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Highlights

Few studies have been performed on antimicrobial susceptibility testing to carbapenems for
Pseudomonas aeruginosa strains. The main strength of our work was the comparison of the two most
widely used methods in laboratories: the disc diffusion method and the Etest method. On the basis of
the former guidelines, poor correlation between both methods was observed for all carbapenems.

These results highlight the need for applying the new EUCAST guidelines.



RESUME

Obijectifs. - Les bétalactamines, dont les carbapénemes, sont les antibiotiques les plus actifs
contre P. aeruginosa. Peu d’études ont été réalisées sur les tests de sensibilité par diffusion et
Etest du méropénéme et du doripénéme. L’objectif était de comparer ’activité in vitro de
I’imipénéme, du méropénéme et du doripéneme contre P. aeruginosa.

Méthodes. - Nous avons mesuré la sensibilité aux carbapénémes (imipénéme, méropéneme et
doripénéme) de 311 souches de P. aeruginosa, responsables de pneumopathies acquises sous
ventilation mécanique (PAVM), isolées sur une période de 31 mois dans deux unités de
réanimation. La sensibilité de ces isolats a été déterminée par diffusion en milieu gélosé et par
Etest.

Reésultats. - L’interprétation des CMI a mis en évidence un pourcentage de souches sensibles
plus important pour le doripéneme que pour le méropénéme et I'imipéneme. La concordance
compléte entre la méthode de diffusion en milieu gélosé et par Etest était de 90,6 % et 89,7 %
pour I’'imipénéme, 80,5 % et 82,6 % pour le méropéneme et 80,5% et 73,3% pour le
doripéneme, pour les premiers isolats de PAVM et I’ensemble des isolats respectivement. La
corrélation entre les deux méthodes est donc faible pour le méropénéme et le doripénéme, et
ceci est principalement du fait d’erreurs mineures (17,7 % et 16,1 % pour le méropénéme et
17,7 % et 25,7 % pour le doripénéme pour les premiers isolats et I’ensemble des isolats
respectivement).

Conclusions. - Ces resultats montrent 1’importance de 1’application des recommandations

EUCAST pour P. aeruginosa et les carbapénémes.



ABSTRACT

Obijectives. - Carbapenems are among the most powerful antipseudomonal agents. Limited
data is available on drug susceptibility testing by routine methods (disc diffusion and Etest)
for meropenem and doripenem. We aimed to compare the in vitro activity of imipenem,
meropenem, and doripenem against Pseudomonas aeruginosa.

Methods. — A total of 311 P. aeruginosa strains isolated from respiratory specimens in 170
patients who developed ventilator-associated pneumonia in two intensive care units were
collected over a period of 31 months. The susceptibility of these isolates to imipenem,
meropenem, and doripenem were determined by Etest and disc diffusion method.

Results. - Considering either all isolates or only the first isolates recovered per patient (311
and 170 respectively) the susceptibility rate for doripenem was higher than that for
meropenem and imipenem. When MICs determined by Etest were converted into
interpretative categories (S, I, R) using French (CA-SFM) guidelines, a poor correlation was
observed for meropenem and doripenem. The percentages of correlation with the disc
diffusion method were 90.6% and 89.7% for imipenem, 80.5% and 82.6% for meropenem and
80.5% and 73.3% for doripenem, for the first isolates and all isolates, respectively. The rate of
minor errors was as high as 17.7% and 16.1% for meropenem and 17.7% and 25.7% for
doripenem for the first isolates and all isolates, respectively.

Conclusion. - The accuracy of disc diffusion using CA-SFM guidelines appears
unsatisfactory for all three carbapenems justifying guideline update for P. aeruginosa and

carbapenems.



INTRODUCTION

Pseudomonas aeruginosa is one of the main organisms responsible for hospital-acquired
infections, such as urinary tract infections and ventilator-associated pneumonia (VAP) [1,2].
Only a few antibiotics are available for the treatment of P. aeruginosa infections as this
bacterium is naturally multidrug resistant due to the combination of impermeability, multiple
efflux systems, and a chromosomal AmpC B-lactamase. P. aeruginosa can also develop
acquired resistance to many antibiotics (cephalosporins, carbapenems, fluoroquinolones,
aminoglycosides, etc.) [3,4]. Three of the four available carbapenems, i.e. imipenem,
meropenem, and doripenem, are among the most powerful antipseudomonal agents. The
spectrum of activity of these carbapenems differs; doripenem — a recently approved parenteral
1B-methylcarbapenem — being more active against Gram-positive bacteria than meropenem
and more active against Gram-negative bacteria than imipenem [5,6]. Meropenem and
doripenem have recently been marketed and limited data is available on the interpretation of
susceptibility tests using EUCAST and CA-SFM (European Committee on Antimicrobial
Susceptibility Testing and Antibiogram Committee of the French Society for Microbiology,
respectively) breakpoints and the correlation of results yielded by the two methods widely
used for in vitro susceptibility testing on agar, i.e. disc diffusion method and MIC
determination by Etest. We aimed to compare the results obtained for imipenem, meropenem,

and doripenem against P. aeruginosa using both methods.

MATERIALS AND METHODS

Bacterial strains



Consecutive isolates (n=311) of P. aeruginosa were prospectively collected by the laboratory
of bacteriology at the Pitié-Salpétriere Hospital (Paris, France) over a period of 31 months
(January 2009 to July 2011). These isolates were obtained from the respiratory specimens of
170 patients who developed P. aeruginosa VAP in two intensive care units. Fifty-six (33%)
patients had at least one VAP recurrence, defined as the persistence or reappearance of
clinical and biological signs of infection and significant concentrations of Pseudomonas
aeruginosa in lower respiratory tract specimens at least two days (but no more than 28 days)
after completing antibiotic therapy for the first episode. A total of 311 isolates have been
studied: 170 from the first episode of VAP and 141 from the subsequent episodes. After
collection, the strains were frozen and stored for future analysis.

P. aeruginosa CIP 76110 (ATCC 27853) was used as control.

Antimicrobial susceptibility testing

The susceptibilities of the isolates to imipenem, meropenem, and doripenem were determined
by disc diffusion method (Biorad®, Marnes-la-Coquette, France) according to the guidelines
of the CA-SFM, as follows: overnight cultures on agar, suspension in distilled water to reach
a turbidity equivalent to that of a 0.5 McFarland standard, then diluted to 1/10, inoculation of
Mueller-Hinton agar plates (Biorad®) by swabbing, incubation for 18 hours at 37°C. The
discs containing 10 pg doripenem, meropenem, and imipenem were supplied by Biorad®.
MICs of the carbapenems were determined by Etest (bioMérieux®, Marcy 1’Etoile, France)
on Mueller-Hinton agar using the manufacturer’s instructions. Etest MIC values were rounded
up to the nearest twofold dilution.

MIC results were also interpreted according to the 2013 guidelines of the CA-SFM (Table I).
These guidelines recommend the same breakpoints as EUCAST for each of the three

carbapenems (Table I).



Result analysis

The minimum concentrations of antibiotic required to inhibit the growth of 50% and 90% of
the isolates tested (MICso and MICqo, respectively) were calculated for each agent.

The correlation between interpretative categories based on disc diffusion method and Etest
was evaluated for the isolates of the first episodes (n=170) and for all isolates (n’=311). MICs
yielded by the latter were used as reference. A very major error (VME) was defined as
susceptibility by agar diffusion method but resistance by Etest, a major error (ME) as
resistance by agar diffusion method but susceptibility by Etest, and a minor error (mE) as
intermediate susceptibility by one method and susceptibility or resistance by the other method
(CLSI and FDA set standards).

The regression curve between the MIC values on the Y-axis and the inhibition diameters
(arithmetic scale) on the x-axis was determined by the least squares method on 311 isolates,
which distribution is depicted in Figure 1.

Software

All calculations were done using Microsoft Excel 2010 (Microsoft corporation Redmond,
WA, USA) and BiostaTGV website [7]. Pearson’s %2 test was used for testing categorization

differences.

RESULTS

Activity of imipenem, meropenem, and doripenem against P. aeruginosa (Table 11,

Figure 2, Figure 3)



For the first isolates recovered per patient (n=170), MICs measured by Etest showed that
doripenem displayed the most potent activity with MICsq and MICgo of 0.25 and 8 mg/L,
respectively; meropenem and imipenem were less potent with MICso/MICg of 0.38/>32 and

2/>32 mg/L, respectively.

MICs measured by Etest for all isolates (n=311) showed that doripenem also displayed the
most potent activity with MICso and MICgo of 0.75 and 12 mg/L, respectively; meropenem
and imipenem were less potent with MICso/MICgo of 1/>32 and 4/>32 mg/L, respectively.
When MICs determined by Etest were converted into interpretative category breakpoints, the
proportion of strains categorized as susceptible were 61% (n=104) for imipenem, 64%
(n=111) for meropenem, and 69% (n=118) for doripenem considering the first isolates only
(Table I).

Considering all isolates, the proportion of strains categorized as susceptible were 50%
(n=157) for imipenem, 56% (n=175) for meropenem, and 59% (n=183) for doripenem (Table
I1). The assessed susceptibility rate was only significantly higher for doripenem as compared
with imipenem (P=0.04), whereas no difference between the three carbapenems was observed
when only considering the first isolates.

For imipenem, strains belonging to the wild-type population are classified as susceptible and
are clearly different from the intermediate and resistant population; whereas for doripenem
and meropenem less clear delineation between susceptible and intermediate and resistant
population is observed (Figures 2 and 3). Indeed, the breakpoint defining a distinct population
is >1.5 mg/L for meropenem and >0.5 mg/L for doripenem (i.e. slightly below susceptibility

breakpoints).

The susceptibility rate assessed by disc diffusion method was significantly higher for

doripenem than for meropenem and imipenem either for the first isolates or all isolates.



Comparing results obtained by disc diffusion method and by Etest using CA-SFM

guidelines (Table 11, Figure 1)

The percentage of correlation in terms of interpretative categories between the results
obtained by the disc diffusion method following CA-SFM guidelines and the Etest method
were 90.6% and 89.7% for imipenem, 80.5% and 82.6% for meropenem, and 80.5% and
73.3% for doripenem for the first isolates and all isolates, respectively. These differences in
susceptibility rates (S versus I+R) between Etest and disc diffusion methods reached
statistical significance for doripenem, whereas the differences were not statistically significant

for meropenem and imipenem (Table I1).

Errors were mostly minor errors (mE). The mE rates were 9.4% and 10.3% for imipenem,
17.7% and 16.1% for meropenem, and 17.7% and 25.7% for doripenem, only for the first
isolates and for all isolates, respectively. No major error (ME) was observed for any
carbapenem, and very major errors (VME) were rarely observed for meropenem (1.8% and
1.3%, only for the first isolates and for all isolates, respectively), and doripenem (1.8% and

1%, only for the first isolates and for all isolates, respectively), but not for imipenem.

DISCUSSION

Carbapenems are potent agents against P. aeruginosa. Unfortunately, limited data is available
on the correlation of the two methods widely used for susceptibility testing in laboratories,
whereas discrepancies in breakpoints are confusing [8]. Our study aimed to compare the
results obtained for imipenem, meropenem, and doripenem against P. aeruginosa using both
methods.

We observed that doripenem was the most active drug against P. aeruginosa, followed by
meropenem and imipenem, as previously reported by several authors [5, 9-11]. On the basis

of MIC results, the susceptibility rate did not exceed 70% (69% for the first isolates, 59% for



all isolates) for doripenem and was lower for imipenem (61% for the first isolates, 50% for all
isolates), underlining the ability of P.aeruginosa to acquire resistance which phenotypic
expression can differ according to the penem compound. The local origin of the clinical
strains included in the study (resistance mechanisms not characterized) does not allow for

reaching definite conclusions on the respective advantage of one penem over the others.

Disc diffusion method and Etest are two methods widely used for susceptibility testing in
microbiological laboratories [12]. As the Etest method is the most convenient method used for
MIC determination in routine clinical practice and was demonstrated to yield results with
good correlation compared with the reference broth-microdilution method used in several
studies [11, 13-17], we compared disc diffusion results with Etest MICs. Correlation between
the disc diffusion method and the Etest method was limited, especially for doripenem
(overestimation of susceptibility by 13% (P=0.01) or 17% (P<0.001) only for the first isolates
and all isolates, respectively). For imipenem, the susceptibility rate was underestimated by 4%
or 5% (despite a lack of statistical significance) only for the first isolates and all isolates,
respectively. For meropenem, the rate was overestimated by 8% or 5% only for the first
isolates and all isolates, respectively (Table I1). Errors were almost exclusively minor errors,
but the percentage was high particularly for meropenem and doripenem (=17%-25%). The
higher rate of errors observed when studying all isolates compared with the one observed
when studying the first isolates only, could be due to the higher resistance rate observed
among all strains. Indeed, as explained in a previous study, more than 50% of strains isolated
from a second episode of VAP have a modified susceptibility to carbapenems [18].
Discrepancies for doripenem most often resulted from cases where the strain susceptibility
pattern was intermediate by Etest method but was susceptible by disc diffusion method (64%
irrespective of the isolates considered), which could lead to therapeutic hazard. Given the

recommendation not to exceed >1.5% for very major errors, >3% for major errors, and 10%
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for minor errors [19], the accuracy of the disc diffusion method using CA-SFM guidelines
appears unsatisfactory for all three carbapenems. The strains for which a discrepancy was
observed were retested and the same results were observed in each case (data not shown).
Even if it is not adequate to interpret the inhibition zone diameter obtained with the CA-SFM
methodology (lower inoculum) with EUCAST guidelines (Table 1), attempts to do so suggest
that the correlation could be better. Trends should however be confirmed by ad hoc studies.

Choosing a breakpoint able to discriminate between the wild-type and the non-wild-type
population is challenging. Yet, breakpoint determinations are based on clinical data,
pharmacokinetic—pharmacodynamic (PK-PD) properties, and MIC distributions [20-22].
EUCAST guidelines for penems and P. aeruginosa clearly differentiate the strains belonging
to the major wild-type population and those with higher MICs and categorized as intermediate
or resistant. The CA-SFM apply the EUCAST breakpoints and methods since June 2016 to
homogenize the guidelines. In contrast, the CLSI guidelines are different and recommend
similar breakpoints for the three carbapenems (2 and 8 mg/L). Some strains can therefore be
categorized as susceptible, intermediate, or resistant, depending on the country where the
patient is treated leading to a different therapeutic decision. These discrepancies between
guidelines are surprising as doripenem, meropenem, and imipenem share similar

pharmacokinetic—pharmacodynamic properties worldwide [6].
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Tableau I. Concentrations et diameétres critiques établis par les comités de 1’antibiogramme frangais (CA-SFM) et européen (EUCAST) pour P.

aeruginosa

Table I. Carbapenem breakpoints (diameter by disc diffusion method and MICs) recommended by the European and French antibiotic

susceptibility test committees for P. aeruginosa

IMIPENEM MEROPENEM DORIPENEM
Diameter MIC Diameter MIC Diameter MIC
Committee
(mm) (mg/L) (mm) (mg/L) (mm) (mg/L)
S R S R S R S R S R S R
EUCAST >20 <17 <4 >8 >24 <15 <2 >8 >25 <19 <l >4
CA-SFM >22 <17 <4 >8 >22 <15 <2 >8 >24 <19 <l >4

S, susceptible; R, resistant
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Tableau Il. Catégorisation (S, I, R) des souches de P. aeruginosa selon la méthode de

diffusion et la mesure des CMI par Etest d’apres les recommandations francaises (CA-SFM)

Table Il. Carbapenem susceptibility against P. aeruginosa isolates by Etest and by disc

diffusion method interpreted using the CA-SFM guidelines

Type of Etest Disc diffusion
Carbapenem ) b P value?
isolates
S% 1% R% S% 1% R%

IMIPENEM first 61 2 37 57 8 35 0.50
all 50 3 47 45 10 45 0.20

MEROPENEM first 64 13 23 72 18 10 0.24
all 56 18 26 61 25 14 0.29

DORIPENEM first 69 15 16 82 9 9 0.01
all 59 23 18 76 13 11 <0.001

8Etest versus disc diffusion (S versus I+R), in bold: P<0.05
bThe first isolates were recovered from the first VAP per patient (n=170), whereas “all”

corresponds to all isolates included in the study irrespective of the number of VAP episodes

17



Figure 1. Corrélation entre les concentrations minimales inhibitrices et les diameétres
d’inhibition pour I’imipénéme (A), le méropénéme (B) et le doripénéme (C), selon les
recommandations du CA-SFM pour I’ensemble des souches de P. aeruginosa étudiées
(n=311). Les lignes en pointillé représentent les concentrations critiques selon le CA-
SFM/EUCAST et celles constituées de traits et de points représentent les valeurs des
diametres critiques selon le CA-SFM. Le nombre de souches pour chaque valeur est noté dans

un cercle.

Figure 1. Regression line and scattergram of (A) imipenem, (B) meropenem, and (C)
doripenem minimum inhibitory concentrations (MICs) versus zone diameter breakpoints
recommended by the CA-SFM for all isolates of P. aeruginosa included in the study (n=311).
The broken lines represent the CA-SFM/EUCAST MIC breakpoint values and the dot lines
represent the diameter breakpoint values recommended by the CA-SFM. The number of

strains at each point is mentioned in a circle at scale.
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Figure 2. Histogrammes de répartition (%) des CMI de I’imipénéme (A), du méropénéme (B)
et du doripéneme (C) vis-a-vis des souches de P.aeruginosa isolées lors des premiers
épisodes de PAVM chez les 170 patients.

Les souches sensibles sont représentées en blanc, les souches intermédiaires en gris et les
souches résistantes en noir selon les concentrations critiques du CA-SFM/EUCAST
(représentées par des lignes).

Figure 2. Distribution (%) of the MICs of imipenem (A), meropenem (B) and doripenem (C)
against the P.aeruginosa strains recovered from the first VAP per patient (n=170).
Susceptible strains are represented in white, intermediate strains in grey and resistant strains
in black according to the CA-SFM/ EUCAST breakpoints (represented by the lines).
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Figure 3. Histogrammes de répartition (%) des CMI de I’imipénéme (A), du méropénéme (B)
et du doripéneme (C) vis-a-vis des 311 souches de P. aeruginosa incluses dans cette étude.
Les souches sensibles sont représentées en blanc, les souches intermédiaires en gris et les
souches résistantes en noir selon les concentrations critiques du CA-SFM/EUCAST
(représentées par des lignes).

Figure 3. Distribution (%) of the MICs of imipenem (A), meropenem (B) and doripenem (C)
against all P. aeruginosa strains included in the study (n=311). Susceptible strains are
represented in white, intermediate strains in grey and resistant strains in black according to the

CA-SFM/ EUCAST breakpoints (represented by the lines).
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