
were resistant to aztreonam, which is not hydrolysed by
metallo-b-lactamases, and because IMP-8 and SHV-12 share
the same pI—despite the negative diffusion test for ESBL
detection—we carried out a search for blaSHV using PCR (see
Table S2); this, however, was negative for both strains. Another
possible explanation for the aztreonam resistance observed in
our strains might be overproduction of their chromosomal
class A OXY b-lactamase.5 The promoter region of the OXY
b-lactamase was amplified by PCR (see Table S2), and the
sequences revealed a mutation in the 210 consensus region of
the promoter in both strains; this consisted of the transition
(G!A) of the fifth base, described as the most frequent among
in vitro mutants and clinical isolates of aztreonam-resistant
K. oxytoca.5 The blaOXY gene was also amplified by PCR (see
Table S2), and the sequence analysis indicated that both strains
carried a blaOXY-2-type very similar to blaOXY-2-8 (GenBank accession
no. AY055205) with only two substitutions, a serine to glycine at
position 23 and an aspartic acid to alanine at position 38,
considering position 1 as the starting methionine.

After the first report of IMP-8-producing K. pneumoniae in
1998,4 an outbreak caused by this microorganism was reported
in the intensive care units of the same hospital between January
1999 and December 2000,6 as well as the spread of blaIMP-8-
containing multidrug resistance plasmids to Enterobacter
cloacae.7 To our knowledge this is the first report in Spain of an
outbreak caused by Enterobacteriaceae producing IMP-8.

Acknowledgements
We would like to thank to Dr F. Navarro (Servei de Microbiologia, Hospital
de la Santa Creu i Sant Pau, Barcelona, Spain) and Dr C. Velasco
(Department of Microbiology, School of Medicine, University of Seville,
Seville, Spain) for their invaluable advice on designing primers and
selecting conditions for PCR experiments.

Funding
This study was supported by the Ministerio de Sanidad y Consumo, Insti-
tuto de Salud Carlos III-FEDER (CO3/14), the Spanish Network for Research
in Infectious Diseases (REIPI RD06/0008), the Fondo de Investigaciones
Sanitarias (PI070190) and the Junta de Andalucı́a (CTS-5259), Spain.

Transparency declarations
None to declare.

Supplementary data
Tables S1 and S2 are available as Supplementary data at JAC Online
(http://jac.oxfordjournals.org/).

References
1 Maltezou HC. Metallo-b-lactamases in Gram-negative bacteria:
introducing the era of pan-resistance? Int J Antimicrob Agents 2009;
33: 405.e1–7.

2 Tato M, Coque TM, Ruı́z-Garbajosa P et al. Complex clonal and plasmid
epidemiology in the first outbreak of Enterobacteriaceae infection
involving VIM-1 metallo-b-lactamase in Spain: toward endemicity? Clin
Infect Dis 2007; 45: 1171–8.

3 Clinical and Laboratory Standards Institute. Performance Standards for
Antimicrobial Susceptibility Testing: Nineteenth Informational Supplement
M100-S19. CLSI, Wayne, PA, 2009.

4 Yan JJ, Ko WC, Wu JJ. Identification of a plasmid encoding SHV-12,
TEM-1, and a variant of IMP-2 metallo-b-lactamase, IMP-8, from a
clinical isolate of Klebsiella pneumoniae. Antimicrob Agents Chemother
2001; 45: 2368–71.

5 Fournier B, Lagrange PH, Philippon A. b-Lactamase gene promoters of
71 clinical strains of Klebsiella oxytoca. Antimicrob Agents Chemother
1996; 40: 460–3.

6 Yan JJ, Ko WC, Tsai SH et al. Outbreak of infection with
multidrug-resistant Klebsiella pneumoniae carrying blaIMP-8 in a
university medical center in Taiwan. J Clin Microbiol 2001; 39: 4433–9.

7 Yan JJ, Ko WC, Chuang CL et al. Metallo-b-lactamase-producing
Enterobacteriaceae isolates in a university hospital in Taiwan:
prevalence of IMP-8 in Enterobacter cloacae and first identification of
VIM-2 in Citrobacter freundii. J Antimicrob Chemother 2002; 50: 503–11.

J Antimicrob Chemother 2010
doi:10.1093/jac/dkq044
Advance publication 21 February 2010

Stability of meropenem and doripenem
solutions for administration by
continuous infusion

Karine Berthoin1, Cécile S. Le Duff2,
Jacqueline Marchand-Brynaert2, Stéphane Carryn1,3

and Paul M. Tulkens1*
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Sir,
Administration of b-lactams by continuous infusion is gaining
popularity as a simple approach to optimize their efficacy [the
percentage of the dosing interval during which the free drug
concentrations exceed the MIC (fT.MIC) being most closely
linked to organism killing] and to facilitate serum concentration
monitoring. The issue of instability of b-lactams in concentrated
solutions needs, however, to be carefully addressed. To comply
with the European Pharmacopoeia, b-lactam solutions should
always contain at least 90% of intact molecule. We showed that
carbapenems are quite unstable in concentrated (6.4 g/100 mL)
aqueous solutions (�10% degradation in �5–6 h at 258C),1 in
contrast to ceftazidime, piperacillin or temocillin that are
stable for 24 h at 258C, 20 h at 378C and .24 h at 378C,
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Figure 1. Top panels: change in meropenem and doripenem concentrations upon incubation of aqueous solutions [meropenem, 4 g/100 mL (open
symbols); doripenem, 1 g/100 mL (filled symbols)] at 258C (squares; broken lines) or 378C (triangles; continuous lines). All values are the means of
three independent determinations (+SD). The horizontal grey broken line indicates the limit of 90% of the initial drug concentration set by the
European Pharmacopoeia. Bottom panels: one-dimensional 1H NMR spectra of meropenem 12.5 g/100 mL in deuterated water. The structure of
the molecule is shown with the position of three proton groups characteristic of the molecule and identified on the top spectrum; the proton
marked a/b is attached to a chiral centre with two epimers present in commercial meropenem and detected as such in the unincubated solution
(see the top spectrum). Top spectrum, unincubated solution; bottom spectrum, solution incubated for 24 h at 378C; the perturbation of the
signals of the three characteristic proton groups and the appearance of additional signals indicate a major degradation of the original molecule.
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respectively.1,2 Thus, carbapenems are commonly limited to a
3 h infusion only (extended infusion). Yet, clinical studies have
appeared3 – 5 in which meropenem, administered by continuous
infusion, has been stored for long periods with claims of stability
if using dilute solutions and temperatures �258C. Here, we
re-examine the stability of meropenem in dilute solutions at
both 25 and 378C to better guide its potential clinical use by con-
tinuous infusion. We also analyse meropenem degradation
using 1H NMR spectroscopy, and extend our studies to doripe-
nem, a recently registered carbapenem sharing many of the
properties of meropenem and approved for use in a 4 h infusion
scheme.

Meropenem and doripenem were obtained as the commercial
powder preparations for injection [Meronemw (AstraZeneca)
and Doribaxw (Janssen-Cilag)]. For chromatographic studies,
solutions were prepared in pyrogen-free water for injection
under sterile conditions at concentrations varying from 1 to
9 g/100 mL for meropenem and at 1 g/100 mL for doripenem
(limit of solubility; the maximal approved concentration for infu-
sion in clinical use is set at 0.5 g/100 mL) and samples were incu-
bated at 25 or 378C in sealed vials for up to 24 h.
Chromatograhic analysis was carried out after diluting all
samples to 50 mg/mL, and using standard HPLC equipment
(Waters 2690) connected to a photodiode array detector
(Waters Corp., Milford, MA, USA) and using a LiChrospherw 100
RP-18, 5 mm column with isocratic elution [acetonitrile/70 mM
ammonium acetate buffer pH 5.0, 28:72 (v/v); 1 mL/min;
linear response in 0–150 mg/mL range (R2.0.98)]. For NMR
studies, meropenem and doripenem solutions [12.5 and
1.04 g/100 mL, respectively (for meropenem, the solution was
heated at 378C for 10 min with stirring to ensure complete
dissolution)] were prepared in D2O (deuterated water;
Sigma-Aldrich, St Louis, MO, USA) supplemented with 0.05% tri-
methylsilyl propionate-d4 (sodium salt) as reference for cali-
bration of NMR spectra. An NMR spectrum was acquired every
hour on a sample left at 378C in a Bruker Avance DRX500 spec-
trometer operating at 500.20 MHz for 1H and equipped with
a 5 mm multinuclear inverse z-gradient probe (32 scans per
spectrum, with repetition time of 3 s). The signal was Fourier
transformed using an exponential multiplication function with
a line broadening of 0.3 Hz to a final spectral resolution of
0.13 Hz per point.

Figure 1 (top panels) shows the rates of disappearance of
meropenem (4 g/100 mL) and doripenem (1 g/100 mL) upon
incubation at 25 and 378C over 24 h (Figure 1a) and the degra-
dation observed at 12 h for meropenem solutions from 1 to
9 g/100 mL (Figure 1b). As observed previously,1 meropenem
degradation was both time and temperature dependent. We
now show that it is also concentration dependent, reaching the
threshold of 10% in 12 h at .4 g/100 mL at 258C and at all con-
centrations tested at 378C (the limit of 10% was reached in 6 h
for a 6 g/100 mL solution at 258C and for a 4 g/100 mL solution
at 378C). Doripenem (1 g/100 mL) was stable for 24 h at 258C
and for �12 h at 378C. Figure 1 (bottom panels) shows the 1H
NMR spectra of meropenem (12.5 g/100 mL) in D2O before (top
spectrum) or after a 24 h incubation at 378C (bottom spectrum),
demonstrating major degradation after incubation. No marked

perturbation in the NMR spectrum of doripenem (1.04 g/
100 mL) was seen under the same incubation conditions.

Our study shows instability of meropenem when kept at 378C,
but improved stability if: (i) the temperature is kept at �258C; and
(ii) solutions of �4 g/100 mL are used. Doripenem seems more
stable, but we could only test low concentrations because of
solubility limits. Whilst controlling meropenem concentration is
easy, controlling the temperature to �258C may be more difficult
especially in tropical countries6 or in situations where the con-
tainers used for infusion bags are placed close to the patient
or other sources of heat. Clinicians need to be aware of these
limitations in meropenem stability when using it for continuous
infusion.
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