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Impact of minimal inhibitory concentration
breakpoints on local cumulative bacterial
susceptibility data and antibiotic consumption
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Abstract

Background: The phenotypic antimicrobial susceptibility testing (AST) of bacteria depends on minimal inhibitory
concentration breakpoints issued by national and international breakpoint committees. The current study was
performed in order to test the influence of different AST standards on local cumulative AST data and on antibiotic
consumption.

Methods: Automated AST was performed with clinical isolates of Pseudomonas aeruginosa, Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Staphylococcus aureus, coagulase-negative staphylococci, Enterococcus faecalis, and E.
faecium. From each species 100 prospectively collected non-duplicate clinical isolates were tested and MIC data
were interpreted according to the interpretation standards issued by DIN and EUCAST, respectively. In addition
cumulative AST data from clinical isolates and antibiotic consumption were monitored before and after implementation
of new EUCAST MIC breakpoints.

Results: The susceptibility rate of P. aeruginosa against piperacillin and gentamicin, and of C. freundii against
piperacillin/tazobactam increased significantly, whereas the susceptibility rates of E. cloacae, S. marcescens, and M.
morganii against ciprofloxacin decreased significantly after switching from DIN to EUCAST MIC breakpoints. These
changes in the cumulative antibiotic resistance pattern were reflected by enhanced consumption of piperacillin/
tazobactam after implementation of EUCAST MIC breakpoints.

Conclusions: These data show that changes of AST breakpoints have a significant influence on local cumulative AST
data and on antibiotic consumption.

Keywords: Antibiotic susceptibility testing, Minimal inhibitory concentration, Clinical breakpoints, EUCAST, Antibiotic
consumption, Antibiotic stewardship
Background
The phenotypic antimicrobial susceptibility testing (AST)
of bacteria depends on minimal inhibitory concentration
(MIC) breakpoints issued by national and international
breakpoint committees. The most common MIC break-
points used in Germany are DIN 2004 [1], EUCAST ver-
sion 2.0 from 2011 [2], and CLSI 2010 [3].
The MIC breakpoints issued by DIN in 2004 and

EUCAST in 2011 differ considerably (Table 1). To which
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extent different breakpoints influence the grouping of
bacteria into the categories susceptible, intermediate,
and resistance depends on the actual MIC distribution
of isolates.
While EUCAST and CLSI mostly use species-specific

breakpoints the DIN until 2010 relied on species-
independent breakpoints only. EUCAST also provides
species-independent MIC breakpoints, however, species-
independent breakpoints for the reading of disk diffusion
tests are not available. Species-independent breakpoints fa-
cilitate routine AST testing, especially of uncommon iso-
lates for which often no species-specific breakpoints are
available. This is one reason why DIN breakpoints are still
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Table 1 Species drug combinations tested and MIC
breakpoints according to DIN 2004 and EUCAST 2.0

MIC breakpoints (μg/ml)

DIN EUCAST

Drug S I R S I R

Enterobacteriaceae

pip./taz. ≤4 8-32 >32 ≤8 16 >16

cefotaxime ≤2 4-8 >8 ≤1 2 >2

imipenema ≤2 4 >4 ≤2 4-8 >8

ciprofloxacin ≤1 2 >2 ≤0.5 1 >1

gentamicin ≤1 2-4 >4 ≤2 4 >4

Pseudomonas aeruginosa

piperacillin ≤4 8-32 >32 ≤16 ─ >16

ceftazidime ≤4 8-16 >16 ≤8 ─ >8

imipenem ≤2 4 >4 ≤4 8 >8

meropenem ≤2 4-8 >8 ≤2 4-8 >8

ciprofloxacin ≤1 2 >2 ≤0.5 1 >1

gentamicin ≤1 2-4 >4 ≤4 ─ >4

Stenotrophomonas maltophilia

trim./sulfam. ≤16 32-64 >64 ≤4 ─ >4

Acinetobacter baumanii

imipenem ≤2 4 >4 ≤2 4-8 >8

meropenem ≤2 4-8 >8 ≤2 4-8 >8

ciprofloxacin ≤1 2 >2 ≤1 ─ >1

gentamicin ≤1 2-4 >4 ≤4 ─ >4

Enterococcus spp.

ampicillin ≤2 4-8 >8 ≤4 8 >8

vancomycin ≤4 8 >8 ≤4 ─ >4

teicoplanin ─ ─ ─ ≤2 ─ >2

linezolid ─ ─ ─ ≤4 ─ >4

Staphylococcus spp.

oxacillinb ≤1 ─ >1 ≤2 ─ >2

oxacillinc ≤1 ─ >1 ≤0.25 ─ >0.25

vancomycinb ≤4 8 >8 ≤2 ─ >2

vancomycinc ≤4 8 >8 ≤4 ─ >4

teicoplaninb ─ ─ ─ ≤2 ─ >2

teicoplaninc ─ ─ ─ ≤4 ─ >4

linezolid ─ ─ ─ ≤4 ─ >4

rifampicin ─ ─ ─ ≤0.06 ─ >0.5

clindamycin ≤1 2-4 >4 ≤0.25 0.5 >0.5
aProteus, Morganella, and Providencia spp. were tested against meropenem,
bbreakpoints for S. aureus, cbreakpoints for coagulase-negative staphylococci,
“─” no data.
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frequently used in Germany. From AST results of bacterial
isolates microbiology labs compile cumulative AST data
summaries for hospitals that are intended to guide empir-
ical antimicrobial therapy [4].
Despite DIN, CLSI, EUCAST, and various other break-
points are widely used in Europe little is known how dif-
ferent MIC breakpoints influence cumulative AST data
and antibiotic consumption. Therefore, in the process of
switching from DIN to EUCAST MIC breakpoints we
studied the influence of different breakpoints on cumu-
lative AST data and monitored the effect of the imple-
mentation of EUCAST MIC breakpoints on antibiotic
consumption.

Methods
Compilation of cumulative AST data
Before implementation of new MIC breakpoints the pos-
sible effects of different MIC breakpoints on cumulative
AST data were evaluated by testing 100 consecutive iso-
lates of frequently isolated clinically important bacteria
such as Pseudomonas aeruginosa, Escherichia coli, Klebsi-
ella pneumoniae, Enterobacter cloacae, Proteus mirabilis,
Staphylococcus aureus, coagulase-negative staphylococci,
Enterococcus faecalis, and E. faecium using DIN and
EUCAST MIC breakpoints, respectively. In the time
period available for the study we also collected consecutive
isolates of less frequent species such as Stenotrophomonas
maltophilia (n = 47), Acinetobacter baumannii (n = 27),
Serratia marcescens (n = 37), Morganella morganii (n =
30) and Citrobacter freundii (n = 20) which were tested
using DIN and EUCAST MIC breakpoints. In addition
panels of 35 extended-spectrum-beta-lactamase (ESBL)-
positive, fluoroquinolone-resistant Enterobacteriaceae, 26
multi-drug-resistant (MDR) P. aeruginosa [5], and 19
methicillin-resistant S. aureus (MRSA) isolates were in-
cluded in the study.
From individual patients only the first isolate per ana-

lysis period was included in order to eliminate duplicate
isolates. Identification of all isolates was performed by
mass spectrometry (VITEK MS, Biomerieux, Nürtingen,
Germany) and AST of all isolates was performed using
the VITEK 2 (Biomerieux) with AST-N118, AST-N263,
AST-P580, and AST-P586 panels, respectively. All iso-
lates were collected as part of standard patient care and
processed according to the standard protocols provided
by the manufacturer. For AST of strain collections the
VITEK 2 expert system was inactivated and thus no in-
terpretative reading of AST was performed. Results were
categorized according to DIN 2004 and EUCAST 2.0
(2011) VITEK 2 MIC breakpoints, respectively. The indi-
vidual species-specific breakpoints for the clinical categor-
ies susceptible, intermediate, and resistant are provided in
Table 1. From these data the frequencies of susceptible, re-
sistant, and intermediate isolates were calculated. ESBL-
confirmation tests were performed with ESBL CT/CTL,
ESBL TZ/TZL, and ESBL PM/PML double E-tests (Bio-
merieux, [6]) according to the instructions provided by
the manufacturer.
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In addition cumulative AST data were compiled for all
clinical isolates for the 12 months before implementa-
tion of EUCAST MIC breakpoints (quarters 3/2011 to
2/2012) and 12 months (quarters 3/2012 to 2/2013) after
implementation of new breakpoints. Also for cumulative
AST data from individual patients only the first isolate
irrespective of body site was included in order to elimin-
ate duplicates. The AST of routine clinical isolates was
performed with active VITEK 2 expert system and thus
interpretative reading of AST results was performed.

Antibiotic consumption
Antibiotic consumption was determined for 12 months
(quarters 3/2011 to 2/2012) before and 12 months (quar-
ters 3/2012 to 2/2013) after the implementation of
EUCAST MIC breakpoints. From the prescription data
of the hospital pharmacy the numbers of defined daily
doses according to WHO standards per 1000 patient-
days were calculated [7].
Statistical analysis
Only bacteria/drug combinations with a MIC breakpoint-
dependent variation of the bacterial susceptibility rate
equal to or higher than 10% were analyzed. This threshold
was used in order to focus on potentially clinical relevant
changes in bacterial susceptibility rates. For statistical
analysis of cumulative antibiotic resistance data 2-way
contingency tables (sensitive isolates versus the sum of
intermediate and resistance isolates) were tested using
the chi-square test at the p < 0.05 significance level.
Statistical analysis of antibiotic consumption data was
Table 2 Species drug combinations with changes ≥ 10% in th
form representative strain collections

Assignment

DIN

Species#/drug S I

K. pneumoniae (n = 100)

pip./taz. 72 24

P. mirabilis (n = 100)

ciprofloxacin 78 15

M. morganii (n = 30)

cefotaxime 83 13

ciprofloxacin 100 0

P. aeruginosa (n = 100)

piperacillin 40 56

ciprofloxacin 88 5

gentamicin 73 22
*Asterisks indicate a significant (p < 0.05) difference of the number of susceptible is
#No variation ≥ 10% in the category susceptible was found for E. coli (n = 100), E. clo
S. aureus (n = 100), coagulase negative staphylococci (n = 100), E. feacalis (n = 100), a
performed using the distribution-free Mann–Whitney
U-test at the p < 0.05 significance level.

Ethics statement
According to the written decision of the clinical research
ethics committee of the University of Magdeburg the
current study did not require approval by the local ethics
committee because no human material or data attribut-
able to individual patients were used.

Results
Influence of MIC breakpoints on cumulative AST data
compiled from strain collections
In order to predict the potential changes in cumulative
AST data before implementation of new EUCAST MIC
breakpoints collections of clinically important bacteria were
tested according to DIN and EUCAST MIC breakpoints.
Table 2 provides the cumulative AST data for clinically

important species/drug combinations categorized into
susceptible, intermediate, and resistant according to DIN
and EUCAST MIC breakpoints, respectively. The com-
parison of the cumulative susceptibility data showed a
statistically significant variation in the category suscep-
tible of at least 10% in 5 species/drug combinations. The
strongest effect on the susceptibility rate was observed
in the combination P. aeruginosa/piperacillin. The sus-
ceptibility rate of P. aeruginosa against piperacillin was
more than 50% higher according to EUCAST compared
to DIN MIC breakpoints. The rates of piperacillin/tazo-
bactam-susceptible isolates of K. pneumoniae and of
gentamicin-susceptible P. aeruginosa were 12% and 22%
higher according to EUCAST compared to DIN MIC
e category susceptible in cumulative AST data prepared

of strain collections to AST categories (%)

EUCAST*

R S I R

4 84* 9 7

7 68 10 22

3 73 10 17

0 87* 13 0

4 91* 0 9

7 76* 12 12

5 95* 0 5

olates according to EUCAST MIC breakpoints compared to DIN.
acae (n = 100), S. marcescens (n = 37), C. freundii (n = 20), S. maltophilia (n = 47),
nd E. faecium (n = 100).



Stokkou et al. BMC Research Notes 2014, 7:603 Page 4 of 7
http://www.biomedcentral.com/1756-0500/7/603
breakpoints (Table 2). Among the tested species/carba-
penem combinations no changes of the susceptibility
rates ≥ 10% were observed. The observed changes of the
susceptibility rates against ciprofloxacin were only signifi-
cant with P. aeruginosa and M. morganii that according to
EUCAST yielded 12% and 13% lower susceptibility rates
against ciprofloxacin compared to DIN, respectively. The
susceptibility against 3rd generation cephalosporins was
not significantly affected by the application of different in-
terpretative criteria.
As highly resistant isolates were not well represented

in the collection of 100 consecutive clinical isolates we add-
itionally tested panels of 35 ESBL-positive, fluoroquinolone-
resistant Enterobacteriaceae, 26 MDR P. aeruginosa [5], and
19 MRSA isolates, respectively (Table 3). In contrast to the
data obtained with the unselected E. coli isolates (Table 2)
the analysis of ESBL-producing E. coli showed a significantly
enhanced, 29% higher susceptibility rate against piperacillin/
tazobactam if EUCAST instead of DIN MIC breakpoints
were applied.
The AST of MDR P. aeruginosa isolates revealed similar

trends as the testing of unselected P. aeruginosa isolates.
Testing with piperacillin, ceftazidime, and gentamicin yielded
a trend to enhanced susceptibility rates while the combin-
ation P. aeruginosa/ciprofloxacin showed a trend to lower
susceptibility rates (Table 3). Due to the low number of
strains tested, however, this trend was statistically significant
for the test combination P. aeruginosa/piperacillin only.

Changes of hospital cumulative AST data after
implementation of EUCAST MIC breakpoints
In the process of implementing new EUCAST MIC break-
points cumulative AST data were compiled for the periods
of 12 month before and 12 month after implementation of
the new MIC breakpoints. Table 4 summarizes the six spe-
cies/drug combinations which showed a change of the
susceptibility rate equal to or larger than 10%. We focused
on changes of at least 10% because these changes are of
Table 3 Effect of AST breakpoint on cumulative AST data pre
of ESBL-expressing E. coli, MDR P. aeruginosa, and MRSA isola

Assignmen

DIN

Species/drug S I

E. coli ESBL (n = 35)

pip./taz. 51 31

MDR P. aeruginosa (n = 26)

piperacillin 0 42

ceftazidime 38 31

ciprofloxacin 27 15

gentamicin 42 19

MRSA (n = 19) - no variation ≥ 10% in the category susceptible.
*Asterisks indicate a significant (p < 0.05) difference of the number of susceptible is
potential clinical interest. Only gram-negative bacteria
were affected. With an increase of the susceptibility rate of
40% the combination P.aeruginosa/piperacillin showed the
highest change of the susceptibility rate of all species/drug
combinations tested. The second strongest effect was the
enhancement of the susceptibility rate of P. aeruginosa
against gentamicin from 55% to 92%.
The testing of E. cloacae, S. marcescens, and M. mor-

ganii against ciprofloxacin showed significant reductions
of the ciprofloxacin susceptibility rates of 12%, 11%, and
15%, respectively. Among the Enterobacteriaceae the
only other species/drug combination affected was C.
freundii/piperacillin/tazobactam which showed a signifi-
cant increase of the susceptibility rate of 10% after im-
plementation of EUCAST MIC breakpoints.

Changes of hospital antibiotic consumption after
implementation of EUCAST MIC breakpoints
In order to evaluate if theses changes of cumulative hos-
pital AST data had any effects on antibiotic prescription
the numbers of prescribed defined daily doses of pipera-
cillin/tazobactam, ceftriaxone + cefotaxime, meropenem,
imipenem, ciprofloxacin iv/po, levofloxacin iv/po, and
gentamicin per 1000 patient days was calculated for the
periods of 12 month before and after implementation of
EUCAST MIC breakpoints (Figure 1). The direct compari-
son of these two periods shows that the prescription per
patient day of piperacillin/tazobactam significantly (p <
0.05) increased after implementation of EUCAST MIC
breakpoints. No significant change in antibiotic consump-
tion occurred among the other antibiotics monitored.

Discussion
Our data show that changes in clinical breakpoints affect
cumulative antibiotic susceptibility data and antibiotic con-
sumption. To our knowledge, this is the first study that
demonstrates a shift of antibiotic consumption after switch-
ing of MIC breakpoints.
pared form representative strain collections
tes

t of strain collections to AST categories (%)

R S I R

17 80* 6 14

58 15* 0 85

31 50 0 50

58 8 19 73

38 62 0 38

olates according to EUCAST MIC breakpoints compared to DIN.



Table 4 Species/drug combinations with changes ≥ 10% in the category susceptible after implementation of EUCAST
MIC breakpoints

Assignment of clinical isolates to AST categories (%)

Q3 2011-Q2 2012 (DIN) Q3 2012-Q2 2013* (EUCAST)

Species#/drug S I R S I R

E. cloacae n = 77 n = 41

ciprofloxacin 97 0 3 85* 9 6

S. marcescens n = 116 n = 93

ciprofloxacin 99 0 1 88* 9 3

M. morganii n = 107 n = 92

ciprofloxacin 97 0 3 82* 10 8

C. freundii n = 93 n = 89

pip/taz 77 4 19 87* 4 9

P. aeruginosa n = 462 n = 444

piperacillin 41 53 7 81* 3 16

gentamicin 55 36 9 92* 0 8
*Asterisks indicate a significant (p < 0.05) of the number of susceptible isolates according to EUCAST MIC breakpoints compared to DIN.
#No variation ≥ 10% in the category susceptible was found for E. coli, K. pneumoniae, P. mirabilis, S. maltophilia, A. baumannii, S. aureus, coagulase negative
staphylococci, E. feacalis, and E. faecium.
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Figure 1 Antibiotic consumption of selected antibiotics before
and after implementation of EUCAST MIC breakpoints. The
prescribed defined daily doses per 1000 patient days was calculated
for the study periods of 12 month before (open bars) and 12 month
after (closed bars) implementation of EUCAST MIC breakpoints.
Indicated are the means and standard deviations of the 4 quarters
before and the 4 quarters after implementation of EUCAST MIC
breakpoints. The asterisk indicates a statistically significant (p < 0.05)
change of antibiotic consumption.
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The effect of any change in clinical breakpoints de-
pends on the MIC distribution of the isolates analyzed.
In the current study, applying both DIN and EUCAST
MIC breakpoints to a panel of MDR P. aeruginosa iso-
lates revealed a 15% increase in susceptibility against pi-
peracillin when current EUCAST instead of DIN 2004
clinical breakpoints are applied. In contrast to this rather
limited effect of MIC breakpoints on cumulative AST
data of selected MDR P. aeruginosa isolates a more dra-
matic effect was observed in the panel of 100 consecu-
tive P. aeruginosa isolates. If EUCAST MIC breakpoints
were applied the susceptibility rate of P. aeruginosa in
comparison to DIN increased from 40% to greater than
90%. The analysis of the collection of 100 consecutive P.
aeruginosa strains quite precisely predicted the actual
change of the susceptibility rate of P. aeruginosa after
implementation of EUCAST breakpoints which in-
creased from 41% to 81%. Remarkably, the enhanced
susceptibility rate of piperacillin/tazobactam correlated
with increased consumption of this antibiotic.
In contrast to piperacillin/tazobactam, the enhanced sus-

ceptibility of P. aeruginosa against gentamicin did not result
in increased gentamicin consumption. A probable explan-
ation is that because at our institution combination ther-
apy with gentamicin is mostly used for the treatment of
endocarditis and only rarely for the treatment of severe P.
aeruginosa infections the increased susceptibility against
gentamicin resulted in very few additional treatments with
gentamicin.
Other changes of cumulative AST data after introduc-

tion of EUCAST MIC breakpoints that are of potential
clinical relevance are the reduced susceptibility of P.
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aeruginosa, P. mirabilis, and M. morganii against cipro-
floxacin. EUCAST MIC breakpoints of fluoroquinolones
for Enterobacteriaceae and P. aeruginosa are lower than
DIN or CLSI 2012 MIC breakpoints. Resistance against
fluoroquinolones is a multistep process which involves
multiple mutations in genes coding for bacterial DNA gyr-
ase and topoisomerase IV [8]. Thus when using EUCAST
MIC breakpoints low level fluoroquinolone resistance is
detected in some isolates that appear still susceptible ac-
cording to CLSI 2012 or DIN clinical breakpoints result-
ing in significantly decreased susceptibility of various
Enterobacteriaceae against fluorquinolones. This change
in fluorquinolone resistance of Enterobacteriaceae, how-
ever, did not result in significantly reduced hospital con-
sumption of fluorquinolones.
A number of previous studies [9-14] reported the in-

fluence of different MIC breakpoints on cumulative
AST data. The current study differs from these studies
i) by comparing different breakpoint systems (DIN vs.
EUCAST), ii) by studying both strain collections as
well as hospital cumulative AST data collected before
and after implementation of new breakpoints, and iii)
by assessing changes of hospital antibiotic consump-
tion after introduction of new EUCAST breakpoints.
Neither current EUCAST nor CLSI guidelines rec-

ommend the editing of susceptible and intermediate
AST results of ESBL-producing Enterobacteriaceae
against penicillins and cephalosporins into resistant.
This reporting policy of AST-results of ESBL- and
AmpC-producing bacteria is still the matter of debate
[15-17] and thus many institutions, still test for the
presence of ESBL-production. In the current analysis
editing for ESBL-producing strains was performed for
routine AST while the comparison of AST data from
strain collections was performed without editing. Thus
ESBL editing explains why ESBL-E.coli and K. pneu-
moniae were more suceptible to piperacillin/tazobac-
tam in the analysis based on strain collections
compared to cumulative hospital AST data.
The differences of DIN and EUCAST MIC break-

points for Enterobacteriaceae and cefotaxime, however,
resulted only in minor changes of cumulative AST
data. Thus our data corroborate previous studies which
reported no major differences in the susceptibility rates
of ESBL-producing Enterobacteriaceae against cefotax-
ime if EUCAST and CLSI breakpoints were compared
[10,14]. Without interpretative reading and editing,
however, cefotaxime resistance due to ESBL- or AmpC-
expression by Enterobacteriaceae does not correlate
with resistance against piperacillin/tazobactam [18]. In our
study this was observed with ESBL-producing E. coli that
according to EUCAST MIC breakpoints were > 80%
susceptible against piperacillin/tazobactam despite pro-
ducing ESBL.
It should be noted that the narrowing or elimination
of the intermediate AST category in EUCAST MIC
breakpoints may result in an increased rate of major er-
rors (false resistant) and very major errors (false suscep-
tible) [19]. This may be a particular problem for AST of
P. aerugiosa against piperacillin a species/drug combin-
ation in which high numbers of major and very major
errors occurred with automated AST [20,21]. Thus it
would be interesting to know how increased prescription
of piperacillin/tazobactam correlated with the outcome
of treated patients.
An important limitation of the current study is the lack

of a control group which was monitored over the same
time period without changing of MIC breakpoints. Such a
control group, however, would require a multi centric ap-
proach which was beyond the scope of the current study.
In our hospital internal guidelines for antibiotic prescrip-
tion were introduced at the end of the 3rd quartal after
implementation of new EUCAST guidelines and thus
could have affected antibiotic prescription habits toward
the end of the second monitoring period. Antibiotic con-
sumption, however, did not change significantly in the
quarter after introduction (data not shown). Nevertheless
we can not exclude that the increased consumption of pi-
peracillin/tazobactam after implementation of EUCAST
breakpoints was influenced by other factors such as new
publications, new guidelines, or enhanced promotional ac-
tivities of pharmaceutical companies.

Conclusions
Our data show that changes of AST breakpoints can sig-
nificantly influence hospital cumulative AST data and
antibiotic consumption. These effects have to be taken
into consideration if local AST breakpoints are changed.

Abbreviations
AST: Antimicrobial susceptibility testing; CLSI: Clinical Laboratory Standards
Institute; DIN: Deutsches Institut für Normung; ESBL: Extended-spectrum
beta-lactamase; EUCAST: European Committee on Antimicrobial
Susceptibility Testing; MDR: Multi-drug-resistant; MIC: Minimal inhibitory
concentration; MRSA: Methicillin-resistant Staphylococcus aureus.

Competing interests
The authors declared that they have no competing interests.

Authors’ contributions
SS and IT collected and compiled microbiology data. SZ und CG collected
and compiled antibiotic consumption data. GG and IT conceived the study,
participated in its design and coordination and helped to draft the
manuscript. All authors read and approved the final manuscript.

Funding
This work was not supported by external funds.

Author details
1Institut für Medizinische Mikrobiologie und Krankenhaushygiene,
Universitätsklinikum Magdeburg, Leipziger Str. 44, 39120 Magdeburg,
Germany. 2Zentralapotheke, Universitätsklinikum Magdeburg, Leipziger Str.
44, 39120 Magdeburg, Germany.



Stokkou et al. BMC Research Notes 2014, 7:603 Page 7 of 7
http://www.biomedcentral.com/1756-0500/7/603
Received: 30 April 2014 Accepted: 28 August 2014
Published: 3 September 2014

References
1. Normensausschuss Medizin im DIN: Teil 4: Bewertungsstufen für die

Minimale Hemmkonzentration; MHK-Grenzwerte von Antibakteriellen
Wirkstoffen. In Medizinische Mikrobiologie- Empfindlichkeitsprüfung von
Mikrobiellen Krankheitserregern Gegen Chemotherapeutika. Edited by
Normung DDIf. Berlin, Germany: Beuth Verlag GmbH; 2004.

2. Breakpoint tables for interpretation of MICs and zone diameters, version
2.0. http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/
Breakpoint_tables/Breakpoint_table_v_2.0_120221.pdf.

3. Clinical and Laboratory Standards Institute: Performance Standards for
Antimicrobial Susceptibility Testing: Twentieth Informational Supplement.
M100-S20. Wayne, PA, USA: CLSI; 2010.

4. Dellit TH, Owens RC, McGowan JE Jr, Gerding DN, Weinstein RA, Burke JP,
Huskins WC, Paterson DL, Fishman NO, Carpenter CF, Brennan PJ, Billeter M,
Hooton TM: Infectious diseases society of America and the society for
healthcare epidemiology of America guidelines for developing an
institutional program to enhance antimicrobial stewardship. Clin Infect
Dis 2007, 44(2):159–177.

5. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG,
Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, Paterson DL, Rice LB,
Stelling J, Struelens MJ, Vatopoulos A, Weber JT, Monnet DL:Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an international
expert proposal for interim standard definitions for acquired resistance.
Clin Microbiol Infect 2012, 18(3):268–281.

6. Färber J, Moder KA, Layer F, Tammer I, König W, König B: Extended-
spectrum beta-lactamase detection with different panels for automated
susceptibility testing and with a chromogenic medium. J Clin Microbiol
2008, 46(11):3721–3727.

7. Collaborating center for drug statistics methodology. ATC/DDD index
2014. http://www.whocc.no/atcddd/.

8. Jacoby GA: Mechanisms of resistance to quinolones. Clin Infect Dis 2005,
41(Suppl 2):S120–S126.

9. Hombach M, Bloemberg GV, Bottger EC: Effects of clinical breakpoint
changes in CLSI guidelines 2010/2011 and EUCAST guidelines 2011 on
antibiotic susceptibility test reporting of gram-negative bacilli.
J Antimicrob Chemother 2012, 67(3):622–632.

10. Hombach M, Mouttet B, Bloemberg GV: Consequences of revised CLSI and
EUCAST guidelines for antibiotic susceptibility patterns of ESBL- and
AmpC beta-lactamase-producing clinical enterobacteriaceae isolates.
J Antimicrob Chemother 2013, 68(9):2092–2098.

11. Hombach M, Wolfensberger A, Kuster SP, Bottger EC: Influence of clinical
breakpoint changes from CLSI 2009 to EUCAST 2011 antimicrobial
susceptibility testing guidelines on multidrug resistance rates of
gram-negative rods. J Clin Microbiol 2013, 51(7):2385–2387.

12. Huang CC, Chen YS, Toh HS, Lee YL, Liu YM, Ho CM, Lu PL, Liu CE, Chen YH,
Wang JH, Tang HJ, Yu KW, Liu YC, Chuang YC, Xu Y, Ni Y, Ko WC, Hsueh PR:
Impact of revised CLSI breakpoints for susceptibility to third-generation
cephalosporins and carbapenems among enterobacteriaceae isolates in
the Asia-pacific region: results from the study for monitoring antimicrobial
resistance trends (SMART), 2002–2010. Int J Antimicrob Agents 2012,
40(Suppl):S4–S10.

13. Liu PY, Shi ZY, Tung KC, Shyu CL, Chan KW, Liu JW, Wu ZY, Kao CC, Huang YC,
Lin CF: Antimicrobial resistance to cefotaxime and ertapenem in
enterobacteriaceae: the effects of altering clinical breakpoints. J Infect Dev
Ctries 2014, 8(3):289–296.

14. van der Bij AK, van Dijk K, Muilwijk J, Thijsen SF, Notermans DW, de Greeff S,
van de Sande-Bruinsma N: Clinical breakpoint changes and their impact
on surveillance of antimicrobial resistance in Escherichia coli causing
bacteraemia. Clin Microbiol Infect 2012, 18(11):E466–E472.

15. Livermore DM, Andrews JM, Hawkey PM, Ho PL, Keness Y, Doi Y, Paterson D,
Woodford N: Are susceptibility tests enough, or should laboratories still seek
ESBLs and carbapenemases directly? J Antimicrob Chemother 2012,
67(7):1569–1577.

16. Tamma PD, Powers JH: Do patient data really support the clinical and
laboratory standards institute recommendation for lowering third-generation
cephalosporin interpretive breakpoints? Clin Infect Dis 2013, 57(4):624–625.

17. Thomson KS: Lowering of Third Generation Cephalosporin Breakpoints.
Clin Infect Dis 2013, 57(11):1663–1664.
18. Marchaim D, Sunkara B, Lephart PR, Gudur UM, Bhargava A, Mynatt RP,
Zhao JJ, Bheemreddy S, Hayakawa K, Chopra T, Dhar S, Kaye KS: Extended-
spectrum beta-lactamase producers reported as susceptible to
piperacillin-tazobactam, cefepime, and cefuroxime in the era of lowered
breakpoints and no confirmatory tests. Infect Control Hosp Epidemiol 2012,
33(8):853–855.

19. Hombach M, Bottger EC, Roos M: The critical influence of the
intermediate category on interpretation errors in revised EUCAST and
CLSI antimicrobial susceptibility testing guidelines. Clin Microbiol Infect
2013, 19(2):E59–E71.

20. Gagliotti C, Sarti M, Sabia C, Gargiulo R, Rossolini GM, Carillo C, Cassani C,
Cipolloni AP, Pedna F, Rossi MR, Incerti SS, Testa G, Venturelli C, Moro ML:
Accuracy of automated and manual systems for susceptibility testing of
pseudomonas aeruginosa to piperacillin and piperacillin-tazobactam.
New Microbiol 2011, 34(1):97–99.

21. Sader HS, Hsiung A, Fritsche TR, Jones RN: Comparative activities of
cefepime and piperacillin/tazobactam tested against a global collection
of escherichia coli and klebsiella spp. with an ESBL phenotype.
Diagn Microbiol Infect Dis 2007, 57(3):341–344.

doi:10.1186/1756-0500-7-603
Cite this article as: Stokkou et al.: Impact of minimal inhibitory
concentration breakpoints on local cumulative bacterial susceptibility
data and antibiotic consumption. BMC Research Notes 2014 7:603.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/Breakpoint_table_v_2.0_120221.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/Breakpoint_table_v_2.0_120221.pdf
http://www.whocc.no/atcddd/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Compilation of cumulative AST data
	Antibiotic consumption
	Statistical analysis
	Ethics statement

	Results
	Influence of MIC breakpoints on cumulative AST data compiled from strain collections
	Changes of hospital cumulative AST data after implementation of EUCAST MIC breakpoints
	Changes of hospital antibiotic consumption after implementation of EUCAST MIC breakpoints

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Funding
	Author details
	References

