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Epidemiology of CarbapenemaseProducing Klebsiella pneumoniae
in a Hospital, Portugal
Marta Aires-de-Sousa, José Manuel Ortiz de la Rosa, Maria Luísa Gonçalves,
Ana Luísa Pereira, Patrice Nordmann, Laurent Poirel

We aimed to provide updated epidemiologic data on carbapenem-resistant Klebsiella pneumoniae in Portugal by characterizing all isolates (N = 46) recovered during 2013–2018 in
a 123-bed hospital in Lisbon. We identified blaKPC-3 (n = 36),
blaOXA-181 (n = 9), and blaGES-5 (n = 8) carbapenemase genes
and observed co-occurrence of blaKPC-3 and blaGES-5 in 7 isolates. A single GES-5–producing isolate co-produced the
extended-spectrum β-lactamase BEL-1; both corresponding genes were co-located on the same ColE1-like plasmid.
The blaOXA-181 gene was always located on an IncX3 plasmid,
whereas blaKPC-3 was carried on IncN, IncFII, IncFIB, and
IncFIIA plasmid types. The 46 isolates were distributed into
13 pulsotypes and 9 sequence types. All isolates remained
susceptible to ceftazidime/avibactam, but some exhibited reduced antimicrobial susceptibility (MIC = 3 mg/L).

K

lebsiella pneumoniae is a major cause of hospital-acquired infections, mainly responsible for urinary, respiratory, and bloodstream infections, as well as infections
in intensive care unit (ICU) patients. The emergence of antimicrobial resistance, in particular the rise of carbapenemresistant isolates, is a serious concern for the management
of infections caused by K. pneumoniae because treatment
alternatives are limited. Therefore, carbapenem-resistant
K. pneumoniae are ranked among the recently published
World Health Organization list of antibiotic-resistant “priority/critical” pathogens, for which research and development of new antibiotics is required (1).
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Carbapenem resistance in K. pneumoniae arises from
2 main mechanisms: permeability defects combined with
overexpression of a β-lactamase with weak carbapenemase
activity (mostly CTX-M or AmpC cephalosporinases) and
the acquisition of carbapenemases (2). Carbapenemase enzymes belong to 3 different Ambler classes (3). Class A includes the KPC-type enzyme, which has been extensively
reported in K. pneumoniae; to date, although >20 different
KPC variants have been described, KPC-2 and KPC-3 remain the most common types (4). In addition, a few studies
reported the carbapenemase GES-5 (a point mutant derivative of the extended-spectrum β-lactamase [ESBL] GES1) in K. pneumoniae (5). Class B includes the metallo-βlactamases, which are mainly NDM-, VIM-, and IMP-type
enzymes, and class D includes OXA-48–like β-lactamases.
The first clinical carbapenemase-producing K. pneumoniae in Portugal was isolated at a Lisbon hospital in
2009 (6). Since then, only sporadic infection isolates and
single hospital cases have been reported (7,8), as well as
a single outbreak of KPC-3–producing K. pneumoniae in
2013 (9). Surprisingly, no other carbapenemase type, such
as OXA-48 and derivatives that are widespread in other
countries in Europe (8), has been identified in K. pneumoniae in Portugal so far. A survey of Enterobacteriaceae
collected in 13 hospitals in Portugal confirmed a low prevalence of carbapenemase producers in the country until 2013
(35/2105 [1.7%]) and a predominance of K. pneumoniae
KPC-3 producers (10). However, in 2017, according to the
annual report of the European Centre for Disease Prevention and Control on antimicrobial resistance in Europe,
8.6% of K. pneumoniae causing invasive infections in Portugal were resistant to carbapenems (11). That report also
showed that Portugal faced an annual increasing trend of
carbapenem resistance among K. pneumoniae since 2014
(1.8% in 2014, 3.4% in 2015, 5.2% in 2016, and 8.6% in
2017), exceeding the overall prevalence for Europe (7.2%).
Nevertheless, data on the molecular epidemiology of nosocomial carbapenemase-producing K. pneumoniae in Portugal are still limited, and the existing studies include isolates
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recovered until 2014 only (10,12,13). Therefore, the aim
of our study was to provide updated epidemiologic data on
contemporary carbapenemase-producing K. pneumoniae in
an acute-care facility hospital in Portugal by characterizing a collection of nonrepetitive isolates recovered during a
6-year period (2013–2018).
Materials and Methods
Bacterial Isolates

Carbapenemase-producing K. pneumoniae isolates (N =
46) recovered during 2013 (n = 1), 2014 (n = 1), 2016 (n =
9), 2017 (n = 12), and 2018 (n = 23) in a 123-bed hospital
(SAMS Hospital) in Lisbon, Portugal, were used for our
study. All isolates were from single patients and recovered
from colonization and infection sites: rectal swabs (n = 20),
urine (n = 15), sputum (n = 4), blood (n = 4), and other
sites (n = 3). The isolates were obtained from 22 inpatients
(ICU, n = 7; medicine ward, n = 11; surgery ward, n = 3;
other, n = 1) and 24 outpatients (emergency department, n
= 21; ambulatory consultation, n = 3).
Susceptibility Testing

We performed antimicrobial susceptibility testing by using the disk diffusion method on Mueller-Hinton agar
plates (Bio-Rad, http://www.bio-rad.com) for amoxicillin,
amoxicillin/clavulanic acid, ticarcillin, ticarcillin/clavulanic acid, piperacillin, piperacillin/tazobactam, temocillin,
ceftazidime, cefotaxime, cefoxitin, aztreonam, imipenem,
ertapenem, meropenem, gentamicin, amikacin, ciprofloxacin, tigecycline, trimethoprim-sulfamethoxazole (SXT),
and fosfomycin, following EUCAST recommendations
(http://www.eucast.org). We determined MICs for imipenem, ertapenem, meropenem, and ceftazidime/avibactam
by Etest (bioMérieux, http://www.biomerieux.com). Interpretation of MICs and zone diameters followed EUCAST
breakpoint tables (http://www.eucast.org/fileadmin/src/
media/PDFs/EUCAST_files/Breakpoint_tables/v_9.0_
Breakpoint_Tables.pdf).
We assessed selection of carbapenemase producers
by using the Rapidec Carba NP test (bioMérieux) (14). In
addition, we evaluated colistin susceptibility by using the
Rapid Polymyxin NP test (ELITechGroup Microbiology,
http://www.elitechgroup.com) (15).
Molecular Analysis

We identified carbapenemases (16) and ESBL genes (17)
and detected the mcr-type colistin-resistance gene (18) by
using PCR amplification, followed by sequencing of the
amplicons. We used standard PCR conditions to amplify
the β-lactamase gene blaCMY, encoding plasmid-mediated
cephalosporinases (19), and the qnrS quinolone resistance
gene (20). We detected the blaOXA-9 gene encoding a narrow-

spectrum class D β-lactamase by using PCR amplification
with primers OXA-9 FW 5′-ATGAAGGATACCTTGATGAAAAA-3′ and OXA-9 RW 5′-TCATTTGTTACCCATCAACACG-3′.
We evaluated the clonal relationship of the isolates by
pulsed-field gel electrophoresis (PFGE), as described previously (21). We performed multilocus sequence typing
(MLST) for a representative strain of each PFGE type and
assigned sequence types (STs) by using the MLST database for K. pneumoniae (http://bigsdb.pasteur.fr/klebsiella/
klebsiella.html).
Conjugation Experiments and Plasmid Analysis

We performed mating-out assays by using the azideresistant Escherichia coli J53 as the recipient. We separately inoculated donors carrying E. coli J53 and blaKPC-3
or blaOXA-181 overnight into LB broth (5 mL) and incubated, then subsequently mixed samples at a ratio of 10:1
(donor:recipient) for 5 h. We deposited 100 µL of this mix
onto 22-µm filters and incubated overnight at 37°C on LB
agar plates. After the incubation, we resuspended filters in
0.85% NaCl, then plated 100 µL of this mixture onto LB
agar plates supplemented with ticarcillin (100 µg/mL) and
azide (100 µg/mL). We performed susceptibility testing
for all E. coli transconjugants and assessed positivity for
blaKPC-3 or blaOXA-181 by using PCR.
We classified plasmids according to their incompatibility group by using the PCR-based replicon typing
method as described previously (22). We characterized the
plasmid carrying blaBEL-1 and blaGES-5 genes by using primers for ColE1-like plasmids, as previously described (23).
Results
Among the 46 carbapenemase-producing isolates, the most
common carbapenemase identified was KPC-3 (n = 36
[78%]), followed by OXA-181 (n = 9 [20%]) and GES-5 (n
= 8 [17%]) (Table). Seven isolates co-harbored >1 carbapenemase gene (blaKPC-3 and blaGES-5). The blaOXA-9 gene encoding a narrow-spectrum class D β-lactamase was identified
in 31 isolates, all of which were KPC-3 producers. A single
GES-5–producing isolate co-produced the ESBL BEL-1.
Mating-out assays followed by PCR-based replicon
typing revealed that the blaOXA-181 gene was always located
onto an IncX3 plasmid, whereas the blaKPC-3 gene was carried onto IncN, IncFII, IncFIB, and IncFIIA plasmid types.
The genes blaGES-5 and blaBEL-1 were co-located on the same
ColE1-like plasmid.
Antimicrobial susceptibility testing showed that 13
(28%) of the 46 carbapenemase producers were susceptible to imipenem (MIC <0.5 mg/L) and 10 (22%) isolates
were susceptible to meropenem (MIC <1 mg/L). Eight
(17%) isolates were susceptible to both carbapenems, and
all except 1 were OXA-181 producers (p<0.001). The
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Table. Characteristics of 46 carbapenemase-producing Klebsiella pneumoniae isolates collected in a hospital in Portugal, 2013–2018*
PFGE
Isolation
No.
Resistance
Plasmid
MIC for ceftazidime/
type
ST
year†
isolates
determinants‡
type§
avibactam, mg/L
Nonsusceptible phenotype¶
2016 (6)
blaKPC-3, blaGES-5,
A
147
7 (15%)
IncFII/ColE1
1.5–3
PPT, TCC, AMC, CZD, CTX,
2018 (1)
blaOXA-9, qnrS
IncN/ColE1
FOX, ATM, IMP, ETP, MEM,
GMI (6), AKN (6), CIP, TIG (1),
SXT
blaKPC-3, blaOXA-9, qnrS
B
147
2016 (2)
6 (13%)
IncFII
1–2
PPT, TCC, AMC, CZD, CTX,
2017 (2)
FOX, ATM, IMP, ETP, MEM,
2018 (2)
GMI, AKN, CIP, TIG, SXT
blaKPC-3, qnrS
C
231
2014 (1)
3
IncFII
1.5
PPT, TCC, AMC, CZD, CTX,
blaKPC-3, blaOXA-9, qnrS
2017 (1)
FOX, ATM, IMP (2), ETP,
blaKPC-3, blaOXA-9, qnrS
MEM, GMI (2), AKN (2), CIP,
2018 (1)
TIG (1), SXT
blaKPC-3, blaOXA-9, qnrS
D
13
2017 (2)
7 (15%)
IncFIB
0.75–2
PPT, TCC, AMC, CZD, CTX,
2018 (5)
blaKPC-3, blaOXA-9 (3),
FOX, ATM, IMP (4), ETP,
MEM, GMI (5), AKN (4), CIP
qnrS
(2), TIG (1), FOS (1), SXT
blaKPC-3, blaOXA-9 (1),
E
147
2017 (2)
3
IncFIIA
0.75–1.5
PPT, TCC, AMC, CZD, CTX,
qnrS
FOX, ATM, IMP, ETP, MEM,
blaKPC-3, blaOXA-9, qnrS
GMI (1), AKN (1), CIP, TIG (1),
2018 (1)
SXT (2)
blaKPC-3, qnrS
F
960
2013
1
IncN
2
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, IMP, ETP, MEM,
SXT
blaKPC-3, blaOXA-9, qnrS
G
348
2017 (1)
7 (15%)
IncFII
0.5–2
PPT, TCC, AMC, CZD, CTX,
2018 (6)
blaKPC-3, blaOXA-9 (5),
FOX, ATM, IMP (6), ETP,
MEM, GMI (6), AKN (5), CIP
qnrS
(6), TIG (2), FOS (1), SXT (6),
COL (1)
blaKPC-3, blaOXA-9, qnrS
H
45
2017
1
IncFII
0.75
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, IMP, ETP, CIP,
SXT
blaKPC-3, blaOXA-9, qnrS
I
35
2018
1
IncN
0.75
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, IMP, ETP, MEM,
GMI, AKN, CIP, SXT
blaOXA-181, qnrS
J
17
2016 (1)
6 (13%)
IncX3
0.125–0.25
PPT, TCC, AMC, CZD, CTX,
2017 (1)
FOX (5), ATM, IMP (3), ETP,
2018 (4)
GMI (5), AKN (3), CIP, SXT
blaOXA-181, qnrS
L
17
2017
1
IncX3
0.25
PPT, TCC, AMC, CZD, CTX,
ATM, ETP, GMI, CIP, SXT
blaOXA-181, qnrS
M
35
2017 (1)
2
IncX3
0.25
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, ETP, GMI, CIP,
SXT
2018 (1)
PPT, TCC, AMC, CZD, CTX,
ATM, ETP, CIP, SXT
blaGES-5, blaBEL-1, qnrS
N
29
2018
1
ColE
0.5
PPT, TCC, AMC, CZD, FOX,
FOS
*AKN, amikacin; AMC, amoxicillin/clavulanic acid; ATM, aztreonam; CIP, ciprofloxacin; COL, colistin; CTX, cefotaxime; CZD, ceftazidime; ETP,
ertapenem; FOS, fosfomycin; FOX, cefoxitin; GMI, gentamicin; IMP, imipenem; MEM, meropenem; PFGE, pulsed-field gel electrophoresis; PPT,
piperacillin/tazobactam; ST, sequence type (determined by multilocus sequence typing); SXT, trimethoprim/sulfamethoxazole; TCC, ticarcillin/clavulanic
acid; TIG, tigecycline.
†Periods for which the clonal type is clearly predominant shown in bold. Numbers in parentheses indicate number of isolates recovered for each year
listed.
‡Carbapenemase genes are shown in bold. Numbers in parentheses indicate the number of isolates that carry the resistance gene, if not all.
§Type of the plasmid carrying the carbapenemase gene.
¶Numbers in parentheses indicate number of isolates that are nonsusceptible to the antimicrobial agent, if not all.

remaining isolate harbored blaGES-5 and blaBEL-1 and was
also susceptible to ertapenem (MIC 0.25 mg/L). This isolate was the only isolate showing susceptibility to aztreonam. Despite the low MICs for carbapenems, all isolates
grew on the chromID CARBA SMART agar (bioMérieux); the OXA-181 producers grew on the OXA side,
whereas the GES-5/BEL-1 producer grew on the CARBA
side, as did all KPC producers.
1634

A substantial proportion of isolates showed reduced
susceptibility to SXT (93%), ciprofloxacin (85%), gentamicin (76%), and amikacin (63%). In addition, nonsusceptibility to tigecycline was found in 28% of the isolates, resistance to fosfomycin in 3 isolates, and resistance to colistin
in 1 isolate (i.e., negative for mcr-type genes). All isolates
remained susceptible to ceftazidime/avibactam (MIC values
ranging from 0.125 to 3 mg/L), although some exhibited
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reduced susceptibility (resistance breakpoint >8 mg/L). Isolates co-possessing blaKPC-3 and blaGES-5 genes showed higher MICs for ceftazidime/avibactam (>1.5 mg/L [p = 0.014]),
whereas isolates producing carbapenemase OXA-181 had
lower values (<0.25 mg/L [p<0.001]).
The plasmid-mediated quinolone resistance gene
qnrS was present in all isolates. No isolates carried the
β-lactamase gene blaCMY.
PFGE analysis distributed the 46 isolates into 13 pulsotypes (Table). PFGE type A included the 7 isolates coproducing KPC-3 and GES-5 carbapenemases. The 29 isolates producing KPC-3 alone belonged to 8 different PFGE
types: B (n = 6), C (n = 3), D (n = 7), E (n = 3), F (n = 1),
G (n = 7), H (n = 1), and I (n = 1). PFGE types J (n = 6),
L (n = 1), and M (n = 2) included the 9 isolates that were
positive for blaOXA-181, and the 1 isolate co-producing GES5 and BEL-1 belonged to PFGE type N.
By using MLST, we found that the 13 PFGE types corresponded to 9 STs (Table). These STs were ST147 (n = 16
[35%]), ST13 (n = 7 [15%]), ST17 (n = 7 [15%]), ST348 (n
= 7 [15%]), ST231 (n = 3 [7%]), ST35 (n = 3 [7%]), ST29
(n = 1), ST45 (n = 1), and ST960 (n = 1).
Analyzing the different clonal types over time (Figure), we observed that clone F-ST960 (KPC-3), recovered
in 2013 in a single isolate, was no longer detected in the
following years. Clone A-ST147 (KPC-3/GES-5), which
was 1 of the 2 major clones found in our study, was clearly
predominant in 2016 (6/7 isolates) but became a sporadic clone in 2018 (1 isolate). Conversely, clone G-ST348
(KPC-3), which emerged as a single isolate in 2017, became the major clone in 2018; this clone and clone D-ST13
are currently the predominant KPC-3 clones in the hospital. The first OXA-181 isolate was detected in 2016 (clone
J-ST17), and although the 9 isolates producing this enzyme
were distributed into 3 clones, J-ST17 became the predominant OXA-181 clone in 2018. The diversity of clones
among carbapenemase producers increased over time together with the increase of isolates, especially in 2017 (9
clones among 12 isolates) (Figure).
Discussion
Our epidemiologic study describes the evolution of carbapenem-resistant K. pneumoniae over time in a hospital in Portugal, including contemporary isolates recovered after 2014.
We report an increasing rate of carbapenemase producers in
this hospital since 2016, which is consistent with the rise of
carbapenem-resistant isolates in the country as reported by
the European Centre for Disease Prevention and Control (11).
We found a clear predominance (78%) of K. pneumoniae KPC-3 producers, as observed in previous studies
describing isolates in Portugal until 2014 (10,24,25). The
KPC-3 producers belonged to a high diversity of clones
(n = 9), and the blaKPC-3 gene was carried onto 4 plasmid

Figure. Evolution of clonal types of carbapenem-producing
Klebsiella pneumoniae in a hospital in Portugal, 2013–2018.
ST, sequence type.

types (IncN, IncFII, IncFIB, and IncFIIA). Therefore, the
increasing number of KPC-3–producing isolates in this
hospital might result mainly from recurrent introductions
of those strains rather than the dissemination of specific
plasmids or particular clones. ST147 was the predominant
background type identified, either producing KPC-3 or
OXA-181, which correlates with previous findings showing that this ST (belonging to clonal complex 258, as commonly found with KPC-2 or KPC-3 producers worldwide)
was mainly associated with the spread of KPC-3-producing
K. pneumoniae in the community in North Portugal (25).
Furthermore, most KPC-3–producing isolates (n = 31
[86%]) also carried the narrow-spectrum class D β-lactamase
blaOXA-9. This association has been previously described in
an Enterobacter cloacae strain from a patient in France who
was transferred from a hospital in the United States (26) and
also among K. pneumoniae isolates from Italy (27). The coproduction of OXA-9 contributes to the high-level resistance
observed for amoxicillin/clavulanic acid because KPC-3 activity remains partially antagonized by clavulanate.
We have shown that OXA-181 producers have emerged
among clinical isolates in Portugal and have been appearing
at an increasing rate over time in this hospital. This carbapenemase, which is emerging worldwide, was found in isolates
recovered since 2016, and its prevalence among carbapenemases is on the rise, which is a worrying and unexplained
phenomenon. We recently described the massive occurrence of K. pneumoniae isolates carrying the blaOXA-181 gene
located onto an IncX3 plasmid in Angola (21,28) and also
some isolates in São Tomé and Príncipe (29). The genetic
backgrounds of those OXA-181–producing K. pneumoniae
were different, with no ST17 detected, in contrast to our findings in this study; nevertheless, the identification of a very
similar plasmid carrying blaOXA-181 likely suggests a wide
plasmid dissemination as a source of carbapenemase gene
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acquisition. The frequent exchange of populations between
these 2 countries, which are former colonies of Portugal, and
Portugal itself could have driven the intercontinental spread
of carbapenemase producers. Some recent studies have underscored the emergence of OXA-181 carbapenemase mediated by acquisition of similar IncX3-type plasmids, such as
in China or South Africa (30,31), suggesting that spread of
this carbapenem-resistance trait could be linked in large part
to a wide plasmid diffusion.
Our data indicate the emergence and spread of K. pneumoniae isolates co-producing KPC-3 and GES-5. GES-5
has been found previously in Portugal in a K. pneumoniae
environmental isolate (32) and in a single clinical strain
(24) but never in combination with KPC. The fact that
isolates co-possessing blaKPC-3 and blaGES-5 showed higher
MICs to ceftazidime/avibactam is of concern.
β-lactamase GES-5 has been reported in K. pneumoniae, mainly among sporadic isolates with origins in Asia,
namely from a patient from France who had been hospitalized in Bangkok, Thailand (33), in 1 isolate from China
(34), and in 1 isolate from South Korea (35). A single study
reported the spread of K. pneumoniae GES-5–producing
isolates recovered during 2012–2013 in South Africa that
carried blaGES-5 in an IncQ plasmid (36).
Our study identified 1 isolate co-producing GES-5 and
the ESBL BEL-1. The 2 corresponding genes were embedded in the same class 1 integron structure, as first and second
gene cassette positions, respectively (data not shown). The
occurrence of the blaBEL-1 gene in an enterobacterial isolate is
noteworthy because this gene has been identified mainly in
Pseudomonas aeruginosa. Likewise, blaGES-5 is commonly
identified in P. aeruginosa. Therefore, our finding suggests
that this ColE1 plasmid bearing these 2 uncommon broadspectrum β-lactamases might originate from P. aeruginosa.
This isolate co-producing GES-5 and the ESBL BEL-1
showed only decreased susceptibility to imipenem, meropenem, and ertapenem. A similar isolate carrying both enzymes,
also showing only decreased susceptibility to all carbapenems,
was recovered in 2009 from an ICU patient in Portugal (23).
We detected several OXA-181 producers that remained susceptible to imipenem and meropenem. This
phenomenon has been reported previously (37) and has
contributed substantially to the misrecognition of such carbapenemase producers and therefore to their silent spread.
Nevertheless, we must underscore that all isolates from our
collection could be detected by using available commercial
selective media, such as the chromID CARBA SMART
agar (bioMérieux).
The high rate (n = 12 [26%]) of carbapenem producers
in our study being pandrug-resistant (i.e., having resistance to
fluoroquinolones, aminoglycosides, tigecycline, and SXT) is
of concern. The high rate of fluoroquinolone resistance was
partly related to the occurrence of the qnrS gene. We have
1636

highlighted its endemic spread because it was identified in all
of the carbapenemase-producing isolates identified, regardless of their clonal background and type of carbapenemase
produced. Moreover, some isolates exhibited a worrying decreased susceptibility to ceftazidime/avibactam (MIC 3 mg/L;
resistance breakpoint >8 mg/L), likely suggesting that some
isolates actually started developing reduced susceptibility to
that drug combination and moving toward resistance. Selection of KPC-producing K. pneumoniae exhibiting resistance
to ceftazidime/avibactam has been observed recently in Italy,
where KPC is endemic. This resistance occurred in particular
through substitutions in the KPC enzyme, leading to increased
hydrolysis of ceftazidime and decreased affinity to avibactam
(38). In our study, we did not observe selection of KPC-3 variants; therefore, the reduced susceptibility probably is mainly
related to the co-production of GES-5, permeability defects,
or both. Nevertheless, all isolates remained susceptible to the
combination ceftazidime/avibactam, independently of the
clonal type and the carbapenemase produced (whether KPC3, OXA-181, or GES-5). In addition, fosfomycin and polymyxins are still therapeutic alternatives because very few isolates exhibited resistance to these antimicrobial agents (3 to
fosfomycin and 1 to polymyxins).
Our study has some limitations, given that we included
isolates from a single hospital. However, this private hospital receives patients transferred from several public hospitals in Lisbon and its surroundings and therefore might
reflect at least the global situation in this capital city of
Portugal, which includes approximately one third of the
national population. This phenomenon is evident in the
diversity of enzymes, plasmids, and clonal backgrounds
identified in our study.
In summary, KPC-3 was the most common carbapenemase identified in K. pneumoniae isolated at the SAMS
Hospital in Lisbon, Portugal, followed by OXA-181, which
emerged in 2016 and appears to be on the rise. In addition, a
large proportion of isolates are pandrug-resistant, drastically
diminishing the options for treatment. Finally, considering
the increasing identification of carbapenemase-producing K.
pneumoniae in this hospital, systematic carriage screening at
hospital admission, additional surveillance studies, and early
detection of such isolates are required to limit their further
spread. These measures would help mitigate the spread of
these isolates in Portugal and avert the endemic levels that
have been observed in other countries in Europe.
Acknowledgments
We are grateful to Faustino Ferreira and Ana Bela Correia for
providing us the local authorizations to perform this study.
This work was partly supported by the University of Fribourg; the
Swiss National Science Foundation (project nos. FNS-31003A_
163432 and FNS-407240_177381); INSERM (Paris, France);

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

Carbapenemase-Producing K. pneumoniae, Portugal
Fundação para a Ciência e a Tecnologia (project no. PTDC/
DTP-EPI/0842/2014) (Portugal); and Programa Operacional
Competitividade e Internacionalização (project no. LISBOA01-0145-FEDER-007660 [Microbiologia Molecular, Estrutural e
Celular] funded by FEDER funds through COMPETE2020).

12.

13.

About the Author
Dr. Aires-de-Sousa is a professor at Escola Superior de Saúde
da Cruz Vermelha Portuguesa, Lisbon, Portugal. Her research
interests include the molecular epidemiology of antimicrobialresistant bacteria.

14.
15.

References
1.
2.

3.
4.

5.

6.
7.

8.

9.

10.

11.

Tacconelli A, Magrini N. Global priority list of antibiotic-resistant
bacteria to guide research, discovery, and development of new
antibiotics. Geneva: World Health Organization; 2017.
Pitout JD, Nordmann P, Poirel L. Carbapenemase-producing
Klebsiella pneumoniae, a key pathogen set for global nosocomial
dominance. Antimicrob Agents Chemother. 2015;59:5873–84.
http://dx.doi.org/10.1128/AAC.01019-15
Queenan AM, Bush K. Carbapenemases: the versatile betalactamases. Clin Microbiol Rev. 2007;20:440–58. http://dx.doi.org/
10.1128/CMR.00001-07
Munoz-Price LS, Poirel L, Bonomo RA, Schwaber MJ, Daikos GL,
Cormican M, et al. Clinical epidemiology of the global expansion of
Klebsiella pneumoniae carbapenemases. Lancet Infect Dis.
2013;13:785–96. http://dx.doi.org/10.1016/S1473-3099(13)70190-7
Poirel L, Carrër A, Pitout JD, Nordmann P. Integron mobilization
unit as a source of mobility of antibiotic resistance genes.
Antimicrob Agents Chemother. 2009;53:2492–8. http://dx.doi.org/
10.1128/AAC.00033-09
Machado P, Silva A, Lito L, Melo-Cristino J, Duarte A. Emergence
of Klebsiella pneumoniae ST11-producing KPC-3 carbapenemase
at a Lisbon hospital. Clin Microbiol Infect. 2010;16(Suppl 2):S28.
Albiger B, Glasner C, Struelens MJ, Grundmann H, Monnet DL;
European Survey of Carbapenemase-Producing Enterobacteriaceae.
(EuSCAPE) Working Group. Carbapenemase-producing
Enterobacteriaceae in Europe: assessment by national experts from
38 countries, May 2015. Euro Surveill. 2015;20:30062.
http://dx.doi.org/10.2807/1560-7917.ES.2015.20.45.30062
Grundmann H, Glasner C, Albiger B, Aanensen DM, Tomlinson CT,
Andrasević AT, et al.; European Survey of CarbapenemaseProducing Enterobacteriaceae (EuSCAPE) Working Group.
Occurrence of carbapenemase-producing Klebsiella pneumoniae
and Escherichia coli in the European survey of carbapenemaseproducing Enterobacteriaceae (EuSCAPE): a prospective,
multinational study. Lancet Infect Dis. 2017;17:153–63.
http://dx.doi.org/10.1016/S1473-3099(16)30257-2
Vubil D, Figueiredo R, Reis T, Canha C, Boaventura L,
DA Silva GJ. Outbreak of KPC-3-producing ST15 and ST348
Klebsiella pneumoniae in a Portuguese hospital. Epidemiol Infect.
2017;145:595–9. http://dx.doi.org/10.1017/S0950268816002442
Manageiro V, Ferreira E, Almeida J, Barbosa S, Simões C, Bonomo RA,
et al.; Antibiotic Resistance Surveillance Program in Portugal (ARSIP).
Predominance of KPC-3 in a survey for carbapenemase-producing
Enterobacteriaceae in Portugal. Antimicrob Agents Chemother.
2015;59:3588–92. http://dx.doi.org/10.1128/AAC.05065-14
European Centre for Disease Prevention and Control. Surveillance
of antimicrobial resistance in Europe—annual report of the
European Antimicrobial Resistance Surveillance Network (EARSNet) 2017 [cited 2019 Apr 10]. https://ecdc.europa.eu/sites/portal/
files/documents/EARS-Net-report-2017-update-jan-2019.pdf

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

Pires D, Zagalo A, Santos C, Cota de Medeiros F, Duarte A,
Lito L, et al. Evolving epidemiology of carbapenemase-producing
Enterobacteriaceae in Portugal: 2012 retrospective cohort at a
tertiary hospital in Lisbon. J Hosp Infect. 2016;92:82–5.
http://dx.doi.org/10.1016/j.jhin.2015.11.006
Caneiras C, Lito L, Mayoralas-Alises S, Díaz-Lobato S,
Melo-Cristino J, Duarte A. Virulence and resistance determinants
of Klebsiella pneumoniae isolated from a Portuguese tertiary
university hospital centre over a 31-year period. Enferm Infecc
Microbiol Clin. 2019;37:387–93. http://dx.doi.org/10.1016/
j.eimc.2018.11.001
Poirel L, Nordmann P. Rapidec Carba NP test for rapid detection
of carbapenemase producers. J Clin Microbiol. 2015;53:3003–8.
http://dx.doi.org/10.1128/JCM.00977-15
Jayol A, Kieffer N, Poirel L, Guérin F, Güneser D, Cattoir V,
et al. Evaluation of the Rapid Polymyxin NP test and its industrial
version for the detection of polymyxin-resistant Enterobacteriaceae.
Diagn Microbiol Infect Dis. 2018;92:90–4. http://dx.doi.org/
10.1016/j.diagmicrobio.2018.05.006
Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multiplex PCR
for detection of acquired carbapenemase genes. Diagn Microbiol
Infect Dis. 2011;70:119–23. http://dx.doi.org/10.1016/
j.diagmicrobio.2010.12.002
Ortiz de la Rosa JM, Nordmann P, Poirel L. ESBLs and resistance
to ceftazidime/avibactam and ceftolozane/tazobactam combinations
in Escherichia coli and Pseudomonas aeruginosa. J Antimicrob
Chemother. 2019;74:1934–9. http://dx.doi.org/10.1093/jac/dkz149
Lescat M, Poirel L, Nordmann P. Rapid multiplex polymerase
chain reaction for detection of mcr-1 to mcr-5 genes. Diagn
Microbiol Infect Dis. 2018;92:267–9. http://dx.doi.org/10.1016/
j.diagmicrobio.2018.04.010
Philippon A, Arlet G, Jacoby GA. Plasmid-determined AmpC-type
beta-lactamases. Antimicrob Agents Chemother. 2002;46:1–11.
http://dx.doi.org/10.1128/AAC.46.1.1-11.2002
Cattoir V, Poirel L, Rotimi V, Soussy CJ, Nordmann P. Multiplex
PCR for detection of plasmid-mediated quinolone resistance qnr
genes in ESBL-producing enterobacterial isolates. J Antimicrob
Chemother. 2007;60:394–7. http://dx.doi.org/10.1093/jac/dkm204
Kieffer N, Nordmann P, Aires-de-Sousa M, Poirel L. High prevalence of carbapenemase-producing Enterobacteriaceae among
hospitalized children in Luanda, Angola. Antimicrob Agents
Chemother. 2016;60:6189–92. http://dx.doi.org/10.1128/
AAC.01201-16
Carattoli A, Bertini A, Villa L, Falbo V, Hopkins KL, Threlfall EJ.
Identification of plasmids by PCR-based replicon typing.
J Microbiol Methods. 2005;63:219–28. http://dx.doi.org/10.1016/
j.mimet.2005.03.018
Papagiannitsis CC, Dolejska M, Izdebski R, Dobiasova H,
Studentova V, Esteves FJ, et al. Characterization of pKP-M1144,
a novel ColE1-like plasmid encoding IMP-8, GES-5, and BEL-1
beta-lactamases, from a Klebsiella pneumoniae sequence type 252
isolate. Antimicrob Agents Chemother. 2015;59:5065–8.
http://dx.doi.org/10.1128/AAC.00937-15
Manageiro V, Romão R, Moura IB, Sampaio DA, Vieira L,
Ferreira E, et al.; Network EuSCAPE-Portugal. Network
EuSCAPE-Portugal. Molecular epidemiology and risk factors of
carbapenemase-producing Enterobacteriaceae isolates in Portuguese
hospitals: results from European survey on carbapenemaseproducing Enterobacteriaceae (EuSCAPE). Front Microbiol.
2018;9:2834. http://dx.doi.org/10.3389/fmicb.2018.02834
Rodrigues C, Bavlovič J, Machado E, Amorim J, Peixe L,
Novais Â. KPC-3-producing Klebsiella pneumoniae in
Portugal linked to previously circulating non-CG258 lineages and
uncommon genetic platforms (Tn4401d-IncFIA and
Tn4401d-IncN). Front Microbiol. 2016;7:1000. http://dx.doi.org/
10.3389/fmicb.2016.01000

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1637

SYNOPSIS
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dortet L, Radu I, Gautier V, Blot F, Chachaty E, Arlet G.
Intercontinental travels of patients and dissemination of plasmidmediated carbapenemase KPC-3 associated with OXA-9 and
TEM-1. J Antimicrob Chemother. 2008;61:455–7. http://dx.doi.org/
10.1093/jac/dkm455
Kocsis E, Lo Cascio G, Piccoli M, Cornaglia G, Mazzariol A.
KPC-3 carbapenemase harbored in FIIk plasmid from Klebsiella
pneumoniae ST512 and Escherichia coli ST43 in the same patient.
Microb Drug Resist. 2014;20:377–82. http://dx.doi.org/10.1089/
mdr.2013.0152
Poirel L, Goutines J, Aires-de-Sousa M, Nordmann P. High rate of
association of 16S rRNA methylases and carbapenemases in
Enterobacteriaceae recovered from hospitalized children in
Angola. Antimicrob Agents Chemother. 2018;62:e00021–18.
http://dx.doi.org/10.1128/AAC.00021-18
Poirel L, Aires-de-Sousa M, Kudyba P, Kieffer N, Nordmann P.
Screening and characterization of multidrug-resistant Gramnegative bacteria from a remote African area, São Tomé and
Príncipe. Antimicrob Agents Chemother. 2018;62:e01021–18.
http://dx.doi.org/10.1128/AAC.01021-18
Liu Y, Feng Y, Wu W, Xie Y, Wang X, Zhang X, et al. First report
of OXA-181-producing Escherichia coli in China and
characterization of the isolate using whole-genome sequencing.
Antimicrob Agents Chemother. 2015;59:5022–5. http://dx.doi.org/
10.1128/AAC.00442-15
Lowe M, Kock MM, Coetzee J, Hoosien E, Peirano G,
Strydom KA, et al. Klebsiella pneumoniae ST307 with blaOXA-181,
South Africa, 2014-2016. Emerg Infect Dis. 2019;25:739–47.
http://dx.doi.org/10.3201/eid2504.181482
Manageiro V, Ferreira E, Caniça M, Manaia CM. GES-5 among the
β-lactamases detected in ubiquitous bacteria isolated from aquatic
environment samples. FEMS Microbiol Lett. 2014;351:64–9.
http://dx.doi.org/10.1111/1574-6968.12340
Bonnin RA, Jousset AB, Urvoy N, Gauthier L, Tlili L, Creton E,
et al. Detection of GES-5 carbapenemase in Klebsiella pneumoniae,
a newcomer in France. Antimicrob Agents Chemother.
2017;61:e02263–16. http://dx.doi.org/10.1128/AAC.02263-16
Chen DQ, Wu AW, Yang L, Su DH, Lin YP, Hu YW, et al. Emergence and plasmid analysis of Klebsiella pneumoniae KP01
carrying blaGES-5 from Guangzhou, China. Antimicrob Agents
Chemother. 2016;60:6362–4. http://dx.doi.org/10.1128/AAC.00764-16
Yoon EJ, Yang JW, Kim JO, Lee H, Lee KJ, Jeong SH.
Carbapenemase-producing Enterobacteriaceae in South Korea: a
report from the National Laboratory Surveillance System. Future
Microbiol. 2018;13:771–83. http://dx.doi.org/10.2217/fmb-2018-0022
Pedersen T, Sekyere JO, Govinden U, Moodley K, Sivertsen A,
Samuelsen Ø, et al. Spread of plasmid-encoded NDM-1 and GES-5
carbapenemases among extensively drug-resistant and pandrugresistant clinical Enterobacteriaceae in Durban, South Africa.
Antimicrob Agents Chemother. 2018;62:e02178–17.
http://dx.doi.org/10.1128/AAC.02178-17
Potron A, Poirel L, Rondinaud E, Nordmann P. Intercontinental
spread of OXA-48 beta-lactamase-producing Enterobacteriaceae
over a 11-year period, 2001 to 2011. Euro Surveill. 2013;18:20549.
http://dx.doi.org/10.2807/1560-7917.ES2013.18.31.20549
Gaibani P, Campoli C, Lewis RE, Volpe SL, Scaltriti E, Giannella M,
et al. In vivo evolution of resistant subpopulations of KPC-producing
Klebsiella pneumoniae during ceftazidime/avibactam treatment.
J Antimicrob Chemother. 2018;73:1525–9. http://dx.doi.org/10.1093/
jac/dky082

Address for correspondence: Laurent Poirel, Medical and Molecular
Microbiology Unit, Faculty of Science and Medicine, University of
Fribourg, Chemin du Musée 18, CH-1700 Fribourg, Switzerland;
email: laurent.poirel@unifr.ch
1638

®

March 2018

Mycobacteria
• Coccidioidomycosis Outbreaks, United States and
Worldwide, 1940–2015
• Multistate Epidemiology of Histoplasmosis, United States,
2011–2014
• Epidemiology of Recurrent Hand, Foot and Mouth Disease,
China, 2008–2015
• Capsule Typing of Haemophilus influenzae by Matrix-Assisted
Laser Desorption/Ionization Time-of-Flight Mass Spectrometry
• Emergence of Streptococcus pneumoniae Serotype 12F after
Sequential Introduction of 7- and 13-Valent Vaccines, Israel
• Major Threat to Malaria Control Programs by Plasmodium
falciparum Lacking Histidine-Rich Protein 2, Eritrea
• Use of Influenza Risk Assessment Tool for Prepandemic
Preparedness
• Use of Verbal Autopsy to Determine Underlying Cause of
Death during Treatment of Multidrug-Resistant Tuberculosis,
India
• Increasing Prevalence of Nontuberculous Mycobacteria
in Respiratory Specimens from US-Affiliated Pacific Island
Jurisdictions
• Use of Genome Sequencing to Define Institutional
Influenza Outbreaks, Toronto, Ontario, Canada, 2014–15
• Influenza Vaccination and Incident Tuberculosis among
Elderly Persons, Taiwan
• Epidemiology and Molecular Identification and
Characterization of Mycoplasma pneumoniae, South Africa,
2012–2015
• Prospective Observational Study of Incidence and
Preventable Burden of Childhood Tuberculosis, Kenya
• Acquired Resistance to Antituberculosis Drugs in England,
Wales, and Northern Ireland, 2000–2015
• Characteristics Associated with Negative Interferon-γ
Release Assay Results in Culture-Confirmed Tuberculosis
Patients, Texas, USA, 2013–2015
To revisit the March 2018 issue, go to:

https://wwwnc.cdc.gov/eid/articles/
issue/24/3/table-of-contents

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

