
Salmonella on meat imported into Sweden. Int J Food Microbiol 2014;
171: 8–14.

7 Sennati S, Santella G, Di Conza J et al. Changing epidemiology of
extended-spectrum b-lactamases in Argentina: emergence of CTX-M-15.
Antimicrob Agents Chemother 2012; 56: 6003–5.

8 Woerther PL, Angebault C, Jacquier H et al. Characterization of fecal
extended-spectrum-b-lactamase-producing Escherichia coli in a remote
community during a long time period. Antimicrob Agents Chemother
2013; 57: 5060–6.

9 Kawamura K, Goto K, Nakane K et al. Molecular epidemiology of
extended-spectrum b-lactamases and Escherichia coli isolated from retail
foods including chicken meat in Japan. Foodborne Pathog Dis 2014; 11:
104–10.

10 Kiiru J, Kariuki S, Goddeeris BM et al. Analysis of b-lactamase pheno-
types and carriage of selected b-lactamase genes among Escherichia
coli strains obtained from Kenyan patients during an 18-year period.
BMC Microbiol 2012; 12: 155.

11 Clinical and Laboratory Standards Institute. Performance Standards for
Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated
From Animals—Third Edition: Approved Standard M31-A3. CLSI, Wayne,
PA, USA, 2008.

12 Clinical and Laboratory Standards Institute. Performance Standards
for Antimicrobial Susceptibility Testing: Twenty-third Informational
Supplement M100-S23. CLSI, Wayne, PA, USA, 2013.

J Antimicrob Chemother 2014
doi:10.1093/jac/dku196
Advance Access publication 4 June 2014

Isolation of ciprofloxacin-resistant
Legionella pneumophila in a patient
with severe pneumonia

Jacob P. Bruin1*, Tetyana Koshkolda2, Ed P. F. IJzerman1,
Christian Lück2, Bram M. W. Diederen1,
Jeroen W. Den Boer1 and Johan W. Mouton3

1Regional Laboratory of Public Health, Haarlem, 2035 RC,
The Netherlands; 2Institut für Medizinische Mikrobiologie und
Hygiene, TU Dresden, 01307 Dresden, Germany; 3Radboud
University Nijmegen Medical Center, Nijmegen, 6525 HP,
The Netherlands

*Corresponding author. Tel: +31-(0)23-530-7819;
Fax: +31-(0)23-530-7805; E-mail: j.bruin@streeklabhaarlem.nl

Keywords: L. pneumophila, Legionnaires’ disease, susceptibility

Sir,
Legionella species are responsible for 1%– 5% of cases of
community-acquired pneumonia. Legionella pneumophila sero-
group 1 (SG1) accounts for .90% of Legionnaires’ disease (LD)
in North America and Europe1 and is the cause of significant mor-
tality. The mortality rate among patients with L. pneumophila
infections continues to be high, up to 26%.2 The antimicrobial
agents most commonly used for treatment of LD are fluoroquino-
lones (e.g. ciprofloxacin or levofloxacin) and macrolides.3 In recent

studies, we established wild-type distributions and determined
the epidemiological cut-off values (ECOFFs) in clinical L. pneumo-
phila SG1 isolates for 10 antimicrobials commonly used for the
treatment of Legionella infections.4

A patient sought care at his general practitioner after several
days of falling and body pains. On examination, the patient
appeared ill and was sent to the emergency department of a
nearby hospital. The initial chest radiograph demonstrated
an infiltrate of the left lower lung field. The patient was admitted
to the intensive care unit. Blood cultures were taken and antibiotic
treatment was started with cefazolin and gentamicin. Urine was
examined for the presence of Legionella antigens and when this
test was reported positive, treatment was switched to 400 mg
of ciprofloxacin intravenously twice daily. After initial improve-
ment the clinical condition of the patient deteriorated, leading
to intubation and mechanical ventilation. A new chest radiograph
revealed a diffuse interstitial pneumonia. Bronchoalveolar lavage
(BAL) was performed 4 days after treatment with ciprofloxacin
was started and the patient slowly recovered. Eventually, culture
of the BAL grew L. pneumophila SG1 after 4 days of ciprofloxacin
treatment. After 10 days, the patient could be transferred to
the ward. Therapy was then switched to 500 mg of clarithro-
mycin orally twice daily. The patient’s further recovery was
uncomplicated.

The L. pneumophila SG1 strain was sent, as part of a national
Legionella outbreak detection programme, to the reference
laboratory for Legionella in Haarlem, The Netherlands.5 Sus-
ceptibility testing for ciprofloxacin was performed with Etest and
an MIC value of ciprofloxacin of 2 mg/L was found. This value is
outside the wild-type distribution range ECOFF¼1 mg/L as previ-
ously described and therefore potentially resistant.4

For sequencing of gyrA and gyrB (DNA gyrase) and parC and
parE (topoisomerase IV) genes, extraction of L. pneumophila
DNA was performed. The DNA extraction was performed by use
of Qiagen’s BioRobotw EZ1 (Hilden, Germany) according to the
manufacturer’s instructions. The sequencing reaction was per-
formed twice by using primer systems previously described for
the L. pneumophila SG1 strain Paris.6 A comparative analysis of
the obtained sequences was done using the published L. pneu-
mophila genomes and data from the literature describing muta-
tions in the quinolone resistance-determining region (QRDR) of
type II topoisomerase of L. pneumophila by using DNAStar
(WI, USA) software and the NCBI database.6,7 For control ex-
periments, the wild-type strain MTZ OLDA and a spontaneous
quinolone-resistant mutant of this strain were used. MTZ OLDA
is an environmental isolate (L. pneumophila SG1), isolated from
the water supply of a large building.8 A point mutation in the
QRDR of the gyrA gene was identified and this mutation led to
an amino acid exchange at position 83 (Escherichia coli number-
ing system). The result of this amino acid exchange is a change
in ciprofloxacin susceptibility. Mutation at the same position
(amino acid 83) has also been reported for other spontaneous
quinolone-resistant mutants (Table 1).

It is known that, in general, pathogens can become resistant
during the course of a patient’s therapy and also induction of
resistance upon exposure to antibiotics has been described.6,7

The origin of resistance in the clinical isolate is as yet unclear.
There are two possibilities. The first is that the patient contracted
an L. pneumophila SG1 strain with this point mutation from the
environment. Alternatively, the mutation occurred during the
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course of the patient’s ciprofloxacin therapy. The start of anti-
microbial therapy with ciprofloxacin was 4 days before collecting
BAL material for culturing of Legionella and it could well be
that the mutation did occur during that period. However, the
initial response of the patient to therapy was poor and it was
only with sustaining therapy in intensive care that recovery
occurred. Although Legionella infections often result in severe dis-
ease, the elevated MIC of ciprofloxacin for this isolate may have
contributed here. Our finding emphasizes the need for culture of
clinical samples for Legionella and susceptibility testing of
Legionella isolates.

This is, to our knowledge, the first report of a ciprofloxacin-
resistant L. pneumophila isolated from a clinical specimen.
Clinicians should be aware that a lack of clinical response during
treatment with quinolones could be due to resistance. There is a
clear need to perform susceptibility testing for clinical L. pneumo-
phila isolates.
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Sir,
Carbapenem resistance among Enterobacteriaceae has recently
become an urgent problem in terms of healthcare-associated infec-
tions worldwide. The Taiwan Nosocomial Infection Surveillance
System documented an annual increase in the proportion of
carbapenem-resistant Enterobacteriaceae (CRE) from 1% in 2003
to 10% in 2012. This study provides updated data on the types
and prevalence of CRE isolated in Northern Taiwanese hospitals.

All clinical CRE isolates (MICs of ertapenem ≥1 mg/L) were col-
lected from a medical centre (comprising two branches) in
Northern Taiwan from January 2009 to December 2012. The iden-
tification was performed using the VITEK2 system. MICs were
interpreted according to the CLSI criteria (2012). The
b-lactamase-encoding genes were analysed by performing PCR
with plasmid DNA templates and gene sequencing. All primers
used, such as those used for blaDHA-type, blaCMY-type, blaTEM-
type, blaSHV-type, blaCTX-M-type, blaIMP-type and blaKPC-type
genes, have previously been described.1 – 7 The genetic

relationship of the isolates was investigated by PFGE8 following
the digestion of intact genomic DNA with XbaI.

In total, 210 CRE isolates were collected—100 Klebsiella pneu-
moniae, 53 Escherichia coli, 41 Enterobacter cloacae and 16 other
isolates (1 Klebsiella oxytoca, 1 Citrobacter freundii, 2 Providencia
rettgeri, 8 Serratia spp. and 4 Enterobacter aerogenes). These iso-
lates predominantly originated from urine, blood and respiratory
materials (37.6%, 32.4% and 10.0%, respectively).

Nearly all CRE isolates were also resistant to ceftazidime and
cefotaxime, and were in part susceptible to meropenem, imipe-
nem and doripenem (Table S1, available as Supplementary data
at JAC Online). Carbapenem-resistant K. pneumoniae isolates
were frequently co-resistant to cefpirome and ciprofloxacin, and
were in part susceptible to amikacin and gentamicin, but
remained susceptible to colistin and tigecycline. The carbapenem-
resistant E. coli isolates were also frequently co-resistant to cefpir-
ome and ciprofloxacin, and in part susceptible to gentamicin, but
were still susceptible to amikacin, colistin and tigecycline. The
carbapenem-resistant E. cloacae isolates were in part susceptible
to cefpirome, ciprofloxacin, gentamicin and tigecycline, but were
still susceptible to amikacin.

One hundred and thirty CRE isolates (61.9%; 130/210) exhibited
an AmpC b-lactamase phenotype; blaDHA-1 was most prevalent in
carbapenem-resistant K. pneumoniae (85.0%; 85/100), whereas
blaCMY-2 was predominant in carbapenem-resistant E. coli (79.2%;
42/53) (Table 1). Among the 134 CRE isolates (63.8%; 134/210) har-
bouring ESBL genes, blaCTX-M-14 was predominant in carbapenem-
resistant K. pneumoniae (88.0%, 88/100), and 77.0% (77/100)
of carbapenem-resistant K. pneumoniae carried blaDHA-1 and
blaCTX-M-14 simultaneously. Twenty-two carbapenem-resistant
E. coli isolates (41.5%; 22/53) carried the ESBL genes blaCTX-M-15,
blaCTX-M-55, blaCTX-M-14, blaCTX-M-27, blaSHV-12 and blaTEM-176.
Nineteen carbapenem-resistant E. cloacae isolates (46.3%;
19/41) carried blaSHV-12. In addition, one K. oxytoca isolate carried
blaSHV-12, one C. freundii isolate carried blaDHA-1, one P. rettgeri iso-
late carried blaCMY-2 and one P. rettgeri isolate carried blaCTX-M-14.
Huang et al.4 reported that the blaDHA-1 gene was found in 58.3%
of carbapenem-resistant K. pneumoniae isolates and that the
blaCMY-2 gene was found in 93.8% of carbapenem-resistant
E. coli isolates. The blaSHV-5 gene was found in 75.0% of
carbapenem-resistant K. pneumoniae isolates. We propose that
the types and prevalence of b-lactamases among CRE isolates
exhibit substantial geographical differences.

Carbapenemase genes were detected in 3.8% (8/210) of iso-
lates. Six of these isolates (one K. pneumoniae and five E. cloacae)
expressed blaIMP-8, and two carbapenem-resistant K. pneumoniae
isolates expressed the gene encoding KPC-2. However, blaVIM,
blaOXA and blaNDM-1 were not detected in this study. The five
blaIMP-8-expressing E. cloacae isolates all came from one hospital;
they simultaneously produced SHV-12 and appeared to be resist-
ant to all carbapenems and tigecycline, but were still susceptible
to amikacin, gentamicin and colistin. Two dominant pulsotypes
were observed in these isolates, suggesting that a clonal spread
had occurred within the hospital. Furthermore, one blaIMP-8-
expressing isolate of carbapenem-resistant K. pneumoniae also
expressed DHA-1, TEM-1, SHV-11 and CTX-M-14, and was resist-
ant to meropenem, ertapenem, amikacin and tigecycline, but sus-
ceptible to imipenem, doripenem and colistin.

Two carbapenem-resistant K. pneumoniae isolates that carried
blaKPC-2 had been identified by the end of 2012, and these were
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