he
outstanding way to understand drug actibneven if it did not have practical

relevance”’

Still it was from quite another angle that studies in drggstance and the trypanosome
model for their investigation became revitalised. From 1931 onwards a group of
researchers at the Liverpool School of Tropical Hygiene began to investigate the
experimental treatment of trypanosomiasis and resistances in ithgsaticular in
unprecedented detail. Their strategy was-teld: to reaffirm the central observations

that Ehrlich had built upon (quantifyability, transferability, stability and hereditary
character) (Yorke, Murgatroyd, and Hawking 1931) and furtheentmiinvestigate the

weak spot, that is to investigate more closely the stages in which the medicines were
met aboli sed by parasite and host. The groufg
gradually expanded to other parasites such as spirochetbs. pagers of Murgatroyd,
Hawkings and Yorke the sphere of interest is still very much experimental
chemotherapy. It is surprising to see that there are no connections whatsoever of their
work to the emerging field of bacterial genetics where antibiotisteexe was also
exploited. What is important to see is that both approaches not only differed in focus but
also in the experimental models employed: while geneticists were investigating whether
resistance in bacteria such Bscherichia coliresulted frommutation or selection
within a bacterial culture, such questions were absent in the work on the Liverpool
researchers who continued to employ the trypanosome rapstein?> At the same

time, the argument was made that precisely trypanosome studies kihthiazlso had

little if any relevance for clinical medicine. This was less motivated by the fact that
there were enough medicines for sleeping sickness that did not induce resistance. What
seems more important is that the Liverpool group had speciafisetheér varieties of
parasite ihodesienseand equiperdun than theTrypanosome gambiensthan those

which causes sleeping sickness. Since, however, atoxl was still employed to some
extent for various reasons, this was unfortunate. As the director dfyfrenosome

research centre in Entebbe/Uganda, LyndhDrste, reminded everybody, it was far

% In 1926 he delivered an address to the 6th Annual meeting of the Deutsche Pharmakologische
Gesell schaft on ATheoretische Grundlagen der Chei
Ehrlichdéds theory as agdévelgpment. (Bayar ardigeyleeverkusemp r k on dr

? Borman 1932,cf. Brock 1990.
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from clear whether drug resistance, as it was studied by the Liverpool group, could be
equated with the phenomena that occurred in patients with sleeping sitkness

This type of criticism pointed to a feature that was characteristic for research into the
chemotherapy from 1900 to 1940, namely its increasingly contingent relationship to
clinical medicine. It is in this sense no coincidence that the term resistarsystood

as a trait of a parasite, had not found its way into the language of contemporary clinical
medicine: resistance for most meant bodily resistance e.g. the organisms capacity to
withstand an infection. Ger maeaged wouldl imadi ng
1930 define the term in that way. In relation to dmduced, inheritable traits of

mi crobes, the author, hi mself being an adhe
of secondary resistan¢8chlossberger 1930) Ot her s woul d use Ehrl i
Festigkeit (Fischl and Fischl 1934pr its English translation safastnessor drug

resistancé’ Experimental medicine would not use the term to describe a trait of a
microbe before the 193#s It was only in specialised immunology, pharmacology and

genetics that the term appeared in this meaning with some regularity.

Conclusions

To sum up we can say that a chance discovery, resistance in trypanosomes, became a
| aboratory model delivering evidence to s
Trypanosomes had been popular in chemotherapeutic research before, yetceesistan
made them seem even more attractive, since there was no other known microbe in
which such a multitude of resistances could be induced. Thus an irritating phenomenon
from the early days of chemotherapy became a popular laboratory model to study
(parasit¢ cell functions in relation to immunity. That this exclusive status was
diminished by the rise of bacterial genetics and by the arrival of sulfas and fungal
antibiotics points to another reason for it being popular for 30 years: the fact that
Ehr | i enothesapycphogram had not resulted in a long line of such medicines and
that even in the case of those that existed, their effect could not be explained
sufficiently. Even his his former collaborator Browning commented in 1935 that it had

resultedinnothng but A f o u r-sixayiowps of mypanocidabdompounds | s

% Lyndhurst Duke 1933;f. Lyndhurst Duke 1935
" Browning 1918.
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many new antiseptics and an®Imthemids1930sni r acul
Ehrlichds chemotherapy |l ooked | i ke a once
boots. In this sensei seemed to shar e tchan théoaytoE of Et
immunity to which it was closely linke¢Prull, Maehle, and Halliwell 200%4-106).

All in all, one should be careful not to interpret the early history of antibacterial
chemotherapy from the perspectivetbé postl940 period when it became a success

story. Perceived from within, it was rather a period of disillusionment. In the absence of

working therapeutic molecules the study of chemotherapy in general developed into an

ivory tower inhabited by immunofpsts and pharmacologists, and resistant

trypanosomes were among the most popular toys in that setting.

%8 1920s no such usage, 1930s mixed, 1940, modern.
29 Quoted inGaldston 1940817.
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Innovators, deep fermentation and antibiotics: Promoting applie
science before and after WW2

Robert Bud

Science Museum

It is perhaps regrettable that antibiotics are more often seen historically as medicines
triumphally invented by a few scientists than as technologies exemplifying complex processes
of innovation across the world. Penicillin proved important to engineers, industry and
governments as well as to scientists, doctors, and patients and expressed a history far more
complex than publicists would recall. While the triumph of the American production
programme is well known, the memory of a vigorous fwar network of pioneers of deep
fermentation seems to have been overlooked. This historiography perhaps expresses the desire
both to celebrate American wartime teams, and perhaps to forget also the deeglyoambi

past of the key German scientist, Konrad Bernh&uer.

The globalisation of the product during the incipient Cold War in the years
immediately after the Second World War was fast, visible and interesting, and made penicillin
a political as well as machl resource. This not only led to the replication of American
methods and products across the world, but was also characterised by the development of
novel products and a rapidly developing technology that made new medicines possible. It was
expressed imew journals and brought together diverse techniques and innovations under the
titl e 6bibreterctdthiotdpic giterstudying both biotechnology and penicillin in
the belief that historiansod i ntimite&wshewiden ¢ omp

discussion of the process of innovation in science and technology which even now is poorly

understood.
1t is perhaps indicative that the otherwise excell e
Fermentationé, i n i ts p e ni cshutg,l which ish avaéable onythe bwebo ¢ hur e

http://portal.acs.org/portal/acs/corg/content? nfpb=true& Ipatgel=PP_ARTICLEMAIN&node id=882&
content_id=WPCP_010013&use_sec=true&sec_url_var=regionl& uuid=ac&x23bd3268fa>
17f091d87219 mentions no work on deep fermetibn other than that of Pfizer. The only obituary of
Konrad Bernhauer to be published svay his former studentR. Brunner in a remarkably obscure
publication, 1976, 22.

For work on biotechnology, see Robert Bud 1994.

See Jan Fagerburg 2005, pp28; the classic work is Nathan Rosenberg and Nathan Landau &tis,
Positive StrategyHarnessing Technology for Economic Grow8ee also Jeremy Howells 1996.-B16;
however see Suma Athreye and Andrew Go@e§9, 295323.
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As is well known, the Oxford group in England managed to produce small quantities
of penicillin and demonstrate its antibactee#ficacy. British industry had neither the will
nor the competence to scale up their work quickly (Bud 2007). As a result, in July 1941,
Howard Florey and Norman Heatley flew to the United States and over the subsequent three
years US industry developeeap fermentation methods that made penicillin available for all
military casualties who required it and soon after accessible to civilians too. The critical
development was the perfection of a method of deep fermentation of the aerobic mould cells
without contaminating the brew or disrupting the cells. So with penicillin came the perfection
and developing uses of the stirred tank fermenter, a rarely acknowledged pillar of the modern
age. The provision of cheap and ample penicillin to support allied traopsday, within
three years of the drugdbés arrival i n the Uni
both technology and product, this was however, to quote Churchill, the end of the beginning,

not the beginning of the end.

Penicillin, which & that time was still injected into patients eight times a day, would
be chemically reconstructed. Its absorption would be slowed so it would last in high
concentrations within the blood for eight hours rather than three, it would be made sufficiently
stable to be taken by mouth, and later still to stand up to the challenge of aggressive bacteria
exuding the destructive enzyme penicillinase. The manufacturing technology would be
applied to other medicines, many of them antibiotics, but others, such asetbiglss
chemically and therapeutically quite different. The centres of production would move: first to
Britain, then to Austria, the Netherlands and Japan and later to China.

Of course, historians are familiar with accounts of the dissemination of tietics
and technology. The transfer of science is typically described in terms of PhD families. The
model disseminator of science is still Justus von Liebig and his model of ‘chemist breeding'
remains the archetypical model of how to disseminate the nethfoal school. Beyond the
tuition provided by the doctoral supervisor, the academic publication, typically the scholarly
article, is the method by which science and its methods spread across the glab&tido
clusters indicate relationships betwessmentific traditions and ongoing research projects, and

we know that methods are the best cited of all types of papers.

Technology of course often spreads through products. Moreover, it is a generation
since Derek de Sola Price suggested that pateatdsoatechnology what those scholarly
papers are to science. However, in neither science nor technology are such simplistic

categories sufficient. Above all, in the promotion of applied science we have few models for
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the mechanisms by which methods, skiigperience and contacts are shared, coalesce and

spread.

In the story of penicillin itself there were very few pateintan issue which proved
hard to understand in the pasar world. In common with most other countries, before the
Second World War Btain had not permitted the patenting of drugs and by the time penicillin
had reached the United States it was not patentable there either. Many of the processes of
manufacture were developed at the federal Peoria research laboratory whose discoveries were,
by law, public domain within the United States. There were attempts to patent overseas by
Andrew Moyer, a Peoria researcher. However his patents were contested by the Merck
corporation which did not enforce rights in Britain. It is true that during tBb@d ¢he British
paid significant sums to US pharmaceutical companies. For example, in the decade to 1956
the Glaxo company paid the Merck corporation half a million pounds, equivalent to about 3%
of the companyds net pr of ndwere foBtoaver2ti: @ost,of 7 2 ) .
royalties. In response to public disquiet in Britain there had been a thorough investigation
within Merck to confirm that the British were paying no royalty payments to the United
States. Instead they were paying for uppatt e d -h®kwvrbow el ati ng to man

deep fermentation.

The development of such knewow had gone back long before the Second World
War. The technology of submerged fermentation had first been developed at the small New
York firm of Pfizer durhg and immediately after the First World War. It grew out of an
interest in producing the preservative and flavouring agent citric acid. Traditionally produced
from lemons, the German Carl Wehmer had shown that it could also be produced by
penicillium. In 1917 the American government dairy chemist James Currie made his
discovery that it could be made prolifically by the moAkpergillus Niger fean a solution
of sucrose. Because the mould was aerobic, it needed to grow in vessels with good exposure
to ar. Having moved to the small Brooklyn firm of Pfizer, Currie experimented with deep
tanks but could not get them to work effectively and instead developed a process based on
long shallow trays. During the 1920s work on citric acid production proceedeaauimliaer of
centres, but above all at the German University in Prague. There the chemist Konrad

Bernhauer had shifted his attention from inorganic chemistry to the chemistry of industrial
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fermentation processes. By 1930 one finds a Czech patent mentminiagacid through

deep fermentation as within the scope of his pdtent.

Moreover during the 1920s interest moved to the production of other acids,
particularly gluconic acid, which was a useful industrial cleaner. This could be produced
using the samAspergillus Nigethat Currie had shown could produce citric acid. In 1929 the
Pfizer Corporation started submerged fermentation of this product, but still using small flasks.
A 1931 patent description suggests a typical size of one litre. Strikinglpafher describes
the critical characteristics of powerful stirrer and vigorous aeration. These of course were
techniques that would be used a decade later in the manufacture of penicillin. However, Pfizer
was not fixated on just this technology. For inseaacl1932 patent showed a sugar solution
passing continuously down a tower of mould on a solid substrate, with organic acid issuing

out the bottom.

Pfizer was certainly pioneering but it was far from alone. In Prague, Bernhauer
published a process for mhacing gluconic acid by fermentation in 1927. With his advice, in
1936 the major chemical company of Boehringer began to manufacture thidraergst also
continued within the US governmentos Depar
originally worked Two young chemists who had recently graduated from George Washington
University and moved to the <capitalds 0Col c
Chemistry and Soils, Horace T. Herrick and Orville E. May, were brought in to work with the
estabished microbiologist Charles Thom (who had previously worked with Currie) and his
colleague, the mycologist Margaret Church, in studying gluconic acid production by
penicillium moulds iay et al.1927,417-422).° Their paper cited the preeminent stimultis o

Konrad Bernhauer, the German Czech chemist.

A year later the two brash young men, Herrick and May, were evangelising at the
Il nstitute of Chemistry of t he American Chen
chemistry is the (@Hargcknand May 1929 6182)hTeée paper of r e 0
these two young recruits to the profession ¢

See Franz Kanh2user, AiProcess for the Production of
1930. Fikd in Czechoslovaki a, December 16, nkdich7of it re
agitated nutrient solutionso.

On Boehringer see Luitgard Marschall. 2000lm Schatten der chemischen Synthese: Industrielle
Biotechnologie in Deutschland (184970) Frankfurt am Main: Campus.

The team is discussed to some extent by Neuk®®B, 37195. This draws upon the menes of Percy

Wells who joined the team in the 1930s, but it does not accurately represent the wardeos of Herick,

May, Thom and Church in the 1920s. This can be deduced by tracing back publications and their own
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it, but remember thi$ the dollar rolls more willingly down the road constructed and made
smooth by the hands af ci ent i st s. 0 Their 6sermond was
Industrial and Engineering Chemistynder the title AMol ds and
They reported on the potential for manufacturing a wide number of organic acids and on the
work of their own laboratory in replacing sucrose with corn sugar (a cheap product of
distressed midvestern agriculture) as a fermentation substrate. While the 41 references in
their paper did include a paper by Currie and one other American, there was no sense that
either Pfizer in particular or the US in general was in the lead in this technology. Quite the
reverse, for typically their paper was dominated by German references (including Bernhauer)
and indeed also 3 papers by the Japanese scientist Takahashi (inthaliogllaborations

with the future leader of the Japanese fermentation community Sakaguchi).

Over the next few years Herrick and May developed their research programme. In
March 1933 they addressed the American Chemical Society again, but thih¢iramual
meding itself and together with two younger colleagues, A. J. Moyer and P. A. Wells. Again
their paper was published Industrial and Engineering Chemistay et al. 1934, 575
578).They reported how the numerous publishecbants of produ@dn of organic acids by
deep fermentation had stimulated their own wrkhey used aesies of bottles into which

air was introduced under pressur e and kept

educational trajectories. It seems that only the mycologists received an obituary gorgaurnal. On

Margaret Church see Hesseltine &ftlirch1990, 144147. Seealso Rapefl957, 13450.

It is worth emphasising that in 1929/1930, two Japanese scientists carefully documented the history of the

use of Aspergillus Niger from the 18th century to the present. See, Tamiya and Morita 1929, 44, 524 (1930).

May, Herrick. Moyer and Wells did cite the work of Currie bupkined their main stimdus as the
Germans6 wor k, 6Consideration of the work of Schr
establishing the production of gluconic acid by submerged moldthsoon a pretic a | bFarsSchseger
see,Reinhold. Schreyer, Sduerungs versuche mit demABjtergil u s F u nBiochemische &eitschrift

202 (1928),1366 and for Wil helm Thies see O6Ugunemadie hungen
Saureb | dung des Schi mmel pi IZengablatiAfer Bealktrigidgie, |IParasiterfkundea r i c us 6
Infektionskrankheiten und ygjiene Abteilung 2 vol 82 (1930) 3247. This seems to have been the result of

a doctoral thesis. Both Schreyer and Thies, adédd another frequentbited aithor, Johannes Amelung

(PhD 1926), were associated with the Bacteriologita&mical laboratory in the Technische Hochschule in
Hannover. Schreyer in turn cited predominantly two authors: histigoonan Bernhauer and the 8iian

mycologist, W. S. Butkewitsch, who was also widely cited. In 192&d&witsch published the first article in

which gluconic acid was the main product of a fermentation. The two distinguished British scientists (former
assistants of Chaim Weizmann) @, Thaysen and L. D. Glaway, in their textbook, The Microbiology of

starch and sugars, (Oxford University Press, 1930) recognised as the first report of gluconic acid being
produced by fungi, Marin. Mb i ar d 6 s, uvéllSfiermentatiore acideqorodpar le Sterigmatocystis

ni grad. Compt . r-2 nThey sdgést#ed hpvieel that amor®) 8ht mass of later work,
Bernhauer 6s three articl es weBioghentZhits.,158@0%®4), S51mKor t ant ,
BernhauerBiochem. Zeg, 172 (1926) p. 313;. K. Behauer,Z. physiol.Chem, 177 (1928), p. 86,
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publication, and its sequels through the 1930s, citedttwor k of t he Ger mans,
and Curriebs patents were i nt estanoe ficensedtbye d . A
Pfizer in 1932 In 1936 the German Boehringer company launched its own gluconic acid

fermentation facility.

The early 1930sdd seen a veritable explosion of work in the area by the scientists in
the leading laboratories. The first volumeArinual Reviews in Biochemistrgontained an
article by N N Iwanoff, of Leningradods I ns
growth of interest in the biochemistry 8&pergillus. Between 1927 and 1930 he commented
on an increase in the number of works published annually, roughly doubling from 129 works
to over 300 Ijvanoff 1932, 67597).

A key new partner in this international deain ideas emerged in 1932. Jan Kluyver
had taken over the key microbiology chair at the technical university in Delft in the
Netherlands. In 1932 he published the first theoretical paper to explore the process of deep
fermentation® His apparatus was tjrbut his contribution much revered, so that for instance
Bernhauer would cite it as the seminal work in his 1936 textbook on fermentation processes.
Within a few years Kluyverods favourite stud
States when he tdined a position in California at the marine laboratory of Stanford
University!* The Americans also continued to study in Europe. When the Wisconsin
microbiologist Myron Johnson wished to increase his expertise in 1932 he spent time in
Bernhaueorgs | abor at

Lest this image of an international network of laboratories be too idealised, one must
recall how marginal the individuals and research projects were to most of science and to
national communities. In the 1930s the universities and laboratoriesroed were marginal
and low status. It is perhaps indicative that the central German programme was not even
within Germany itself and certainly not in Berlin. In the US too the centres were far from such
centres as Harvard and MIT. When in 1932 a rarercean review article of the literature on

° See US patent 1,849, 053, o6Production ofssighédicconi ¢ A
Charles Pfizer.

L. H. C. Perquin and J aSohimkelsioffweehselunteésucEuijpchevhisthésso d i k d e

Zeitung.266 (1933), 6 8. and O6Uber die Bediagwmgen d

Bi ochem. Z. 266, 82. 1933. On the context -109f56téhi s w

Biographical Memoirs of Fellows of the Royal Soci&fgl. 3, (Nov., 1957), pp. 16228

On the relationship between Van Niel and Kluyver see, la Riviére 1997.

20n Marvin Johnsonéds visit to Prague see,consili ntervi e
Madison Archives. Oral History Project, Madison 1983.

11
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citric acid fermentation came out, it was a product of the low status New Jersey land grant
college, the Rutgers Agricultural school, and the author acknowledged the inspiration of a

then scarcely known teacher, &. Waksmar> As his student Boyd Woodruff would later

recall, stimulated by the work of Kluyver and the success of Pfizer, Waksman was interested

in developing a citric acid process to aid P

he was a casultant'*

This intellectual triangle was progressively smashed from the late 1930s. Following
the Munich agreement and the British and French abandonment of Czechoslovkia in the
Autumn of 1938, The Germans took over Prague during March 1939. The aDhaates
University and the national technical university were closed, and their faculties moved to the
German University which now became the central institution. Many of the staff were fired
and were therefore unemployed and subject to forced labowot ihardered. On the other
hand, Bernhauer seems to have been a Sudeten German nationalist and was himself an
energetic member of the Nazi party. He became the secretary of theypagtysociation of
lecturers in Bohemia. This was no move of convenierl®2was the prime mover in the
takeover of the Charles University by the German University. Wartime records would show
that he denounced colleagues and helped the party find and subsequently murder those with
Jewish associations. He was rewarded for hikftdness by Goering, who ran the feygar

plan, with an institute on enzymology responsible for alcohol and acetit’acid.

The Germans of course conquered the Netherlands too. Wishing to give the
i mpression of respect t ontile &cevities wareAallowadnté b r ot
continue and Kluyverods | aboratory remained o

able to keep in touch with Van Niel in distant California.

Even the Washington group was thrown into disarray. After the start \6WR2W

American military activity increased, and the Arlington property occupied by the Color

13 See Porge$932, 559567.

4 Boyd Woodruf interviewed 17 October 1997, ASM Centennial Archival Project, American Society of
Microbiology Archives, University of Maryland.

' For Bernhiamieodmss@® Mi gkova Rontdea&ouotwfahe denuadbrodd His, 4 3 7 .

coll eague, s e e-193 iorgpp 48B4 Sed ds8 Herd SimbreeWjssaschaftspolitik im
Nationalsoziéismus und die Universitdt PraQokumente eingeleiteund herausgegeben von Gerd Simon,
Gesellschaft furrt er di szi plin2re Forschung T¢bingen, for Be

University.
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| aboratory was requisitioned for a vast new
Pentagonod. Herrick, May and theirdapdsennger ¢
to a new laboratory that was to be established a thousand miles to the northwest of
Washington near the small mwestern town of Peoria under the title of Northern Regional
Research Laboratory, which opened after much disruption inledd. However, they still

came under the Department of Agriculture and kept in close touch with their mentor and

protector, the great microbiologist, Charles Thom.

Such was the context into which penicillin was injected in 1941. The Oxford team that
had isolategenicillin initially hoped that they could obtain significant quantities of the drug
from British industry. Indeed, the first company to manufacture it for them was Kemball
Bi shop, a |licensee for Pfizer 6s «ciolbgyitoc aci d
growing penicillium mould. However, the company was small and had no experience at all in
deep fermentation. So Florey turned to American industry. When he arrived in the United
States with Norman Heatley on 4 July 1941, he went straight to d¢hi¥ak friend John
Fulton who then took him to meet Charles Thom, the distinguished microbiologist. Perhaps
unsurprisingly, Thom sent the visiting Englishmen to his chemist protégés who, though now
exiled in Peoria, once again had a laboratory. Drawing decade of experience with both
deep fermentation and penicillium moulds, Moyer immediately showed how penicillin could
be masgroduced. He also found a more productive strain of mould than this Englishman had
brought. The Pfizer company now deployed day6s f i ndi ngs and their
with deep fermentation. Now led by Jasper Kane, who had begun his career as an assistant, it
built a 7000gallon fermenter in the autumn of 1943 and upscaled yet again early the
following year. Meanwhile, the Mek company hired Jackson Foster, a former student of
Waksman who had gone on to work with van Neel in California before returning to the East

Coast, to help exploit the English observations.

I nterestingly, even in wart.iiemee wasomonect i
entirely severed by the Americans. The Gerr
English in 1942, and three copies of the typescript translation would survive into the
following century'® In Prague Bernhauer, learning of the work atddaf developed his own

deep fermentation process and would later chair the German national committee charged with

16 Maynard A Amering Louise B. WheelerA Check List Of Books And Pamphlets On Grapes And Wine And
Other Related Subjects 193848 (195]) c iPtadical cldenistry of frmentation by Dr. Konrad
Bernhauer ... 27 illustrations. Translated by Bernard Freyd. [Washington! Works Projectsi Shcxtiom
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producing the drug. However, in the home of organic chemistry and the sulphonamide drugs,
the effort was accorded little priority until theryeend of the war, by which time it was too

late. Prague was bombed, and Bernhauer discussed dreams of building a plant in the more
peaceful environment of the Austrian Tyrol with his Austrian assistants Richard Brunner and
Karl Schroeder, who had workea & brewery there. Unofficial but nonetheless sophisticated
and successful efforts to produce penicillin had also been carried out underground in Prague
and in the industrial town of Olmutz. In Delft too work continued on penicillin without

German sanctian

So the war ended with Pfizer triumphant, its investment in fermentation technology
over a quarter of a century vindicated. Ber
dashed south to the Austrian border but only Brunner, an Austrian nationad)levasd to
cross. Bernhauer made his way to Germany where he would work in industry during the
1950s. He then regained an academic position at the University of Stuttgart where during the
1960s he opened an institute of biotechnology and trained a tienesdich led German
biotechnology in the 1970s and early 1980s. However, his wartime crimes were overlooked
rather than forgiven. When he died in 1976 this distinguished pioneer of two generations of
biotechnology, an active Nazi, was accorded only onduary (dealing with his

contributions, in an obscure jourrialritten by Richard Brunner.

Brunner himself, however, successfully established a penicillin factory in the Austrian
Tyrol and was joined by Karl Schroeder on his release fromvpasimprisonment. That
plant, under the title of Biochemie AG, would develop the first effective oral penicillin and
before it ceased making penicillin at the be
largest producer, outstripping its American conterapes. Bernhauer would have been
pleased. The Delft plant prospered too in theqpastyears. Even today the Delft Institute of
Technology continues to be a centre of expertise. However, this account is not merely a story

of postwar footnotes to prevar science and wartime development.

The immediate postar years also saw a distinctively new way of disseminating the
expertise in penicillin production that had moved so quickly from the outer periphery of
science to its centre. The drug and the newnelclyy became a means for nations to express
international standing. The Canadian foreign minister Lester Pearson saw an opportunity to

express his countrybés independent standing

Cl1942? ] ¢é Loose |l eaf; reproduced from tymom i tten
Agricultural Library in Beltsville, UC Davis and University of Washington, tBea
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fermentation penicillin plantouilt in Toronto through the United Nations Relief and
Reconstruction Agency (UNRRA). The design and expertise would come from Canada
although the individual pieces of equipment would be supplied by American companies.

Initially five countries were ch@ to benefit from this offer: Italy, Czechoslovakia,
Poland, Ukraine and Belarus (the latter two were at the time nominally independent members
of t he USSR). l'talyds acceptance came abou
Marotta, director of the Igtito di sanita superiore who in 1948 recruited the Oxford penicillin
Nobel Prize winner Ernst Chain to lead his penicillin enterprise. Chain prevailed upon
Marotta to get the offer of a lbyow obsolete commercial plant converted into a pilot plant
for the development of penicillin science and technology. With a hundred scientists and
engineers Chain built a new sort of centre. This was far larger than ‘igapn@redecessors
such as those of the teams of Bernhauer and Herrick. Launched in 1951 witlora maj
international conference, it came to contaix 10 litre fementers, 9x 90 litre fermenters, 3x

300 litre fermenters and 1x 3000 litre fementer. It employed:

20 chemists and biochemists

3 physical chemist

9 microbiologists

2 chemical and 2 mechanicaig@neers

2 glass blowers, 15 mechanics, 4 electronics ie@ms and 40 general technicians
+ large number of visiting scientists

2 groups; biochemistry and chemical microbioloty.

It is best known as the incubator for the Beecham research projecuthmanated in the
development of the semisynthetic penicillins at the end of the 1950s. However this

international commercial collaboration was far from unique for the institute.

The Chain papers tell a story of widespread international consultatiohssugh
companies as Astra in Sweden and Bayer in Germany, Hindustan antibiotics and the

Weizmann Institute in Israéf. Chain consulted not just in his own right, sharing personal

" For the launch conference see International Congress for Microbiology, 6 vol. Roma, 1953. The scale of

Chainds enterprise is described bydihi snanint addMy Q\c3 ik
Chain Papers, Wellcome Library for the History and Social Study of Medicine.
B For Chain6s WyabjiR0O04, 83149ndi a see
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expertise, but also on behalf of the Institute as a whole, which conduetestigations on

behalf of clients. They dealt with such issues as foaming, penicillin derivatives, fermenter
design and training of staff. Chain was ceaselessly on the move and in correspondence,
particularly with his chief client, the Swedish Astra comypanterestingly he would write to

the Germans in English, though when offered a prize in Germany he spoke in German. When
Chain moved to England as a result of Italian political pressures and the desire of Imperial
College to move into the same area,exact replica of his Rome pilot plant was built in
South Kensington by the Italian team, including the chemical engineer Gualandi.

The historian of physics, Peter Galison, has referred to certain fields on the boundaries
of discipl i neswhaeideést axgeride mrgl skilloaare cirailate through the
activities of entrepreneuri al trader s. Such
scientists communicated not just by publications and patents. Through the contracts brought
inby their entrepreneuri al |l eader , 0tacit k n

could be applied in another.

A somewhat similar role was played by Jackson Foster, at first on behalf of the Merck
Corporation but later as a professor at the UniveditTexas before his untimely death in
1966°Havi ng played a distinguished role in Me
was loaned to General McArthur to help the Japanese on behalf of the United States
Government. He taught the Japanese usingrnat Merck documents, but rather than
specifying details he often facilitated the
microbiology to the advantage of a new era of pharmaceutical manufacture. He prompted his
hosts to recognise the equalibf scientists and engineers and to move away from a
traditionally science headed hierarchy. He would be remembered for his wise sayings such as,

AHow successful you are depends on your expl
cooperation, and actin. 06 He stressed the importance o
emphasi sed, 6Civilization has |l earned not t

successful and revered.

Fosterds tradi ng -daectionalv At the emdsof thedl95bsdtourecb t o n e
the worldbés | eading microbiological | abor at
distinguished reputation he had unique access, and was able for instance to visit and report on

the Institute of Microbiology in Sovidiloc Prague.

19 On Jackson Foster see Wyss 1966. For his work in Japan after the Second World Blad, 28667 94-95.
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The workof Chain and Jackson Foster was not, of course, unprecedented in science.
From early in the 20th century the A D Little company had been consulting the chemical
industry and developing the field of chemical engineering. Going back further, the role of
corsultant chemist even preceded the role of academic researcher in Britain and elsewhere.
However the role of such consultants has perhaps been neglected in our understanding of

innovation in the twentieth century.
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Wartime Research to Pedfar Production: Bacil, Dutch Penicillin,
19401950

Marlene Burns, PhD.

By the end of 1946, the Dutch Company, Nederlandsche &@is$piritusfabriek (Netherlands

Yeast and Spirits Factory; NG&SF) was supplying all the penicillin needed by Dutch
hospitals. By 1948, NG&SF as able to supply all the penicillin requirements for the whole

of the Netherlands and, in 1949, NG&SF started exporting penicillin. Fifty years after the end

of the Second World War, Gist Brocades, as NG&SF had bdcomavas one of the
largest prodcers of bulk penicillin.

Considering that for most of the Second World War, from 10 May 1940 until 5 May 1945, the
Netherlands had been occupied by Nazi Germany and, in effect, cut off from the outside
world for almost exactly five years, how was thissgible? How could a yeast fermentation
plant in Delft meet the standard set by the USA and the UK for the production of penicillin so
soon after the end of the war?

That this was so, is seen from a meeting in November 1946 between Alexander Fleming and

the Dutch Professor Albert Jan Kluyver. At the time Kluyver was Professor of Microbiology

at Delftodos Technische HoogéRBothtwereih PatisTathé ni c a |
50th anniversary of the death of Louis Pasteur. Giving Fleming a sample &S\NEO s
penicillin, Kluyver asked Fleming if he would have it analysed. Fleming took the sample to
Glaxo Laboratories. In December 1946, Fleming reported back to Kluyver that both chemical
and microbiological anal ysi s abtaasl goahas most t hat
penicillin either °HowwasthispbEshpleor in Americao.

In 1968 the Nederlandsche Gistn Spiritusfabriek merged with Brocades, Stheeman & Pharmacia to
become Gist Brocades.

Now Technical University Delft, TUD.

Kluyver Archive (KA), Catalogue 1990091, Folder 2, LettersiD
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It is known that many groups in many countries had a wartime interest in the development of
penicillin. However, at the end of the war, for most, penicillin waseeitmported or made
under British/American licence. In the pasar market, NG&SF achieved independent
success with their own penicillin brand, a brand that met both British and American penicillin
standards. What accounts for the difference between ilbheefaf others and the success of
those in Delft? How, in the face of incredible postr hardship, could those in Delft consider
financing the research, development and production of a Dutch penicillin?

In order to answer these questions, | will focustliy on the experiences of NG&SF under
Occupation during World War Il I wi || t hen
Teamdé and, before my concluding remarKks, I

penicillin, Bacinol, from wartime researth postwar production.

Pre-War Position.

To begin with, some information on the pr@r status of NG&SF is necessary. In contrast to

the general depression of the 1930s, NG&SF was buoyant. For them1942Mad been a

period of expansion with subsidjacompanies established in Bruges, Belgium, Monheim,
Germany, Lisbon in Portugal and London, UK. They were the market leader with their

b ak er 6 sKkomngsgiandEngedura Other products included butanol, acetone, and

ether. During these years too,GN.SF 6 s Resear ch Depart ment
strengthened with a weltained staff of biochemists and microbiologists most of whom were
recruited directly from Prof. KluYymshordbs Mi c
NG&SF and its employees wetgetaccepted authority in the fermentation field.

Wartime Experience.

Under the occupation NG&SF6s reputation all o
the production of yeast, and yeast was necessary for a staplé toeéd. Workers were

givess®nti al workerd status, and, as ferment

4 M. B ur n ®evelogmemt ef Penicillin in The Netherlands 19¥50: The Pivotal Role of NV

Nederlandsche Gist n  Spiri tusfabri ek, Del ft 6, PhD (History)
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came and went even during curfew. Al t hough |
Par ko, ao wnemdp aammryea specifically for myor ker s
grounds.

As the war progressed, however, production was reduced. The Delft headquarters was cut off
from its daughter companies, which restricted sales. Raw materials also became severely
rationed and were obtainable only through Dutch Government i@ageRgksbureausAs a
resul t, NG&SFOs mar ket stagnated.

Ultimately, though, this lack of materials stimulated new research and development. In a joint
project with Shell and Chemische Fabriek Naarden, NG&SF worked on the production of
vitamin C to suppmment the increasingly poor Dutch diet. Vitamin shortages also drove
research with yeasterived vitamin B and into the development of food enhanGessexand

AromexXWi t h this 6newd research came new techni
Drect or in charge of the Delft plant, F. G. W

the producti®n of penicillino.

England, UK, September 2005, 1092. This thesis forms the base of e research contained in this
publication.

Ibid.

F.G. Waller Jnr.De FabrieksbodéFactory Newsletter),15 October 1960, 269.
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F.G.Waller dnr

Penicillin at Delft.

AWhen we first started | ooking, in 1%9%g3, onl

1929. |t was on that 'basis we started our re

Which raises the question: What happened in 1943 to stimulate the interest of Waller and his

colleagues in penicillin?

To this day, this question remains debatable. Did it have to do with nefleof success in

(@)

North Africa during which penicillin, t he
recovery and survival of the Allied war wounded? Did those at Delft hear of penicillin
through clandestine radio programmes, Allied propaganda maberihe Dutch press? My
research in the BBC archive has shown no radio broadcast about penicillin that could be
picked up in the Netherlands at that time. Although it must be noted that the BBC did not
archive BBC news items. Neither does the Dutch Réuanje service based in London make

any mention of penicillin. In the case of Allied propaganda material dropped over the
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Netherlands, the first reports on penicillin found are contained in the magBane
Wervelwind(The Whirlwind) dated April 1944. In Doh newspapers, too, it is well into
1944, August , before penicillin is mentioneoc

as wi || be shown, we l | out side NG&SFO6s first

A.J. Kluyver

Kluyver Archive, (KA).

If, howewer, we turn to the archive of Albert Jan Kluyver a different strand appears. Albert

Jan Kluyver was Professor of Microbiology at TH Delft from 1921. Under his leadership
comparisons between various yeast cultures had led to one of the subjects for wikich he

mo s t famous, namely comparative biochemistr
knowledge and ability in the field of microbiology had earned him an esteemed reputation

both in and outside the Netherlands. For example, at the Second Internatogaéss for
Microbiology in London in July 1936 Kluyver took his place beside Alexander Fleming,
Harold Raistrick and Selman Waksman. He also actively emphasised the industrial usefulness

of his Department6s resear ch wiotmanyrDutchhe Ne
companies. His relationship as advisor to NG&SF had started in 1933. F.G. Waller was one of

his former pupils.

" Ibid.
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Kluyverés archive introduces a key to the 06Kk
Delft before and during the war ysain correspondence with a former pupil, Johannes
Hoogerheide, who in 1940 was employed in biochemical research at the Franklin Institute,
Newark, Delaware. In a letter dated 15 April 1940, Hoogerheide told Kluyver that he had
cultivated a substance thiahibited capsule forming similar to Dubos, a close associate of
Waksman. There was great excitement about it in the press as it was seen as a potent anti
bacterial substance. Almost a year later, on 24 March 1941, Hoogerheide wrote about his
substance, wbh he had called H1, and said that it had been used in various hospitals for the
treat ment of badly infected wounds and the r
on 17July 1941 saying he was very atbedawmse est eo
of the war and the occupation he did not have access to any American journals and had to
make do with reprints. Hoogerheidebds reply
the Squibb Institute in New Brunswick, New Jersey where hewowdd c|l ose t o Wak:
laboratory. His task at Squibb was to produce larger quantities of H1. He also had to obtain

ot her bacterial extracts of fungf and for th

The correspondence between Hoogerheide and Kluyveratdipis point. In December 1941,
following the Japanese attack on Pearl Harbor, the United States entered the war. Germany in
turn declared war on the US. It would be October 1945 before Hoogerheide and Kluyver
could correspond again. What these few tstiustrate, however, is that up to October 1941,
Kluyver, through a former pupil, had an active and informed interest in the antibacterial
properties of both soil and fungal cultures. If he did, so too would his associates at Delft and
his former pupilsa t NG&SF. Thlead&kdhoavhddgrpertise for
penicillin at NG&SF, therefore, is evident.

Starting Position.

Bearing in mind the severe restrictions of the occupation and ensuing lack of availability of
academic publications, the MGF R&D Reports about the first research into penicillin allow

us to see the scientific publications available to NG&SF researchers. The first is Report 412,

8 KA, Catalogue 1990083, Folder 3, Letters H to Z.



43

dated Marckl une 1944. The author is A.P. Struyk,

andagradat e of Kluyveroés Microbiology Departmen

A.P. Struyk

Struykés original report refers oRHemicalt o | oL

Abstractshas produced specific article titldhese are:

Fl eming, A., 6On t he onpftalemcdliomwith Special R&ecendeon o f
to Their Use in the Isolation & . i nf,Britighdauraat @ Experimental Pathology0,
(1929), 226b36.

Clutterbuck, P. W., Lovell, R. and Raistricl
of the Penicillium chrysogenum Series of a Pigment, an Akaluble Protein and Penicillin
b the Anti bact er i 8ibchedictisutnal n c2e6 ,0 f( 1F 3e2mi,n g1,9 0 7 1

Wa k s man, S. A. 60Antagoni stic | nCheonicae | at i o
Botanica 6, (30 December 1940), pp.145b8.

° M. Burns, 6Scientific Rehseearacshe ifrort hBea cSencod nd DwWwa rclhd
in A. Maas and H. Hooijmaijers, ed&cientific Research in World War 1l. What scientists did in the war
(Abingdon, Oxon, and New York: Routledge, 2009), pip44
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The above publications make wup only half of
St r & lisk that we can begin to glean the existence of dissemination of information
concerning penicillin during the war years. The three other sources are:

Vonkennel , J. Ki mmi g, J. und Lembke, A. 0 I
Wirksamer Substaz en aus Pil zenbo, (The Mycoins, a Ne
Substances from FungHJinische Wochenschrif22, 16 1 7 , (17 April, 1943)
Ki ese, M. , 6Chemot herapie mit Antibakteriel!/

(Chemotherapy with Antibacterial Substances from Moulds and Bactdfia)ische
Wochenschrift 22, 32b33, (7 August 1943), 505b1l11.

Penau H. , Levaditi, c., et G. Hagemann, G. ,
Bact®ricide doéOrigine Fungiquebo, (Attempt s
Origin), Bulletin de la Société de Chimie Biologiqas, (1943), 4061101°

All of the abovearticles were published in 1943. All illustrate a widening, albeit small, circle

of research into mouiased, penicillidike, antibacterial substances in Germany and
occupied France. In particular, Kiese listed in his publication a very impressivéetdnoes

on penicillin and antibacterial substances that had been published between 1923 and 1943.

Hi s publication also covered the research by

But Struykoés sources raise yet ogshbdathyeast ques:t
factory in occupied Del ft, obtain these for
not list the source of his material. However, the Kluyver Archive contains photocopies of all

of Struykoés sour ce ma tBiliotheek D.B.MYLidrary iDdar). t he
Research has shown this to be the stamp of
subsidiary companies in Bruges and Monh&irt.would appear, therefore, that the basis for
Struykods resear ch oange iNGRESHeibratpipanesystamt gelr t hr

Strain Selection.

10 :
Ibid.
1 personal Communication, Fetary 2003, Dr. Jan de Vlines, Director R&D Gist Brocades, retired.
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R&D Report 412, MarchJ une 1944, |l ets us see Struykos
Struyk, he received twentyne fungal strains from the Centraalbureau voor Schimmelcultures
(CBS: National @llection of Fungal Cultures) in Baarn, near Utrecht. These consisted of
eighteenPenicillium strains and thredAspergillus To this Struyk added two fungal strains

that had been found on old cacao powder.

Research in the archive of the CBS has shown ttea then director of CBS, Professor
Johanna Westerdijk, d i-athe straongen doo he dig so Bverau y k 6 s
period of five mont hs. Al s o, Westerdijkos
Division staff member, Johannes Rombouts. r€&pondence between Westerdijk and
Rombouts began on 19 January 1944 with the delivery from CBS to NG&SF of twelve
moulds. On 24 February 1944, Rombouts thanked Westerdijk and said that if she heard of

ot her moul ds producing @b 6lgmodowladcteei pseat
them. More strains followed on 15, 16 and 21 March; 1 April; and 15 and 24 May‘41944.
Struykodés research, therefore, was not I i mi t
with Westerdijk it chwgsanaongeingprocess. St ruykos res

Strain Evaluation.

Report 412 goes on to illustrate the methodology Struyk followed to evaluate the strength of

any antibacterial substance produced by his tweng/Penicillium strains. Using an agar

block test andMicrococcusaureus (Rosenbachpan old name fofStaphylococcus aureus
which he had obtained from Kluyverods | aborat
this 6zoned the activity of the strains coul
60Del ftt6 Wnith which to define any antibacter.]

FIl emingds initial work.

Seven of Struykds experiment al strains pr o
culture with the highest yield and the one chosen for fugherudy was si xt h on

P6:Penicillium baculatunWestling. Struyk named this substance Bacinol.

12 CBS Archive, 1944, Correspondence File, Nos. 516, 511, 513, 514, 515.
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Further research with Bacinol i's noted in St
These R&D reports reflect research with Bacinol durimet per i od Mar chbJune
example, Report 413 illustrates that Renicillium baculatumwas allowed to grow on
NG&SFO6s own Liquitex base for five days at a
a day, the results appeared to be identical tegtmeported by Fleming using a bouillon mash

and Penicillium notatum Also, the substance produced by P6 was soluble in acetone and
alcohol, which facilitated extraction from the growth mash, and, when mixed with water, its
properties were resistant to g. Bacinol, therefore, had the same antibacterial and physical
properties as Flemingbds penicillin. He coul

from Penicillium baculatum was t he same as t he Pénwibiumd e r dr

notatum
Il n al |l , Struykoés R&D Re p o-eightspagésl they arg buddled nd 4
together as one report. 't is not marked Ose

circulation on 29 July 1944. The recipients are noted as F. G. WaleA. A. Stheeman and
J. R. Rombouts.

A. Querido

6Chancebo.

The influence of 6chancebé in the devel opme
experience of Andries Querido. In 1939 Querido returned to Amsterdam from his post
graduate research at tRasteur Institute in Paris. On the recommendation of Kluyver he was
employed by NG&SF as a pditne advisor. In January 1943, however, his Jewish
background meant his internment in Barneveld Camp. In September 1943 he was moved to
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Westerbork Camp and, Beptember 1944, transported to Theresienstadt in Czechoslovakia.
Before this, however, as an employee of NG&
allowed to visit the Delft factory, albeit on an irregular basis. On what was to be his last visit
toDd f t |, Querido met a fellow Jewish doctor, S
Van Creveld was Professor of Paediatrics in Amsterdam and he told Querido that he had just

had a visit from a colleague from neutral Portugal. That colleague hadhbmit him a

copy of the latesBchweizerische Medizinische Wochenscli8itiss Medical Journal) and

that the whole publication was given over to the subject of penicillin. Querido asked if he

could borrow it and took it to Deltf

Critically for thoseat Delft this issue of the Swiss Medical Journal, dated June 1944,
contained an article by A. Wettstein. Simply
the Allies had achieved in the development and production of penicillin. For example,
Wettdein gave details of penicillin growth on a maize extract; of the sgalef penicillin

production in bottles and porcelain containers; the measurement of strength by the Oxford
unit; a dilution method; physical and chemical properties; human studiesalastudies; and

it named bacteria known to be sensitive or insensitive to penicillin. At NG&SF this
information proved invaluable. The entid@urnalwas photocopied and circulated at least
thirteen ti mes. T h Rhotdcopie yrv I&Phdosopycnomberel3),there d s 0
may have been more. On tBibkothgeck D.B.M Ot i wai cbv sh
us that the copies were made and distributed

This issue of th&wiss Medical Journalso serves to illustta the ongoing dissemination of
information about penicillin during the war
publication, which had been based on 61 sources of reference, Wettstein, in neutral
Switzerland, could cite 159 sources. At a timembargo, the jump is enormous.

Increasing Production.

From July 1944 Rombouts, with his assistant Ans Addison, tested Bacinol for toxicity in

Staphylococcus auretsfected rabbits and mice. Struyk also continued his research. To

13 personal Communication, Prof. Andries Querido, December 1999.
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enhance the growth ofdginol, he tried various types of flat glass and enamel containers. In

the end, he chose milk bottles.

Kl aas Scheurkogel described the scene. The
temperature of 25°C. After processing the fluid produced, theltresas fairly crude

penicillin. Sometimes the surface culture became contaminated, which made the content of
the bottle unusable. This had to be disposed of and the process started again. From time to
ti me such O6calamitiesd s Hteeseathers keptugoimgoRynt a b |
August 1944 they had a small amount of a dwlolwn substance, which, according to

Scheurkogel, had o6#l1 the desired properties

Waller confirms this:

By aroundDolle Dinsdagwe had a small amount of a substance, whiclheped, and later to
our joy proved to be penicillift.

Dolle Dinsdagrefers to Tuesday, 5 September 1944, when the BBC erroneously reported the
Allies had broken through in the South of the Netherlands. The Dutch in euphoria lined the
streets to welcome dir liberators. In fact, the Battle for Arnhem failed. The south of the
country was liberated but the northern and western provinces remained firmly under Nazi
control. Ultimately, those caught in the west were to face the devastationhairiperwintey

Hunger Winter.

The O6Hunger Winterd did not mean that there
was availabl e. In retaliation for the Dutch
Allied cause at Arnhem, the occupier refused to permitrdnesport of food supplies to the

west. In the face of one of the coldest and bitterest of winters, the Dutch population was left to

flounder. A situation that Kluyver descri bes

Continuing Research.

“ K. Scheurkogel, 6TecHiriihetbshdReekbladds 29 danuary 4949, e n i c i
15 F.G. waller, 269.
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However, during those dar days of the winter of 1944b45
Bet ween July 1944 and March 1945 Reports 814
assistants J. Knotnerus and G.T. Mathu, continued to improve penicillin extraction methods
from the broth cultu . Al s o, in Report 243 of Apri |l bMa
di ffering |l evels of success in the search foc
by growingPenicillium baculatunon sugars, beet pulps and grain mixes. His conclusion was

thathe most successful was quite simply o6grain

Penicillin and Liberation.

Officially, it was to be 5 May 1945 before liberation came to the west of the Netherlands.
Before this, however, an agreement was reached between the occupier and the Adres, whi
allowed food to be dropped by British and American bombers to the beleaguered Dutch. The
British started these drops on 28 April 1945 at the airfields of Ypenburg (Delft), Duindigt
(The Hague), Valkenburg (Leiden) and Waalhaven (Rotterdam). Wider deope with

American help and the contents dropped were distributed by the Dutch themselves.

Until now, most sources relating the history of NG&SF penicillin claim that American
penicillin was included in the food dropped at Ypenburg, Delft. Some say Dlftadoctor,

Evert Verschuyl, took &édroppedd penicillin t
antibacterial substance. Others simply report that American penicillin was part of the food

drop.

It is difficult to see why the Allies would have qneed penicillin. At the time, penicillin was

restricted to military use only. There was no surplus. Added to that, Dutch doctors had no
experience with penicillin as a medical treatment. They did not know its properties or how to

use it. At the time, penitin could only be administered by intramuscular or intravenous
injection. In powdered form it had to be mixed with sterile water before an injection could be
given. Injections had to be sustained on a twémiy-hour basis. Finally, many of the
containes crashed open on landing, the contents spilling out over the drop area. How could it
have been possible for the new O6wonder dr ug¢
Delft?
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Bacinol: Dutch Penicillin.

Nevertheless, at the end of the war Aroani penicillin did reach Delft. n Reports 244
for JuneblJuly 1945, St heeman gives the resu
penicillin made by Chas Pfizer & Co and supplied by Upjohn of Kalamazoo. His source is not
noted but his concl usi onlliniare the samd. In Bulycl94b,0 | ar
therefore, barely two months after liberation, the Delft Team knew they were in possession of

an antibacterial substance similar to the penicillin being ypastuced in the United States.

First Clinical Application.

InNovember 1945, the recovery of Maria Geene,
Bet hel Hospital, signall ed the successful d e
one, Maria had been admitted to the Bethel hospital on 26 October 1945. Shiioedy dl

with a staphylococcal infection. She was treated with sulphonamide to no effect and her
temperature remained high at 39b40AC. On 15
injection of 50,000 units of Bacinol. Her temperature returned tonaloand she was

discharged on 29 November 1945. Her complete recovery had taken only fourte&h days.

However, she was not the only patient to receive treatment with NG&SF penicillin at that

time. Another young woman, who, like Maria Geene was dying micsemia, was treated

with Bacinol. While her identity remains unknown, it is known that she was eighteen years
old and was admitted to the Bethel on 26 Nov
that day she received 50,000 units of NG&SF penicillin. Intravenous injeataminued on

27 and 28 November with 100,000 and 150,000 units, respectively. Her infection cleared and

her temperature returned to normal. She was discharged on 14 December 1945. Her recovery

had taken just nineteen dalys.

6 personal Communication, Dr. Bob Griffieon, Delft; Temperature Charts, November 1945 contained in H.L.
Hout zager and M. A. Verschuyl , O0Detftoeepansiegswankp
Medisch journal Delft4, (December 1995), p.194.

17 :

Ibid.



Dutch Penicillin 194546.

In 1945, the US and the UK, as stated earlier, were producing as much penicillin as possible
but it was not enough to meet the demand. Intwar Europe, when penicillin arrived it was

either as an import or made under licence.

At the end of the war théutch Health Care system had a shortage of everything.
Nonetheless, in October 1945 a Dutch Government committee was established to look into
research on O6Penicillin and other antibiotioc
should penicillin bemported; should the Dutch Government take on the responsibility of
making penicillin; or, should it be produced by private enterprise? In the end there was no
clear proposal apart from the decision that any penicillin produced in the Netherlands should

be under the control of the National Institute for Public Hehlth.

The Commission for Antibiotic Medicines was established in January 1946. A report on
penicillin production in America and Canada led the Commission to the view that while there
should be Ste involvement in the production of penicillin in the Netherlands, because of
costs, the better option was a compact of State, academics and private enterprise. However,
should such a compact take place, the development of Dutch penicillin should lEEpJ®yrs

the State but not funded by the State’ The e

As we have seen, at the end of the war, those at NG&SF knew they could produce penicillin
equal in quality to that of the American and British companiesrdwas no need to wait.

They had their own penicillin strainPenicillium baculatum their own research and
development team, and they had developed their own production techniques. Waller and his
team may have had a passion for research but they alsbdhadwi | | t o swarceed?d

production of penicillin.

Personal Communication, Dr. AJ. de Neeling, Bilthoven, November 2003; Rijks Instituut voor de
Volksgezondheid (RIV) Report U.317/45, October 1945.

RIV Report Commissie inzake antibiotische geneesmiddelen (Commission for Antibiotic Medicines), Report
10 January 1946.



Scaleup.

In August 1946, NG&SF penicillin produced on an industrial scale arrived on the Dutch
market. Before this could happen, though, more immediate developments in thecklgge

produdion of Bacinol had to be addressed.

For this, the Delft Team went back to their advisor and mentor, Kluyver. The influence of
Kluyver in the scalingup of Penicillin/Bacinol from a laboratory bench to an industrial level

is plain to see. During the 193B$uyver had published on a new concept, deep fermentation
technology. Just as the concept of deep fermentation technology had increased the production
of penicillin during the war at NRRL in the US, in the early pwsat years it also influenced

his forme students at NG&SF.

Largescale production of penicillin at NG&SF was successfully started on 15 May 1946
when the first industrial fermentation took place in a 1.5 hectdiisnkkete(Ensink tank).
Upscaling to 15, 60 and 3@tectolitre fermentatiotanks soon followed, an incredible rate of

expansion!

In order to achieve this, a new group of workers was established expressly for trecdege
fermentation of penicillin. A group of younq
E x p e H.tdesHorn, another of the first NG&SF employees to be included in thelgraie
NG&SFO6s penicillin, paints the scene: O6We ha

as we went alongbo.

But the team had more to learn. For example, they ledro@do deal with the sensitivity of
penicillin to impurities. A method was devel
contents of the tanks had to go through not just one but two $téah | ed o6di ps 6
extraction pipe. The theory behind thiasmthat impurities might be able to filter through one
steam oO0dipd but not a sdkyng tedhniqued baee flom eéha k t h r
Blood Transfusion Service in Amsterdam. Finally, at a time when the whole of the

Personal Communication, Jan van den Berg, 20 April 2005.
Personal Communication, H. de Horn, November/December T898abrieksbode29 S@tember 1978 and
2 May 1995.

2
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Netherlands was in need of recaostion, in 1947 Waller purchased the Leidse Machine
Fabriek which he renamed Leidsche Apparaten Fabriek (LAF). Critically for NG&SF, the

LAF had a fiftyman workforce expert in the production of metal tanks. In its first year of
production the LAF met75% f NG&SFO6s new apparatus require

In contrast to the Dutch State idea of the production of Dutch penicillin resulting from
6Teamworké and O6Big Scienceb6, overseen by th
happened was Jvaduce genidlls. NG&SIF breught @utch penicillin onto the

market as a completely private enterprise.

Running parallel with the advances on the technical side of penicillin production, in January
1946, NG&SF established an Antibiotics Department. Thst fcoordinator was Klaas
Scheurkogel.Shortly afterwards, R. A. Jellema was appointed head of the first NG&SF
Penicillin Department. Together, their duty was to establish contact with the Dutch medical

world and to promote the use of NG&SF penicillin.

In 1946, as has been shown, penicillin in the Netherlands was rationed as the Government
grappled with the cost of importing it. A voucher system for the distribution of penicillin was
introduced and, in August 1946, NG&SF penicillin received the remisujply seven

hospitals. These were the Academic Hospitals of Leiden, Utrecht and Groningen; Johannes de
Deo, The Hague; Wilhelmina Gasthuis, Amsterdam; St Jacobus Stichting, Wassenaar; and De
Gemeente Apotheek, The HadlLEurther, it was agreed that ag throduction of NG&SF
penicillin increased, so the allocation syst

Information Base.

On the medical side, the Medical Brains Trust was formed. This Trust, chaired by Kluyver,

consisted of Querido, Jacob Muldedan Wi | | em Goslings from Lei de

Over en Weerduly 1968, 1, pp189; Personal Communication P. FrjtEebruary 2000.
*  GB Archive, NG&SF Monthly Reports November 19aénuary 1947.
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L. E. den Dooren de Jong, a bacteriologist
Waller and his staff.

The Medical Brains Trust publish&lgesta Antibioticaan academic publication given over

compl etely to the o6wonder edadatg datepatnmow avaldblei n . L
from both Britain and the US they wrote articles explaining the manner in which the by now
various forms of penicillin could and should be administered. The editomaa m b Quer i d

Mul der and Goslings b also answered question

However, in the standardisation of the use of penicillin, where did this information come

from?

Standardisation.

The Kluyver Archive lets us see the effect oukf ver 6 s academi c networ
bridge the gap caused by intellectual ©6isol a
virtual avalanche of information arrived at Delft from the United States. While space does not
allow extensive detail tbe given here, the Kluyver Archive shows, for example, that H.A.

Bar ker at Berkeley had set up a oO0Del ft Libr:
Kluyver. He had them ready to send immediately the war ended. He also arranged for
academics toend reprints of material they had published during the war directly to Delft.
Similarly, from the commercial field, Merck sent their brochures for 1942, 1943, 1944 and

1945.

At the same time, as early as October 1945, NG&SF sent one of their Chemiradesg
C.W. Spiers, to the United States. The intention was that Spiers should gain firsthand
experience in penicillin production. He took with him a blanket letter of introduction from

Kluyver.

® A. Querido,Andries Quesirdo de binnenkant van de geneeskuadestedam: Meulenhoff, 1990), p117;
B. Elema, Opkomst, evolutie en betekenis van research gedurende honderd jarren GistféiDekk,
Koninklijke Nederlandsche Gisén Spiritusfabriek, 1970), p40.

® Digesta Antibiotical, 1947. Source: Kluyver Archive.
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Dutch Penicillin: Standard Confirmation.

Kluyver also reedablished contact with his British associates when, at the invitation of
Marjorie Stephenson, he attended the British Society for General Microbiology on 19 and 20
December 1945. This brought with itecennection with, among others, R. St John Brookes

of the National Collection of Type Cultures.

On 1 March 1946, Kl uyver wr ot e tStaphy®toccusJ o hn

aureusused in the standardisation tests for Per
reply listed the strains seda 6 Number 6571A (Heatley) ... th
penicillind and 6Number 6718¢é FDA number 21C¢

in o6penicil [ This infarmaienywould cundlubtedly have been shared with
NG&SF.

Like Kluyv er Querido was qgui ck t o asstodate NG&S
information on penicillin and their check on penicillin standards when he went to London in
September 1945. He picked up the wartime publications that had been kept for NG&SF by
their London agent and+est abl i shed subscriptions for ac.
report to Waller of 30 October 1945 indicat ¢

his refrigerator in Leidef.

There is no doubt, therefore, that as NG&SFreéased their production of Bacinol they
continued to check and-heck their antibacterial substance against the standard being set by

their British and American counterparts. As stated earlier, in December 1946 Fleming himself

had organised an analysi$ o NG&SFO&6s penicillin with GIlaxo
request . The finding was that oO0this penicil!

(UK) or °Americabd.

By the end of 1946, NG&SF was supplying all the penicillin needed by DutclitddesiBy
1948 Dutch penicillin met all penicillin requirements for the whole of The Netherlands. In

KA, Catalogue 1990090, Folder 2, Lettersavi
Gist Brocades Archive, F.G. Waller Jnr Archive, Correspondance Walererido, 30 October 1945.
® KA, Catalogue 1990091, Folder 2, Letterd-D
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1949, NG&SF started exporting penicillin. Fifty years from the end of the Second World War,
Gi st Brocades, as NG&SF had bstogamers of bukks o ne

penicillin.

However, in March 2005, DSM, as Gist Brocades had become, closed down most penicillin
fermentation tanks at Delft. Almost exactly sixty years from the first {acgée production of
penicillin in beklthe largescalepaoductiert of Duh perectlidto India

and China.

Conclusion

Codenamed Bacinol, the secret production of penicillin at NG&SF, Delft, whilst under the
extreme conditions of Nazi occupation, did happen. It ran alongside legitimatenevart
research, the food enhancers Gistex and Aromex and a new joint venture for the development
of vitamin C withChemischd-abriekNaarden and Shell.

The true identity of NG&SFO6s antibacteri al
The name Baciio was derived from the moRehigliunst r ai n
baculatum Wartime experiments with Bacinol were adapted to suit conditions with the

gr owt h of Bacinol on what was avail abl e, r
Liquitex. Milk bottles were used as the container.

Yet, as in all experimental procedures, reports had to be written and, as we have seen, these
were clear and concise in methodology and observation. Consequently, while these reports
highlight the fact that some contemporagentific journals were reaching those working at
NG&SF they also reflect a confidence when addressing the recent microbiological research
and an ability to put that research into practice. To this ability the Delft Team added their own

expertise.

In the end, the development of Dutch penicillin was a technical problem that requiteptim

knowledge of microbiology, fermentation and recovery. The Delft Team had all of that.
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Waller was a determined, inspirational, leader. The Team was small and cphetfiveo

bureaucracy and short lines of communication.

At the same time, NG&SF had unique access to Kluyver, a world authority in the
microbiological field. All of those involved in the development of Bacinol had come through
Kl uyverodos | albdsatexmpye.ri @umeri, t hough, brings t
from the outside world by the occupation, Qu
June 1944 offered the 6chanceb6 to compare N

elsewhere

At the end of the war, NG&SF took the massive step of adding a pharmaceutical product to its
fermentation skills. At a time when the whole of the Netherlands required reconstruction this
was a step that demanded considerable investment. Here, agalneWab s det er mi n
showed through. He invested not only in plant and machinery but also expanded NG&SF

personnel and advisors.

Yet , uncertainty seemed to remain. It was w
Wal |l er s gr oup evwider academic ard wanendrciat penicitrnducing
world. A world that was able to affrmandaef f i rm t he standard of NG¢

Giventheprevar expertise of Waller and his NG&SF
edged toi emteedriirreg e@xperi ments. An expertise
from Kluyverdés | aboratory at the TH. There i
edged remained in place al beit su-pgwoAttheed by
end of the war, after five years of occupation and isolation, the Delft Team continued the
largescale production of their own penicillin, Bacinol, a penicillin at least as good as that

produced in Britain or United States.

The Delft Team
Leader F.G. Waller Jnr, NG&SF Deputy Director, Delft

ResearchersA.P. Struyk, A.A. Stheeman, J.R. Rombouts.
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Research Assistantsagendijk, Knotnerus, Mathu, Spiers, Addeson

FermentationW.A. Verkennis, J.M. Klokgieters

Clinical Application E. Verschuyl

Upscalirg: W. Berends, H.M. de Horn, L.M. Rientsma.

Upscaling AssistantsJongbloed, van den Berg, Elzenga, ter Horst, Kamps, Mensinga,

Mostert, Saltet, van der Zijde

Antibiotics DepartmentK. Scheurkogel, R.A. Jellema

Advisors W.H. van Leeuwen, NG&SF Presideii;F. Waller, NG&SF Deputy Director,
brother of F.G. Waller Jnr; Professors A.J. Kluyver, TH, Delft, and J. Westerdijk, CBS,
Baarn.PhysiciansA. Querido, J. Mulder and W.R.O. Goslings of Leiden University Hospital

Marlene Burns, PhD.
Kluyver Archive, Déft University of Technology;

Descartes Centre, University Utrecht.
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A Chain is Gonna Come
Building a penicillin production plant in pestar Italy

Mauro Capocci
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1. The ISS

The Istituto Superiore di Sanita (Higher Health Institute, hereinafter the ISS) is one of the
most important biomedical research institutions in ftaRarticularly in the decades after
WWII, it became one of the statended institutions that provided a del for scientific
research. It combined public health tasks with pure and applied research, and also played an
important role in encouraging innovation in the life sciences: biochemistry, biophysics, and
molecular biology, all found in the ISS an impott&maining and research centre in the 1950s

and the 1960s. This made the institute one of the engines of scientific development in post

war Italy.

Founded in 1934, it was the result of an agreement between the Italian government and the
Rockefeller Found&on. A few months after it opened, at the beginning of 1935, Domenico
Marotta became its director: he would keep this position until his retirement in 1961. During
this period, he managed to fully develop his vision, creating an institute capable otingmpe

at an international level, attracting eminent scientists from abroad, and ultimately creating a

stateowned plant for the production of penicillin.

The Rockefeller Foundation intended the ISS be to carry out research in the public health
sector, workmg in a similar way to the Foundation's own Health Division in the early decades
of the twentieth century in underdeveloped countries (e.g., Mexico and Brazil) (Farley 2004).
Accordingly, the ISS was initially called the Istituto di Sanitd Pubblica (iretibf Public

Health: the name was changed in 1942). The RF was already operating in Italy and had a
strong commitment to the fight against the "national disease", i.e. malaria: prevention of this

and other diseases, together with general monitoring dandagonal tasks, was to be the

! Historical accounts of the ISS can be found in Paold®07), Donelli (2008), Capocci and Cozzoli (2008).
This paragraph is mainly based on the latter article, where detailed references can also be found.
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| SS6s main mission, at | east according to t|
the institute a large research establishment, similar to the Institut Pasteur in Paris, or the Johns
Hopkins Medical School in Baltinte: a national body for any sort of chemical, medical and
physical tests (mostly on food, drugs and chemicals) as well as a centre for scientific research.
The Institute would have been a symbol of the powerful new nation being created by the
Fascist dicteorship. Yet, when the new institution was inaugurated in 1934 (on April 21, the
alleged day of the foundation of Rome) only a few facilities were actually operational, and in

the decade that followed the Institute was unable to devote itself fully tarchsdn the
second half of the 1930s the coloni al war al
ensuing embargo by the League of Nations, resulted in a drive fesusfetiency and the
Armyos increased needCohsequely thertecwas ssie @msdaind r u g s
on the activities of the ISS: vaccines and sera production took up much of its time, as did food
chemistry and public health control duti es.
undertake some research. Most nbtalmicrobiology and bacteriology acquired one of the

few electron microscopes in Europe from Sie
particle accelerator was built. The Univer si
build this importantresearch tool, and Marotta gladly welcomed and met their request.
Unfortunately, the 1 MeV CockreitValton accelerator was only completed in 1939, after

Fermi's flight and on the verge of the war. Other important studies were undertaken by the
malaria laloratory headed by Alberto Missiroli in relation to the ecology of anopheles and

acquired immunity to the disease.

The war hit Rome hardest in 1943 and 1944, when it was repeatedly bombed by the Allies. In

July 1943, a massive attack aimed at the railwagslihit streets and buildings in the
university area. The ISS suffered some damage, but it was still operating. Another blow came
when the Germans, in the spring of 1944, left the town and confiscated the electron
microscope, considered to be a strategatrument (Donelli 2008). A new one was built in

1946 by the Instituteds scientists and tect
copied in the days before the Nazi confiscation.

After the war, in 1945, the ISS was one of the few lItalian s@enbstitutions still in
operation. Since the Institute was a technical and administrative body, it was quite easy for
Marotta to avoid recruiting Army personnel: the Institute needed to be fully operational in
order to produce important goods for thetibia. Marotta had also managed to avoid the
Institute being transferred to the Nazntrolled puppet state of Repubblica Sociale Italiana,
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based in Northern ltaly. Like all the other offices of the administration, the ISS was to be
moved. Marotta cunninglallowed a few people to be transferred, but not the infrastructures
or scientific instruments: he would have gladly agreed to the transfer, but only after a building
was in operation, with all the laboratories working properly. In the difficult timesOd#

1945, this was quite unlikely to happen, and Marotta also added that Rome was a better
location for supplying the Southern regions with drugs and the other useful chemicals
produced by the Institute to.

Marotta was also able to make a relatively sthdainsition to the new democracy: accused,
because of his important role in the fascist bureaucracy, of being a collaborationist, he was
able to provide evidence of his antifascist credentials. As a matter of fact, he never overtly
opposed the Regime, lattugh it would seem he was not a fervent supporter of Mussolini,
particularly in the last few years of the dictatorship. He was thus allowed to keep his

positiorf.

In the years that followed, Marotta was able to fully implement his vision of the ISS as
fundamental research centre, devoted to the scientific and technological development of the

nation.

2 . UNRRAGS PLANT AND CHAI NOS PENICILLIN

Penicillin became a subject of research at the Institute in-1948. The alliance with the

Nazis and the brutal coeguences of the war probably hindered the circulation of information
regarding the new fAmiracle drugo before 194
advanced Germany was quite late in recognising the true value of penicillin, although most of
the publications were available in the Reich (Wainwright 2004; Gaudilliere and Gausemeier
2005; Bud 2007). The Germans did not apparently pass on the information to their Italian
allies: some information entered Italy with literature from neutral SwitzerlaastqP2008).

According to the head of the chemical department of the Mitm®d pharmaceutical
company Lepetit, "the study of penicillin in Italy began in early 1944" (Carrara 1947). In July
1944 an account of the new drug discovered by the Americareamgabin the journal
published by the Uni v er s iltPgliclinicd (JaRdmlon&%Bl4), Me d i
although the literature cited is largely incompfetéhe same issue (p.466) of the journal

Marottads attitude towards the Fascist regime has b«
The Allied troops entered Rome on June 6, 1944. The paper was probably written before the liberation of
Rome, so access to the literature would have been difficult.

3
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included a brief and unsigned note about penicillin treatnfor gonococcical infection,
reporting a study published in JAMA in April 1944. In August, the physician Giuseppe La
Cava of the University of Pisa published a short review on the surgical uses of the new drug,
based on the literature provided by thée€lof public health services of the Allied Military
Government (La Cava 1944). In October a study (published in February the following year) of
110 ophthalmological patients is described by a clinician at the University of Rome (Bietti
1945): the sourcefenicillin is not assessed. Another study (Corelli and ladevaia 1944)
involving penicillin is described in December 1944 and published in October 1945 by Roman
physicians working at the Army Hospital (attached to the University General Hospital): the
drug used was the Merck penicillin, obtained as a "courtesy" from the American Army
Command. They treated two young soldiers, admitted in September and October 1944 for
extensive burns. In the summer of that §etire Allied Committee controlling the Country
presented two penicillin cultures to the General Directorate for Public Health, which gave
them to the ISS (Per la produzione della penicillina in Italia 1944). The first studies conducted
there on thdPenicillium mould are published in 1945 inthe Ingtt e 6s sci enti fi c
Rendiconti of the ISThese were several assays of the different methods for determining the
concentration of the penicillin in blood and urine on the basis of the various means of
administering the drug, and a long essayardimg the spectrum of activity of the antibiotic
substance (Scanga 1945a, 1945b). Both the papers are by Franco Scanga, head of the
bacteriology laboratory and author of several studies on sulphamides before the war. He states
in the papers that he hadedsthePenicillium notatums t r ai n nr . 1249, At h
coming from Lond%3canga(uSed the sudace fedntesiaion technique: it
was the easiest and cheapest if only a small quantity was needed. In his papers, he also
reviewed the exsting literature and proposed two new, simpler methods for testing the
sensitivity of bacteria and assaying the concentration of penicillin in the blood and other body
fluids. In September the same year, Alexander Fleming visited the Institute and |#otueed

The speaker in a newsreel by the Istituto L°uszgys that, once the rumour spread that Fleming
was in Rome the cameramen went out iin searc

scientist than a singl e duocslLaced5).t he power f ul

The Allied troops entered Rome on June 6, 1944.

Though Scanga omitted the prefix, he islmably talking about th®. notatumNRRL-1249 strain, used by
the British for surface culture in the first efforts to produce penicillin on a large scale.

The Istituto Luce was the Statevned institute for cinematographic information. Its archivevilable on
line at www.istitutoluce.it
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Penicillin was still a scarce resource at the time. The story of its-¢aaje production has
been told in great detail by Bud (2007) and Hobby (1985), so there is no need to repeat it here.
However, by 1945 some technologies were alreadyiable for industrial production by deep
fermentation, though they had only been implemented in USA and Canada. The United
Nations Relief and Rehabilitation Administration, the -tk@ninated organisation whose
purpose was to provide relief for the vin8 of the war, set up a large scheme to provide
penicillin to several countries in Europe. Italy took part in this program, first by importing the
drug directly, and later by offering a complete deep fermentation production plant. The
UNRRA mission in Rora was informed of the offer by cablegram on 11 February 1946. The
information was then handed to the Italian Commissioner for Public Health, Gino Bergami,
and only in April the ISS was informed (UNRRA Washington cablegram to UNRRA Rome
1946. ACS/ISTISAN FR4).

The offer consisted of a deégrmentation penicillin production plant, plus the knbaw

needed to operate the equipment and thus some training for scientists. A clause to be
respected concerned the destination of the output: it was not intendedr rexport or
commercial sale. The Italian Commissioner for Hygiene and Public Health gladly accepted
the gift. According to Marottads reconstruct
Northern Italy, s o t hat mantfactwrimgiHeattlano.eHowewer r t o
UNRRA explicitly stated that furnishing the apparatus had to be "justified by Govt as part
program rehabilitation previously existing Govt operated biological producing institutes”
(ibid). The ISS was therefore probabhetonly suitable site for the new plant. At least one

other laboratory offered its premises for the penicillin factory: the State Quinine Laboratory in
Turin, whose board of management wrote to the Prime Minister, to the High Committee for
Hygiene and Puid Health, to the Minister of Internal Affairs and all the local authorities, in

an attempt to obtain®it | t i's rather remarkable that the
official communication, anything like a public call for applications: the infdfam about the

penicillin plant was obtained from newspapers articles. These articles reported the decision
(discussed in the Parliamentary commission in-daduary, 1947) of adding 350 million ITL

to the UNRRA fund, yet they failed to inform the reattet the site for the factory had was

already been chosen, and the commission was only deciding on the additional money to be

allocated to the project.

" In mid-1945, each month UNRRA assigned 2500 vials (each containing 100,000 OU) to ltaly for civilian
use, for five consecutive months (La penicillina in Italia 1945).
8 The letter is in ACS/PCM 558 39792.23 1.2.
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In 1946, in fact, two ISS scientists had already spent several weeks in Toronto for the
intended trainig in the penicillin and fermentation biochemistry, in a plant similar to the one
presented to Italy. Their training eventually proved of little use: the proposed plant never went

into operation.

There were many reasons for this apparent failure. On orte heamy documents show that

Marotta complained about the substantial disorganization of the UNRRA shipment. There
was no exhaustive list of what was being sent, nor was the shipment sent to a single
destination. Marotta was quite unnerved, as were theepg@sentatives of the UNRRA, by

the delays encountered by the project. The problems reported by Marotta were in fact real,
and in addition to the shipping issues there was a location issue, because the ISS had to search
for a suitable site for the new facy. Once the site had been determined (a few hundred
meters from the Instituteds main building),

relocated. This proved to take longer than expected.

Marotta had another reason for gaining some time. Betweenehd of 1946 and the
beginning of 1947 an Italian tour was organised for Ernst Boris Chain. The invitation to Rome
has been the primer: in milugust 1946 Marotta asked Chain to lecture at the ISS, and later
on the same year the British Council and theious local institutions arranged a series of
lectures on penicillin and antibiotics in the late winter of 1947 in several Italian cities. During
the negotiations for the Italian tour, Chain and Marotta started formally collaborating: already
in the Febrary of 1947 the Oxford chemist was paid 75.000 ITL for his "technical and
scientific services in relation to the design of the plants for the penicillin factory"
(ACS/ISTISAN FP24). According to Chain, his first response to Marotta's request for advices

was sharp:

"The opinion | gave him was that it was utterly uneconomical to put up the technically
antiquated UNNRA plant and in view of the high efficiency of penicillin production by

private industry there was no case for the State to interfere in thistipc

Instead, he suggested a radical change to the project. The UNRRA funds, he argued, would be
more useful if used to create an international biochemical research centre that included
everything needed for research, including a pilot plant for fetmtien. Marotta probably
discussed the new project with the Commissioner for Public Health and some members of the

® This quote is taken from a long typescript written by Chain himself in 1957/1958 (My Activities at the

Istituto Superiore di Sanita, 1). Since these are Chain's personal memoirs, we should not take them as a
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Government: agreement was reached to create a factory, as agreed with UNRRA, and the
pilot plant Chain devised. He also managed to get additifunding from the government,
amounting to 350 million ITL. This supplement was justified by the need for a new building
and the site to be bought, although during the debate in the parliamentary commission the
issue of scientific research was raiseaiuld the new facility be used solely for producing
penicillin, or was it going to be devoted to research? The Commissioner for Public Health in
January 1947 said that the funds were not generically deemed to be for the purpose of
research, although thepuld also be used for "other research, controls, etc. etc." (Camera dei
Deputati 1985, 366).

Yet curiously enough, Chainbés participation
in the letters and documents exchanged with the American and UNRR&Segmtives. The

several long memoranda sent to the American cultural attaché failed to mention hiring, or
even obtaining advice from, the Nobel Prigimning scientist, one of the living symbols of

the wonder drug. Nor was Chain's name ever mentionechaencbrrespondence with
government officers. This silence continued until the late summer in 1948, when it was finally
made clear the Chain would have been in charge of the new biochemical research centre

attached to the penicillin factory.

In February 198 the ceremony to lay the foundation stone of the new factory took place: the

US Ambassador James Clement Dunn, together with the Italian Prime Minister Alcide De
Gasperi, was there. The photograflagso show Ernst Chain there, although in the reports his
name is never associated with the endeavour, and he is there solely as one of the great names
of the penicillin saga. Neither the ambassa
research facility and the experimental character of the "pilot pIRetjiétrazione effettuata in
occasione della cerimonia di posa della prima pietra dell'istituto italiano per la fabbricazione
della penicillina 1948, ACS/ISTISAN FP24). Dunn also gave the end of that year as the date
for beginning penicillin production. Hiforecast was rather optimistic. At the end of June, the
Director of the US Foreign Aid Mission to Italy, M. L. Dayton, appeared very upset of the
slow progress of the project, despite the US having provided 200 million ITL in advance.
Dayton adds two pais to his complaint. The first refers to the agreement signed by the

Italian and the US governments, under which all projects financed by the US should be in

perfect reconstruction of what actuallggpened. In fact, Chain's reconstruction sometimes does not coincide
with other documentary sources.
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operation by June 30 1948. The second is the fact that rumours were spreading of two
penicilinfact ori es being "under construction by p
production before the end of 1948, the other in 1949." (Dayton to the High Commissariat of
Hygiene and Public Health, 29 June 1948, ACS/ISTISAN FP24)

3. 1SS BETWEEN BUSINESSAND POLITICS

Dayton was correct: in the following years two plants began to operate in Rome. One was
constructed by the Laboratori Palma, acting as subsidiary of the American pharmaceutical
firm Squibb, on the northern side of the tdWiThe other one wasalled Leo, and located in

the Eastern periphery: the kndww and patents for penicillin production came from the
Danish company Lgvens Kemiske Fabrik, whose technicians and scientists came to Rome in
1947 to build the plant and put it into operationrflem 1995). The Leo company in Italy was
owned by Giovanni Armenise, who also owned the influential newspaper "Giornale d'ltalia”
and a major private bank. He had moved relatively untouched from Fascism to the new
Republic, despite being a member of selvéaacist institutions. The negotiations between
Armenise and his Danish partner were concluded in early 1947 and in the spring of that year
an agreement was signed. The deal provided for an immediate payment of 500,000 Danish
Crowns (slightly more than 00000 USD) and exclusive sales in the following countries:
Switzerland, Austria, Yugoslavia, Albania, Greece, Romania, Bulgaria, Iran, Iraq, and
Turkey*?. The Italian company also had to pay to the Danes a tenth of the revenues obtained
(Letter from CISITALA to ISS, ACS/ISTISAN FP24).

In this context, the ISS project for a Staggerated factory, directed by an outstanding
scientist, was perceived as a possible obstacle. Thus, it is quite understandable why Marotta
was so discreet about Chain's arrival.tRermore, there was another reason for not playing
the brass. Chain was not a very popular figure in the US. As most his biographers emphasise,
he was denied a visa to enter the United States for many years, despite his Nobel Prize and

endorsement by the 9d Health Organisation. The main reason for this friction is to be

19 Many pictures of the event, as well as many others images of the history of the institute are held by the 1SS
photo archive. The pictures can be acogssevia  the following website:
http://www.iss.it/arst/index.php?lang=1

11 Apparently, the Palm&quibb plant also produced streptomycin (at least in 1952: see Ministero delle Finanze
to ACIS, 26 February 1952, ACS/PCM-58 39792.23 1.1.2). Thus it is noeal whether it ever produced
penicillin.

12|t should be noted that none of these nations was in the US sphere of influence.
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found in the fact that in the aftermaths of WWII Chain had many contacts with Eastern
European countries (such as Czechoslovakia and the USSR) in relation to penicillin
production. Howewve Chain's behaviour was not dictated by ideological adherence: his
perspective was rather economic. In addition, he was also outspokenly critical of the honours
the US had paid Alexander Fleming, and their underestimation of the role of the Oxford group

in the developing the wonder drug (Bud 2007, chp.3).

The concerns about the supposed competition between therBtdeectory and its private
counterparts were not entirely-fbunded. The ISS plant, in full production, could produce
quite a large quartti of penicillin, although less than the output claimed by the two privately
operated factoriéd In addition, the ISS was limited by the rRoommercial clause signed

with the UNRRA. However, the Statavned factory would have access to a substantial share

of the market, such as the Army, the public hospitals and the zootechnical service centres. In
May 1947, the director of LEO wrote to Marotta, wondering if the new penicillin factory of
the ISS was going to be a hindrance to their new Itddianish endesour. Marotta firmly

denied this: "We do not think there will be any interference between the penicillin production
plant to be set up by this Institute, and any similar plant that may be set up by private
companies, provided that the State does not deoidstablish a production monopoly. But

on this point, to our knowledge, the High Commissioner for Health and Public Health, Gino
Bergami, has already given precise assurances to the parliamentary commission." (Marotta to
CISITALIA, 20 May 1947 ACS/ISTISA FP24).

In the same letter, though, Marotta also pointed to the possible flaws in penicillin production
by private firms, underlining the importance of official control over production. This implied
the need for a public body that would be able to congienfor possible shortcomings.
Cisitalia's worries were not entirely unfounded, though, since the possibility of nationalizing
drug production always loomed. In 1951 a bill concerning the intervention of the State in the
production of drugs was discussddemgth, following the 1949 proposal by the socialist MP
Umberto Pieraccini. The bill was never approved, thanks to the opposition of the Government
and widespread resistance in the industry. The Chemical Industries Association in fact harshly
protested gainst the "slanders dictated by ignorance” levelled against the private companies

during the parliamentary debate, asserting the "dignity and rectitude of the national

13 The Leo plant had a declared output2600 billion O.U./year, while Italy needed about 80 billion or 300
billion (depending ot he esti mates) . Squi bbés (Pal ma) pl ant
potential. In 1955, the ISS plant produced 950 billion OU.

wa
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production industry” (Letter to Prime Minister, 16 November 1951, ACS/PCi048.5.1
2041.10.26).

As a matter of fact, in the field of antibiotics there was never really any competition between
public and private firms. Leo Penicillina, in fact, enjoyedeafactomonopoly of penicillin
production. While many firms imported and packagedditug in Italy, Leo alone was able to
produce it on its own premises. Leo began production in 1949 (Larsen 1995): Fleming came
to visit the plant. With Chain only a few kilometres away from Leo factory, Fleming's visit
may be considered a display of themgany's pride. Over the next few years, Leo also took
advantage of the high import duty levied on penicillin: foreign antibiotics were thus more
expensive than Italian antibiotics, although the cost of production was lower in the US and the
UK than in Italy. Furthermore, the National Committee for Prices (the body in charge of
setting the prices of some goods) based the base price on the Italian production cost: this
meant that the import duty, based on the nominal value of the good, was extremely high for
foreign companies, and that the Italian firm could compete, at least in the National market.
The relatively smaiscale and cumbersome deal reached with the Danish company
represented a high production cost for Italian industries, which had to be coregemsdhe
market. Confindustria (the national organisation representing Italian manufacturing and
services companies) thus called for protection against dumping by foreign firms, which
"would make national production unfeasible” (Confindustria to PCM, iz 1950, ACS

PCM 5558 39792.23 1.1.2). This lobbying pressure on the Government was clearly attributed
to Count Giovanni Armenise, at least by the Communist MP Luigi Preti (CD, 9 July 1952,
Resoconto stenografico, p.39748). Curiously, however, thougte gmmon in Italian
politics, the protectionist attitude was supported by the right wing parties (the Government),
while the left opposed the import levy. According to the Christian Democrat MP Gaspare
Pignatelli, it was strange to hear a communist calbh act that would have increased Italian
dependence on the USA (CD, seduta pomeridiana, 28 febbraio 1951, p.26608t also be

noted that Pignatelli was a member of the council of stockholders in the Banca Nazionale
dell'Agricoltura, the private ok owned by Armenise.

Strong protection for Italian penicillin only lasted until 1952, since the import duty was
lowered after that. However, two years were probably enough for the LEO plant to obtain
sufficient profits to repay the initial investment.n& the ISS also started producing
penicillin in 1952, thede factomonopoly granted to Leo was also long enough to cause some
shortcomings: in 1950951, the Korean War had led to restrictions on the export of penicillin
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from the USA, since antibiotics wee considered a strategic good. This generated a relative
shortage in many countries where it was not produced locally and no alternative supply
channels were available. In Italy, the most difficult situation concerned streptomycin (with no
local manufactrers), whereas national production (i.e., the Leo product) only managed to
meet a fraction of the need for penicillin. There was a scarcity of both drugs until the State
stepped in and bought them from costly suppliers outside the USA. The emergency was
rapidly overcome, and in 1952 and 1953 the High Commissariat for Hygiene and Public
Health (Altro Commissariato per I'lgiene e la Sanita Pubblica, ACIS) stores still held full

reserves of antibiotics.

In this situation, once production at the ISS was readstart in June 1952, its late entrance

into the industrial penicillin market caused some difficulties. When the ISS was looking for
potential buyers the ACIS declined the offer, because of the stocks bought in the preceding
year: the public health and &ance institutions, as well as the national market, were fully
provided with the antibiotic (ACIS to ISS, 23 June 1952, ACS/ISTISAN 127).

It was also too late for the ISS to exert any form of price control, a function claimed to be one

of the purposes dahe penicillin plant when substantial new financing (350 million ITL) was
requested from the government in 198861 (CD, XI commissione, 14 march 1951, p.506).

As a matter of fact, the price of penicillin dropped throughout the world in few nlénitns

1954 the ltalians paid 18% more for their prescription "wonder drug" than the British, but 8%

less than the French, 14% less than the Spanish, and a significant 81% less than the West
Ger mans (Valier 1955) . Further morcia markétar ot t a
selling at | east fithe products of experiment
results (Marotta to ACIS, 9 December 1957, ACS/ISTISAN DIR79).

The ISS penicillin factory, at its inception, fell between the two alternativesotéghionism

and liberalism. The latter was supported by the USA, pushing for the free market, thus
helping the penetration of American companies, such as Squibb, and protecting their
investments abroad. Protectionism, on the other hand, was typicallyrdgoy Italian
industry, dedicated as it was to creating a protected national environment to help its own
competitiveness. To an Italian businessman such as Armenise (who had furthermore grown
up under the Fascist Regime), the role of the pilot plantthadbiochemical laboratory

headed by Chain at ISS as an innovation centre, a public research establishment created to

4 The price fell very rapidly: in January 1947, 10 million units cost 21 USD; in 1952, 1.15 USD; in 1955, 0.44
USD. Source: Steele (1964).
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boost Italian technological development, was hard to understand and acknowledge. As a
matter of fact, this innovation was the overallulesf the association between Marotta and
Chain, at least in its first decade. The "Fabbrica" and the research centre were contiguous, and
Chain himself considered the coupling of a l