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Antibiotic Resistance and Experimental Pharmacology 1900 ï 
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christoph.gradmann@medisin.uio.no 

 

Histories of Antibiotic Resistance 

Few historical phenomena seem so closely linked as the histories of 20
th
 century anti-

infective chemotherapy and the history of antibiotic resistance. Recent histories of sulfa-

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 of the phenomenon 

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 of bacterial 

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 Magnuson 1944): On 

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, however, the 

paper is not concerned with bacterial species we would expect to be addressed by 

clinicians or geneticists.
1
 Instead the review, which does indeed discuss views on the 

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

                     
1
  Cf as an introduction: Summers 2008. Clinical researchers in those days would e.g. focus on 

gonococci where resistance had been resulting from therapy with sulphonamides (Lesch 2007, 277). 

Fleming and Florey would observe it e.g in staphylococci when working with penicillin (Bud 2007). 

Bacterial geneticists would try to build laboratory models of mutation with bacteria such as 

Escherichia coli (Creager 2007). 
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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 surprise ï the paper points to some 40 years of research. This added up to a long list 

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 animals, such as sleeping 

sickness, Chagas disease or Ngana. 

 

So why was it studied then? In my paper I want to elucidate that seemingly strange 

research into antimicrobial resistance prior to 1940, research in which trypanosomes 

seem to have been central and in which neither clinical issues nor genetics played much 

of a role. For that purpose I will reconstruct the historical situation in which drug 

resistance in trypanosomes was first observed. I will then follow the development of 

what seems to have been a sustained interest 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 1940 followed 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 and Thomas, observed 

that the arsenical compound atoxyl was capable of controlling the growth of 

trypanosomes (Thomas 1905).
2
 Atoxyl, an ostensibly non-toxic arsenical, had been 

synthesised in the 1880s and had so far enjoyed a somewhat inconspicuous career in the 

treatment of e.g. syphilitic disorders of the skin.
3
 Trypanosomes, which had been known 

for a few years had only one year before been identified as the pathogens of sleeping 

sickness (Lyons 1993).
4
 Following that there had been a rush to explore possibilities for 

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

                     
2
   Cf. Dale 1925, 373 

3
  On Atoxyl: Riethmiller 1999. 

4
  David Bruce has been credited with that discovery, but not without dispute: (Boyd 1973) 
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vulnerable to the substance.
5
 From then on the drug followed two interconnected 

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 the therapeutic 

expectations: What it brought about was a slowing down of the progression of an 

otherwise still 100 % lethal disease  (Scheube 1910 (1896)). 
6
 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 Germanin. (Eckart 1997,  505-13). 
7
 

 

The second trajectory started in one of the institutions where atoxyl was studied, Paul 

Ehrlichôs Institute for Experimental Therapy in Frankfurt. Yet, here the perspective was 

different from what researchers in Africa focussed on. Whereas for example Robert 

Koch more or less restricted himself to testing Atoxyl on the shores of lake Victoria 

(Gradmann 2009, 213-225), Ehrlich pursued a research project 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. Ehrlich had focussed 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 and well defined 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 unstained. In his dissertation of 1885 

(Ehrlich 1885) Ehrlich had put forward an explanation of such staining that took it to be 

a physiological 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 malaria, Plasmodium 

falciparum and subsequently tried it as a possible therapy on malarial patients. 

                     
5
  There had been predecessors starting with arsenical acid in 1899, but they were either less effective or 

too toxic (or both) cf. Dale 1925, 373. Cf. Pearce and Brown 1918 for an overview of substances used 

in experimental research on Trypanosomes 
6
  A curative effect was possible for very early stages that were hard to diagnose, however. 

7
  Cf. Tropenabteilung 1938. Cf. Lyons 1992. 
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It was about ten years later, while developing his side-chain theory of immunity, that 

Ehrlich ventured into making more systematic statements on antibiotic chemotherapy.
8
 

He proposed that relations between therapeutic molecules and microbes actually 

resembled those between toxins and antitoxins respectively: So-called chemoreceptors 

on the surface of microbial cells would facilitate the intake of therapeutic molecules, 

which would then eventually have an effect on these cells.
9
 The main advantage of such 

a therapy lay, so he stated, in its specificity. Ideally, just as infectious diseases were 

caused 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: 

 

ñIf we picture an organism as infected by a certain species of bacterium, it will 

obviously be easy 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 therefore 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 their target of 

their own accord.ò (Ehrlich 1960 (1906), 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, trypanosomiases 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 cleared of these by the injection of an arsenical that was known as 

Fosters solution.
10

 Thomasô and Breinelôs discovery of the effect of atoxyl on these 

parasites followed suit and thus there were good reasons to see trypanosomes as 

promising objects of research. They responded well to toxic chemicals
11

 they were easy 

                     
8
  For an introduction see Silverstein 2003. 

9
  Ehrlichôs relevant papers are in volume 3 of his collected papers, Ehrlich 1956/57. 

10
  1902, cf. Pearce and Brown 1918, 110. 

11
  Better than bacteria: Ehrlich and Shiga 1960 (1904), 24. 
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to cultivate, as unicellular organisms they offered bigger, more distinct cell-functions. 

On top came swift pathologies. 

 

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

up with was a red synthetic dye, which subsequently became known as Trypan red 

(Ehrlich and Shiga 1960 (1904)). Even though this constituted a working animal model 

of therapy, it was but of a theoretical value: it 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 relevance (Gradmann 2004).
12

 

 

The second preparation that Ehrlich came up with was of a more traditional design. The 

arsenical atoxyl had been synthesised in the 1880s. As I have mentioned, Ehrlich had 

not even discovered its suitability to treat trypanosomiasis himself, yet he delivered a 

new chemical formula of the substance and (Riethmiller 1999) working on this 

chemical took his research a large step forward. It was on 4
th
 march 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 effective in animal 

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 was obviously 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: 

 

òThere must have been produced a fuchsin-fast or ôfuchsin-resistantô strain. I have 

chosen this expression because I found that such a resistance, once acquired appears to 

remain unaltered [é]ò (Ehrlich 1907).
13

  

 

                     
12

  On the testing of various anti-trypansomal preparations by Koch in East Africa: Koch 1912 (1907), 

542. 
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Upon further investigation, it turned out 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: 

 

ñJudging from our experience this should be a general phenomenon. In the likely event 

that more trypan-hostile chemicals will be revealed, it is also very likely that it will be 

possible to produce strains that are resistant to these.ò (Ehrlich 1907, 314). 

 

 

The Impact of Resistance 

By the time induced resistance was observed, it was 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 Victoria (Gradmann 

2009, 213-225). 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 been the 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 felt better. Kochôs observation period was usually too 

short to come across the phenomenon. Curiously enough, Ehrlichôs and Kochôs ideas on 

the subject even clashed in a single event. In Kochôs institute in Berlin a laboratory 

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

Koch being in East-Africa his treatment was largely guided by Ehrlichôs proposals. An 

atoxyl treatment was tried and half a year later, his parasites turned out to have been 

made resistant. After this unpleasant discovery, which actually occurred almost 

simultaneously with Ehrlichôs paper on chemotherapy being presented in Berlin in 

February 1907, the patient became a playground for Ehrlichôs pharmacopeia of 

synthetic dyestuffs. Koch however, after his return to Germany, when presented with 

the phenomenon, insisted that he had never encountered it on Sese. (Gradmann 

2009,166). 

Consistently he resumed atoxyl therapy. 

                                                             
13

  His collaborator Röhl had taken the resistant strain through 36 generations and observed no alteration 

in its qualities (ibid, 341). 
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Ill. Medical records of B Schmidt with (translated) comment: Ă24.1.07. Blood smear taken upon re-entry 

to hospital. Trypanosome strain cultivated; resistant to atoxyl.ò Source: Robert Koch Institute Berlin. 

 

Of course, resistance shed some unfavourable light on the limited feasibility of atoxyl as 

a therapy for sleeping 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 what he called the ñtherapeutic biology of the parasiteò. (Ehrlich 

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 contemporary medicine? If we 

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

in the treatment of individual patients, the relevance was close to nothing. Ehrlichôs 

interest in atoxyl as a medicine for trypanosomiasis ceased in 1907 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 1938, 31-34). In this situation, Ehrlich 
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himself took his interest in antibiotic chemotherapy from sleeping sickness to syphilis 

and from trypanosomes to spirochetes. As is well known, this resulted in the 

development of Salvarsan, which was marketed from 1910 on.
14

 However, no such 

thing as a resistant strain of the Spirochaeta pallida to Salvarsan ever turned up 

(Tropenabteilung 1938, 63-71). 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 chemotherapy for almost 30 years, that is until 

the arrival of the first sulpha drugs in the mid 1930s.
15

 Once it had been observed, 

resistance was not important as a clinical phenomenon. Not even in relation to the 

parasitic vector-borne infection of sleeping sickness, 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 right after the First World War by Bayer 205, 

better known as Germanin (Tropenabteilung 1938). Both of these proved to be potent 

medicines which also had the advantages of fewer side effects and not inducing 

resistance in the trypanosomes. Atoxyl, even though it continued to be used, was now 

an outdated, yet cheap therapy with known side-effects. 

 

However, Ehrlich, after losing interest in the therapy for sleeping sickness seems to 

have had a continued interest 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 generally known and it was for instance reproduced in 

bacteria such as pneumococci
16

 and two researchers even wrote on laws of resistance.
17

 

To understand the fascination in the phenomenon we need to examine more closely why 

Ehrlich was so intrigued by it. A paper by Ehrlich, delivered in 1909, provides us with 

some insight: 

 

                     
14

  On the introduction of Salvarsan: (Sauerteig 2000).  
15

  See: (Lesch 2007). 
16

  (Marks 1910). In the Zeitschrift für Immunitätsforschung around 1910 several such papers by 

Constantin Levaditi from the Institut Pasteur are reviewed. 
17

  Morgenroth; Rosenthal 1912. 
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ñThe discovery of resistant strains and their inspection in detail turned out to be the 

most valuable means to study the truly intimate chemical structure of the parasite.ò 

(Ehrlich 1960 (1909), 195). 

 

When Ehrlich had developed his theory of drug action, he had essentially modified his 

side-chain theory of immunity within the realm of pharmacology. In much the same 

way by which toxins linked to antitoxins, chemical compounds would 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 detail.
18

 Antibiotic resistance, 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 a tool to study 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 chemotherapy in all of which inducing resistances is 

introduced as a handy analytical tool. In his Nobel Prize lecture ñOn Partial Functions 

of the Cellò he came back to the issue and described induced resistance as the best 

means of substantiating his claim that there specific 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 way was manifold: on a very basic level, 

resistance supplied evidence to Ehrlichôs theory of drug action that required a 

physiological uptake of therapeutic molecules by cells. Such observations were also 

confirmed for bacteria.
19

 Given for example a certain quantum of medicine that was 

injected into a laboratory animalôs bloodstream, this would disappear from the 

bloodstream if a susceptible pathogen was present. If resistance of this pathogen did 

arise this uptake would gradually be suspended in a plausible relation to the strength of 

resistance. Secondly, the phenomenon of so-called cross-resistances could be exploited. 

                     
18

  On Ehrlichôs side chain theory: Prüll 2003; Prüll, Maehle, and Halliwell 2009, 16-40; Silverstein 

2003. 
19

  Levaditi and Twort 1911 in relation to bacterial toxins (Bacillus subtilis). 
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If, for instance, induced resistance to arsenicals as a side effect produced resistance to 

other, chemically unrelated dyes, which had not been applied, this led Ehrlich to the 

conclusion that a single receptor on the surface of the cell was susceptible to both of 

these substances (Ehrlich 1960 (1909)). The arsenic-resistant strain had also 

consistently lost its ability to be stained by these dyes, an ability which, of course, it had 

possessed in its non-resistant form (Ehrlich 1960 (1909), 209). Resistance offered 

positive evidence for the existence of a device, namely the chemoreceptor, whose 

existence had so far been more or less theoretical. 

 

A óWholly Mysterious Phenomenonô 

Resistance had by the First World War become firmly connected to Ehrlichôs side chain 

theory of immunity and of his related views on chemotherapy. This made it a likely 

point of attack 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 immediately, 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 

but ï so to say ï re-emerge, if the parasites were re-transferred to mice.
20

 While the 

stability of the phenomenon was reasserted in Ehrlichôs group it was through such work 

that the specificity now seemed less impressive. Of, course cross-resistances had been 

noted from 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 chemicals.
21

 Finally, the 

question whether 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 relevant.
22

 

 

Also it was unfortunate and 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 

                     
20

  This was demonstrated by Mesnil and Brimont in 1908 (Dale 1925, 380). 
21

  Reported in Dale 1925, 381. 
22

  Levaditi 1911 reported in Zeitschrift für Immunitätsforschung, 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 unknown and also poorly accounted for in Ehrlichôs theory of 

chemotherapy, which centred on the interaction of parasite and drug.
23

 It was from such 

observations that Henry Dale launched his fundamental critique of Ehrlichôs 

chemotherapeutic theories in 1923 (Dale 1925). Deconstructing resistance, if I may say 

so, was an important part of it. The phenomenon, he conceded, did indeed stand out as 

evidence for Ehrlichôs statements such as on specific affinities of chemicals to parasite 

cells and of the existence of chemo-receptors. However, substantial evidence suggested 

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

a general rule and cross resistances to chemically non-aligned substances were so 

widespread that Ehrlichôs explanation was insufficient. 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 in all, while not doubting the existence of drug resistance as such, 

Dale turned it from a cornerstone of Ehrlichôs theory into a ñwholly mysterious 

phenomenonò (Dale 1925, 381). That pointed to major flaws in Ehrlichôs theory of drug 

action. 

 

A Revival 

One would now expect that in the mid-1920s, ten years after Ehrlichôs death and after 

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 treated in strange ways. Yet, apart from Daleôs 

critique, there were other factors lending stability, beyond the standing of its followers. 

in German science (Fischl and Fischl 1934; Schlossberger 1930). 

 

One of the more important is that the program was developed in co-operation with the 

pharmaceutical industry (Schlossberger 1930). The best documented case is the 

cooperation of the Bayer Company and Ehrlichôs institute, where one of his assistants, 

Wilhelm Roehl, became head of the research department in 1911. In the following 

decades Bayer had a long-term involvement in synthetic remedies for tropical diseases 

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

                     
23

  The argument was put forward by Voegtlin and Smith, Cf. Dale 1925,  376. 
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no one doubted the phenomena itself: Roehl in the early 1920s stated his allegiance to 

Ehrlichôs theory and reaffirmed that the phenomenon of resistance offered an 

outstanding way to understand drug action ï even if it did not have practical 

relevance.
24

  

 

Still it was from quite another angle that studies in drug resistance 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 these in particular in 

unprecedented detail. Their strategy was two-fold: to reaffirm the central observations 

that Ehrlich had built upon (quantifyability, transferability, stability and hereditary 

character) (Yorke, Murgatroyd, and Hawking 1931) and furthermore to investigate the 

weak spot, that is to investigate more closely the stages in which the medicines were 

metabolised by parasite and host. The groupôs work started with trypanosomes, but was 

gradually expanded to other parasites such as spirochetes. In the papers 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 antibiotic resistance 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 as Escherichia coli resulted from mutation or selection 

within a bacterial culture, such questions were absent in the work on the Liverpool 

researchers who continued to employ the trypanosome model-system.
25

 At the same 

time, the argument was made that precisely trypanosome studies of this kind also 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 specialised in other varieties of 

parasite (rhodesiense and equiperdum) than the Trypanosome gambiense, than those 

which causes sleeping sickness. Since, however, atoxl was still employed to some 

extent for various reasons, this was unfortunate. As the director of the trypanosome 

research centre in Entebbe/Uganda, Lyndhurst-Duke, reminded everybody, it was far 

                     
24

  In 1926 he delivered an address to the 6th Annual meeting of the Deutsche Pharmakologische 

Gesellschaft on ĂTheoretische Grundlagen der Chemotherapieñ, where he explicitly referred to 

Ehrlichôs theory as a frame for Bayers work on drug development. (Bayer archive/ Leverkusen). 
25

  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 sickness.
26

  

 

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 resistance, understood 

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. Germanyôs leading handbook of infectious diseases would in 

1930 define the term in that way. In relation to drug-induced, inheritable traits of 

microbes, the author, himself being an adherent of Ehrlichôs immunology, would speak 

of secondary resistance (Schlossberger 1930). Others would use Ehrlichôs original term 

Festigkeit (Fischl and Fischl 1934) or its English translation as fastness or drug 

resistance.
27

 Experimental medicine would not use the term to describe a trait of a 

microbe before the 1930s
28

. 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 

laboratory model delivering evidence to support Ehrlichôs theory of chemotherapy. 

Trypanosomes had been popular in chemotherapeutic research before, yet resistance 

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 

(parasite) 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 

Ehrlichôs chemotherapy program 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 

resulted in nothing but ñfour distinct malarials-six groups of trypanocidal compounds-

                     
26

  Lyndhurst Duke 1933, cf. Lyndhurst Duke 1935. 
27

  Browning 1918.  
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many new antiseptics and an almost miraculous spirochaeticide.ò
29

 In the mid 1930s 

Ehrlichôs chemotherapy looked like a once promising child that had died in junior 

boots. In this sense it seemed to share the fate of Ehrlichôs side-chain theory of 

immunity to which it was closely linked (Prüll, Maehle, and Halliwell 2009, 64-106). 

All in all, one should be careful not to interpret the early history of antibacterial 

chemotherapy from the perspective of the post-1940 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 immunologists and pharmacologists, and resistant 

trypanosomes were among the most popular toys in that setting. 

                                                             
28

  1920s no such usage, 1930s mixed, 1940, modern. 
29

  Quoted in Galdston 1940, 817. 
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 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 pre-war 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 deeply ambiguous 

past of the key German scientist, Konrad Bernhauer.
1
 

 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 medical 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 in new journals and brought together diverse techniques and innovations under the 

title óbiotechnologyô.
2
 I return to this topic after studying both biotechnology and penicillin in 

the belief that historiansô interest in complex global interactions could contribute to the wider 

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

understood.
3
 

                     
1
  It is perhaps indicative that the otherwise excellent American Chemical Society treatment of  óDeep Tank 

Fermentationô, in its penicillin history brochure by Judah Ginsburg, which is available on the web 

http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_id=882&

content_id=WPCP_010013&use_sec=true&sec_url_var=region1&__uuid=ac6caf16-a23a-4326-8fa5-

17f091d87219, mentions no work on deep fermentation other than that of Pfizer. The only obituary of 

Konrad Bernhauer to be published was by his former student  R. Brunner in a remarkably obscure 

publication, 1976, 22.  
2
  For work on biotechnology, see Robert Bud 1994. 

3
  See Jan Fagerburg 2005, pp. 1-26; the classic work is Nathan Rosenberg and Nathan Landau eds,   The 

Positive Strategy. Harnessing Technology for Economic Growth. See also Jeremy Howells 1996, 91-106; 

however see Suma Athreye and Andrew Godley 2009, 295ï323. 

http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_id=882&content_id=WPCP_010013&use_sec=true&sec_url_var=region1&__uuid=ac6caf16-a23a-4326-8fa5-17f091d87219
http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_id=882&content_id=WPCP_010013&use_sec=true&sec_url_var=region1&__uuid=ac6caf16-a23a-4326-8fa5-17f091d87219
http://portal.acs.org/portal/acs/corg/content?_nfpb=true&_pageLabel=PP_ARTICLEMAIN&node_id=882&content_id=WPCP_010013&use_sec=true&sec_url_var=region1&__uuid=ac6caf16-a23a-4326-8fa5-17f091d87219
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 As is well known, the Oxford group in England managed to produce small quantities 

of penicillin and demonstrate its antibacterial efficacy. 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 developed deep 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 troops at D-day, within 

three years of the drugôs arrival in the United States, was a huge achievement. In the cases of 

both technology and product, this was however, to quote Churchill, the end of the beginning, 

not the beginning of the end.  

 Penicillin, which at 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 as the steroids, 

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 both science 

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 methods of a 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 globe.  Co-citation 

clusters indicate relationships between scientific 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 patents are to technology 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, skills, experience and contacts are shared, coalesce and 

spread. 

 In the story of penicillin itself there were very few patents ï an issue which proved 

hard to understand in the post-war world. In common with most other countries, before the 

Second World War Britain 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 the 1950s the 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 companyôs net profits (Bud 2007, 72). Yet these payments were not to cover the cost of 

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 unpatented óknow-howô relating to manufacture using 

deep fermentation. 

 The development of such know-how 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 during 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 mould Aspergillus Niger fed on a solution 

of sucrose. Because the mould was aerobic, it needed to grow in vessels with good exposure 

to air. 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 proceeded in a number 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 mentioning citric acid through 

deep fermentation as within the scope of his patent.
4
  

 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 same Aspergillus Niger that 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. Strikingly, the paper 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 instance a 1932 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 producing gluconic acid by fermentation in 1927. With his advice, in 

1936 the major chemical company of Boehringer began to manufacture the acid.
5
 Interest also 

continued within the US governmentôs Department of Agriculture, where Currie had 

originally worked. Two young chemists who had recently graduated from George Washington 

University and moved to the capitalôs óColor and farm waste divisionô of the Bureau of 

Chemistry and Soils, Horace T. Herrick and Orville E. May, were brought in to work with the 

established microbiologist Charles Thom (who had previously worked with Currie) and his 

colleague, the mycologist Margaret Church, in studying gluconic acid production by 

penicillium moulds (May et al. 1927, 417-422).
6
 Their paper cited the preeminent stimulus of 

Konrad Bernhauer, the German Czech chemist.  

 A year later the two brash young men, Herrick and May, were evangelising at the 

Institute of Chemistry of the American Chemical Society  on the theme ómicrobiological 

chemistry is the chemistry of the futureò (Herrick and May 1929, 618ï621). The  paper of 

these two young recruits to the profession concluded, ñOf course there is money eventually in 

                     
4
  See Franz Kanhªuser, ñProcess for the Production of Citric Acidò, US patent 1,779,001 granted 2 October 

1930. Filed in Czechoslovakia, December 16, 1927, it refers to production in ñartificial convection of 

agitated nutrient solutionsò. 
5
  On Boehringer see Luitgard Marschall. 2000.  Im Schatten der chemischen Synthese: Industrielle 

Biotechnologie in Deutschland (1900-1970). Frankfurt am Main: Campus. 
6
  The team is discussed to some extent by Neushul 1993, 371-95.  This draws upon the memories of Percy 

Wells who joined the team in the 1930s, but it does not accurately represent the work or careers of Herrick, 

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 this ï the dollar rolls more willingly down the road constructed and made 

smooth by the hands of scientists.ò Their ósermonô was published the following year in 

Industrial and Engineering Chemistry under the title ñMolds and Chemical Manufactureò. 

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 mid-western 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 (including two collaborations 

with the future leader of the Japanese fermentation community Sakaguchi).
7
 

 

 

  Over the next few years Herrick and May developed their research programme. In 

March 1933 they addressed the American Chemical Society again, but this time the annual 

meeting itself and together with two younger colleagues, A. J. Moyer and P. A. Wells. Again 

their paper was published in Industrial and Engineering Chemistry (May et al. 1934, 575ï

578). They reported how the numerous published accounts of production of organic acids by 

deep fermentation had stimulated their own work. 
8 

They used a series of bottles into which 

air was introduced under pressure and kept at constant pressure. Just as the teamôs 

                                                                

educational trajectories. It seems that only the mycologists received an obituary in a major journal. On 

Margaret Church see Hesseltine and Church 1990, 144-147. See also Raper 1957,  134-50.  
7
  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).  
8
  May, Herrick. Moyer and Wells did cite the work of Currie but explained their main stimulus as the 

Germansô work, óConsideration of the work of Schreyer and of Thies pointed to the possibility of 

establishing the production of gluconic acid by submerged mold growths on a practical basisô.  For Schreyer 

see, Reinhold. Schreyer, Säuerungs versuche mit dem Pilz Aspergillus Fumaricusô, Biochemische Zeitschrift 

202 (1928), 131-56 and for Wilhelm Thies see óUntersuchungen ¿ber den Einfluss der Bedingunen auf die 

Säurebildung des Schimmelpilzes Aspergillus fumaricusô, Zentralblatt für Bakteriologie, Parasitenkunde, 

Infektionskrankheiten und Hygiene. Abteilung 2  vol 82 (1930) 321-47. This seems to have been the result of 

a doctoral thesis.  Both Schreyer and Thies, and indeed another frequently-cited author, Johannes Amelung 

(PhD 1926), were associated with the Bacteriological-chemical laboratory in the Technische Hochschule in 

Hannover. Schreyer in turn cited predominantly two authors: his countryman Bernhauer and the Russian 

mycologist, W. S. Butkewitsch, who was also widely cited. In 1922 Butkewitsch 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) A. C, Thaysen and L. D. Galloway, 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. Molliardôs, óSur une nouvelle fermentation acide produit par le Sterigmatocystis 

nigraô. Compt. rend. 174 (1922): 881-2.  They suggested however that among the mass of later work, 

Bernhauerôs three articles were the most important, i. K. Bernhauer, Biochem. Zeits., 153(1924),  517; K. 

Bernhauer, Biochem. Zeits., 172 (1926) p. 313;. K. Bernhauer, Z. physiol. Chem., 177 (1928), p. 86,  
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publication, and its sequels through the 1930s, cited the work of the Germans, so Bernhauerôs 

and Currieôs patents were interconnected. A Bernhauer patent was for instance licensed by 

Pfizer in 1932.
9
 In 1936 the German Boehringer company launched its own gluconic acid 

fermentation facility.  

 The early 1930s had seen a veritable explosion of work in the area by the scientists in 

the leading laboratories. The first volume of Annual Reviews in Biochemistry  contained an 

article by N N Iwanoff, of Leningradôs Institute of Plant Industry, which quantified the 

growth of interest in the biochemistry of Aspergillus.  Between 1927 and 1930 he commented 

on an increase in the number of works published annually, roughly doubling from 129 works 

to over 300 (Iwanoff 1932, 675-97). 

 A key new partner in this international trade in 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.
10

 His apparatus was tiny but 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 Kluyverôs favourite student Van Niel brought his school to the United 

States when he obtained a position in California at the marine laboratory of Stanford 

University.
11

 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 

Bernhauerôs laboratory.
12

 

 

 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 laboratories concerned 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 rare American review article of the literature on 

                     
9
  See US patent 1,849, 053, óProduction of Gluconic Acidô, Application filed 26 November 1927, assigned to 

Charles Pfizer. 
10

  L. H. C. Perquin and Jan Kluyver, ó Zur Methodik der Schimmelstoffwechseluntersuchung. Biochemisches. 

Zeitung. 266 (1933), 68.   and óUber die Bedingungen der Kojisaurebildung durch Aspergillusflavusô. 

Biochem. Z. 266, 82. 1933. On the context of this work see D. D. Woods , óAlbert Jan Kluyver. 1888-1956ô 

Biographical Memoirs of Fellows of the Royal Society, Vol. 3, (Nov., 1957), pp. 109-128 
11

  On the relationship between Van Niel and Kluyver see, la Riviére 1997. 
12

  On Marvin Johnsonôs visit to Prague see,  Interview with Robert H Burris, `University of Wisconsin-

Madison Archives. Oral History Project, Madison 1983. 
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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, S. A. Waksman.
13

 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 Pfizerôs competitor, the Merck Corporation, to which 

he was a consultant.
14 

 

 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 ancient Charles 

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 labour if not murdered.  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 the party-run association of 

lecturers in Bohemia. This was no move of convenience. He was 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 his faithfulness by Goering, who ran the four-year 

plan, with an institute on enzymology responsible for alcohol and acetic acid.
15 

 

 The Germans of course conquered the Netherlands too. Wishing to give the 

impression of respect to their óAryanô brothers, many gentile activities were allowed to 

continue and Kluyverôs laboratory remained open. Until the US entered the war Kluyver was 

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

 Even the Washington group was thrown into disarray. After the start of WW2, 

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

                     
13

  See Porges 1932, 559-567. 
14

  Boyd Woodruf interviewed 17 October 1997, ASM Centennial Archival Project, American Society of 

Microbiology Archives, University of Maryland. 
15

  For Bernhauerôs position see Miġkova and Svobodny 2001, 437.  For the account of the denunciation of his 

colleague,  see Miġkova 2003),  167-193 on pp 180-81   See also Gerd Simon ed., Wissenschaftspolitik im 

Nationalsozialismus und die Universität Prag Dokumente eingeleitet und herausgegeben von Gerd Simon, 

Gesellschaft für interdisziplinªre Forschung T¿bingen, for Bernhauerôs work to take over the Charles 

University. 
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laboratory was requisitioned for a vast new military complex that would be dubbed óThe 

Pentagonô.  Herrick, May and their younger colleague Andrew Moyer were uprooted and sent 

to a new laboratory that was to be established a thousand miles to the northwest of 

Washington near the small mid-western town of Peoria under the title of Northern Regional 

Research Laboratory, which opened after much disruption in mid-1941.  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 isolated penicillin 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 

Bishop, a licensee for Pfizerôs citric acid process which adapted their tray technology to 

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 his old Yale 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 on a decade of experience with both 

deep fermentation and penicillium moulds, Moyer immediately showed how penicillin could 

be mass-produced. He also found a more productive strain of mould than this Englishman had 

brought. The Pfizer company now deployed Moyerôs findings and their own long experience 

with deep fermentation. Now led by Jasper Kane, who had begun his career as an assistant, it 

built a 7000-gallon fermenter in the autumn of 1943 and upscaled yet again early the 

following year. Meanwhile, the Merck 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. 

 Interestingly, even in wartime connection with Bernhauerôs experience was not 

entirely severed by the Americans. The Germanôs fermentation bible was translated into 

English in 1942, and three copies of the typescript translation would survive into the 

following century.
16

 In Prague Bernhauer, learning of the work at Oxford, developed his own 

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

                     
16

  Maynard A. Amerine; Louise B. Wheeler  A Check List Of Books And Pamphlets On Grapes And Wine And 

Other Related Subjects 1938-1948 (1951) cites óPractical chemistry of fermentation, by  Dr. Konrad 

Bernhauer ... 27 illustrations. Translated by Bernard Freyd. [Washington! Works Projects Administration 

http://www.archive.org/search.php?query=creator%253A%2522Maynard%20A.%20Amerine%2522
http://www.archive.org/search.php?query=creator%253A%2522Louise%20B.%20Wheeler%2522
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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 the very end 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 worked in a 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 sanction.   

 So the war ended with Pfizer triumphant, its investment in fermentation technology 

over a quarter of a century vindicated. Bernhauerôs team by contrast was broken up. They 

dashed south to the Austrian border but only Brunner, an Austrian national, was allowed 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 generation which 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 one obituary (dealing with his 

contributions, in an obscure journal ï written by Richard Brunner. 

 Brunner himself, however, successfully established a penicillin factory in the Austrian 

Tyrol and was joined by Karl Schroeder on his release from post-war imprisonment. That 

plant, under the title of Biochemie AG, would develop the first effective oral penicillin and 

before it ceased making penicillin at the beginning of the 21st century it would be the worldôs 

largest producer, outstripping its American contemporaries. Bernhauer would have been 

pleased. The Delft plant prospered too in the post-war years. Even today the Delft Institute of 

Technology continues to be a centre of expertise. However,  this account is not merely a story 

of post-war footnotes to pre-war science and wartime development. 

 The immediate post-war 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 new technology became a means for nations to express 

international standing. The Canadian foreign minister Lester Pearson saw an opportunity to 

express his countryôs independent standing and offered to give away the design of the deep 

                                                                

C1942? ] é Loose leaf; reproduced from typewritten copyô. The World catalogue cites copies at the National 

Agricultural Library in Beltsville, UC Davis and University of Washington, Seattle. 
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fermentation penicillin plant built 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 chosen to benefit from this offer: Italy, Czechoslovakia, 

Poland, Ukraine and Belarus (the latter two were at the time nominally independent members 

of the USSR). Italyôs acceptance came about through the energetic work of Domenico 

Marotta, director of the Istituto 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 by-now 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 its pre-war predecessors 

such as those of the teams of Bernhauer and Herrick. Launched in 1951 with a major 

international conference, it came to contain 30x 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 mechanical engineers 

2 glass blowers, 15 mechanics, 4 electronics technicians and 40 general technicians 

+ large number of visiting scientists 

2 groups; biochemistry and chemical microbiology. 
17

 

 It is best known as the incubator for the Beecham research project that culminated 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 consultations with such 

companies as Astra in Sweden and  Bayer in Germany, Hindustan antibiotics and the 

Weizmann Institute in Israel.
18

 Chain consulted not just in his own right, sharing personal 
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  For the launch conference see International Congress for Microbiology, 6 vol. Roma, 1953. The scale of 

Chainôs enterprise is described by him in óMy Activities at the Istitutto superiore di sanitaô, C13 box 12, 

Chain Papers, Wellcome Library for the History and Social Study of Medicine. 
18

  For Chainôs work in India see Tyabji 2004,  331-49. 
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expertise, but also on behalf of the Institute as a whole, which conducted investigations 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 company. Interestingly 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, an 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 disciplines as ótrading zonesô, where ideas, expertise and skills can circulate through the 

activities of entrepreneurial traders.  Such was the role of Chainôs Institute. Its engineers and 

scientists communicated not just by publications and patents. Through the contracts brought 

in by their entrepreneurial leader, ótacit knowledgeô and judgements honed in one context 

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 University of Texas before his untimely death in 

1966.
19

 Having played a distinguished role in Merckôs wartime penicillin developments, he 

was loaned to General McArthur to help the Japanese on behalf of the United States 

Government. He taught the Japanese using internal Merck documents, but rather than 

specifying details he often facilitated the exploitation of Japanôs long standing expertise in 

microbiology to the advantage of a new era of pharmaceutical manufacture. He prompted his 

hosts to recognise the equality of scientists and engineers and to move away from a 

traditionally science headed hierarchy. He would be remembered for his wise sayings such as, 

ñHow successful you are depends on your exploitation of these 3 watchwords: organization, 

cooperation, and action.ò He stressed the importance of automated safety devices and 

emphasised, óCivilization has learned not to trust human natureô. Foster would be both 

successful and revered.  

 Fosterôs trading activities would not one-directional. At the end of the 1950s he toured 

the worldôs leading microbiological laboratories on behalf of the US military. With his 

distinguished reputation he had unique access, and was able for instance to visit and report on 

the Institute of Microbiology in Soviet-bloc Prague. 

                     
19

  On Jackson Foster see Wyss 1966. For his work in Japan after the Second World War, see Bud, 2007, 94-95. 
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 The work of 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 

consultant 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 Post-War Production: Bacinol, Dutch Penicillin, 

1940-1950 
 

Marlene Burns, PhD. 

 

 

By the end of 1946, the Dutch Company, Nederlandsche Gist- en Spiritusfabriek (Netherlands 

Yeast- and Spirits Factory; NG&SF) was supplying all the penicillin needed by Dutch 

hospitals. By 1948, NG&SF was 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 become
1
, was one of the worldôs 

largest producers 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 this possible? 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 Delftôs Technische Hoogeschool (Technical Highschool, TH).
2
 Both were in Paris for the 

50th anniversary of the death of Louis Pasteur. Giving Fleming a sample of NG&SFôs 

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 analysis had shown that ñthis penicillin is at least as good as most 

penicillin either here (UK) or in Americaò.
3
 How was this possible?   

 

                     
1
  In 1968 the Nederlandsche Gist- en Spiritusfabriek merged with Brocades, Stheeman & Pharmacia to 

become Gist Brocades. 
2
  Now Technical University Delft, TUD. 

3
  Kluyver Archive (KA), Catalogue 1990091, Folder 2, Letters D-H. 
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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 was either imported or made 

under British/American licence. In the post-war 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 the failure of others and the success of 

those in Delft? How, in the face of incredible post-war hardship, could those in Delft consider 

financing the research, development and production of a Dutch penicillin? 

 

In order to answer these questions, I will focus firstly on the experiences of NG&SF under 

Occupation during World War II. I will then introduce the wartime research of the óDelft 

Teamô and, before my concluding remarks, I will detail steps taken to take NG&SFôs 

penicillin, Bacinol, from wartime research to post-war production. 

 

Pre-War Position. 

To begin with, some information on the pre-war status of NG&SF is necessary. In contrast to 

the general depression of the 1930s, NG&SF was buoyant. For them, 1920-1940 had been a 

period of expansion with subsidiary companies established in Bruges, Belgium, Monheim, 

Germany, Lisbon in Portugal and London, UK. They were the market leader with their 

bakerôs yeasts, Koningsgist and Engedura, Other products included butanol, acetone, and 

ether. During these years too, NG&SFôs Research Department was expanded and 

strengthened with a well-trained staff of biochemists and microbiologists most of whom were 

recruited directly from Prof. Kluyverôs Microbiology Department in Delftôs TH.
4
 In short, 

NG&SF and its employees were the accepted authority in the fermentation field. 

 

 

Wartime Experience. 

Under the occupation NG&SFôs reputation allowed them to stay open. They were required in 

the production of yeast, and yeast was necessary for a staple food ï bread. Workers were 

given óessential workerô status, and, as fermentation was a round the clock process, workers 

                     
4
  M. Burns, óThe Development of Penicillin in The Netherlands 1940-1950: The Pivotal Role of NV 

Nederlandsche Gist- en Spiritusfabriek, Delftô, PhD (History) Thesis, University of Sheffield, Sheffield, 
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came and went even during curfew. Although it must be said that most lived in the óAgneta 

Parkô, a company-owned area specifically for workersô homes, bordering the company 

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 agencies, Rijksbureaus. As a 

result, NG&SFôs market 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 supplement the increasingly poor Dutch diet. Vitamin shortages also drove 

research with yeast-derived vitamin B and into the development of food enhancers, Gistex and 

Aromex.
5
 With this ónewô research came new technical skills and processes which the Deputy 

Director in charge of the Delft plant, F.G. Waller, Jnr., said: ñWould stand us in good stead in 

the production of penicillinò.
6
 

 

                                                                

England, UK, September 2005, 109-112. This thesis forms the base of all the research contained in this 

publication. 
5
  Ibid. 

6
  F.G. Waller Jnr., De Fabrieksbode (Factory Newsletter),15 October 1960, 269. 
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F.G.Waller Jnr 

 

Penicillin at Delft. 

 

ñWhen we first started looking, in 1943, only one publication was available, that of Fleming 

1929. It was on that basis we started our researchò.
7
 

 

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 news of Allied success in 

North Africa during which penicillin, the ówonderô drug, had made such an impact on the 

recovery and survival of the Allied war wounded? Did those at Delft hear of penicillin 

through clandestine radio programmes, Allied propaganda material or the 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 Radio Oranje 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 magazine De 

Wervelwind (The Whirlwind) dated April 1944. In Dutch newspapers, too, it is well into 

1944, August, before penicillin is mentioned. All dates well outside Wallerôs statement and, 

as will be shown, well outside NG&SFôs first research with penicillin moulds. 

 

A.J. Kluyver 

 

Kluyver Archive, (KA).  

If, however, 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 which he is 

most famous, namely comparative biochemistry. In the wider academic world Kluyverôs 

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 International Congress 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 Departmentôs research within the Netherlands and was advisor to many Dutch 

companies. His relationship as advisor to NG&SF had started in 1933. F.G. Waller was one of 

his former pupils. 

                                                                
7
  Ibid. 
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Kluyverôs archive introduces a key to the óknowledge baseô of antibacterial substances held in 

Delft before and during the war years in 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 that inhibited 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, which he had called H1, and said that it had been used in various hospitals for the 

treatment of badly infected wounds and the results were ómore than pleasingô. Kluyver replied 

on 17July 1941 saying he was very interested in Hoogerheideôs work, lamenting that because 

of the war and the occupation he did not have access to any American journals and had to 

make do with reprints.  Hoogerheideôs reply on 14 October 1941 told Kluyver of his move to 

the Squibb Institute in New Brunswick, New Jersey where he would be close to Waksmanôs 

laboratory. His task at Squibb was to produce larger quantities of H1. He also had to obtain 

other bacterial extracts of fungi and for this research he quoted óFleming, 1929ô.
8
 

 

The correspondence between Hoogerheide and Kluyver stops at this 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 letters illustrate, 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 pupils at NG&SF. The óknowledge-baseô and expertise for the development of 

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 NG&SF 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. 
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dated March-June 1944. The author is A.P. Struyk, one of NG&SFôs 1930s academic intake 

and a graduate of Kluyverôs Microbiology Department.  

 

A.P. Struyk 

 

Struykôs original report refers only to journals and page numbers; research in Chemical 

Abstracts has produced specific article titles. These are: 

Fleming, A., óOn the Antibacterial Action of Cultures of a Penicillium with Special Reference 

to Their Use in the Isolation of B. influenzaeô, British Journal of Experimental Pathology, 10, 

(1929), 226Ƅ36. 

Clutterbuck, P. W., Lovell, R. and Raistrick, H., óThe Formation from Glucose by Members 

of the Penicillium chrysogenum Series of a Pigment, an Alkali-Soluble Protein and Penicillin 

Ƅ the Antibacterial Substance of Fleming, Biochemical Journal, 26, (1932), 1907Ƅ18. 

Waksman, S. A., óAntagonistic Interrelationships among Microorganismsô, Chronica 

Botanica, 6, (30 December 1940), pp.145Ƅ8.
9
 

 

                     
9
  M. Burns,  óScientific Research in the Second World War; The case for Bacinol, Dutch penicillinô, Chapter 3 

in A. Maas and H. Hooijmaijers, eds., Scientific Research in World War II. What scientists did in the war,  

(Abingdon, Oxon, and New York: Routledge, 2009), pp44-61. 
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The above publications make up only half of Struykôs sources, and it is from the others on 

Struykôs list 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., Kimmig, J. und Lembke, A., óDie Mycoine, eine Neue Gruppe Therapeutisch 

Wirksamer Substanzen aus Pilzenô, (The Mycoins, a New Group of Therapeutically Active 

Substances from Fungi), Klinische Wochenschrift, 22, 16Ƅ17, (17 April, 1943), 321. 

Kiese, M., óChemotherapie mit Antibakteriellen Stoffen aus Niederen Pilzen und Bakterienô, 

(Chemotherapy with Antibacterial Substances from Moulds and Bacteria), Klinische 

Wochenschrift, 22, 32Ƅ33, (7 August 1943), 505Ƅ11. 

Penau, H., Levaditi, C., et G. Hagemann, G., óEssais dôExtraction dôune Substance 

Bact®ricide dôOrigine Fungiqueô, (Attempts to Extract a Bacterial Substance of Fungal 

Origin), Bulletin de la Société de Chimie Biologique, 25, (1943), 406-410.
10

 

 

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

of research into mould-based, penicillin-like, antibacterial substances in Germany and 

occupied France. In particular, Kiese listed in his publication a very impressive 61 references 

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

His publication also covered the research by Floreyôs unit at Oxford in detail. 

 

But Struykôs sources raise yet another question: How did Struyk, a microbiologist at a yeast 

factory in occupied Delft, obtain these foreign academic publications? Struykôs report does 

not list the source of his material. However, the Kluyver Archive contains photocopies of all 

of Struykôs source material. All bear the stamp of Bibliotheek D.B.M. (Library D.B.M.). 

Research has shown this to be the stamp of NG&SFôs Library Service in Delft with its 

subsidiary companies in Bruges and Monheim.
11

 It would appear, therefore, that the basis for 

Struykôs research came innocently enough through NG&SFôs own inter-library loan system. 

 

Strain Selection. 

                     
10

  Ibid. 
11

  Personal Communication, February 2003, Dr. Jan de Vlines, Director R&D Gist Brocades, retired. 
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R&D Report 412, MarchïJune 1944, lets us see Struykôs strain selection. According to 

Struyk, he received twenty-one fungal strains from the Centraalbureau voor Schimmelcultures 

(CBS: National Collection of Fungal Cultures) in Baarn, near Utrecht. These consisted of 

eighteen Penicillium strains and three Aspergillus. To this Struyk added two fungal strains 

that had been found on old cacao powder.  

 

Research in the archive of the CBS has shown that the then director of CBS, Professor 

Johanna Westerdijk, did not supply Struykôs twenty-one strains en bloc. She did so over a 

period of five months. Also, Westerdijkôs contact with NG&SF was through the Yeast 

Division staff member, Johannes Rombouts. Correspondence 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 

other moulds producing a ógood bacteriostatic substanceô he would be pleased to receive 

them. More strains followed on 15, 16 and 21 March; 1 April; and 15 and 24 May 1944.
12

 

Struykôs research, therefore, was not limited to one experiment; from Romboutsôs contact 

with Westerdijk it appears that Struykôs research was an ongoing process. 

 

Strain Evaluation. 

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

any antibacterial substance produced by his twenty-one Penicillium strains. Using an agar 

block test and Micrococcus aureus (Rosenbach), an old name for Staphylococcus aureus, 

which he had obtained from Kluyverôs laboratory, he developed a ózone of inhibitionô. From 

this ózoneô the activity of the strains could be compared. To monitor differences he created a 

óDelft Unitô with which to define any antibacterial activity. By so doing, Struykôs followed 

Flemingôs initial work. 

 

Seven of Struykôs experimental strains produced an antibacterial substance. The mould 

culture with the highest yield and the one chosen for further study was sixth on Struykôs list, 

P6: Penicillium baculatum Westling. 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 is noted in Struykôs following reports, numbered 413 and 414. 

These R&D reports reflect research with Bacinol during the period MarchƄJune 1944. For 

example, Report 413 illustrates that if Penicillium baculatum was allowed to grow on 

NG&SFôs own Liquitex base for five days at a constant temperature of 26ÁC and shaken once 

a day, the results appeared to be identical to those reported 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 boiling. Bacinol, therefore, had the same antibacterial and physical 

properties as Flemingôs penicillin. He could not be sure, however, whether or not Bacinol, 

from Penicillium baculatum, was the same as the ówonder drugô Penicillin from Penicillium 

notatum. 

 

In all, Struykôs R&D Reports 412, 413 and 414 total twenty-eight pages. They are bundled 

together as one report. It is not marked ósecretô. The office stamp shows that it was ready for 

circulation on 29 July 1944. The recipients are noted as F. G. Waller Jnr, A. A. Stheeman and 

J. R. Rombouts. 

 

A. Querido 

 

óChanceô. 

The influence of óchanceô in the development of Dutch penicillin is seen through the 

experience of Andries Querido. In 1939 Querido returned to Amsterdam from his post-

graduate research at the Pasteur Institute in Paris. On the recommendation of Kluyver he was 

employed by NG&SF as a part-time 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, in September 1944, transported to Theresienstadt in Czechoslovakia. 

Before this, however, as an employee of NG&SF he had óRequired Workerô status and was 

allowed to visit the Delft factory, albeit on an irregular basis. On what was to be his last visit 

to Delft, Querido met a fellow Jewish doctor, S. van Creveld, in Amsterdamôs Central Station. 

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 had brought with him a 

copy of the latest Schweizerische Medizinische Wochenschrift (Swiss 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 Delft.
13

 

 

Critically for those at Delft this issue of the Swiss Medical Journal, dated June 1944, 

contained an article by A. Wettstein. Simply entitled óPenicillinô, it clearly showed the results 

the Allies had achieved in the development and production of penicillin. For example, 

Wettstein gave details of penicillin growth on a maize extract; of the scale-up of penicillin 

production in bottles and porcelain containers; the measurement of strength by the Oxford 

unit; a dilution method; physical and chemical properties; human studies; animal studies; and 

it named bacteria known to be sensitive or insensitive to penicillin. At NG&SF this 

information proved invaluable. The entire Journal was photocopied and circulated at least 

thirteen times. The Kluyver Archive holds óPhotocopie nr. 13 (Photocopy number 13), there 

may have been more. On the protective cover is stamped óBibliotheek D.B.M.ô, which shows 

us that the copies were made and distributed through NG&SFôs library service. 

 

This issue of the Swiss Medical Journal also serves to illustrate the ongoing dissemination of 

information about penicillin during the war years. Written only a year after Kieseôs German 

publication, which had been based on 61 sources of reference, Wettstein, in neutral 

Switzerland, could cite 159 sources. At a time of embargo, the jump is enormous. 

 

Increasing Production. 

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

Staphylococcus aureus-infected rabbits and mice. Struyk also continued his research. To 

                     
13
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enhance the growth of Bacinol, he tried various types of flat glass and enamel containers. In 

the end, he chose milk bottles. 

 

Klaas Scheurkogel described the scene. The milk bottles were kept for 10Ƅ12 days at a 

temperature of 25°C. After processing the fluid produced, the result was 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 

time such ócalamitiesô seemed insurmountable but the Delft researchers kept going. By 

August 1944 they had a small amount of a gold-brown substance, which, according to 

Scheurkogel, had óall the desired propertiesô.
14

 

 

Waller confirms this: 

By around Dolle Dinsdag we had a small amount of a substance, which we hoped, and later to 

our joy proved to be penicillin.
15

 

 

Dolle Dinsdag refers 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 their 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 devastation of the hongerwinter, 

Hunger Winter. 

 

The óHunger Winterô did not mean that there was no food. Little though it was, some food 

was available. In retaliation for the Dutch workersô railway strike, an attempt to help the 

Allied cause at Arnhem, the occupier refused to permit the transport 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 describes as: óa well organised famineô. 

 

Continuing Research. 

                     
14

  K. Scheurkogel, óTechnische Bereiding van Penicillineô, Chemische Weekblad, 45, 29 January 1949, 69-72. 
15

  F.G. Waller, 269. 
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However, during those dark days of the winter of 1944Ƅ45 work continued with Bacinol. 

Between July 1944 and March 1945 Reports 847Ƅ904 show that A.A. Stheeman, with his 

assistants J. Knotnerus and G.T. Mathu, continued to improve penicillin extraction methods 

from the broth culture. Also, in Report 243 of AprilƄMay 1945, Stheeman signalled the 

differing levels of success in the search for an improved ómashô with which to ófeedô Bacinol 

by growing Penicillium baculatum on sugars, beet pulps and grain mixes. His conclusion was 

that the most successful was quite simply ógrain mashô. 

 

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 Allies, which 

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 drops came 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 that a Delft doctor, 

Evert Verschuyl, took ódroppedô penicillin to NG&SF against which they compared their own 

antibacterial substance. Others simply report that American penicillin was part of the food 

drop. 

 

It is difficult to see why the Allies would have dropped 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, penicillin 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 twenty-four-hour basis. Finally, many of the 

containers crashed open on landing, the contents spilling out over the drop area. How could it 

have been possible for the new ówonder drugô to be part of any food drops, let alone only at 

Delft? 
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Bacinol: Dutch Penicillin. 

Nevertheless, at the end of the war American penicillin did reach Delft. In Reports 244Ƅ246 

for JuneƄJuly 1945, Stheeman gives the result of an analysis with a sample of American 

penicillin made by Chas Pfizer & Co and supplied by Upjohn of Kalamazoo. His source is not 

noted but his conclusion is that Bacinol and óthisô penicillin are the same. In July 1945, 

therefore, barely two months after liberation, the Delft Team knew they were in possession of 

an antibacterial substance similar to the penicillin being mass-produced in the United States. 

 

First Clinical Application.  

In November 1945, the recovery of Maria Geene, a patient of Dr. Evert Verschuyl in Delftôs 

Bethel Hospital, signalled the successful development of NG&SFôs penicillin. Aged twenty-

one, Maria had been admitted to the Bethel hospital on 26 October 1945. She was critically ill 

with a staphylococcal infection. She was treated with sulphonamide to no effect and her 

temperature remained high at 39Ƅ40ÁC. On 15 November 1945 she received an intravenous 

injection of 50,000 units of Bacinol. Her temperature returned to normal and she was 

discharged on 29 November 1945. Her complete recovery had taken only fourteen days.
16

 

 

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 of septicaemia, 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 November 1945. Her temperature was 40Ƅ41ÁC. On 

that day she received 50,000 units of NG&SF penicillin. Intravenous injections continued 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 days.
17
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Dutch Penicillin 1945-46. 

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. In war-torn Europe, when penicillin arrived it was 

either as an import or made under licence.  

 

At the end of the war the Dutch Health Care system had a shortage of everything. 

Nonetheless, in October 1945 a Dutch Government committee was established to look into 

research on óPenicillin and other antibiotic medicinesô. The points under consideration were: 

should penicillin be imported; 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 Health.
1
 

 

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 State 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 be overseen by 

the State but not funded by the State. The emphasis was on óBig Scienceô and óTeamworkô.
2
   

 

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 companies. There was no need to wait. 

They had their own penicillin strain, Penicillium 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 also had óa will to succeedô in the post-war 

production of penicillin. 

 

                     
1
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2
  RIV Report, Commissie inzake antibiotische geneesmiddelen (Commission for Antibiotic Medicines), Report 

10 January 1946. 



Scale-up. 

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 the large-scale 

production 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 scaling-up of Penicillin/Bacinol from a laboratory bench to an industrial level 

is plain to see. During the 1930s Kluyver 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 post-war years it also influenced 

his former students at NG&SF. 

 

Large-scale production of penicillin at NG&SF was successfully started on 15 May 1946 

when the first industrial fermentation took place in a 1.5 hectolitre Ensinkketel (Ensink tank). 

Upscaling to 15, 60 and 300-hectolitre fermentation tanks soon followed, an incredible rate of 

expansion. 
1
 

 

In order to achieve this, a new group of workers was established expressly for the large-scale 

fermentation of penicillin. A group of young men, they quickly acquired the title óPenicillin 

Expertsô. H. de Horn, another of the first NG&SF employees to be included in the scale-up of 

NG&SFôs penicillin, paints the scene: óWe had to think on our feet. We had to solve problems 

as we went alongô.
2
 

 

But the team had more to learn. For example, they learned how to deal with the sensitivity of 

penicillin to impurities. A method was developed called ódouble steam sealingô whereby the 

contents of the tanks had to go through not just one but two steam-filled ódipsô in the 

extraction pipe. The theory behind this was that impurities might be able to filter through one 

steam ódipô but not a second. The breakthrough freeze-drying techniques came from the 

Blood Transfusion Service in Amsterdam. Finally, at a time when the whole of the 
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Netherlands was in need of reconstruction, in 1947 Waller purchased the Leidse Machine 

Fabriek which he renamed Leidsche Apparaten Fabriek (LAF). Critically for NG&SF, the 

LAF had a fifty-man workforce expert in the production of metal tanks. In its first year of 

production the LAF met 75% of NG&SFôs new apparatus requirements.
3
 

 

In contrast to the Dutch State idea of the production of Dutch penicillin resulting from 

óTeamworkô and óBig Scienceô, overseen by the State but not funded by the State, what in fact 

happened was Wallerôs drive to produce penicillin. NG&SF brought Dutch 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. The first coordinator 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 remit to supply 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 Hague.
4
 Further, it was agreed that as the production of NG&SF 

penicillin increased, so the allocation system would increase to meet NG&SFôs capacity. 

 

Information Base. 

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

consisted of Querido, Jacob Mulder and Willem Goslings from Leidenôs Academic hospital, 
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L. E. den Dooren de Jong, a bacteriologist from Delftôs TH, and, as and when necessary, 

Waller and his staff.
5
 

 

The Medical Brains Trust published Digesta Antibiotica, an academic publication given over 

completely to the ówonder drugô penicillin. Using the most up-to-date material now available 

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 editorial team Ƅ Querido, 

Mulder and Goslings Ƅ also answered questions about penicillin and its use.
6
 

 

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

from? 

 

Standardisation. 

The Kluyver Archive lets us see the effect of Kluyverôs academic network in helping to 

bridge the gap caused by intellectual óisolationô during the occupation. At the end of the war a 

virtual avalanche of information arrived at Delft from the United States. While space does not 

allow extensive detail to be given here, the Kluyver Archive shows, for example, that H.A. 

Barker at Berkeley had set up a óDelft Library Fundô during the war to purchase reprints for 

Kluyver. He had them ready to send immediately the war ended. He also arranged for 

academics to send 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 Chemical Engineers, 

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. 
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Dutch Penicillin: Standard Confirmation.  

Kluyver also re-established 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 it re-connection with, among others, R. St John Brookes 

of the National Collection of Type Cultures. 

 

On 1 March 1946, Kluyver wrote to St. John Bookes asking for ócultures of Staphylococcus 

aureus used in the standardisation tests for Penicillinô.  On 8 March 1946 St. John Brookesô 

reply listed the strains sent as óNumber 6571A (Heatley) ... the Oxford strain used for testing 

penicillinô and óNumber 6718é FDA number 219ô, which reputedly had a special advantage 

in ópenicillin assay workô.
7
 This information would undoubtedly have been shared with 

NG&SF.  

 

Like Kluyver, Querido was quick to assist NG&SF in Wallerôs quest for up-to-date 

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 re-established subscriptions for academic journals. Also, Queridoôs 

report to Waller of 30 October 1945 indicates that he had a copy of the óBritish standardô in 

his refrigerator in Leiden.
8
 

 

There is no doubt, therefore, that as NG&SF increased their production of Bacinol they 

continued to check and re-check 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 analysis of NG&SFôs penicillin with Glaxo Laboratories at Kluyverôs 

request. The finding was that óthis penicillin is at least as good as most penicillin either here 

(UK) or Americaô.
9
  

 

By the end of 1946, NG&SF was supplying all the penicillin needed by Dutch hospitals. By 

1948 Dutch penicillin met all penicillin requirements for the whole of The Netherlands. In 
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1949, NG&SF started exporting penicillin. Fifty years from the end of the Second World War, 

Gist Brocades, as NG&SF had become, was one of the worldôs largest producers of bulk 

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 large-scale production of 

penicillin in Delft, ómarket forcesô took the large-scale production of Dutch penicillin to 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 legitimate wartime 

research, the food enhancers Gistex and Aromex and a new joint venture for the development 

of vitamin C with Chemische Fabriek Naarden and Shell. 

 

The true identity of NG&SFôs antibacterial substance remained secret because of its name. 

The name Bacinol was derived from the mould strain sixth on Struykôs list, Penicillium 

baculatum. Wartime experiments with Bacinol were adapted to suit conditions with the 

growth of Bacinol on what was available, namely NG&SFôs own fermentation mash, 

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 contemporary scientific 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 required in-depth 

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 cohesive, with no 

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 

Kluyverôs laboratory. Queridoôs experience, though, brings the influence of óchanceô. Cut off 

from the outside world by the occupation, Queridoôs delivery of the Swiss Medical Journal of 

June 1944 offered the óchanceô to compare NG&SFôs research with what had been achieved 

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, again, Wallerôs determination 

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 with Kluyverôs help that, at the end of the war, 

Wallerôs group was introduced to the wider academic and commercial penicillin-producing 

world. A world that was able to affirm and re-affirm the standard of NG&SFôs penicillin. 

 

Given the pre-war expertise of Waller and his NG&SF researchers there was no doubt a ólocal 

edgeô to the first orienteering experiments. An expertise that added to their óknowledge baseô 

from Kluyverôs laboratory at the TH. There is no doubt that, at the end of the war, this ólocal 

edgeô remained in place albeit supported by imported British and American know-how. At the 

end of the war, after five years of occupation and isolation, the Delft Team continued the 

large-scale 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 

Researchers: A.P. Struyk, A.A. Stheeman, J.R. Rombouts. 
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Research Assistants: Lagendijk, Knotnerus, Mathu, Spiers, Addeson 

Fermentation: W.A. Verkennis, J.M. Klokgieters 

Clinical Application: E. Verschuyl 

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

Upscaling Assistants: Jongbloed, van den Berg, Elzenga, ter Horst, Kamps, Mensinga, 

Mostert, Saltet, van der Zijde 

Antibiotics Department: K. Scheurkogel, R.A. Jellema 

Advisors: W.H. van Leeuwen, NG&SF President; H.F. Waller, NG&SF Deputy Director, 

brother of F.G. Waller Jnr; Professors A.J. Kluyver, TH, Delft, and J. Westerdijk, CBS, 

Baarn. Physicians: A. Querido, J. Mulder and W.R.O. Goslings of Leiden University Hospital 

 

Marlene Burns, PhD. 

Kluyver Archive, Delft University of Technology;  

Descartes Centre, University Utrecht. 
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1. The ISS 

The Istituto Superiore di Sanità (Higher Health Institute, hereinafter the ISS) is one of the 

most important biomedical research institutions in Italy
1
. Particularly in the decades after 

WWII, it became one of the state-funded institutions that provided a model 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 important training 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 Foundation. 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 of competing 

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

state-owned plant for the production of penicillin. 

The Rockefeller Foundation intended the ISS be to carry out research in the public health 

sector, working 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 Sanità Pubblica (Institute of 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 and educational tasks, was to be the 

                     
1
  Historical accounts of the ISS can be found in Paoloni (2007), 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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ISSôs main mission, at least according to the RF. The Regime (and Marotta) strove to make 

the institute a large research establishment, similar to the Institut Pasteur in Paris, or the Johns 

Hopkins Medical School in Baltimore: 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 dictatorship. 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 to research. In the 

second half of the 1930s the colonial war and the Regimeôs militaristic policy, as well as the 

ensuing embargo by the League of Nations, resulted in a drive for self-sufficiency and the 

Armyôs increased need for vaccines and drugs.  Consequently, there was some constraint 

on the activities of the ISS: vaccines and sera production took up much of its time, as did food 

chemistry and public health control duties. However, some of the Instituteôs laboratories did 

undertake some research. Most notably, microbiology and bacteriology acquired one of the 

few electron microscopes in Europe from Siemens, and at the request of Fermiôs Group a 

particle accelerator was built. The Universityôs physicists turned to the rich ISS in order to 

build this important research tool, and Marotta gladly welcomed and met their request. 

Unfortunately, the 1 MeV Cockroft-Walton 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 laboratory 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 railway lines hit 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 strategic instrument (Donelli 2008). A new one was built in 

1946 by the Instituteôs scientists and technicians, allegedly following the plans stealthily 

copied in the days before the Nazi confiscation. 

After the war, in 1945, the ISS was one of the few Italian scientific institutions 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 the Nation. Marotta had also managed to avoid the 

Institute being transferred to the Nazi-controlled puppet state of Repubblica Sociale Italiana, 
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based in Northern Italy. Like all the other offices of the administration, the ISS was to be 

moved. Marotta cunningly allowed 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 times of 1944-

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 smooth transition 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, although 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 

position
2
. 

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. UNRRAôS PLANT AND CHAINôS PENICILLIN 

Penicillin became a subject of research at the Institute in 1944-1945. The alliance with the 

Nazis and the brutal consequences of the war probably hindered the circulation of information 

regarding the new ñmiracle drugò before 1944: we know that even the more scientifically 

advanced Germany was quite late in recognising the true value of penicillin, although most of 

the publications were available in the Reich (Wainwright 2004; Gaudillière 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 Switzerland (Piavoli 2008). 

According to the head of the chemical department of the Milan-based 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 Americans appeared in the journal 

published by the University of Romeôs Medical School, Il Policlinico (Jandolo 1944), 

although the literature cited is largely incomplete
3
. The same issue (p.466) of the journal 

                     
2
  Marottaôs attitude towards the Fascist regime has been analyzed in Capocci and Cozzoli (2009). 

3
  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. 
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included a brief and unsigned note about penicillin treatment for 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 the chief of 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 source of penicillin is not assessed. Another study (Corelli and Iadevaia 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 year
4
, the 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 the Penicillium mould are published in 1945 in the Instituteôs scientific journal, the 

Rendiconti of the ISS. These 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 essay regarding 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 had used the Penicillium notatum strain nr. 1249, ñthe original one, 

coming from Londonò (Scanga 1945a)
5
. Scanga used the surface fermentation technique: it 

was the easiest and cheapest if only a small quantity was needed. In his papers, he also 

reviewed the existing 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 lectured there. 

The speaker in a newsreel by the Istituto Luce
6
 says that, once the rumour spread that Fleming 

was in Rome the cameramen went out in search for him: ñit was easier for them to find the 

scientist than a single dose of the powerful medicamentò (Istituto Luce 1945). 

                     
4
  The Allied troops entered Rome on June 6, 1944. 

5
  Though Scanga omitted the prefix, he is probably talking about the P. notatum NRRL-1249 strain, used by 

the British for surface culture in the first efforts to produce penicillin on a large scale. 
6
  The Istituto Luce was the State-owned institute for cinematographic information. Its archive is available on 

line at www.istitutoluce.it 
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Penicillin was still a scarce resource at the time. The story of its large-scale 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 already available for industrial production by deep 

fermentation, though they had only been implemented in USA and Canada. The United 

Nations Relief and Rehabilitation Administration, the US-dominated organisation whose 

purpose was to provide relief for the victims 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
7
 directly, and later by offering a complete deep fermentation production plant. The 

UNRRA mission in Rome 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 FP 24). 

The offer consisted of a deep-fermentation penicillin production plant, plus the know-how 

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 intended nor for export or 

commercial sale. The Italian Commissioner for Hygiene and Public Health gladly accepted 

the gift. According to Marottaôs reconstruction in 1948, Bergami tried to set up the factory in 

Northern Italy, so that it would be near to the countryôs manufacturing heartland. However, 

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 probably the only 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 Public Health, to the Minister of Internal Affairs and all the local authorities, in 

an attempt to obtain it
8
. It is rather remarkable that the boardôs letter does not mention any 

official communication, anything like a public call for applications: the information about the 

penicillin plant was obtained from newspapers articles. These articles reported the decision 

(discussed in the Parliamentary commission in mid-January, 1947) of adding 350 million ITL 

to the UNRRA fund, yet they failed to inform the reader that 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. 

                     
7
  In mid-1945, each month UNRRA assigned 2500 vials (each containing 100,000 OU) to Italy for civilian 

use, for five consecutive months (La penicillina in Italia 1945). 
8
  The letter is in ACS/PCM 55-58 39792.23 1.1.2. 
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In 1946, in fact, two ISS scientists had already spent several weeks in Toronto for the 

intended training 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 one hand, many 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 the US representatives 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 factory. Once the site had been determined (a few hundred 

meters from the Instituteôs main building), the people working and living there had to be 

relocated. This proved to take longer than expected. 

Marotta had another reason for gaining some time. Between the end 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 mid-August 1946 Marotta asked Chain to lecture at the ISS, and later 

on the same year the British Council and the various 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 February 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 I 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 this industry."
9
 

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 fermentation. Marotta probably 

discussed the new project with the Commissioner for Public Health and some members of the 

                     
9
  This quote is taken from a long typescript written by Chain himself in 1957/1958 (My Activities at the 

Istituto Superiore di Sanità, 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 additional funding 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 raised: would 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 they could also be used for "other research, controls, etc. etc." (Camera dei 

Deputati 1985, 366). 

Yet curiously enough, Chainôs participation in the endeavour was never explicitly mentioned 

in the letters and documents exchanged with the American and UNRRA representatives. The 

several long memoranda sent to the American cultural attaché failed to mention hiring, or 

even obtaining advice from, the Nobel Prize-winning scientist, one of the living symbols of 

the wonder drug. Nor was Chain's name ever mentioned in the correspondence 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 1948 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 photographs
10

 also 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 ambassadorôs address nor Chainôs speech mentioned the 

research facility and the experimental character of the "pilot plant" (Registrazione 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. His forecast 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 points 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 actually happened. 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 

penicillin factories being "under construction by private firms (é), one of which may be in 

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. ISS BETWEEN BUSINESS AND 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 town
11

. The other one was called Leo, and located in 

the Eastern periphery: the know-how and patents for penicillin production came from the 

Danish company Løvens Kemiske Fabrik, whose technicians and scientists came to Rome in 

1947 to build the plant and put it into operation (Larsen 1995). The Leo company in Italy was 

owned by Giovanni Armenise, who also owned the influential newspaper "Giornale d'Italia" 

and a major private bank. He had moved relatively untouched from Fascism to the new 

Republic, despite being a member of several fascist 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 100,000 USD) and exclusive sales in the following countries: 

Switzerland, Austria, Yugoslavia, Albania, Greece, Romania, Bulgaria, Iran, Iraq, and 

Turkey
12

. The Italian company also had to pay to the Danes a tenth of the revenues obtained 

(Letter from CISITALIA to ISS, ACS/ISTISAN FP24). 

In this context, the ISS project for a State-operated 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. Furthermore, 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 World Health Organisation. The main reason for this friction is to be 

                                                                
10

  Many pictures of the event, as well as many others images of the history of the institute are held by the ISS 

photo archive. The pictures can be accessed via the following website: 

http://www.iss.it/arst/index.php?lang=1 
11

  Apparently, the Palma-Squibb plant also produced streptomycin (at least in 1952: see Ministero delle Finanze 

to ACIS, 26 February 1952, ACS/PCM 55-58 39792.23 1.1.2). Thus it is not clear whether it ever produced 

penicillin. 
12

  It 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. However, 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 the State-run factory and its private 

counterparts were not entirely ill-founded. The ISS plant, in full production, could produce 

quite a large quantity of penicillin, although less than the output claimed by the two privately 

operated factories
13

. In addition, the ISS was limited by the non-commercial clause signed 

with the UNRRA. However, the State-owned 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 Italian-Danish endeavour. 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 decide to establish 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/ISTISAN 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 compensate for 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 discussed at length, 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 against 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 output of 2000 billion O.U./year, while Italy needed about 80 billion or 300 

billion (depending on the estimates). Squibbôs (Palma) plant was declared to have a 480 billion OU/year 

potential. In 1955, the ISS plant produced 950 billion OU.  
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production industry" (Letter to Prime Minister, 16 November 1951, ACS/PCM 48-50 1.5.1 

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, enjoyed a de facto monopoly of penicillin 

production. While many firms imported and packaged the drug 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 the company'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 small-scale and cumbersome deal reached with the Danish company 

represented a high production cost for Italian industries, which had to be compensated on the 

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, 29 June 1950, ACS 

PCM 55-58 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, though quite common 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 call for an act that would have increased Italian 

dependence on the USA (CD, seduta pomeridiana, 28 febbraio 1951, p.26608). It must also be 

noted that Pignatelli was a member of the council of stockholders in the Banca Nazionale 

dell'Agricoltura, the private bank 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. Since the ISS also started producing 

penicillin in 1952, the de facto monopoly granted to Leo was also long enough to cause some 

shortcomings: in 1950-1951, the Korean War had led to restrictions on the export of penicillin 
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from the USA, since antibiotics were 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 manufacturers), 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 l'Igiene e la Sanità Pubblica, ACIS) stores still held full 

reserves of antibiotics. 

In this situation, once production at the ISS was ready to start 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 assistance 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 of the penicillin plant when substantial new financing (350 million ITL) was 

requested from the government in 1950-1951 (CD, XI commissione, 14 march 1951, p.506). 

As a matter of fact, the price of penicillin dropped throughout the world in few months
14

: in 

1954 the Italians 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 

Germans (Valier 1955). Furthermore, Marottaôs attempt to enter the commercial market, 

selling at least ñthe products of experimentséthat otherwise would be lostò, did not yield any 

results (Marotta to ACIS, 9 December 1957, ACS/ISTISAN DIR79). 

The ISS penicillin factory, at its inception, fell between the two alternatives of protectionism 

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 typically supported by Italian 

industry, dedicated as it was to creating a protected national environment to help its own 

competitiveness
15

. To an Italian businessman such as Armenise (who had furthermore grown 

up under the Fascist Regime), the role of the pilot plant and the biochemical laboratory 

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

                     
14

  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 overall result of 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 large scale industrial plant with the research centre 

one of the major strengths of the project (Chain 1951). The pilot plant was to serve innovation 

in industrial biotechnology and biochemistry, and the factory would immediately benefit from 

the engineering developments achieved by researchers and technicians. The strong focus on 

production and engineering was also at the core of World Health Organisationôs interest in the 

new ISS centre, which soon became the site for international training courses and educational 

activities in the field of antibiotics (Expert Committee on Antibiotics 1950). Many guests, 

both from Italy and abroad, came to visit the centre: what is the more surprising is that these 

guests were not only academic scientists, but also researchers and technicians working in 

private companies (again, Italian and international, such as Beecham, Merck and Astra). 

Italian pharmaceutical companies greatly benefitted from the cooperation with the ISS, and 

for some years they had an important place in the global antibiotics market. For example, an 

Italian firm managed to become the official supplier of tetracycline hydrochloride for the US 

Military Medical Supply Agency for three consecutive years, from 1958 to 1960 (Steele 

1964)
16

. The Italian companies could also boast low prices because of the patents policy: 

drugs could not be patented in Italy until 1979
17

. The four largest Italian companies (LEO, 

Palma-Squibb, Lepetit, Farmitalia) overtly acknowledged the role of Marotta and the ISS in 

1955, by presenting the Institute with a statue of Alexander Fleming a few months after his 

death. 

 

4. CONCLUSION  

A detailed discussion of the political and economic implications of the Penicillin factory set 

up at the ISS is beyond the scope of this preprint. However, we can draw some conclusions 

about its importance.  

On one side, the scientific heart of the matter must be underlined. Chain's laboratory obtained 

a fundamental result, isolating 6-APA (6-Aminopenicillanic acid), i.e. the active constituent 

                                                                
15

  This opinion was also expressed in a veiled manner by Lepetit's chemist Gino Carrara (1947). 
16

  The name of the company is not yet known, and thus it is not clear whether it benefitted from ISS 

cooperation.  
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of all penicillins (Ballio et al. 1959). This result was also at the heart of a bitter controversy 

with the Beecham laboratory, since Chain acted as a consultant for the British company, and 

two of its researchers spent long periods in Rome. Beecham thus took advantage of Chain's 

work to secure a major advance in the production of semi-synthetic penicillins. Furthermore, 

many technological innovations were implemented, thanks to the very skilful engineers 

working side-by-side with Chain, especially in creating a completely controlled cycle of 

fermentation, where every step of the process was carefully monitored. The rate of failed 

fermentation was thus lower than in traditional processes. The engineers that helped Chain 

create the plant were also responsible for the centre that Chain moved to after he left Rome, 

the new biochemical laboratory (with a pilot plant for fermentation studies) at Imperial 

College, London. While in Rome Chain also patented some important analytical instruments 

(a two-dimensional chromatographer, built in the Institute workshops), and broadened his 

research, including many aspects of carbohydrate metabolism (Abraham 1983). Many other 

important research projects were undertaken by Chain's collaborators, ranging from microbial 

genetics to many aspects of biochemistry and fermentation
18

.  

On the other hand, we should also draw attention to the character of the ISS as a possible node 

in a network of innovation within the Italian technological environment. Yet, soon after Chain 

left in 1961 (although he officially resigned only in 1964), the ISS entered a crisis after 

Marotta's retirement and the legal prosecution concerning his management in 1964, and even 

involved Chain and the centre he directed. The Institute's role in disseminating innovation was 

lost, while the final evidence of activity for the pilot plant is found in the spring of 1964, in 

the middle of the storm that was hitting the Institute. Harsh criticisms were directed against 

Marotta and Chain's vision of the ISS and consequently the penicillin plant
19

. Marotta was 

accused of having perverted the original mission of the ISS, which should have focussed on 

public health. In this view, repeatedly expressed by the ISS microbiologist Giuseppe Penso 

(1964)
20

, the role of technological innovation in biomedical sciences was not part of that 

mission, but only the result of Marotta's own egotism. However, the penicillin production 

plant should be seen in a broader context. Marotta used it to gain some autonomy for the 

                                                                
17

  Marotta directed a Governmental Commission on drug patentability, whose final report endorsed drug 

patents. However, the interests of small pharmaceutical companies, those with no R&D that would be 

protected by patents, prevailed. 
18

  Following the advice of Bud (2007), we refer to Abraham (1983) for a detailed account of Chain's scientific 

activity. With regard to the work carried on in the ISS International Centre of Biological Chemistry, the 

reader should consult Capocci and Cozzoli (2008) and Gualandi (1999). 
19

  The documents concerning the discussion of the fate of the penicillin plant are in ACS/ISTISAN DIR79 and 

86. 
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Institute, striving to overcome the bureaucracy that burdened every state-controlled activity. 

Penicillin was thus the key: the importance of the drugs enabled him to ask for money and 

hire scientific personnel quickly, without the lengthy procedures required for any other 

appointment within the Italian administrative and academic system. Marotta thus tried to 

shape the ISS in an Anglo-American way. At the same time, State-owned penicillin 

production was probably considered by the government a means of gaining importance on the 

larger international stage, just like AGIP and later ENI (Ente Nazionale Idrocarburi, the 

national body for hydrocarbons, which in the same period became one of the most important 

players in the global oil market), although on a smaller scale
21

. The same forces were 

operating in the international scenario where Marotta was playing, exploiting American aid 

and at the same time gaining autonomy from the US at a crucial time for the country
22

. The 

overall history of penicillin production also fits quite well with other general reconstructions 

of the policies implemented in Italy after WWII in relation to industrial production, as well as 

the strategies followed for integrating into the international economic system. These strategies 

have been described as as "liberal protectionism", and to many historians seem a weak 

compromise. On one side, the Government tried to follow American-sponsored liberalism; on 

the other hand, it tried to protect some specific interests and to establish some sort of general 

welfare protection
23

.  

At least it the early post-war years, the industrial complex was "unable, with few exceptions, 

to see their international position strategically, wary if not overtly hostile to American calls 

for liberalization, which were only accepted to the extent that they allowed an immediate, 

though short-term, boost to traditional exports, or when it favoured the flight of capital and 

speculation on currency exchange; yet, it was reluctant when confronted with the possibility 

of opening up the national market". (Battilossi 1996, 50). At the same time, until the 

beginning of the 1950s the government was unable to develop a consistent economical and 

industrial policy. Sound planning only emerged in the middle of the decade, with the so-called 

piano Vanoni, the project designed in 1954 by the Government to help develop the Italian 

economy and society by means of strong State intervention in specific, albeit broad, sectors
24

. 
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  Penso was one of the two scientists sent to Toronto for penicillin training in 1947. 
21

  On the history of ENI a vast bibliography is available, although mostly in Italian. A recent account in English 

is Carnevali (2000). 
22

  The first general elections were held in April 1948: the defeat of the Communist Party firmly placed the 

Country in the Western Block. 
23

  This opinion is largely shared. See for example Amato (1972), Cavalcanti (1984), Battilossi (1996) 
24

  The ñpianoò was an broad theoretical scheme commissioned by Minister of the Treasury Ezio Vanoni and 

developed by a think tank in 1954. One of the main objectives of the plan was to fill the wide gap between 
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The reforms undertaken at the beginning of the 1950s and the new scenario of the European 

Common Market (with the new trade and tariff system) caused the decline of overt 

protectionism. In this scenario, the country entered a period of wild expansion, the so-called 

ñboomò or ñeconomic miracleò. The end of this expansion, due to various factors and usually 

situated in 1963-1964, overlaps the onset of a new period of reformism. In 1962 Italy came to 

be ruled by a centre-left government, which called for stronger state control of the economy 

and nationalized some important sectors, such as electricity. 

The crisis at the ISS and the penicillin factory largely coincides with a general crisis 

experienced by the country. The economy slowed down after the boom, social issues relating 

to modernization emerged, and the North-South gap widened. The centre-left alliance proved 

unable to face the new challenges and also had to stand up against the attacks coming both 

from the left and the right wing opposition. The prosecutions of Ippolito and Marotta should 

be seen in this context, and the new government failed to develop a new science policy, or 

fruitfully address the relationship between industry and science. This led in turn to a general 

crisis in the Italian research system that exploded harshly at the end of the decade (Capocci 

2006; Capocci and Corbellini 2002; Ruberti 1998). 

The various stages and steps that led to the steep decline in Italian science after the 1960s 

have not yet been fully described
25

: thus it is not possible to draw a comprehensive picture of 

the history of scientific institutions within the recent history of the Country. However, the 

history of the penicillin factory
26

 offers an interesting perspective combining the big picture 

and interaction among single characters. On one hand, the history of the penicillin factory 

parallels the history of the country: reconstruction, expansion, crisis. On the other hand, the 

creation of the factory was not a mere accessory or a consequence: people like Domenico 

Marotta and Ernst Chain had a vision for the development of science, and actively pursued it 

within an international network of people, institutions and ideas, thus overstepping the 

boundaries of ñplainò national politics. Ernst Chain took part in the recovery of the country 

after the war, making Rome a ñcentral peripheryò (Gemelli 2002) for his own fields of 

research. In this respect, can Chain's role be considered a part of post-WWII foreign aid, like 

the penicillin factory donated by the UNRRA? Clearly this is not the case: science is not 

merely the continuation of politics by other means. As we have seen, the political situation 

                                                                

the North and South of Italy.  A comprehensive picture of Ezio Vanoni and his plan is provided by the first 

issue of the Rivista SSEF, 2004 (http://rivista.ssef.it/site.php?page=&edition=2004-01-01). 
25

  An attempt to reconstruct this history is in Paoloni (2003). 
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allowed Marotta to fully deploy his vision of a great biomedical institution, connected in 

many ways to the surrounding society. He will be credited for his belief in the value added of 

science for developing the country. Yet, scientific history should be seen as part of the general 

picture in order to understand the reasons for certain choices, certain successes and setbacks. 

The penicillin factory, with its scientific, industrial and cultural content, is a good subject for 

investigating how science and politics interacted in post-war Italy.  
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According to the widely accepted account, the first antibiotic Penicillin was the result of the 

specific and targeted work of several researchers. In their search for a new and rewarding 

project, the Englishmen Ernest Boris Chain (1906-1976) and Howard Florey (1898-1968) 

read an article published by Alexander Fleming (1891-1955) in 1928, in which he had already 

described the effects of a certain substance on bacteria. Neither Fleming nor the scientific 

community recognized the importance of this discovery, but Chain and Florey were 

convinced of the substanceôs potential.  They managed to interest the Rockefeller Foundation 

in developing a drug and financing their work for five years (Wolf 1993, 20f.). 

 

Chain and Florey demonstrated the healing effects of Penicillin on bacterial infection in mice 

in 1938. Thereafter they developed purification procedures and carried out the first successful 

trial on a woman with terminal cancer. The crucial experiment took place on February 17, 

1942 on a young policeman who was suffering from an infection with staphs and streps. He 

was treated with the new substance and recovered, but Florey and Chain did not have enough 

Penicillin, so he finally relapsed and died (Pieroth 1992, 31).
1
 This demonstrated that 

everything depended on developing a more efficient method of production. Because of the 

substanceôs potential and its importance for military medicine and the war, Florey and Chain 

succeeded in getting the American Government and Army interested and in obtaining more 

subsidies for the research, which was then undertaken in an American-English project. All the 

participants were strictly forbidden to publish their findings during war, but physicians in the 

English and American military campaigns used Penicillin as early as 1943. In order to 

increase production, research concentrated on identifying new, more productive strains and 

perfecting the production process, namely by introducing deep fermentation in tanks instead 

of mould fermentation. As production increased, penicillin was also given to civilians, 

                     
1
  For the history of penicillin in general see Bud 2007. 
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initially on the basis of a detailed rationing plan, but this became unnecessary when larger 

quantities became available (Adams 1991). 

Research was also taking place in Germany, but it started later and did not achieve reliable 

results because coordination of the research was lacking. Therefore it had more or less ended 

by 1945 (Pieroth 1992, 107-109). Large-scale production began after 1945, based on 

American licenses, so in the 1950s West Germany was able to sustain its own production, 
 

(Pieroth 1992, 107-109) but in East Germany output only met demand from 1970 onwards. 

Based on the number of relevant publications the ongoing research activities peaked in the 

1950s and 1960s. The main goal was to find new and promising strains of bacteria. By 1957, 

350 antibiotics had been isolated (Vogel 1954,  44).
2
 Apart from some attempts to synthesize 

antibiotics, pharmaceutical firms were mainly restricted to biotechnological production, 

which had some advantages (Bud 1994; Wolf 1992, 29; Marschall 2000). Antibiotics soon 

became the wonder drug that physicians and patients believed in and everyone could afford, 

because the price dropped enormously.
3
 Due to the close cooperation of researchers and 

pharmaceutical companies the industrial production of Penicillin increased from a few mg in 

1940 to 200 tons in 1953, while the monetary value of Penicillin production rose from 268.5 

million to 385 million dollars during this time period. American production amounted to 110 

tons in 1948, 1,399 in 1956 and 13,925 tons in 1962 with a value of 301 million dollars in 

1956 and 370 million dollars in 1962. These figures show that the prices were already going 

down as production was industrialized and standardized. This was particularly true for those 

antibiotics that were used for non-medical purposes. In the USA this kind of use was 

approved in 1949 and expanded quickly although the prices obtained were lower. In 1951 

236,000 pounds of antibiotics at a price of 72 dollars per pound had been used as feed 

supplement. Only ten years later this figure had risen to 1,800,000 pounds and the price had 

dropped to 45.4 dollars. In 1956, 27-28 % of all American antibiotics produced had been used 

in agriculture; by 1961 it had climbed to 46 %.
4
  

So far, this is the usual success story, as told over and over again, and in recent years 

numerous works on the research undertaken by different laboratories, scientific networks and 

                     
2
  Just to name the most important discoveries of the first years: 1928 Penicillin, 1939 Tyrothricin, 1940 

Gramicidin D, 1943 Streptomycin, 1944 Gramicin S, 1945 Bacitracin, 1947 Polymyxin, Chloramphenicol 

and Streptomyces lavendulae; 1947 Neomycin; 1948 Aureomycine; 1948 Cephalosporin, Chlortetracycline 

and Xanthocillin, 1949 Oxytetraclin, 1950 Colimycin, Terramycin/OxyTetracycline, 1951 Carbomycin, 1952 

Erythromycin, see Remane 1986; Raper  1952. Remane, Horst, Rüdiger Stolz and Irene Strube: Geschichte 

der Chemie, Berlin 1986; Tab. 7, 13 and Raper, Kenneth B.: A Decade of Antibiotics in America, in: 

Mykologia 44(1952),  1-85, both cited according to Pieroth 1992, 137; Patsch 1965. 
3
  See the graph in Elsässer 1955, 93. 

4
  The figures are taken from: Ippen 1960, 119; Seidlen 1963, 760-76 and Smart and Marstrand 1971/72, 363-

385. 
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experimental systems have been published demonstrating the specific character of national 

research. Though hardly controversial, they almost exclusively considered antibiotics for use 

in human medicine. However, other sides of the story have until now been mostly overlooked. 

First there is the aspect of increasing competition: The first grams of antibiotics had been 

awaited and there were seldom scarcities, but lower prices very quickly made them a standard 

medical treatment. Parallel with increased production, competition in the market for 

antibiotics rose. Initially the first penicillin sold easily, but from the mid-1950s onwards there 

was an overproduction. A steadily increasing variety of antibiotics was heavily advertised and 

the number of different preparations of one antibiotic increased. Many of these were only 

slight variations or new combinations of existing drugs which were marketed under different 

names. This led to high expenditure on the promotion of new medicines: when Cyanamid 

introduced Achromycin, which is basically Tetracycline, in the 1950s the firm invested 2.5 

mill. dollars in advertising and Pfizer spent 2 million dollars alone on Aureomycine samples 

during its introduction. Moreover the number of employees in its marketing division was 

increased from 8 to 300 persons (Ippen 1960, 119).  

Secondly: Increasing competition in the pharmaceutical industry made the enterprises look for 

alternative markets in the food industry and agronomy. Even though more recent works have 

underlined the close links between agriculture, medicine and biotechnology in breeding 

science and reproductive technologies, the role of the veterinarian in the history of drugs as 

well as his role in food production and food control has not yet been fully acknowledged, 

although communicable diseases such as tuberculosis and brucellosis play an important role 

in humans as well as in animals and can be transmitted by milk and meat.
5
 It is only in the 

history of breeding science that the role of the farm in experimentation and as a place to 

exploit the scientific findings for the capitalist production of food has been fully recognized.
6
 

This is due primarily to the fact that until today the history of consumption has not been an 

important field of research among people who were and are interested in the history of drugs. 

Instead, until now experimental systems, the process of scientific investigation which results 

in new and sensational scientific findings have dominated historical research, although there 

is important work from business historians on individual pharmaceutical enterprises. 

Accordingly even the history of marketing has been neglected, although this allows 

                     
5
  Stanziani 2002, 209-237; Atkins 2004, 161-182; Atkins 2000a, 83-95; Atkins  2000b, 37-51. On food risks in 

general see: Scholliers 2008, 3-6 and the literature given there. 
6
  For a general outline of the relations between the farm and the clinic with regard to reproduction techniques 

see: Gaudillière 2007, 521-529. Among the papers in the special number of this journal see in particular 

Woods 2007, 462-487. 
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interesting insights into the creation and construction of medical markets and also medical 

routines and beliefs. 

In companies it was a consideration of marketing opportunities that determined research 

strategies, as Bernd Gausemeier and Jean-Paul Gaudillière have pointed out in the case of 

German penicillin research by Merck. Merck, being one of the three pharmaceutical firms 

which were involved in the research on penicillin, frankly declared that it was not very 

interested in penicillin. As the firm thought that it was more ñlikely to achieve a practically 

applicable result hereò it concentrated its research on an antibiotic substance suitable for 

treating Bang-Infections which occur in cows.
7
 In doing so it considered the prospects of a 

marketable veterinary drug to be higher than the pharmaceutical relief of severe infections of 

humans, which killed large numbers of people. But this approach had several advantages: 

legal regulations in the veterinarian drug market were not as strict as in the market for human 

medicines, even though veterinarians and physicians were subject to the same drug law. 

German regulation allowed veterinarians to sell pharmaceuticals and medical feeds and some 

German regions did not restrict the free sale of antibiotics to farmers at all as long as the 

medicines  were not injected. In some German regions a prescription from a veterinarian 

could be used repeatedly ï as often as the farmer desired (Barke 1954, 55-57). This opened 

marketing opportunities. From the viewpoint of transaction cost marketing drugs to 

veterinarians and farmers was much more profitable, as admission was easier. Thus to what 

extent pharmaceutical companies preferred to market antibiotics to the veterinarian market is 

an interesting question, which I cannot yet answer, especially as hard data on items sold, 

prices and so on are hard to obtain. 

It was mainly the drop of prices from 1947 onwards that paved the way for non-medical use.
8
 

From the 1950s onwards large amounts of all antibiotics were used in agriculture, where they 

were used to treat bacterial and fungal infections in animals and plants, as disinfectants, and 

as food preservatives for meat and fish as well as a means of increasing weight gain in 

breeding livestock. In 1956 27-27 % of all antibiotics were sold for non-medical uses and this 

percentage rose even further until it reached 37 % in 1962 (Seidlen 1963, 761). This clearly 

demonstrates that companies were successful in developing this market in the USA. Using 

antibiotics in these alternative ways meant a crossing many boundaries: Antibiotics first 

crossed the boundary from human to veterinary medicine, then from veterinary medicine to 

                     

7  Schering to RWA, 29. Sept.194, III. Abt. Rep. 84, Rostock correspondence, MPGA, cited according to 

Gaudillière and Gausemeier 2005, 196.  
8
  The case of milk research as a factor in the industrialization of farming and the peculiar role of the Federal 

Institute for Milk Rresearch is discussed in Thoms 2009. 
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agriculture and finally from agriculture to the food industry. By using them in different 

spheres, antibiotics were to become unreliable: firstly it was noticed with surprise that some 

people had severe allergic reactions and reacted shocks to antibiotics with anaphylactic shock. 

Secondly it seemed as if bacteria had a life of their own as they developed resistance to 

antibiotic substances by becoming desensitized, thus becoming ineffective. This meant that 

they endangered the stock of bacteria and fungi which were traditional production factors in 

the dairy industry, that is, for making yoghurt and cheese. Researchers, the pharmaceutical 

industry and the food industry had to recognise that the application of the new wonder drugs 

endangered the therapeutic regime and the economic basis they had established. 

This seemed to become a serious problem for the disciplines involved, mainly for toxicology, 

especially as the conventional means, methods and principles of ñclassicalò toxicology were 

simply inadequate for understanding, explaining and avoiding these effects. In contrast to 

basic toxicological principles such as overdosage, the basic problem proved to be dosages that 

were too small and periods of treatment that were too short. Then there was the problem of 

detecting the substances: tests to show the presence of antibiotics in meat and milk had to be 

developed, and food chemistry had to change its basic beliefs from considering foods as 

mixtures of chemical substances to a more systemic view, which had been part of life reform 

movement and the concepts of microbiologists like Elie Metchnikoff from the 19th century 

onwards.
9
 All these aspects presented real challenges for the sciences involved and helped 

them advance.  

In the following chapters I will analyse proceedings and articles from different scientific 

journals from the 1950s and 1960s in order to record and analyse the way in which the 

problematic issue of antibiotics in foods has been perceived, how this problem has been 

discussed and which measures have been taken to deal with the danger that the 'wondrous 

weapon' might ultimately become ineffective.  

 

1. The use of antibiotics in agriculture and the food industry 

Farmers used antibiotics for different purposes. They used them to treat animals that were ill, 

to prevent disease and finally to promote growth, especially in chicken. Moreover they were ï 

and still are ï generously used in commercial gardening and farming for mycosis in plants, 

especially to combat fire blight, which is a dangerous, rapidly spreading plant disease and can 

easily destroy entire orchards of fruit trees. However, I shall not explore all these uses, but 

concentrate instead on their use in human and veterinary medicine.  

                     
9
  On Metchnikoff see: Tauber and Chernyak 1991; Metchnikoff 1907. 
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1.1. Antibiotics as pharmaceuticals in veterinary medicine 

The use of Penicillin and other antibiotics in veterinary medicine basically followed the same 

principles as in human medicine and was aimed at treating infections, particularly in cows and 

chicken. In the case of intensive farming, infections spread very rapidly in the overcrowded 

conditions stables of modern intensive husbandry, which served the increasing demand for 

meat. The Allies had found German agriculture to be out of date, backward and highly 

unproductive in 1945. Therefore agricultural modernisation and industrialization formed part 

of allied policies, which were initially aimed at reducing hunger. The Marshall Plan and the 

Technical Assistance Program encouraged the transfer of American economic models to 

West-Germany.
10

 This process included the structural change from small to large farms and 

increased their productivity and efficiency. It was accompanied by the implementation of the 

American way of life and eating; this strategy worked, as the recovery of West German 

economy and the rise of agricultural production demonstrates.
11

 Consumption of meat rose 

considerably, from 36 kg in 1950 to 102 kg in 1990 in West Germany and from 22.1 kg to 

100 kg in East Germany. Poultry in particular went from being a scarce luxury item to a daily 

food, as consumption rose from 1.2 to 8.8 kg in West Germany and from 1.2 to 10.4 kg in 

East Germany respectively between 1950 and 1974/75.
12

 This increase was due to improved 

methods of animal feeding as well as to the use of antibiotics to treat, control and prevent 

infections.  

As Robert Bud has nicely described, the situation was precarious when this practice began. In 

1939/40 the World Fair took place in New York, where a milk company displayed the so-

called ñRotolactorò to the public. This was a modern, automated milking parlour, which was 

advertised under the heading: ñThe Dairy World of tomorrowò. It was designed to produce 

hygienic milk, completely untouched by human hands. Unfortunately, 16 of the 116 cows 

exhibited on this stand caught mastitis, a painful infection of the udder. Mastitis regularly 

caused enormous loss of cattle. According to estimates the financial value of these losses was 

500 million dollars in the USA, 100 million dollars in France and 19 million pounds a year in 

England (1877-1967. 90 Jahre Milchforschung in Kiel, 71). 

The company was concerned, and called in René Dubos (1901-1981), who treated the cows 

with Gramicidin which he had recently discovered, but which was found to be toxic when 

                     
10

  There is a vast body of literature on this topic, which includes: Krige 2006; Zeitlin  and Gary Herrigel 2000; 

Nolan 1994;  Bjarnar and Kipping 1998. From a more cultural perspective: Linke and Tanner 2006; Becker 

and Reinhardt-Becker (Eds) 2003; Rutschky 2004; Döring-Manteuffel 1999. 
11

  On the development of German agricultural politics, production and consumption see: Kluge 1989.  
12

  Figures according to: Teuteberg 1986, 225-279, here 237; Poutrus 2002, 214;  Kaminsky, 1999, 48. 
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taken internally by humans (Dubos and Hotchkiss 1940a, 791-792; Dubos and Hotchkiss 

1940b, 793-794). Three quarters of the infected cows were saved (Bud 2007, 166-167). This 

demonstrated the healing power of the new drug very effectively, and saved the reputation of 

the company and also apparently confirmed the soundness of its utopian dream of the ñDairy 

World of Tomorrowò.  

Mastitis was not the only reason why milk researchers were interested and involved in the 

research into antibiotics. From the early days fungi and bacteria played an important role in 

processing milk, particularly in the case of cheese making. The collection and identification 

of strains of bacteria played an important role in the work of the agricultural research 

institutions concerned with fermentation, like the Institute for Brewing in Berlin and the 

German Institute for Milk Research in Kiel. The first was involved in the production of 

protein rich feeds using yeast and fungi, the latter in the research on Penicillin. Both projects 

were strongly supported by the Nazi regime (Forth, Gericke and Schenck 1995, 32-40; 

Heinecke  2001). This clearly demonstrates that research and researchers in veterinary and 

human medicine and especially in antibiotics were identical. It is telling that among the 

researchers and research teams from Hoechst, around Adolf Windaus in Göttingen and Adolf 

Butenandt in Berlin and Bernhauer from the Institute for Enzymology in Prague, the people 

from Kiel formed part of the research group which was sponsored by the National Socialist 

Regime. Their interdisciplinary work crossed the boundaries of classical scientific disciplines. 

Andreas Lembke in particular was a very modern biochemist: having studied veterinary 

medicine in Kiel, he then turned to bacteriological and biomedical questions, for example the 

metabolism of bacteria (Lembke 1939, H.2). Although worked in the laboratory, he always 

kept in touch with basic agricultural problems such as the role of single bacteria and fungi in 

cheese production.
13

 As his Institute in Kiel had begun to collect strains of bacteria since its 

earliest days, he had a large number of them to hand that he could use in his own research. 

Nevertheless, he freely distributed them to the other work groups and companies that were 

active in this field (Shama 2002, 355). Funded by the Reichôs Working Community of 

Agricultural Industry (Reichsarbeitsgemeinschaft landwirtschaftliche Gewerbeforschung) for 

basic research, such as his work on the serological differential diagnosis of Streptococci and 

microbiological examination of yeast and mould fungi in 1941 and 1942,
14

 although the 

institution in which he worked was regarded as conducting inferior, that is, applied science. 

                     
13

  See for example: Lembke 1940, 82-84, 93-95; Lembke 1943. 
14

  In 1941/42 he obtained 5000, in 1942/43 was granted 5280 Reichsmark, see Reichsarbeitsgemeinschaft V 

Landwirtschaftliche Gewerbeforschung, Arbeitsbericht für das Haushaltsjahr 1942/43, in: BA Koblenz, B 

316/13, 1-2. 
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Nevertheless Lembke was extremely interested in human medicine and graduated in 1943 

from the Medical Faculty in Kiel. At the same time he took up extensive work on 

sulphonamides, penicillin and other antibiotics as well as on the application of electron 

microscopy in bacteriology, a brand-new field of research, in which he cooperated with H. 

Ruska, the constructor of the electron microscope (Lembke et al. 1940, 217-220). In 1943 he 

published articles on the impact of sulfonalimids [sic] and the mycoins respectively together 

with Josef Vonkennel (1897-1963) und Joseph Kimmig (1906-1976) (Vonkennel et al. 1943a, 

129-130; Vonkennel et al. 1943b, 321). Together with Adolf Windaus, Adolf Butenandt and 

Konrad Bernhauser from the Institute for Enzymatic Chemistry in Prague the scientists from 

Kiel were involved in a nationwide research project that was launched by the 

Reichswirtschaftsamt and formed part of the German policy of autarchy.
15

 They succeeded in 

producing Penicillin, even if they were not able to develop its production on a large industrial 

scale before 1945 (Forth/Gericke/Schenck 1995, 32-40; Pieroth 1992, 105ff). Recognizing 

that his technical supplies were insufficient to yield any practical results, Butenandt withdrew 

from the field of antibiotic research. He had searched for a method of synthesizing antibiotics, 

but researchers in the field of applied microbiology were familiar with the methods of 

biological production that they used to make beer and cheese. Andreas Lembke continued his 

research on antibiotics after the war and founded his own Bacteriological Institute for Virus 

Research and Experimental Medicine in Eutin-Sielbeck near Kiel (100 Jahre 1990, 58). It was 

here that he developed Patulin from 1947-49 for which he obtained a patent. Patulin was used 

against Bang-Infections (Brucellose).
16

 It was quite promising, as miscarriages in pregnant 

cows led to overall losses of about 250 million Marks per year. Moreover he researched the 

potencies of different substances against tuberculosis of humans and animals (Lembke and 

Krüger-Thieme 1952, 7-222; Lembke et al. 1952, 717-718; Lembke and Menninger 1952, 41-

84) and proved the efficacy of neoteben, which is still used against tuberculosis today (100 

Jahre 1990, 73).
 17

 

On one hand milk researchers helped to develop modern hygienic methods of milk production 

and processing, so that spoiled milk was no longer a serious problem for the 20th century 

consumer. This was very clear for the physicians too, but during the 1950s, antibiotics 

became a major problem for the hygienic and microbiological use of milk in the dairy 

industry. Antibiotics destroy not only the ñbadò bacteria, but even the fungi and lactobacilli, 

                     
15  On this group see Gaudillière and Gausemeier 2005, 194-195.  
16

  Patulin is regarded as an effective antibiotic, but is not used in therapy because of its toxicity; see 

http://de.wikipedia.org/wiki/Patulin, last access 8.7.2008. 
17

 Today Neoteben is marketed under the name "Isoniazid". 

http://de.wikipedia.org/wiki/Patulin
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which are indispensable for making cheese and yoghurt.
18

 First reports on disturbances in 

milk processing were published as early as 1948 (Kästli 1948, 685-695). Experimental assays 

on the effects of antibiotic treatment on milk showed that penicillin residues were to be found 

in the milk of cows that had developed mastitis and had been treated with penicillin. Such 

milk would result in the early fermentation (Frühblähung) of cheese made from it, which 

could not be sold at all, although in fact it was forbidden to sell milk with drug residues 

(Milchfehler 1953). Thus the beneficial drug also proved to be a real danger for dairies,
19

 and 

measures where needed to prevent harm. On the other hand, it was clearly shown that waiting 

would be a simple, but efficient method of preventing this happening, as the penicillin would 

quickly leave the animalôs body within two days. Seen from this point of view the rapid 

elimination of penicillin was an obvious advantage. However, it meant that injections had to 

be given every three hours and this was a problem in clinical treatment, and even more so on 

farms, because the animals would not cooperate with multiple injections. Moreover multiple 

injections were hard work and expensive. Therefore scientific discussions began on how the 

excretion of penicillin could be slowed down by administering it in other ways, using 

different solvents or by adding certain substances. The trials led to the discovery that using 

Procain in wax oil as a solvent would secure a stable antibiotic level in the blood for up to 28 

hours (Schermer 1949, 250-253).  

Moreover, antibiotics could cause mutations of bacteria ï maybe within the dairy itself ï 

which could have unknown virtues, but might endanger the existence of whole starter cultures 

and thus the basis for production. 

Initial inquiries in this field took place as early as in 1949/50,
20

 others followed in subsequent 

years (Meewes and Pawlawski 1951, 543-549; Meewes et al. 1955, 225-236). It proved to be 

extremely difficult to discover the reason why milk spoiled, to obtain evidence on antibiotics 

and to discover how long it would take for cows' milk treated with antibiotics to become free 

of residues of antibiotics (Meewes and Milosivic 1951, 59-74; Milosivic 1953).
 
 

 

1.2. Antibiotics as food preservatives 

The use of antibiotics as a preservative is not unusual in Germany today. It goes back to the 

plausible idea that a substance which kills harmful germs prolongs the shelf life of foods as 

                     
18

  The Federal Institute for Milk Research (Bundesanstalt für Milchforschung) in Kiel had a large collection of 

fungi, which included beneficial as well as harmful specimens. Every year, some thousand cultures were 

send out by mail, see 100 Jahre 1990, 45; Lembke 1952.  
19

  See Kieler milchwirtschaftliche Forschungsberichte 29(1977), 370f. 
20

  See Bundesversuchs- und Forschungsanstalt für Milchwirtschaft, Kiel, Wissenschaftlicher Jahresbericht 

1949/50. 
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well. As early as 1949 articles were published in Germany that reported that penicillin had 

been used to preserve womenôs milk in a paediatric clinic (Linneweh 1949, 666-670). In the 

USA, Canada and Great Britain the food industry used antibiotics (mainly Aureomycine) in 

all kinds of food, in vegetables, cream fillings, and particularly with fish, crabs and meat in 

order to prolong the shelf life of foods for 7-10 additional days (Eichholtz  1956,  125, 

Partmann 1954, 505-512, Partmann 1957, 210-227). Preserving food in this way was regarded 

as a ñrevolution in the field of foodò (Streiflichter 1956). There were different methods of 

applying the antibiotics: antibiotics were added to the water to make the ice used for storing 

fish; they were injected in beef cattle shortly before slaughtering to extend the storage life of 

the meat; pieces of beef, poultry and fish were dipped into a solution containing antibiotics in 

order to kill germs on the surface (White-Stevens 1956.).
 
 

 

 

Tab. Dipping Poultry in a solution of Aureomycine 

Source: White-Stevens (1956), 114. 

 

Developed at the end of the 1940s, this method was tried out during the 1950s with the food 

conservation boom. It was the American Cynamid Company that organised conferences to 

advertise the use of its Aureomycine in fresh food. In 1956 it presented its so-called Akronize 

method at a conference in Vienna. Lectures by Cynamid employees were distributed amongst 

lectures by renowned German food scientists and nutritionists and were presented in the 

format of ñnormalò scientific papers. They demonstrated the thorough investigation into the 

effectiveness of the various Tetracycline antibiotics, in which Aureomycine was found to be 

the most effective drug for protecting food against bacteria (Streiflichter 1956) In fact, this 
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practice was of great economic and medical importance, especially as deep freezing was still 

in its infancy. Moreover one should not forget the experience of hunger and food shortages 

suffered by the Germans and the Allies, who had to finance enormous food imports to 

Germany. This had been the most pressing reason for abandoning the Morgenthau plan and 

modernizing German agriculture with the financial aid provided by the Marshall plan. Food, 

especially fish and meat, was still expensive. This was precisely the point made by the 

Cyanamid representatives. They argued that fish and meat ñwere expensive commodities, in 

which losses play an important economic role, so that it is worth the price of a safety 

measureò such as using Aureomycine (White-Stevens 1956, 106). The economic relevance 

was obvious, as approximately a quarter of all fish deteriorated in the USA and Canada before 

it even reached the consumer (Tagesnotizen 1959, 35). And as the use of Aureomycine 

facilitated the transport, storage and sale of food it was welcomed enthusiastically 

(Streiflichter 1956). 

 

  

 

Table 2: Left: Results of trials with different antibiotics on cultures of poultry. The Petri dish 

in the middle is the one with Aureomycine and shows almost no bacterial affection. 

Right: The development of germ numbers in fish treated with different preservatives during storage for seven 

days (Acronize = Aureomycine) 

 

Source: White-Stevens (1956), 109. 

 

On the other hand, antibiotics were used to shorten cooking time during the conservation 

process and lower the cooking temperature respectively. Again Aureomycine was advertised 

for this purpose by Cyanamid, but Nisin was even more commonly used. Nisin is a 

polypeptide obtained from cultures of streptococcus lactis and inhibits the germination of 

Compared with other 

preservatives, 

Acronize works best  
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gram-positive bacteria and clostridia. It was mainly added to soft cheese and tinned food in 

order to allow the temperature to and the duration of the sterilisation process to be reduced 

(Vas,  Kiss and Kiss 1967, 141-144; Vonderbank 1956, 82-89; White-Stevens (1953), Nisin 

2002). This helped not only improve the taste and consistency of the product obtained, but 

saved precious time and energy. From this point of view it was part of the rationalization of 

food production, and facilitated transport and sale. Nevertheless, in contrast to the USA and 

Canada where the possibility of keeping meat and fish for an extra 7-10 days was welcomed, 

this method of conservation was rather short-lived in Germany, where food chemists hesitated 

to allow any additives.
21

 Moreover some of the new substances had proved to be toxic when 

ingested orally and toxicity was the major concern in discussions on food safety (Mossel 

1955, 254-268). And last but not least it was found that antibiotics are able to mask 

pathogenic bacteria in meat (Sinell 1957, special no., 30-32). Research into this topic 

continued, but already the first West German food law of 1964 prohibited the use of 

antibiotics as food preservatives. It was simply argued that a sufficient number of permitted 

preservatives such as benzoic and ascorbic acid existed that had been found to be harmless, so 

there was no need for other, possibly harmful substances.
22

 

 

1.3. Antibiotics as growth promoters 

The history of antibiotics as growth promoters began with the search for cheap protein, which 

is once again bound up with the history of brewing science. Protein was scarce during and 

after the Second World War, and even in times of peace proteins were ï and still are ï the 

most expensive nutrients in animal feed. At the same time they are the factor that limits 

growth. If there is insufficient protein, an animal will simply stop growing and will eventually 

show deficiencies. Recognized for its high protein content, yeast had already been used in 

animal feed since WW I (Lüers 1949, 64-68.). During the 1940s the mycelium from which 

Streptomycin was extracted was given to chicken, especially as it was rich in Vitamin B12, 

which had been proven to stimulate growth. Surprisingly enough, the chicken grew much 

faster than they would have done normally, as a group of researchers discovered in 1946. In 

the search for an explanation, the residues of streptomycin were identified as the cause of 

accelerated growth (Moore et al. 1946, 437; Stokstad 1953, 434-441).
23

 But because of the 

limited amounts of mycelium it made no sense at that time to encourage feeding it to animals. 

                     
21

  See the explanations in Nüse 1963, 266f. 
22

  Ibid.  
23

  The large-scale production of antibiotics in West-Germany started later and East-Germany lagged even 

further behind. Here trials with residues from the production of antibiotics were still conducted during the 

mid-1950s, see the reports from the University of Halle-Wittenberg: Columbus/Gebhardt 1956.  
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Nevertheless the idea of speeding up the growth and fattening process, which was based on 

these new scientific insights, fascinated the agrarian economists, so they followed it up. In 

April 1949 the American researchers Stokstad and Jukes reported on their feeding 

experiments with Aureomycine in chicken (Stokstad and Jukes 1949). In September 1949 

their findings were confirmed by experiments with pigs and in April 1950 Stokstad and Jukes 

substantiated this effect even for crystalline Aureomycine (Jukes et al.1950, 452). The 

outcome of these experiments was rather exciting for veterinary doctors, as it offered the 

possibility of rationalizing the farm to an extent that had previously been unthinkable by 

speeding up meat production and lowering production cost at the same time. From this time 

onwards, numerous experiments repeatedly confirmed the influence of antibiotics on the 

health and the physical condition of animals, their development and growth rate as well as the 

utilization rate of the feeds given. They even confirmed the effects of antibiotics on the 

growth of plants (Nickel 1953, 449-459).  

 

 

Tab. 3: Effects of terramycin on the growth of maize 

Source: Nickel 1953.  

 

New journals were founded and the literature proliferated: during the 1960s alone there were 

more than 100,000 relevant research papers on the effects of antibiotics on animals. 

Initially, researchers focused on the role of Vitamin B12 and a miraculous factor, called APF-

Factor (animal-protein-factor), as Vitamin B12 apparently improved growth, particularly in 

combination with antibiotics. The effect was most obvious with a low animal protein 

proportion in the feed (Behma and Jäger 1955, 288-328) and in animals living in poor 

hygienic conditions (such as high stress levels for the animal with poor, insufficient animal 

feed.  Antibiotics reduced the amount of protein of animal origin needed in the feed, the 

number of cases of diarrhoea decreased, the outer appearance of the animals improved, 

whereas the number of undersized animals decreased and growth accelerated by 10-200 %. 






























































































































































































































































































































