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OUTLINE

• Case
•Why do we engage in stewardship?
•What shifted during the pandemic?
•What impact will changes resulting from the pandemic 

have on antibiotic prescribing?
• The role of testing and the laboratory in stewardship
•What broad changes will occur in healthcare as a result of 

the pandemic and what impact will this have an impact on 
AMS?
• Some recommendations we can consider



Case 1

• 68 YO male with progressing myelofibrosis 

• 46 d post BMT
• Not engrafted

• On immunosuppression regime, neutropenic

• Feeling tired, weak and has diarrhea

• Spikes fever at home to 102.7°F

• In ER:
- Complains of flank pain and burning on urination

- WBC <0.1 K

- Urine, sputum and blood grow K. pneumoniae
- CTX-M not detected on blood culture PCR test

K. pneumoniae

Ampicillin R

Aztreonam I

Cefazolin R

Cefepime S

Ceftazidime S

Ceftriaxone R

Ciprofloxacin S

Gentamicin S

Levofloxacin S

Meropenem S

Pip-tazo S

Trimeth-sulfa S
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20% of ceftriaxone resistance in E. coli and Klebsiella
not due to CTX-M 

MacVane et al. JCM 2019 PMID: 31340995



Case 1: MIC Results
K. pneumoniae MIC (µg/ml)

Ampicillin >16 R

Aztreonam 16 I

Cefazolin >16 R

Cefepime 8 S

Ceftazidime 8 S

Ceftriaxone 8 R

Ciprofloxacin 0.25 S

Gentamicin 2 S

Levofloxacin 0.5 S

Meropenem 0.5 S

Pip-tazo 16/4 S

Trimeth-sulfa 0.5 S



Case 1: MIC Results
K. 
pneumoniae

MIC (µg/ml) Breakpoint Applied

Aztreonam 16 I Obsolete (pre-2010)

Cefepime 8 S Obsolete (pre-2014)

Ceftazidime 8 S Obsolete (pre-2010)

Ceftriaxone 8 R Current

Meropenem 0.5 S Current

Pip-tazo 16/4 S Obsolete (pre-2022)

S I/SDD R S I R

Aztreonam 4 8 ≥16 8 16 ≥32

Cefepime 2 4-8 ≥16 8 16 ≥32

Ceftazidime 4 8 ≥16 8 16 ≥32

Ceftriaxone 1 2 ≥4 8 16-32 ≥64

Meropenem 1 2 ≥4 ≤4 8 ≥16

Pip-tazo ≤8 16 ≥32 ≤16 32-64 ≥128

Current Obsolete

Why?

Laboratory test system FDA 

cleared for ceftriaxone & 

meropenem, but not 

aztreonam, cefepime, 

ceftazidime or pip-tazo

CLSI. M100 S32, 2022. CLSI, Wayne, PA.
Humphries et al. 2019. JCM. 57(9):e00203-19



WHY DO WE ENGAGE IN STEWARDSHIP



RESISTANCE IS FALLOUT OF INAPPROPRIATE USE 

OF ANTIMICROBIALS IN DIFFERENT SETTINGS
• In animals and plants: 

- Therapeutic and non-therapeutic (e.g. as growth promoters)

• In community acquired infections 

• In hospital-associated infections 

• Irrational use of antibiotics is the greatest driver of resistance

- 50% of antibiotics are prescribed inappropriately

- 50% of patients have poor compliance

- 50% of populations do not have access to essential antibiotics

WHO, 2011



PREVALENCE IS KEY
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ARE CRE MORE IMPORTANT?
Comparing MDROs

• CRE vs ESBL

- GI colonization is independent risk factor for CRE 

infection 

- Mortality following CRE BSI is up to 51-65%

McConville TH et al. PLOS one 2017; 12(10):e0186195 

Not colonized 

(n=244)

Ceph-R 

(n=58)

CRE

(n=36)

30-day infection 2.8% (7/244) 3.4% (2/58) 47% (17/36)

90-day mortality 15% (37/244) 31% (18/58) 36% (13/36)

Risk of CRE infection if colonized OR 10.8 (2.8-41.9), p=0.0006



IMPACT OF MDR INFECTIONS
• Cost to whom?

- Institution, third party payor, individual, society



IMPACT OF MDR INFECTIONS
• Cost to whom?

- Institution, third party 

payor, individual, 

society

Part A (hospital cost) reimbursement for HAIs has 
been limited since 2008 

$6,000 Add’l cost,

$2,000 Add’l

payment

Cost

$15,000 Add’l cost,

$8,000 Add’l

payment



WHAT SHIFTED DURING THE PANDEMIC?



THE IMPACT ON STAFFING – DATA 

FROM THE WHO GLOBAL AMR AND 

USE SURVEILLANCE SYSTEM (GLASS)

J Antimicrob Chemother, Volume 76, Issue 11, November 

2021, Pages 3045–3058, https://doi.org/10.1093/jac/dkab300

https://doi.org/10.1093/jac/dkab300


EARLY EMPIRIC ANTIBIOTIC TREATMENT IN HOSPITALIZED PATIENTS WITH COVID-19, 

BY HOSPITAL IN MICHIGAN

Vaughn VM et al.  Clin Infect Dis, Volume 72, Issue 10, 15 May 2021, Pages e533–e541, https://doi.org/10.1093/cid/ciaa1239

56.6% OF PATIENTS RECEIVE EMPERIC ABX DESPITE 3.5% HAVING DOCUMENTED

COMMUNITY-ONSET BACTERIAL CO INFECTION

https://doi.org/10.1093/cid/ciaa1239


COINFECTIONS

AND 

SECONDARY 

INFECTIONS

Langford BJ et al.  PMID 32711058

• 71.8% of patients received ABX

• 3.5% Co-infections

• 14.3% Secondary infections



COMMON EMPIRIC AGENTS GIVEN DURING 

PANDEMIC

 Antibiotic Class Patients receiving 
antibiotics with antibiotic 
class reported 
(total=153) 

(n, % of total) 

Fluoroquinolones 83 (54.2) 
2nd or 3rd Generation Cephalosporins 30  (19.6) 
Beta-Lactams 15 (9.8) 
Linezolid  9 (5.9) 
Macrolides 10 (6.5) 
Beta-Lactam/Beta-Lactamase Inhibitors 4 (2.6) 
Carbapenems 2 (1.3) 

Langford BJ et al.  PMID 32711058



WHAT IMPACT WILL CHANGES RESULTING FROM 

THE PANDEMIC HAVE ON ABX USAGE?



ABX RESISTANCE RATES

J Antimicrob Chemother, Volume 76, Issue 11, November 2021, Pages 

3045–3058, https://doi.org/10.1093/jac/dkab300

Mohr-Holland E et al. PMID 34802503

https://doi.org/10.1093/jac/dkab300


RAPID 

DIAGNOSTICS 

AND AMS

Novy E et al. PMID 34364096



DIAGNOSTICS ARE CRITICAL TO STEWARDSHIP, BUT 

LABORATORY EXPERTISE IS ESSENTIAL FOR 

INTERPRETATION, AN EXAMPLE



Medical College of Wisconsin CONFIDENTIAL. Do not share.

CULTURE-BASED SCREENING

Broth enrichment, direct plating, antibiotic, chromogenic medium?

TSB + Erta

18-24 h
Mac + Erta

18-24 h

TSB + Mero

4 h

MHA+ Mero

18-24 h

Sensitive Broth enrichment w/ Erta Specific Broth enrichment w/ Mero

(mCIM)

48 h for prelim CRE screen, 72 h for confirmatory CP-CRE result



Medical College of Wisconsin CONFIDENTIAL. Do not share.

AN IMPORTANT CONSIDERATION TO CULTURE

CDC “Broth enriched“
* Lower sensitivity than direct 

plating to MAC or Chromogenic

Overgrowth of Pseudomonas, 

and other erta-R NLFs

Specificity
* Similar between methods (90%)

Low prevalence population 

(screening)
* PPV for CP-CRE <10%

Unnecessary isolation, materials

Simner PJ et al. J Clin Microbiol 2013 (54)6:1664-1667 



CULTURE-BASED SCREENING
Why do culture methods come up short for detection of KPC and CP-

CRE?

• Variable expression!

- 189 isolates CP Enterbacterales

14
20% of all CP-CRE have 

MIC categorizing them as 

meropenem-susceptible

25% of all KPC-CRE 40% of all OXA-CRE 0% of all NDM-CRE



DOES A MOLECULAR APPROACH MAKE 

SENSE?

Strengths and considerations for a molecular approach to screening

• Speed → On-demand and batch platforms → Result in as little as 2 h

• Comprehensive→ Molecular multiplexing for major carbapenemase genes

• Sensitive → LoD superior to culture

KPC

NDM

VIM

IMP

OXA-48

Xpert vs. Enriched culture: n=633 (383 clinical + 250 contrived)  

Tato M et al. J Clin Microbiol 2016 54:1814-1819 

FDA-cleared



DOES A MOLECULAR APPROACH MAKE 

SENSE?

Strengths and considerations for a molecular approach to screening

• Cost and throughput?

- Lower cost S-R “batch” and manual tests available

KPC

NDM

VIM/IMP

OXA-48

(12/run, 2.5 h)

FDA-cleared CPO 

Detect

RUO MDRO panel

KPC

NDM

VIM

IMP

OXA-48

CTX-M

vanA

mcr-1

(3 h)



DOES A MOLECULAR APPROACH MAKE 

SENSE?

Additional benefits to a molecular approach

• Rapid differentiation of resistance targets

- Epidemiology
 Surveillance – what resistance is circulating?

 Early recognition of potential outbreak – introduction of uncommon gene e.g. NDM

- Treatment
 Enzyme specificity of “novel” B-lactam/B-lactamase antibiotics

 Metallo vs serine

- May also be used for rapid testing of clinical isolates



DOES AN ACCURATE MIC CONTRIBUTE TO 

LAB/ANTIMICROBIAL STEWARDSHIP?



Medical College of Wisconsin CONFIDENTIAL. Do not share.

CORRELATION OF ETEST AND BMD

Simar et al.  2017. Ochsner J. 17:239-242



Medical College of Wisconsin CONFIDENTIAL. Do not share.

BMD VERSUS EVERYTHING ELSE

Matuschek et al.  2018. CMI. 24:865-870



Medical College of Wisconsin CONFIDENTIAL. Do not share.

EA AND CA FOR 

COLISTIN MICS

Matuschek et al.  2018. CMI. 24:865-870



Medical College of Wisconsin CONFIDENTIAL. Do not share.

CEFTAZIDIME-AVIBACTAM AND CEFTOLOZANE-

TAZOBACTAM – P. AERUGINOSA AND 

ENTEROBACTERICEAE

Shields RK et al.  2018. JCM. 56(2).



Medical College of Wisconsin CONFIDENTIAL. Do not share.

TIGECYCLINE

AND THE 

PENEMS

Rechenchoski DZ et al.  2017. BJM. 509-514



Medical College of Wisconsin CONFIDENTIAL. Do not share.

TIGECYCLINE, MDR ACINETOBACTER AND 

THREE METHODS
• Study enrolled 85 MDR A. 

baumanii isolates and 
compared three methods
- NO GOLD STANDARD – AT LEAST NOT 
WELL DESCRIBED

 95.2% susceptible by “BMD”

- BREAKPOINTS USED ARE NOT 
CLEARLY EXPLAINED – likely using 
FDA/EMA for Enterobactericeae

• Found substantial differences in 
S vs R call rates based on 
method

Grandesso S et al.  2014. New Microbiol 37(4):503-508



Medical College of Wisconsin CONFIDENTIAL. Do not share.

RANGE OF DILUTIONS MATTERS IN DOSING



BROAD CHANGE AS A RESULT OF THE PANDEMIC 

WILL TRANSFORM HEALTHCARE AND HAVE AN 

IMPACT ON AMS



HAVE WE FINALLY CRACKED THE INFECTION 

CONTROL CHALLENGE?



AN OPPORTUNITY TO REIMAGINE OURSELVES

Knobloch MJ et al.  PMID 33524453
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