Antimicrobial Resistance
(ESBL, MDR, XDR & PDR)

By: Dr. Hadi Rezaei, PhD.

Clinical and Laboratory Bacteriologist

Microbiology Lab Director



Outline:

v" Introduction

v Methods of antimicrobial susceptibility test (AST)
v CLSI and important definitions & determinants
v" Criteria of correct and appropriate antibiotic selection

v" Correct analysis and interpretation of AST results

v" Identification and report of ESBL, MDR, XDR & PDR strains
v Quality assurance and quality control (QA&QC) in AST

v WHONET 2019 software for correct and reliable analysis of AST results
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AST Is essentlal for the selecnon







Purposes

* To guide the clinician in selecting the best
antibiotic agent for an individual patient.

e To control the use of Inapproprlate
antibiotics in clinical practice.

® To accumulate epidemiological information on the
resistance of microorganisms of public health

importance within the COIMMUN |ty

» To reveal the changlng trends in the local

. isolates. ‘




Types
® Qualitative

® For the testing of isolates from “healthy” patients with intact
immune defenses.

e For less serious infections such as

uncomplicated urinary tract infections.

® Quantitative
e Inthe treatment of S€rious infections such as

endocarditis or osteomyelitis.
® For infections in high-risk patient groups such as

Immunocompromised patients (e.g..

transplant patients).

® Those who are riti cal Iy 11}
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(1)Weight (mg) = Volume (mL) » Concentration (ug/mL)

Potency (ng/mg)

Or
N

(2)Volume (mL) = Wecight (mg) * Potency (pg/mg)
Concentration (ug/mi)
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Antimicrobial Susceptibility Test
Broth Microdilution Dilution
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PK measurement

PATHOLOGY

PK/PD determination
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Interpretation
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Targets of Antimicrobials

Protein synthesis inhibitors acting

Cell wall inhibitors on ribosomes

Block synthesis and repair Ribosame Site of action
;. gll)_/igt;er?)?ds 50S subunit
- Glycopey n -
3. Bacitracin c;;'-» c,J,-A _
4. Fosfomycin ), Macrolides _
5 |soniazid - | chloramphenicol
6. Ethambutol
7. Cycloserine
8. Moenomycin
| \ Site of action
"l Subs]trate }I “~ 30S subunit
i [ |
Cell membrane ﬂ i Aminoglycosides
| | E yhe | Tetracyclines
Polymyxins h\ \ Glycylcyclines
Daptomycin - Product
Nystatin

" f ¥\ - and 50S

Quinolones ! : Blocks initiation of protein
Rifamycins l\ ; synthesis
Metronidazole \\ y Linezolid
Clofazimine ——] & /
-~ MRNA
Novobiocin RhASS

Antimetabolite (Folic acid synthesis)

Block pathways and inhibit
metabolism
Sulfonamides (sulfa drugs)
Trimethoprim
Dapson




Antimicrobial Class Antimicrobial Subclass(es) Agent(s) Included; Generic Name(s)

Fenicillins Penicillinase-lahile Fenicillin Fenicillin

penicillins® Aminopenicilling Amaoxicillin
Ampicillin

Carboxypenicillins Carbenicillin
Ticarcillin

Ureidopenicillins Azlocillin
Mezlocillin

Piperacillin

Penicillinase-stable Cloxacillin
penicillins® Dicloxacillin
Methicillin
Mafcillin
Oxacillin

Aminopenicillin Mecillinam

p-lactam combination agents Amoxicillin-clavulanate
Ampicillin-sulbactam
Artreonam-avibactam
Cefepime-tazohactam (1:1)
Cefepime-zidebactam
Ceftaroline-avibactam
Ceftazidime-avibactam
Cefiolozane-tazobactam
Imipenem-relebactam
Meropenem-vaborbactam
Piperacillin-tazobactam
Ticarcillin-clavulanate

Cephems (parenteral) Cephalosporins I° Cefazrolin
Cephalothin
Cephapirin
Cephradine

Cephalosporins 1% Cefamandole
Cefonicid
Cefuroxime (parenteral)

Cephalosporins 111° Cefoperazone
Cefotaxime
Ceftazidime
Ceftizoxime
Ceftriaxone

Cephalosporins IV Cefepime
Cefpirome




“Antimicrobial Class

Antimicrobial Subclass(es)

Agent(s) Included; Generic Name(s)

Cephems (parenteral (Continued)

Cephalosporing with anti-MRSA activity

Ceftaroline
Ceftohiprole

Cephamycins

Cefmetazole
Cefotetan
Cefoxitin

Oxacephem

Moxalactam

Siderophore cephalosporin

Cefiderocol

Cephems (oral)

Cephalosporing

Cefaclor
Cefadroxil
Cefdinir
Cefditoren
Cefetamet
Cefixime
Cefpodoxime
Cefprozil
Ceftibuten
Cefuroxime (oral)
Cephalexin
Cephradine

Carbacephem

Loracarhef

Monohactams

Aztreonam

Penems

Carbapenems

Biapenem
Doripenem
Ertapenem
Imipenem
Meropenem
Razupenem

Penems

Faropenem
Sulopenem




Antimicrobial Class Antimicrobial Subclass(es) Agentis) Included; Generic Name(s)

Aminocyclitols Spectinomycin

Aminoglycosides Amikacin
Gentamicin
Kanamycin
Metilmicin
Flazomicin
Streptomycin
Tobramycin

Aminoqglycoside-fosformycin Amikacin-fosfomycin

Ansamycins Rifamycins Rifabutin
Rifapentine
Rifampin
Rifaximin

Folate pathway antagonists Dihydrofolate reductase inhibitors lclaprim

Sulfonamides

Trimethoprim
Trimethoprim-sulfamethoxazole

Sulfonamides Sulfamethoxazole
Sulfisoxazole

Combination Trimethoprim-sulfamethoxazole

Fosfomycing Fosfomycin

Glycopeptides Glycopepfide Yancomycin

Lipoglycopeptides Dalbavancin
Critavancin
Teicoplanin
Telavancin
Ramoplanin

Lincosamides Clindamycin
Lincomycin

Lipopeptides Diaptomycin
Surotomycin

Polymyxins Colistin
Falymyxin B

Macrocyclic lactone Fidaxomicin




Antimicrobial Class Antimicrobial Subclass(es) Agent(s) Included; Generic Name(s)

Macrolides Azithromycin
Clarithromycin
Dirithromycin
Enythromycin

Fluoroketolide Solithromycin

ketolides Mafithromycin
Telithrormycin

Nitroheterocyclics Nitrofuran Mitrofurantoin

Nitroimidazoles Metronidazole
Secnidazole
Tinidazale

Thiazolides Nitazoxanide
Tizoxanide

Cxazolidinones Linezolid
Tedizolid

Peptide Magainin Pexiganan

Phenicols Chloramphenicol
Thiamphenicol

Pleuromutilins Lefamulin
Retapamulin

Pseudomonic acid Mupirocin

Quinolones Cinoxacin
Garenoxacin
Malidixic acid

Benzoquinolizine Levonadifloxacin

Fluoroguinolones Besifloxacin
Ciprofloxacin
Clinafloxacin
Delafloxacin
Enoxacin
Fimafloxacin
Fleroxacin
Gatifloxacin
Gemifloxacin
Grepafloxacin
Levofloxacin
Lomefloxacin
Moxifloxacin
Morfloxacin
Ofloxacin
Pefloxacin
Sparfloxacin
Trovafloxacin
Lliflaxacin {prulifloxacin}




Antimicrobial Class

Antimicrobial Subclass(es)

Agent(s) Included; Generic Name(s)

Quinolonyl oxazolidinone Cadazolid
Steroid Fusidane Fusidic acid
Streptograming Quinupristin-daffopristin
Tefracyclines Doxycycine
Minocycline
Tefracycline
Fluorocycline Eravacyciing
Glycyleycling Tigacycling
Aminomethilcycline Omadacycine
Triazaacenaphthylene Gepofidacin




What are factors promote antimicrobial resistance?

v" Exposure to sub-optimal levels of antimicrobial

v Inappropriate use

v" Exposure to microbes carrying resistance genes




QPRPLE
ANTIBIOTICS

ANTIBIOTIC RESISTANCE ™<=/

Antibiotic resistance happens when bacteria change and become resistant

=,

to the antibiotics used to treat the infections they cause.

Over-prescribing Patients not finishing Over-use of antibiotics in
of antibiotics their treatment livestock and fish farming

%

‘.

E)
~-——

Poor infection control Lack of hygiene and poor Lack of new antibiotics
in hospitals and clinics sanitation being developed

www.who.int/drugresistance -
¥ g’@ World Health
AntibioticResistance & Organization




ANTIBIOTIC RESISTANGE
HOW IT SPREADS
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Antibiotics are Animals develop drug-
0 given to food producing animals resistant bacteria in their gut
and crops

14} ? 1
() Antibiotic resistance happens
— -J when bacteria change and become Drug-resistant bacteria reaches

. . . resistant to the antibiotics used to Bl M s
Antibiotics are given to patients, environment (water, soil, air) or by

which can result in drug-resistant treat the infections they cause. direct human-animal contact
bacteria developing in the gut

—#

Patient attends hospital or Drug-resistant bacteria spreads Drug-resistant bacteria spreads
clinic to other patients through poor hygiene to the general public
and unclean facilities

www.who.int/drugresistance

v@\" World Health

AntibioticResistance 8% Organization




ANTIBIOTIC RESISTANCE /572,
WHAT YOU CAN DO e

oS

Antibiotic resistance happens when bacteria change and become resistant
to the antibiotics used to treat the infections they cause.

© Only use antibiotics when prescribed
by a certified health professional

Always take the full prescription,
even if you feel better

Never use left over antibiotics

Never share antibiotics with others

Prevent infections by regularly
washing your hands, avoiding contact
with sick people and keeping your
vaccinations up to date

www.who.int/drugresistance

I,;) World Health
AntibioticResistance 897 Organization




ANTIBIOTIC RESISTANCE /225N

ANTIBIOTICS

WHAT POLIGY MAKERS &
Y O

Antibiotic resistance happens when bacteria change and become resistant
to the antibiotics used to treat the infections they cause.

Ensure you have a robust national
@ action plan to tackle antibiotic
resistance

Improve surveillance of antibiotic-
resistant infections

Strengthen infection prevention
and control measures

Regulate and promote the
appropriate use of quality
medicines

Make information on the impact of
antibiotic resistance available

www.who.int/drugresistance

AntibioticResistance

7N World Health
3 Organization




ANTIBIOTIC RESISTANGE
WHAT HEALTH WORKERS

JNELE

ANTIBIOTICS

o=
G

Antibiotic resistance happens when bacteria change and become resistant
to the antibiotics used to treat the infections they cause.

www.who.int/drugresistance

AntibioticResistance

Prevent infections by ensuring your
hands, instruments and environment are
clean

Keep your patients’ vaccinations up
to date

If you think a patient might need
antibiotics, where possible, test to
confirm and find out which one

Only prescribe and dispense antibiotics
when they are truly needed

Prescribe and dispense the right
antibiotic at the right dose for the
right duration

@2y World Health
8/)Y Organization




ANTIBIOTIC RESISTANCE /25>

B“\“ﬂs
WHAT THE AGRICULTURE SECTOR  Baadld=
CAN DO T

Antibiotic resistance happens when bacteria change and become resistant
to the antibiotics used to treat the infections they cause.

o Ensure that antibiotics given to animals—including
food-producing and companion animals—are only used to
control or treat infectious diseases and under veterinary
supervision

Vaccinate animals to reduce the need for antibiotics and
develop alternatives to the use of antibiotics in plants

Promote and apply good practices at all steps of production
Adopt sustainable systems with improved hygiene,
biosecurity and stress-free handling of animals

Implement international standards for the responsible use
of antibiotics and guidelines, set out by OIE, FAO and WHO

and processing of foods from animal and plant sources

www.who.int/drugresistance
www.oie.int/antimicrobial-resistance ®
Qe

www.fao.org/antimicrobial-resistance \&\ Food and Agriculture (RN, World Health
Q/ﬁ 0rgan|zat|on Of the WORLD ORGANISATION N % ly i
AntibioticResistance

United Nations FOR ANIMAL HEALTH NSCF orgamzatlon




Clinical & Diagnostic Microbiology Lab

v'Isolation, purification and identification of microbes from clinical
specimens

v"AST on standard protocols with QA & QC

v Selection of type of AST (qualitative or quantitative or both)
v Selection of best and suitable antibiotics

v"Accurate analysis and interpretation of AST results

v'|dentification and detection of important resistance strains:
»MRSA, VISA, VRSA, VRE, ESBL, MDR, XDR, PDR , etc.

v'Rapid and timely reporting of AST results



CLSI: Definition of antimicrobial agent groups;

AB,C,O,Inv, U

= Group A:

= Appropriate for routine, primary testing panel.

= Routine reporting of results for the specific organism groups.
= Group B:

= Antimicrobial agents that may warrant primary testing

= QOrganism is resistant to same antimicrobial class, as in group A
v A third-generation cephalosporin for enteric bacilli from CSF
v Trimethoprim-sulfamethoxazole for urinary tract isolates.

A polymicrobial infection.

Infections involving multiple sites.

Cases of patient allergy, intolerance, or failure to respond to an antimicrobial agent in group A.



Continued...

= Group C:

= Agents that may necessitate testing for endemic or epidemic strains resistant to
several of the primary drugs

= For treatment of unusual organisms (e.g., chloramphenicol for extraintestinal isolates
of Salmonella spp.)

= For reporting to infection control as an epidemiological aid.




Continued...

= Group O (“other”):

= Includes antimicrobial agents that have a clinical indication for the organism group
but are generally not candidates for routine testing and reporting in the United
States.

= Group Inv. (“investigational”):

= Includes antimicrobial agents that are investigational for the organism group and
have not yet been approved by the FDA for use in the United States.




Continued...

= Group U (“urine”):

= Includes certain antimicrobial agents (e.g., nitrofurantoin and certain quinolones) that
are used only or primarily for treating UTls.

= These agents should not be routinely reported against pathogens recovered from
other infection sites. An exception to this rule is cefazolin is agent for oral

cephalosporins.

= Qther antimicrobial agents with broader indications may be included in group U for
specific urinary pathogens (e.g., Enterococcus and ciprofloxacin).




Breakpoint and Interpretive Category Definitions

_1Susceptible(S)

_ISusceptible-dose dependent (SDD)
_lintermediate(l)

_IResistant(R)

_INonsusceptible(NS)




Table 2B-1. Pseudomonas aeruginosa (Continued)

Interpretive Categories and | Interpretive Categories and MIC

Zone Diameter Breakpoints, Breakpoints,
nearest whole mm pg/mL
Test/Report Antimicrobial Disk ' ' . '
Group Agent Content s «+ 1 + R s . I R Comments
PENICILLINS
0 Piperacillin 100 g =21 15-20 <14 <16 32-64 >128 (5) Breakpoints for piperacillin (alone or with

tazobactam) are based on a piperacillin
dosage regimen of at least 3 g every 6 h.

p-LACTAM COMBINATION AGENTS

A Piperacillin-tazobactam 100/10 ug =21 ¢ 1520 0 <14 | <164  324-64/4 T =128/4 | (b) Breakpoints for piperacillin (alone or with
tazobactam) are based on a piperacillin
. . : . dosaqge reqimen of at least 3 g every 6 h.

B Ceftazidime-avibactam | 30/20 pg =221+ - 220 <84 . - +  216/4 | (7) Breakpoints are based on a dosage
: : : : regimen of 2.5 g (2 g ceftazidime+0.5 g
' ' | ' avibactam) every 8 h over 2 days

B Ceftolozane-tazobactam | 30M10pg | 221 : 17-20 ; <16 | <4i4 : 84 : =16/4 | (8) Breakpoints are based on a dosage
: : : ' regimen of 1.5 g every 8 h.
0 Ticarcillin-clavulanate T5M0pg | 224 ¢ 16-23 @ <15 | <162 : 322-642 : =128/2 | (9) Breakpoints for ticarcillin (alone or with

: : : : clavulanate) are based on a ticarcillin dosage
: : : : regimen of at least 3 g every 6 h.

CEPHEMS (PARENTERAL) {Including cephalosporins |, I, lll, anij ' Please'refer to Glossary I.f

A Ceftazidime 30 ug =18 1 1517 ¢ <14 <4 ¢+ 16 1 =232 (10) Breakpoints are based on a dosage
: : i : regimen of 1 gevery6hor2 gevery 8 h.
B Cefepime 30 ug 218+ 1517 & <14 < + 16 1 =32 | (11)Breakpoints are based on a dosage
i i : : regimen of 1 g every 8 hor 2 g every 12 h.
MONOBACTAMS

B Aztreonam 30 ug =22 1621 ¢ <15 <§ ! 16 XY (12) Breakpoints are based on a dosage
: : : : regimen of 1 gevery 6 hor2 gevery 8 h.




Table 2A. Enterobacteriaceae (Continued)

Interpretive Categories and Interpretive Categories and MIC
Zone Diameter Breakpoints, Breakpoints,
Test/Report Antimicrobial Disk nearest whole mm_ . Jig/mL |
Group Agent Content S 80D ¢« I + R § ¢+ SOD : | ! R Comments
CEPHEMS (PARENTERAL) (Including cephalosporins |, Il lll, and IV. Please refer to Glossary I.) (Continued)
U Cefazolin 0ug =15 V- - <14 | 216 1 - - =32 | (12) Breakpoints when cefazolin is used

for therapy of uncomplicated UTls due to
E. coli, K. pneumoniae, and P. mirabilis.
Breakpoints are based on a dosage
regimen of 1 g every 12 h.

See additional information in CEPHEMS
(ORAL).

C Ceftaroline 30 yg 223 2022 | €19 | <05 ! 22 (13) Breakpoints are based on a dosage

regimen of 600 mg every 12 h.

B Cefepime 30 pg 225 1 19-4 216 (14) The breakpoint for susceptible is
based on a dosage regimen of 1 g every
12 h. The breakpoint for SDD 1= based on
dosage regimens that result in higher
cefepime exposure, either higher doses
or more frequent doses or both, up to
approved maximum dosage regimens.
See Appendix E for more information
about breakpoints and dosage regimens.
Also see the definition of SOD in the

Instructions for Use of Tables section.

- ! <18 €2

5L




Breakpoints and Interpretive Categories

Susceptible SDD
Antimicrobial Agent MIC Dose MIC Dose
Table 2A. Enterobacteriaceae
Azithromycin (Salmonella Typhi) | €16 pg/mlL 500 mg daily N/A
Azireonam <4 pgiml I geveryih N/A
Cefazolin <2 pgiml 2geverydh N/A
Ceftaroline <05 pg/mL 600 mg every 12h NIA
Cefepime <2 pg/imlL I gevery 12h 4 pg/mL 1 gevery8hor2gevery 12
h
8 pg/mL 2geverydh
or (Because it is not possible fo
correlate specific zone
zone diameter: 19-24 mm | diameters with specific MICs,

an isolate with a zone

diameter in the SO0 range
should be treated as if it might
be an MIC of 8 pg/mL |




Table 2H-1. Streptococcus spp. B-Hemolytic Group (Continued)

(5) Breakpoints for Streptococcus spp. B-hemolytic group are proposed based on population distributions of various species, pharmacokinetics of the
antimicrobial agents, previously published literature, and the clinical experience of subcommittee members. Systematically collected clinical data were not

available for review with many of the antimicrobial agents in this table.

NOTE: Information in boldface type is new or modified since the previous edition.

Interpretive Categories and
Zone Diameter Breakpoints,

Interpretive Categories and
MIC Breakpoints,

Test/Report Antimicrobial Disk nearest whole mm _bg/ml
Group Agent Content S . | + R s . |1 . R Comments
PENICILLINS

(6) An organism that is susceptible to penicillin can be considered susceptible to antimicrobial agents listed here when used for approved indications and does not need to be tested
against those agents. For groups A, B, C, and G B-hemolytic streptococci, penicillin is a surrogate for ampicillin, amoxicillin, amoxicilin-clavulanate, ampicillin-sulbactam, cefazolin,
cefepime, ceftaroline, cephradine, cephalnthm cefotaxime, cefinaxone, cefizoxime, imipenem, ertapenem, and meropenem. For group A B-hemolytic streptococc, penicillin is also
a surrogate for cefaclor, cefdinir, cefprozil, ceftibuten, cefuroxime, and cefpnduxlme

A

A Penicillin or

ampicillin

10 units
10ug

=24 . - . =

24 1 - i -

<012 . - .-

025 : - -

See general comment (4).

CEPHEMS (PARENTERAL) {Including cephalosporins 1, I, lll, and IV. Please refer to Glossary 1.)

See comment (6).
B Cefepime or 30 ug 24 - - 05 - 1 -
B cefotaxime or 30 ug >4 ! - - <05 ! - ' -
B ceftriaxone 30 ug >4+ - 1 - 05 - -




Criteria for Antibiotic Selection

_IType of Microbe

_1Type of specimen and infection site
_IHospitalized or community patients
_IHistory of disease and etc.

_1Antibiotic therapy and types of antibiotics
_IHospitalized unit ( ICU, NICU, ....)
_INosocomial infections, ....




AST Results
(Analysis,Interpretation&Report)




Example 1: Warning

Warning

Some of the comments in the tables relate to dangerously musleading results that can occur when certain antimicrobial agents are tested
and reported as susceptible against specific organisms, These are denoted with the word “Warning,”

Location Organism Antimicrobial Agents
“Warning”: The following antimicrobial agent/orgamsm combinations may appear active in vitro, but are not effective climeally and
must not be reported as susceptible,

Table 2A Salmonella spp.. Shigella spp. 1st- and 2nd-generation cephalosporins, cephamyeins, and aminoglycosides
Table 2D Enterococcus spp. Aminoglycosides (except for high-level resistance testing), cephalosporins,
chindamyein, and trimethoprim-sulfamethoxazole

*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):

Tables 24 Bacteria isolated from CSF Agents administered by oral route only, 1st- and 2nd-generation
through 2J cephalosporins and cephamycins, clindamycin, macrolides, tetracyclines,
and fluoroquinolones

Abbreviation: CSF, cerebrospmal fluad.




Example 2: Fosfomycin

Table 2A. Enterobacteriaceae (Continued)

Interpretive Cateqories and Interpretive Categories and MIC
Zone Diameter Breakpoints, Breakpoints,
Test/Report Antimicrobial Disk nearest whole mm | pgmt
Group Agent Content S §SD: I ¢+ R S ¢+ SOD I + R Comments
FOSFOMYCINS
U Fosfomycin 00pg 2167 - 11315 <12 | <64 ¢ - 1 128 1 2256 | (44) Fortesting and reporting of E. coli
| | ; | | | urinary fract isolates only,
: : : | (45) The 200-ug fosfomycin disk contains
50 ug of glucose-b-phosphate.

! (46) The only approved MIC method for

| testing is agar dilution using agar media
: supplemented with 25 pg/mL of glucose-
' 6-phosphate. Broth dilution MIC testing

| should not be performed.

LRTE T NN T Y




Example 3: MIC for Colistin

LIPOPEPTIDES
0 Colistin - = - <2+ - 1 z4 | (3)Colistin (methanesulfonate) should generally be
: : . . given with a loading dose and at maximum
' : ' ' recommended doses and used in combination with
: : ' : other agents.
. | . (6) Applies to A. baumannii complex only.
! ' | ! (7) The only approved MIC method for testing is
! : | : broth microdilution. Disk diffusion and gradient
' ! , diffusion methods should not be performed.
0 Polymyxin B - - 7 - 3 - <2 0 - 1oz
AMINOGLYCOSIDES
A Gentamicin 10 ug L SV Y R R e
A Tobramyecin 10 g 215 13-4 7 <2 <4 7 B 216
B [ Amikacin Wpg | 207 1806 f <14 | £ 0 R v B
0 Netilmicin - - 0= - B 0 16 23




Example 4: Tetracyclines

TETRACYCLINES

(6] Organsms af are susceptble fo telracycling are also considered susceptble to doxycycine and minocycing. Hawever, some rganisms fhat are infermediate or resistant to
teracycling may e susceptble o doxycycine, minacycling, or bofh.

Doryeylne TR IRE
Minacyclne THEREEEIEEE R
Tefacycne Mg [ 26 v Ul | o g




Table 2C. Staphylococcus spp. (Continued)

Example 5: MIC for VRSA, VISA

Interpretive Categories and

Interpretive Categories and

Zone Diameter Breakpoints, MIC Breakpoints,
Test/Report Antimicrobial Disk ”EIMESI whnlelmm : pg/ml .
Group Agent Content S ¢ I 1 R I Comments
GLYCOPEPTIDES

(19) For 5. aureus, vancomycin-susceptible isolates may become vancomycin intermediate during the course of prolonged therapy.

B Vancomycin

(For 5. aureus)

<2 44 216

(20) MIC tests should be performed to determine
the susceptibility of all isolates of staphylococei to
vancomycin. The disk test does not differentiate
vancomycin-susceptible isolates of 5. aureus
from vancomycin-intermediate isolates, nor does
the test differentiate among vancomycin-
susceptible, Aintermediate, and -resistant isolates
of CoNS, all of which give similar size zones of
Inhibition.




Example 6: HLAR in Enterococci

Table 31

Test for High-Level Aminoglycoside Resistance in Enterococcus spp.

Table 31. Test for Detection of High-Level Aminoglycoside Resistance in Enterococcus spp.? (Includes Disk Diffusion)

Test Gentamicin HLAR Streptomycin HLAR
Test method Disk diffusion Broth microdilution Agar dilution Disk diffusion Broth microdilution Agar dilution
Medium MHA BHI® broth BHI® agar MHA BHI® broth BHI® agar
Antimicrobial 120-pg gentamicin Gentamicin, Gentamicin, 300-pug streptomycin disk | Streptomycin, Streptomycin,
concentration disk 500 pa/mL 500 pg/mL 1000 pgd/mL 2000 pg/mL
Inoculum Standard disk Standard broth dilution 10uL ofadb Standard disk diffusion Standard broth dilution 10 pL of a 0.5 McFarland
diffusion procedure procedure McFarland suspension procedure procedure suspension spotted onfo
spotted onto agar agar surface
surface
Incubation 35°C+2°C; ambient 35°C+2°C; ambient air 35°C£2°C; ambient air 35°C+2°C; ambient air A5°C +£2°C; ambient air 35°C +£2°C; ambient air
conditions air

Incubation length

16—18 hours

24 hours

24 hours

16—18 hours

2448 hours (if
susceptible at 24 hours,
reincubate)

24—48 howurs (if susceptible
at 24 hours, reincubate)

Results & mm =resistant Any growth =resistant =1 colony = resistant 6 mm=resistant Any growth =resistant =1 colony=resistant
T-9 mm=inconclusive 79 mm=inconclusive
=10 mm=susceptible =10 mm=susceptible
MIC correlates: MIC correlates:
R==500 pg/mL R==1000 pg/mL (broth)
S==500 pg/mL and = 2000 pg/mL {agar)
S==1000 pg/mL (broth)
and=2000 pg/mL (agar)
Additional testing and Resistant: is not synergistic with cell wall-active agent (eq, ampicillin, penicillin, and vancontycin).
reporting

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.




Example 7: Intrinsic or Innate Resistance

Each laboratory should decide which agents to test and report in consultation with institutional leaders representing infectious diseases practitioners,
the pharmacy and therapeutics and infection control committees of the medical staff, and the antimicrobial stewardship team. If tested, the result for
an antimicrobial agent/organism combination listed as having intrinsic resistance should be reported as resistant. Consideration may be given to
adding comments regarding intrinsic resistance of agents not tested. See Appendix A, footnote “a.”

B1. Enterobacteriaceae
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Citrobacter freundii R R R R R R
Citrobacter koseri R R R
Enterobacter cloacae complex® R R R R R R
B1. Enterobacteriaceae (Continued)
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There is no intrinsic resistance to pB-lactams in these organisms; refer to
Salmonella and Shigella spp. WARNING below for reporting.
Serratia marcescens R R R R R R R R
Yersinia enterocolitica R R R R




Microbial Resistant strains

1 MRSA: Methicillin Resistant Staphylococcus aureus

1 MR-CoNS: Methicillin Resistant Coagulase Negative Staphylococci
1 VRSA: Vancomycin Resistant Staphylococcus aureus

J VRE: Vancomycin Resistant Enterococci

ESBL: Extended Spectrum Beta Lactamases-producing strains
J Carbapenemase-producing strains

1 MDR: Multidrug-Resistant

1 XDR: Extensively Drug-Resistant

1 PDR: Pandrug-Resistant




ESBL producing-Strains:

> Resistance to most beta-lactam antibiotics including:

v Penicillins
v'Cephalosporins
v"Monobactam aztreonam




Test

Criteria for Performance of ESBL Test

Test

Criteria for Performance of ESBL Test

Test method Disk diffusion Broth microdilution
Medium MHA CAMHB
Antimicrobial | For K. pneumoniae, For K. pneumoniae, K.
concentration | K oxyfoca, and E. coll: oxytoca, and E. colr.
Cefpodoxime 10 pg or Cefpodoxime 4 pg/mL or
Ceftazidime 30 pgor Ceftazidime 1 ug/mL or
Aztreonam 30pgor Aztreonam 1 ug/mL or
Cefotaxime 30 pugor Cefotaxime 1 ug/mL or
Cefiriaxone 30 pg Cefiriaxone 1 ng/mL
For F. mirabilis: For P. mirabiiis:
Cefpodoxime 10 pg or Cefpodoxime 1 ug/mL or
Ceftazidime 30 pg or Ceftazidime 1 pg/mL or
Cefotaxime 30 pg Cefotaxime 1 pg/mL
(Using more than one (Using more than one
antimicrobial agent improves the antimicrobial agent improves
sensitivity of ESBL detection.) the sensitivity of ESBL
detection )
Inoculum Standard disk diffusion procedure | Standard broth dilution
procedure
Incubation 35°Cx2°C; ambient air J35°Cx2°C; ambient air
conditions
Incubation 16—18 hours 16—20 hours

length

Test method Disk diffusion Broth microdilution

Results For K. pneumoniae, K. oxytoca, Growth at or above the
and E. coli concentrations listed may
Cefpodoxime zone <17 mm indicate ESBL production (ie,
Ceftazidime zone <99 mm for E. coli, K. pneumoniae,
Aztreonam zone <27mm | @nd K. oxytoca, MIC =8
Cefotaxime zone <97 mm nug/mL for cefpodoxime or
Cefiriaxone zone <95 mm MIC =2 pg/mL for

ceftazidime, aztreonam,

For P. mirabilis: cefotaxime, or cefiriaxone;
Cefpodoxime zone <22 mm and for P. mirabilis, MIC =2
Ceftazidime zone <22 mm ng/mL for cefpodoxime,
Cefotaxime zone <27 mm ceftazidime, or cefotaxime).
Zones above may indicate ESBL
production.

Reporting




ESBEL Test

ESEL Test

Disk diffusion

Broth microdilution

Disk diffusion Broth microdilution

MHA CAMHB

Ceftazidime 30 pg | Ceftazidime 0.25-128 pg/mL

Ceftazidime-clavulanate® 30/10 pg | Ceftazidime-clavulanate
0.25/4-128/4 pg/mL

and
and

Cefotaxime 30 ug

Cefotaxime-clavulanate  30/10 ng

(Testing necessitates using both
cefotaxime and ceftazidime, alone
and in combination with
clavulanate_)

Cefotaxime 0.25-64 pg/mL
Cefotaxime-clavulanate

0.25/4-64/4 ng/mL

(Testing necessitates using both
cefotaxime and ceftazidime,
alone and in combination with

clavulanate.)

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).

A =3 twofold concentration
decrease in an MIC for either
antimicrobial agent tested in
combination with clavulanate vs
the MIC of the agent when
tested alone=ESBL (eq,
ceftazidime MIC=8 pg/mL;
ceftazidime-clavulanate MIC =1
ug/mL).

Standard disk diffusion procedure

Standard broth dilution
procedure

39°Cx£2°C; ambient air

39°Cx2°C; ambient air

16—18 hours

1620 hours

For all confirmed ESBL-producing strains:

If laboratories do not use cumrent 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,
then test interpretations for these agents do not need to be changed

from susceptible to resistant.

\\




ESEBEL Test

Disk diffusion

Broth microdilution

When performing the ESBL test,
K. pneumoniae ATCC® 700603
and E. coli ATCC® 25922 should
be used for routine QC (eq,
weekly or daily).

Acceptable QC:

E. coli ATCC® 25922: <2-mm
increase in zone diameter for
antimicrobial agent tested in
combination with clavulanate vs
the zone diameter when tested
alone.

K. pneumoniae ATCC® 700603:
=5-mm increase in Zone
diameter of ceftazidime-

clavulanate vs ceftazidime alone;

=3-mm increase in zone
diameter of cefotaxime-
clavulanate vs cefotaxime alone.

When performing the ESBL
test, K. pneumoniae ATCC®
700603 and E. coli ATCC*®
25922 should be tested

routinely (eg, weekly or daily).

Acceptable QC:

E coli ATCC® 25922: <3
twofold concentration decrease
in MIC for antimicrobial agent
tested in combination with
clavulanate vs the MIC of the
agent when tested alone.

K. pneumoniae ATCC® 700603:
=3 twofold concentration
decrease in MIC for an
antimicrobial agent tested in
combination with clavulanate vs
the MIC of the agent when
tested alone.
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TABLE 6. Definitions for multidrug-resistant (MDR), extensively drug-resistant (XDR) and pandrug-resistant (PDR) bacteria

Bacterium MDR

XDR

FDR

Staphylococcus aureus The isolate is non-susceptible to at least | agent
in =3 antimicrobial categories listed in Table 1*

The isolate is non-susceptible to at least | agent in all
but 2 or fewer antimicrobial categories in Table I.

Enterococcus spp. The isolate is non-susceptible to at least | agent
in =3 antimicrobial categories listed in Table 2

The isolate is non-susceptible to at least | agent in all
but 2 or fewer antimicrobial categories in Table 2.

Enterobacteriaceae The isolate is non-susceptible to at least | agent
in =3 antimicrobial categories listed in Table 3

The isolate is non-susceptible to at least | agent in all
but 2 or fewer antimicrobial categories in Table 3.

Pseudomonas aeruginosa The isolate is non-susceptible to at least | agent
in =3 antimicrobial categories listed in Table 4

The isolate is non-susceptible to at least | agent in all
but 2 or fewer antimicrobial categories in Table 4.

Acinetobacter spp. The isolate is non-susceptible to at least | agent
in =3 antimicrobial categories listed in Table 5

The isolate is non-susceptible to at least | agent in all
but 2 or fewer antimicrobial categories in Table 5.

Mon-susceptibility
to all agents in all
antimicrobial categories
for each bacterium in
Tables 1-5

*All MRSA isolates are defined as MDR because resistance to oxacillin or cefoxitin predicts non-susceptibility to all categories of fi-lactam antimicrobials listed in this docu-
ment, with the exception of the anti-MRSA cephalosporins (i.e. all categories of penicillins, cephalosporins, fi-lactamase inhibitors and carbapenems currently approved up

until 25 January 2011).

hetp:/fwww.ecdc.europa. ew/en/activities/diseaseprogrammes/ARHAL Pages/public_consultation_clinical_microbiology_infection_article.aspx.

\\



TABLE 7. Pseudomonas aeruginosa; examples of antimicrobial susceptibility profiles that fit MDR, XDR and PDR definitions;
isolate no. | is PDR; isolate no. 1 is XDR and isolate no. 3 is MDR

lsolte no. | lsolate no. 2 lsolate mno. 3
Antimicroblal category Antimicrobial agent (PDR) (XDR) (MDR)
Aminoghyeosides Gentamicin o X
Tobramyein X =
Amikacin X
Meilmicin X
Antipseudomaonal earbapeners I e s X X X
Meropemem X X
D penem X X
Antipreudomanal cephalespong Cefazidime X X
Celepime X X
Antipseudomanal fisoroquine lones Cipraflasadin X X X
Levaiflooo cin X
Antipresdomanal penicilling + [J-tse tamate inhibitors Pipeera cilli n-taza bait am X
Tieare illin-c bvastanic acid X X
M o bt s ATErec nam X X
Phasphanic acids Fosfamyein X
Palymyxing Colistin X

Pty iy in B X
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QA & QC in AST:
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Required QC Frequency

15-Replicate Plan or

Test Modification 1 Day 5 Days 20- or 30-Day Plan
Disks
Use new shipment or lot number. X
Use new manufacturer. X

Addition of new antimicrobial agent to
existing system.




Table 4A-1. Disk Diffusion QC Ranges for Nonfastidious Organisms and Antimicrobial Agents Excluding f-Lactam Combination Agents?

Disk Diffusion QC Ranges, mm
Escherichia Staphylococcus Pseudomonas
Antimicrobial coli aureus aeruginosa
Agent Disk Content ATCCE® 25022 ATCC® 25923 ATCC® 27853
Amikacin 30 g 19-26 20-26 18-26
Ampicillin 10 ug 15-22 27-35 -
Azithromycin 15 1g - 21-26 -
Azlocillin 75 ug - - 24-30
Azireonam 30 ug 20-36 - 23-29
Carbenicillin 100 pg 23-29 - 18-24
Cefaclor 30 ug 23-27 -3 -
Cefamandole 30 ug 26-32 26-34 -
Cefazolin 30ug 1-27 29-35 -
Cefdinir 5 ug 24-28 25-32 -
Cefditoren 5 g 22-28 20-28 -
Cefepime 30 ug -3 23-29 25-3
Cefetamet 10 ug 24-29 - -
Cefiderocol 30 pug 25-31 - 22-31
Cefixime 5 ug 20-26 - -
Cefmetazole 30 ua 26-32 25-34 -




Aminoglycosides Any Zone too small pH of media too low Acceptable pH range=7.2-7 4

CQuinolones Avoid CO; incubation, which lowers pH.
Any Zone too large pH of media too high Acceptable pH range=7.2-7 4

Aminoglycosides P. aeruginosa ATCC* Zone too small Ca++ and/or Mg++ content too high Use alternative lot of media.

27853

Aminoglycosides

F. aeruginosa ATCC®
27853

Zone too large

Ca++ and/or Mg++ content too low

Use alternative lot of media.

Clindamycin 5. aureus ATCC® Zone too small pH of media too low Acceptable pH range=7.2-7 4
Macrolides 25923 Avoid COz incubation, which lowers pH.
5. aureus ATCC® Zone too large pH of media too high Acceptable pH range=7.2-7 4
25923
Cuinclones Any Zone too small pH of media too low Acceptable pH range=7.2-7 4
Avoid CO:z incubation, which lowers pH.
Cluinolones Ay Zone too large pH of media too high Acceptable pH range=7.2-7 4
Tetracyclines Any Zone too large pH of media too low Acceptable pH range=7.2-7 4
Avoid COzincubation, which lowers pH.
Tetracyclines Any Zone too small pH of media too high Acceptable pH range=7.2-7 4
Tetracyclines Any Zone too small Ca++ and/or Mg++ content too high Use alternative lot of media.
Tetracyclines Any Zone too large Ca++ and/or Mg++ content too low Use alternative lot of media.

Sulfonamides

E. faecalis ATCC®

Zone < 20 mm

Media too high in thymidine content

Use alternative lot of media.

Trimethoprim 29212
Trimethoprim-
sulfamethoxazole
ALL AGENTS
Various Various Zone too small Contamination Measure zone edge with visible growth
detected with unaided eye. Subculture to
Use of magnification to read zones determine purty and repeat if necessary.
Various Any Inoculum too light Repeat using McFarland 0.5 turbidity
standard or standardizing device.
Error in incculum Check expiration date and proper
preparation storage if using barium sulfate or
latex standards.
Media depth too thin Use agar with depth approximately 4
mm.
MHA nutritionally Recheck alternate lots of MHA.
unacceptable
Various Any Many zones too small Inoculum too heavy Repeat using McFarland 0.5 turbidity

Error in inoculum preparation

Media depth too thick

standard or standardizing device: Check
expiration date and proper storage if using
barium sulfate or latex standards.

Use agar with depth approximately 4 mm.
Recheck alternate lots of MHA.




ALL AGENTS (Continued)

Various Any One or more zones too Measurement error Recheck readings for measurement or
small or too large transcription errors.
Transcription error
Retest. If retest results are out of range and
Random defective disk no errors are detected, initiate comrective
action.
Disk not pressed firmly against agar
Various Various Zone too large Did not include lighter growth in zone | Measure zone edge with visible growth
measurement (eg, double zone, fuzzy | detected with unaided eye.
zone edge)
Various S. pneumoniae ATCC® | Zones too large Inoculum source plate too old and Subculture QC strain and repeat QC test, or
49619 contains too many nonviable cells. refrieve new QC strain from stock.
Lawn of growth scanty Plate used to prepare inoculum
should be 18-20 hours.
Various Any One QC strain is out of One QC organism may be a better Retest this strain to confirm reproducibility of
range, but other QC indicator of a QC problem. acceptable results.
organism(s) is in range
with the same Evaluate with alternative strains with known
antimicrobial agent. MICs.
Initiate corrective action with problem QC
strain/antimicrobial agents.
Various Any Two QC strains are out A problem with the disk Use alternative lot of disks.
of range with the same
antimicrobial agent. Check storage conditions and package
inteqrity.
Various Any Zones overlap. Too many disks per plate Place no more than 12 disks on a 150-mm

plate and 5 disks on a 100-mm plate; for
some fastidious bactena that produce large
zZones, use fewer.




WHONET 2019 software for
correct and reliable analysis of AST results
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Microbiology Critical Value

Test Critical Value Notification

Blood Culture Positive Smear Or Culture

CerebrocSpinal Fluid(CSF) Exam Positive Smear Or Culture

Acid Fast Bacili - AFB Positive Smear Or Culture

Herpes Culture Positive Culture From Female Genital Specimen

Genital Culture Positive Culture For Neisseria Gonorrhoeae And
GroupB Strep From Inpatient /OB Genital , Placenta

Cryptococal Antigens Positive

Hepatitis Surface Antigen Positive Poostpartum Within 24 hrs

Positive Tissue Cultures ( Liver,Bine Biopsies,ets.)

Beta - Hemolytic Streptococci,Group A From Sterile Sites

Neisseria Gonorrhoeae From Eves

Clostridium Botulinum, Clostridium Perfringenes, Clostridium Tetanus
Coryneacterium Diphteriae

Legionella Species

Listeria Species

Positive Modified Acid Fast And Ziehl- Neelsen Stains

Unusually Resistant Organisms Including:

*Vancomycin Resistant Entrococci (VRE)

*Methicilin Resistant Staphylococcus Aureus (MRSA)

*Multiply Resistant Gram Negatve Or Any Other Highly Resistant Organism Or Organism With
Unusual Susceptibility Pattern.On Blood/Sterile Fluids/Wound /ANO2 /Screening

Swabs,BAL, Tracheal Aspirates

*Extended Spectrum Beta Lactamases (ESBLS)

*Glycopeptide Intermediate StaphylococcusAureus (GISA) Borderline Oxacilin Resistant










