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Objectives

• Recognize importance of assessing how laboratory testing 
and reporting can influence antimicrobial stewardship 
practice

• Explain how antibiograms can be used for antimicrobial 
stewardship initiatives



PART 2: 
Dilemmas in reporting



CASE 4: To test or NOT to test…



What Can We Say About the Following AST 
Profile?

Antibiotics
Interpretation

Amikacin S
Ampicillin R
Aztreonam R
Cefazolin R
Cefepime SDD
Ceftazidime R
Ceftriaxone R
Cefoxitin S
Ciprofloxacin R
Ertapenem S
Gentamicin R
Imipenem S
Meropenem S
Piperacillin-tazobactam S
Tobramycin R
Trimethoprim-Sulfamethoxazole R

Escherichia coli

We can hypothesize based on 
the following AST profile that this 
is an extended-spectrum β-
lactamase (ESBL) producer

However, without performing a 
confirmation test these isolates 
should NOT be reported as 
ESBL-positive unless an ESBL-
specific test has been performed.



The ABCs of β-Lactamases

Ambler Class Enzymes Resistance Profiles Inhibitors

Ambler Class A Narrow-spectrum BL:
TEM-1&-2, SHV-1

ESBLs –CTX-M, SHV, 
TEM

KPC, GES –plasmid
SME, IMI, NMC-
chromosomal

Penicillins and narrow-spectrum 
cephalosporins 

Penicillins, narrow and extended-spectrum 
cephalopsorins, monobactams

Penicillins, narrow and extended-spectrum 
cephalopsorins AND CARBAPENEMS

Clavulanate, tazobactam, 
sulbactam

Clavulanate, tazobactam, 
sulbactam

+/- clavulanate and 
tazobactam

Ambler Class B Metallo-β-lactamases
NDM, IMP, VIM

Most β-lactams, including CARBAPENEMS
Aztreonam Susceptible

Ion chelators - EDTA

Ambler Class C AmpC β-lactamases Penicillins, Cephalosporins (excluding 4th

generation) and Cephamycins
Boronic
acid/cloxacillin/avibactam

Ambler Class D OXA β-lactamases -
ESBLs

OXA 23, 24, 48

Penicillins
Penicillins and cephalosporins

Penicillins, +/- cephalosporins and elevated 
CARBAPENEM MICs

No real good inhibitor of   
Class D enzymes

Queenen and Bush. Clin Microbiol Rev. 2007. UpToDate, accessed 2018.



Changes to Extended-Spectrum 
Cephalosporin Breakpoints

Heil and Johnson, JCM, 2016

• Lowered breakpoints to 
encompass known 
resistance mechanisms and 
due to limitations of ESBL 
testing, new PK/PD and 
outcomes data

• To more accurately predict 
treatment outcomes



Our Story with ESBLs…

• We verified and implemented new Phoenix panels in 
April, 2015 with the updated cephalosporin breakpoints

• Micro Lab Reaction:
– Discontinue confirmation of all ESBLs that flagged positive by 

our Phoenix panel 

– Reduce lab costs

Phantom zone ≥3 twofold concentration decrease in the MIC when 
tested with clavulanate
Or 
Presence of a phantom zone



ESBL Confirmatory Tests

• Screen: Diminished susceptibility to 3rd generation 
cephalosporins and/or aztreonam

• Confirmation: Phenotypic ESBL confirmatory test or resistance 
gene detection

• For epidemiologic purposes only
– EXCEPTION: Those who haven’t implemented the revised cephalosporin 

breakpoints from January 2010 (M100-S20)

• Reporting: Report MICs as tested



Concerns from Infection Control & 
Antimicrobial Stewardship …

• Infection control – “We can’t flag our patients for isolation”
– Theradoc flagged based on the words “ESBL producer”

• Antimicrobial Stewardship Program
– We need to suppress certain beta-lactams that test susceptible 

from certain sources to be consistent with our Antibiotic 
Guidelines 
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Is There a Ceftriaxone MIC that Is Most Predictive 
of ESBL Production?

Data from 1,386 clinical isolates suggest that a ceftriaxone MIC cutoff of 8 μg/ml is an excellent predictor of ESBL 
production, with a positive predictive value and negative predictive value approaching 100% and 99.5%, respectively.

Huang et al, JCM, 2014.



We Pulled The Data 

• May, 2015
– For one month, after going live with the new BPs we continued 

ESBL confirmation testing
• 85 isolates with reduced susceptibility to ceftriaxone, ceftazidime or 

aztreonam

• 72 (84.7%) confirmed as ESBLs and 13 (15.3%) were either not flagged as 
ESBL by Phoenix or were negative by ESBL confirmation testing.

• Of the 13, 7 were flagged and negative. The remaining 6 were not flagged 
as an ESBL by Phoenix and therefore were not tested by confirmatory 
testing.

– All confirmed ESBLs (n=72) had a ceftriaxone MIC of ≥ 4 µg/ml         
(the current resistant breakpoint) 13



We Worked As A Team To Resolve The Issues 

• Infection Control:
– Flagged putative ESBL producers based on ceftriaxone MIC of                        

≥ 4 µg/ml 

– Created standardized MDR definition: Resistant to all but 2 classes

• Antimicrobial Stewardship:
– Created suppression rules for putative ESBLs based on source:
– Blood and CSF: If ceftazidime, piperacillin-tazobactam, and/or cefepime are susceptible the 

results will not be reported. 

– All other sources (except Blood and CSF): Report ceftazidime, piperacillin-tazobactam and 
cefepime as tested.



When “S” is not Enough: Rationale for 
Beta-Lactam Suppression Rule

• Efficacy of certain beta-lactams is reduced when a high inoculum 
of bacteria is present

• While susceptible in vitro, certain beta-lactams were associated 
with worse outcomes in ESBL bacteremia

– Cefepime and piperacillin/tazobactam 

• ESBL bloodstream infections are associated with increased 
mortality

• Cephamycins (cefoxitin, cefotetan) have activity against ESBL, 
but resistance can occur during therapy



Inoculum Effect on Beta-Lactam Antibiotics 

Burgess D, et al. Diag Microbiol Infect Dis 2004; 49:41.
Thomson et al. Antimicrob Agents Chemother. 2001;45:3548-3554

High inoculum ESBL growth curve • Antibiotic MICs increase 
dramatically in the presence 
of an increased bacterial load 
despite initial susceptibility

• In vivo, high inocula occur in 
endocarditis, meningitis, 
septic arthritis, osteomyelitis, 
abscesses, other deep-
seated infections

No antibiotic

Meropenem

Cefepime 
& Pip/tazo



Cefepime for ESBL Bloodstream Infections

Study Bacteria Sources Outcomes
Chopra 
2012
n=42

K. pneumoniae (100%) Bloodstream 
(100%)

In hospital mortality: 33% cefepime 
vs. 36% carbapenems (ns)

Lee 
2013
n=178

E. cloacae (55%), E. coli 
(24%), K. pneumoniae (21%)

Bloodstream 
(100%)

Mortality at 30 days: 59% cefepime 
vs. 17% carbapenems (p<0.001)

Wang 
2016
n=68

E. coli (34%), Klebsiella spp. 
(62%), P. mirabilis (3%)

Bloodstream 
(100%)

Mortality at 14 days: 41% cefepime
vs. 20% carbapenems (p=0.08)

Lee NY, et al. Clin Infect Dis 2013; 56: 488-95.; Wang R, et al. Open Forum Infect Dis 2016;3(3):ofw132
Chopra T, et al. Antimicrob Agents Chemother 2012;56(7):3936-42. 

Slide: Courtesy of Pranita Tamma



Cefepime MIC Matters

• Based on a 
susceptible breakpoint 
of < 8 mcg/mL, 
cefepime definitive 
therapy is inferior to 
carbapenems
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Piperacillin/tazobactam for ESBL Bloodstream 
Infections

Pip/tazo = carbapenems Carbapenems > pip/tazo

Organisms included 67-73% E. coli 31-53% E. coli

Source of bacteremia 57-82% low organism 
burden

17-30% low organism 
burden

Median piperacillin MIC 2 mcg/ml 8 mcg/ml

Pip/tazo dosage 4.5 g q6h <50% received 4.5 g q6h

Rodriquez-Bano J, et al. Clin Infect Dis 2012. 54: 167-74; Tamma PD, et al. Clin Infec Dis 2015; 60:1319-25. 
Gutierrez-Gutierrez B, et al. Antimicrob Agents Chemother 2016; 60: 4159-69. 

Slide: Courtesy of Pranita Tamma



Treatment Recommendations for 
“Presumed ESBLs”   



Treatment Recommendations for 
“Presumed ESBLs”   

Suppressed susceptibilities to cefepime, pip/tazo, cefoxitin for non-urine 
sources, but did not comment in the guidelines 



Randomized Clinical Trial (MERINO): 
Meropenem vs. Pip/tazo for Bacteremia 

• Ceftriaxone non-
susceptible E. coli or      
K. pneumoniae 
bacteremia
– 87% of isolates had 

confirmed ESBL genes
• 30-day mortality

– Piperacillin-tazobactam 12% 
vs. meropenem 4% 

– aOR 3.41 (95% CI 1.38-8.38)
Analysis Time (days)
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Meropenem

Piperacillin/tazobactam

Harris PNA, et al. JAMA 2018; 320:984-994.



Favors 
Meropenem

Pitt score ≥4
Pitt score <4

Escherichia coli

Klebsiella spp. 

Hospital-acquired infection
Non-hospital-acquired infection

Favors 
Pip/tazo

Active empiric therapy 
Inactive empiric therapy 

Urinary source
Non-urinary source

Immunocompromised
Not immunocompromised

• No subgroups met the 
noninferiority margin

• Median pip/tazo MIC = 2 
mcg/mL

Harris PNA, et al. JAMA 2018; 320:984-994.
Slide: Courtesy of Pranita Tamma



June 2015 to January 2018

• We were doing so well 

• ESBLs made our Micro/HEIC/ASP meeting agenda
– There was concern that many physicians were 

hypothesizing that any 3rd generation cephalosporin 
resistance was mediated by ESBL which resulted in 
increased carbapenem use



To Test or Not to Test for 
ESBLs?

• 668 unique patients with isolates that were ESBL screen positive over 6 
weeks
– 18% (118) were positive for ESBL-production by phenotypic confirmation testing

– Of isolates with MICs ≥ 2 µg/mL (I/R): 66% were ESBL producers

– 62% were transitioned to carbapenem therapy after ceftriaxone MIC data were 
available

– If ESBL were reported, we anticipate only 21% would have transitioned to 
carbapenem therapy (P<0.01) 

• Reinstated ESBL detection/reporting: Suppress any of the following 
agents that test S or SDD: ampicillin-sulbactam, ceftazidime, ceftriaxone, 
piperacillin-tazobactam, cefepime, aztreonam and cefoxitin



Current Treatment Recommendations for 
“ESBLs”  

Carbapenems are 
still preferred treatment choice 

Commented on suppressed 
susceptibilities (expanded 
agent list) with explanation 



Case 4: Take Home Points 

• Preferred treatment for ESBL organisms depends on the site 
and source of infection, therefore suppressing certain 
antibiotics is a reasonable approach

• Review if ESBL testing needs to be reinstated in your facility 

• ASP and clinical microbiology laboratory should work 
together to decide how ESBLs should be reported (or Not) 
and messaging for clinicians 



CASE 5: The neglected β-lactamase



What If We Had This AST Profile?

Antibiotics
Interpretation

Amikacin S
Ampicillin R
Ampicillin-Sulbactam R
Aztreonam R
Cefazolin R
Cefepime S
Cefoxitin R
Ceftazidime R
Ceftriaxone R
Ciprofloxacin S
Ertapenem S
Gentamicin S
Imipenem S
Meropenem S
Piperacillin-tazobactam S
Tobramycin S
Trimethoprim-Sulfamethoxazole R

E. coli
We can hypothesize based on the 
following AST profile that this is an 
AmpC producer.

However, without performing a 
confirmation test these isolates 
should NOT be reported as AmpC-
positive unless an AmpC-specific 
test has been performed.



The ABCs of β-Lactamases
Ambler Class Enzymes Resistance Profiles Inhibitors

Ambler Class A Narrow-spectrum BL:
TEM-1&-2, SHV-1

ESBLs –CTX-M, SHV, TEM

KPC, GES –plasmid
SME, IMI, NMC-chromosomal

Penicillins and narrow-spectrum cephalosporins

Penicillins, Narrow and Extended-spectrum cephalopsorins

Penicillins, Narrow and Extended-spectrum cephalopsorins
AND CARBAPENEMS

Clavulanate, tazobactam, sulbactam

+/- clavulanate and tazobactam
Avibactam, vaborbactam, 
relebactam

Ambler Class B Metallo-β-lactamases
NDM, IMP, VIM

Most β-lactams, including CARBAPENEMS
Aztreonam Susceptible

Ion chelators - EDTA

Ambler Class C AmpC β-lactamases Penicillins, Cephalosporins (excluding 4th generation) and 
Cephamycins

Boronic acid, cloxacillin, avibactam,
relebactam

Ambler Class D OXA β-lactamases -ESBLs

OXA 23, 24, 48

Penicillins
Penicillins and cephalosporins

Penicillins, +/- cephalosporins and elevated CARBAPENEM 
MICs

No real good inhibitor of   Class D 
enzymes

Avibactam – activity against OXA-48-
like enzymes



AmpC β-Lactamases 

• Different types of AmpC β-lactamases:
– Chromosomal –ampC gene

• Inducible : SPACE organisms

• Hyperproduction due to mutations in the 
promoter/attenuator region, i.e., E. coli

– Plasmid-mediated – blaCMY, blaACT, blaMIR, blaFOX

• Often associated with other resistance genes

• No CLSI endorsed confirmatory method
– Many phenotypic and genotypic methods have been 

described

• MICs are reported as tested

Doi and Paterson, Int J Infect Dis, 2007. Jacoby, Clin Microb Rev, 2009. CLSI, M100-S29, 2019. Tamma et al, CID, 2019.

SPACE Organisms with 
Inducible AmpC: 
• Serratia marcescens
• P. aeruginosa
• Acinetobacter spp.
• Citrobacter freundii
• Enterobacter spp –

including Klebsiella
(formerly Enterobacter) 
aerogenes



Presented with a clinical need…

• Blood culture growing Enterobacter cloacae complex

• AST results: Ceftriaxone susceptible

• Physician: Started patient on ceftriaxone

• ID specialist: No, don’t use ceftriaxone.  We recommend 
cefepime for treatment of this inducible AmpC producer.

• Recommendation to add a comment to the AST report



What Does CLSI Say?

• “(9) Enterobacter, Citrobacter and Serratia may 
develop resistance during prolonged therapy with 
third-generation cephalosporins as a result of 
derepression of AmpC β-Lactamase. Therefore, 
isolates that are initially susceptible may become 
resistant within 3 to 4 days after initiation of therapy. 
Testing of repeat isolates may be warranted.”

November 14, 2019 33



The HERO Has A Valid Point! 

• 2 options:

– Is add a comment similar to the CLSI for Enterobacter, 
Citrobacter and Serratia isolates that test susceptible to 
either ceftriaxone or ceftazidime.

– Suppress ceftriaxone and ceftazidime susceptible results –
especially from sterile sources. Such that cefepime will be 
the only extended-spectrum cephalosporin reported.

34



Feedback From Our ASP Team

• Clinical recommendations are to avoid ceftriaxone for treatment of 
Enterobacter but not Citrobacter or Serratia where we do not have 
evidence that there is a clinical problem. 

• If we put any language about ceftriaxone for Citrobacter or Serratia, we 
will see a drastic and irreversible switch away from ceftriaxone to 
cefepime or other broad spectrum antibiotics that is unnecessary. 

• OK with adding a comment for Enterobacter

• Less enthusiastic about routinely suppressing ceftriaxone and/or 
ceftazidime for Enterobacter because we do use it rarely for UTI.



Final Reporting Comment

• We wordsmithed over e-mail taking both pediatric and 
adult ASP perspectives into consideration
– Enterobacter cloacae and Klebsiella (formerly Enterobacter)

aerogenes may quickly develop resistance during therapy with 
3rd generation cephalosporins (e.g., ceftriaxone, ceftazidime) due 
to production of AmpC beta-lactamases. This does not apply to 
cefepime. Refer to the JHH/BMC Antibiotic Guidelines for 
Antibiotic Use Apps for adults or the Pediatric Antibiotic 
Guidelines for children for further guidance.

– Tried to add a hyperlink to the Antibiotic Guidelines but we 
weren’t able to 36



The Moral of This Story

1. CLSI recommendations need to be considered specifically to 
your institutional needs in conjunction with a team of experts

2. Understand the potential repercussions of your reporting

3. The WAY things are reported are important
1. It’s like the three bears

1. It can’t be TOO wordy

2. It can’t LACK words

3. It needs to be JUST RIGHT with the correct message



Just Remember…

CLSI, M100-S29.

“Selecting the most appropriate 
antimicrobial agents to test and 
report is a decision best made by 
each laboratory in consultation with 
the infectious diseases and 
pharmacy practitioners, the 
pharmacy and therapeutics and 
infection control committees of the 
medical staff, and the antimicrobial 
stewardship team.”



Issues with Treatment of AmpC

• We currently do not have best method to identify AmpC-producers 
in the lab

• Hard to educate clinicians regarding AmpC based on susceptibility 
profile alone 

• We still don’t know what is the optimal treatment for AmpC-
producers 

• Beta-lactam antibiotics can induce AmpC production leading to 
resistance development and treatment failures
– Risk depends on the agent and organism 



Risk of Emergence of Resistance by Beta-Lactam due 
to AmpC Production 

Enterobacter 
spp.

Citrobacter 
spp.

Serratia 
marcescans

Morganella 
morganii

Piperacillin/tazobactam 2-20% -- -- --

3rd generation Cephalosporins 3-67% 3% 7% 0%

Cefepime* 0% 0% 0% 0%

Carbapenems* 0% 0% 0% 0%

*Risk evaluated only in one observational study 

Tamma PD, et al. Clin Infect Dis 2019;69(8):1446-55.
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Our Experience with AmpC:
Meropenem vs. Cefepime 

• 399 patients with bloodstream infections, 24% of isolates were 
positive for AmpC production
– Enterobacter spp. (85%), Serratia spp. (14%) and Citrobacter

spp. (1%)
• No difference in 30-day mortality between the two groups in the 

propensity-score matched cohort (31.2% cefepime, 34.3% 
meropenem)

• No difference in length of hospital stay from the time of infection 
(12.6 days cefepime, 14.6 days meropenem, p = 0.63)

Tamma P. et al. Clin Infect Dis. 2013;57:781-8.



Treatment of Suspected AmpC Producer

Guidelines



Case 5: Take Home Points 

• Testing and reporting of AmpC β-lactamases represents 
serious challenge for microbiologist and stewardship team 
given difficult diagnostic approach 

• When in vitro susceptibilities do not correlate with clinical 
efficacy, the microbiology laboratory and ASP should work 
together to identify best strategy for reporting and 
messaging to clinicians 



CASE 6: Evolving response



Presented with a Clinical Need…

• Infection control: Identify carbapenemase-producing 
Enterobacterales (CPE) encountered in our facility for infection 
control measures

– If it is a carbapenem-resistant Enterobacterales (CRE) and not 
a CPE remove patient from isolation

• Antimicrobial Stewardship: Is this a CPE? Do we know what the 
genotypic mechanism of carbapenem resistance?
– Can we use ceftazidime-avibactam, meropenem-vaborbactam? 

47



Current Practice for CRO Detection

• CDC CRE definition – resistance to any carbapenem 
tested or detection of a carbapenemase gene

• CLSI: Report MICs as tested

• Carbapenemase detection: Phenotypic or genotypic 
methods
– CLSI: For epidemiologic purposes only

• EXCEPTION: Those who haven’t implemented the revised 
carbapenem breakpoints from January 2011 (M100-S21)



Molecular Epidemiology of CRO at JHH

KPC

NDM & OXA-48-like

NDM

KCP & NDM

Simner et al. OFID. 2018.

• CRE
– 50:50 Non-CP-CRE to CP-CRE

– 2016: 96 unique patients with CRE
• 45 (47%) CP-CRE

– K. pneumoniae >>>E. coli >C. freundii >E. cloacae> others

• 51  (53%) Non-CP-CRE

– E. cloacae >> K. pneumoniae >> E. coli (5)> others

• CR-NF
– Carbapenem-resistant P. aeruginosa

• Primary mechanism: Loss of OprD porin expression

• Other mechanisms: Upregulation of efflux pumps (MexAB-OprM, MexXY-OprM) 
or AmpC derepression, or rarely carbapenemases (mostly Class B MBLs)

– A few recent notices in regard to VIM-producing P. aeruginosa

– Carbapenem-resistant A. baumannii
• Production of Class D OXA enzymes

– Acquired (blaOXA-23, blaOXA-24) or chromosomal (ISAba1-blaOXA-51)



The Big 5 are Here!

NDM

VIM

KPC

IMP

https://www.cdc.gov/hai/organisms/cre/trackingcre.html

OXA-48



Should We Be Detecting CP For Clinical Care?

• Yes, but depends on the organism
– CRE: Perform on all

– CR-PA: Perform only when there is a suspicion or a putative 
outbreak for carbapenemase producers

• Important for epidemiologic and therapeutic purposes
– Detection of non-endemic carbapenemase variants and help direct 

infection control policies

– Helps with selection of newer agents

Tamma and Simner. JCM. 2017.



What Are Your Options?

• Phenotypic Based Assays

• Molecular Based Assays

Tamma, JCM, 2017.

52
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Pranita D. Tamma, and Patricia J. Simner J. Clin. Microbiol. 2018; doi:10.1128/JCM.01140-18

Phenotypic Methods to Detection CP-CRO

Carbape-
nemase

MHT Carba 
NP

CIM/ 
mCIM

LFA*

Class A
(KPC)

+ + + +

Class B 
(MBL)

+/- + + +

Class D 
(OXA-48)

+ +/- +/-
 +

+

No phenotypic test detects all 
carbapenemase variants.

* Limited to targeted enzymes



Molecular Assays for Detection of CP-CRO

• Detection of the big 5 carbapenemase genes
– blaKPC, blaNDM, blaOXA-48-like, blaIMP, blaVIM

• FDA cleared from isolates: Cepheid CARBA-R

• Syndromic panels:

– Blood: Genmark, Verigene BC-GN &  Biofire BC-ID (KPC 
only)

– Respiratory: Curetis Unyvero LRT & Biofire

– Rectal Swabs: Cepheid CARBA-R, Check CPO on BD MAX



Our Algorithm at JHH

Setup additional ASTs: 
Last resort agent panel

Detection of carbapenemase producers
• Mono-ertapenem I/R -> Perform 

mCIM/eCIM on CRE
• I/R to both ertapenem & meropenem -> 

Perform the CARBA-R assay same day

If mCIM positive –
setup the CARBA-R 

assay mCIM eCIM



Reporting

• Initially added a comment to the report 
under the isolate

• Issues as the ESBL flag was highlighted 
despite being a carbapenemase producer

• We couldn’t pull out carbapenemase-
producers from non-CP-CRE in our 
antibiogram

• Created organisms names where 
carbapenemase producer was present in 
the name and would override the ESBL call 



Piecemeal Requests for Novel Agent AST

• Many novel agents for                                                  
treatment of MDRO

• Lots of resources finding,                                                 
subbing isolates for AST

• Cost of Etests

• Created a custom                                                                 
“last resort agent” Sensititre panel

• Setup on MDRO
– CRE: resistant to ertapenem

– MDR NF: not susceptible to cefepime, meropenem & piperacillin-tazobactam
(where appropriate)



Detection of Carbapenemase Producers -
Clinical Implications

• Helps inform infection control strategies

– Electronic Medical Record Flags based on reporting

– Two-tiered response: Non-CP-CRE are not placed on contact precautions

• Helps with treatment based decisions

– Work with antimicrobial stewardship to set-up or approve send-out of 
additional AST 

Isolation of your organism on 
solid media 
• MALDI-TOF MS ID
• Set up of AST panels

Day 0 Day 1 Day 2

Collection and plating of 
specimen in the lab

Day 3

Standard AST panel 
results available
• Setup of additional 

antimicrobials

Additional AST 
results



Does Knowing if CRO are Carbapenemase 
Producing Matter? 

• Prognosis
– The odds of dying within 14 days are far greater for CP-CRE compared with 

non-CP-CRE bacteremic patients

• Infection control 
– Dissemination between organisms and patients more likely with 

carbapenemase vs. non-carbapenemase-producing organisms

• Treatment decisions
– New antibiotics are expensive and have a special niches

Tamma PD, et al. Clin Infect Dis. 2017;64:257-264. 



Why do Resistance Markers Matter ?

Agent
(*US FDA approved)

KPCs NDMs OXA-48-like
Carbapenem-

resistant
P. aeruginosa 

Carbapenem-
resistant

A. baumannii
S. maltophilia

Aztreonam/avibactam

Cefiderocol

Ceftazidime/avibactam*

Cefotolozane/tazobactam*

Eravacycline

Fosfomycin

Imipenem/relebactam

Meropenem/vaborbactam*

Plazomicin

No activity Some Activity Good activity

Tamma PD, Hsu AJ. J Pediatric Infect Dis Soc 2019; 8(3):251-260. 



Example of Our Guidelines for New Agents  

• Knowing specific resistance 
marker can help select 
appropriate therapy early

• Phenotypic methods are not 
specific enough to direct 
treatment without susceptibilities 



Case 6: Take Home Points

• Multiple testing options for detection of carbapenemase-
production among CRO
– Phenotypic & molecular methods

• Detecting CP-CRO can help direct appropriate treatment 
early and avoid unnecessary susceptibility testing 

• Detection of CP-CRO and determination of carbapenemase 
genotype can also help identify CP-CRO transmission



CASE  7: Should it be a “-” or “R”?



Importance & Reliance on Antibiograms Grow!

Isolation of your organism 
on solid media 
• MALDI-TOF MS ID
• Set up of AST panels

Day 0 Day 1 Day 2

Collection and plating of 
specimen in the lab

Day 3

Standard AST panel 
results available
• Setup of additional 

antimicrobials

Additional AST 
results

Narrowed TreatmentEmpiric Treatment Targeted Treatment

Average TAT: 2-3 days

MALDI-TOF MS

Direct from positive blood culture 
diagnostics

Direct from specimen diagnostics Traditional 
Methods:
Same day 
ID & AST



Who is Responsible for Creating the Antibiogram?

• Traditionally the microbiology laboratory
– Driven by access to the data from AST instruments or the LIS

• Shifting towards stronger collaborations with 
Antimicrobial Stewardship Programs
– Automated EHR based antibiograms

• Should be a collaborative effort
– Clinical microbiologists, pharmacists, ASP, physicians, IT 

specialists

LIS: Laboratory Information System; EHR: Electronic Health Record; IT: 
Information Technology



How Is Antibiogram Preparation Handled at JHH?

• ASP and the micro IT specialist from EPIC work together to 
pull the data based of M39 guidance

• Put the data into the antibiogram tables

• ASP shares the various antibiograms/enhanced 
antibiograms with microbiology

• Microbiology: Reviews for accuracy with M39 guidelines and 
microbiology practices

• Annual review to evaluate and investigate significant 
changes



Antibiogram Reporting from Electronic-Health Record 

What do all 3 numbers mean? 



Antibiogram Reporting from Electronic-Health Record 



Translating Antibiogram for Clinicians 

Antibiogram in Our Guidelines 



Translating Antibiogram for Clinicians 



How to Use Antibiogram for Empiric Therapy 

Spectrum of 
activity table 



How to Use Antibiogram in Pathogen Directed 
Treatment Guidelines 

Community Acquired Pneumonia Bacteremia 

Respiratory antibiogram used 
Blood antibiogram used 



What Agents to Test Matters:                          
Story of Anaerobic Antibiogram 

• Anaerobic susceptibilities are not routinely done at our institution for non-blood cultures
• Clinicians can request susceptibilities when clinically indicated – usually asking for specific 

agents
….So we end up with antibiogram like this…of 118 B. fragilis isolates, 59 were tested against 
ertapenem, 56 against clindamycin, and 116 against amoxicillin/clavulante and metronidazole 



…so we simplified 
their susceptibilities 

requests and 
standardized our 

testing 

What Agents to Test Matters:                          
Story of Anaerobic Antibiogram 



Antibiogram in EHR 96% susceptible 

How to Address Susceptible-Dose Dependent (SDD)?



Antibiogram in EHR MIC Distribution 

How to Address Susceptible-Dose Dependent (SDD)?



Candida Antibiogram for Clinicians 

95% susceptible 
2% SSD

How to Address Susceptible-Dose Dependent (SDD)?



Fluconazole Dosing Guidelines

This information helps us decide empiric Fluconazole dose

How to Address Susceptible-Dose Dependent (SDD)?



Case 7: Take Home Points 

• Clinical microbiology laboratories and ASPs should work together 
to compile useful institution-specific antibiograms 
– Interpretation should be provided for clinicians beyond CLSI guidelines 

• What agents are tested and reported should be reviewed regularly 
to insure adequate data for antibiograms 
– Susceptibility testing should be standardized 

• Antibiograms are frequently used to develop guidelines, make 
formulary decisions and monitor local resistance patterns



Questions ?

Thank you! 


