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Scientific Breakthroughs from “Mistakes”

In 1930, Ruth Wakefield
added pieces of
chocolate to a batch of
cookie mixture, when she
ran out of baker's chocolate.
The chocolate did not melt,
and voila! Chocolate _
chip cookies were horn! s
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Medical Discoveries: Penicillin
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Cloning Dolly the sheep

2008

First tissue. -engineare; d
whole-organ transplant
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Modern Day Antibiotic Sensitivity Testing
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The Golden Age of Antimicrobials (And Medical Hygiene)

1 Our World
Life expectancy, 1770 to 2019
:t Oceania
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_— Americas
— Asia
70 years World
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60 years
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7
5\/
30 years
1770 1800 1850 1900 1950 2019
Source: Riley (2005), Clio Infra (2015), and UN Population Division (2019) OurWorldInData.org/life-expectancy « CC BY

Note: Shown is period life expectancy at birth, the average number of years a newborn would live if the pattern of mortality in the given year were
to stay the same throughout its life.

Environmental

StanfOI’d Health & Safety

https://ourworldindata.org/life-expectancy



Germs develop new Germs change or destroy Germs restrict access

cell processes that the antibiotics with by changing the
avoid using the enzymes, proteins that entryways or limiting
antibiotic’s target. break down the drug. the number of

. entryways.

Germs change the antibiotic’s target so Germs get rid of antibiotics
the drug can no longer fit and do its job. using pumps.

Environmental

Stanford Health & Safety

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



Antimicrobial Resistance: Resist, Tolerate, Mutate

Macrolides

KEY Glycopeptides
Actinomycete natural products Tuberactinomycins
Other bacterial natural products Paolymyxins
Fungal natural products Nitrofurans
Synthetic antibiotics Pyridinamides Phosphonates
ANSaMycins
Lincosamides
Aminoglycosides Streptogramins
Tetracyclines Cycloserine
Amphenicols Fusidic acid o
Polypeptides Cephalosporins :l|.._1|.§rr.|_.‘r.c|_r-§ .
Bacitracin Enniating Diarylguinolines
Feanicillins Cuinolones
Sulfones Azoles®
Salicylates Phenazines® Carbapenems Lipopeptides
Diaminopyrimidines Mugpiracin Pleuromutiling
Salvarsan Sulfanamides Ethambuto Monobactams Onazalidinones
Thivamides
|
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Last class of . ;
dlinically-usad NP First actinomycete
antibiotic discovered | Kkl

First synthetic
antibiotic used
clinically

Penicillin
approved for
clinical use

Penicillin
discovernad

First reporn of

First systematic antibiosis by

analysis of antibiosis actinomycetes
by eail bactaria

UM deciares AMR a
“fundamental threat”

Current Opinion in Microbiclogy
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Why 99% effective isn’t good enough
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https://news.harvard.edu/gazette/story/2016/09/a-cinematic-approach-to-drug-resistance/



Bacteria don’t just grow, they share

Mechanisms of horizontal gene transfer

TRANSFORMATION
COMJLGATION
TRANSDUCTION

0.5 D
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WHO AWaRe 2019 Classification

First-line antibiotics
Low resistance potential
e.g. Amoxicillin, Nitrofurantoin etc.

ACCESS

Critically important antibiotics
High resistance potential
e.g. Quinolones, Macrolides etc.

WAtch

Antibiotics for MDR organisms
‘Last-resort antibiotics’
e.g. Polymyxin, Tigecycline etc.

RESENE
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Antibiotic Approved Year . e Year
or Released Released R Identified

Penicillin Penicillin-resistant Staphylococcus aureus®®

Penicillin-resistant Streptococcus pneumoniag®®

Vancomycin 1958 Plasmid-mediated vancomycin-resistant 1988
Enterococcus faecium'™
Vancomycin-resistant Staphylococcus aureus'™ 2002
Amphotericin B 1959 Amphotericin B-resistant Candida auris™ 2016
Methicillin 1960 Methicillin-resistant Staphylococcus aureus™ 1960
Extended-spectrum 1980 Extended-spectrum beta-lactamase- producing 1983
cephalosporins (Cefotaxime) Escherichia coliV
Azithromycin 1980 Azithromycin-resistant Neisseria gonorrhoeag® 20M

Imipenem Klebsiella pneumoniae carbapenemase (KPC)-producing

Klebsiella pneumoniae™

Ciprofloxacin 1987 Ciprofloxacin-resistant Neisseria gonorrhoeae®™ 2007

Fluconazole 1990 Fluconazole-resistant Candida® 1988
(FDA approved)

Caspofungin 2001 Caspofungin-resistant Candida® 2004

Daptomycin 2003 Daptomycin-resistant methicillin-resistant 2004

Staphylococcus aureus®

Ceftazidime-avibactam 2015 Ceftazidime-avibactam-resistant KPC-producing 2015
Klebsiella pneumoniae?*
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https://www.cdc.gov/drugresistance/about/how-resistance-happens.html



Inhibit Cell Wall
Synthesis or Function

Beta Lactams ™
Penicillins
Cephalosporins

Carbapenems = >

Monobactams
Vancomycin

Daptomycin

Polypeptides _/

Mechanisms of Antibiotics

<

Inhibit Nucleic Acid Synthesis or Function

Inhibit DNA Gyrase +/- Topoisomerase 1V: Quinolones
Inhibits Folate Synthesis: Trimethoprim / Sulfamethoxazole

Create Free Radicals: Metronidazole, Nitrofurantoin

h |

|

Inhibit Protein
Synthesis

Inhibit 508 subunit

Inhibit 30S Subunit

Macrolides
Clindamycin
Linezolid
Streptogramins
Chloramphenicol

Aminoglycosides
Tetracyclines
Tigecycline
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B-lactams and B-lactamases

Enzymatic
inactivation

[(Orin
Decreased
outer-membrane

permeability

TRENDS i Molecular Medicine
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Carbapenem-resistant Bacteria (2021)

Ambler classes

Izclates number
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7. Cherak. L. Loucif A. Moussi et al. Journal of Global Antimicrobial Resistance 25 (2021 ) 287-309



Germs develop new
cell processes that the antibiotics with
enzymes, proteins that

break down the drug.

avoid using the
antibiotic’s target.

Germs change the antibiotic’s target so
the drug can no longer fit and do its job.

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

Germs change or destroy

Germs restrict access
by changing the
entryways or limiting
the number of
entryways.

Germs get rid of antibiotics
using pumps.
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Our Case Study Begins...

« Stanford Administrative Panel on Biosafety (APB)
* Non-exempt recombinant DNA (NIH Guidelines)
* Infectious agents

Biosafety

Protocol Protocol ID :

Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains

Goal(s) of the project

Development of fluorogenic probes specific for carbapenem-resistant bacteria strains

Methods, assays and experimental procedures to be used

Fluorescent measurement assay will be done. Specifically, the indicated bacteria will be cultured until 1t
reached the log phase (optical density at 600 of 1), designed fluorogenic probes will be added to a series
of dilutions of bacteria for fluorescence measurement using a spectrafluorometer.
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Biosafety Protocol ID :

Protocol
Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains
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Biosafety
Protocol Protocol ID

Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains

Request 1: Escherichia coli NDM1

— Micrabiology Results

" Wiew in table format I~ | St by sensitivity results

& Yiew in inkerim format

patients <I% wyears of age. RESISTAMCE 10 B B .
MEROPENEM AND CEFEPIME COMFIRMED. The antimicrobial agent(s) or diagnostic
testing dewice used here is not wyet FDA approwed and the Clinical and
Laboratory sStandards Institute [(CLSI) interpretive criteria are not
available to walidate it. MIC results provided are reported as Mo
Interpretation [(NI) since neither CLSI nor the FDA has interpretive criteria
for this organism and antimicrobial agent(s): E. COLI AND POLYMIXIMN E ETEST.

METHOD KIREY BAUER

ERTAPEMEM RESISTANT

MEROFEMEM RESISTANT

FOSFOMYZIN SENSITIVE

IMIFENEM RESISTANT

AMIKACIN RESISTANT

SUSCEPTIBILITY

ORGANISM »100,000 cfusml [Escherichia coli] ID COWSULT RECOMMENDED. This organism
harbors resistance to third-generation cephalaosporins and/or
carbapenems. *¥**Therapy Mote*** In isolates with resistance to 3rd and 4th
generation cephalosporins, treatment with beta-lactam/beta-lactamase
inhibitor combo drugs may be associated with treatment failure. NOTE:
Ciprofloxacin and other fluoroguinolones are not generally recommended for
patients <13 wears ofT age. RESISTAMCE TO AMIKACIN, ERTAFEMEM, IMIFEMEM,
MEROFENEM AMD CEFEFIME COMWFIRMED. The antimicrobial agent(s) or diagnostic
testing dewice used here is not wet FDA approwed and the Clinical and
Laboratory Standards Institute (CLSI) interpretive criteria are not
available to walidate it. MIC results provided are reported as No
Interpretation [(NI) since neither CLSI nor the FDA has interpretive criteria
for this organism and antimicrobial agent(s): E. COLI AND POLYMIXIN E ETEST.

METHOD MIC (mcg,/ml]

AMPICILLIN »16 RESISTANT

PIF/TAZOBACTAM »E4 RESISTANT

GENTAMICIN »% RESISTANT

TOBRAMYCIN »% RESISTANT

AMIKACIN =32 RESISTANT

CEFEPIME »16 RESISTANT

CEFOXITIN »16 RESISTANT

CIPROFLOMACIN »2 RESISTANT

NITROFURANTOIN »E4 RESISTANT

LEVOFLOXACIN >4 RESISTANT

MEROFPEMEM »8% RESISTANT

AZTREDMAM =16 RESISTANT

CEFTAZIDIME =16 RESISTANT

CEFTRIAXONE =32 RESISTANT

IMIFEMNEM =8 RESISTANT

POLYMYXIN B 1 WO IMWTERF

AMPICILLINSSULBACTAM >16/8 RESISTANT

TRIMETH-SULFAMETHO:. >2/38 RESISTANT

TIGECYCLINE ==2 SENSITIVE
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Biosafety
Protocol
Application
Form

Protocol ID

Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
carbapenamase-expressing bacteria strains

Request 2: Klebsiella pneumonia KPC-3

—Microbiology Results

7 “iew in table famat ™ St by sensitivityresults

& Wiew in interim format

CULTAOTHER RSLT:

REFORT STATUS

in sterile cantainer

4+ [Klebsiella pneumoniae] ID consult recommended. This isolate produces an
EXTENDED SFECTRUM EBETA-LACTAMASE (ESEL]. The final susceptibility results
reflect clinical efficacy AMIKACIN, POLYMYXIN B, TIGECYCLINE, IMIFPEMEM,
MEROFENEM, and ERTAFENEM MIC'S CONFIRMED BY ETEST. ID CONSULT

RECOMMENDED. This organism harbors resistance to carbapenems.

4+ [Klebsiella pneumoniae] - SECOND STRAIN ID consult recommended.  This
isolate produces an EXTENDED SPECTRUM BETA-LACTAMASE (ESEL). The Tinal
susceptibility results reflect clinical efficacy ERTAPEMEM MIC DETERMIMED EY
ETEST

Called to: DR.SPAIN 53234, RE: POSSIELE CARBAFEMEM RESISTANCE 218,11 1400
Faxed results to Infection Control: 2718711 1425

The following antimicrobial agent or diagnostic testing dewice is not yet
FOA approved, and resulcs should be considered inwvestigational only:
POLYMYHIN B

The <Clinical and Laboratory Standards Institute (CLSI) has no standardized
susceptibility test for this organism, and MIC results provided will
therefore be reported as No Interpretation [NIJ. POLYMY®IN B

Called to: DIANE TSEMG, MED STUDENT AT 53234 RE:CARBAPENEMS, 2/20/11 1330
Called to; DR. MICHAEL MA (53234] @1115 2/21/11. RE: CARBAFENEM
RESISTANCE. Also faxed Infection Control

FINAL 02 2172011

SUSCEFTIBILITY

ORGANISM 4+ [Klebsiella pneumoniae] ID consult recommended. This isolate produces an
EXTENDED SPECTRUM BETA-LACTAMASE (ESEL). The final susceptibility results
reflect clinical efficacy AMIKACIN, POLYMY®IN B, TIGECYCLINE, IMIFPEMEM,
MEROFEMEM, and ERTAFENEM MIC'S CONFIRMED EBY ETEST. ID COMSULT
RECOMMENDED. This organism harbors resistance to carbapenems.

METHOD MIC (mogsinl

AMPICILLIM =16 RESISTANT

GENTAMICIN =8 RESISTANT

TOBRAMYCIN =8 RESISTANT

AMIEACTIN 64 RESISTANT

CEFEFIME =16 RESISTANT

CEFUROXIME (IV) =16 RESISTANT

CIPROFLOXACIN =2 RESISTANT

TRIMETH-SULFAMETHOM. =2/35 RESISTANT

AZTREONAM >16 RESISTANT

IMIPEMEM =22 RESISTANT

CEFTRIAXONE =32 RESISTANT

CEFOXITIN =16 RESISTANT

LEVOFLOXACTN =4 RESISTANT

MEROFENEM =32 RESISTANT

CEFTAZIDIME =16 RESISTANT

ERTAFENEM =32 RESISTANT

TIGECYCLINE 4 INTERMED.

CEFTAZIDIME/CLAY. ACID

CEFOTAXIME
CEFOTAXIME fCLAV. ACID

CEFAZOLIN
FOLYMY=IN B

=2 MO INTERF
<=not reporteds=>
=232 RESISTANT

4 MO INTERF
<<not reporteds::
=16 RESISTANT

2 NO INTERF

Stanfor
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Biosafety

Protocol Protocol ID :
Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains

* 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)
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Biosafety Level 1 and 2 Facilities

@’ 4BIOSAFETY LAB LEVELS

B5L1

0 controlled access

o Eﬂ&d washing

© SaRas TRy
personal

D protective
equipment

© laboratory bench

O autoclave

e v

BSL2

D controlled access

2] gl?'llﬁd washing

sharp hazards
L2 warnrl'ng policy

physical
containment
device

parsonal
B protective
equipment

D laboratory bench

© autoclave
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Good Microbial Technique (and some not so good)
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Biosafety Protocol ID :

Protocol
Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains
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Biosafety

Protocol Protocol ID :
Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains

e Doesthis 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 putin place?
* Appropriate BSL2 procedures and practices
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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!
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Cloning E. coli?

Promoter to drive

target gene Target gene D‘NA ’irom
expression '\cbch \On TrorsSovrmmed
\ / \/ bockexrium
Plasmid Plosrd ‘l’
~,
% \
Heok shock
Boctexria
Antibiotic resistance gene
L 1
Plasmia Covvect plosmid
Colow v
0.9 — \ ’
%o
@ +Ar¥loictic
Pvotrevn
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Antibiotic Resistance on Purpose!?!?

Control Condition Experimental Condition
No AmpR plasmids Amp® plasmids added

L No growth =

No ampicillin Has ampicillin No ampicillin Has ampicillin
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Biosafety Protocol ID :

Protocol
Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains

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

YES!

Environmental

Stanford Health & Safety



Except the NIH Guidelines may not allow this!

oRTENT

“How many times have I got to tell you?..
Stay out of that stuff!”

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

Section lll-A. Experiments that Require NIH Director Approval and Institutional Biosafety
Committee Approval Before Initiation (5ee Section IV-C-1-b-(1), Major Actions).

Section lll-A-1. Major Actions under the NIH Guidelines

Experiments considered as Major Actions as defined in Section IlI-A-1-a under the MIH Guidelines cannot
be initiated without submission of relevant information on the proposed experiment to the Office of
Science Policy, National Institutes of Health, preferably by e-mail to: NIHGuidelines@od.nih.gov, the
publication of the proposal in the Federal Register for a minimum of 15 days of comment, and specific
approval by NIH. The containment conditions or stipulation requirements for such experiments will be set
by NIH at the time of approval. Such experiments require Institutional Biosafety Commitiee approval
before initiation. Specific experiments already approved are included in Appendix D, Major Actions Taken
under the NIH Guidelines.

Section lll-A-1-a. The deliberate transfer of a drug resistance trait to microorganisms that are not known
to acquire the trait naturally (see Section V-B, Footnotes and References of Sections I-IV), if such

acquisition could compromise the ability to control disease agents in humans, veterinary medicine, or
agriculture, will require NIH Director approval.

Consideration should be given as to whether the drug resistance trait to be used in the experiment would
render that microorganism resistant to the primary drug available to and/or indicated for certain
populations, for example children or pregnant women.

At the request of an Institutional Biosafety Committee, NIH OSP will make a determination regarding
whether a specific experiment involving the deliberate transfer of a drug resistance trait falls under
Section llI-A-1-a and therefore requires NIH Director approval. An Institutional Biosafety Committee may
also consult with NIH OSP regarding experiments that do not meet the requirements of Section lll-A-1-a
but nonetheless raise important public health issues.
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NIH Guidelines for Research involving Recombinant or
Synthetic Nucleic Acid Molecules (NIH Guidelines)

Deliberate transfer?

Section lll-A-1-a. - of a drug resistance trait to microorganisms that are not known
to acquire the traitpaturally fsee Section VB _Confnafas and References of Sections I-1V), if such

acquisition coulg cnmpmmlse the ability to control disease fagents in humans, veterinary medicine, or

agriculture, will requreET™ T EppTOvE

Compromise the ability to control disease?
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NIH Guidelines for Research involving Recombinant or
Synthetic Nucleic Acid Molecules (NIH Guidelines)

Section lll-A-1-a. The deliberate transfer of a drug resistance trait to microorganisms that are not known
to acquire the trait naturally (see Section V-B, Footnotes and References of Sections I-1V), if such

acquisition could compromise the ability to control disease agents in humans, veterinary medicine, or
agriculture, will require NIH Director approval.

physical and biological contalnment In accordance with the NIH Gwdefmes {See Sectmn I‘u’ B ?—c—{1]]

For cases falling : Guidelines, this
judgment is to bg reviewed and approved by the Institutional Biosafety Committee §s part of its

responsibility to mered by the NIH
Guidelines for the pmp{]sed resepheR '

Instltutmnal Blosafety Cc: mm itte
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Biosafety
Protocol Protocol ID

Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains

Request 1: Escherichia coli NDM1

— Micrabiology Results

" Wiew in table format I~ | St by sensitivity results

& Yiew in inkerim format

patients <I% wyears of age. RESISTAMCE 10 B B .
MEROPENEM AND CEFEPIME COMFIRMED. The antimicrobial agent(s) or diagnostic
testing dewice used here is not wyet FDA approwed and the Clinical and
Laboratory sStandards Institute [(CLSI) interpretive criteria are not
available to walidate it. MIC results provided are reported as Mo
Interpretation [(NI) since neither CLSI nor the FDA has interpretive criteria
for this organism and antimicrobial agent(s): E. COLI AND POLYMIXIMN E ETEST.

METHOD KIREY BAUER

ERTAPEMEM RESISTANT

MEROFEMEM RESISTANT

FOSFOMYZIN SENSITIVE

IMIFENEM RESISTANT

AMIKACIN RESISTANT

SUSCEPTIBILITY

ORGANISM »100,000 cfusml [Escherichia coli] ID COWSULT RECOMMENDED. This organism
harbors resistance to third-generation cephalaosporins and/or
carbapenems. *¥**Therapy Mote*** In isolates with resistance to 3rd and 4th
generation cephalosporins, treatment with beta-lactam/beta-lactamase
inhibitor combo drugs may be associated with treatment failure. NOTE:
Ciprofloxacin and other fluoroguinolones are not generally recommended for
patients <13 wears ofT age. RESISTAMCE TO AMIKACIN, ERTAFEMEM, IMIFEMEM,
MEROFENEM AMD CEFEFIME COMWFIRMED. The antimicrobial agent(s) or diagnostic
testing dewice used here is not wet FDA approwed and the Clinical and
Laboratory Standards Institute (CLSI) interpretive criteria are not
available to walidate it. MIC results provided are reported as No
Interpretation [(NI) since neither CLSI nor the FDA has interpretive criteria
for this organism and antimicrobial agent(s): E. COLI AND POLYMIXIN E ETEST.

METHOD MIC (mcg,/ml]

AMPICILLIN »16 RESISTANT

PIF/TAZOBACTAM »E4 RESISTANT

GENTAMICIN »% RESISTANT

TOBRAMYCIN »% RESISTANT

AMIKACIN =32 RESISTANT

CEFEPIME »16 RESISTANT

CEFOXITIN »16 RESISTANT

CIPROFLOMACIN »2 RESISTANT

NITROFURANTOIN »E4 RESISTANT

LEVOFLOXACIN >4 RESISTANT

MEROFPEMEM »8% RESISTANT

AZTREDMAM =16 RESISTANT

CEFTAZIDIME =16 RESISTANT

CEFTRIAXONE =32 RESISTANT

IMIFEMNEM =8 RESISTANT

POLYMYXIN B 1 WO IMWTERF

AMPICILLINSSULBACTAM >16/8 RESISTANT

TRIMETH-SULFAMETHO:. >2/38 RESISTANT

TIGECYCLINE ==2 SENSITIVE
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E. coli NDM1

Section llI-A-1-a. The deliberate transfer of a drug resistance trait to microorganisms that are not known
to acquire the trait naturally (see Section V-B, Footnotes and References of Sections [-1V), if such
acquisition could compromise the ability to control disease agents in humans, veterinary medicine, or
agriculture, will require NIH Director approval.

« Traitacquired naturally

* Already evidentin clinical isolates

* Yes, could compromise the ability to control disease
e Butit’s already compromised!
* Thisis why we want a quick identification method!

* Cloning E. coli will remain susceptible to multiple other antibiotics
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Biosafety

Protocol Protocol ID :
Application Title : Detection of BlaC beta-lactamase in BCG & carbapenamase in
Form carbapenamase-expressing bacteria strains

* 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 othersinthe area
* Appropriate signage

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

Environmental
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Research Success!

CurrentIssue  First release papers

Science Translational Medicine

HOME > SCIENCE TRANSLATIONAL MEDICINE > VOL.10, NO.454 > RAPID AND SPECIFIC LABELING OF SINGLE LIVE MYCOBACTERIUM TUBERCULOSIS WITH A,

a RESEARCH ARTICLE TUBERCULOSIS

f ¥ in & % =

Rapid and specific labeling of single live
Mycobacterium tuberculosis with a dual-targeting fluo-
rogenic probe

? Biomicrofluidics. 2015 Aug 20;9(4):044120. doi: 10.1063/1.4928879. eCollection 2015 Jul.

Quantitative detection of cells expressing BlaC using
droplet-based microfluidics for use in the diagnosis
of tuberculosis

ALCS Partrer Jo

Journal of the American Sodiety for

Mass Spectrometry

COMMUNICATION

Angewandte GDCh ™k
Chemie TS Deutscher Chemiker
Zuschrift & Open Access

Fluorogenic Probes with Substitutions at the 2 and 7 Positions of
Cephalosporin are Highly BlaC-Specific for Rapid Mycobacterium
tuberculosis Detection®

A Journal of the
German
Chemical Society

Angewandte

international Edition ‘CeEMie

GDCh
~_7

Communication & Full Access

Engineering the Stereochemistry of Cephalosporin for Specific
Detection of Pathogenic Carbapenemase-Expressing Bacteria®

JOURMNAL ARTICLE
Real-Time Imaging of Mycobacterium tuberculosis
Using a Novel Near-Infrared Fluorescent Substrate

A Fluorogenic Trehalose Probe for Tracking Phagocytosed Mycobacterium tuberculosis

Visualizing the dynamics of tuberculosis pathology using

molecular imaging
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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

e Monoclonal antibodies

* Drugdelivery methods

* Vaccines

Environmental
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Antimicrobial Resistance: Will it Win in the End?

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

« Safetyis paramount, but can
be learned

 Work WITH your researchers to
find ways to do work safely

* Beready to support cross-field
research

Environmental
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two wrongs DO make a rightff
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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
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