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Objectives

1. Discuss strategies to ensure molecular test results are 
consistent with phenotypic AST

2. Evaluate how to compare phenotypic resistance 
mechanisms and MIC results

3. Evaluate use of alternative media and tests when 
supply chain is uncertain

Vanderbilt Univ. 

Medical Center 

uNashville, TN

uLevel 1 trauma enter, burn center, large 

heart, kidney transplant center 

u 864 bed adult hospital

u267 bed pediatric hospital

u~2MM ambulatory visits

Case 1: VRE (or is it?) 

u 75 YO man with relapse AML

u Status post PBSCT ðdevelops neutropenic fever

u Febrile overnight to 102 F, develops ARDS

u Treated with meropenem + azithromycin

u Blood cultures reveal Gram positive cocci in clusters
Preliminary molecular organism ID: 
Vancomycin -resistant 

Enterococcus faecium ( vanA ).

MIC results, 
next day

u AST instrument error?

u Molecular panel error?

u 2 organisms in 1 bottle? 

u Mis-identification?

u Bottle mix -up during 
workflow?

MIC 
(mcg/mL)

Ampicillin >8 R

Daptomycin 4 SDD

Gentamicin 
synergy

¢500 S

Synercid 0.5 S

Linezolid 2 S

Vancomycin 0.5 S
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Troubleshootingé.

u Careful review of the purity plate, subculture, Verigene

u From purity plate:

u Tested on Verigene ðconfirmed vanA positive

u Repeated AST ðconfirmed vancomycin òSó (by disk and Phoenix)

u From original bottle:

u Re-performed Verigene

u Re-performed subculture

All results confirmed 
original findings.

Resolution:

Edited vancomycin result 
to òRó

Linking genotype to phenotype

vanA / vanB detection

Genotype Observed 

phenotype

Suggestions for 

resolution

Report as

vanA /B detected Vancomycin R None Vancomycin - R

vanA /B not 

detected

Vancomycin S None Vancomycin - S

vanA /B detected Vancomycin S Confirm ID

Repeat AST

Check for mixtures

If not resolved, 

report as VRE

vanA /B not 

detected

Vancomycin R Confirm ID

Repeat AST

Check for mixtures

If not resolved, 

report as VRE

Excerpt from M100S30, Appendix H

What could 

be going on? 

u vanA can be present in non -enterococcal 
species 

u Vancomycin -variable Enterococcus 
faecium

u Wild-type vanA gene but òSó by phenotype

u Can convert to resistant phenotype upon 
vancomycin therapy

u Mixed cultures, new genotype, mutations 

etc é

Vancomycin -
variable 
Enteroccus

Tn1546 on plasmid
- Regulator, vanRS

- Resistance mechanism ( vanHAXYZ)

Deletion of vanRS = 
resistance mechanism not expressed

69 YO man, sepsis due to E. faecium

Isolates, pre -vancomycin 
treatment

Isolates, post 2 days IV 
vancomycin

vanA detected vanA detected

Vancomycin MIC = 1 mcg/mL Vancomycin MIC = 256 mcg/mL

vanRS deletion vanRS deletion

When using both genotype and 

phenotypeé.

Always make sure the identification, genotype and 
phenotype match

Troubleshoot discrepancies: re -ID, re-AST, purity 
plates 

When in doubté report more resistant result

Keep an eye out for trends & escalate
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Case 2: COVID -19 Seconardy

bacterial pneumonia

u 65 YO man

u Diagnosed with COVID -19, late August

u intubated, high ventilation settings, deep sedation, paralysis

u Completed dexamethaxone , remdesivir , vancomycin & pip -tazo

u Transferred to VUMC at familyõs request

u Arrives septic, sputum produced with deep in -line suctioning

Respiratory 
cultures
HEAVYGROWTH OF 
KLEBSIELLA PNEUMONIAE

AST RESULTS

ANTIMICROBIAL MIC Interpretation 

Amikacin ¢8 S

Ampicillin >16 R

Amp/ sulb >16 R

Aztreonam >16 R

Cefepime >16 R

Ceftriaxone >32 R

Ertapenem >4 R

Meropenem 8 R

Ceftaz -avibactam 2 S

Ceftolozane -tazobactam >32 R

Mero -vaborbactam 1 S

BD Phoenix CPO detect: 

òClass B beta-lactamase detectedó

What is the CPO detect?

On BD Phoenix GN panel
Growth -based detection of carbapenemase

Enterobacterales , P. aeruginosa , A. baumannii

Confirms class as A, B, or D ( Enterobacterales only)

Whitley et al. 2020 JCM. 58:1752 -19.

Organism N PPA NPA

Enterobacterales 1099 98.5% 97.2%

A.baumannii 138 97.1% 97.1%

P. aeruginosa 215 95.9% 92.3%

Correctly classifiedé. 95% of class A
96% of class B

99% of class D

Back to our AST RESULTS

ANTIMICROBIAL MIC Interpretation 

Amikacin ¢8 S

Ampicillin >16 R

Amp/ sulb >16 R

Aztreonam >16 R

Cefepime >16 R

Ceftriaxone >32 R

Ertapenem >4 R

Meropenem 8 R

Ceftaz -avibactam 2 S

Ceftolozane -tazobactam >32 R

Mero -vaborbactam 1 S

BD Phoenix: 

òClass B beta-lactamase detectedó

Gram negative resistance prediction

Addresses carbapenems onlyé
Ours was òRó to the carbapenems

Soé are we good?

Appendix H, Table H4
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Agent

(*US FDA approved)

Enterobacterales

Class A Class B Class D

Ceftazidime-avibactam*

Cefotolozane-tazobactam*

Imipenem-relebactam*

Meropenem-vaborbactam*

Cefiderocol

Aztreonam *

Adapted from Tamma P & Hsu AJ. 2019. J Ped Infect Dis. 8:251.

Intrinsic R or %S 
<30%

%S 30-80% %S >80%

What about newer drugs?

Do not expect a class B carbapenemase to 
be òSó to ceftazidime avibactam, 

meropenem vaborbactam é

resistance mechanism
^

* If no ESBL present 

Resolutioné

u Performed mCIM test: negative

u Performed PCR for NDM, IMP, VIM, KPC, OXA -48: negative

u Performed Etest for ceftazidime -avibactam: resistant

Edited results of ceftazidime -avibactam to òRó
Discussed case with team, agreed to investigate cefiderocol

In this case, neither óRó mechanism or phenotype appeared to be correct!

Isolate sequencing under way; working with BD on this isolate.

Software update from BD: if òclass Bó called, but ceftazidime-avibactam òSó, over-rule 
class B call.

Agreement Sensitivity Specificity

Total 77.8% 100% 67.7%

Enterics 89.4% 100% 84%

NF 58% 100% 43.2%

Prospective evaluation, n=295

Clinical Microbiology and Infection
Croxatto , Coste et al.2020 26:644Prospective CPO 

detect evaluation

VUMC audit:
- 25 isolates with carbapenamase called 

by CPO detect

- 0 positive by mCIM / eCIM

VUMC interim solution

Check carbapenemase result (CPO detect) vs. 
carbapenem MIC, CZA and MEV

Troubleshoot: re -ID, re-AST, purity plates 

If carbapenamse +, confirm with Carba -5 test. Do 
not report CPO detect result

If class B and CZA/MEV òSó, confirm with Etest

Other options for carbapenemase

detection from colonies

Method Time to 
results

Carbapenemases differentiated Species

Carba -5 (Hardy) Lateral flow 20 min KPC, OXA-48, NDM, VIM, IMP Enterics, 
P. aeruginosa

Xpert Carba -R 
(Cepheid)

RT-PCR 48 min KPC, OXA-48, NDM, VIM, IMP Enterics, 
P. aeruginosa
A. baumannii

RAPIDEC CARBA NP 
(bioMerieux )

Colorimetric <1 h Carbapenemase , not differentiated Enterics
P. aeruginosa

CPO detect (BD) Growth -based <16 h Class A, B, D

mCIM / eCIM (CLSI) Growth -based <18 h Carbapenemase , not differentiated Enterics
P. aeruginosa

CarbaNP (CLSI) Colorimetric 2 h Carbapeenmase , not differentiated Enterics
P. aeruginosa

Only FDA-cleared commercial optionsé and not including syndromic panels

Should we perform tests for 

carbapenemase ?

Help troubleshoot AST

Of aid for new 
antimicrobials. 

Epidemiology value 

Best predictor of 
outcome = MIC

Å Help troubleshoot AST results
ÅOf value to predict activity of 

new antimicrobials
Å Valuable for epidemiological 

studies

Å Best predictor of outcome = 
MIC

ÅMay be confusing in light of 
other results

Å Extra labor, QC, etc
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Case 3: Surgical infection

u 48 YO man

u Crush injury to hand

u Amputation to 2 fingers: small finger and ring 
finger

u Postoperatively given cephalexin

u Returns to ED 1 week later due to pain, foul 
odor

u Surgical revision, irrigation and debridement, 
infection of flexor tendon sheath of small 
finger

Culture results

K. pneumoniae MIC 
(mcg/mL)

Amox -clav >16 R

Amp -sulbactam 8 S

Aztreonam ¢2 S

Cefoxitin ¢4 S

Cefepime 4 SDD

Ceftazidime ¢2 S

Ceftriaxone >32 R

Ciprofloxacin ¢0.25 S

SXT ¢0.5 S

òESBL detectedó

Laboratory:
òShould we trust these results?ó

Back to M100 Appendix H

Variable resistance to 3 rd and 

4th- generation cephalosporins

Expected phenotype

Report phenotype as found

M100 
Appendix H

Types of ESBLs in the US (common)

Prevalence Observed susceptibility (2020 breakpoints)

Ceftriaxone Ceftazidime Cefepime Pip-
tazo

SHV type ~25%

TEM type <5%

CMT Low

CTX-M-14 ~10%

CTX-M-15 ~43%

Paterson and Bonomo . 2005. CMR. 18:657
Wang et al. JCM. 2011. 49:3127

Castanheira et al. 2014. AAC. 58:838

>90% R

>75% R

~50% R

<10% R

MERINO Trial

72%

14%

10%

2% 2%

MERINO isolates

CTX-M

Other ESBL

AmpC

ESBL + AmpC

None

- Study of òceftriaxone not 

susceptibleó isolates
- Patient with bacteremia treated 

with:
- Pip-tazo
- Meropenem

Mortality
12.3%
3.7%

Should we do ESBL testing again?

u MERINO was trial of ceftriaxone I or R, not ESBL (many did not have ESBL)

u Ceftriaxone NS can be due to: hyperexpression of TEM/SHV, AmpC , porin mutations, etc

u CLSI (and commercial tests) vary in ability to detect ESBL:

u òCeftriaxone not- susceptible E. coli and Klebsiella spp (I or R) are associated with an 
increased risk for treatment failure with piperacillin -tazobactam. Meropenem therapy 
preferred.ó

CLSI double disk 1 E. coli K. pneumoniae

PPV 97.6% 81.8%

NPV 75.9% 95.2%

1. Morrissey et al. JMM. 2014. 63: 556 -61
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ESBL: VUMC solutions

Check cephalosporin vs. ESBL call (or CTX -M 
detection from Verigene )

Aware ceftazidime may be S or R, expect 
ceftriaxone and cefepime are R

If ceftriaxone I or R, do not report pip -tazo
(regardless of MIC). Report meropenem

Case 4. Risk of reduced access to 

care 

u 4 day old female baby, found not breathing by mom

u Mom with limited prenatal care, + for Trichomonas at delivery

u On exam: bilateral purulent conjunctivitis with conjunctival lesion

u Xray: interstitial fluid noted in lungs bilaterally

u Started on ampicillin/gent and acyclovir

u ID consulted, cefotaxime added

Data
u CSF:

u Glucose 90

u Protein 161

u 6 nucleated cells

u Xray:  reticulonodular opacities 
bilaterally 

u Eye discharge: 

u GN Diplococci

u N. gonorrhoeae

u Tracheal aspirate

u N. gonorrhoeae

Treatment expanded: ceftriaxone, azithromycin

Antimicrobial resistance in GC: USA

https:// www.cdc.gov /std/stats18/GISP2018/docs/gisp_2018_supplement_final_2020.pdf

Azithromycin MICs Ceftriaxone MICs

Treatment of N. gonorrhoeae infections AST for N. gonorrhoeae

u Performed by agar dilution

u Some use gradient diffusion tests, disks

u Media: GC test agar +1% define growth 
media

u Because rarely isolated, most clinical 
laboratories do not perform testing

u Many labs perform a nitrocefin test

Table 1B: Agents to 
consider testing

Azithromycin

Ceftriaxone

Cefixime

Ciprofloxacin

Tetracycline

M100 S30 2020 p. 26
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CLSI recommendations

Caveats of beta -lactamase test:

1. Only detects plasmid resistance to penicillin

2. Penicillins not used since the 1990s for N. 

gonorrhoeae

M100S30. Table 2F, p. 79

Beta -lactam resistance in N. gonorrhoeae

Determinant Mechanism Affected 
antimicrobials

Detected by 
cefinase test?

Notes

penA mutation PBP2 target 
alternation

Penicillins (low level) No First emerged 1946

mtrR mutation Efflux No

porB1b mutation Reduce influx No

ponA mutation PBP1 target 
alteration

No

TEM-1, TEM-135* Hydrolysis of 
penicillin

Penicillins (high level) Yes 1976, likely from H. 
parainfluenzae

penA mosaic allele Altered PBP2 target Ceftriaxone
Cefixime

No Early 2000s

*TEM-135 is a single nucleotide mutation away from becoming an ESBL Unemo and Shafer 2015 CMR

Use of nitrocefin type -tests in M100

Organism Incidence of R Proportion caused 
by BLA

Other R mechanisms

Enterococcus spp. 23% overall* Exceedingly rare Mutation to PBPs

Haemophilus influenzae
Haemophilus parainfluenzae

20% 20-40% Mutation to PBPs

Anaerobes Depends on species. Most infections 
have BLA pos and neg

R to ampicillin, penicillin

Staphylococcus aureus >90% Nearly all Only test MSSA

SOSA >90% Nearly all Only test if not 
methicillin -R

Pfaller et al Op For ID 2019 6(Suppl 1). 

* More common in E. faecium than E. faecalis

Other organisms (M45)

u Aggregatibacter

u Cardiobacterium hominus

u Eikenella corrodens

u Kingella spp .

u M. catarrhalis

u Pasteurella spp.

In all cases, + beta -lactamase test indicates 
ampicillin/penicillin resistance

If test is negative, does not indicate susceptibility

Options:
- Report if positive only?

- Report with comment?

Example report

u Haemophilus influenzae

u Source: respiratory

u Infection: Pneumonia in an 8 year old

òThis strain is positive for beta-lactamase, indicating resistance to ampicillin.ó

Final laboratory report

u Do not report nitrocefin results

u Agar Dilution (TN DOH)

u Cefixime, 0.015 ug/mL

u Ceftriaxone, 0.008 ug/mL

u Azithromycin, 1 ug/mL

Baby recovers well, discharged to 
grandparents
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