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Scientific Breakthroughs from “Mistakes”



Medical Discoveries: Penicillin



Alexander Fleming



Modern Day Antibiotic Sensitivity Testing



The Golden Age of Antimicrobials (And Medical Hygiene)

https://ourworldindata.org/life-expectancy



https://www.cdc.gov/drugresistance/about/how-resistance-happens.html



Antimicrobial Resistance: Resist, Tolerate, Mutate



Why 99% effective isn’t good enough

https://news.harvard.edu/gazette/story/2016/09/a-cinematic-approach-to-drug-resistance/



Bacteria don’t just grow, they share



WHO AWaRe 2019 Classification



https://www.cdc.gov/drugresistance/about/how-resistance-happens.html





B-lactams and B-lactamases

https://www.cell.com/action/showPdf?pii=S1471-4914%2812%2900037-8



Carbapenem-resistant Bacteria (2021)



https://www.cdc.gov/drugresistance/about/how-resistance-happens.html



Our Case Study Begins…
• Stanford Administrative Panel on Biosafety (APB)

• Non-exempt recombinant DNA (NIH Guidelines)
• Infectious agents





Request 1: Escherichia coli NDM1



Request 2: Klebsiella pneumonia KPC-3



• Agents:
• E. coli with minimal treatment options
• K. pneumonia with NO treatment options

• Processes:
• High level with few details
• Lack of BSL2 safeguards incorporated

• Personnel:
• Little or no experience in working with pathogenic organisms
• Previous work with bacterial culture for protein expression (BSL1)
• Not trained at Biosafety Level 2 (BSL2)



Biosafety Level 1 and 2 Facilities

https://www.cdc.gov/cpr/infographics/biosafety.htm



Good Microbial Technique (and some not so good)





• Does this have to be done with these bacteria?
• Yes, we want to test clinically relevant samples

• How can you gain experience with microbial technique?
• The Clinical Micro lab folks will teach us

• Will they? Trust but verify…

• What safe-guards can you put in place?
• Appropriate BSL2 procedures and practices



Biosafety Best Practice

Don’t learn new techniques or processes with biohazardous agents if 
you can try it first with non-biohazardous agents!

Work with non-pathogenic E. coli before you work with 
Enteropathogenic E. coli!



Cloning E. coli?



Antibiotic Resistance on Purpose!?!?



Can they clone the carbapenamase resistance gene into standard 
cloning E. coli?

YES!



Except the NIH Guidelines may not allow this!



NIH Guidelines for Research involving Recombinant or 
Synthetic Nucleic Acid Molecules (NIH Guidelines)



NIH Guidelines for Research involving Recombinant or 
Synthetic Nucleic Acid Molecules (NIH Guidelines)

Deliberate transfer?

Compromise the ability to control disease?



NIH Guidelines for Research involving Recombinant or 
Synthetic Nucleic Acid Molecules (NIH Guidelines)



Request 1: Escherichia coli NDM1



E. coli NDM1

• Trait acquired naturally
• Already evident in clinical isolates
• Yes, could compromise the ability to control disease

• But it’s already compromised!
• This is why we want a quick identification method!

• Cloning E. coli will remain susceptible to multiple other antibiotics



• Research group must partner with the Clinical Microbiology group 
to learn technique

• Biosafety also worked with the research group to ensure the lab 
space was appropriate
• Aware of safety precautions
• Shared space

• Educate others in the area
• Appropriate signage

• Three-month initial approval
• Only cloning E. coli transformed with resistance plasmid
• Report back to APB before requesting additional strains



Research Success!



The War on Microbes: The Future
• Nosocomial (hospital) infections remain a problem

• Handwashing, good hygiene
• Use antibiotics appropriately
• Use in combination where necessary

• Explore alternatives:
• Novel molecules
• Analogs of current molecules
• Phage therapy
• Anti-sense RNA
• Microbiome replacement / probiotic strategies
• Small molecules
• Antimicrobial peptides
• Monoclonal antibodies
• Drug delivery methods
• Vaccines



Antimicrobial Resistance: Will it Win in the End?

• Work within the bounds of 
regulations/guidelines and 
common sense

• Safety is paramount, but can 
be learned

• Work WITH your researchers to 
find ways to do work safely

• Be ready to support cross-field 
research





Questions?

Susan E. Vleck, PhD, RBP/CBSP(ABSA)
Assistant Director

Laboratory Chemical and Physical Safety Program
Animal Research Occupational Health and Safety Program

Environmental Safety
Stanford University

sevleck@stanford.edu

mailto:sevleck@stanford.edu
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