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Antibacterial susceptibility assay

<Quantitative ¢ Qualitative
»MIC (minimum inhibitory concentration) » Disk diffusion (Kirby-Bauer)
veersaliiies » Agar Well Diffusion

v Broth Dilution

Microdilution

v’ Agar dilution

v E-test

»MBC (minimum bactericidal concentration)




Disk Diffusion Procedure

1. Fresh overnight isolates

2. Prepare 0.5 Mc farland (in MHB or NS )

3. Inoculation in Mueller Hinton agar ( Swab)
4. Insert antibiotic disks

5. Incubation

6. Interpretation



McFarland preparation

McFarland Standard No. 0.5 1 2 3 4
1.0% Barium chloride (ml) 005 0.1 0.2 0.3 0.4
1.0% Sulfuric acid (ml) 995 |99 9.8 9.7 9.6
Approx. cell density (1X108 CFU/mL) | 1.5 3.0 6.0 9.0 12.0
9% Transmittance™® 743 |55.6 |356 |264 | 215
Absorbance® 0.132 1 0.257 | 0.451 | 0.582 | 0.669

OD at 600 nm




Colonies transferred aseptically

99,5 mL of H,50, 0.5 mL of BaCl,*2H,0
0.36 N 0.048 M

M

24 h-old pure agar culture 0.5 McFarland Scale

\ BaSO,
Sterile Saline (0.85 %) \ \_/

Turbidity adjusted to 0.5 McFarland

el = TR,
s Turbidity adiusted spectrophotomecally to (1-2)x108 CFU/mI_for bacteria
0.08-0.12 at 625 nm 1-5)x10¢ CFU/mLfor Candida albicans




Disk diffusion

- A major source of error = inoculum variation

- final concentration = a swab from 1-2 x 108 CFU/mL (0.5 McFarland)

» growth method

> direct colony

no. of disks per plate:
- 12 disks on a 150-mm
5 disks on a 90-mm (6 disks on a 100-mm )

Distance: 30 mm apart and no closer than 24 mm center to center

Plates should not be stacked more than five (same temperature)

obvious visible growth is seen by the naked eye



Disk diffusion (Factors affecting)

pH: 7.2-7.8

Medium storage (7 days at 8)

Temperature: 35+/-2

Time between inoculation & disk application (at most=15 min)
Disk size (6mm)

Depth of the agar (4mm)

Density of the inoculum (0.5 McFarland)

Fluid for preparing inoculum (NS for direct method, TSB for  growth method)
Atmosphere

Disk spacing

Disk handling & storage

SN X X < X X X X X X



Disk Diffusion Test




Hold the Petri plate a few inches above a black
background illuminated with reflected light.




Inhibition zone Interpretation

CLSI M100 S appropriate tables

- Susceptible — an infection probably respond to treatment with a standard dosage

- Intermediate indicative of nonuseful therapeutic options similar to the resistant

- However, infections at sites where the antibiotic 1s likely to be highly concentrated, such as -
lactams in the urinary tract, may respond to therapy

- Resistant — the infection is not likely to respond to therapy.
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Intermediate
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Nonsusceptible
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Interpretation
Interpretive Breakpoints
Category MIC, pg/mL Zone Diameter, mm

Susceptible <4 =20
Susceptible-dose 8—16 15-19
dependent

Intermediate 8—16 15-19
Resistant =32 <14
Nonsusceptible >1 <17




Conclusion disk diffusion

- Advantages:
> Inexpensive
»easy to use
» agar-based method
» qualitative results

< Disadvantages:
» unstable antibiotic concentration gradient
»Many in vitro variables influence zone sizes
= prediffusion, inoculum density, and growth phase, and variations in the agar plate (depth, pH, ions)
»High molecular weight compounds such as vancomycin and polymyxins will not diffuse well in agar
Csuitable for testing rapidly growing aerobic bacteria
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L
Warning

- The following antimicrobial agents that are included in this document should not be
routinely reported for bacteria isolated from CSF. These antimicrobial agents are not the
drugs of choice and may not be effective for treating CSF infections caused by these
organisms (ie, the bacteria included in Tables 2A through 2J):

- Agents administered by oral route only

- 1st- and 2nd-generation cephalosporins and cephamycins
- Clindamycin

- Macrolides

- Tetracyclines

- Fluoroquinolones



b. Not routinely reported on organisms isolated from the
urinary tract.

1Staphylococcus spp: QEnterobacterales:
- Azithromycin » Chloramphenicol
- Clarithromycin

- Erythromycin

- Clindamycin

- Minocyclin

- Chloramphenicol

(JOther Non- Enterobacterales:
» Chloramphenicol



L
d :Enterobacterales

»“WARNING” For Salmonella spp. and Shigella spp., aminoglycosides, first- and second-

generation cephalosporins, and cephamycins may appear active in vitro, but are not
effective clinically and should not be reported as susceptible.

»Routine susceptibility testing Is not indicated for nontyphoidal Salmonella spp. isolated

from iIntestinal sources. In contrast, susceptibility testing is indicated for all Shigella
Isolates



d:Enterobacterales

- When fecal isolates of Salmonella and Shigella spp. are tested, only ampicillin, a
fluoroquinolone, and trimethoprim-sulfamethoxazole should be reported routinely. In
addition, for extraintestinal isolates of Salmonella spp., a third-generation cephalosporin
should be tested and reported, and If requested, chloramphenicol may be tested and
reported. Susceptibility testing is indicated for typhoidal Salmonella (S. enterica ser.
Typhi and Salmonella enterica ser. Paratyphi A-C) isolated from extraintestinal and

Intestinal sources.



L
d:Enterobacterales

»>Ampicillin

»Gentamycin » Ciprofloxacin

~ Tobramycin > Levofloxacin

. » Trimethoprim-sulfamethoxazole
»>Amikacin

» Chloramphenicol
»Cefotaxime

> Cefteriaxone



Enterobacterales

* €. Cefotaxime or Ceftriaxone should be tested and reported on isolates from CSF
In place of cefazolin.

- f: Fosfomycin: For testing and reporting of E. coli urinary tract isolates only



Other Non-Enterobacterales

- g. Include Pseudomonas spp. and other nonfastidious, glucose-nonfermenting, gram-
negative bacilli but exclude P. aeruginosa, Acinetobacter spp., B. cepacia complex,
and S. maltophilia. Refer to each respective organism column for suggested
antimicrobial agents to test and report.

- Recommendations for testing and reporting of Aeromonas hydrophila complex,
Burkholderia mallei, Burkholderia pseudomallei, and Vibrio spp. (including V.
cholerae) are found in CLSI document M45.



L
Staphylococcus spp

- h. Rx: Rifampin should not be used alone for antimicrobial therapy.
- I. For S. aureus only, including methicillin (oxacillin-resistant S. aureus (MRSA).
- k. Daptomycin should not be reported for isolates from the respiratory tract.

- m. For staphylococci that test susceptible, gentamicin is used only In
combination with other active agents that test susceptible.



L
Staphylococcus spp

- J. Penicillin-susceptible staphylococci are also susceptible to other B-lactam agents
with established clinical efficacy for staphylococcal infections. Penicillin-resistant
staphylococci are resistant to penicillinase-labile penicillins. Methicillin (oxacillin-
resistant staphylococci are resistant to all currently available B-lactam antimicrobial
agents, with the exception of ceftaroline. Thus, susceptibility or resistance to a wide
array of B-lactam antimicrobial agents may be deduced from testing only penicillin
and either cefoxitin or oxacillin. Routine testing of other Blactam agents, except
ceftaroline, is not advised.



L
Staphylococcus spp

- |. If a penicillinase-stable penicillin is tested, oxacillin is the preferred agent,
and results can be applied to the other penicillinase-stable penicillins (refer to
Glossary 1). Detection of methicillin (oxacillin) resistance in staphylococci is
achieved by using specific methods as described in Tables 2 and 3F.



L
Enterococcus spp.

- n. Warning: For Enterococcus spp., cephalosporins, aminoglycosides (except for high-
level resistance testing), clindamycin, and trimethoprim-sulfamethoxazole may appear
active in vitro, but are not effective clinically and should not be reported as susceptible.

- 0.The results of ampicillin susceptibility tests should be used to predict the activity of
amoxicillin. Ampicillin results may be used to predict susceptibility to amoxicillin-
clavulanate, ampicillin-sulbactam, and piperacillin-tazobactam among non-B-lactamase-
producing enterococci. Ampicillin susceptibility can be used to predict imipenem
susceptibility, providing the species is confirmed to be Enterococcus faecalis.



L
Enterococcus spp.

- p. Enterococci susceptible to penicillin are predictably susceptible to ampicillin, amoxicillin,
ampicillin-sulbactam, amoxicillin-clavulanate, and piperacillin-tazobactam for non-B-
lactamase-producing enterococci. However, enterococci susceptible to ampicillin cannot be
assumed to be susceptible to penicillin. If penicillin results are needed, testing of penicillin
IS required. Rx: Combination therapy with ampicillin, penicillin, or vancomycin (for
susceptible strains) plus an aminoglycoside is usually indicated for serious enterococcal
Infections, such as endocarditis, unless high-level resistance to both gentamicin and
streptomycin is documented; such combinations are predicted to result in synergistic killing
of the Enterococcus. For strains with low-level penicillin or ampicillin resistance when
combination therapy with a B-lactam is being considered, see additional testing and
reporting information in Table 3J.



Enterococcus spp.

- . For testing and reporting of E. faecalis only.
- . For testing and reporting of E. faecalis urinary tract isolates only.

- 8. For testing and reporting of vancomycin-susceptible E. faecalis only.



Testing of repeat Isolates may be warranted.

- P. aeruginosa may develop resistance during prolonged therapy with all antimicrobial
agents. Therefore, isolates that are initially susceptible may become resistant within 3 to

4 days after initiation of therapy.

- Enterobacter, Klebsiella (formerly Enterobacter) aerogenes, Citrobacter, and Serratia
may develop resistance during prolonged therapy with 3rd-generation cephalosporins as
a result of derepression of AmpC B-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.

- Staphylococcus spp. may develop resistance during prolonged therapy with quinolones.
Therefore, isolates that are initially susceptible may become resistant within 3 to 4 days
after initiation of therapy



Antimicrobial gradient method
(E-test)

MIC 0.25 pg/ml

This method is used to determine the MIC value.




L
E-test (Epsilometer test)




Supplemental tests:

- Requried
- Inducible clindamycin resistance
- Beta Lactamase

- Optional

- ESBL

- Oxacillin salt agar (MRSA)

- carbaNP

- mCIM with or without eCIM
- Colistin agar test

- Colistin broth disk elution



Special tests:

< Screening tests:
- Vancomycin agar screen
- HLAR Dby disk diffusion

<»Surrogate agent tests
v'Cefazolin

v Cefoxitin

v'Oxacillin
v'Pefloxacin



L
D-test

JInducible resistance to clindamycin in gram-positive organisms

»detected by placing a clindamycin and an erythromycin disk
15-26 mm apart and observing for a flattening of the
clindamycin zone on the side closest to the erythromycin disk

D-zone demonstrating inducible resistance to clindamycin.



L
Reporting

- Report isolates with inducible clindamycin resistance as "clindamycin
resistant.*

- The following comment may be included with the report: "This isolate is
presumed to be resistant based on detection of inducible clindamycin
resistance.*

Hazy growth within the zone of inhibition around clindamycin,
clindamycin resistance, even if no D-zone is apparent.



Test for Detection of B-Lactamase Production In
Staphylococcus spp

- Disk Diffusion (penicillin zone-edge test)
- S. aureus with penicillin( zones > 29)

< Results:
»Sharp zone edge ("cliff") = B-lactamase positive
»Fuzzy zone edge ("beach™) = B-lactamase negative

. Reporting: B-lactamase-positive staphylococci are resistant to penicillin, amino-,
carboxy, and ureidopenicillins.



A: Positive Penicillin Disk Zone-Edge Test for B-Lactamase Detection. The
zone edge Is sharp or like a cliff indicating B-lactamase production.

B: Negative Penicillin Disk Zone-Edge Test for B-Lactamase Detection. The
zone edge is fuzzy or like a "beach" indicating no B-lactamase production.




R Ana Gf 5y sk A Dl Adsad ) sadilan (g Siid g e a oS S gLl (o) Cunlua Cpad Gl )
A4S (s S i dalse 4 uly 00 Sk )l L ) ol e s 5l gla Caigie | ) 25
(EUS‘L}cJJ.'\S‘_"_AJ\;:\\)\JJ\JJ\JJJ‘J)\@MUAGLA}J}}ZGAoJ&‘\AL"_ijjé.c &\Q&)JJJYW
(sl b cds)leS slaldl s 4+ an sie 58 (sl )8 i dile (SRl ) A S e e
calad ‘)SJJ\.A:\.\ J\JJ\&A&S@L@L@_’U\ Br \J‘L)mﬂug\ JJ\}SL;AD&J.\\AJ\

»Routine testing of urine isolates of Staphylococcus saprophyticus is not advised, because
Infections respond to concentrations achieved in urine of antimicrobial agents commonly
used to treat acute, uncomplicated UTIS (eg, nitrofurantoin, trimethoprim +
sulfamethoxazole, or a fluoroquinolone)
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Cefazolin

- When used for therapy of uncomplicated UTlIs, predicts results for the following oral

antimicrobial agents: cefaclor, cefdinir, cefpodoxime, cefprozil, cefuroxime,
cephalexin, and loracarbef

- Cefazolin as a surrogate may overcall resistance to cefdinir, cefpodoxime, and

cefuroxime. If cefazolin tests resistant, test these drugs individually if needed for
therapy.
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Extended Spectrum Beta Lactamase (ESBL)

»For K. pneumoniae, K. oxytoca, and E. coli:

v" Cefpodoxime 10 ug

o » For P. mirabilis:
vor Ceftazidime 30 ug

v Cefpodoxime 10 ug
v Or Ceftazidime 30 ug

v Or Cefotaxime 30 ug

v_or Aztreonam 30 ug
v'or Cefotaxime 30 ug

vor Ceftriaxone 30 ug

<Testing more than one antimicrobial agent improves
the sensitivity of ESBL detection.



L
Extended Spectrum Beta Lactamase (ESBL)

»Ceftazidime 30 ug
»Ceftazidime-clavulanate 30/10 ug

And

v Cefotaxime 30 ug
v Cefotaxime-clavulanate 30/10 ug

< Testing necessitates using both cefotaxime and ceftazidime, alone and in combination
with clavulanate.



Results

»A>5-mm increase in a zone diameter for either antimicrobial agent tested in
combination with clavulanate vs the zone diameter of the agent when tested alone =
ESBL

»eg, ceftazidime zone = 16; ceftazidime-clavulanate zone=21



ESBL Confirmatory Test
Positive for ESBL




ESBL CONFIRMATORY TEST
NEGATIVE FOR ESBL




Results

A) ESBL Positive B) ESBL Negative



ESBL CONFIRMATORY TEST

Etest Ceftaz/CA Ceftaz
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Reporting
<For all confirmed ESBL-producing strains:

- If laboratories do not use current cephalosporin and aztreonam breakpoints, the test
Interpretation should be reported as resistant for all penicillins, cephalosporins, and
aztreonam.

- If laboratories use current cephalosporin and aztreonam breakpoints, test interpretations
for these agents do not need to be changed from susceptible to resistant.



L
High-Level Aminoglycoside Resistance (HLAR)

< To screen enterococci for high-level resistance to aminoglycosides
(HLAR)

2Susceptibility to high-level gentamicin (120 ug) or streptomycin (300 ug) disks predicts
potential synergy between that aminoglycoside and penicillin that may contribute to
bactericidal effects with drug combination




L
Further testing and reporting
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Further testing and reporting

- Resistant: is not synergistic with cell wall-active agent (eg, ampicillin, penicillin, and
vancomycin).

- Susceptible: is synergistic with cell wall-active agent (eg, ampicillin, penicillin, and
vancomycin) that is also susceptible.

- If disk diffusion result is inconclusive: perform an agar dilution or broth dilution MIC
test to confirm.

Other aminoglycosides do not need to be tested, because
their activities against enterococci are not superior to
gentamicin and streptomycin.



»Strains of enterococci with ampicillin and penicillin MICs 16 ug/mL are
categorized as resistant. However, enterococci with low levels of penicillin
(MICs 16-64 ug/mL) or ampicillin (MICs 16-32 ug/mL) resistance may be
susceptible to synergistic killing by these penicillins in combination with
gentamicin or streptomycin (in the absence of high-level resistance to
gentamicin or streptomycin, if high doses of penicillin or ampicillin are used.

»Enterococci possessing higher levels of penicillin (MICs 128 ug/mL) or
ampicillin (MICs 264 ug/mL)resistance may not be susceptible to the
synergistic effect.

» Physicians' requests to determine the actual MIC of penicillin or ampicillin
for blood and CSF isolates of enterococci should be considered.



Methicillin-resistant Staphyloccus aureus
(MRSA)

- 30 ug cefoxitin disk
- 33 to 35°C; ambient air (Testing at temperatures above 35°C may not detect MRSA.)

- Cefoxitin is used as a surrogate for mecA-mediated oxacillin resistance

- Isolates that test as mecA positive should be reported as oxacillin (not cefoxitin)
resistant: other B-lactam agents, except those with anti-MRSA activity, should be
reported as resistant or should not be reported



Methicillin-resistant Staphyloccus aureus
(MRSA)

- Historically, resistance to the penicillinase-stable penicillins has been referred to as
"methicillin resistance" or "oxacillin resistance." MRSA are strains of S. aureus that
express meca, mecc, or another mechanism of methicillin (oxacillin resistance, such as
changes in affinity of penicillin-binding proteins for oxacillin (modified S. aureus

strains).



Oxaclllin resistant for Staphyloccus spp

S, aureus Yes Yes Ve No Yes
. lugdunensis Yes Yes Yes No No
S epidermidis No Yes Yes Yos No
3. pseudintermedis No No Yos Yes No
§. schlofor No No Vs Ves No
D:urlsmmoccm $pp. (not isted | No Yes Yes' No No
above




R 1o meCA O ssas S s 4S8 (sl el Cuna sl bl B 4y s (pianS ghu ) ealdiul v/
A e G Gy g (VBT s el 581 (6 B0 02 g ales ) ol 81 (e sla (g L 4nslia

ALY (sl 58S jlga 5 Lo adus cla anl ) 80 sla b s alad 4o 1) Calad 8 4y 4 slie (LSS glalind v/
Gl Al LS AR aglia ddin vitro dad s o Jelse ol Gile )l gl 4g A 55 s ¢ LlSYL /
4 (MRS) il e 4y aglie SSlilinl sla Caigie ) oad dilue 3 ga JSI 4S Gl )l gl Cuadl
O b (A S e pad 5o (6] aiS il il sl eala by caiay e Zly Cliia LSV L a0
) st A4) ) () ¢S Sha gla Cigie y) Jal e

Dyl atl AS LS / ALY i€ lee S 55 b adu i (ol ) 40 (il 5l 4upan 5l
A )R ) (e sla Jline ) Jeala i b glas el o3 (ile 31 R



methicillin (oxacillin)-susceptible staphylococci can
be considered susceptible to:

»B-lactam combination agents
»>Qral cephems
> Parenteral cephems

» Carbapenems



Vancomycin agar screen

- Enterococci (Vancomycin-resistant enterococci :VRE)

- Staphyloccus aureus



Disk diffusion and gradient diffusion methods
should not be performed:

<The polymyxins (colistin and polymyxin B)
v'broth disk elution and agar dilution

< Vancomycin for Staphyloccus spp

<Daptomycin

When testing vancomycin against enterococcli, plates should be held a full 24 hours for
accurate detection of resistance. Zones should be examined using transmitted light; the
presence of a haze or any growth within the zone of inhibition indicates resistance.



Agar Well Diffusion
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Minimum inhibitory concentration(MIC)

Minimal Inhibitory Concentration (MIC)
of Ampicillin for E. coli

1 mgfL=1 pg/ml
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MIC (Minimal Inhibitory Concentration)

oo0o@ @

ug/ml 4ug/ml 2ug/ml 1 ug/ml 0.5ug/ml

s 8§ 8 B

Agar plates or broth with different concentrations of antibiotic

are inoculated with same number of bacteria



Minimal Inhibitory Concentration(MIC)

TUBE-BASED MIC PHOTO (Post-Incubation)

Courtesy of Antimicrobial Test Laboratories
- highly diluted quaternary ammonium

- same antimicrobial agent in both rows / Range of product dilutions are analyzed

1:1 1:2 LEL 1:8 1:16 1:32 1:64 1:128 1:256 1:512

Point at '
growth is Tubes

inhibited = - : S. aureus ' Indicate
Minimu 4 Growth
Inhibito
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Minimal Bactericidal Concenteration (MBC)

Serial Dilution Susceptibility Testing
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Agar Dilution Susceptibility Test
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Vitek 2 compact instrument

Vitek 2 compact _
Vitek 2 compact cards
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Becton Dickinson Phoenix instrument




Why we need QUALITY CONTROL for antibiotic assays?

1Sources of error include
(a) incorrect measurement or transcription of zone diameters
(b) inadequately mixed, expired, or incorrectly stored turbidity standard
(c) one or more of the materials out of date or incorrectly stored
(d) incorrect incubation temperature or atmosphere; (e) malfunctioning equipment
(e.g., pipettors)
(f) incorrectly stored disks
(g) altered or contaminated control strain
(h) incorrectly prepared inoculation
(1) inoculum source more than 24 hours old.



