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~ Antimicrobial Susceptibility Testing

U CLSI : Clinical and Laboratory Standards Institute

u CLSI (2005 , formerly NCCLS 2004

U Antimicrobial Susceptibility Testing (ASTys Antibiogram

U Susceptiblevs. Sensitive

U EUCAST :European Committee on Antimicrobial Susceptibility Testing






- Terminology & Definiions

U Susceptiblé a category that implies
that isolates are inhibited bthe usually
achievable concentrations of
antimicrobial agent when the

recommended dosage is used for the s
of infection



- Terminology & Definiions

U Intermediatei a category that
Includes iIsolates with antimicrobial
agent MICs that approach usually
attainable blood and tissue levels

and for which response rates may b
lower than for susceptible isolates
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- Terminology & Definiions

U Intermediatei implies clinical efficacy
IN body sites where the drugs are

physiologically concentrateded,
gui nol o Rlatamsanmmhe)dr

when a higher than normal dosage of a
drug can be used e glactarbs)



- Terminology & Definiions

U Intermediatei This category also
Includesa buffer zone, whiclshould
preventsmall, uncontrolled technical
factors from causing major
discrepancies In interpretations,
especially for drugs with narrow
pharmacotoxicity margins
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- Terminology & Definiions

U Resistant a category that
Implies thatisolatesare not

Inhibited by the usually
achievable concentrations of the

agent withnormal dosage
schedules




- Terminology & Definiions

U Resistanf and/orthat demonstrate

zone diameters that fall in the range
where specific microbial resistance
me c hani s-lagdamésesgre D

likely, and clinical efficacy of the agent
against the isolate has not been reliabl
shown In treatment studies
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~ Proposed definitions of MDR/XDR/PDR bacteria

U MDR : Multidrug Resistant Bacteria
U XDR : Extensively Drug Resistant Bacteria

U PDR: Pan Drug Resistant Bacteria
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- Terminology & Definiions

U Nonsusceptiblé a category used for organisms
that haveonly a susceptible interpretiveategory,
but not intermediate or resistant interpretive
categories (le, susceptiblanly interpretive
category).

U A susceptibleonly interpretive category may be appliec
to new antimicrobial agentfor which no resistant

Isolates have been encountered at the time the initial
Interpretive criteria are determined..

18






~ Indications for Performing Susceptibility Tests

U Some organisms have predictable
susceptibility to antimicrobial agents
and empiric therapy for these
organisms Is widely accepted (eg, ti
continued susceptibility of

Streptococcus pyogenes to penici)lir
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~ Indications for Performing Susceptibility Tests

U Susceptibility tests are also
Important in studies of the

epidemiology of resistance

U In studies of new antimicrobial
agents



~ Indications for Performing Susceptibility Tests

U Isolated colonies oéach typeof organism that may be
pathogenic should be selected

U Mixtures of different types of microorganisnshould
not be tested on the same susceptibility test plate

U When the specimen contaimaixed growth or normal
flora susceptibility tests are ofteunnecessary and the
results may be misleading
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 Suggested Guidelines for Routine and Selective Testing and Reporting

U Group Aare considered
appropriate for inclusion in a
routine, primary testing panel
and for routine reporting of
resultsfor the specified
organism groups




 Suggested Guidelines for Routine and Selective Testing and Reporting

U Group B comprises agents that
may warrantprimary testing
However,report the results
selectivelysuch as when the
organism Is resistant to agents ¢
the same class, as in Group A
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Suggested Guidelines for Routine and Selective Testing and Reporting

Group B- Other indications for reporting the
result might includea selected specimen source
(eg, a thirdgeneration cephalosporin for enteric
bacilli from cerebrospinal fluid [CSF] or
trimethoprim-sulfamethoxazole for urinary tract
Isolates);a polymicrobial infection infections
iInvolving multiple sites cases of patient allergy
Intolerance, or failure to respond to angent Iin

Group A



 Suggested Guidelines for Routine and Selective Testing and Reporting

U Group Ccomprises alternative or
supplemental antimicrobial agents that
may require testing in those institutions
that harbor endemic or epidemic strains
resistant to several of the primary drugs
(especially 1 n-1he
lactams or aminoglycosides))
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 Suggested Guidelines for Routine and Selective Testing and Reporting

U Group C- for treatment of patients

allergic to primary drugs for treatment
of unusual organismgegq,

chloramphenicol for extraintestinal
Isolates of Salmonella spp.gr for

reporting to infection control as an
epidemiologic aid.
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 Suggested Guidelines for Routine and Selective Testing and Reporting

0

28

Group Ulists certain antimicrobial agents (edg,
nitrofurantoin and certainguinoloneg that are

usedonly or primarily for treating urinary tract
Infections; these agents should not be routinely
reported against pathogens recovered from othe
sites of infection Other agents with broader
indications may be included in Group U for
specific urinary pathogens (eg, Pseudomonas
aeruginosa).




 Suggested Guidelines for Routine and Selective Testing and Reporting

N\

UGroupO( not her o)
agents that havea clinical
Indication for the organism
group, but are generally not
candidates for routine testing
and reportingin the US



 Suggested Guidelines for Routine and Selective Testing and Reporting

UGroupInv.( N1 nvest.
agents are undergoing clinical
Investigation for the organism
group and havenot yet been

approved by the FDAor use In
the US
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Reagents for the Disk Diffusion Test
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~ Mueller-Hinton Agar/ MHA

U Mueller-Hinton agar (MHA) the best for routine susceptibility
testing of nonfastidious bacteria for the following reasons :

U It shows acceptable bateto-batchreproducibility for
susceptibility testing

U Itis low in inhibitors that affect silfonamide, trimethoprim,
andtetracyclinesusceptibility test results

U It supports satisfactory growth ahost nonfastidiougpathogens
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~ Mueller-Hinton Agar/ MHA

U Although MHA is generally reliable for
susceptibility testing, results obtained with some
batches maypn occasionyary significantly

U If a batch ofmedium does not support adequate
growth of a test organisnrones obtained in a
disk diffusion test are usuallfarger than
expected and may exceed the acceptable QC
limits
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~ Mueller-Hinton Agar - Preparation

U Immediately after autoclaving, allow the
agar to cool in a45 AC to 50 AC water bath

U Pour the freshly prepared and cooled
medium into glass or plastidlat-bottomed
petri dishes on a levehorizontal surfaceto
give a uniform depth of approximately
mm.
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~ Mueller-Hinton Agar - Preparation

U This corresponds t@O0OmL to 70 mL of medium for
plates with a diameter dci50mm and25mL to 30 mL
for plates with a diameter c£00mm

U Use the plates withigseven dayafter preparation
unless adequate precautions, such as wrapping in
plastic, are taken to minimize drying of the agar
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~ Mueller-Hinton Agar /pH

U The agar medium should have a pH betweéA
and 7.4 at room temperature

U Check the pH otach batchof MHA when the
medium Is prepared

U The pH must therefore be checked aftgelling
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~ Mueller-Hinton Agar /pH

U The exact method used depends largely on the type of
equipment available in the laboratory

U Macerate enough agar to submerge the tip of a pH electrode

U Allow a small amount of agar to solidify around the tip of a pH
electrode in a beaker or cup

U Use a surface electrode
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- pH meterElectrodes

U A spherical shaped bulb will provid@5% response in less than one
second

U A hemispherical shaped bulb is a stronger shape mechanically and
slightly slower responselrhese shapes are often used in a fully exposed
manner

U A flat measuring surface is the most durable of all the shapes. It makes
good sample contact, is easily cleaned, is very strong mechanically but
the slowest speed of respon8&% in less tharb seconds
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~ Mueller-Hinton Agar /pH

u If the pH isless than7.2, certain drugs will
appear tolose potencyeg,aminoglycosides
and quinolonesand macrolideg, while other
agents may appear to have excessive activ
(eg, tetracycline$

U If the pH Is greater than7.4, the opposite
effects can be expected
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~ Mueller-Hinton Agar / Moisture

U If, just before useexcess surface
moisture Is present on the plates, place
them inan incubator 35 AC) or a
laminar flow hoodat room temperature
with lids ajar until excess surface
moisture Is removed by evaporation
(usually 10to 30 minutes)
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~ Mueller-Hinton Agar / Moisture

U The surface of the plate should be
moist, butno droplets of moisture
should be apparent on the surface c
the medium or on the petri dish
coverswhen the plates are
Inoculated



~ MHA/ Effects of Thymidine or Thymine

U Mueller-Hinton agar containingexcessive
amounts of thymidine or thymine can
reverse the inhibitory effect adulfonamides

and trimethoprim thus yieldingsmaller and
less distinct zones, or even no zone at all
which may result infalse-resistance reports

Use MHA that Is as low In thymidine
content as possible

43



~ MHA/ Effects of Thymidine or Thymine

U Should problems witlQC of sulfonamides and

trimethoprim occur, it might be necessary to check the
MHA.

U To evaluate a lot of MHA, Enterococcus faecalis
ATCC® 292120r, alternatively, E. faecallATCC®
33186 may be tested wittiimethoprim-
sulfamethoxazolalisks. Satisfactory media provide
essentially clear, distinct zones of inhibiticd20 mm.
Unsatisfactory media produce no zone of inhibition,
growth within the zone, or a zone &f20 mm
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~ Effects of Variation in Divalent Cations

U Variation in divalent cations, principally
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magnesium and calciumaffects results of
aminoglycosideand tetracyclinetests with P.
aeruginosa strainsexcesscation content
reduceszone sizes, where&sw cation
content may result in unacceptablgrge
zones of inhibition.



~ Effects of Variation in Divalent Cations

U Excess zinc ions may reduce
zone sizes atarbapenems
Performance tests with each lot
of MHA must conform to the
control limits



~ Storage of Antimicrobial Disks

U Refrigerate the cartridges & AC or belowor freeze af 14 AC
or below until neededDo not store the disks in a setfefrosting

freezer
U Sealed packages of disks that contain drugs from Biactam

class should be stored frozeexcept for a small working
supply, which may be refrigerated f@at most one week

U Some labile agents (e.gmipenem and clavulanic acid
combinations) may retain greater stability if stored frozen until

the day of use.
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~ Storage of Antimicrobial Disks

U Remove the sealed packages containing disk cartridg
from the refrigerator or freezeone to two hoursefore
use, so they may equilibrate to room temperature befc
opening. This minimizes the amount of condensation
that occurs when warm air contacts cold disks

U Once a cartridge of disks has been removed from Its
sealed package, plagein a tightly sealed, desiccated
container for storage
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~ Turbidity Standard for Inoculum Preparation

U 0.5 McFarland Turbidity Standard

U Prepare a0.048mol/L BaCI2 (1.175% w/v BaCRARH20) stock
solution

U Prepare a0.18 mol/L (0.36 N) H2SO4 (1% v/v) stock solution

U With constant stirring to maintain a suspension, afd mL of
the BaCR solution t099.5 mL of the H2SO4 stock solution
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~ O5McFarland Turbidity Standard

U Verify the correct density of the turbidity standard by
measuring absorbance using a spectrophotometer withh@n
light path and matched cuvettes.

U The absorbance &25nm should be).081to0 0.13for the 0.5
McFarland standard

U Transfer the barium sulfate suspension # to 6-mL aliquots
Into screwcaptubes of the same size as those used for
standardizing the bacterial inoculum
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U Tightly seal the tubes and store in the dark at room temperattL

U Vigorously agitate the barium sulfate turbidity standard on a

vortex mixer before each use and inspect for a uniformly turbi
appearance

U Replace the standard if large particles appear

U The barium sulfate standards should be replaced or their
densitiesverified monthly

U Mix latex particle suspensions by inverting gently, not on a
vortex mixer
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~ Inoculum Preparation

53

Direct Colony Suspension Method

The direct colony suspension method is the most convenient method fol
Inoculum preparation

Prepare the inoculum by making a direct broth saline suspension of
Isolated colonies selected from d18- to 24-hour agar plate (a
nonselective mediugrsuch asblood agay should be used)

Adjust the turbidity of the suspension to achieve a turbidity equivalent to
0.5 McFarland standard



~ Inoculum Preparaton

U Direct Colony Suspension Method

U This results in a suspension containing approximately 1 to 2 x
10 8 CFU/mL for E. coli ATCC® 25922

U To perform this step properly, either a photometric device can
be used or, if done visually, adequate light is needed to visually
compare the inoculum tube and the 0.5 McFarland standard
against a card with a white background and contrasting black
lines.
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~Inoculum Preparaton

u Growth Method

U The growth method can be used alternatively and is sometime
preferable when colony growtls difficult to suspend directly
and a smooth suspension cannot be made

U It can also be used fononfastidiousorganisms(except
staphylococciwhenfresh (24-hour) colonies, as required for
the direct colony suspension method, aret available
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~ Inoculum Preparation/ Growth Method

U Select at leadthree to fivewell-isolated colonies
of the same morphologic type from an agar plat
culture

U Touch thetop of each colonyvith a loop or
sterile swab and transfer the growth into a tube
containing4 mL to 5 mL of a suitable broth
medium, such asryptic soybroth
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~ Inoculum Preparation/ Growth Method

U Incubate the broth culture aB5 AC until it achieves or
exceeds the turbidity of th@.5 McFarland standard
(usually two to six hours)

U Adjust the turbidity of the actively growing broth
culture with sterile saline or broth to achieva turbidity
equivalent to &.5 McFarland standard

59



~Inoculation of Test Plates

U Optimally, within_15 minutesafter adjusting the
turbidity of the inoculum suspension, dip a steril;
cotton swab Into the adjusted suspension

U Rotate the swab several times and press firmly
on the inside wall of the tube above the fluid
level. This removes excess fluid from the swab
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~ Inoculation of Test Plates

U Inoculate thedried surfaceof an MHA plate by streaking the
swab over the entire sterile agar surface

U Repeat this procedure by streaking two more times, rotating 1
plate approximatel\60Aeach timeto ensure an even
distribution of inoculum. As a final step, swab the rim of the

agar

U The lid may be left ajafor three to five minutesbutno more
than 15 minutes,to allow for any excess surface moisture to be
absorbed before applying the drugpregnated disks
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~ Application of Disks to Inoculated Agar Plates

U Each disk must b@ressed dowio ensure
complete contact with the agar surface

U Disks must be distributedvenlyso they are
no closer than24 mm from center to center
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~ Application of Disks to Inoculated Agar Plates

U Ordinarily, no more thanl2 disks should be
placed on ond 50-mm plate,or more than five
disks on al00-mm plate

U It Is best to place disks that give predictaBiyall
zones(eg, gentamicin and vancomycimext to
those that givéarger zonegeg, cephalosporins)
In an effort to avoid overlapping zones
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~ Application of Disks to Inoculated Agar Plates

U If disks are placedoo close to the edge of the platBe zones
may not be fully round with some drugs

U Because some of the drug diffuses almost instantaneously, a
disk should not be relocated onagehas come into contact with
the agar surface

U Invert the plates and place in an incubator set36 N2 AC
(testing at temperatures abodd AC may not detect MRS)
within 15 minutes afterthe disks are applied

U Do not stack plates more than six high in the incubator
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 Reading Plates and Interpreting Results

U After 16to 18 hours of incubation examine each plate

U If the plate wassatisfactorily streakedand theinoculum was
correct the resulting zones of inhibition will baniformly

circular

U If individual colonies are apparent, the inoculum was too light
andthe test must be repeatelleasure the diameters of the
zones of complete inhibitiomcluding the diameter of the disk
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 Reading Plates and Interpreting Results

U Measure the zones to the nearest whole millimeter,
using sliding calipers or a ruler, which is held on the
back of the inverted petri plate

U Hold the petri plate a few inches above a black,
nonreflecting background illuminated with reflected
light
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 Reading Plates and Interpreting Results
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Exceptions

If blood was added to the agar base (as with streptococci),
measure the zones frothe upper surface of the agar
Hluminated with reflected light and with the cover removed

A Zone of growth inhibition should be measured, not the zone of
Inhibition of hemolysis

If testing oxacillin or vancomycinagainstStaphylococcus spp
or vancomycinagainstEnterococcus spp24 hours of
Incubation are required before reporting asisceptible




 Reading Plates and Interpreting Results

U Exceptions

U Usetransmitted light(plate held up to light) to examine
the oxaclillin and vancomycan zones for light growth of
resistant colonies within apparent zones of inhibition

U Any discernablegrowth within the zone of inhibition is
Indicative ofoxacillin or vancomycinresistance
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 Reading Plates and Interpreting Results

U If cefoxitinis tested againsstaphylococcus sppread
the zone diameters witreflected not transmitted, light
at 16to 18 hours

U If linezolidis tested againsbtaphylococcus sppread
the zone diameters wittiansmitted light
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 Reading Plates and Interpreting Results

U The zone margin should be considered the arec
showingno obvious, visible growtkhat can be
detected with the unaided eye.

U Ignore faint growth of tiny colonieghat can be
detected only with a magnifying lereg the edge
of the zone of inhibited growth
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 Reading Plates and Interpreting Results

U However, wherdiscrete colonies grow within a
clear zone of inhibition the test should be
repeated with a pure culture or subculture of a
single colony from the primary culture plate

U If discrete colonies continue to grow within the
zone of inhibition,measure the colonyree inner
zone
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 Reading Plates and Interpreting Results

U Strains ofProteus sppmayswarminto areas of
iInhibited growth around certain antimicrobial
agents

U With Proteus spp.gnore the thin vell of
swarming growth in an otherwise obvious zone
Inhibition
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 Reading Plates and Interpreting Results

U With trimethoprim and the sulfonamides
antagonists in the medium may allow some sligl
growth,

U Therefore, disregaraglight growth 0% or less
of the lawn of growth), and measure the more
obvious margin to determine the zone diameter
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Quality Control and Quality
Assurance Procedures



"Quality Control and Quality Assurance Procedure

94

In antimicrobial susceptibility testing, QC includes the procedures to
monitor the performance of a test system to ensure reliable results

This is achieved by, but not limited to, the testing of QC strains with
known susceptibility to the antimicrobial agents tested

The precision (repeatability) and accuracy of susceptibility test procedur
The performance of reagents used in the tests

The performance of persons who carry out the tests and read the result:
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- Storing and Testing Quality Control Strains

U For prolonged storage, maintain stock culturesia20
ACorbelow( pr ef er ®&®AC gr bedow or®d 1
liquid nitrogen) in a suitable stabilizer (edg0% fetal
calf serum in broth,10% to 15% glycerol in tryptic soy
broth, defibrinated sheep blood, or skim milk) or

U In a freezedried state without significant risk of
altering their antimicrobial susceptibility
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- Storing and Testing Quality Control Strains

U Subculturefrozenor freezedried stock cultures
onto appropriate media (eg, tryptic soy or blood
agar for nonfastidious strains)

U Subculturefrozenor lyophilizedculturestwice
before use In testing

U The second subculture Is referred to Bsiy 1
working culture
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- Storing and Testing Quality Control Strains

U Store subculturesit 2 AC to8 AC or as appropriate for the
organism type

U Prepare working cultures by subculturing the QC strains onto
agar plates to obtaimsolated colonies for testind’repare a
new working culture each day

U Prepare a new subculture each wegkcreate working cultures
(eg, prepare working cultures from the same subculture for ug
to seven days; then prepare a new subcultaredays).
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- Storing and Testing Quality Control Strains

U Prepare new primary subculturest least
monthly from frozen, freezelried, or commercial
cultures g, subculture each week for no more
than three successive wegks

U For best results, some strains may require
preparation of new subcultures more frequently
(eqg, every two weeks
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~ Frequency of Quality Control Testing

U Monitor the overall performance of the test system using the

QC limits by testing the appropriate QC straigach day the
test is performear, if satisfactory performance is documented

test the QC strains weekly.

U The weekly OC testing option outlined below is not applicable
when disk diffusion tests are performed less than once a wee
Quality control testing should be performed each test day for
disk diffusion tests performed less than once a week
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~ Additional Corrective Action

U When immediate corrective actiashoes not resolvéne
problem, the problem is likely due tosystem rather
than arandom error

U Additional investigation and corrective action is
required. Refer tol'roubleshooting Guiddor
assistance
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~ \Verification of Patient Test Results

U It is important to review all of the results obtained from all
drugs tested on a patientos

U The antimicrobial susceptibility results are consistent with the
identification of the isolate

U The results from individual agents within a specific drug class
follow the established hierarchy of activity rulesd, thirc
generation cephalosporins are more active than first
secondgeneration cephalosporins against Enterobacteriaceae
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~ Misleading Results

U Dangerously misleading resultsan occur when certain
antimicrobial agents are tested and reported as
susceptible against specific organisms :

U First- and seconegeneration cephalosporins,
cephamycins, and aminoglycosidagainstSalmonella
and Shigella spp
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~ Misleading Results

U Penicillins, b-lactamfb-lactamase inhibitor
combinations, cephems, ar@hrbapenemsgainst
oxacillin-resistant Staphylococcus sppMRSA

U Aminoglycosides (except high concentrations),
cephalosporinsclindamycin, and
trimethoprimsulfamethoxazolagainstEnterococcus

SPP
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~ SELECTION OF ANTIMICROBIAL AGENTS TO TEST

Selection of appropriate agents for testing is based ¢
U Clinical indications
U Efficacy
U Pharmacological factors
U Local prevalence of resistant organisms
U Cost
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- Urine Culture

Erythromycin & Clindamycin &
Chloramphenicol

U NOT Routinely reported on isolates from
the urinary tract .
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 Suggested Guidelines for Routine and Selective Testing and Reporting

U Group A
U Group B
U Group C
U Group O
u Group U
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CLSI 2011: M100-S21 -Zone Diameter and
Minimal Inhibitory Concentration (MIC)
Interpretive Standards foEnterobacteriaceae
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Nalidixic Acid

U Extraintestinal isolates of Salmonella should als
be tested for resistance tmlidixic acid.

U For isolates that test susceptible to
fluoroquinolonesand resistant tonalidixic acid
,the physician should be informed that the isolat
may not be eradicated by fluoroguinolone
treatment.

137






~ bLactamaseMediated Resistance in Graiegative Bacill

UThe maj or mechani-lsaglmamof r
antimicrobial agents in granrmegative bacilli is
pr odu c t-lacamaseoehzynes.

U Many different types of enzymes have been reported.
They may be classified as molecul@rass A, B, C, or D
enzymes.
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~ bLactamaseMediated Resistance in Graiegative Bacill

U Extendeds p e c t-laalamasés are enzymes
that arise by mutations in genes for common
plasmide n ¢ o dlactdmabes, such aBEM-1,
SHV-1, andOXA-10

U Or may be only distantly related to a native
enzyme, as in the case of tkA X-M -D
lactamases. A similar native enzym®XY or Kl)
In Klebsiella oxytoca acts as an ESBL when
overexpressed
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~ Extended Spectrum Bethactamases / ESBLs
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There are oveB800different ESBLSs described

All of which are mutations of the classical broaghectrum beta lactamase
enzymes that were initially named TEM and SHV (TEM TEM-2, SHV-
1)

ESBLOsSs ar e -3n-datte aHVVZ, B btc., CTXM], -2 etc.,
OXA-1, -2 etc

ESBLs hydrolyzeenicillins, cephalosporingind the
monobactamfiztreonam), conferring resistance to all of these drug
classes



~ Extended Spectrum Bethactamases / ESBLs

U Theydonot hydrolyze the cephamycin antibiotics (ieefoxitin), which
are close relatives to the cephalosporins

UESBLOs ar e al s-actamase inlbbitorsesuthasy b et
clavulanate, sulbactam and tazobactam

U ESBLs are generallynactive against theearbapenenantibiotics
(Imipenem, Meropenem, Ertapenem).
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~ Extended Spectrum Bethactamases / ESBLs

U Ceftazidimeresistance is the best indicator faieM- and SHV-derived
ESBLs in E. coli and Klebsiella spp

U Tests withceftazidimeare generally more reliable than witbefotaxime
but some ESBLs are detected only waifotaxime so both (or
cefpodoximé should be tested

U Most ESBLs are inhibited bglavulanic acidand this is the basis of
current tests for ESBLSs, but be aware that no currently available test is
completely reliable
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~ Extended Spectrum Bethactamases / ESBLs
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Cefotaximeresistance is a better indicator for tH@€TX-M enzymes

CTX-M-typeB-lactamases hydrolyzeefepimewith high efficiency, and
cefepime MICs are higher than observed in bacteria producing other
ESBL types

Tazobactanexhibits an almostlO-fold greater inhibitory activity than

clavulanic acid againsCTX-M-typeB-lactamases
















