
EDITORIAL
Microbial resistance is a growing major public health
issue, and a strong concern for the medical community.
bioMérieux has long been committed to this fight through
the development of diagnostic tools to help labs detect
and follow resistance. 
We launched our first Identifying Resistance initiative over
10 years ago to support microbiology labs in better 
detecting resistance, including through the development
of state-of-the art tests. Which is why we recently acquired
AB-Biodisk since the extra flexibility of Etest® advantageously
completes our well known VITEK® 2/ AES. 
Today, we firmly believe that we need to go one step 
further in the fight against resistance since detection and
identification is only a part of the fight. We must work 
towards preventing the emergence and spread of 
multi-resistant bacteria.
This is why new tools which contribute to better use of
antibiotics is also part of the solution. For example, giving
the possibility of rapidly assessing if the infection is 
of viral or bacterial origin, as is the case for Flu, Strep A 
or RSV through the use of rapid tests or biomarkers 
(e.g. Procalcitonin). 
As screening for MRSA, ESBL or VRE becomes part of
standard of care, we are already thinking about further 
innovative solutions to counter any future “smart” 
microorganism developments, such as PVL-SA or KPC.
Working closely with worldwide experts, our researchers
are targeting their efforts on maintaining the highest 
possible level of expertise and knowledge to enable 
them to continuously develop more ingenious diagnostic
tools to help you in this fight. 
Last, but not least, we will continue our efforts in terms 
of education/training as this is also a powerful means 
of supporting the medical community. This newsletter
forms part of this initiative.
In this new issue, you will discover a new format translating
our new approach: 
"be SMART with Resistance" by providing Solutions 

to Manage the Antimicrobial Resistance Threat. 
This newsletter is also your newsletter. Do not 

hesitate to contact us with ideas and suggestions.
More than ever, microbiologists, all over the world,

are at the very heart of the fight against resistance.

Thierry Bernard, 
Vice President Commercial Operations, 

bioMérieux
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INTRODUCTION
Production of ß-lactamase is a major means by which Gram-negative bacteria exhibit resistance
to ß-lactam antibiotics. Extended-spectrum ß-lactamases (ESBLs) are a group of such enzymes
that can hydrolyze a variety of ß-lactams including cephalosporins (e.g. ceftazidime, cefotaxime
and ceftriaxone) and monobactam (aztreonam) in addition to penicillins. Most of them also
have the ability to hydrolyze fourth-generation cephalosporins (e.g. cefepime and cefpirome).
As a result, bacteria that produce ESBLs become resistant to these ß-lactams. ESBLs do not 
hydrolyze cephamycins and carbapenems.
Until recently, ESBL-producing organisms were viewed as hospital- acquired or healthcare-
 associated pathogens, i.e. affecting patients who had typically been in hospitals or other health
care facilities like nursing homes (see GLOSSARY). In the last decade, however, these infections
have increasingly been recognized in community patients who had no prior contact with 
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the health care system. This new epidemic is driven mostly by 
Escherichia coli that produce CTX-M-type ESBLs. The global spread

of ESBL-producing E. coli into the community has a potential to 
become a major public health problem in the near future.

GENETICS OF ESBLS IN E. COLI
E. coli and Klebsiella pneumoniae often carry genes for TEM-1, -2 and SHV-1 ß-lactamases.

TEM-1, -2 and SHV-1 are so-called broad-spectrum (but not extended-spectrum) 
ß-lactamases that are capable of hydrolyzing penicillins but not cephalosporins. When certain

mutations leading to substitutions of key amino acid residues are introduced, their kinetic
properties are altered to allow for significant hydrolysis of cephalosporins, especially 
ceftazidime, and monobactam. These TEM- and SHV-derived ESBLs were the commonly
observed ESBL types in E. coli throughout the 1980s and 1990s (2).
On the other hand, reports on a newer group of ESBLs, coined CTX-M for their preferential
hydrolysis of cefotaxime over ceftazidime, started to emerge in E. coli in the late 1990s (17).

Studies have indicated that the genes for CTX-M-type ESBLs were mobilized from the 
chromosomes of Kluyvera spp. to E. coli plasmids through transposon-mediated events (11, 21).

Unlike TEM and SHV-type ESBLs, CTX-M-type ESBLs do not have corresponding non-ESBL 
progenitors. Currently, five groups of CTX-M-type ESBLs have been identified: CTX-M-1, -2, -8, 

-9 and -25 groups. CTX-M-14 (belonging to the CTX-M-9 group) and CTX-M-15 (belonging to the 
CTX-M-1 group) are particularly associated with community-acquired isolates.

EPIDEMIOLOGY OF ESBL-PRODUCING E. COLI
IN THE COMMUNITY

Initial reports on ESBL-producing E. coli came largely from hospitalized patients. For example, a large
surveillance study conducted in France in 1993 did not identify any community-acquired infections
with ESBL-producing E. coli among over 2,000 cases collected (10). However, reports on community-
onset, ESBL-producing E. coli infections started to emerge in the late 1990s and early 2000s. While
most studies were laboratory-based surveillance identifying community-onset cases, some of them
represented true community-acquired infections (see GLOSSARY) (1, 6, 9). Initially identified mostly from
European countries, community-acquired ESBL-producing E. coli infections have now been 
reported from all populated continents. The fact that these cases occur among outpatients, however,
makes it difficult to estimate the magnitude of this problem. In a population-based study conducted
in Canada between 2000 and 2002, the incidence of ESBL-producing E. coli infections was 5.5 cases
per 100,000 population per year, 71% of which was community-onset (20).
While earlier data suggested that CTX-M-14 was most commonly associated with community-acquired
infections (19, 23), more recent data indicate that a large part of this global epidemic is driven by a 
particular clone of E. coli that produces CTX-M-15 and defined by phylogenetic group B2, serotype
O25:H4 and MLST sequence type 131 (5, 16). Several hypotheses exist as to how this particular clone
emerged and disseminated to the community in a relatively short period of time. Several studies have
pointed out overseas travel, especially to the Indian subcontinent where the rate of CTX-M-15 production
among E. coli is estimated to be very high (7, 27), as a major risk factor for subsequent development of 
infection due to these organisms (8, 14). Alternatively, food animals, in particular poultry, are known to 
be sometimes contaminated with ESBL-producing E. coli and speculated to be one source of these 
organisms (3). High carriage rates of ESBL-producing E. coli by family members of a patient with this 
infection also lend support to this hypothesis (22, 26).
While CTX-M-type ESBLs are most frequently encountered in E. coli, they have now spread to 
K. pneumoniae and other enterobacterial species worldwide as well (25). Community-acquired, ESBL-
producing K. pneumoniae infections are increasingly reported (13).
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CLINICAL IMPLICATIONS
The majority of community-acquired ESBL-producing E. coli infections
present as urinary tract infections (UTIs), sometimes complicated by
pyelonephritis or bacteremia. Previous use of antibiotics (especially 
fluoroquinolones) has been constantly identified as an independent risk
factor for these infections (4, 23). Treatment options may be limited 
depending on the degree of multidrug resistance. Frequently, 
ESBL- producing E. coli is resistant to oral agents such as trimethoprim-
sulfamethoxazole or ciprofloxacin, and parenterally administered drugs
such as ceftriaxone, gentamicin or ampicillin/sulbactam (29).  Thus, few
treatment options remain. Fosfomycin or amoxicillin/clavulanate
may be orally administered options for UTI, although not all ESBL-
producing organisms are susceptible. On the other hand, carbapenems
should be considered the first line agents for more severe infections
like pyelonephritis and bacteremia given the data on favorable clinical 
outcome with this class (17). Though still rare, severe sepsis has been 
reported with community-acquired ESBL-producing E. coli (24). 
Of concern, vertical transmission of ESBL-producing E. coli from a
mother to a newborn causing bacteremia has also been reported (15).
Therefore, knowledge of the local epidemiology and risk factors for
these infections is crucial in choosing appropriate empiric therapy for 
severe E. coli infections that originate in the community.

LABORATORY DETECTION
ESBL-producing organisms may appear susceptible to cephalosporins
when the current CLSI breakpoints are used (susceptible MIC range, 
≤ 8 µg/ml). However, clinical data indicate that use of cephalosporins
for infections caused by apparently cephalosporin-susceptible ESBL-
producing organisms is associated with worse clinical outcome (18, 28). 
As such, clinical laboratories are encouraged to routinely detect ESBL
production and report them as resistant to penicillins, cephalosporins
and monobactams regardless of the actual susceptibility testing results.

Phenotypic detection of ESBL production takes advantage of the 
fact that ESBL activity is significantly inhibited in the presence of a 
ß-lactamase inhibitor, in particular clavulanic acid. The most classic
method is the double-disk synergy test, where a ceftazidime or cefotaxime
disk is placed 2 or 3 cm away from an amoxicillin-clavulanic acid disk.
An enhanced inhibition zone between the two disks (often coined 
the keyhole phenomenon) indicates ESBL production. The CLSI 
recommends a two-step approach, where ESBL-producing organisms
are suspected when their cephalosporin susceptibility is reduced 
(i.e. MIC ≥2 µg/ml for at least one of ceftazidime, aztreonam, cefotaxime
or ceftriaxone, or MIC ≥2 µg/ml for cefpodoxime). ESBL production 
is then confirmed by documenting the presence of inhibition 
of cephalosporin activity by ß-lactamase inhibitor clavulanic acid (i.e. 
a ≥3 twofold reduction in the MIC of ceftazidime or cefotaxime when
clavulanic acid is present at 4 µg/ml, or a ≥5-mm increase in the zone
diameter of ceftazidime or cefotaxime disk when combined with 10 µg
of clavulanic acid) ([a] and [b] in Fig. 1). Several commercial methods
incorporating the same principle have been developed to facilitate 
detection of ESBL-producing organisms. Automated susceptibility testing
systems including VITEK® 2, Phoenix and Microscan Walkaway-96 offer
disposables designed to detect ESBL production. With these systems,
growth in wells with cephalosporins alone and in combination with
clavulanic acid is automatically detected and analyzed with computerized
algorithms to report ESBL production. These systems perform comparably
when detecting ESBLs in E. coli and Klesbiella spp. Etest® for ESBL 
detection is also available. Etest® ESBL strips have two-sided gradients
of ceftazidime, cefotaxime or cefepime alone and in combination with
clavulanic acid. Similar to the CLSI confirmatory method, a ≥3 twofold 
reduction in the MIC on the side containing clavulanic acid is indicative of
ESBL production ([c] and [d] in Fig. 1).

Combination disk testing for CTX-M-15-producing E. coli and SHV-12-producing E. coli, and Etest ESBL for CTX-M-15-producing E. coli and
SHV-12-producing E. coli. The presence of phantom zone near the center of the CT/CTL strip in is also indicative of ESBL production.DD

B CAFIGURE 1
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The CLSI is currently in the process of revising the cephalosporin breakpoints for Enterobacteriaceae,
which includes E. coli, based on pharmacokinetic and clinical data that have become available since they
were last defined. As a result, the new CLSI document to be published in early 2010 is expected to
have much lower breakpoints of cephalosporins (susceptible MIC range, ≤ 1µg/ml except for 
ceftazidime). Use of these new breakpoints, which are closer to the current EUCAST breakpoints, will
allow reporting of most ESBL-producing organisms as resistant to cephalosporins without further 
confirmatory testing for ESBL production (12). Testing for ESBL will nonetheless remain important for 
infection control and surveillance purposes.

FUTURE DIRECTIONS
As discussed above, the recent global spread of ESBL-producing E. coli into the community has been
explosive. They are likely already part of the flora in communities worldwide, making elimination 
impossible, just as we have seen with community- associated methicillin-resistant Staphylococcus aureus
(CA-MRSA). Judicious use of antibiotics is more important than ever to prevent infections by these 
resistant organisms in the community. On the local level, awareness by microbiologists and clinicians
serving the community is key to early detection and appropriate treatment of patients affected by ESBL-
producing E. coli.
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GLOSSARY
Hospital-acquired infection
An infection occurring 48 hours after 
hospitalization.
Healthcare-associated infection
An infection occurring < 48 hours after
hospitalization or as an outpatient in a
patient with healthcare- associated risk
factors such as nursing care at home, 
attendance to a hemodialysis clinic, 
recent hospitalization and residence 
in a nursing home.
Community-acquired infection
An infection occurring < 48 hours after
hospitalization or as an outpatient 
in a patient without above 
healthcare-associated risk factors.
Community-onset infection
An infection identified in an outpatient
setting; may be either community-acquired
or healthcare- associated infection.
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Community-acquired Hospital-acquired/healthcare-associated
Organism Escherichia coli Klebsiella pneumoniae, but E. coli

increasingly common
Infection Mostly urinary tract Bacteremia, pneumonia, intra-abdominal

infection; also biliary and wound infection
infection and bacteremia

ESBL CTX-M (especially CTX-M-15) SHV; CTX-M increasingly common



INTRODUCTION
Multidrug resistance (MDR) in Enterobacteriaceae has become an 
increasingly threatening public health problem worldwide (13). Particularly,
resistance to first-generation quinolones (e.g. nalidixic acid) and 
fluoroquinolones [FQs] (e.g. norfloxacin, ciprofloxacin and levofloxacin)
has been extensively reported for several years among human isolates
related to their heavy usage in clinical practice. For instance, levels of FQ
resistance among invasive Escherichia coli and Klebsiella pneumoniae
isolates in Europe has consistently increased over the past years and
ranged in 2007 from 5% to 53% and from 1% to 55%, respectively
(http://www.rivm.nl/earss/database/).
Resistance to quinolones in Gram-negative bacterial species most 
commonly results from the accumulation of mutations leading to 
specific alterations in type II topoisomerases that are molecular targets
for these molecules: DNA gyrase (gyrA/gyrB genes) and topoisomerase
IV (parC/parE genes). Note that a single mutation in gyrA is sufficient
for high-level resistance to nalidixic acid whereas additional mutations 
are required for high-level FQ resistance. The second chromosomal
mechanism of resistance is the decrease of intracellular drug 
accumulation due to either decreased membrane permeability by porin
loss or overexpression of naturally-occurring efflux pump systems 
related to mutations in regulatory genes (22).
Although considered as impossible due to the plasmid curing effect of
quinolones, plasmid-mediated quinolone resistance (PMQR) was first
identified in 1998 from a K. pneumoniae isolate obtained from a urine
culture collected in 1994 in Alabama, USA (10). Three different mechanisms
have been identified to date: target protection by Qnr proteins, enzymatic
inactivation by the aminoglycoside acetyltransferase AAC(6’)-Ib-cr and 
active efflux by the QepA pump.

Qnr PROTEINS
This first PMQR determinant which has been discovered is qnr (for quinolone
resistance) located on a broad-host range conjugative plasmid conferring
a MDR phenotype(10). Structurally, Qnr is a 218-amino acid protein belonging
to the pentapeptide repeat proteins family which acts by protecting both
DNA gyrase and topoisomerase IV from quinolone inhibition (23).
According to CLSI guidelines, Qnr provides resistance to nalidixic acid
but only reduced susceptibility to FQs with a 2-to-8- and 4-to-128-fold
MIC increase, respectively (Table 1) (1, 10, 17). Note that the CLSI 
susceptibility breakpoints for Enterobacteriaceae are the following: 
≤16 µg/ml for nalidixic acid, ≤4 µg/ml for norfloxacin, ≤2 µg/ml for
ofloxacin and levofloxacin, and ≤1 µg/ml for ciprofloxacin. Qnr may also
supplement quinolone resistance due to other resistance mechanisms, such

as target modification, decreased permeability and efflux pump activation(9).
In vitro, Qnr may facilitate the recovery of resistant mutants with higher
levels of quinolone resistance by increasing the mutant prevention 
concentration (MPC) by more than 10-fold (see Fig. 1 overleaf) (17).

Currently, five different types of Qnr-like proteins with several variants
are reported: QnrA (6 variants), QnrB (20 variants), QnrC (1 variant),
QnrD (1 variant), and QnrS (4 variants) sharing an overall amino acid
identity from 39 to 64% (www.lahey.org/qnrStudies/) (7). Qnr determinants
have been identified worldwide in many enterobacterial species, especially
in Enterobacter cloacae, K. pneumoniae, E. coli, and Salmonella spp.,
with an average prevalence between 1 and 5% depending on selection
criteria of studied strains (Table 2) (1). In addition, numerous 
epidemiological surveys have shown a frequent association with 
ß-lactamase genes, especially with ESBLs (e.g. TEM, SHV, CTX-M, VEB,
PER), plasmid-mediated cephalosporinases (e.g. CMY, DHA) and 
carbapenemases (e.g. IMP, VIM, KPC) (1).

Finally, several lines of evidence indicate that the circulating qnr-like
genes originate from the chromosome of water-dwelling environmental
organisms, such as Shewanella algae and Vibrio splendidus which have
been identified as the progenitors of qnrA- and qnrS-like genes, 
respectively (3, 16). Aeromonas spp. which have been found harbouring
plasmid-borne qnr genes and also present in the aquatic environment
might have played an important role as a natural reservoir and an in-
termediate host for the qnr genes (2).

STATE-OF-THE-ART

TABLE 1 In-vitro effect of PMQR determinants on
quinolone MICs (1, 10, 12, 17)

a TC, transconjugant.
b Nal, nalidixic acid; Nor, norfloxacin; Ofx, ofloxacin; Cip, ciprofloxacin; Spx,
sparfloxacin; Lev, levofloxacin; Mox, moxifloxacin.

Straina MIC (µg/ml)b

Nal Nor Ofx Cip Spx Lev Mox
E. coli J53 4 0.06 0.125 0.01 0.02 0.01 0.03
E. coli TC qnrA(+) 32 1 1 0.25 1 0.5 1
E. coli TC qnrB(+) 32 1 2 0.5 - 0.5 1
E. coli TC qnrS(+) 32 - 2 0.5 - - -

E. coli DH10B - 0.16 - 0.02 - 0.08 -
E. coli TC aac(6’)-Ib-cr(+) - 0.62 - 0.08 - 0.08 -

E. coli C600 2 0.06 - 0.02 - 0.03 0.06
E. coli C600 TC qepA(+) 2 1.5 - 0.25 - 0.03 0.09

TABLE 2 Relative distribution of qnr-like genes according
to the bacterial species (adapted from 1)

Bacterial species Prevalence of qnr-like genesa:
qnrA qnrB qnrS

E. coli +++ ++ ++
K. pneumoniae ++++ ++++ +++
K. oxytoca + + +
E. cloacae ++++ ++++ +++
E. aerogenes + + -
E. sakazakii + - -
C. freundii + ++ -
C. koseri - + -
C. werkmanii - + -
S. marcescens + + +
P. mirabilis + + -
M. morganii - - -
S. enterica ++ ++ ++++
Shigella spp. - - +
Aeromomnas spp. - - +
Pseudomonas spp. - + -
Campylobacter spp. - - -
a No. of published qnr-like positive isolates: -, 0; +, 1-10; ++, 10-50; 
+++, 50-100; ++++, >100.

Vincent CATTOIR, PharmD, PhD
Associate Professor, Medical 

Microbiology Dept., University Hospital
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A quinolone surprise: 
The plasmid-mediated
resistance
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AMINOGLYCOSIDE ACETYL-
TRANSFERASE AAC(6’)-Ib-cr

The second PMQR determinant has been discovered in
qnrA-positive E. coli isolates from China (18). The authors
were surprised by the discrepancy in the level of

ciprofloxacin resistance conferred by different qnr- positive
plasmids. They demonstrated that this higher level of 

resistance was due to a variant of the aminoglycoside acetyl-
transferase AAC(6’)-Ib (usually responsible for resistance to
kanamycin, tobramycin and amikacin), named AAC(6’)-Ib-cr (for
ciprofloxacin resistance). They also evidenced that the 
presence of two substitutions (Trp102Arg and Asp179Tyr) was
necessary and sufficient to confer this ciprofloxacin resistance
phenotype (18). 
This protein was able to acetylate only FQs harbouring an
unsusbtituted piperazinyl group (such as ciprofloxacin and 
norfloxacin) with a 2-to-4-fold MIC increase (Table 1). In vitro,
the expression of AAC(6’)-Ib-cr may also facilitate the survival of
resistant mutants with a 10-fold MPC increase (Fig. 1) (17, 18).
According to several epidemiological surveys performed in 
Enterobacteriaceae, this enzyme has been mostly identified in
E. coli and K. pneumoniae human and animal isolates, 
frequently in association with ß-lactamases, particularly with
the widespread ESBL, CTX-M-15. This association of various
resistance genes may explain in part the frequent 
co-resistance to fluoroquinolones and expanded-spectrum
cephalosporins in Enterobacteriaceae. The overall 
prevalence of aac(6’)-Ib-cr may range from 0.4% up to 34%
depending on collections of strains (1).

EFFLUX PUMP QepA
More recently, a third type of PMQR determinant has been identified in two E. coli clinical isolates from
Japan and Belgium (12, 25). The qepA gene (for quinolones efflux pump) encodes a 511-amino-acid-
protein belonging to the major facilitator superfamily (MFS) of proton-dependent transporters.
QepA confers significant decreased susceptibility to the hydrophilic quinolones, such as norfloxacin
and ciprofloxacin, with a 8-to-32-fold MIC increase (Table 1) (12, 25). As demonstrated with chromosomal
efflux pump systems, addition of efflux pump inhibitors causes a significant decrease of the level of 
resistance to hydrophilic FQs.
Only a few epidemiological surveys among human isolates have been published showing a low 
prevalence of qepA for now, lower than 1% (1). Noteworthy, a genetic linkage between qepA and rmtB
(an aminoglycoside ribosome methyltransferase) genes has been evidenced(25), suggesting the potential for 
selection of the QepA determinant by aminoglycosides and of aminoglycoside resistance by use of quinolones.
By comparison with genome sequences, qepA was found to share a significant amino acid similarity
(60-70%) with MFS pumps of actinomycetes which might constitute the progenitors (12, 25).

DETECTION OF PMQR DETERMINANTS
As mentioned above, the production of PMQR determinants generally causes clinical resistance to
nalidixic acid but only decreased susceptibility to FQs. Therefore, phenotypic methods are usually unable
to detect low-level FQ resistance related to any PMQR gene. In addition, there is no reliable phenotypic
traits allowing an easy recognition or even the suspicion of the presence of PMQR determinants. 
Recently, it has been demonstrated that screening with nalidixic acid was efficient for detection gyrA
mutants but not for detection of qnr and aac(6’)-Ib-cr (5). Nevertheless, detection of PMQR could be
maximized, but not sufficiently, by screening with either ciprofloxacin or norfloxacin molecules (5). 

FIGURE 1 Mutant prevention concentration (MPC) 
and mutant selection window (MSW) with
quinolone antimicrobial agents

MIC is the lowest concentration of an antibiotic that inhibits the visible growth of a bacteria; MPC
is the lowest concentration of an antibiotic required to prevent the growth of quinolone-resistant
mutants from a large inoculum (about 1010 cells); MSC is the plasma concentration of a drug above
which toxic effects appear; MSW is the antimicrobial concentration range extending from the 
minimal concentration required to block the growth of wild-type bacteria (MIC) up to that required
to inhibit the growth of the least susceptible, single-step mutant (MPC).
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The ability of four automated systems to detect expression of PMQR
genes in clinical isolates has also been investigated, but detection 
appeared to be inaccurate (20). Interestingly, a very recent study has
shown that expression of qnr genes could be detected by the VITEK® 2
liquid culture system in strains possessing no target modification and
displaying an unusual quinolone resistance pattern (6).
Due to the limited usefulness of phenotypic detection, the presence of
PMQR genes has usually been screened by PCR amplification of the 
target genes (i.e. qnrA, qnrB, qnrS, qnrC, qnrD, aac(6’)-Ib-cr, and qepA).
For qnr-like genes, several multiplex PCR techniques, able to amplify
the different variants of qnrA, qnrB, and qnrS genes, have been 
developed to facilitate a higher throughput (4, 19). Noteworthy, detection
of aac(6’)-Ib-cr is quite more difficult since it needs amplification 
followed by sequencing or restriction analysis (11, 14). Finally, a recent
method employing the gap-ligase chain reaction (LCR) has been 
developed to overcome this cumbersome and costly method (24).

CLINICAL RELEVANCE OF PMQR
From a clinical point of view, the impact of PMQR might be indirectly
appreciated by the fact that Qnr and AAC(6’)-Ib-cr (and likely QepA)
determinants may increase the MPC of FQs in vitro, thus facilitating 
recovery of mutants with higher level of resistance to quinolones 
(Fig. 1) (10, 17). Indeed, clinical isolates harbouring one or more PMQR
genes may constitute a favourable background for an in-vivo selection
of resistant mutants after treatment by fluoroquinolones. This was 
documented in a clinical setting where a FQ-susceptible E. coli with
qnrA1, obtained from a urinary specimen of a Canadian patient, developed
additional chromosomal mutations in gyrA and parC genes, with 
subsequent high-level resistance after five days of norfloxacin therapy (15).

The in-vivo importance of Qnr has been evaluated in an experimental
model of pneumonia in mice infected with K. pneumoniae C2 and its
transconjugant containing qnrA1 (21). While both ciprofloxacin and 
levofloxacin were able to significantly reduce the bacterial count in lungs
of mice infected with the parental strain, this was not the case for 
infection with the transconjugant. Similarly, survival of mice infected
with the parental strain and treated with either ciprofloxacin or levofloxacin
was 100% while survival of mice challenged with the transconjugant
was only 53%. It was concluded that decreased therapeutic efficacy was
likely due to both the increase in FQ MPCs and the widening of the mutant
selection window (Fig. 1). The limit of this study is that K. pneumoniae C2
had already mechanisms of FQ resistance (gyrA mutation, porin 
deficiency, and active efflux) and had therefore a certain level of resistance
to fluoroquinolones further increased in the transconjugant.

CONCLUSION
Although they probably exist in bacteria for a long period of time, the
unexpected discovery of three mechanisms of PMQR within the last 10 years
is very peculiar since it has been considered as impossible for several
decades. Interestingly, detection of qnr-like genes in Gram-negative
pathogens preceded that of aac(6’)-Ib-cr gene by more than a decade since
the earliest isolates known to carry a qnr-like gene and the aac(6’)-Ib-cr
gene came from 1988 and 2000, respectively (8). The existence of other
PMQR determinants, especially those conferring low-level FQ resistance,
is very likely. Detection of the three described determinants is 
challenging by using phenotypic methods, and PCR-based molecular
techniques remain the most reliable approach to detect them. The clinical
impact of PMQR determinants in humans is difficult to assess, especially
if the presence of those determinants may lead to clinical resistance failures
of FQ-containing regimens.
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Break Point Changes of Note approved in 2009:
1. The MIC and disk diffusion break points for these drugs versus the 

Enterobacteriaceae will be published in 2010.

2. Approved break points for doripenem (but will not publish in 2010 pending
review of break points for all carbapenems): ≤1: S, 2: I, ≥4: R and ≥23mm
(S), 20-22mm (I), ≤19mm (R)

3. Approved adding resistant break point for linezolid versus staphylococci:
<4 µg/ml, susceptible ; >8 µg/ml, resistant. This is consistent with the 

EUCAST breakpoints for linezolid.  

Relevant AST CLSI Publications
• CLSI has recently concluded arrangement with the World Health Organization

(WHO) and the Pan American Health Organization (PAHO) to translate M2,

M7, and M100 documents into Spanish and distribute these to 18 various
countries in South America as well as Brazil.

Recently Published Documents
• M50-A, Quality Control for Commercial Microbial Identification Systems; 

Approved Guideline.

• M39-A3, Analysis and Presentation of Cumulative Antimicrobial Susceptibility
Test Data; Approved Guideline. 

• M51-P, Method for Antifungal Disk Diffusion Susceptibility Testing of Filamentous
Fungi; Proposed Guideline and corresponding M51-S1, Informational Supplement.

• M44-A2, Method for Antifungal Disk Diffusion Susceptibility Testing of 
Yeasts; Approved Guideline—Second Edition and corresponding M44-S3, 
Informational Supplement. 

Upcoming Publications
• X07, Surveillance for Methicillin-Resistant Staphylococcus aureus: Principles,

Practices, and Challenges; A Report. Document is estimated for publication
in September 2009.

New Projects Under Development
• M52-P, User Verification of Microbial Identification and Antimicrobial 

Susceptibility Testing Systems

• M43-P, Methods for Antimicrobial Susceptibility Testing for Human Mycoplasma

FDA Recent Guidance for Updating Labeling for Susceptibility
Test Information:
The document:  Guidance for Industry: Updating Labeling for Susceptibility Test
Information in Systemic Antibacterial Drug Products and Antimicrobial Susceptibility
Testing Devices provides a mechanism for the FDA to utilize the interpretive
breakpoints established/updated by recognized standards development 
organizations including CLSI® and EUCAST to request changes to USA drug 
package inserts (PI). Once the drug PIs are changed, in vitro susceptibility 
testing devices can then be updated to reflect the revised interpretive break
points. Visit www.fda.gov to find out more.  
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MIC bps (appv’d 2005) Disk bps (in mm)
Drug S I R S I R
Cefazolin ≤1 2 ≥4 NA NA NA
Cefotaxime ≤1 2 ≥4 ≥26 23-25 ≤22
Ceftizoxime ≤1 2 ≥4 ≥25 22-24 ≤21
Ceftriaxone ≤1 2 ≥4 ≥23 20-22 ≤19
Ceftazidime ≤4 8 ≥16 ≥21 18-20 ≤17
Aztreonam ≤4 8 ≥16 ≥21 18-20 ≤17

Clinical and Laboratory 
Standards Institute (CLSI)
2009 Update (www.clsi.org)

Unique gradient design superimposing ß-lactam and a constant level of clavulanic acid :
• Etest cefotaxime/cefotaxime + clavulanic acid (CT/CTL)
• Etest ceftazidime/ceftazidime + clavulanic acid (TZ/TZL)
• Etest cefepime/cefepime + clavulanic acid (PM/PML)

ESBL if ratio 8, or presence of phantom zones, or deformation of ellipses
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- Unique gradient design to detect MBLs based on the reduction of carbapenem MICs in the presence of EDTA.

- Uses imipenem or meropenem* to detect low and high level carbapenem MICs:
• Etest imipenem/imipenem + EDTA (IP/IPI)
• *COMING SOON : Etest meropenem/meropenem + EDTA (MP/MPI). Enterobacteriaceae possessing

MBLs often exhibit moderate cephalosporin and low carbapenem MICs thus avoiding detection and are
accordingly under estimated. MP/MPI is specifically designed to detect these problematic resistance
mechanisms in Enterobacteriaceae.

MBL if ratio 8, or presence of phantom zones, or deformation of ellipses

ETEST NEWSFLASH

PRATICAL ADVICE

ESBL

MBL


