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This report describes the epidemiological features of 
the first outbreak caused by KPC3 carbapenemase-pro-
ducing Klebsiella pneumoniae (KPC-3-KP) in Spain and 
how it was effectively controlled. From 16 September 
2009 to the end of February 2010, seven patients 
infected or colonised with KPC-3-KP were detected. 
Stool surveillance cultures were recovered from 
patients, doctors, nurses, nursing assistants, clean-
ers and hospital porters working in the affected units. 
Hand swabs were taken from workers and patients’ rel-
atives for culturing. Environmental samples were also 
taken. Patients infected or colonised with KPC-3-KP 
were placed in single rooms under contact precautions 
and 4% chlorhexidine soap was used for their daily 
hygiene. Staff attended educational seminars and 
workshops on hand hygiene and isolation of patients. 
An alcohol-based disinfectant was used for surface 
cleaning and disinfecting. The floor was cleaned with 
a disinfectant containing benzalkonium chloride and 
didecyldimethylammonium. All samples collected 
were negative for KPC-3-KP. After implementing the 
control measures, no further cases were reported in 
the affected units. All cases had comorbidities, long 
hospital stay and aggressive/intensive antimicrobial 
treatment. This study emphasises the importance of 
early intensification of infection control to interrupt 
the transmission of KPC-producing organisms.

Introduction
Carbapenems are widely regarded as the drugs of 
choice for the treatment of severe infections caused by 
extended-spectrum beta-lactamase (ESBL)-producing 
Enterobacteriaceae [1]. The emergence of carbapenem-
resistant enterobacteria is worrisome, since antimicro-
bial treatment options are very restricted [2].

Carbapenemases are a large and diverse family of 
microbial enzymes that hydrolyse not only carbapen-
ems but also other beta-lactam antibiotics. One of the 
most important groups is the KPC-enzymes, classified 
as beta-lactamases Ambler class A and Bush func-
tional group 2, that hydrolyse all beta-lactams except 
cephamycins [3].

KPC-producing Klebsiella pneumoniae were first iso-
lated in North Carolina in 1996 [4] and until 2004 these 
enzymes were found only in the United States [5-7]. The 
first outbreak of KPC-producing K. pneumoniae outside 
the United States was described in Tel Aviv in 2006 [8]. 
The strains isolated in Israel were genetically identical 
to the ones previously isolated in the United States. 
This supported the hypothesis that the KPC producer 
was transferred from the United States to Israel [9]. 
The European country in which most cases have been 
reported so far is Greece, where the situation can be 
described as endemic [10-15]. Italy and France have 
recently described a rapid increase in the number of of 
cases [16,17].

We report here the epidemiological features of the first 
outbreak by KPC3 carbapenemase-producing K.  pneu-
moniae (KPC-3-KP) in Spain and how it was controlled.

Material and methods
Outbreak investigation
Ramon y Cajal Hospital is a 1,090-bed university 
teaching hospital located in Madrid, Spain. From 16 
September 2009 through the end of February 2010, 
seven patients with infection or colonisation with 
KPC-3-KP were detected. Four of these patients were 
admitted to two different but adjacent units: internal 
medicine and oncology. Both units share hospital por-
ters and cleaning staff and some medical equipment 
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such as electrocardiographs. Of the remaining three 
patients, one was detected in the paediatric unit on a 
different floor during the same period, and the other 
two appeared after hospital discharge.

Case patient definition
Any inpatient infected or colonised with KPC-3-KP was 
considered as a case. An infected patient was defined 
as a person with a positive culture for KPC-3-KP who 
met the Centres for Disease Control and Prevention 
(CDC) clinical criteria of infection [18]. A patient was 
defined as colonised, when KPC-3-KP was isolated 
from surveillance cultures or clinical specimens in the 
absence of clinical signs of infection.

Clinical data, surveillance, and 
environmental cultures
Clinical records from inpatients were reviewed and the 
following data were registered: age, sex, diagnosis at 
the time of hospital admission, comorbid conditions 
(diabetes mellitus, cardiovascular disease, pulmonary 
disease, hepatic disease, central nervous system dis-
ease, malignancy, anaemia), previous hospital admis-
sions, admission to intensive care unit, treatment with 
immunosuppressors, antibiotic treatment, invasive 
procedures (insertion of central venous catheter, inser-
tion of urinary catheter, surgery, mechanical ventila-
tion), antimicrobial resistance pattern, and outcome 
(recovery/death).

According to infection control and prevention policy in 
our institution, when a patient has present or previ-
ous history of infection/colonisation with a multidrug-
resistant microorganism or has shared a room with 
an infected/colonised patient, rectal and pharyngeal 
swabs are taken to detect colonisation and to decide 
when to discontinue contact precautions.

During the outbreak, stool surveillance cultures were 
recovered from patients, doctors, nurses, nursing 
assistants, cleaners and hospital porters working in 
the internal medicine and oncology units [19]. Hand 
surface swabs were taken from workers and patients’ 
relatives and cultured. Subjects placed their finger-
tips on cystine lactose electrolyte deficient (CLED) 
agar plates using the four fingers first, followed by the 
thumb in the middle of the plate. An imprint method 
was used because it is easy and feasible in our insti-
tution. Moreover, with this method we estimated bac-
teria present on the palm of the hand, which is the 
anatomical location with the highest risk of transmis-
sion. Samples were also taken from working surfaces, 
taps, patients’ rooms (bedrails, sinks, taps and bed-
side tables), nurses’ sinks, computer key boards, 
pulse oximeters, and sphygmomanometers. Stool and 
environmental samples were directly inoculated onto 
MacConkey agar plates supplemented with ceftazidime 
(4 mg/L) and using previous broth enrichment (BHI) 
supplemented with imipenem (1 mg/L).

Bacterial identification, susceptibility testing, screen-
ing for carbapenemase production and molecular labo-
ratory techniques were done as described by Curiao et 
al. [20].

Outbreak control measures
Patients were placed in single rooms under contact 
precautions according to our facility’s protocol. A 4% 
chlorhexidine soap was used for their daily hygiene. 
Staff working in the affected units received educa-
tional seminars and attended workshops on special 
hand hygiene and patient isolation. The units were 
cleaned thoroughly with two products that were also 
used for the daily cleaning during the whole outbreak 
period. An alcohol-based disinfectant was used for 
surface cleaning and disinfecting (Incidin Liquid), and 
the floor was cleaned with a disinfectant containing 
benzalkonium chloride and didecyldimethylammonium 
(Incidin Rapid).

Results
The outbreak described here involved seven patients. 
The index case (Case 1) was a patient in their 60s who 
had no history of previous hospitalisations. Three 
months after admission to the oncology unit (third 
floor, section A), KPC-3-KP was isolated in a urine cul-
ture. The patient was discharged five days later.

Two further cases were detected in the adjacent inter-
nal medicine unit (third floor, section B) 12 and 37 days 
after isolation of Case 1 (see Figure). Neither case had 
a history of previous admission to our hospital. Case 
2, a patient in their 50s, had a history of rectal coloni-
sation with ESBL-producing Escherichia coli. Ten days 
after admission KPC-3-KP was isolated in a rectal cul-
ture during a routine investigation of rectal carriage 
of ESBL-producing isolates. Case 3 had symptoms of 
urinary tract infection and the urine culture was posi-
tive for KPC-3-KP. ESBL-producing Klebsiella oxytoca 
and E.  coli were isolated in rectal swabs as well. This 
patient shared the same room with Case 2 for four days 
one month before KPC-3-KP isolation.

Case 4 was a teenager admitted to the paediatric unit, 
(located on the tenth floor). KPC-3-KP was isolated in a 
wound culture. This patient had previous hospitalisa-
tions in our institution, the last one a two-month stay 
from which they had been discharged only ten days 
before. This patient had never been admitted to the 
oncology or the internal medicine unit, and the pae-
diatric unit does not share staff or medical equipment 
with those units.

Two months after the first case, KPC-3-KP was isolated 
in a rectal culture from a patient in their 60s (Case 5) 
who was staying for one month in the oncology unit, 
at the same time as Case 1, but they did not share the 
same room at any time. At the time screening for KPC-
3-KP was performed in the hospital, Case 5 had already 
been discharged. It was during his next admission, two 
months after Case 1, that control surveillance cultures 
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were grown and KPC-3-KP was isolated in a rectal cul-
ture. No further cases have been detected since, nei-
ther in the oncology unit nor in the internal medicine 
unit.

Two new cases were reported two months after Case 5. 
From Case 6 KPC-3KP was isolated in blood and urine 
cultures taken in the emergency unit. This case was a 
person in their late 80s and had been an inpatient for 
10 days during the outbreak period but had not stayed 
in the affected units. The last case detected (Case 7) a 
person in their 70s previous history of multiple hospi-
talisations in our institution, was admitted on January 
2010. During her stay KPC-3-KP was isolated in a spu-
tum culture. She had been referred to the gastroenter-
ology unit during the outbreak period and she had no 
known epidemiological association with the rest of the 
cases. The sequence of case detection is shown in the 
Figure.

All patients were diagnosed between 10 and 61 days 
after admission to hospital. All of them had multi-
ple underlying conditions (anaemia: n=5; hyperten-
sion n=4; cancer: n=3; diabetes mellitus: n=1; Crohn 
disease: n=1; chronic renal insufficiency: n=1).  Five 

of them were on immunosuppressive treatment. All  
cases received antibiotic therapy in the  month prior 
the diagnosis: three  with amoxicilin/clavulanic , three  
with meropenem, two with teicoplanin and one with 
vancomycin.

Microbiological results
All these isolates were carbapenemase-producing KPC 
3. They were considered clonally related and were 
assigned to the new sequence type ST384. All the iso-
lates were susceptible to amikacin, gentamicin, cip-
rofloxacin and trimethroprim/sulfamethoxazole and 
resistant to imipenem, meropenem, cefepime, cefotax-
ime and piperacillin/tazobactam.

Stool samples were collected from 25 of the other 32 
inpatients in the oncology and internal medicine units 
and from 27 of 39 staff members. All of them were neg-
ative for KPC-3-KP.

The 13 hand cultures from health staff were also nega-
tive for KPC-3-KP, and the microorganisms isolated 
were all common skin contaminants. ESBL-producing 
K.  pneumoniae was isolated in only one healthcare 
worker. All five hand samples taken from the patients’ 

Figure
Admission period and hospital unit of patients with KPC3-producing Klebsiella pneumoniae, Madrid, Spain, 16 September 
2009–February 2010 (n=7)

2009 2010
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10F/ B 11F/ G4F/ G5F/ B
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Period of admission infected/colonised 
Culture taken in the Emergency Unit*
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relatives were negative for KPC-3-KP. The 13 environ-
mental samples were also negative for KPC-3-KP, but 
positive for other microorganisms as listed in the Table.

Discussion
We describe the first cases of infection/colonisation 
with KPC-3 carbapenemase-producing K.  pneumoniae 
in Spain. Microbiological data, PCR analysis and molec-
ular techniques showed that all isolates were geneti-
cally identical, supporting the hypothesis for a clonal 
KPC-3-related infectious outbreak [20]. Emergence of 
KPC-producing K.  pneumoniae is a significant public 
health concern.

Outbreaks have been reported in several countries 
[7,8,13,21-23]. In some of those outbreaks, the index 
case had been previously admitted to a hospital in an 
endemic area [22,23]. In our study, none of the patients 
had a previous history of travelling to endemic areas. 
KPC-3-KP may have been introduced to our facility by 
an undetected infected or colonised patient, or the 
index case may have been previously colonised before 
the KPC-3-KP isolation.

Infection control measures were intensified on the 
oncology, internal medicine and paediatric wards, 
where the first five cases were detected. Cases 6 and 7 
had been admitted to the hospital during the outbreak 
period in October 2009, but not to any of the affected 
units, so no samples had been taken. They were iden-
tified as colonised/infected by the same clone only 
during a later hospital admission in early 2010. Other 
authors have reported outbreaks in which associated 
cases were detected from two weeks to five months 
after the end of the defined outbreak period [21]. We 
do not know if Cases 6 and 7 were colonised during 
their earlier hospitalisation in October 2009, since no 
screening was performed at the time, or if they may 
have been colonised before admission to the hospi-
tal (January–February 2010), since the prevalence of 
KPC-producing K.  pneumoniae in the community is 
unknown.

Studies from Israel and the United States have iden-
tified risks factors for nosocomial acquisition of 
KPC-producing K.  pneumoniae. They included poor 
functional status, ICU stay, transplantation, mechani-
cal ventilation, prolonged hospital stay and antimicro-
bial treatment [24-26]. Another study that took place in 
Puerto Rico [21] described further risk factors: wounds, 
previous surgery and transfer between hospital units. 
We cannot extract conclusions related to risks factors 
for KPC-3-K from our study. All the cases detected in 
our facility had similar characteristics to the ones 
affected in prior published outbreaks: comorbidities, 
long hospital stay [7,13,23] and aggressive/intensive 
antimicrobial treatments [5,13,15,21]. In our case, two 
patients were in an ICU with mechanical ventilation and 
four underwent surgical procedures.

Antimicrobial pressure may have been a selective factor 
for the primary colonisation. Use of extended spectrum 
carbapenems, fluorquinolones and cephalosporins has 
been identified as a risk factor for carbapenem-resist-
ant K.  pneumoniae [24-26]. None of our patients had 
received quinolones one month prior to the infection 
and all patients had received beta-lactams, as did the 
patients of the outbreaks described by Purnaras et al. 
[14] and by Nadkarn [27]. Further studies are needed 
to clarify the role of different antimicrobials in carbap-
enem-resistance acquired by K. pneumoniae. It may be 
plausible that the number of antibiotics administered 
to case patients increases the risk of acquisition of car-
bapenem-resistance in K. pneumoniae, rather than the 
administration of a specific antibiotic group [21].

Mortality data described in different papers range 
from 25% to 69% [7,13-15,21,26]. In our case series one 
death was reported. The only patient with bacteraemia 
by KPC-3-KP died shortly after hospital discharge, and 
the cause of death is unknown to us. The rest of the 
patients were successfully treated according to the 
susceptibility pattern.

Table 
Environmental cultures, KPC3-producing Klebsiella pneumoniae hospital outbreak, Madrid, Spain, 16 September 2009–
February 2010 (n=13)

Microorganisma Surface
Staphylococcus epidermidis (n=8) Bedside tables, bed rails, sinks, sphygmomanometer, working surfaces, computer keyboard
Non-fermenting Gram-negative bacilli (n=1)  Working surface
Streptococcus sp. (n=1) Working surface
ESBL-producing K. pneumoniae (n=1)  Bedside table
K. pneumoniae (n=2) Working surfaces, computer keyboard
Bacillus sp. (n=1) Computer keyboard
Pseudomonas aeruginosa (n=2) Taps
Enterobacter sp. (n=1) Working surfaces

KPC-3-KP: KPC3 carbapenemase-producing K. pneumoniae
a >1 microorganism can be isolated in the same sample.
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K. pneumoniae is a common cause of nosocomial pneu-
monia. Its principal nosocomial reservoirs are con-
taminated medical equipment, hands of hospital staff 
and the gastrointestinal tract of patients [9]. In our 
study, the emergence of a monoclonal outbreak and 
the impossibility of identifying a common source in 
an environmental reservoir suggest transmission from 
patient to patient through the hands of hospital staff, 
as has been previously described [23,28,29].

Some papers have reported the isolation of KPC-
producing K.  pneumoniae from surfaces, intravenous 
poles, blood pressure cuffs or endotracheal tube con-
nectors [5,15], while other authors, as well as our own 
outbreak investigation, did not isolate KPC-3-KP in 
environmental samples [13,30]. However, after thor-
ough cleaning and disinfection, the outbreak did not 
spread further. We may not have taken enough envi-
ronmental samples.

Previous studies have shown that KPC-producing 
K.  pneumoniae outbreaks are difficult to manage. 
Monoclonal outbreaks may evolve to polyclonal ende-
micity if a nosocomial pathogen is not controlled soon 
after its emergence in a hospital [14,21]. Our infection 
control measures, including contact isolation, were 
enhanced the moment the first case was detected, and 
they controlled the outbreak effectively. It is difficult 
to evaluate the effectiveness of each control measure 
(chlorhexidine soap, contact isolation, staff training, 
surface cleaning and disinfection with new products) 
since all of them were established immediately. The 
rapid simultaneous application of several measures 
may have contributed to the effectiveness. We assume 
that early communication to the staff of the affected 
units, educational talks and hand hygiene were key 
factors in controlling the outbreak.

The dissemination of carbapenem-resistant K.  pneu-
moniae and the difficulty to treat infections produced 
by these bacteria with the currently available antimi-
crobial drugs make it necessary to focus our efforts on 
early detection and implementation of infection con-
trol measures to limit the emergence and transmission 
of KPC-producing organisms. This issue will require 
further investigation directed at characterising the 
molecular mechanisms and selection pressures which 
promote the spread of these microorganisms. Judicious 
antimicrobial use should be emphasised. 
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