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Seven nonredundant ertapenem-resistant Klebsiella pneumoniae isolates were collected between May 2014 and 19 January
2015 in the nephrology and hematology units of Batna University Hospital in Algeria. All strains coproduced the blaOXA-48,
blaCTX-M-15, blaSHV-1, and blaTEM-1D genes. Six of these isolates belonged to the pandemic clone sequence type 101 (ST101).
The blaOXA-48 gene was located on a conjugative IncL/M-type plasmid. This is the first known outbreak of OXA-48-produc-
ing K. pneumoniae isolates involving an ST101 clone in Batna University Hospital.

Carbapenems are a group of �-lactam drugs that constitute the
last therapeutic option available for treating infections caused

by multidrug-resistant Enterobacteriaceae (1). However, due to
the emergence of carbapenem resistance, the antimicrobial activ-
ity of these drugs is no longer effective (2). Production of carbap-
enemases is one of the main mechanisms for carbapenem resis-
tance (3). These carbapenemases belong to different Ambler
classes (A, B, and D) and have been reported worldwide among
Enterobacteriaceae isolates (4). The OXA-48 class D �-lactamase is
called the “phantom menace” due to its weak but significant car-
bapenemase activity. This enzyme hydrolyzes penicillins at a high
level and carbapenems at a low level but spares expanded-spec-
trum cephalosporins (5). OXA-48 was initially described in a clin-
ical Klebsiella pneumoniae isolate from Istanbul, Turkey, in 2001
(6), and since then, several sporadic cases and outbreaks have been
reported, especially in the Mediterranean countries (4).

Here, we describe a nosocomial outbreak in Batna University
Hospital, Algeria, of ertapenem-resistant K. pneumoniae clinical
isolates expressing OXA-48 associated with CTXM-15, SHV-1,
and TEM-1D �-lactamases involving a sequence type 101 (ST101)
clone.

Between May 2014 and 19 January 2015, seven patients hos-
pitalized in the nephrology and hematology units at Batna Uni-
versity Hospital, Algeria, were infected with ertapenem-resis-
tant K. pneumoniae. During the period of this study, the first
OXA-48-positive K. pneumoniae strain was isolated in the hema-
tology unit in May 2014 from a patient with myelosuppression
and Fanconi anemia. This strain (Kp1) was assigned to sequence
type 985 (ST985); however, it represented the only case until the
outbreak. The index isolate Kp2 assigned to the pandemic ST101
was retrieved in August 2014 in the nephrology unit from pus on
a catheter sample of a patient with chronic renal failure. During
the outbreak, five patients in the hematology unit were infected
with an ertapenem-resistant K. pneumoniae isolate of an ST101
clone, suggesting transmission via the hospital staff because the
nephrology unit is in front of the hematology unit (Table 1).

Antimicrobial drug susceptibility was determined by the
standard disc diffusion method recommended by the Antibi-
ogram Committee of the French Society for Microbiology

(http://www.sfm-microbiologie.org/UserFiles/files/casfm
/CASFM_EUCAST_V1_2015.pdf). In addition, the MICs of
imipenem and colistin were determined using Etest strips (bio-
Mérieux). All isolates were resistant to amoxicillin, cefoxitin, ce-
fotaxime, ceftazidime, cefepime, aztreonam, amoxicillin-clavu-
lanic acid, ertapenem, tobramycin, gentamicin, ciprofloxacin, and
trimethoprim-sulfamethoxazole, but they were sensitive to colis-
tin and displayed MIC values within the intermediate range for
imipenem (3 to 4 �g/ml), except for imipenem-resistant strain
Kp1 (MIC, �32 �g/ml). All the strains were positive for pheno-
typic carbapenemase production as tested by the modified Carba
NP (MCNP) test (7). Real-time and standard PCR and sequencing
for �-lactamase-encoding genes, which were performed using
specific primers for the blaCTX-M, blaSHV, blaTEM, blaKPC, blaNDM,
blaVIM, blaIMP, and blaOXA-48 genes (8, 9), indicated the presence
of the blaCTX-M-15, blaSHV-1, blaTEM-1D, and blaOXA-48 genes in all
isolates. Multilocus sequence typing (MLST) was performed
according to the Institute Pasteur scheme (http://bigsdb.web
.pasteur.fr/klebsiella/klebsiella.html) and showed that all strains
belonged to sequence type 101 (ST101) except for the Kp1 strain,
which was assigned to ST985. An MLST concatenated gene se-
quence-based phylogenetic tree of our K. pneumoniae ST101 iso-
lates with those responsible for most nosocomial OXA-48 out-
breaks occurring in the Mediterranean countries was constructed
to illustrate their phylogenetic position and clustering. MLST al-
lele sequences of the strains not included in this work were re-
trieved from the K. pneumoniae MLST database through its web-
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site (http://bigsdb.web.pasteur.fr/klebsiel la/klebsiel la
.html). The phylogenetic tree was built using Mega 6 software
(10–12) (Fig. 1). Transferability of the blaOXA-48 gene was tested
using conjugation experiments among the K. pneumoniae isolates
Kp2 and Kp4 and Escherichia coli strain J53, which is resistant to
sodium azide. The obtained transconjugants were MCNP positive

and resistant to only ertapenem and amoxicillin-clavulanic acid.
PCR for �-lactamase determinants in transconjugants identified
only the blaOXA-48 gene. The incompatibility group of the plasmid
carrying the blaOXA-48 gene was determined by PCR using previ-
ously published primers (9) to be IncL/M.

With this study, we describe the first reported outbreak caused

TABLE 1 Clinical features of the K. pneumoniae isolate outbreak

Patient
no. Isolate

Site of
isolation

Date of positive
isolate Unit

Reason for
hospitalization Treatment(s) Outcome

2 Kp2 Pus August 2014 Nephrology Chronic renal failure Last step: colistin Improved
3 Kp3 Blood October 2014 Hematology Acute myeloid

leukemia, stage 2
1st step: cefotaxime, gentamicin, and

metronidazole
Died

2nd step: amikacin and piperacillin
3rd step: imipenem, vancomycin, and ofloxacin

4 Kp4 Mouth
ulcers

December 2014 Hematology Acute myeloid
leukemia, stage 5

1st step: cefotaxime, gentamicin, and
metronidazole

Died

2nd step: amikacin and piperacillin
3rd step: imipenem, vancomycin, and ofloxacin

5 Kp5 Blood December 2014 Hematology Acute myeloid
leukemia, stage 1

1st step: cefotaxime, gentamicin, and
metronidazole

Died

2nd step: amikacin and piperacillin
3rd step: imipenem, vancomycin, and ofloxacin

6 Kp6 Blood December 2014 Hematology Acute myeloid
leukemia, stage 4

1st step: cefotaxime, gentamicin, and
metronidazole

Died

2nd step: amikacin and piperacillin
3rd step: imipenem, vancomycin, and ofloxacin

7 Kp7 Blood January 2015 Hematology Severe
myelosuppression

1st step: cefotaxime, gentamicin, and
metronidazole

Died

2nd step: amikacin and piperacillin
3rd step: imipenem, vancomycin, and ofloxacin

FIG 1 MLST-based phylogenetic tree of clinical K. pneumoniae isolates in this study and those responsible for most OXA-48 outbreaks in Mediterranean
countries. The evolutionary history was inferred using the neighbor-joining method (11). The evolutionary distances were computed using the Kimura
2-parameter method (12). The numbers at the nodes are the levels of bootstraps from 1,000 replicates.
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by OXA-48-producing K. pneumoniae isolates in Batna University
Hospital in Algeria. This represents the second reported outbreak
of OXA-48-producing K. pneumoniae in Algeria, after the recent
study by Cuzon et al. (13), who characterized an outbreak of
OXA-48-producing K. pneumoniae ST1853 in Constantine Uni-
versity Hospital in Algeria. In 2012, Poirel et al. (5) suggested that
the OXA-48 enzyme may be endemic in Algeria, since its dissem-
ination has been described worldwide (4), particularly in the Med-
iterranean area, including Egypt, Lebanon, Morocco, and Tunisia
(14–17). This suggestion is supported by the isolation of OXA-48-
producing Enterobacteriaceae strains from patients hospitalized in
French hospitals who had recently travelled to or were hospital-
ized in Algeria (13). Previous studies reported the isolation of
clinical K. pneumoniae strains coproducing extended-spectrum
�-lactamase (ESBL) and the blaOXA-48 gene (1, 13, 18). In this
study, we identified the association of blaOXA-48 with three differ-
ent �-lactamase genes (blaCTX-M-15, blaSHV-1, and blaTEM-1D) that
had not been previously described in Algeria; the same association
was observed in Tunisia, except for the TEM variant (17). In the
Mediterranean area, outbreaks involving OXA-48-producing iso-
lates have implicated diverse sequence types, such as ST1853,
ST15, ST11, ST39, ST405, ST395, and ST101 (Fig. 1) (13, 19–25).
However, in this investigation, the outbreak was due to the pan-
demic ST101, which was detected for the first time in Algeria. The
introduction of this ST101 clone in our hospital environment was
attributed to index patient 2, who was probably infected during a
prior hospitalization. OXA-48-producing K. pneumoniae isolates
belonging to ST101 have already been implicated in two nosoco-
mial outbreaks in Spain (Fig. 1) (24, 25). In addition to its in-
volvement in the nosocomial outbreaks, there have been some
sporadic cases reported in Tunisia, Switzerland, Bulgaria, and
Germany (17, 26–28).

In conclusion, this study identified the first OXA-48-positive
K. pneumoniae coproducing CTX-M-15, SHV-1, and TEM-1D
�-lactamases in Batna University Hospital. These data, along with
those of earlier studies and the more recent description of OXA-
48-producing Enterobacteriaceae from companion animals and
hospital cockroaches, confirm the widespread presence of OXA-
48-producing Enterobacteriaceae in Algeria (29, 30).
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