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a b  s  t  r a  c t

Introduction: An  analysis  was made about the  evolution  of resistance  to 3rd generation  cephalosporins,
imipenem, and  other  antibiotics in invasive  isolates  of Klebsiella pneumoniae  according  to the  Spanish
EARS-Net  database  (2010–2014).
Methods:  Forty-two hospitals  from  16  Autonomous  Communities  with an  approximate  population cov-
erage of 33%  participated.
Results: A total  7140  pneumoniae  corresponding to the  same  number  of patients  were  studied.  Overall
resistance  percentages  (I  + R)  were: cefotaxime  15.8%, ceftazidime  13.7%, imipenem  1.7%,  ciprofloxacin
20.1%,  tobramycin  14.1%, gentamicin  10.4%,  and  amikacin  1.9%.
Resistance to 3rd generation  cephalosporins  increased  from  9.8%  (2010)  to 19%  (2014); to  ciprofloxacin
from  15.4% (2010) to 19.6% (2014);  to gentamicin  from  6.2%  (2010) to 10.3%  (2014) and  to tobramycin  from
7.1%  (2010)  to 14.2% (2014)  (p  <  0.001 in all cases). Combined resistance  to 3rd generation  cephalosporins,
ciprofloxacin,  and  aminoglycosides  increased from 3.3%  (2010)  to 9.7%  (2014) (p <  0.001).  Resistance  to
imipenem  also  increased from  0.27% (2010)  to 3.46% (2014)  (p  <  0.001). A  total  of 121 isolates  were
resistant  to imipenem,  of which  104  (86%)  produced  carbapenemases:  74  OXA-48, 14 VIM, 9  KPC (6
KPC-2  and  3 KPC-3), 6  IMP,  and  1 GES.
Conclusion:  Over  the 5  year  period  (2010–2014), resistance to  3rd generation cephalosporins  in inva-
sive  K. pneumoniae  in Spain  has  doubled.  The  combined  resistance to 3rd generation cephalosporins,
ciprofloxacin,  and  aminoglycosides  has  tripled,  and imipenem  resistance  has  increased  almost  13  times,
mostly  due to  the spread  of carbapenemase-producing  isolates.
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Rápido  aumento  de  la  resistencia  a  cefalosporinas  de  3a generación,  imipenem
y  de la  corresistencia  en 7.140  aislados  de  Klebsiella  pneumoniae
en  hemocultivos  (2010-2014)  según  datos  de  EARS-Net  en  España

r  e  s  u  m e  n

Introducción:  Se analizó la evolución  de  la resistencia  a cefalosporinas  de  3.a generación,  imipenem  y
otros  antibióticos  en  aislamientos  invasivos de  Klebsiella pneumoniae  (K. pneumoniae)  según resultados
de  EARS-Net  entre  2010  y 2014  en  España.
Métodos: Participaron 42  hospitales de  16 Comunidades  Autónomas,  con una cobertura poblacional
aproximada  del  33%.
Resultados:  Se aislaron 7.140  cepas de K.  pneumoniae  de  un  mismo número  de  pacientes.  Las  resisten-
cias  globales  (I +  R)  fueron: cefotaxima  15,8%,  ceftazidima  13,7%,  imipenem  1,7%,  ciprofloxacina  20,1%,
tobramicina  14,1%,  gentamicina  10,4%  y amikacina 1,9%.
La resistencia  a cefalosporinas  de  3.a generación  aumentó  desde  el 9,8%  (2010) al 19%  (2014);  la de
ciprofloxacina  desde el 15,4%  (2010)  al 19,6%  (2014); la de  gentamicina  desde el  6,2%  (2010) al 10,3%
(2014)  y la de  tobramicina desde el 7,1%  (2010) al 14,2%  (2014) (p<0,001 en  todos  los  casos).  Las  cepas
resistentes a  la  vez  a cefalosporinas  de  3.a generación,  ciprofloxacina  y aminoglucósidos  aumentaron
desde el  3,3%  (2010) al 9,7% (2014) (p<0,001).  La resistencia a imipenem  aumentó desde el  0,27% (2010)
al 3,46%  (2014)  (p<  0,001);  121  aislados  fueron  resistentes  a imipenem,  de  los  cuales  104 (86%)  produjeron
carbapenemasas:  74 OXA-48,  14  VIM,  9 KPC  (6  KPC-2  y 3 KPC-3), 6  IMP  y  1 GES.
Conclusiones:  En  un  periodo  de  5 años  (2010-2014),  la resistencia  a cefalosporinas  de  3.a generación
en  K. pneumoniae  invasivas  en  España se ha  duplicado; la resistencia  combinada  a  cefalosporinas  de 3.a

generación, ciprofloxacina  y  aminoglucósidos  se ha triplicado;  la resistencia  a imipenem  ha  aumentado
casi  13  veces,  principalmente  por la diseminación  de aislados productores  de  carbapenemasas.
©  2016  Elsevier España, S.L.U. y  Sociedad Española de  Enfermedades Infecciosas  y  Microbiologı́a  Clı́nica.

Todos  los derechos  reservados.

Introduction

Resistance to antibiotics constitutes one of the main threats to
public health and to the individual health of patients around the
world (1–3). The top priority in  this situation is  monitoring resistant
pathogens with a  high clinical and epidemiological impact, which
are able to cause outbreaks and epidemics and for which there are
few therapeutic options.1–3

Klebsiella pneumoniae is  one of these pathogens. It is  able to
cause significant nosocomial outbreaks in high-risk units such as
ICUs, onco-haematology or neonatology.4 The main therapeutic
options for treatment of invasive K. pneumoniae infections include
3rd generation cephalosporins (cefotaxime, ceftazidime); however,
the  recent spread of K. pneumoniae strains that are resistant to  these
antibiotics has generated a  significant clinical and epidemiological
problem because: (i)  the therapeutic options are reduced due to
co-resistance; (ii) the consumption of carbapenem antibiotics con-
sidered last-line antibiotics, i.e., those used when the bacteria is
resistant to the rest of antibiotics, increases.

EARS-Net is the official European surveillance network for
antibiotic resistance in  invasive pathogens. Coordinated by the
European Centre for Disease Prevention and Control (EDEC,
http://ecdc.europa.eu/en/Pages/home.aspx) since 2010, it cur-
rently collects information from 31 countries, 460 laboratories and
1300 hospitals.5 The surveillance system is continuous, not based
on prevalence thresholds.

EARS-Net is a  network made up of all the national networks
established in  the different European countries. The Spanish
network operates in accordance with the general EARS-Net rec-
ommendations and is made up of a network of sentinel hospitals,
representing the Spanish geography, that collect data about inva-
sive infections (blood and CSF) caused by bacteria with a  high
clinical impact and a great ability to develop antibiotic resistance.
Said information is  sent quarterly to the Centro Nacional de  Micro-

biología (CNM) of the Instituto de Salud Carlos III  (ISCIII) for analysis
and subsequent submission to  the ECDC. The pathogens currently
subjected to surveillance by EARS-Net are:  Escherichia coli,  K. pneu-

moniae, Pseudomonas aeruginosa,  Acinetobacter ssp., Staphylococcus

aureus,  Streptococcus pneumoniae, Enterococcus faecalis and Entero-

coccus faecium.  The population coverage of EARS-Net in  Spain is
14,600,000 inhabitants, around 33% of the population in  2014, and
in  Europe it is  around 100 million people.

The objective of this study is  to analyse the evolution of
resistance to 3rd generation cephalosporins and other antibi-
otics, in  K. pneumoniae haemoculture isolates over a 5-year period
(2010–2014), according to data collected by the EARS-Net in Spain.
Furthermore, in isolates with reduced susceptibility to  imipenem
(resistant and intermediate), the production of carbapenemases
and the class to which they belonged were identified.

Materials and methods

All the K. pneumoniae isolates collected from blood from Span-
ish  hospitals participating in the EARS-Net from 2010–2014 were
analysed. 42 hospitals belonging to  16 Autonomous Regions par-
ticipated; 38 (90.5%) of them (15 Autonomous Regions) provided
information during all five years. Only the first isolate per patient
and year was  included.

The participating hospitals were: 2 primary, 12  secondary and
28 tertiary. Fifteen hospitals had between 200 and 500 beds, 20
between 500 and 1000 beds and 7 had more than 1000. Two tertiary
hospitals collected data from other associated hospitals with fewer
than 100 beds.

The antibiotics subjected to vigilance in K. pneumoniae are:
cefotaxime, ceftazidime, gentamicin, tobramycin, amikacin,
ciprofloxacin and imipenem. EARS-Net Spain also includes:
amoxicillin-clavulanic acid, piperacillin-tazobactam and co-
trimoxazole.

The collection and analysis of antibiotic susceptibility
data is done according to the general EARS-Net procedures
(http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/
Documents/2015-EARS-Net-reporting-protocol.pdf). Each lab-
oratory determined the antibiotic susceptibility and interpreted
its results with the interpretation methods and criteria that it nor-
mally uses. K.  pneumoniae susceptibility testing was conducted in
all cases using commercial microdilution. The data was submitted

http://ecdc.europa.eu/en/Pages/home.aspx
http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/Documents/2015-EARS-Net-reporting-protocol.pdf
http://ecdc.europa.eu/en/activities/surveillance/EARS-Net/Documents/2015-EARS-Net-reporting-protocol.pdf
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Fig. 1. Annual evolution of the prevalence of resistance to  antibiotics in Klebsiella pneumoniae isolates originating from haemocultures according to  data from the  EARS-Net
in  Spain (2010–2014).

prospectively to the CNM of the Instituto de  Salud Carlos III where it
was added to a common database using the free-to-use application
of the Whonet program from the World Health Organization6; also,
the results were validated and analysed according to the utilities
for such purpose in said program. The susceptibility results were
interpreted according to the Clinical Laboratory Standards Insti-
tute (CLSI) criteria.7 The European Committee on Antimicrobial
Susceptibility Testing (EUCAST) criteria were not generally applied
due to the fact that some of the commercial systems used by the
participating hospitals during the study period did not include an
adequate concentration range for their application. However, they
were used to conduct a comparative analysis of the evolution of
resistance to 3rd generation cephalosporins.8,9

In this paper, reduced susceptibility to an antibiotic was consid-
ered as the absence of susceptibility (intermediate susceptibility
and resistance) to  said antibiotic.

During the five-year period of the study, all participating labo-
ratories underwent an external quality control organised annually
by NEQAS (http://www.ukneqasmicro.org.uk/).

Although the information is not routinely recorded by EARS-Net,
in isolates with reduced susceptibility to  imipenem (MIC >  1 mg/l)
the production of carbapenemases was studied and, in posi-
tive cases, the class of carbapenemases was identified using the
previously-described phenotypic and genotypic methods.10

The comparison of prevalence of resistance to antibiotics
between the various groups and the measures of association were
calculated using the �2 applied test of evolutionary trends, with
a confidence interval (CI) of 95%. In all comparisons, the null
hypothesis was rejected with a  p ≤ 0.05. The statistical analysis was
conducted with the GraphPad Prism 6 software (Graph Pad Prism
Software Inc., 7825 Fay Avenue, Suite 230, La Jolla, CA  92037, USA).

Results

General results

Between 2010 and 2014, EARS-Net Spain recorded a  total of
7140 K. pneumoniae isolates from haemocultures (annual mean:

1428; range: 1198–1604; median: 1161). The annual distribution
was: 1198 isolates in 2010, 1251 in 2011, 1509 in 2012, 1578 in
2013 and 1604 in 2014. The increase in isolates in the last two  years
was due to the incorporation of two large university hospitals that
provided a  high number of isolates.

Globally, the age distribution was: 534 (7.5%) isolates were
obtained from patients aged 0–14 years; 2545 (35.6%) in  patients
aged 15–64 years and 4061 (56.9%) in  patients aged 65 years or
older. For  hospital services, 2579 (36.1%) isolates came from medi-
cal departments, 1880 (26.3%) from emergency departments, 1238
(17.3%) from ICUs, 839 (11.8%) from surgical departments and 604
(8.5%) from other departments.

Resistance to �-lactam antibiotics in the 7140 isolates were:
amoxicillin-clavulanic acid 23.3%, cefotaxime 15.8%, ceftazidime
13.7%, piperacillin-tazobactam 13.1% and imipenem 1.7%.

The non �-lactam antibiotic with greatest resistance was co-
trimoxazole (22.4%), followed by ciprofloxacin (20.1%), tobramycin
(14.1%), gentamicin (10.4%) and amikacin (1.9%).

Temporary evolution of resistance

The analysis of evolutionary trends of antibiotic resistance and
all subsequent analyses were calculated only based on the results of
the 38 hospitals that participated during the entire study period;
6076 isolates of K.  pneumoniae were studied between 2010 and
2014 (annual mean: 1215.2; range: 1072–1416); of which, 1072
were isolated in  2010, 1047 in  2011, 1215 in  2012, 1326 in 2013
and 1416 in  2014.

By age, 421 isolates (6.9%) came from patients 0 to 14 years
of age, 1864 (30.7%) from patients aged 15 to  64 years and 3791
(62.4%) from those aged 65 years or older. For hospital services,
2189 isolates (36%) came from medical departments, 1621 (26.7%)
from emergency departments, 1055 (17.3%) from ICUs, 736 (12.1%)
from surgical departments and 475 (7.8%) from other departments.

The annual evolution of antibiotic resistance according to CLSI
criteria are shown in  Figs. 1 and 2.  The percentage of resistance
to  3rd generation cephalosporins increased from 9.8% (95% CI:
8.0–11.6%) (101 isolates with reduced susceptibility) in 2010 to

http://www.ukneqasmicro.org.uk/
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19% (95% CI: 16.9–21.1%) in 2014 (269 isolates) (�2 of the trend:
50.5; p < 0.0001) (Fig. 1). This evolutionary trend was also observed
when separately studying cefotaxime and ceftazidime as follows:
from 9.8% (95% CI: 8.0–11.6%) to 19.4% (95% CI: 17.3–21.5%) for
cefotaxime (�2 of the trend: 50.9; p <  0.0001) and of 8.4% (95%
CI: 6.8–10%) to 19% (95% CI: 16.9–21.1%) (�2 of the trend: 46;
p < 0.0001) for ceftazidime. The significant increase of the resistance
detected with CLSI criteria was also maintained upon calculat-
ing the trend using the EUCAST recommended cut-off values; the
resistance to 3rd generation cephalosporins according to  EUCAST
criteria, increased from 10.2% in 2010 to  20% in 2014 (�2 of the
trend: 47; p < 0.0001).

Resistance to  ciprofloxacin increased from 15.4% (95% CI:
13.3–17.5%) in 2010 (138 isolates with reduced susceptibility) to
19.6% (95% CI: 17.5–21.7%) in 2014 (263 isolates) (�2 of the trend:
13.3; p: 0.0002) (Fig. 1).

The  percentage of isolates with reduced susceptibility to  at
least one of the tested aminoglycoside antibiotics (gentamicin,
tobramycin and amikacin) increased from 8.8% (95% CI: 7.2–10.4%)
to 14.8% (95% CI: 12.8–16.8%) between 2010 and 2014 (�2 of the
trend: 24.9; p  <  0.0001) (Fig. 1). Analysed individually, the greatest
increase was detected in  resistance to tobramycin, which increased
from 7.1% (95% CI: 5.9–8.6%) in 2010 (76 isolates with reduced sus-
ceptibility) to 14.2% (95% CI: 12.2–16.2%) in  2014 (201 isolates) (�2

of the trend: 49; p < 0.0001). For its part, resistance to gentamicin
increased from 6.2% (95% CI: 4.7–7.7%) in 2010 (67 isolates with
reduced susceptibility) to 10.3% (95% CI: 8.7–11.9%) in  2014 (146
isolates) (�2 of the trend: 14.2; p: 0.0002), and the resistance to
amikacin was 0.6% (95% CI: 0–1.2%) in 2010 (6  isolates) and from
1.6% (95% CI: 1–2.2%) in  2014 (23 isolates) (�2 of the trend: 7.2;
p = 0.007) (Fig. 2).

Resistance to imipenem increased from 0.27% (95% CI: 0–0.6%)
in 2010 (3 isolates) to  3.46% (95% CI: 2.5–4.5%) in 2014 (49 isolates)
(12.8×; �2 of  the trend: 24.1; p < 0.0001). In total, 121 isolates were
identified with reduced susceptibility to imipenem, 42 (32.5%) with
intermediate susceptibility (MIC =  2 mg/l) and 79 (67.5%) with high
resistance levels (MIC >  2 mg/l).

In the 1002 isolates with reduced susceptibility to 3rd
generation cephalosporins, a  high co-resistance to  other antibi-
otics such as amoxicillin/clavulanic acid, piperacillin/tazobactam,
imipenem, ciprofloxacin, tobramycin, gentamicin, amikacin, and
co-trimoxazole, was observed. This was significantly higher than
the co-resistance which was observed in  the isolates sensitive to
these antibiotics (Table 1). T
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Combined resistance to  third-generation cephalosporins,
ciprofloxacin and aminoglycosides increased from 3.3% (95%
CI: 2.5–4.1%) in  2010 (35 isolates with reduced susceptibility)
to 9.7% (95% CI: 7.9–11.5%) in 2014 (137 isolates with reduced
susceptibility) (�2 of the trend: 33.4; p <  0.0001) (Fig. 1).

Within the population resistant to  3rd generation
cephalosporins, the annual evolution of resistance to other
antibiotics was 64.8% in 2010 and 70.9% in 2014 for aminoglyco-
sides (p: 0.7), from 71 to 80% for ciprofloxacin (�2 of the trend: 5.4;
p: 0.01) and from 0.27% in 2010 (3 isolates) to 3.46% in 2014 (49
isolates) for imipenem (12.8×; �2 of the trend: 20.3; p  <  0.0001),
since 90.7% of the isolates with reduced susceptibility to imipenem
also had reduced susceptibility to 3rd generation cephalosporins.
The impact of increased resistance to  imipenem on the resistance
to 3rd cephalosporins, is shown in  Fig. 1 (in black in the first group
of columns). Although still a minority, said impact is particularly
notable from 2012 to 2014 (Fig. 1).

Carbapenemase production

The 121 isolates detected throughout the study period, with
reduced susceptibility to  imipenem according to  CLSI cut-off points,
came from 28 (68.3%) of the 42 participating hospitals. Of these, 104
(86%) were carbapenemase producers: 74 OXA-48, 14 VIM, 9 KPC
(6 KPC-2 and 3 KPC-3), 6 IMP  and 1 GES. Nevertheless, applying the
EUCAST cut-off values for imipenem, only 73 of the 121 isolates
(60.3%) would have been categorised as having reduced suscepti-
bility, 40 (54.8%) with intermediate susceptibility (MIC = 4–8 mg/l)
and 33 (45.2%) as resistant (MIC >  8 mg/l).

The annual evolution of the isolates not susceptible to imipenem
according to the CLSI criteria, was as follows: 3 isolates in  2010
(2 VIM-1 and 1 IMP) originating from 3 hospitals; 22 in  2011 (19
OXA-48, 2 VIM-1 and 1 KPC-2) originating from 8 hospitals; 22
in 2012 (11 OXA-48, 3 VIM-1 and 1 KPC-2 and 7 non-susceptible,
non-carbapenemase-producing isolates) originating from 9 hospi-
tals; 25 in 2013 (12 OXA-48, 4 VIM, 3 KPC-2, 1 IMP  and 1 GES and
4 non-susceptible, non-carbapenemase-producing isolates) origi-
nating from 11 hospitals and 49 in 2014 (32 OXA-48, 3 VIM-1, 4 IMP,
3 KPC-3 and 1 KPC-2 and 6 non-susceptible, non-carbapenemase-
producing isolates) originating from 18 hospitals.

Outbreaks or endemics [sic] caused by OXA-48-producing K.

pneumoniae were detected in  10 different hospitals; with these
being responsible for 34 of the isolates, while the remaining 40
were due to sporadic cases. VIM-1-producing isolates were isolated
in 9 hospitals, KPC-2-producing ones in  3 hospitals, IMP-producing
ones in 3 hospitals and finally, KPC-3- and GES-producing isolates,
in one hospital each (Fig. 3).

Isolates with reduced susceptibility to imipenem also had a
high prevalence of resistance to cefotaxime (90.7%), followed by
ciprofloxacin (82.5%), gentamicin (50.8%), tobramycin (75.7%) and
amikacin (12.7%).

Discussion

The increased resistance to  3rd generation cephalosporins
in K. pneumoniae isolates from haemocultures in Europe is  a
fairly generalised fact in  recent years, according to EARS-Net data
(http://ecdc.europa.eu/en/healthtopics/antimicrobial resistance/
pages/index.aspx); in 2014, 17 (58.6%) of the 29 countries
that reported information to EARS-Net had resistance levels
equal to or exceeding 20%. Nevertheless, the percentages var-
ied widely between Nordic and Central European countries,
from low resistance levels, such as Sweden (4.5% in 2014)
and the Netherlands (5.5% in 2014), to  others with interme-
diate levels such as the United Kingdom (9.3% in 2014) and
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Fig. 3. Annual evolution of the production of carbapenemases in Klebsiella pneumo-

niae isolates originating from haemocultures according to  data from the EARS-Net
in Spain (2010–2014).

Germany (12.7% in  2014). Other countries in Southern Europe
have much higher numbers, such as France (30.7% in  2014),
Italy (56.5% in  2014) and Greece (72.5% in 2014). As we have
seen in  Spain, the percentage was 19% in 2014, similar to
Belgium which was  19.2%, counting both intermediate and resis-
tant strains (http://ecdc.europa.eu/en/publications/Publications/
antimicrobial-resistance-europe-2014.pdf,  last accessed 11.01.16).

In the 2014 EARS-Net report, 15 of 20 European countries
reported on EARS-Net that the production of ESBLs was the main
resistance mechanism to 3rd generation cephalosporins in  K.  pneu-

moniae with percentages between 85% and 100% of the isolates.5

The increase in ESBL production in K.  pneumoniae was  mainly due to
the CTX-M and SHV families and, to  a lesser extent, to the produc-
tion of plasmid-mediated AmpC �-lactamases, mainly in  the CIT
and DHA families, both in  Europe, including Spain,9,11–15 as well as
in other countries.16–18 In  France, in  a  study which compiled data on
Escherichia coli and K.  pneumoniae strains collected between 2009
and 2013, 20% of the K. pneumoniae isolates were ESBL producers.15

In Canada, the increase was also evident and has gone from 1.5% of
K. pneumoniae being ESBL producers in 2007 to 4% in  2011.16

In  Korea, between 2005 and 2008 26.2% (294/1121) of K. pneu-

moniae strains were reported to  be resistant to 3rd generation
cephalosporins due to ESBL production; the most prevalent type
was SHV (73.2%), specifically SHV-12 followed by CTX-M (93.5%),
especially CTX-M-14-like and CTX-M-15-like, in  this order.17 In
Iran, the prevalence of ESBL and AmpC was 28% for both, and
the prevalence of the blaCTX-M gene was  13.3% for strains studied
between 2007 and 2008.18

In  general, according to  EARS-Net data, the increase in  3rd  gen-
eration cephalosporin resistance is related to  increases in resistance
associated with fluoroquinolones and aminoglycosides. In  2014, 13
(44.8%) of 29 European countries had combined resistance per-
centages to 3rd generation cephalosporins, fluoroquinolones and
aminoglycosides equal to or exceeding 20%. Some of the countries
with higher percentages were France (23.8% in 2014), Italy (44.4%
in 2014) and Greece (56.8% in 2014). In the case of Spain, as we
have seen this percentage was 9.7% in 2014, somewhat higher than
Belgium which was 7.9% in  2014.

It is also important to highlight the rapid progression of resis-
tance to  3rd generation cephalosporins in  fairly short periods
of time, as has occurred for example in France (19.2% in 2010
and 30.7% in 2014) and Italy (47.2% in  2010 and 57.9% in 2014);
however, in  other countries the resistance percentages are
much more stable and even have negative trends, such as the
Netherlands (7.2% in 2010 and 5.9% in  2014), Germany (13.4%
in 2010 and 13.3% in 2014), Sweden (3.1% in 2010 and 5.8%

http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/pages/index.aspx
http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/pages/index.aspx
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2014.pdf
http://ecdc.europa.eu/en/publications/Publications/antimicrobial-resistance-europe-2014.pdf
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in 2014) and the United Kingdom (11.2% in 2010 and 10.2%
in 2014). (http://ecdc.europa.eu/en/publications/Publications/
antimicrobial-resistance-europe-2014.pdf,  last accessed 11.01.16).
As we have seen, in Spain the resistance progression has also been
rapid, more than doubling in  five years, from 9.4% in  2010 to  19%
in  2014.

Co-selection has been reported in resistance mechanisms
favoured by joint transmission, both vertically and hori-
zontally, of these mechanisms.19–23 It  is a  problem with
worldwide scope and last November the CDC published guide-
lines for action for Enterobacteriaceae infections with multi-
ple resistance to  the antibiotics used routinely in treatment
(http://www.cdc.gov/hai/pdfs/cre/CRE-guidance-508.pdf).

Regarding resistance to imipenem, according to  EARS-Net, 3 of
28 European countries had resistance percentages higher than 30%
in  2014 (Romania 34.5%, Italy 36.2% and Greece 62.7%). However, in
most European countries, the resistance percentages are still <5%.
Recently, the spreading of carbapenemase-producing K. pneumo-

niae isolates, including enterobacteriaceae, has been reported in
Spain in at least 68% of the provinces, with the possibility of inter-
regional spreading.10 The finding suggests an imminent increase
in coming years. In this multicentre study published in 2015, only
9.3% of 379 carbapenemase-producing enterobacteriaceae (74.4%
K. pneumoniae) strains were isolated from haemocultures.10 Nev-
ertheless, although the prevalence of isolates from blood is  still low
in Spain (3.46% in  2014 according to this study), it has progressed
rapidly from 0.27% in 2010 –  a  12.8-fold increase.

In this paper, we observed that  the EUCAST clinical cut-off val-
ues for imipenem presented a  lower sensitivity for the detection
of carbapenemase production than those from the CLSI. However,
EUCAST also recommends studying susceptibility to meropenem,
data that were not available in this study, as well as application of
the epidemiological cut-off values.24

As a possible limitation on the results, the ECDC EARS-Net, with
regard to carbapenems, only offered surveillance of imipenem dur-
ing the study period. In addition, the network uses susceptibility
data generated by  clinical laboratories based on each laboratory’s
own methods, usually used for the treatment of patients. EARS-Net
also does not collect information about molecular type; however,
there is a National Reference Laboratory at the Centro Nacional de

Microbiología of the Instituto de Salud Carlos III  that does conduct
this type of determination making them available to the National
Health System.

The increase in  resistance to  3rd generation cephalosporins and
to carbapenems (mainly due to the production of carbapenemases)
constitute two of the most important findings of this study, with
significant clinical, epidemiological and public health repercus-
sions.
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