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The two most important pieces of information for a clinician
are:

whether an
infectious agent




Antibiotics

On 7 April 2011, World Health Day, the World
Health Organization (WHQO) announced that
urgent actions were necessary If the
effectiveness of antibiotics was to be ensured

In the futu re




MDR, XDR,PDR
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29th Edition

Performance Standards for Antimicrobial
Susceptibility Testing




No consensus has yet been
reached on the definition and use
of terms such as MDR, XDR,
PDR
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MDR, XDR'PDR

In a joint Initiative by the European
Centre for Disease Prevention and
Control (ECDC) and the Centers for
Disease Control and Prevention
(CDC), a first meeting of experts was
held in Stockholm



MDR, XDR,PDR

The expert group decided to concentrate on applying the
definitions to:

. S. aureus
= Enterococcus spp.

= Enterobacteriaceae (other than
Salmonella and Shigella)

= P. aeruginosa
=Acinetobacter spp



* Mycobacteria

» Strepfococcus pneumonia
* Salmonella spp.

» Shigella spp.

» Neisseria gonorrhoeae

Were excluded



\

Only acquired antimicrobial
resistance was taken into
consideration in creating

definitions foPrDI\é\DR, XDR and

Intrinsic resistance was not
addressed
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MDR Definition:

The definition most frequently
used for Gram-positive and Gram-
negative bacteria is ‘resistant to

three or more antimicrobial
classes’



Another method used to
characterize bacteria as MDR, is
when they are ‘resistant to one

key antimicrobial agent’




These bacterial isolates may have public
health importance due to resistance to
only one key antimicrobial agent, but
they often demonstrate cross or co-
resistance to multiple classes of
antimicrobials, which makes them

MDR

VR



MR

Creating an acronym for a bacterium
based on its resistance to a key
antimicrobial agent (e.g. methicillin
resistance in S. aureus, i.e. MRSA)
immediately highlights its
epidemiological significance
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Table 1A. Suggested Groupings of Antimicrobial Agents Approved by the US Food and Drug Administration for Clinical Use That
Microbiology Laboratories in the United States
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and Repae
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Table 1A. (Continued)
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Group A are considered
appropriate for inclusion in a
routine, primary testing
panel, as well as for routine

for the

specific organism groups

e




Group B comprises agents that
may warrant primary testing.
However, they may be reported
only selectively
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Group C comprises

that may require testing in those
institutions that harbor endemic or
epidemic strains resistant to
several of the primary drugs

20



Test/Report Groups

Group C for treatment of
patients allergic to primary
drugs; for treatment of unusual
organisms, or for reporting to
infection control as an
epidemiological aid

21



Group U ("urine”) lists certain
antimicrobial agents that are
used only or primarily for
treating urinary tract
infections

22 ﬂ



>Beta lactams
« Ampicillin

> Cephalosporines
« Cefazolin

« Ceftazidime
« Cefazolin

« Cefuroxime
* Cefepime
 Cefoletan

« Cefotetan

« Cefoxitin

« Cefotaxime
« Ceftriaxone

23

> b-lactamase
inhibitors
*tazobactam
clavulanate
*sulbactam

aztronam

»Carbapenems
* Ertapenem
*Imipenem

* Meropenem




» Aminoglycosides
* Gentamicin

« Tobramycin

« Amikacin

»Fluroquinolones
« Ciprofloxacin
* Levofloxacin

»Chloramphenicol

» Trimethoprim-
Sulfamethoxazole

« Sulfisoxazole

* Trimethoprim
>Nitrofurantoin
»>Fosfomycin

> Tetracycline



Within the definition for MDR, a unique
rule was applied when defining

antimicrobial resistance for a S. aureus
iIsolate that is an MRSA.

]



* The antimicrobial activity of the drug is
clinically insufficient or antimicrobial
resistance is innate, rendering it clinically
useless

* Antimicrobial susceptibility testing s
therefore unnecessary, although it may be
performed as part of panels of test agents



Enterobacteriaceae are intrinsically
resistant to :

v penicillin 6
v' glycopeptides
v macrolides (with some exceptions)

v rifampicin
v daptomycin
v linezolid

27




Intrinsic Resistance

Non-fermentative Gram-negative
bacteria are intrinsically resistant to:

. penicillin 6 » glycopeptides
» cefazolin * Macrolides

» cefoxitin * Rifampicin

» cefamandole » daptomycin

» cefuroxime » linezolid

28



Gram-positive bacteria
intrinsically resistant to:

v aztreonam
v" polymyxin B/colistin
v nalidixic acid

29

are

also




ceptible

 Salmonella spp and Shigella spp.

»>1 st and 2st generation
cephalosporines

» cephamycines (cefoxitin)
» aminoglycosides

30 -—



ceptible

Oxacillin resistant staphylococcus
spp.

»Penicillin
»Carbapenems
»Cephems

31 -—



ceptible

Enterococcus
“*»Aminoglycosides
“»Cephalosporines
“+Clindamycines
“SXT

P ]



B R R RS RS S———S————...N

 bacteria isolated from CSF
Agents administered by oral route only

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

*Macrolides

* Tetracyclines

*Fluoroquinolones

33 ﬂ



XDR




\

Bacteria that are classified as XDR are
epidemiologically significant due:
1. to their resistance to multiple
antimicrobial agents

2. to their ominous likelihood of being
resistant to all, or almost all, approved
antimicrobial agents

35



XDR

In the medical literature XDR has been
used as an acronym for several
different terms such as:

* ‘'extreme drug resistance’
* ‘'extensive drug resistance’
'extremely drug resistant’
» ‘'extensively drug resistant

36



Initially, the term XDR was created to
describe extensively drug-resistant
Mycobacterium tuberculosis (XDR MTB)

‘resistance to the first-line agents isoniazid
and rifampicin, to a fluoroquinolone and to at
least one of the three-second-line
parenteral drugs (i.e. amikacin, kanamycin
or capreomycin)

37



Non-susceptible to 21 agent in
all but¢ 2 categories




PDR




pandrug resistant (PDR) means
resistant to all antimicrobial agents’

in order for a particular species and a
bacterial isolate of this species to be
characterized as PDR, it must be
tested and found to be resistant to

all approved and useful agents

P ]



Examples of current definitions are:

‘resistant to almost all commercially available
antimicrobials’

‘resistant to all antimicrobials routinely tested’

'‘resistant to all antibiotic classes available for
empirical treatment’

41 p—




FIG. |. Diagram showing the relationship of MDR, XDR and PDR

to each other.




There are bacterial species within certain organism
groups (i.e. the Enterococcus spp.

that are intrinsically resistant to one or more
antimicrobial agents within a category or to all agents
within a category.

When applying the definitions for MDR, XDR and
PDR to these organisms, those agents or
categories will need to be removed and not

included in the analysis.

43



MDR, XDR,PDR

Finally, available rules of
from
EUCAST and CLSI were applied to
the lists of antimicrobial agents in
order to minimize the number of
agents proposed for testing.

44



An example of a rule for full cross-
resistance is when an £. coliisolate
is tested and found to be hon-
susceptible to ciprofloxacin, it is
considered non-susceptible to all
fluoroquinolones.

" -




A bacterial isolate is considered resistant to a
‘class’ when it is resistant to one or more
antimicrobial agents within that 'class’. Thus,
according to this definition, carbapenem
resistance in Klebsiella spp. would be
defined as 'resistance to imipenem or
meropenem or ertapenem or doripenem

P ]



MDR Bacteria in
Laboratories
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MDR

*MRSA (Methicillin resistant
Staphylococcus aureus)

*ESBL SEx‘rended-spec’rrum beta-
actamase producin
En’rerobac’reriaceae%

*VRE (Vancomycin-resistant Enterococci)

*HLAR (High-Level Aminoglycoside
Resistance)

*CRE (Carbapenem-resistant
Enterobacteriaceae)

48



MRSA




MRSA

Methicillin-resistant S. aureus (MRSA)
were first reported in 1961 in UK
and have since become a major
nosocomial pathogen worldwide.

Treatment of infection caused has
become problematic.



Evolution of Antimicrobial Resistance

Penicillin Methicillin
v Penicillin-resistant N7 Methicillin-resistant
S. aureus
1950s S. aureus S. aureus (MRSA
(19505) 1960s) ‘

Vancomycin

2002

Vancomycin -
Resistant intermediate
S. aureus .
resistant

S. aureus




MRSA

Are few implicated risks factors for MRSA

Indiscriminate use of multiple antibiotics
especially in developing countries

* Prolonged hospital stay
 Intravenous drug abuse
Carriage of MRSA in nose



MRSA

Most resistance to oxacillin in
staphylococci is mediated by the
mecA genes which directs the
production of supplemental
penicillin-binding protein,

PBP 2a,and is expressed either
homogenously or heterogeneously



MRSA

*Homogenous resistance is easily detected
with standard testing method

* Whereas heterogenous expression may be
more difficult to detect with some
methods because only a fraction of the
population (e.g. 1 in 100,000 cells)
express the resistance



Staphylococcal Cassette
Chromosomes

All MRSA strains carry a mobile genetic element
called staphylococcal cassette chromosome (SCC)
which harbours the mecA gene. This gene encodes

penicillin-binding protein 2a that confers
resistance to p-lactam antibiotics.

Eleven distinct types of SCCmec have been
recognized.



2. ccr gene complex

1. mec gene complex

J2

I NS5+

mecA \ cerB?
mecRI ' ccrA

lllllll

1IS4317

3. Direct repeats/ Inverted repeats

4. integrated at the 3’ end of orfX



Antibiotic Resistance

1. HA MRSA

2. In the last decade community-associated
(CA)-MRSA strains have emerged



Antibiotic Resistance

Treatment options include the new drugs:

- vancomycin

* linezolid

* daptamycin

* tigecycline

-fifth-generation cephalosporins,
ceftobiprole and ceftavoline



Methicillin (oxacillin )
susceptibility testing

Microbiology laboratories have an important
role in detection of MRSA. They are two
major method for detection of MRSA in

laboratory.

Phenotypic Methods
*Genotypic Methods



Genotypic Methods

Accurate routine phenotypic detection of
MRSA is difficult by using standard
phenotypic methods. This has been ascribed
to the heterogeneous expression of
Methicillin resistance in many strains of S.
aureus. Using of PCR for detection of mecA
is gold standard method for detection of
MRSA



Phenotypic Methods for
detection of MRSA

>Disk diffusion Methods ( Oxacillin and Cefoxitin)
»Dilution methods ( for MIC)

»E-test method

»Agar screening method

»Latex agglutination method

»MRSA Choromoagar

»Automated methods



Oxacillin Based Methods

Oxacillin susceptibility results can be

applied to the other penicillinase-stable
penicillins ( ie, cloxacillin ,dicloxacillin,
flucloxacillin, methicillin and nafcillin)



Cefoxitin -Based Methods

The results of tests using Cefoxitin (either
broth microdilution or disk diffusion tests
using a 30ug Cefoxitin disk) and alternate
breakpoint can be used to predict mecA-
mediated oxacillin resistance in S. aureus.

Cefoxitin tests are equivalent to oxacillin

MIC in sensitivity and specificity for

S. aureus.



Cefoxitin

For coagulase-negative staphylococci currently
only the cefoxitin disk diffusion test has been
validated for predication of mecA -mediated
resistance. The Cefoxitin disk diffusion test
has equivalent sensitivity to oxacillin MIC tests
but greater specificity ( ,the Cefoxitin disk

tests more accurately identifies oxacillin -
susceptible strains than oxacillin MIC tests).

There are no disk difusion recomondation for
CoNS.
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Why are oxacillin and cefoxitin tested
instead of methicillin

*First, methicillin is no longer commercially
available in the United States.

« Second, oxacillin maintains its activity during
storage better than methicillin

« Is more likely to detect hetero-resistant
strains.



Antibiotic Resistance

The antibiotic of choice for treating
nosocomial MRSA infections is the
glycopeptide vancomycin. Strains with
reduced susceptibility to vancomycin
have emerged as a result of multiple
mutations in chromosomal genes that
result in reorganization and thickening
of the cell wall



Vancomycin Resistant
Enterococci

_d



Vancomycin Resistance

»Vancomycin had been in clinical use for more
than 30 years

» Teicoplanin is another glycopeptide
antibiotic it is not available in the United
States but has been used in Europe



Originally obtained
form Streptomyces
orientalis

Active only against
G+ bacteria (large
molecule unable to
penetrate outer
membrane of G-
bacteria)

Used for treatment
of oxacillin resistant
5+ infections




Vancomycin Resistance

. Active against methicillin-resistant
staphylococci and other gram-positive
bacteria

*In 1988, Uttley et al. were the first to
report the isolation of vancomycin-resistant
Enterococci England
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ycoside Resistance
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