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Dear Editor,

Klebsiella pneumoniae was recognized over 100
years ago as an agent of community acquired
pneumonia. Later, it was also observed to cause
community- and hospital-acquired urinary and
intra-abdominal infections, bacteraemias,
meningitis, and pyogenic liver abscesses [1, 2].
β-lactamase production (including extended-
spectrum β-lactamases, or ESBLs, and AmpC
hydrolases) and reduced membrane porin ex-
pression represent the main cause of β-lactam
resistance in this species. 
ESBLs confer resistance to all β-lactams, except
for cefoxitin, carbapenems, and β-lactamase in-
hibitors, whereas AmpCs have been known to
cause resistance to cephalosporins (including
cefoxitin) and β-lactamase inhibitors [3, 4]. Out-
er membrane porins, instead, form water-filled
channels permitting the non-specific diffusion
of small hydrophilic molecules across the mem-
brane. Loss or deficiency of these channels may
confer resistance to β-lactams [5]. 
Loss or deficiency of K. pneumoniae porins have
been associated with resistance to cefoxitin, car-
bapenems, choramphenicol and nalidixic acid,
as well as the increase in MICs for cephalo -
sporins [1, 5, 6].
We collected a clinical K. pneumoniae isolate
from a urine sample of a leukaemic patient with
an unusual β-lactam phenotype, suggesting the

existence of mechanisms other than β-lacta-
mase expression or porin loss. In fact, the iso-
late was susceptible to cefoxitin, 3rd and 4th gen-
eration cephalosporins, carbapenems, and
amoxicillin-clavulanate, whereas it showed re-
sistance to ampicillin-sulbactam, ticarcillin-
clavulanate and piperacillin-tazobactam. 
Susceptibilities were obtained by bioMérieux
Vitek2 and validated by the Advanced Expert
System (MICs are reported in Table 1); con-
versely, a CLSI agar disk test appeared to con-
firm the profile obtained, after 24 h incubation
[7]. In any event, two single K. pneumoniae
colonies appeared within the amoxicillin-clavu-
lanate inhibition zones after 48 h incubation,
whereas the inhibition zones were no longer
observed after 72 h. 
The resistant clones were sub-cultured and
proved to be fully resistant to amoxicillin-
clavulanate when tested by the CLSI agar diffu-
sion method, but sensitive (MIC 8 µg/ml) upon
Vitek 2 examination.
Cefoxitin-susceptibility was inconsistent with
AmpC production, inducibility of which was
further excluded by performing a disk approx-
imation test (D-test) [3, 4]. 
Moreover, AmpCs have been known to be
more susceptible to tazobactam as compared to
clavulanate. Also, both a double disk synergy
test and an E-test ESBL screen allowed the
strain to be labelled as a non-ESBL phenotype
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[3]. Finally, sensitivity to chloramphenicol and
nalidixic acid suggested the absence of porin
deficiency [1]. 
Efflux pumps were therefore evoked. Our find-
ings were in fact consistent with the results ob-
tained by Pages and colleagues, who first found
an efflux-based resistance to β-lactams other
than cefoxitin in K. pneumoniae; of interest, the
authors described an efflux activity affecting
piperacillin-tazobactam, but not piperacillin
alone, amoxicillin, amoxicillin-clavulanate, ce-
foxitin, ceftazidime, and cefepime. 
Particularly, amoxicillin-clavulanate was not
found to exert a weak or absent pump substrate
activity [1]. Accordingly, we documented sensi-
tivity to β-lactam compounds, but resistance to
piperacillin-tazobactam, and an unusual delay
in the expression of clavulanate resistance. This
was consistent with the described poor pump
substrate activity exerted by amoxicillin-clavu-
lanate.
This brief communication deals with the failure
of Vitek 2 to detect amoxicillin-clavulanate re-
sistance in a K. pneumoniae strain. 
Though efflux activities affecting cefoxitin,
quinolones, tetracyclines, and chloramphenicol
were previously recognized in K. pneumoniae,
efflux of β-lactam other than cefoxitin has been
reported only once [1, 8]. 
Moreover, susceptibility to tigecycline, amino-
glycosides and colistin suggests these com-
pounds are not affected by efflux mechanisms.
More extensive study related to efflux should
be carried out, aiming to better define the clini-
cal impact of pump-mediated β-lactam resis-
tance among clinical isolates of K. pneumoniae.
To conclude, nosocomial strains of this species
can express a wide variety of resistance mecha-

nisms, which make it necessary to routinely
base antimicrobial therapy on a correct sensitiv-
ity profile.

n REFERENCES

[1] Pages J.M., Lavigne J.P., Leflon-Guibout V., et al.
Efflux pump, the masked side of beta-lactam resis-
tance in Klebsiella pneumoniae clinical isolates. PLoS
One 4, 3, e4817, 2009.
[2] Keynan Y., Rubinstein E. The changing face of
Klebsiella pneumoniae infections in the community.
Int. J. Antimicrob. Agents. 30, 5, 385-389, 2007. 
[3] Savini V., Catavitello C., Balbinot A., et al. Risk of
misidentification of Enterobacter aerogenes inducible
cephalosporinases. J. Infect. 57, 5, 416-418, 2008.
[4] Savini V., Di Bonaventura G., Catavitello C., et al.
An unexpected isolate of Hafnia alvei with reduced
susceptibility to cefoxitin. J. Infect. 57, 2, 165-166, 2008.
[5] Ananthan S., Subha A. Cefoxitin resistance medi-
ated by loss of a porin in clinical strains of Klebsiella
pneumoniae and Escherichia coli. Indian J. Med. Mi-
crobiol. 23, 1, 20-23, 2005.
[6] Ardanuy C., Liñares J., Domínguez M.A.,
Hernández-Allés S., Benedí V.J., Martínez-Martínez
L. Outer membrane profiles on clonally related Kleb-
siella pneumoniae isolates from clinical samples and
activities of cephalosporins and carbapenems. An-
timicrob. Agents Chemother. 42, 7, 1636-1640, 1998. 
[7] National Committee for Clinical Laboratory Stan-
dards. Performance standards for antimicrobial disk
susceptibility tests. Approved standard M2-A8. Na-
tional Committee for Clinical Laboratory Standards,
Wayne, Pa, 2003.
[8] Gruteke P., Goessens W., Van Gils J., et al. Pat-
terns of resistance associated with integrons, the ex-
tended-spectrum beta-lactamase SHV-5 gene, and a
multidrug efflux pump of Klebsiella pneumoniae cau-
sing a nosocomial outbreak. J. Clin. Microbiol. 41, 3,
1161-1166, 2003.




