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Objectives
• Discuss a challenging case from a clinical and laboratory 

perspective

• Evaluate testing options for rapid identification of resistant 
infections

• Discuss changing epidemiology of Candida infections

• Discuss the need for ongoing breakpoint updates  
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Estimates of HAIs 
in U.S. Acute Care Hospitals (2011)

Infection Site Estimated 
Number

Surgical Site Infections 
(from any inpatient surgery) 157,500

Pneumonia 157,500
Gastrointestinal Illness 123,100
Other Types of Infections 118,500
Urinary Tract Infections (UTIs) 93,300
Primary Bloodstream Infections (BSIs) 71,900
Estimated Total Number of Infections in 
Hospitals 721,800

Centers for Disease Control and Prevention. Healthcare-associated Infections (HAIs). Updated October 15, 2015. 
http://www.cdc.gov/HAI/surveillance/. Accessed November 17, 2015. 
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US Causes of Death

2013 Deaths
1 Heart Disease 611,000
2 Cancer 584,000
3 Accidents 130,000
4 Stroke 129,000
5 Healthcare Associated Infections 100,000
6 Alzheimer’s Disease 83,000

http://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm Accessed 4/22/2015, rounded 
to the nearest thousand deaths. 
http://www.cdc.gov/HAI/pdfs/hai/infections_deaths.pdf Accessed 4/22/2015.
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Case Presentation
• The following descriptions are of real cases that I or my 

colleagues have managed

• I will discuss use of antibiotics that may not follow FDA 
approved indications, but do follow generally accepted 
clinical practice

• Identifying information has been changed
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65 year old female 
transferred from OSH for pneumonia

PMH: COPD, Bronchiectasis, 
Diastolic CHF, Recurrent Pneumonia 
(prior pathogen history unknown)

• 2 Weeks ago Treated in Mexico for 
pneumonia, prior antimicrobial 
therapy unknown

• 5 Days ago admitted to OSH w/ 
cough, sputum, and SOB.  
Immediately intubated 

Piperacillin-tazobactam 3.375 gm 
IV q6Hours

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 8 cm H2O and 80% FiO2
• Currently on norepinephrine at 6 

mcg/min

• Labs: WBC: 13K, GFR>80, LFTs 
WNL 8

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



Lucy Assessment and Plan

• 65 yo with sepsis, RLL pneumonia 
with Gram-negative rods, 
respiratory failure, retained organ 
function on vasopressor therapy.

• RLL pneumonia progressed while 
on Piperacillin-Tazobactam

• What antibiotics should 
we use?
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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
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Antibiogram data source: UCLA Health Infectious Disease
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Antibiogram data source: UCLA Health Infectious Disease



Micek S T et al. Antimicrob. Agents Chemother. 2010;54:1742-1748.
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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 antibiogram data source: UCLA Health Infectious Disease



Assessment and Plan

• 65 yo with sepsis, RLL pneumonia, 
respiratory failure, but retained 
organ function.

• Meropenem 1 q8 Hours (over 3H)

• Tobramycin 350mg IV q24
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2 Days After Consult
• Lucy is still on ventilator, 100% 

O2, high positive ventilatory 
pressures

• Ongoing sputum production

• Max pressors, increased over 
last 24 hours
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Susceptibility Pseudomonas aeruginosa
Antimicrobial Susceptibility
Piperacillin/Tazobactam R
Cefepime R
Ceftazidime R
Meropenem R (MIC-32)
Ciprofloxacin R
Gentamicin R
Tobramycin S
Colistin S

2
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Aminoglycoside Monotherapy Not 
Recommended for Pseudomonas

“Aminoglycoside monotherapy was associated with 
increased mortality, even after adjusting for confounders…”

Importance of Site of Infection and Antibiotic Selection 
in the Treatment of Carbepenem-Resistant 
Pseudomonas aeruginosa Sepsis.
Britt et al. Antimicrob Agents Chemother. 2018 Mar 
27;62(4). pii: e02400-17. Print 2018 Apr.
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Automated Susceptibility Systems Poorly Identify
Colistin Resistance

Polymyxins: Antibacterial Activity, Susceptibility Testing, and Resistance 
Mechanisms Encoded by Plasmids or Chromosomes
Laurent Poirel, Aurélie Jayol, Patrice Nordmann
April 2017, Clinical Microbiology Reviews Volume 30 Issue 2
https://doi.org/10.1128/CMR.00064-16

https://doi.org/10.1128/CMR.00064-16


Polymyxin Study: AST Methods for Colistin
Broth Microdilution Method

Reference Method – CLSI & EUCAST

Agar Dilution

• Not recommended (CLSI/EUCAST)
• Laborious

Sensititre (TFS)

96%
Categorical Agreement

Zero False Susceptibility Results

Concentrations (0.12-128 µg/ml)

Disk Diffusion

• Not reliable.  Poor agar diffusion.
• High False-Susc. Results. ~35%

Etest (bMX)
• Not reliable.
• High False-Susc. Results of R strains.
• Overcalls MICs of Susc strains.

Vitek2 (bMX)
• Low Sensitivity for resistant strains.
• Not reliable for heteroresistance.
• Europe Field Notification - DNR

Phoenix (BD)
• High False-Susc. Results. ~15%
• Low detection of Colistin heteroresist.

Microscan (Beckman)

87%
Categorical Agreement 

(Acinetobacter spp.)

2 MIC Concentrations (2 & 4ug/ml)



• “The high patient mortality rate (44% at 28 days)… is 
sobering – considering that infection with bacteria 
susceptible to colistin was a criterion for inclusion and 
that colistin dosing was carefully controlled – but is not 
surprising.”

• “…low Charlson and SOFA scores…”

• “…colistin, either as monotherapy or combined with a 
carbapenem, is not that effective.”

Perez F, Bonomo RA. Lancet Infect Dis. 2018 Apr;18(4):358-360. doi: 10.1016/S1473-
3099(18)30112-9. Epub 2018 Feb 16.

Evidence to improve the treatment of infections 
caused by carbapenem-resistant Gram-negative 
bacteria



Ceftolozane-Tazobactam
• FDA indications: complicated UTI and complicated intra-

abdominal infection

• P. aeruginosa activity includes cefepime + pip-tazo + 
meropenem-resistant strains

• The tazobactam adds almost nothing for P. aeruginosa 
activity

• Current FDA approved dose is 1.5g Q8h. 3.0g Q8h for 
nosocomial pneumonia – study completed 6/6/2018

• No activity against carbapenemase producing 
Enterobacteriaceae
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Clinicaltrials.gov: NCT02070757. Available at: https://clinicaltrials.gov/ct2/show/NCT02070757. Accessed September 13, 2018.
Bulik CC et al. Antimicrob Agents Chemother 2010;54:557-559.



Ceftazidime-Avibactam

• FDA approved indications: cUTI, cIAI, 
nosocomial/ventilator pneumonia

• The avibactam is the game-changer

• Ability to inhibit KPC, OXA-48 type, and AmpC
inhibition

• No metallo-beta-lactamase inhibition

• Marked improvement in MDR P. aeruginosa activity 
over ceftaz alone

Torres A, et al. Lancet Infect Dis 2018. http://dx.doi.org/10.1016/S1473-3099(17)30747-8.



Ceftazidime-Avibactam & Ceftolozane-
Tazobactam for P. aeruginosa Resistant to:
Ceftazidime, Meropenem, &  Pip-Tazobactam

# ≤0.25 0.5 1 2 4 8 16 32 >32

Ceftazidime
-Avibactam 330 0.3 1.5 15.2 45.1 71.8 87.9 93 100

Ceftolozane
-

Tazobactam
175 12.6 39.4 68.6 85.1 89.7 92 100
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Cumulative % inhibited at an MIC of:

Sader HS et al.  Antimicrob Agents Chemother 2015;59:3656-3659. Table 1
Farrell DJ et al. Antimicrob Agents Chemother 2013;57:6305-6310. Table 3



Ceftazidime-Avibactam Versus Ceftolozane-
Tazobactam for P. aeruginosa Resistant to:
Ceftazidime, Meropenem, &  Pip-Tazobactam*
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Number of 
Isolates Caz/Avi C/T

Humphries 105 29% 52.4%

Grupper 103 54% 79%

Sader 47 70.2% 72.3%

*Buehrle et al and Gonzalez et al excluded due to too few isolates for BLR resistance phenotype
Humphries et al. Antimicrobial agents and chemotherapy. 2017 Dec 1;61(12):e01858-17.
Grupper et al. Antimicrob Agents Chemother. 2017 Sep 22;61(10). pii: e00875-17. doi: 
10.1128/AAC.00875-17. Print 2017 Oct.
Sader et al. J Antimicrob Chemother. 2018 Jul 27. doi: 10.1093/jac/dky279. [Epub ahead of print]



I need to know antimicrobial susceptibility to 
these novel agents to effectively manage P. 
aeruginosa resistant to Ceftazidime, 
Meropenem, and Pip-Tazo.

It’s not all the time, but when I need AST data 
– there is no substitute. 
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Can you help with my Septic Patient?

• MF is a 48 year old male physician

• No past medical history

• Admitted 3 weeks ago to an OSH with ischemic bowel

• Immediate resection of bowel with re-anastamosis
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Can you help with my Septic Patient?
• Post-operatively develops mild peritonitis

• Poor return of GI function on TPN via PICC line

• Transferred yesterday, doing well on:
Vancomycin and Piperacillin-Tazobactam
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Can you help with my Septic Patient?

• MF “Crumped” today

• Febrile

• Intubated, high ventilation requirements

• Multiple pressors

• New leukocytosis, renal failure, shock liver
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RLL Pneumonia
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• Outside hospital blood cultures: gram-negative rods

• Outside hospital: urine culture positive for “Yeast”

Review of Today’s Culture data
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Micek S T et al. Antimicrob. Agents Chemother. 2010;54:1742-1748.
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GNR: Meropenem/Gentamicin
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Blood drawn, 
sent to lab

Cultured on 
automated 

system
Flagged as 

positive
Gram stain 
performed 
and called

Sub-cultured 
to solid 
media

Isolate ID 
and 

susceptibility

The Power of Rapid Identification

This is where we are with our patient.
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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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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


Hey Micro!!!

Blood 
drawn, sent 

to lab

Cultured on 
automated 

system
Flagged as 

positive
Gram stain 
performed 
and called

Sub-cultured 
to solid 
media

Isolate ID 
and 

susceptibility

Identification Here Would be Great!!
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GNR: Meropenem/Gentamicin

GP: Vancomycin -> Linezolid

Linezolid for empiric coverage of MRSA pneumonia is 
controversial. My decision was based on the zephyr trial 
that suggested improved outcomes with linezolid in 
treatment of confirmed MRSA pneumonia.

42

Chavanet et. al. Med Mal Infect. 2013



• Outside hospital blood cultures: Gram-negative rods
• Outside hospital: Urine culture positive for “Yeast”

Should we care about the positive urine culture?

Review of Today’s Culture data
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* CID 2013 56

45

Don’t rely on blood cultures to find 
Candidiasis



Too Little, Too Late?

**DMID 1993 17:103-9
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“Fever in a Patient on Broad Spectrum Antibiotics”

-Candida colonization
-Severity of illness
-Exposure to broad-spectrum antibiotics
-Recent major surgery (especially abdominal surgery)
-Necrotizing pancreatitis
-Dialysis 
-Parenteral nutrition
-Corticosteroids
-Use of central venous catheters
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Can you help with my Septic Patient?
• MF is a 48 year old male Physician

• No Past Medical History

• Admitted to OSH 3 weeks ago with Ischemic Bowel

• Immediate Resection of Bowel with Re-Anastamosis
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Can you help with my Septic Patient?
• Post-Operatively develops Mild Peritonitis

• Poor Return of GI function on TPN via PICC line
• Transferred from the OSH yesterday, doing well on:

Vancomycin and Piperacillin-Tazobactam
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Can you help with my Septic Patient?
• MF “Crumped” today

• Febrile

• Intubated, High Ventilation Requirements

• Multiple Pressors

• Renal Failure

• Shock Liver
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Presumptive treatment of occult candidemia for non-
neutropenic patients 
- Candida colonization
- Severity of illness
- Exposure to broad-spectrum antibiotics
- Recent major surgery (especially abdominal surgery)
- Necrotizing pancreatitis
- Dialysis 
- Parenteral nutrition
- Corticosteroids
- Use of central venous catheters



Presumptive treatment based on risk factors

Critical patients should receive an Echinocandin. 
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Changing epidemiology of Candida

Cleveland et al. 2015. PLoS One 
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Fungal Resistance in Candida infections
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Alexander BD. Clin Infect Dis. 2013 Jun 15; 56(12): 1724–1732.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3658363/


Hey Micro!!!

• Can you identify the yeast in the urine?
• Community urine culture probably not critical 
• In ICU patient, can be very important!

• Can you give me susceptibilities?
• In-house versus reference laboratory
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GNR: Meropenem/Gentamicin
GP: Linezolid
AF:  Anidulafungin
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1 Day After Consult
• MF still on ventilator with sputum production

• Still febrile on vasopressors

• AST/ALT slightly improved

• Still on dialysis

• Sputum cultures from lab growing Klebsiella pneumoniae
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K. Pneumoniae from OSH

Antimicrobial Susceptibility
Ciprofloxacin R
Pip/Tazobactam R
Gentamicin R
TMP-SMX R
Meropenem S
Tigecycline R
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2 Days After Consult

• MF still on ventilator, max FiO2, high positive ventilatory 
pressures

• 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
TMP-SMX R
Meropenem R
Tigecycline R
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Why the discrepancy?

• OSH using old breakpoints, local hospital uses current 
breakpoints!
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Enterobacteriaceae breakpoints 
62

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.



Use of current CLSI breakpoints

67% 67% 65%76% 77% 78%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

Enterobacteriaceae P. Aeruginosa Acinetobacter spp.
LA COUNTY STATE

63



Why would anyone use the 
old CLSI breakpoints?
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“The FDA and CLSI have supported the 
2010 CLSI breakpoints for 
Enterobacteriaceae.

Not all automated laboratory systems have 
updated their breakpoints.”
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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?
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Patel et al. Journal of Clinical Medicine. 2015 

Does knowing the MIC matter?

• Carbapenems are un-reliable when the MIC is > 2 mcg/ml

• Failure of carbapenems at MIC > 2 mcg/ml is largely due 
to the pharmacokinetics of the drug

• Carbapenems work by time-dependent killing, measured 
as time above the MIC



GPC: Linezolid

GNR: Meropenem/Gentamicin

Ceftazidime-Avibactam
Meropenem
Colistin Inhaled

Other: Anidulafungin
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GPC: Linezolid

GNR: Meropenem/Gentamicin

Ceftazidime-Avibactam
Meropenem Plazomicin
Colistin Inhaled

Other: Anidulafungin
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8 Days After Consult
• MF still on ventilator, but sputum production nearly 

resolved

• Afebrile

• Off Pressors

• Still on Dialysis, but urine output improving
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Summary
• Dealing with MDRO infections is challenging and complex

• Develop your relationship with the microbiology laboratory 
to understand your local limitations;
• Breakpoints
• Antifungal Drug Testing
• Rapid Diagnostics

• Critical microbiology results can improve care, particularly 
for critically ill patients
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