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Objectives 

1. Describe the historical importance of 
antibiotics.

2. Identify how Midwest played a key role in 
antibiotic discoveries. 

3. Encourage antibiotic research and 
development.
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The Power of Antibiotics 
Disease Pre-Antibiotic Death Rate Death with Antibiotics Change in Death

Community Associated 
Pneumonia

35% 10% -25%

Hospital Associated 
Pneumonia 

60% 30% -30%

Endocarditis 100% 25% -75%

Gram negative 
bacteremia

80% 10% -70%

Meningitis >80% <20% -60%

Skin infection 11% <0.5% -10%

Compare to….

Heart attack with fibrinolytics or aspirin -3%

Source: IDSA Position Paper CID 2008;47(S3):s249-65
IDSA/ACCP/ATS/SCMM CID 2010;51(S1):S150-70
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Potpourri of Pneumonia Treatment Pre-Antibiotics

Source: Dowling H., JAMA; 1972;220(10):1341-45. 

• Cold compresses and hot mustard foot baths
• Inhalations of chloroform
• Subcutaneous injections gold, silver, platinum
• Oral mercury, quinine or digitalis
• Mercury chloride to “clean out the intestinal tract” 
• “Two or three ounces of good whiskey” 

recommended by William Osler in 1901 Edition of 
Principles & Practice of Medicine 

• Bloodletting and Leeching remained in Osler’s 
1942 Edition 

Image Source: Doctor Approved (a 
Naturopathic Doctor website)

https://www.facebook.com/doctor.approvedXO
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• Four humors (blood, phlegm, black bile, yellow bile) must 
remain in balance to preserve health

• Infection thought to be caused by an excess of blood
• Recommended by physicians, but the “cutter’s art” was below 

their station and performed by barbers or barber-surgeons
• Barbers used to place congealed putrid blood in their 

storefront until London law passed stating “no barbers shall be 
so bold or so hardy as to put blood in their windows” 

• Red and white striped pole advertised bleeding services 

Bloodletting

Source: Dowling H., JAMA; 1972;220(10):1341-45. 

Images Source: barber-shop-
booking.com/resources/articles/from-amputations-

to-enemas-the-origin-of-the-barbers-pole.html 
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Modern Era: Pneumococcal serum

Source: Dowling H., JAMA; 1972;220(10):1341-45
oceansofkansas.com/gm_stern.html. 

1881 George Sternberg and Louis Pasteur 
independently discovered S. pneumoniae 
• Dr. Sternberg was also a paleontologist, stationed 

as captain at Ft. Riley, Ft. Hays and Ft. Harker 
(Ellsworth) where there was a cholera outbreak, he 
responded to, his wife joined him and died 

• Known as the American Father of Bacteriology
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Modern Era: Pneumococcal serum

Source: Grabenstein J & Klugman K. Clin Micro and Infect; 2012;18(5):15-24.

• 1895 pneumococcal serum appeared in H.K Mulford catalog
• 1913 serum used to treat 19 patients with pneumonia

Pneumonia mortality with serum and without

S. pneumoniae 
serotype Serum No serum

Serotype 1 13% 22%

Serotype 2 28% 40%

Serotype 3 40% 40%
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Penicillin’s Path to Production  

Source: American Chemical Society acs.org/content/acs/en/education/whatischemistry/landmarks/
flemingpenicillin.html; Dun R., Smithsonian Magazine 2010

Fleming’s Petri Dish Artwork

Fleming’s Laboratory Museum, St Mary’s Hospital, London UK
Floor below: fungal lab of Dr. CJ La Touche 
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Penicillin’s Path to Production  

Source: American Chemical Society acs.org/content/acs/en/education/whatischemistry/
landmarks/flemingpenicillin.html

Howard Florey and Earnst Chain’s 
Oxford Group

“The mold is as temperamental 
as an opera singer, the yields 
are low, isolation is difficult, 
extraction is murder, the 
purification invites disaster, and 
the assay is unsatisfactory.” 
 - John Smith
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Oxford, 
England

Source: science.howstuffworks.com/environmental/earth/geophysics/map.htm

Peoria, 
Illinois

https://science.howstuffworks.com/environmental/earth/geophysics/map.htm
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hhhistory.com/2016/08/andrew-j-moyer-penicillin-pioneer.html 
Gaynes R., Emerg Infect Dis; 2017 May; 23(5): 849–853.
peoriamagazine.com/article/moldy-mary-or-simple-messenger-girl

Dr. Andrew Moyer’s lab

Penicillin fermentation 
deep vat process

Penicillin’s Path to Production  

“Moldy Mary” 
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Penicillin’s Path to Production  

• 1942: 10 patients treated with American-made penicillin; 
distribution determined by penicillin “czar” National Research 
Council’s Dr. Chester Keefer 

• 1943: a total of 300 patients had been treated
• 1944: production in US increased from 21 billion units (1943) → 

1.6 trillion units 
• 1945: penicillin estimated to have saved 12-15% Allied soldiers
• March 15, 1945: distributors allowed to sell through normal 

trade channels 

Source: Dowling H., JAMA; 1972;220(10):1341-45. 
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Streptomycin - the first Aminoglycoside

Source: American Chemical Society acs.org/education/whatischemistry/landmarks/selmanwaksman.html
The Scientist the-scientist.com/news-opinion/new-jersey-makes-streptomyces-griseusits-official-state-microbe-65862 

Grad student Albert Schatz working 
in his Rutgers basement lab
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Streptomycin - the first Aminoglycoside

Source: Washington Post washingtonpost.com/local/obituaries/bob-dole-dead/2021/12/05/
3b90ed00-0e55-11e6-8ab8-9ad050f76d7d_story.html

• William Feldman and Corwin Hinshaw from Mayo visited 
in 1943 presenting an opportunity for TB clinical trial

• Waksman assigned this task to grad student Albert 
Schatz (and rarely visited him where he was delegated to 
the basement to avoid researchers from becoming ill from 
TB exposure)

• Oct. 19, 1943 - 23-year-old Schatz 
o Isolated streptomycin in the basement, 
o Where he frequently slept overnight 
o Fermenting 1L flasks with S. griseus
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Streptomycin - The First Aminoglycoside

Source: Washington Post washingtonpost.com/local/obituaries/bob-dole-dead/2021/12/05/
3b90ed00-0e55-11e6-8ab8-9ad050f76d7d_story.html

• April 1945 Northern mountains of Italy, Bob Dole was hit 
by mortar (after volunteering following his first year at KU 
where he was pre-med) evacuated stateside to Winter 
General Army Hospital in Topeka.

• Transferred to Percy Jones Battle Creek Hospital, febrile 
to 109, his parents were called to his bedside three times 
in anticipation of death.

• March 1946 streptomycin started clinical trials - Bob Dole 
was third patient to receive (and first person to survive).
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Midwest Group
• Eli Lilly (Indianapolis, IN)
• Abbott (Chicago, IL)
• Upjohn (Kalamazoo, MI)
• Parke Davis (Houston, TX)

Eastern Group
• Pfizer (Brooklyn, NY)
• Lederle (Pearl River, NY)
• Bristol-Myers (Syracuse, NY)
• Hoffmann-La Roche (Nutley, NJ)
• Scuibb (New Brunswick, NJ)
• Merck (Rahway, NJ)

Source: Antibiotic Discovery and Development Springer 2012

East vs. Midwest Pharmaceutical Competition
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East vs. Midwest Pharmaceutical Competition

Midwest Group
• Eli Lilly (Indianapolis, IN)
• Abbott (Chicago, IL)
• Upjohn (Kalamazoo, MI)
• Parke Davis (Houston, TX)

Source: Antibiotic Discovery and Development Springer 2012

• Initially these companies pooled synthesis 
of penicillin

• Collaborated on streptomycin synthesis 
• 1947 Parke Davis left the partnership when 

it discovered chloramphenicol
• By 1952 the three remaining Midwest 

groups collaborated on erythromycin until 
Upjohn abandoned it as nothing more than 
“a weak penicillin” 
o Erythromycin went on to become Abbott’s 

flagship antibiotic and one of the most 
successful of all the golden era’s discoveries 
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This group split up immediately after 
working together on penicillin. Their next 
antibiotic successes came from soil 
originating from the Midwest. 

Eastern Group
• Pfizer (Brooklyn, NY)
• Lederle (Pearl River, NY) 
• Bristol-Myers (Syracuse, NY)
• Hoffmann-La Roche (Nutley, NJ)
• Scuibb (New Brunswick, NJ)
• Merck (Rahway, NJ)

Source: Antibiotic Discovery and Development Springer 2012

East vs. Midwest Pharmaceutical Competition
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Erythromycin: Soil from Philippines, Isolated in Indianapolis

Source: Antibiotic Discovery and Development Springer 2012
Photo Source: stevelevinestamps-plus.com/abbott-labs-erythrocin-tablets-antibiotic-est-period-of-use-early-1950s/

Streptomyces erythraeus
• 1949 Filipino physician Dr. Abelardo Aguilar 

was studying soil samples from a Molo 
cemetery (some accounts it was from his 
own backyard) shipped it to Eli Lilly

• 1952 at Eli-Lilly produced an active 
substance called Ilotycin after Llonggo (now 
called erythromycin) active against the 
increasingly problematic penicillin-resistant 
Staphylococcus aureus 
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A Mizzou Field - the First Tetracycline
• Benjamin Duggar (MU mycologist) & 

William Albrecht (MU botanist)
• Dr. Duggar retired at age 71 in 1943, 

when he read in his retirement notice 
commemoration “Dr. Duggar will be 
remembered for his noteworthy inquiry 
into the physiology of mushrooms” 

• He unretired when he decided he did 
not want to be remembered as a 
“mushroom man” 

Source: MU Archives muarchives.missouri.edu/historic/buildings/sanborn/files/aueromycin.pdf
komu.com/news/midmissourinews/75-years-later-discovery-of-wonder-drug-aureomycin -at-mu-changed-the-
world/article_bcdb0b51-62ab-59c6-8aa5-415fa6445e8d.html
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• 1945 Duggar contacted 
Albrecht for soil samples 

• Plot 23, a Timothy plot 
(grass for horse feed) had 
been used since 1888 
without fertilizer or treatment

• 11 samples sent to Duggar 
at Lederle

• In 1948 at age 76 Duggar 
published his findings

A Mizzou Field - the First Tetracycline

Source: MU Archives muarchives.missouri.edu/historic/buildings/sanborn/files/aueromycin.pdf
The Missourian komu.com/news/midmissourinews/75-years-later-discovery-of-wonder-drug-aureomycin-at-mu-changed-the-world/article_bcdb0b51-62ab-59c6-8aa5-415fa6445e8d.html 



To protect and improve the health and environment of all Kansans

Chlorotetracycline Aureomycin ®

• Named aureomycin because it had a golden aura surrounding bacterial growth
• Soil sample is stored at the Smithsonian

Source: National Museum American History americanhistory.si.edu/collections/search/object/nmah_730591 
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• FDA approved in 1948

• Five-year-old Tobey Hockett, one of the first 
patients treated with Aureomycin

Chlorotetracycline Aureomycin ®

Source: Nelson M & Levy S. Antimicrobial Therapeutic Review 2011; 1241:17-32.
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Pharmaceutical Advertising
• The wholesomeness of these medicines 

originating from soil came to be part of their 
ad campaigns, Pfizer (Terramycin) 
encapsulated the entire soil-sifting model of 
antibiotic discovery linking globally dispersed 
soil-gatherers “from Alaska to Australia, 
from the banks of the Amazon to the 
shores of the Ganges, from the Swamps 
of Florida and from the Swiss Alps”

• Antiseptically enshrouded mycologists, 
bacteriologists, engineers involved in the 
scanning, screening, testing and production 
were featured as soil-searchers

Source: The Antibiotic Era: Reform, Resistance, and the Pursuit of a Rational therapeutics 2015
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Pharmaceutical Advertising

Source: The Antibiotic Era: Reform, Resistance, and the Pursuit of a Rational therapeutics 2015

Doctor, why is Aureomycin best?

“There are many reasons, which may be 
summed up by describing this versatile 
drug as at present the nearest approach to 
a ‘perfect’ antibiotic…Experience has 
shown that Aureomycin achieves better 
results with lower dosages…without serious 
side reactions…and with less likelihood that 
disease germs will build up immunity to its 
health-restoring powers”
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• Terre Haute Indiana soil sample
• FDA approved 1950
• First “broad-spectrum” antibiotic
• Pfizer’s Terramycin campaign changed 

the pharmaceutical marketing landscape
• Psychiatrist Arthur Sackler’s (father to 

Oxycontin’s Richard Sackler) ad agency 
William Douglas McAdams developed 
campaign materials based on illustrated 
and scientifically written materials, 
disseminated en masse to physicians and 
the public termed the “advertising blitz”

Source: Antibiotic Discovery and Development Springer 2012
Photo Source: stevelevinestamps-plus.com/pfizer-terramycin-crystalline-antibiotic-est-period-of-use-early-1950s/ 

Terramycin
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Antibiotic Advertising and 
FDA Pharmaceutical Reform 
• Pharma reformers Dr. Max Finland (Harvard) 

and Harry Dowling (Univ of IL) 
• AMA sent monthly “marketing” reports of 

physician prescribing habits to 
pharmaceutical companies 

• By 1953 Pfizer abx ads accounted for 50% 
JAMA’s ad revenue 

• 1959-1962 Sen. Kefauver’s (D-TN) 
congressional reform hearings uncovered 
FDA Div. of Antibiotics Director Henry Welch 
profited from selected publishing of two 
journals he served as chief editor (Antibiotics 
and Chemotherapy and Antibiotic Therapy)

• FDA at the time only adjudicated safety but 
not efficacy

Source: The Antibiotic Era: Reform, Resistance, and the Pursuit of a Rational therapeutics 2015
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Source: Castanon J. Production Modeling, Education;2007;86(11):2466-2471.
Ronquillo M, Food Control 2017; 72:255-67.
Union Concerned Scientists ucsusa.org/resources/hogging-it-estimates-antimicrobial-abuse-livestock 
Photo Source: National Museum American History americanhistory.si.edu/collections/search/object/nmah_714840

Promoting Growth

Terramycin
• Chickens fed by-products of 

terracycline fermentation noted 
higher rates of growth than those 
not fed the by products 

• 2001 – 70% of global antibiotics 
(25 million pounds) 
non-therapeutic animal use
o 10.5 million pounds in poultry
o 10.3 million pounds in hogs
o 3.7 million pounds in cattle

https://www.ucsusa.org/resources/hogging-it-estimates-antimicrobial-abuse-livestock
https://americanhistory.si.edu/collections/search/object/nmah_714840
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Antibiotic Growth Promoters 

Source: Ronquillo M, Food Control 2017; 72:255-67.
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Mississippi Mud

Vancomycin 
• Soil from exotic locations was solicited when American soil was thought to have 

been exhausted 
• Dr. Edmund Kornfeld sought out his friend, Rev. William Conley, who was a 

Borneo missionary to send dirt samples back to Indianapolis
• The first batch was unrevealing, Kornfeld send a second request to “...collect 

samples off the beaten track, away from towns and villages”
• A certain reddish dirt sample caught the missionary's attention and was returned
• In 1953 Streptomyces orientalis discovered (renamed Amycolatopsis orientalis) 

producing an antibacterial substance “compound 05865” 
• Compound 05865 killed all staphylococci, stable in serial passages suggesting it 

might be clinically useful for long periods of time (a property lacking in penicillin, 
chloramphenicol, and tetracycline discovered up to that point)  

Source: Worcester Medical Society, 2011 wdms.org/wp-content/uploads/2020/08/womed_jul-aug11.pdf
Levine D, CID 2006;42(suppl1): s5-12. 
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Mississippi Mud

Vancomycin 
• Because it was thought this potent 

agent would vanquish Staphylococcus, 
it was named vancomycin

• Kornfeld had difficulty purifying 
vancomycin, the original purification 
method resulted in an explosive 
chemical picric acid, and early 
impurities resulted in it being labeled 
“Mississippi Mud” 

Source: Reynolds L, Superbugs and Superdrugs, a history of MRSA 2008
Levine D, CID 2006;42(suppl1): s5-12. 

Stages of Vancomycin Development
1956 through 1981

1956 sample of 
compound 05865

1981 vancomycin 
hydrochloride

Purified with picric acid
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Mississippi Mud
• Eventually it yielded a material with 

82% purity (still brown) but felt safe 
enough for human use

• Richard Griffen a physician and co-
Primary Investigator of vancomycin 
wrote “The relatively low toxicity in 
animals warranted clinical trial as soon 
as possible. We need a patient…”

• An Indianapolis surgical resident called 
Eli Lilly “We have a patient for your 
new antibiotic” of a post-op surgical 
infection with MDR S. aureus 

• 1958 FDA approved 

Source: Worcester Medical Society, 2011 https://www.wdms.org/wp-content/uploads/2020/08/womed_jul-aug11.pdf
Levine D, CID 2006;42(suppl1): s5-12. 

Use of Vancomycin 1975-1995
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Soil in Lincoln: Lincosamides 

Streptomyces lincolnensis
• Soil from a field in Lincoln NE produced a 

culture of S. lincolnensis which prevented 
gram positive and anaerobic growth

• 1962 discovered at Upjohn and named 
Lincomycin in honor of its source

• Lincomycin was rapidly replaced by the 
more efficacious semi-synthetic 
derivative containing chlorine, 
clindamycin (1966)

Source: Antibiotic Discovery and Development Springer 2012
National Library of Medicine nlm.nih.gov/exhibition/fromdnatobeer/exhibition-making-yellow-magic.html
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Linezolid, a New Generation of Synthetic Antibiotics

• Late 1970s first synthetic oxazolidinone discovered at Dupont, 
abandoned because of poor in vitro activity and high toxicity

• Upjohn (Michigan) scientist Steve Brickner initiated his own 
personal project on this novel class in 1987

• At the time, Upjohn encouraged scientists to invest up to 10% of 
their time on their own ‘self-initiated’ projects 

• By 1995 two analogs - linezolid and eperezolid - proceeded to 
phase 1 trials

• Linezolid was FDA approved in 2002, the first new class in 35 years 

Source: Antibiotic Discovery and Development Springer 2012
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Moving From Natural Products to Lab Synthesis

Source: React Group reactgroup.org/toolbox/understand/how-did-we-end-up-here/few-antibiotics-under-development/

Synthetic Antibiotics
The last 2 classes discovered in past 40 years were discovered from Midwest companies 
(Linezolid at Upjohn in Kalamazoo, Daptomycin at Eli Lilly in Indianapolis)
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PASTEUR ACT: Pioneering Antimicrobial 
Subscriptions to End Upsurging Resistance

Introduced 2020
Re-introduced 2021 - bipartisan 
• CO senator Michael Bennet (D)
• IN senator Todd Young (R)
• CA representative Scott Peters (D)
• GA representative Drew Ferguson (R)
• Co-drafted with IDSA assistance

Bill aiming to spur abx development 
and Strengthen antimicrobial 
stewardship  
• Establish subscription program to provide 

federal contracts for critically needed novel 
antibiotics and antifungals

• Payments delinked from sales volume to 
provide a predictable ROI for abx developers

• Strengthen stewardship programs in 
hospitals + LTCFs 
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Happy Use Antibiotics Wisely Week!
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November 18-24, 2023

U.S. Antibiotic  
Awareness Week

World Antimicrobial
Awareness Week

https://www.youtube.com/watch?v=N6h1_vHSYOE&list=PLvrp9iOILTQaaTQsgX7hFOC4a0t8V5RuG&index=41
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Thank You! 

Kansas Department of 
Health and Environment 

Kellie Wark, MD, MPH
AS Lead, HAI/AR Section

Kellie.Wark@ks.gov

Bryna Stacey, MPH, BSN, RN, CIC
HAI/AR Section Director

Bryna.Stacey@ks.gov 

Kansas Healthcare Collaborative
Jill Daughhetee, CMPE, PCMH CCE

Director of Education and Communication
jdaughhetee@khconline.org
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