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Hist. Phil. Life Sei., 13 (1991), 97-124 

Streptomycin: Discovery and Resultant Controversy 

Milton Wainwright 

Department of Molecular Biology 
and Biotechnology, University of Sheffield, 

Sheffield, S10 2TN, England 

Abstract - The antibiotic streptomycin was discovered soon after penicillin was introduced 

into medicine. Selman Waksman, who was awarded the Nobel Prize for the discovery, has since 

generally been credited as streptomycin's sole discoverer. However, one of Waksman's graduate 
students, Albert Schatz, was legally recognized as streptomycin's co-discoverer and received a 

share of the royalties from the drug. The aim of this essay is to discuss the streptomycin story, 

largely using previously unquoted archival material, and in particular to provide further evi 

dence for the important role which Schatz played in the discovery. 

Introduction 

Streptomycin was discovered soon after penicillin was introduced 

into medicine, being the second major therapeutically useful antibiotic 

to enter medicine. It provided the first effective cure for tuberculosis, 
tuberculous meningitis, and a range of other infections caused by patho 

genic Gram negative bacteria.1 The impact of streptomycin on medicine 

in the early 1940s can be summed up by the following comment by L.P. 

Garrod:2 

It is almost impossible to exaggerate the importance of this discovery. Streptomycin 
not only filled a large number of Gram negative gaps in the 'spectrum' of penicillin, 

including efficacy in plague, but proved effective in the treatment of tuberculoses. 

Patients even began to recover from tubercular meningitis, until then the most in 

evitably and regularly fatal of all bacterial infections. 

The discovery of streptomycin is almost universally credited to one 

man, Selman Abraham Waksman. However, as I hope to show in this 

essay, much of the credit for the discovery belongs to one of Waksman's 

PhD students, Albert Schatz. 

During the late nineteen-thirties Waksman, then an eminent soil 

microbiologist at Rutgers, New Jersey's State University, began a pro 

gramme of research, devoted to the isolation from soils of antibiotic-pro 

1 C. S. Keefer, 'Clinical Indications for Streptomycin Therapy' in Streptomycin Nature and Practical 

Applications, edited by S. A. Waksman, Baltimore, Williams and Wilkins, 1949, pp. 279-281. 
2 J. P. Garrod, 'Obituary of Waksman', British Medical Journal (1973), 506. 
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98 MILTON WAINWRIGHT 

ducing micro-organisms (mainly actinomycetes). This work coincided 
with the beginning of attempts at Oxford to purify penicillin and also 
with Dubos' work on the isolation of tyrothricin. 

Although the antibiotic screening work at Rutgers was initiated by 
Waksman, the experimental work was largely undertaken by PhD stu 

dents, working under his supervision. Success was almost immediate 
with the discovery first of actinomycin and then streptothricin. However, 
because of problems relating to toxicity, neither of these antibiotics was 

initially used in medicine. 
In 1943 a paper originating from Waksman's laboratory described the 

discovery of streptomycin,3 an antibiotic which, in contrast to penicillin, 
inhibited Gram negative bacteria4 including Mycobacterium tuberculosis. 

Streptomycin's ability to cure tuberculosis was later demonstrated by 
William Feldman and H. Cornwin Hinshaw working at the Mayo 
Clinic.5 

The 1952 Nobel Prize for Physiology or Medicine was awarded for the 

discovery of streptomycin.6 The Prize was awarded to Waksman alone, 

despite the fact that Schatz had by that time been legally defined as a co 
discoverer of the antibiotic. Although Waksman wrote numerous articles 
and books describing the discovery he rarely mentioned Schatz, but 
instead portrayed himself as sole discoverer, referring only to help given 
by graduate students or assistants.7 As a result, Schatz's major role in the 

discovery of this important antibiotic has generally been ignored. And on 
the rare occasions when Schatz's name is mentioned by historians, he is 

generally portrayed as a usurper of Waksman's reputation, rather than as 
a bone fide co-discoverer of the antibiotic.8 This view probably originated 
because Schatz initiated legal proceedings against Waksman and the 

Rutgers Research and Endowment Foundation (RREF). His aim was to 
be recognized as the co-discoverer of the antibiotic and also to share the 

royalties derived from sales of the drug. 

3 A. Schatz, E. Bugie and S. A. Waksman, 'Streptomycin, a Substance Exhibiting Antibiotic Activity 
against Gram-positive and Gram-negative Bacteria', Proceedings of the Society for Experimental Biology and 
Medicine (1944), 55, 66-69. 

4 F. R. Heilman, Proceedings of the Staff Meetings of the Mayo Clinic (1945), 20, 33. 
5 H. C. Hinshaw, 'Historical Notes on Earliest Use of Streptomycin in Clinical Tuberculosis', American 

Review of Tuberculosis (1954), 70, 9-14. 
6 S. A. Waksman, 'Streptomycin: Background, Isolation, Properties, and Utilization', Nobel Lectures, 

Physiology and Medicine 1942-1962, Amsterdam, Elsevier, 1964, 370-388. 
7 S. A. Waksman, 'Tenth Anniversary of the Discovery of Streptomycin, the First Chemothera 

peutic Agent Found to be Effective Against Tuberculosis in Humans', American Review of Tuberculosis 
(1954), 70, 1-8. 

8 A. Sakula, 'Selman Waksman (1888-1973), Discoverer of Streptomycin: A Centenary Review', British 
Journal of Diseases of the Chest (1988), 82, 23-31. 
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STREPTOMYCIN: DISCOVERY AND RESULTANT CONTROVERSY 99 

Fig. 1 - Selman Waksman, displaying some of the antibiotics discovered in his laboratory (Copyright, 

Rutgers University). 

The following is an account of the discovery based largely upon pre 

viously unquoted archival material. I have avoided discussing the intri 

cacies of this story in relation to the sociology of scientific discovery, but 

have instead condensed the available records into a straightforward 
narrative account of the background to the discovery of this important 

life-saving drug. 

Biographical Notes on the Co-discoverers of Streptomycin 

Selman Abraham Waksman (Fig. 1) was born on July 22, 1888, in the 

Ukrainian market town of Novaya Priluka. He was the son of a business 

man and artisan.9 As a Jew in Czarist Russia, he was denied a full second 

9 S. A. Waksman, My Life with the Microbes, London, Robert Hale, 1954. 
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100 MILTON WAINWRIGHT 

ary education, and so decided to seek a better life in the USA. He emi 

grated in 1910, and later enrolled at Rutgers, the New Jersey State Uni 

versity. After obtaining first his bachelor's and then master's degree in 

Agriculture, Waksman spent a short period at the University of Califor 

nia. From there, he returned to Rutgers to take up a post of lecturer. 

In 1925, Waksman became associate and then in 1930, full professor 
of soil microbiology, and in 1943 professor of microbiology. Most of 

Waksman's early and middle career was devoted to soil microbiology. 
Here he made important contributions to the study of the role of fungi 
in soils; and of the microbial degradation of cellulose and the formation 

of humus. Because of this work, he is often regarded as the father of 

modern soil microbiology. Throughout his career Waksman also took a 

keen interest in applied microbiology and biochemistry, and was always 
anxious to develop potential industrial applications of his academic 

research. In the late 1930s he became interested in the antagonistic inter 

relationships between micro-organisms. During the early part of this cen 

tury, he had briefly studied the Actinomyces, a group of soil micro-orga 
nisms which, although initially regarded as fungi, are now classified as 

bacteria. It was this group of bacteria which Waksman and his PhD stu 

dents concentrated on, screening them for their potential as antibiotic 

producers. Since actinomycetes subsequently proved to be the main 

source of most of the clinically useful antibiotics, Waksman thereby stole 
a march on those workers who focused their attentions on the screening 
of fungi or true bacteria. 

Albert Israel Schatz (Fig. 2) was born in Norwich, Connecticut, USA, 
on February 2, 1920. His family owned a farm of around 140 acres, not 
far from Yantick, some eight miles out of Norwich. His grandfather and 
father were Jewish and, like Waksman, his forebears had emigrated from 
Czarist Russia. As a boy Schatz took an active part in farm life, and devel 

oped a love of agriculture and the soil. He entered Rutgers University, in 

the academic year 1938-39, where he took a degree in Agriculture. 
Towards the end of the second semester at Rutgers, Schatz was elected 
to Phi Beta Kappa (March, 1941), an accolade which had not previously 
been bestowed on an Ag.' student. During his first year he took a course 
in pedology given by J.S. Joffe, who was later to become a world leader 
in this subject.10 Schatz later attended the graduate course in soil micro 

biology given by Waksman, and his final aggregate mark was one of the 

highest ever achieved by an agriculture student.11 On completion of his 

undergraduate studies Schatz intended working for his PhD under 

10 Anon, Joffe Obituary, Soil Science (1964), 97, 3. 
11 A. Schatz, Degree Transcript, Class of 1942, Agriculture, Rutgers University. 
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Fig. 2 - Albert Schatz, February, 1989. 

Joffe's supervision. Unfortunately, Joffe, had no funds to support post 
graduate research, so Schatz decided instead to work for a PhD under 
Waksman's supervision. His project was aimed at isolating compounds 
active against Gram-negative bacteria, work which followed on from 
earlier studies in this area by some of Waksman's students.12 

A Prelude to the Discovery 

Before he could settle down to life as a research student, Schatz en 
listed in the Army13 on November 11, 1942. As he had already been 

working in a laboratory for some four to five months it was perhaps not 

surprising that he was drafted as a medical laboratory technician. He was 
sent to an Army Air Force medical laboratory in Miami Beach, which ser 
viced two or three local military hospitals and clinics. Here, Schatz par 
ticipated in an epidemiological survey aimed at determining the carrier 

12 S. A. Waksman, and H. B. Woodruff, 'The Soil as a Source of Micro-organisms Antagonistic to 
Disease-producing Bacteria Journal of Bacteriology (1940), 40, 581-590. 

13 Enlisted Record of Albert Schatz, Army Serial No. 32569041, registered Middlesex Clerks Office, 
New Brunswick, New Jersey. 
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102 MILTON WAIN WRIGHT 

rate of meningococcal meningitis. This work involved a study of the 

microbial population of the throat, allowing him to become experienced 
in handling pathogenic bacteria. In his spare time, he fostered his interest 

in microbial antagonism, investigating, for example, the antagonistic 
effects of normal throat flora on meningococci.14 While Schatz was in 

Florida, Waksman kept in touch with him, and forwarded reprints of the 

latest literature on antagonism and antibiotics.15 In return, Schatz 

forwarded to Rutgers cultures which his initial screening suggested might 
be potential antibiotic producers.16 In a letter to Schatz, written on 

December 6, 1942, Waksman suggested that Schatz should take full 

advantage of his army posting to study organisms, like Shigella, which are 

common in army camps.17 In the same year Waksman also wrote18 to 

inform Schatz that a paper, which described some of their work on the 

antibiotic clavacin, had been accepted for publication.19 
Schatz was honourably discharged from the Army in June, 1943 suf 

fering from a congenital back problem.20 Shortly after Schatz had return 

ed to Rutgers to begin his postdoctoral work Waksman received en 

quiries from Feldman and Hinshaw of the Mayo Clinic about the possi 

bility of collaboration. They were particularly interested in the anti-tuber 

culous activity of clavacin.21 Waksman replied that while clavacin was too 

toxic for human use, he was definitely interested in finding an antibiotic 

effective against Mycobacterium,22 As a result, Schatz then included this 

pathogen as one of the test organisms used in his screening programme. 
He initially employed the non-pathogenic species Mycobacterium phlei, 
but replaced this by M. tuberculosis, when he found that antibiotic pro 
ducers which inhibited M. phlei did not always inhibit the pathogen. 
Schatz was already isolating organisms antagonistic to Gram-negative 
bacteria, so the tubercle bacillus was readily included into the pro 
gramme. In fact, he chose a particularly virulent strain (HR 37) of the 

pathogen. This decision led Waksman to suggest that, for safety reasons, 
Schatz should move from the main, third floor laboratory to one in the 

basement of the Agriculture Building. 

14 Letter from Schatz to Waksman, Dec. 6, 1942, WA. 
15 Letter from Waksman to Schatz, Dec. (undated), 1942, WA. 
16 Letter from Waksman to Schatz, Feb. 1, 1943, WA. 
17 Letter from Waksman to Schatz undated, but forwarded during Dec. 1942, WA. 
18 See footnote 16. 
19 S. A. Waksman and A. Schatz, 'Strain Specificity and Production of Antibiotic Substances', 

Proceedings of the National Academy of Science (1943), 29, 74-79. 
20 A. Schatz, Honourable Discharge Certificate, from US Army, given at Miami Beach, Florida, June 15, 

1943. 
21 Letters from Feldman to Hinshaw, Nov. 24, 1943; March 7; April 27; May 4, 1944, WA. 
22 Letter from Waksman to Feldman, May 8, 1944, WA. 
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The Discovery of Streptomycin 

Schatz's PhD work on the isolation of antibiotics from soil actinomy 
cetes was done in the basement laboratory of the Agriculture Building 
on the Rutgers campus.23 The work involved isolating micro-organisms 
from a variety of soil samples, and testing for antibiotic production. In 

the first instance this involved cross-streaking the isolate against the 

pathogenic bacterium used as test organism. Any isolates which showed 

antagonistic activity were then maintained as pure cultures, and later 

grown in liquid culture, the filtrates of which were then again tested 

against the pathogen, using the standard well-plate method. Since M. 

tuberculosis is a virulent pathogen and also grows slowly, a different 

approach was needed when this was used as the test organism. In this 

case, a promising filtrate was tested by adding it to agar media which was 

then poured into slopes onto which the tubercle bacillus was inoculated. 

During his early studies Schatz worked with two streptomycin-pro 

ducing isolates. Both organisms were actinomycetes and looked identical, 
but different in the amount of streptomycin that they produced. They 
were later identified as variants of Actinomyces griseus, and renamed 

Streptomyces griseus by Waksman and Henrici.24 Waksman had isolated 

a strain of A. griseus as early as 1916.25 Schatz showed however, that a 

culture of this organism, which had been maintained at Rutgers, was 

incapable of producing streptomycin. 
It is important, in relation to later events in the streptomycin story, that 

the origin of Schatz's two streptomycin-producing strains are clearly 
determined. The first strain came from the throat of a chicken kept in the 

laboratory of Dr. Frederick Beaudette, a poultry pathologist at Rutgers. It 

was isolated by a research student, Doris Jones, who was jointly super 
vised by Waksman and Beaudette. Her PhD work was aimed at isolating 
antibiotics active against poultry viruses. Waksman's interest in antibiotics 

and Beaudette's expertise as a poultry virologist provided an ideal oppor 

tunity for them to collaborate and act as joint supervisors of Jones' work. 

Schatz claimed that he first isolated streptomycin from one of Jones's 

isolates, the so-called 'Chicken throat strain', which she handed to him 

through the basement laboratory window. Jones and Schatz were good 
friends and on several occasions she had passed on to him isolates which 

she had already screened and found to be ineffective against viruses. 

23 H. A. Lechevalier, 'The Search for Antibiotics at Rutgers University', in The History of Antibiotics, 
edited by J. Parascandola, Madison, American Society for Pharmacy, 1980, pp. 113-123. 

24 S. A. Waksman and A. T. Henrici, "The Nomenclature and Classification of the Actinomycetes', 
journal of Bacteriology 46, 1943, 337-341. 

25 S. A. Waksman, and R. E. Curtis, 'The Actinomyces of the Soil', Soil Science, 1916,1, 99-134. 
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104 MILTON WAIN WRIGHT 

Waksman, in contrast, maintained that he had obtained the chicken 

throat isolate from Beaudette and then passed it to Schatz for him to 

screen. If this were the correct route for the isolate, then it would have 

made Waksman an essential intermediary in the passage of the isolate 

from Beaudette's laboratory to Schatz. 

Which of these two accounts of the origin of the chicken throat strain 

is correct? I recently had the opportunity to discuss this point with Dr. 

Jones by telephone.26 Now Doris Rolston, she lives in California. Dr. 

Jones confirmed that she isolated the first streptomycin-producing 
strain from the throat of a chicken, and then passed the petri dish con 

taining the isolate directly to Schatz. She was confident that neither 

Beaudette nor Waksman ever handled the isolate before Schatz did, and 

that neither knew of its existence before Schatz screened it for antibiotic 

production. Evidence that this was the true origin of the strain was sur 

prisingly also provided by Waksman himself in a letter to Dr. R.A. 

Strong, written on May 31, 1946.27 Strong had written an article on the 

discovery of streptomycin and had received a letter from Schatz (under 
his alias of Dr. J.J. Martin, his uncle) complaining that his name had 
been omitted. Strong then wrote to Waksman seeking clarification on a 

number of points. In his reply Waksman commented on the origin of 

the 'chicken throat strain' as follows: 

Upon handling the sick chicken, the pathologist turned to his assistant and said: 

'You had better plate out the contents of the throat of this chicken to see whether 

you can find one of those antagonist organisms which Dr. Waksman is so much 

interested in'. The assistant did so and observed on a plate several colonies of acti 

nomycetes. Assistant No 1, knowing that another Assistant (No 2) was at that time 

plating out various materials in search of antagonistic actinomycetes, brought the 

plate to assistant (No 2) and suggested that he had better test the colonies for their 

antibacterial properties. 

Here Waksman confirms that assistant 1 (Doris Jones) gave the cul 
ture directly to assistant 2 (Schatz), and corroborates Jones' statement 
about the origin of this strain. In contrast, the following account of the 

origin of this strain was related by Waksman to S. Epstein. It was later 
used by Waksman's attorneys in the litigation which Schatz instigated 
against Waksman.28 

26 Doris Rolston (nee Jones). Audio tape record of telephone conversation with author, Feb. 18, 
1989. 

27 Letter from Waksman to Dr. R. A. Strong, May 31, 1946, WA. 
28 S. Epstein, 'Streptomycin Background Material', p. 10, WA. 
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Dr. Beaudette had Miss Jones plate out and grow the bacteria found on a swab 

taken from the throat of a sick chicken. When the plate disclosed three actinomy 
cete colonies, he sent it to Dr. Waksman, aware of his program. This took place on 

August 18, 1943. Schatz was directed to transfer the three cultures, using standard 

procedure and complied. He marked them Dl-3, the D showing that the culture 

had been obtained from Miss Doris Jones. 

Epstein then stated that Schatz isolated streptomycin from these 

strains. Waksman used this account of how the first streptomycin-pro 

ducing strains originated in the many articles which he later wrote about 

the discovery 
In an article detailing her recollections about the streptomycin disco 

very, Doris Jones however confirmed that this account was false and that 

Waksman played no part in the process by which Schatz acquired this 

strain.29 
What then of the origin of the second streptomycin-producing strain? 

Schatz maintained that he isolated this strain, which he numbered D-18, 
from soil a few days after he had received the first strain from Doris 

Jones. This soil strain was similar in nearly all respects to the one do 

nated by Jones, and was the one later used for the large-scale production 
of streptomycin.J" Waksman later claimed that this isolate was a conta 

minant of the chicken throat strain, and that he had proved experimen 

tally that soil can become readily contaminated, via the air, with spores 
from a culture plate of S. gris eus. 

Some of Waksman's own comments tend however, to confirm 

Schatz's claim that the second strain was a novel soil isolate. For exam 

ple, in 1949, i.e. before the streptomycin litigation, he wrote:32 

Two cultures of an organism were isolated by Schatz and Waksman in September, 

1943 and found to be very similar to, if not identical with, the cultures isolated by 
Waksman and Curtis [that is in 1916]. These two cultures, designated as 18-16 and 

D-l, were identical, both in their ability to produce the same type of antibiotic sub 
stance and in their morphological and cultural characteristics. They were isolated 

in different rooms, in different buildings on the campus, and within two days of 
each other, thus excluding the possibility of one originating from the other as a con 

taminant. 

29 D. Jones Rolston, 'Making it in the Sciences', Rutgers University Douglas Alumnae Bulletin, Spring 

(1977), p. 6. 
30 See footnote 28. 
31 See footnote 28. 
32 S. A. Waksman, 'Streptomyces Griseus, Nature and Nutrition', in Streptomycin Nature and Practical 

Applications, edited, S. A. Waksman, Baltimore, Williams and Wilkins, 149, pp. 11-24. 
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Note that Waksman here gives Schatz priority for having isolated 

both strains, and then dismisses the possible involvement of cross-con 

tamination. From Waksman's own writings and from Jones' recollec 

tions, there seems therefore little doubt about the origin of the two 

streptomycin-producing strains; one came from Jones directly to Schatz, 
while the other was isolated by Schatz from soil. 

Although Schatz now had two streptomycin-producing cultures, he 

focused his attention on the second, D-18 strain. This strain produced 

larger amounts of streptomycin than was produced by the chicken 

throat strain. From this isolate Schatz was able to produce relatively 

large amounts of partially purified streptomycin which was sent to the 

Mayo Clinic and elsewhere for use in animal trials. 

Involvement of the Mayo Clinic Scientists 

Neither Waksman nor Schatz were medically qualified or licensed to 
do animal experiments. As a result, they could not do animal experi 
ments or instigate clinical trials. Animal tests on earlier antibiotics, such 
as actinomycin and streptothricin had been conducted at Merck. In con 

trast, clinical studies on streptomycin were performed by two academic 
medical scientists working at the Mayo Clinic, that is Feldman and 

Hinshaw.33-34 Both already had considerable experience in testing com 

pounds, like promin, against experimental tuberculosis, and were now 

looking to include new antibiotics in their testing programme. As has 

already been noted, Feldman visited Waksman's laboratory in November 

1943 to discuss the possibility that he might collaborate in studies involv 

ing potential antitubercular antibiotics.35 Then in March of the following 
year, Waksman offered to supply Feldman with streptomycin as a candi 
date for such tests.36 Feldman replied that he had too few guinea pigs to 
make a start testing the new antibiotic.37 He nevertheless assured 

Waksman that the Mayo Clinic team would be able to acquire the neces 

sary facilities. By April 27, these tests were well under way.38 
The Mayo Clinic workers soon showed that streptomycin was non 

toxic to guinea pigs.39 On the same day, May 4, as this welcome news ar 

33 J. H. Comroe, 'Retrospectroscope, Pay Dirt: The Story of Streptomycin. Part. 1. From Waksman to 
Waksman', American Review of Respiratory Diseases (1978), 117, 773-781. 

34 J. H. Comroe, 'Retrospectroscope, Pay Dirt: The Story of Streptomycin. Part 2, Feldman, Hinshaw, 
Lehman', American Review of Respiratory Diseases (1978), 117, 957-968. 

35 Letter from Feldman to Waksman, Nov. 24, 1943, WA. 
36 Letter from Feldman to Waksman, March 7, 1944, WA. 
37 See footnote 36. 
38 Letter from Feldman to Waksman, April 27, 1944, WA. 
39 Letter from Feldman to Waksman, May 4, 1944, WA. 
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rived, Waksman also received a letter from Dr. Fordyce Heilman.40 Heil 
man who was also a Mayo Clinic scientist wrote to Waksman to tell him 
that he was testing streptomycin against infections caused by Brucella, 
Pasteurella and Tulurensis. Correspondence between Waksman and the 

Mayo Foundation workers also mentions that clinical groups other than 
the Mayo Clinic were interested in evaluating streptomycin.41 

The first reference to the effective use of the new antibiotic in expe 
rimental tuberculosis came in a letter from Feldman to Waksman on 

May ll.42 This letter contained news that artificially infected guinea pigs 
which had been treated with streptomycin for two weeks were thriving. 

Hinshaw's involvement in the streptomycin testing programme seems 

to have begun on July 1, 1944, when Feldman wrote to Waksman to 
inform him that he and Hinshaw were planning to visit Rutgers some 
time during that month.43 Flinshaw was then an intern at the Mayo 
Clinic. He had helped Feldman with some earlier studies on the antitu 
bercular activity of promin, so he was well qualified to help with the cli 
nical work on streptomycin. On July 12, Wallace E. Herrel of the 
Clinical Section of the Mayo Clinic also wrote to Waksman requesting 
to be given the opportunity to work streptomycin.44 

On July 24, 1944, news of a major set-back to the programme reached 
Waksman in a letter from Feldman which informed him that recent tests 

proved that the new antibiotic was toxic45 Feldman offered the hopeful 
suggestion that problems with toxicity might be avoided if smaller doses 
were used. Three days later, Feldman again wrote to Waksman with the 
news that the lower doses had been successful in reducing toxicity.46 He 
also asked Waksman if he could provide him with a sample of streptomy 
cin which had recently been purified by Merck and Co. Then in a tele 

gram sent on July 31, Feldman suggested that one of the streptomycin 
samples which he had received from Rutgers might be contaminated 
with Gram-positive spore forming bacilli.47 Waksman replied, confirming 
that such contamination probably caused the observed septicaemia, and 
hence toxicity.48 He then suggested that, since streptomycin was stable to 

heat at 70°C, the problem of contamination might be overcome if the 

samples were heated at this temperature for a period of ten minutes. 

40 Letter from Heilman to Waksman, May 4, 1944, WA. 
41 Letter from Waksman to Feldman, May 8, 1944, WA. 
42 Letter from Feldman to Waksman, May 11, 1944, WA. 
43 Letter from Feldman to Waksman, July 1, 1944, WA. 
44 Letter from Herreil to Waksman, July 21, 1944, WA. 
45 Letter from Feldman to Waksman, July 24, 1944, WA. 
46 Letter from Feldman to Waksman, July 27, 1944, WA. 
47 Telegram from Feldman to Waksman, July 31, 1944, WA. 
48 Letter from Waksman to Feldman, Aug 1, 1944, WA. 
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Correspondence between Feldman and Waksman continued through 
out the summer of 1944. On August 8, Feldman wrote to confirm that 

streptomycin was far less toxic to guinea pigs than was streptothricin.49 
Then on August 16, he wrote to Waksman with the good news that the 

Merck product was even less toxic than the impure samples which 

Schatz had been providing.50 
Further promising news came on Oct 10, when Herrell wrote to 

Waksman to inform him that streptomycin was effective 'in removing 

typhoid fever from the blood of patients', that it was non-toxic and that 
if treatment were continued then it would probably prove to be cura 

tive.51 On Oct 20, Hinshaw again wrote to Waksman informing him that 

he and Feldman wanted to avoid publishing details of their successes 

with streptomycin against tuberculosis.52 This decision was made to 

avoid the press hearing of it and possibly exaggerating its significance. 
He also pointed out that by now some twelve to fifteen companies, 

including Squibb and Sons, were actively producing streptomycin. In a 

subsequent letter from Hinshaw reference was made to the fact that 

rumours about streptomycin's effect on tuberculosis were already circu 

lating throughout the medical community.53 Then two days before 

Christmas 1940, Hinshaw wrote to Waksman telling him that he had 

received 15 million units of pure streptomycin from Merck and had 

begun clinical trials on patients at a sanatorium in Rochester.54 

Streptomycin's First Cures 

The first cures with streptomycin were announced in a memo marked 

'secret, not to be disclosed without special permission'. The memo was 
sent to Waksman on September 27, 1944, by D. W. Richards Jr., Asso 

ciate Professor of Clinical Medicine, Columbia University.55 It referred to 
the treatment of a two-week-old infant (the sex of the patient is not spe 
cified) who was suffering from a heavy urinary tract infection, septicae 
mia and meningitis caused by B. acid lacti. The infant was deeply jaun 
diced and suffering from an enlarged liver. A secondary invasion of 

Staphylococcus aureus was also present. The patient was treated with sul 
fadiazine and penicillin which cured the blood but not the urinary tract 

49 Letter from Feldman to Waksman, Aug 8, 1944, WA. 
50 Letter from Feldman to Waksman, Aug 16, 1944, WA. 
31 Letter from Herrell to Waksman, Oct. 10, 1944, WA. 
52 Letter from Hinshaw to Waksman, Oct. 20, 1944, WA. 
55 Letter from Hinshaw to Waksman, Nov. 4, 1944, WA. 
54 Letter from Hinshaw to Waksman, Dec. 23, 1944, WA. 
55 Letter from D. W. Richards, 27, Sept. 1944, WA. 

This content downloaded from 143.167.67.179 on Wed, 17 Jun 2015 13:54:00 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


STREPTOMYCIN: DISCOVERY AND RESULTANT CONTROVERSY 109 

infection. At the onset of streptomycin treatment the patient was almost 
moribund. The new antibiotic was given over a 6-day period; 5,000 units 

every three hours for the first five days and then 10,000 every three 

hours. The memo concluded: 

The medical staff of the Babies Hospital are naturally very much interested and 
excited about this case. They have no doubt that Streptomycin produced the 

favourable change in the clinical picture. 

The first patient to be given streptomycin for tuberculosis was a 21 

year-old woman in the last stages of pulmonary tuberculosis. She was 
under the care of Dr. Karl Pfuetze at the Mineral Spring's Sanatorium at 

Cannon Falls, Minnesota. Treatment with streptomycin began on 

November 20, 1944. Between then and April 2, 1945, the patient receiv 
ed five courses of treatment each lasting 10-18 days. She improved 
markedly and her case was closed as an 'apparently arrested pulmonary 
tuberculosis'. By September 5, 1945, Feldman and Hinshaw had treated 

thirty-four patients suffering from tuberculosis, many with success.'6 

Publication of the Details of the Streptomycin Discovery 

Details of streptomycin were first reported in a paper published in 

1944 in the Proceedings of the Society for Experimental Biology and 
Medicine.57 Entitled 'Streptomycin, a Substance Exhibiting Antibiotic Ac 

tivity against Gram-positive and Gram-negative Bacteria', it was pub 
lished under the authorship of A. Schatz, E. Bugie and S.A. Waksman. 

Streptomycin's effect on the tubercle bacillus was somewhat under 

played in this first paper, a fact which led Comroe to make the somewhat 

improbable suggestion that neither Schatz nor Waksman was initially 
aware that they had made a major discovery.38 

Elizabeth Bugie's name appeared on this, the first streptomycin 

paper,59 because of her involvement in some of the work on the extrac 

tion and testing of the antibiotic.60 At Waksman's insistence, Bugie also 

repeated and verified all of Schatz's results concerning the properties of 

the new antibiotic and also confirmed the cultural characteristics of the 

streptomycin-producing isolate. However, as we shall see, Bugie later 

56 S. A. Waksman, The Conquest of Tuberculosis, London, Robert Dale, 1965, p. 127. 
57 See footnote 3. 
58 See footnote 34. 
59 See footnote 3. 
60 See footnote 28. 
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swore on oath that she played no part in the actual discovery of strep 

tomycin.61 
A second streptomycin paper then appeared devoted to its effect on 

the control of Gram-negative bacteria in experimental animals (au 

thored by D. Jones, H.J. Metzger, A. Schatz and S.A. Waksman).62 This 

was followed by Schatz and Waksman's all-important paper which dealt 

with the effect of streptomycin on M. tuberculosis,63 

When later asked why Schatz's name appeared as senior author on 

both these two important streptomycin papers Waksman replied that it 

was his practice to give seniority on papers to his graduates in order to 

advance their careers.64 However, examination of Waksman's list of 

publications shows that prior to streptomycin papers he rarely deviated 

from the habit of putting his name first on research papers which origi 
nated from his laboratory.6' 

The first streptomycin papers were largely based on information 

which Schatz included in his PhD thesis, which was accepted in partial 
fulfilment of the degree of Doctor of Philosophy at Rutgers in July, 
1945.66 Called Streptomycin, an Antibiotic Agent Produced by Actino 

myces gris eus, the thesis is divided into five sections. After an extensive 

introduction devoted to a review of the literature on antibiotics Schatz 

describes: (1) the isolation of Actinomyces griseus-, (2) the isolation of 

streptomycin; (3) the production of streptomycin; (4) the antibiotic 

action of streptomycin and finally (5) its activity in vivo and clinical uses 

of the antibiotic. In the acknowledgement of the thesis, Schatz refers to 

a few experiments performed by Elisabeth Bugie and Christine Reilly, 
which, 'For the sake of completeness, ... have also been included'. 

The Streptomycin Patent 

The United States Patent Office granted a patent to Waksman and 

Schatz for 'Streptomycin and Process of Preparation' on September 21, 

61 US Patent Office Affidavit of Elizabeth Bugie, Feb. 9 (1945), Serial No 577136, SA. 
62 D. Jones, H. J. Metzger, A. Schatz and S. A. Waksman, 'Control of Gram-negative Bacteria in 

Experimental Animals by Streptomycin', Science (1944), 100, 103-105. 
63 A. Schatz and S. A. Waksman, 'Effect of Streptomycin and Other Antibiotic Substances upon 

Mycobacterium tuberculosis and Related Organisms', Proceedings of the Society for Experimental Biology and 
Medicine (1944), 57, 244-248. 

64 Epstein, p. 11, see footnote 28. 
65 H. B. Woodruff, Scientific Contributions of Selman A. ~Waksman, New Brunswick, Rutgers University 

Press, 1968. 
66 A. Schatz, 'Streptomycin, an Antibiotic Agent Produced by Actinomyces griseus', PhD thesis, Rutgers 

University, New Brunswick, New Jersey, July 1945. 
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1948.67 The patent application was made on February 9, 1945. On that 

date, in room 7624 of Division 63 of the US Patent Office both Waksman 
and Schatz signed sworn affidavits to the effect that they were joint disco 

verers of streptomycin.68 On page 82 of this document Waksman con 

firms Schatz's role as co-discoverer in the following words 'Streptomycin, 
the new antibiotic that Schatz and I have discovered [my italics] and that 

is explicitly described in the aforesaid patent application'. 
Elisabeth Bugie whose name it will be remembered appeared on the 

first streptomycin paper also signed an affidavit which stated that Schatz 

and Waksman were the joint inventors (sic) of streptomycin.69 Two quotes 
from this affidavit by Bugie are particularly noteworthy, 'As an assistant 

to Dr. Waksman I first learned, from him, about streptomycin, which he 

and Dr. Schatz had discovered [my italics], isolated and recognized as a 

new and useful antibiotic substance', and secondly, 'However, I had no 

part in the actual discovery of streptomycin or in devising the procedure 
for making it which is outlined in the cited paper'. In a second oath, 
made to accompany a patent request for processes for preparing strep 

tomycin, both Schatz and Waksman swore that, 'They verily believe 

themselves to be the original, first and joint [my italics] inventors of an 

improvement in the same [i.e. streptomycin]'.70 
These sworn statements confirm that Schatz was co-discoverer of 

streptomycin and that prior to 1945, Waksman was not publicly dis-put 

ing this fact. 

The beginnings of the Streptomycin Litigation 

After being awarded his PhD, Schatz remained at Rutgers for a 

further year and made important improvements in the methods used to 

produce streptomycin. He soon realized that Waksman was increasingly 

being recognized, and in fact was actively portraying himself, as strep 

tomycin's sole discoverer. 

On leaving Rutgers, Schatz wrote the following to Waksman:71 

In completing my work at this Institution, I am writing to you to express my appre 

ciation for all that you have done for me both in my undergraduate, graduate and 

post-doctorate work. I feel particularly proud to have been associated with your 

67 S. A. Waksman and A. Schatz, 'Streptomycin and Process of Preparation', US Patent Office, Patent 

No. 2449866, patented Sept. 21, 1948. 
68 US Patent Office Affidavits, S. A. Waksman, filed Feb. 9, 1945, SA. 
69 See footnote 61. 
70 US Patent Office, Oath to Patent No. 2449866, sworn Jan. 31, 1949, SA. 
71 Letter from Schatz to Waksman, May 21, 1946, WA. 
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group in the work on antibiotics, a subject which has raised the status of microbiol 

ogy to a science second to none. In assisting you with the isolation of the streptomy 

cin-producing organism and in the isolation of streptomycin itself, I feel that I have 
rendered my own contribution, no matter how small it may appear, to building and 

developing the science of antibiotics. I hope that the work on streptomycin, carried 
out under your guidance and continuous active participation, and in addition to 

myself also Miss Elizabeth Bugie and Miss H. Christine Reilly, have contributed to 
the best of their ability, will stand as a symbol to co-operative work under wise and 

able leadership. 

This letter can be viewed as a young man's recognition of gratitude 
to his supervisor. In a more subtle way however, it can be seen as an 

early attempt by Schatz to place on record his view that he should be 

regarded as one of the two co-discoverers of the antibiotic. From 

Waksman's viewpoint however, this letter provided clear evidence to 

support his contention that it was his 'guidance and continuous active 

participation' which had led to the discovery of streptomycin. 
What then was Waksman's view of Schatz at this time? In a reference 

which he gave to Dr. Harold W. Lyall of the New York Department of 

Health dated April 4, 1946, he described Schatz as follows:72 

Dr. Schatz has a comprehensive knowledge of the field of antibiotics and he is fully 
qualified to undertake independent investigations in that field as a bacteriologist. 
He is still relatively young (about 27), but he has a mature judgement and can plan 
and carry out his work. I have full confidence that he will justify himself in any 
position of trust which will be given to him. 

Schatz's application was successful and he stayed at the New York 

Department of Health for one year from 1946-47. Here he worked on 
the isolation of antiviral compounds and also collaborated with Elizabeth 
Hazen (who, with Rachel Brown later discovered the antifungal antibio 

tic, nystatin) on work aimed at isolating anti-fungal antibiotics." He was 
then appointed to the post of microbiologist at the Sloan Kettering 
Institute for Cancer Research (1947-48), where he attempted to isolate 
anti-tumour agents. His next full position was as Director of Research 
and Full Professor at the National Agricultural College. This appoint 
ment was not as prestigious as it may appear however, since this college 
had little academic standing. However, before he was offered this post 
Schatz spent a short period doing postdoctoral work in Van Niels labo 

ratory in the Hopkins Marine Laboratory, Pacific Grove, California. It 
was here that the streptomycin litigation began to take root. 

72 Letter from Waksman to H. W. Lyall, New York Dept. Health, April 4, 1946, WA. 
73 A. Schatz and E. Hazen, 'The Distribution of Soil Micro-organisms Antagonistic to Fungi Pathogenic 

for Man', Mycologia, 40 (1948), 461-477. 
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The Streptomycin Litigation 

On January 22, 1949, Schatz wrote a letter to Waksman in which he 

enquired what had happened to the money which had accrued to that 
date from streptomycin royalties.74 Schatz had heard rumours that 

Waksman, unlike himself, was benefiting financially from the streptomy 
cin patents. It later transpired that, while both Schatz and Waksman had 

signed over the patent rights for streptomycin to the non-profit making 
Rutgers Research and Endowment Foundation, Waksman had received 
around $ 35,000 from Merck and Co. Waksman had a longstanding pri 
vate letter-contract with Merck and Co. and for a stipend he agreed to 
inform Merck immediately if he discovered anything of potential indu 
strial interest. 

In his letter to Waksman, Schatz pointed out that, on his supervisor's 
advice, he was gradually signing away his rights to the streptomycin 
royalties. This he was doing by affixing his signature to one document 
after another sent by Waksman. He had done so in the belief that 
Waksman had also been signing away his rights to the patents and that 
no one was profiting from streptomycin. Schatz then went on to state 
that while he had written numerous letters to the Foundation about the 
fate of the royalties he had received no reply.", 76 

He then questioned Waksman about the role the Foundation was 

playing, and about precisely what had been done with the monies from 

streptomycin. In particular, he wanted to know whether anyone had 
been personally benefiting from them. Schatz then continued: 

I should like to have immediately a statement from the RREF to the effect that the 

organization will at once take steps to change all patent applications, and any patents 
that may already have been granted, from the names of WAKSMAN and SCHATZ to 

SCHATZ and Waksman. I feel that I have a lawful basis for this request in view of the 

fact that I am senior author on the original publication on which the patent rests. I 

feel that I have a moral justification for this request in view of (1) the work which I 
did on streptomycin, and (2) the fact that the sequence of names on the original appli 
cation papers, that we signed together, was SCHATZ and WAKSMAN. Somehow or other 

these names were reversed, unnoticed by me until recently. It is impossible for me to 

tell you how disconcerting this has been! [Schatz's original capitals included]. 

Schatz suggested that the matter be settled amicably between them, 
otherwise he said 'unilateral action on my part would not only be diffi 
cult but embarrassing'. He then pointed out that he had not received a 

74 Letter from Schatz to Waksman, Jan. 22, 1949, WA. 
75 Letter from Schatz to Rutgers Research and Endowment Foundation, Jan. 22, 1949, WA. 
16 Reply to above from RREF to Schatz, Feb. 8, 1949, WA. 
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'red cent' from streptomycin, except for three five-hundred dollar 

cheques which Waksman had sent to him. Schatz then pointed out that 

he had discovered streptomycin and had worked hard to bring it to a 

practical proposition. He then states, 'You yourself told me six years ago 
that was why you felt it only fair and just that I be accorded senior 

authorship on the first paper announcing the discovery of streptomy 
cin'. The question of the gentlemen's agreement which Schatz made 
with Waksman concerning the royalties was then broached by Schatz: 

You will recall that when we signed the original patent application, you afterwards 
shook hands with me and stated that we were partners in streptomycin but that 

neither of us would profit financially from this discovery. Since, as you told me in 
New York City, that you have already done so, do you not think it only fair and just 
that I also draw directly some financial remuneration. 

The last paragraph but one of the Schatz letter takes on an emotional 
tone: 'You once told me that in certain respects you have been as a father 
to me. Since this is true, it is in a sense, therefore, that I am writing to 

you as a son. I have every confidence that you will advise me as a father 
to his son'. 

Two replies to this letter from Waksman, can be found in the Waks 
man Archive. One is dated January, 28, 1949,77 and the other February, 
8,78 of that year. While the first letter is only just over one side of type 
script in length, the second provides a more detailed account of 
Waksman's view of Schatz s role in streptomycin's discovery. This letter 
continues with the following comment: 'To say that I was amazed to read 
it [Schatz's letter] is to put it quite mildly. I can assure you that it caused 
me considerable pain'. 

Waksman's view of the affair is summarized in the following quotes 
from these two letters: 

You know very well that you had nothing whatsoever to do with the practical devel 

opment of streptomycin. You are no doubt aware of the fact that your contribution 

to streptomycin consisted only in the isolation of one of the two cultures of S. gri 
seus that produced the antibiotic and in assisting in the development of the 
methods for the isolation of the crude material from the media and in testing its 
antibacterial properties. I hope you recognize that this was only a very small part 
of the picture in the development of streptomycin as a whole. 

77 Letter from Waksman to Schatz, Jan. 28, 1949, WA. 
78 Letter from Waksman to Schatz, Feb. 8, 1949, WA. 
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Despite this protestation, Waksman clearly credits Schatz with the 

discovery and also admits that he made a major contribution to its early 
development. However, in the next letter to Schatz, Waksman took on 
a more hostile position: 

How dare you now present yourself as so innocent of what transpired when you 
know full well that you had nothing to do with the practical development of strep 

tomycin and were not entitled to any special consideration. I must, therefore deny 

quite emphatically that you had any special rights to streptomycin, that I ever sug 

gested or believed that you had any such rights, or that you ever thought or men 

tioned to me that you had such rights. 

These comments are surprising since Waksman could hardly have for 

gotten that since Schatz was co-assignee to the streptomycin patent he 

was automatically entitled to certain 'special rights to streptomycin'. 
By March 1949, the correspondence between Schatz and Waksman 

largely concerned the tax status of certain cheques which Waksman had 

sent to Schatz while he was in California.79.80 Waksman gave the impres 
sion that these sums of money were gifts to supplement the young man's 
income while a postdoctoral worker. Schatz filed an income tax return 
on the assumption that these monies, amounting to $ 1500 were gifts, 
and were therefore not taxable. Waksman on the other hand filed a form 

1099 stating that he had paid the monies under the heading 'salaries, fees 
and commissions'. As Schatz correctly pointed out, since he had been 

paid by Rutgers, he had never been employed by Waksman.81 Any money 
which he was given by his former supervisor could not therefore possibly 
have represented a fee or a salary. A letter from Waksman's secretary, 
Viola A. Battista, on March 16, 1949, stated that Waksman had told 

Schatz when handing him the first of the cheques that they represented 

compensation for signing various documents from the Foundation:82 

In handing to you the first check in January, he [Waksman] told you specifically 
that he received a certain compensation from the Foundation for his efforts on their 

behalf and that he was able to give a small amount of it to you. Hoping therefore 

that this will explain the fact that these checks were therefore, considered not as 

gifts, but rather as compensation for your services. 

Since it later transpired that Waksman received some $ 350,000 

(which after tax yielded $ 170,000) during this period for streptomycin, 

79 Letter from Schatz to Waksman, Feb. 17, 1948, WA. 
80 Letter from V. A. Battista (Waksman's secretary) to Schatz, March 16, 1949, WA. 
81 Letter from Schatz to Waksman, March 11, 1949, WA. 
82 See footnote 80. 
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the sum he passed on to Schatz ($ 1500) was obviously paltry.83 Waksman 
therefore obtained immediate financial benefit from streptomycin, while 

leading Schatz to believe that this was not the case. Robert Starkey, a life 

long colleague of Waksman, in a letter to Monty Reynolds (a student con 

temporary of Schatz), commented on the unfortunate fact that this 

monetary gain was not publicly disclosed, sooner, rather than later:84 

It is my feeling that there is rather general acknowledgement that it would have 

been the appropriate time to release the information that Dr. Waksman was receiv 

ing a certain percentage of the royalties at a time that the establishment of the 

Institute was announced. I believe that the public in general would have considered 

this a reasonable arrangement; the assignment of 85-90% of the royalties seems to 

me generous indeed. Unfortunately, no such announcement was made. In spite of 

the fact that the public generally had the idea that all of the royalties became the 
property of the University and that Dr. Waksman did not profit financially from the 
royalties, this idea was not corrected. I am sure that many of us regret that the con 

ditions were not clearly indicated. 

Schatz and his attorneys presumably hoped that their approaches to 
the Rutgers Education and Endowment Foundation would lead to a 

rapid settlement. In the event however, the Foundation and Waksman 

prepared for a lawsuit, the legal intricacies of which are outside the scope 
of this paper. 

The end of the legal wrangling came when the Trustees of the RREF 
met on December 15, 1950.85 It was disclosed at this meeting that the 
solicitors for the Foundation and the President of Rutgers, R.C. Clothier, 
recommended that the case be settled. Those who attended the meeting, 
including Waksman, agreed that streptomycin was discovered by Schatz 
and Waksman, and that he should be legally recognized as one of the 
co-inventors [sic]. It was claimed however, that he made only a minor 
'scientific contribution to Streptomycin's discovery'. Despite the admis 
sion of Schatz's role as co-discoverer, Waksman's solicitors, Messrs 

Watson, believed that their client had been under no legal obligation to 
Schatz to disclose that he had an agreement with the Foundation. They 
also concluded that Schatz's claim that he have been subjected to fraud 
and duress by Waksman, by signing away his patent right, would not 
hold up in court. They were therefore convinced that if the case came to 
trial it would be won by the defendants [ie Waksman and the RREF], 

However, they considered that Waksman's failure to tell Schatz that he 
was receiving royalties would probably be prejudicial to their case. In 

83 A statement by RREF concerning compensation paid to Dr. Selman Waksman, WA. 
84 Letter from Starkey to Reynolds, June 23, 1950, WA. 
85 Minutes of meeting of Trustees of RREF, Dec. 15, 1950, WA. 
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their opinion however, neither Waksman nor Rutgers had been legally 

obliged to make such a declaration. 
The litigation did not proceed to a full trial, although a number of pre 

trial depositions were collected, some of which appear damaging to the 

Schatz's case. For example, some of Schatz's contemporary postgraduate 
students (Bugie, Reilly, Robinson, and Graessle) stated at a meeting in 

Waksman's office on March 11, 1950, that Schatz did not make any 

unique contribution to the discovery of streptomycin.^ This was be 

cause, according to them, Schatz, like the other members of staff, carried 

out Waksman's orders and did no independent work. 

Other comments prejudicial to Schatz's case were made by Samual 

Epstein, author of Miracles from Microbes.*1 This book contains one of 

the few accounts of the discovery of streptomycin in which Schatz is 

referred to by name. Epstein maintained that he had interviewed Schatz 

in early Spring of 1946 and spent several hours discussing the discovery. 
He stated that Schatz admitted that Bugie and Reilly's contributions 

were fully equal in importance to his own. According to Epstein, when 

he asked Schatz how his name came to be first on the paper, he replied 
that 'in regard to the future of his students there were few men as 

thoughtful as Waksman'.88 Schatz then apparently added that since 

Waksman had closely supervised every step of the work he could have 

ensured that he was senior author on the first streptomycin paper. 

According to Epstein, Schatz had been greatly moved by Waksman's 

decision to allow the young man's name to take precedence. 
The litigation was eventually settled on the following basis: (1) Schatz 

retracted his charges of fraud and deception against both Waksman and 

Rutgers; (2) Schatz was entitled to be credited as legally and scientifical 

ly, codiscoverer of streptomycin; (3) The Institute of Microbiology [later 
the Waksman Institute for Microbiology] be established and maintained 

by part of the funds derived from the RREF; (4) Schatz was to receive 

3 % of the net royalties accruing from streptomycin royalties beginning 
October 1, 1950, while Waksman would receive 10%; (5) 7% of the 

royalties would be shared amongst a range of research students and 

associates; (6) Schatz would retain interest in foreign patents on strep 

tomycin; (7) The parties agreed to the case being dismissed without 

costs.89 Net royalties for streptomycin to September 30, 1950, were 

approximately $ 2,360,000, of which Waksman received 10% and RREF, 

86 Epstein, p. 12 see footnote 28. 
87 S. A. Epstein and B. Williams, Miracles From Microbes: The Road to Streptomycin, New Brunswick, 

Rutgers University Press, 1946. 
88 Letter from Samual Epstein to Waksman, Dec. 6, 1949, WA. 
89 Civil Action Stipulation of Settlement, Superior Court of New Jersey, docket no. C-1261-49, WA. 
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80% Schatz received 3% from Oct. 1, 1950, and the remaining 7% went 
to other students, fourteen of whom received a share in varying propor 
tions up to 2%, while twelve received cash bonuses. Schatz also agreed 
to relinquish his foreign patent rights for a payment of $ 125,000. 

It is worth noting that while Schatz had to pay legal fees on his 3%, 
those who received 20%, and who made no contribution to the disco 

very, were not subjected to similar costs. 

On December 29, 1950, the judge summed up his opinion of the out 

come of litigation. He declared that it was his firm belief that the settle 
ment was excellent and fair, and that the victory was shared by all the 

attorneys. Somewhat surprisingly, Clothier, the President of Rutgers, 
made a post-litigation statement in which he stated that 'It has never 
been disputed that Dr. Schatz was the co-discoverer of streptomycin'.90 

The Response of the Scientific Community to the Streptomycin Litigation 

The response of the scientific community to the streptomycin contro 

versy was almost universally antagonistic to Schatz. Waksman's attor 

neys received letters expressing such disgust which were then forwarded 
to Waksman. For example, William Steenken Jr, head of the Trudeau 

Laboratory made the following comments in a letter to Waksman, dated 
March 15, 1950:91 'I am very sorry to hear about the unpleasantness that 
Dr. Schatz is causing you in regard to streptomycin. I certainly agree 
that he has no legal right to claim any part of the proceeds from the sale 
of the drug'. 

Dr. Stanley Thomas of Lehigh University, Bethlehem Pennsylvania 
also wrote a letter in a similar vein:92 

I am writing to express my own feelings and what I know are the sentiments of your 

colleagues throughout the country. I know that throughout your career you have 

bent over backwards in always seeing to it that the students working under your 
direction have always received due credit for their part in any undertaking. I am 
convinced, without knowing any of the particulars, [my italics] that it was this gene 
rosity on your part that made the present situation possible. 

The words which I have italicised here are crucial to the question of 
the response of the scientific community to Waksman's case, since it 
seems that many of Waksman's contemporaries took his side without 

apparently acquainting themselves with the details of the case. 

90 Statement by R. C. Clothier, President RREF, Dec. 29, 1950, WA. 
91 Letter from Steenken to Waksman, March 15, 1950, WA. 
92 Letter from Thomas to Waksman, Nov. 12, 1952, WA. 
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The Nobel Prize for Streptomycin 

The 1952 Nobel Prize for Physiology or Medicine was awarded to 

Waksman for what was described as 'his work on streptomycin, the first 

antibiotic which is effective in this case of tuberculosis.93 Albert Schatz, 
the man legally recognized as one of the co-discoverers of the antibiotic 

was not recognized by the Nobel Prize Committee. Neither were 
Feldman and Hinshaw, the medical scientists who had made streptomy 
cin's clinical use in the treatment of tuberculosis a reality. Schatz, having 

being successful in gaining a share of the streptomycin royalties and 

recognition as co-discoverer of the antibiotic was not about to accept that 

the ultimate scientific accolade should be awarded to only Waksman. 

Doubtless however, he was unaware of how difficult it would be to 

change a decision made by the Nobel Prize Committee. 

The Nobel Prize is awarded under conditions of total secrecy. One of 

its statutes (No 7) excludes personal applications for the Prize, while sta 

tute 10 states that 'No protest shall lie against an award of an adjudi 

cating body'.94 
When news of the Prize was released Schatz was a professor at the 

National Agricultural College, Doylestown, Pennsylvania. On October 

29, 1952, Elmer S. Reinthaler, Vice President of the College wrote to 

Professor Coran Liljestrand, the Secretary of the Nobel Committee for 

Medicine of the Caroline Institute, to plead on Schatz's behalf. The letter 

included a short, but complete, account of Schatz's case for inclusion as 

a co-recipient of the Prize.95 Reference was also made to the fact that since 
the 1945 Prize had been shared by Fleming, Florey and Chain for the 

discovery of penicillin, a precedent had been set which College members 

thought should also be followed for Prize for streptomycin. Liljestrand 

replied on November 14th of that year, stating the letter had been dis 

cussed in a faculty meeting of staff of the Caroline Institute.96 He then 

went on to state that: 

It was generally regretted that part of the information given in your letter had not 

been accessible to the members of the faculty, since it had not been published in any 
scientific journal. It may be of interest to you to know that numerous American col 

leagues who have been invited to make proposals about the Nobel Prize have sug 

gested the name of Doctor Waksman, though none of them has proposed Dr. 

Schatz. 

93 Nobel Lectures, Physiology or Medicine 1942-1962, Nobel Foundation, Amsterdam, Elsevir, 1964, pp. 
365-569. 

94 Statutes of the Nobel Foundation, Stockholm, 1950. 
95 Letter from E. S. Reinthaler to C. Liljestrand, Oct. 29, 1952, SA. 
96 Reply to above letter from Liljestrand to Reinthaler, Nov. 14, 1952, SA. 
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He also pointed out that Statute 10 of the Prize regulations forbade 

protest about allocation of the award. In addition he made a correction 
to Paragraph 4 of the statutes which states: 'If two or more persons have 

together produced a work which is rewarded, the prize shall be awarded 

to them jointly'. The correct wording being 'may' rather than 'shall' be 

awarded. 

Schatz also wrote to King Gustav VI of Sweden pleading his case for a 
share of the Prize;97 but the reply came that the King could not intervene, 
since the State did not influence the Nobel Prize Committee's decision.98 

Copies of the Reinthaler letter were also sent to eminent scientists 

throughout the world including present and future Nobel Laureates, 
such as, Florey," Sabin100 and Krebs.101 In addition Dr. Kurt Stern of the 

Polytechnic Institute, Brooklyn, New York attempted to establish a com 

mittee of scientists to fight Schatz's case.102 However, while sympathy for 
Schatz was often expressed, most of the scientists who replied decided 
not to join the committee. They either did not want to become involved, 
or else recognized the futility of attempts to overturn the Nobel Prize 
Commitee's decision. Although the response to the letter from scientists 
was mixed, the higher their status, the more likely they were to side with 

Waksman. Letters agreeing with Schatz's point of view were however, 
sent by James B. Sumner, Director of the Laboratory of Enzyme 
Chemistry at Cornell,103 and Harry E. Morton of the School of Medicine, 
University of Pennsylvania.104 It is particularly significant that Feldman 

sympathised with Schatz's case. In a letter to Kurt Stern, he stated that:105 
'From my knowledge of Doctor Schatz's part in the discovery and devel 

opment of streptomycin it would seem just and proper that any award 

recognizing solely this contribution should be conferred jointly on 
Doctor Waksman and Dr. Schatz'. 

Feldman cautioned however, about the tactics which were being 
employed by Stern to correct this apparent injustice, and he declined to 

join the Stern action committee. In an earlier letter to Schatz, Feldman 
made the following statement: 

When I heard that the Nobel Prize Committee had recognized the importance of 
the discovery of streptomycin I was disappointed that you were not named as a co 

97 Letter from Schatz to the King of Sweden, Dec. 6, 1952. 
98 Reply to above from the King's Private Secretary, Jan. 5, 1953, SA. 
99 Letter from Reinthaler to Florey, Florey Archive, Royal Society Library, London. 
100 Letter from Sabin to Reinthaler, Nov. 10, 1952, SA. 
101 Letter from Reinthaler to Hans Krebs, Krebs Archive, Sheffield University Library. 
102 See for example letter from C. B. van Niel to Stern, Nov. 17, 1952, SA. 
103 Letter from J. B. Sumner, to Schatz, Nov. 7, 1952. 
104 Letter from H. E. Morton to Stern, Nov. 18, 1952, SA. 
103 Letter from Feldman to Stern, Nov. 19, 1952, SA. 

This content downloaded from 143.167.67.179 on Wed, 17 Jun 2015 13:54:00 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


STREPTOMYCIN: DISCOVERY AND RESULTANT CONTROVERSY 121 

recipient. It has always seemed to me, without being in possession of details, that 

your contribution to the discovery and development of certain important basic facts 

was quite indivisible from the contribution of Doctor Waksman. 

Feldman asked Schatz for further details of his contribution, en 

quiring about the origin of the chicken throat strain.106.107 In the first of 
these letters he makes the following comment: 'The historical aspects of 

this problem cannot be properly presented without reference to your 
very considerable part in the project'. However, Feldman never appears 
to have directly interceded on Schatz s behalf, and he made no mention 
of the young man's role when he discussed the history of the discovery.108 

With the failure of the Stern initiative, Schatz himself took up his own 

fight using the alias of his uncle, Dr. J J. Martin.109 Again letters were sent 

to various scientists throughout the world. At least one respondent, 
William P. D. Wightman of the Department of Philosophy and History 
of Science, King's College, London while agreeing that Schatz had been 

badly treated, took the view that the Prize should not have been awarded 
for streptomycin.110 This was because he considered that its discovery 

merely represented an example of a principle which had been demon 

strated with penicillin, and recognized by the 1945 Prize. On the other 

hand, Professor W.I.B. Beveridge of the Department of Animal Pathology 
at Cambridge showed some sympathy for Schatz's predicament.111 

In contrast to the letters expressing sympathy for Schatz's case, Waks 

man also received support. A letter from Albert Sabin, of polio immuni 

zation fame, to Reinthaler is typical of the genre:112 

It seems to me that Dr. Schatz should have considered himself to be an unusually 
fortunate graduate student in having been permitted by Dr. Waksman to participate 
in the great work he was doing... In my opinion, Dr. Schatz is behaving like an 

ungrateful spoiled, immature child. When he grows older, he will regret what he 

has done and is doing now. 

Many scientists took the view that while Schatz deserved recognition 
for the discovery and also a share of the royalties for streptomycin, his 

contribution did not merit a share of the Nobel Prize. In support of this 

view, they point out that the period of research in which he made the 

106 Letter from Feldman to Schatz, July 11, 1953, SA. 
107 Letter from Feldman to Schatz, Aug. 5, 1953, SA. 
108 See, for example, S. A. Feldman, 'Streptomycin a therapeutic agent in tuberculosis', Mississippi 

Valley Trudeau Society, 1953. 
109 See for example, letter from Dr. J. J. Martin to W. P. D. Whightman, June 5, 1955, SA. 
110 Letter from W. P. D. Wightman to Dr. J. J. Martin, May 6, 1955, SA. 
111 Letter from W. I. B. Beveridge to Dr. J. J. Martin, April 14, 1955, SA. 
112 See footnote 100. 
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discovery was short, and involved a large measure of chance. They gene 

rally believed that Waksman had been awarded the Prize for his long-term 
commitment to soil microbiology, and more especially to his research into 

microbial antagonism, which led to the search for actinomycete antibio 

tics. This viewpoint was eloquently expressed by Prof. Stuart Mudd in a 

letter to Liljestrand, Secretary of the Nobel Prize Committee:113 

I should like you to know that when I first read of the award of the Nobel Prize to 
Dr. Selman Waksman I was delighted and said that I could hardly imagine a more 

appropriate award. My reason for this is that Dr. Waksman, with extraordinary 

foresight and rationally conceived planning, has systematically explored the anta 

gonisms and associations between micro-organisms for at least 25 years. I assume 

that the award of the Nobel Committee for medicine was based on this long and 
arduous, reasoned investigation as much upon the fortunate chance by which Dr. 

Waksman finally recognized streptomycin. 

A copy of the above letter was sent to Waksman who in return 

expressed the view that Feldman and Hinshaw were more worthy of a 

share of the Prize than was Schatz.114 The fact that these two scientists 

did not share in the Prize is surprising. Since the Prize is limited to three 

recipients, Schatz's omission allowed room for the inclusion of the two 

Mayo Clinic scientists. To date, I have come across nothing which might 

explain their omission, although it is worth noting that Feldman refused 

a share of the streptomycin royalties and so may also have refused to 
share the Prize, had it been offered.115 

Aftermath 

The streptomycin controversy eventually subsided, leaving Schatz esta 
blished in law as the co-discoverer of the antibiotic and financially 
rewarded for his efforts. He continued to pursue a career in science and 

made contributions to a variety of scientific disciplines.116 Many of his 

ideas were controversial, in particular his proteolysis chelation theory on 

the cause of dental decay.117 In the latter part of his career, he also became 

a vocal critic of the policy of fluoridating drinking water.11« Schatz made 

only one attempt to put his side of the streptomycin story, in an article 

113 Letter from Mudd to Liljestrand, Nov. 11, 1942, WA. 
114 Letter from Waksman to Prof. S. Mudd, Nov. 14, 1952, WA. 
115 Statement of W. H. Feldman concerning the assignment of royalties from the sale of streptomycin 

(not for publication), 20, Feb. 1951, SA. 
116 A. Schatz's List Publications, SA. 
117 T. J. Gordon, Ideas in Conflict, New York, St. Martin's Press, New York, 1966, pp. 205-224. 
118 A. L. Gotzsche, The Fluoride Question, New York, Stein and Day, 1975, pp. 144-157. 
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published in the Pakistan Dental Review,119 His last academic post, before 
he retired from Temple University in Philadelphia, was in science educa 
tion. He was honoured by South American universities, and his major Eu 

ropean honours include honorary membership of the Academy of Sci 

ence, Rome. Significantly, except for honorary membership of the 

Academy of Oral Dynamics, Schatz was never honoured in the USA. He 
was however, elected a Fellow of the Royal Society of Health. He wrote 
three books and over 500 hundred articles in popular and scientific 

journals. 
Waksman was widely feted as the sole discoverer of streptomycin. In 

addition to the Nobel Prize, he received many honorary degrees from 
universities throughout the world, together with a long list of prizes, 
awards and medals. Most of his later years were devoted to work as 
Director of the Waksman Institute at Rutgers, an institution largely fi 
nanced by streptomycin royalties. He also devoted much time to writing 
articles and books on the history of microbiology, notably the history of 

streptomycin. He was remarkably prolific throughout his career, writing 
or co-authoring some twenty books and over 500 scientific articles. His 

autobiography, My Life with the Microbes appeared in 1954.120 
Waksman's contribution to the science of soil microbiology cannot be 

overestimated. His contribution to the search for antibiotics during the 

period which came to be known as 'The Golden Age of Antibiotics' was 
also of fundamental importance. This aspect of his career has been well 
documented and is the subject of number of eulogies.121.122 

Conclusions 

The allocation of credit for major discoveries in science often causes 
considerable controversy. Some people believe that the credit for disco 
veries made by research students should automatically go to their super 
visors, because they have the intellectual claim to the research con 

ducted in their laboratories. While this is often the case, exceptions 
occur. Schatz's position in the case of streptomycin is somewhat atypical 
in regard to the usual relationship between postgraduate and supervisor. 

Firstly, he was a mature student when he did the streptomycin work, 
and was no stranger to independent scientific research. It is also clear 

119 A. Schatz, 'Some Personal Reflections on the Discovery of Streptomycin', Pakistan Dental Review, 
15 (1965), 125-134. 

120 See footnote 9. 
121 Anon, S. A. Waksman, 1888-1973. Speeches made at Memorial Service, Oct. 13, Rutgers University 

Press, 1973. 
122 H. B. Woodruff, Scientific Contributions of Selman Waksman, New Brunswick, Rutgers University 

Press, 1968. 
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that when he discovered streptomycin he was working largely indepen 

dently; albeit under Waksman's general supervision. Finally, Schatz's 

name appears as senior author on the first two important papers which 

announced the discovery of streptomycin and he is also included on the 

streptomycin patents as one of the co-inventors. Perhaps the soundest 

evidence in support of his claim to be regarded as the co-discoverer of 

streptomycin is that Waksman swore oaths to this effect when applica 
tions were made for the streptomycin patents. 

I hope that this article has put Schatz's case in better perspective and 

demonstrated that credit for the discovery of streptomycin should be 

shared equally between its co-discoverers, Waksman and Schatz. 

Thanks are also due to Dr. Hubert Lechevalier, Professor Seymour 
Hutner, Ruth Simmons of Rutgers University Library and the staff of 

Temple University Library. Financial help from the Wellcome Trust and 

Waksman Foundation is also gratefully acknowledged. 
Much of the literature cited here refers to material held in the 

Waksman Archive at Rutgers and in the Schatz Archive at Temple 

University, Philadelphia. Neither Archive was catalogued at the time of 

writing. Reference to these Archives is given as WA or SA respectively 
in the literature citations given here. 
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