
Critical Errors in the Microbiology Laboratory

James A. McKinnell, M. D.

ASP Program

Infectious Disease Association of California

1



Disclosures
• I am the President and Co-Founder of Expert Stewardship

• I have provided promotional speaker services: Abbvie, 

Ferring
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Definitions

Error- the state or condition of being wrong in conduct or 

judgement

Critical Error – an error that would be expected to have 

predictable negative outcomes on patient care  

Quality Improvement Opportunity -  a change in practice 

that might improve outcomes, but is not derived from an 

erroneous practice 
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65 year old female 

with pneumonia on Hospital 

Day 5. Transferred from OSH 

for higher level of care.

PMH: COPD, Bronchiectasis, 

Diastolic CHF, Recurrent 

Pneumonia (prior pathogen 

history unknown)

Lucy



T: 101.2 RR: 22  BP: 104/62  HR: 125  
FiO2: 92%  
• Intubated, Sedated
• Frail with slight temporal wasting
• JVD was Flat 
• Tachycardic, No MRG
• RLL Rhonchi
• Decreased muscle mass
• No Skin Rash

• PEEP of 12 cm H2O and 80% FiO2
• Currently on norepinephrine at 6 

mcg/min

• Labs: WBC: 13K, GFR>80, LFTs 
WNL 5

Lucy: Admission Exam



RLL Pneumonia Gram-Negative Rods
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X-Ray Image courtesy of James McKinnell, MD case files

Gram Stain image: CDC Public Health Image Library



RLL Pneumonia with 

Bacteremia

Culture sent 
to lab

Cultured on 
automated 

system

Flagged as 
positive

Gram stain 
performed 
and called

Sub-cultured 
to solid 
media

Isolate ID 
and 

susceptibility

This is where we are with our patient. 

We only know we are dealing with a gram negative Rod.
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Lucy: Assessment

• 65 yo transferred to our hospital 

with sepsis, RLL pneumonia with 

Gram-negative rods, respiratory 

failure, retained organ function on 

vasopressor therapy.

• How important is 

correct ABX selection?
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Lucy: Assessment

• 65 yo with sepsis, RLL pneumonia 

with Gram-negative rods, 

respiratory failure, retained organ 

function on vasopressor therapy.

• What Antibiotics Should 

We Use?
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S. aureus
24%

P. 
aeruginosa

17%

A. baumannii
6%

Other
28%

Bacterial Pathogens Causing HAP

K. Pneumonia

Enterobacter spp.

E. Col

25%

Sievert et al. Antimicrobial Resistant Pathogens Associated with Healthcare-Associated Infections: Summary of Data Reported to NHSN at the CDC, 2009-2010, ICHE January 2013



That data is cute, but how do we choose the 

drug to treat the patient?
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Antibiogram data source: UCLA Health Infectious Disease



Antibiogram Basics

• Each patient can contribute one isolate to the antibiogram

• The first column represents the number of patient-isolates 

per year

• Each other column presents the percentage of isolates 

that are susceptible to each drug
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2016 Antibiogram data source: UCLA Health Infectious Disease

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf Accessed 11/22/2017

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf
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2016 Antibiogram data source: UCLA Health Infectious Disease

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf Accessed 11/22/2017

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf
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2016 Antibiogram data source: UCLA Health Infectious Disease

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf Accessed 11/22/2017

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf
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2016 Antibiogram data source: UCLA Health Infectious Disease

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf Accessed 11/22/2017

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf


Micek S T et al. Antimicrob. Agents Chemother. 2010;54:1742-1748.
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Antibiotic Selection for Sepsis

• What is the estimated risk that my chosen therapy will not 

be microbiologically active?

• What is the estimated risk of death for bad outcome for 

my patient while I await identification and sensitivity?
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Assessment and Plan

• 65 yo with sepsis, RLL pneumonia, 

respiratory failure, but retained 

organ function.

• Meropenem 2 gm q8H (over 3H)

• Tobramycin 350mg IV q24H
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Using the Antibiogram for Stewardship

• Do we really need to use a carbapenem in combination 

therapy here? 
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Antibiogram data source: UCLA Health Infectious Disease
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Combination Antibiogram from UCLA
Information provided for two-drug combination does NOT imply synergism, 

antagonism or likely activity in vivo; 1142 patients, includes the most resistant 

result for each drug if patient had >1 isolate.Amikacin

(97)1

Gentamicin

(92)

Tobramycin

(95)

Ciprofloxacin

(80)

Cefepime

(90)

Meropenem

(87)

Piperacillin-

tazobactam

(86)

Ciprofloxacin

(80)

*Includes pediatrics and adults

1. Percent susceptible for individual drug in parenthesis

2. Percent susceptible for either or both drugs (eg, %S to amikacin and/or cefepime

Adapted from 2016 Antibiogram data source: UCLA Health Infectious Disease

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf Accessed 11/22/2017

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf
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Combination Antibiogram from UCLA
Information provided for two-drug combination does NOT imply synergism, 

antagonism or likely activity in vivo; 1142 patients, includes the most resistant 

result for each drug if patient had >1 isolate.Amikacin

(97)1

Gentamicin

(92)

Tobramycin

(95)

Ciprofloxacin

(80)

Cefepime

(90)

992 97 97 95

Meropenem

(87)

98 96 97 92

Piperacillin-

tazobactam

(86)

99 97 97 93

Ciprofloxacin

(80)

98 95 96 -

*Includes pediatrics and adults

1. Percent susceptible for individual drug in parenthesis

2. Percent susceptible for either or both drugs (eg, %S to amikacin and/or cefepime

Adapted from 2016 Antibiogram data source: UCLA Health Infectious Disease

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf Accessed 11/22/2017

http://www.pathnet.medsch.ucla.edu/department/cliniclab/microbio/amic.pdf


Assessment and Plan

• 65 yo with sepsis, RLL pneumonia, 

respiratory failure, but retained 

organ function.

• Piperacillin-Tazobactam 4.5 gm q8 

Hours (over 2H)

• Tobramycin 350mg IV q24
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Hospital Antibiogram Limitations

• Favors observations in earlier part of calendar year

• Traditional antibiograms cannot provide interpretable data 

for combination therapy approaches 

• Does not adjust for specific patient risk factors, 

including prior antibiotic exposure, history of MDROs, 

and length of stay in the hospital or location in the 

hospital
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Quality Improvement Opportunity

• Take advantage of available data to provide better 

prediction scoring to clinicians 
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Our Patient Came from an OSH!!!
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LA County Regional Antibiogram



Assessment and Plan

• 65 yo with sepsis, RLL pneumonia, 

respiratory failure, but retained 

organ function.

• Meropenem 2 gm q8H (over 3H)

• Tobramycin 350mg IV q24H
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K. Pneumoniae from OSH Blood CX

Antimicrobial Susceptibility

Ciprofloxacin R

Pip/Tazobactam R

TMP/SMX R

Gentamicin R

Colistin S

Meropenem S

Tigecycline R
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2 Days After Consult

• Lucy still on ventilator, max FiO2, high positive ventilatory 

pressures

• Persistent Fevers

• Increased Sputum production

• Max pressors, increased over last 24 hours
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K. pneumoniae from Local Laboratory

Antimicrobial Susceptibility

Ciprofloxacin R

Pip/Tazobactam R

Gentamicin R

Colistin R

Meropenem R

Tigecycline R
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Delayed Antimicrobially Active Therapy (DAT) 

Increases Risk of Death by 2-3 Fold!!

Lodise et al 2018.



K. pneumoniae final results

Antimicrobial Susceptibility

Meropenem R

Meropenem MIC 2

35

OSH using old breakpoints, local hospital uses 

current breakpoints!

Why was there a discrepancy in Results?



Enterobacteriaceae breakpoints 
36

Current Breakpoints 

(M100-S22) MIC (ug/mL) 

Previous Breakpoints 

(M100-S19) MIC (ug/mL) 

Antibiotic Susceptible Intermediate Resistant Susceptible Intermediate Resistant

Ertapenem <0.25 0.5 >1 <2 4 >8

Imipenem <1 2 >4 <4 8 >16

Meropenem <1 2 >4 <4 8 >16

Use of Updated breakpoints is supported by the CLSI, FDA, CDC, and IDSA

Humphries et al. J Clin Microbiology, 2015.



Survey of Hospital Use of Current CLSI breakpoints
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Humphries et al. CID 2018, McKinnell et al. ID Week 2017



K. pneumoniae final results

Antimicrobial Susceptibility

Meropenem R

Meropenem MIC 2

Do we really care if the MIC is <=1 versus 2-4 mcg/ml? 
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Patel et al. Journal of Clinical Medicine. 2015 

• Matched cohort analysis of adult patients

• Enterobacteriaceae infections treated with 

carbapenems

• Compared MIC of 2-8 mcg/ml versus <1 mcg/ml 
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Patel et al. Journal of Clinical Medicine. 2015 

Does knowing the MIC matter?



CRITICAL ERRORS

• Failure to use current breakpoints increases patients 

risk of death
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Why would anyone use the 

old CLSI breakpoints?
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Breakpoint Uodates
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“The FDA and CLSI have supported the 

2010 CLSI breakpoints for 

Enterobacteriaceae.

FDA cannot mandate that AST 

manufacturers update breakpoints.

AST manufacturers do not want to spend 

the $$ to updated their breakpoints with the 

FDA.”
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Local Laboratory CAN update breakpoints

• Obtain Reference Bacterial Strains

• FDA has reference panels

• Laboratory runs a verification or validation study to update 

the breakpoints

• https://clsi.org/meetings/ast/breakpoints-in-use-toolkit/

• AST manufacturer can also be helpful in this process

• Save Lives

• LA County Department of Public Health Assisted in 

Carbapenem Breakpoint Updates for their Hospitals
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https://clsi.org/meetings/ast/breakpoints-in-use-toolkit/


BREAKING NEWS FLASH

• Aminoglycosides for Pseudomonas – gone?

• Combination therapy?
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Summary

• Discrepancy between CLSI and FDA Breakpoints is the 

product of clunky FDA regulation of Automated 

Susceptibility Testing Devices

• Failure to Resolve the Breakpoint Discrepancy has 

Resulted in Increased and Needless Patient Mortality – 

Documented in Clinical Trials and Not Quantified in 

Clinical Practice

• ASP Programs Need to Include at Least Annual Review 

and Routine Breakpoint Updates with Their Microbiology 

Laboratory

• Public Health may Play a Role in Standardizing Treatment
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