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Objectives

- Identify the key components of an
antimicrobial susceptibility report

. Differentiate between antimicrobial MIC and
breakpoints

Identify limitations of antimicrobial
susceptibility data

Incorporate antimicrobial susceptibility data
in selection of an antimicrobial regimen

What is on the Susceptibility Report?

Blood Cult, Bact/¥st

Specimen Descript Blood ]| Source
Special None
Gram Stain Gram stain of blood culture medium: || Gram stain
Gram negative rod
Culture Escherichia coli
This Gram negative organism is a Culture

multidrug resistant organism (MDRO) .|
A person infected with a MDRO should
be in appropriate precautionary
isolation consistent with
institutional recommendations.

Report Status FINAL 03/23/10 Report Status
5od Cult, Bact/Ys!

Organism Escherichia coli MIC values and

Method Type MIC (Phoenix MIC) . .

Amikacin <=8 Susceptible interpretation

Ampicillin >16 Resistant

Cefazolin >16 Resistant

Ciprofloxacin >2 Resistant

Gentamicin <=2 Susceptible

Meropenem <=1 Susceptible _—— 1

Piperacillin/Tazo >64/4 Susceptibl
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Clinically Relevant Bacteria

Cocci Bacilli Cocci Bacilli
Staphylococcus spp. C. Diphtheria Neisseria spp. Enterobacteriacea:

Streptococcus spp.

Enterococcus spp.

Anaerobes:
Peptococcus
Peptostreptococcus

L. Monocytogenes

Bacillus spp.

Actinomycetes spp.

Anaerobes:
Clostridium spp.
Actinomyces spp.

M. catarrhalis

E. coli, Klebsiella,
Proteus, Serratia,

Enterobacter,
Cocco-bacilli: Salmonella
Hemophilus spp. Pseud
Bordetella pertussis Anaerobes:

Bacteroides
Fusobacterium

Propionibacterium

Quantitative Interpretation

. “Rare” does not imply the
pathogen is unusual
« Laboratory technicians visually
quantify the number of
organisms:
- Rare (1+): < 1 cfu per field
- Few (2+):1-10 cfu
- Moderate (3+): 11-25 cfu
- Many (4+): > 25 cfu
. Depends on source of culture,
organism

Second
quadrant

First
quadrant

Fourth Third
quadrant quadrant
1-2+ growth




Methods for Determining
MICs

Broth Dilution Tests

Prepare 2-fold (log,) dilutions of antibiotics in a
liquid growth medium dispensed in test tubes
Inoculate tubes with a standard bacterial suspension
(1-5 x 10° cfu/mL)

Incubate at 35°C overnight

Examine tubes for visible bacterial growth,
evidenced by turbidity

The lowest concentration of antibiotic that
prevented growth represents the minimum
inhibitory concentration (MIC)

What is the Minimum Inhibitory
Concentration (MIC)?

@ -,* Standard inoculum of bacteria

* *

:é* *:"; *;*

W@ W U U
Control 1 pg/mL of 2pg/mL 4pg/mL  8pg/mL 16 pg/mL 32 pg/mL

antibiotic

MIC = 8 pg/mL




Broth Microdilution Method

Each column (denoted 1-11) of wells contains a standard
antibiotic concentration that doubles when moving right to
left. Column 12 is a sterile control

pl

Each row contains
standard dilutions
of eight bacterial
organisms
(denoted A-H)

Automated Systems: BD Phoenix

Disk Diffusion Test

- Developed as a practical alternative to the dilution
tests

. The test agar plate is swabbed with a standard
concentration of bacteria (“lawn”)

- Paper discs impregnated with antibiotic are placed
on the “lawn”

- After overnight incubation, the diameter of the zone
of inhibited growth around the disc is measured

- The larger the zone, the more susceptible the organism to
the antibiotic




Kirby-Bauer Agar Disk Diffusion

“Lawn” of bacteria

Zone of inhibition
(Indicates susceptibility)

— Antibiotic impregnated discs

Antimicrobial Gradient Method

. Etest (bioMérieux AB BIODISK)

- Cost $2-3 per test

- Manual method of exact MIC testing using a gradient
technique

- Usually good correlation between broth or agar dilution
methods

- Plastic strip is impregnated on the underside with a dried
antibiotic concentration gradient and marked on the
upper side with a concentration scale

MIC is determined by the intersection of the lower part of
the ellipse shaped growth and test strip

E-test Determination of MIC

Pharmacotherapy. 2009;29(11):1326-1343. 15




Specialty Test: Clindamycin D-Test

Erythromycin Clindamycin

A positive D-test for inducible clindamycin resistance

Clin Infect Dis. 2005;40:280-285. 16

Detecting Resistance:
Modified Hodge Test

Carbapenemase Detection

(3) Clinical isolate Mueller-Hinton agar
plate with lawn of
1:10 dilution of E.
coli (ATCC 25922)

10ug meropenem or
ertapenem disc

(1) K. pneumoniae (ATCC
BAA 1705), positive
control

(2) K. pneumoniae (ATCC
BAA 1706), negative
control

MIC and Breakpoints




How are Breakpoints Set?

« Antibiotic breakpoints are critical values that
correlate an MIC value to clinical outcomes
- Two stages for setting breakpoints
- FDA initially sets breakpoints based on new drug
application data, published in the package insert

- CLSI correlates clinical outcomes to MIC values
and may suggest revisions to established
breakpoints

Clin Infect Dis. 2001;33(Suppl 3):5227-229.

Clinical and Laboratory Standards
Institute (CLSI)

« NCCLS founded in 1968 for the purpose of
developing voluntary consensus standards for clinical
lab testing in the US

. Antimicrobial Susceptibility Testing (AST)
Subcommittee

- Analyze 3 types of data for setting interpretive MIC
breakpoints
- Microbiological data
- Pharmacokinetic and pharmacodynamic determinations

- Review clinical and bacteriological response data collected
during pre- and post-FDA drug approval

Factors Associated with Clinical
Success/Failure

. Pathogen characteristics - Patient characteristics

- Species - Age
- Mechanisms of resistance - Immune status
- Infection characteristics - Body weight
- Site of infection - Comorbidities
- Presence of foreign « Drug characteristics
material

- Dose & formulation
- Vascularization ~ PK/PD




What is the Difference Between the
MIC and the Breakpoint?

Wild-Type Non-Enteric
GNRs {N=373) sli|r

Frequency (N)

MIC (ug/mL)

Why Revise Breakpoints?

. Original breakpoints may not reflect decreased

- Development of new screening tests to detect
resistant mechanisms (eg. mecA, ESBLs)

Clin Microbiol Infect. 2008;14(Suppl 1):169-174.
Clin Infect Dis. 2001;33(Suppl 3):5227-229. 23

Vancomycin Breakpoints for
Staphylococcus aureus Infections

High faiiun{e :ral;esz
CLSI Breakpoints 2000 with vancomycin
““““““ VSSA |1 viba VRSA
U (L AV l
MIC, pg/mL|0.5 - Bt 11 15 2- a8 | 16 232

Clin Infect Dis. 2007;44:1208-15. 24




Vancomycin Breakpoints for S. aureus

MIC, ug/mLf 0.5 |

*Antibiotic breakpoints are designed to correlate the MIC to
clinical outcomes.

IDSA News. May 2008;18(5) (available http://www.idsociety.org/newsArticle.aspx?i

Susceptibility Interpretation of New
Antibiotics

Table 6. ibility Test Result ive Crites
Pﬂ;‘ln;;mum With new antibiotics, we
nhibito . .
atons | (zone am)eur; do not have information
in mm| L .
regarding intermediate or
Pathogen Susceptible” Susceptible resistant MIC values.
Enterobacteriaceae <05 223
Pseudomonas aeruginosa <2 224
Acinetobacter baumannii <1 217 MIC determination is
Streptococcus anginosus group usually done by Etest, but
S, consteilatus and $. intermedius) an s uary v
n this often lacks
naer <1 n/a' . N
serobes L interpretation
The current absence of resistant isolates precludes defining any results other

than "Susceptible™. Isolates yielding MIC or disk diffusion results suggestive of
“! " should be subjected to additional testing.

TWa = not apphicable

Areport of S ble indicates that the is likely to inhibit growth of
the pathogen if the antimicrobial compound in the blood reaches the concentrations:
usually achievable.

http:, .doribax.com/doril i ive_pi.htmI? 26

Reading Between the Lines




Site of Infection Matters!

Blood Cult, Bact/Yst

Specimen Descript Blood

Special Requests None

Gram Stain Gram positive cocci suggestive of
Streptococci

[cuiture Streptococcus pneumoniae

Report Status FINAL 01/18/2010

Blood Cult, Bact/Yst

organism Streptococcus pneumoniae
Method Type MIC (Phoenix MIC)
Penicillin G 2 1 iate (P by Etest)
2 Resistant (Performed by Etest)

Ceftriax (mening) T Intermediate

in <=0.25 Susceptibl
[Penicillin nonmen 2 ible (P by Etest) |
Ceftriaxone (non meni 1 Susceptible —

\77 —

True or False: Therapy should be
chosen based on the drug with the
lowest MIC value.

False

MICs are specific to each bug-drug combination

Higher values do not imply worse efficacy — if the
interpretation is susceptible, then the antimicrobial
should be considered a therapeutic option

Contaminants

Catheter Tip Cult
Specimen Descript Central Venous Catheter .
etpsaminiag.Whether a Bug +« Common Contaminants

Cult . C 1. ti S hy L
s @ CORtaminant or NOt woiripre sernsbpagulase nogatve

_ . The number of StgpgBETdcCinot
Correlate clinical status to /Y000 vieh the catheter tip

culture results (Temp, WBfding the sourBipdthee@idtSon. This
| Ifthe bug grows in 2 out o F5o20eel, 15 SRR GEbREIER TG "
blood cultures, then it's  catheter tips.ypast (in sputum)
probably not a contaminant - Bacillus spp.

_ " ; AL 03/20/2010 . .
‘?:’ermﬁe Vs non-sterfie " Propionibacterium acnes
sites

7 O

- Alpha-hemolytic Streptococci
-| Immune status

10



Limitations of Antimicrobial
Susceptibility Testing

« Inoculum effect
- MICs may be falsely low
- May not accurately reflect resistant phenotypes
- Can lead to therapeutic failures
« CLSI susceptibility guidelines not available for rare
microorganisms
« Lack of MIC interpretations for new antimicrobial agents
« Breakpoints may not be current
« Detection of mechanisms of resistance are constantly
evolving
« Need to be interpreted within the clinical context of the
patient!

Clinical Applications:
Things to Consider

ESBL Producing Organisms

Urine Culture
Specimen Descript Urine
Special Requests None
Culture >100,000 cfu/mL Escherichia coli
This organism produces ESBL and
meets the definition for MDRO.
Report Status FINAL 08/20/10
Organism >100,000 cfu/mL Escherichia coli
Method Type MIC (Phoenix MIC
[Amikacin <=8 Susceptible
Ampicillin T Resistant
Ampicillin/Sulbac >16/8 Resistant
Aztreonam <=2 Resistant
Cefazolin >16 Resistant
Cefepime <=1 Resistant
Ceftriaxone 32 Resistant
Ciprofloxacin >2 Resistant
Gentamicin <=2 Susceptible
Mezopenem <=1 Susceptible
Nitrofurantoin <=16 Susceptible
Piperacillin/Tazo 16/4 Susceptible

P

Sulfameth/trimeth >2738 Resisy,,




Which antibiotic would you
recommend?

Rerobic Culture Swab
Specimen Descript
Special Requests
Gram Stain

Culture

Report Status

Aerobic Culture Swab

Very few Gram negative rods

Very few epithelial cells seen

Heavy growth Pseudomonas aeruginosa
Susceptibility testing to be confirmed

PENDING

Heavy growth Pseudomonas aeruginosa

organism
Method Type MIC (Phoenix MIC)
[Amikacin <=8 Susceptible |

Cefepime >16 Resistant
Ciprofloxacin >2 Resistant
Gentamicin >8 Resistant

i >8 Resistant
Piperacillin/Tazo 64/4 Susceptible

Tobramycin

>8 Resistant

—
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Sputum Culture + Gram Stain
Specimen Descript Sputum
Special Requests None
Gram Stain Few Gram positive cocci
Numerous white blood cells seen
Very few epithelial cells seen
Culture growth Aci
baumannii/calcoaceticus complex
Light growth mixed upper
respiratory flora
Report Status FINAL 08/11/10
Organism grwoth Aci
baumannii/calcoaceticus complex
Method Type MIC (Phoenix MIC)
Amikacin <=8 Susceptible
Cefepime 2 Susceptible
Ciprofloxacin <=0.5 Susceptible
Gentamicin <=2 Susceptihl/
Mmplcnlm/sulbactam?
36
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Class Substitutions

Blood Cult, Bact/¥st

Specimen Descript Blood
Special Requests None
Gram Stain Gram negative rod
Culture Escherichia coli

This Gram negative organism is a multidrug
resistant organism (MDRO) .

Report Status FINAL 06/08/10
oOrganism Escherichia coli
Method Type MIC (Phoenix MIC)
Amikacin <=8 Susceptible
Ampicillin >16 Resistant
Ampicillin/sulbac >16/8 Resistant
Aztreonam <=2 Susceptible
Cefazolin 16 Intermediate
Ceftriaxone <=2 Susceptible
Ciprofloxacin 2 Resistant
Gontamicin - ihl
Meropenem <=1 Susceptible
TIperacillin/tazo T/7 Suscetible —
Sulfameth/trimeth >2/38 Resistant

\

37
Clinical Practice Summary
« Site of infection
- Penetration
- Distribution
« Drug Selection
- Empiric — refer to antibiograms
- Drug susceptibility — de-escalate to narrowest spectrum antibiotic
« Patient Factors
- Renal and hepatic dysfunction
- Obesity, CF Patients, pediatrics, and geriatrics
- Maximize pharmacokinetic/pharmacodynamic parameters
« Administration
- Severe infections —intravenous vs. oral
- Dosing frequency — compliance
- Bioavailability
38
Pash | Hoy kid! Wama be & Superbag..?
Sick some of ﬁn_s info your genome...
Even Pmiu‘llh wont be able To ham you..!
Tt was on a short-cut through the hospital kitchens that Albert was first
approached by a member of the Antibiotic Resistance.
http://www.lab-initio.com/sci_bio_microbiology.htm| 39
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Coming Soon: Updated Breakpoints
for Cephalosporins

EUCAST and CLSI felt existing breakpoints did allow for detection of important
resistance mechanisms (ESBLs) and did not correlate well with clinical
outcomes. The revised breakpoints are not meant to detect all ESBL-
producing isolates of Enterobacteriaceae.

Cefuroxime Cefotaxime Ceftriaxone Ceftazidime Cefepime

R R
Current <8 |>16| <8 [>32| <8 |>32| <8 | >16 [ <8 |>16
breakpoints
EUCAST <8 | >8 | <1 | >2 <1 | >2 <1 >8 <1|>16
CLSI <8 | >8 | <1 | >2 <1 >2 <4 >8 <8 |>16

Clin Microbiol Infect. 2008;14(Suppl 1):169-174.
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