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Abstract

Background: Many gaps in the burden of resistant pathogens exist in endemic areas of low- and middle-income
economies, especially those endemic for carbapenem resistance. The aim of this study is to evaluate risk factors for
carbapenem-resistance, to estimate the association between carbapenem-resistance and all-cause 30-day mortality
and to examine whether mortality is mediated by inappropriate therapy.

Methods: A case-control and a cohort study were conducted in one tertiary-care hospital in Medellín, Colombia
from 2014 to 2015. Phenotypic and genotypic characterization of isolates was performed. In the case-control study,
cases were defined as patients infected with carbapenem-resistant K. pneumoniae (CRKP) and controls as patients
infected with carbapenem-susceptible K. pneumoniae (CSKP). A risk factor analysis was conducted using logistic
regression models. In the cohort study, the exposed group was defined as patients infected with CRKP and the
non-exposed group as patients infected with CSKP. A survival analysis using an accelerated failure time model with
a lognormal distribution was performed to estimate the association between carbapenem resistance and all-cause
30-day-mortality and to examine whether mortality is mediated by inappropriate therapy.

Results: A total of 338 patients were enrolled; 49 were infected with CRKP and 289 with CSKP. Among CRKP
isolates CG258 (n = 29), ST25 (n = 5) and ST307 (n = 4) were detected. Of importance, every day of meropenem (OR
1.18, 95%CI 1.10–1.28) and cefepime (OR 1.22, 95%CI 1.03–1.49) use increase the risk of carbapenem resistance.
Additional risk factors were previous use of ciprofloxacin (OR 2.37, 95%CI 1.00–5.35) and urinary catheter (OR 2.60,
95%CI 1.25–5.37). Furthermore, a significant lower survival time was estimated for patients infected with CRKP
compared to CSKP (Relative Times 0.44, 95%CI 0.24–0.82). The strength of association was reduced when
appropriate therapy was included in the model (RT = 0.81 95%CI 0.48–1.37).

Conclusion: Short antibiotic courses had the potential to reduce the selection and transmission of CRKP. A high
burden in mortality occurred in patients infected with CRKP in a KPC endemic setting and CRKP leads to increased
mortality via inappropriate antibiotic treatment. Furthermore, dissemination of recognized hypervirulent clones
could add to the list of challenges for antibiotic resistance control.

Keywords: Case-control study, Cohort study, Carbapenem resistance, Klebsiella pneumoniae, length of antibiotic use,
innapropriate therapy, risk factors, mortality
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Background
Carbapenem-resistant Klebsiella pneumoniae (CRKP) is
considered a threat to human health in several regions, in-
cluding Latin-American countries where high carbapenem-
resistance rates have been reported [1]. Strategies for con-
taining carbapenem resistance infections can be greatly im-
proved through the knowledge of context-specific risk
factors and understanding hospital transmission dynamics.
Exposure to antibiotics has the potential primary role in the
risk of CRKP infection, yet the implication of duration of
antibiotics in the emergence of antibiotic resistance remains
poorly studied. Stronger evidence on the effect of length of
antibiotic therapy on antibiotic resistance may prompt the
adjustment of treatment courses which are often too long
and mostly not evidenced-based [2].
Previous meta-analyses have reported a strong association

between carbapenem-resistance and increased risk of death
in both crude (OR 3.73; 95% CI 2.02–6.88) and adjusted
analysis (OR 2.85; 95% CI 1.88–4.30) [3]. However, whether
the increased mortality is due to a higher likelihood of inad-
equate therapy is still incompletely examined, possible be-
cause of limitations on measuring adequate therapy e.g.,
administration of an active agent, achievement of thera-
peutic concentration in vivo, time to optimal therapy, opti-
mal route of administration, among others [4].
Most of the risk factors and mortality estimates are

from studies in high-income countries and many gaps in
the burden of resistant pathogens exist in endemic areas
of low- and middle-income economies [5]. Colombia has
one of the highest CRKP rates in Latin-America [1] and
it is considered endemic for KPC carbapenemases [6].
Colombia’s national surveillance system has reported K.
pneumoniae as the second most frequent microorganism
recovered in both ICU and non-ICU wards (16 and 12%,
respectively), with moderate (14%) rates of carbapenem
resistance [7]. Although previous studies have described
the epidemiology of carbapenem-resistant K. pneumo-
niae infections in Colombia [8], additional information
on risk factors for CRKP infection and patient mortality
is scarce. To contribute to the understanding of the epi-
demiology of carbapenem-resistant K. pneumoniae infec-
tions in a carbapenem resistant endemic country, this
study aims primarily to identify risk factors for CRKP in-
fection, including the length of antibiotic use, secondly
to estimate the association between carbapenem resist-
ance and all-cause 30-day mortality and to examine
whether mortality is mediated by inappropriate therapy
in patients with K. pneumoniae infections in one tertiary
care center in Medellín, Colombia.

Methods
Study site and population
This prospective study was conducted from February to
March 2014 and from October 2014 to September 2015

in a large (754-beds) university hospital in the city of
Medellín-Colombia. Medellín is the second largest city
in the country and has a population of 2.5 million inhab-
itants. The hospital attends children and adult popula-
tion, with annual discharges of 26,191 in 2014 and 27,
869 in 2015. The hospital reported Klebsiella pneumo-
niae infection rates per 1000 hospitalization-days of 0.34
in 2014 and 0.40 in 2015. Hospital meropenem con-
sumption (DDD/100 bed-days) was 10.2 in 2014 and 8
in 2015, and imipenem consumption was 0.4 in 2014
and 0.1 in 2015.
Patients were included the first time K. pneumoniae

was isolated and inclusion criteria were: (i) adult patients
(≥18 years) (ii) from any service and (iii) any type of in-
fection. Patients were excluded if the clinical records or
bacterial culture or susceptibility testing results could
not be recovered from the microbiology laboratory.
After patients were identified from the laboratory re-
cords, infectious disease specialists from the study group
assessed the infection/colonization status of each patient
based on criteria for specific types of infections from
CDC/NHSN surveillance definitions [9].
A case-control study was conducted in this tertiary

care hospital to identify risk factors for CRKP infection
(primary aim) and a cohort study was done to estimate
the impact of carbapenem resistance in all-cause 30-day
mortality and to examine whether mortality is mediated
by inappropriate therapy in patients with K. pneumoniae
infections (secondary aim).

Case-control study
A prospective case-control study was conducted to iden-
tify risk factors for carbapenem resistance among pa-
tients infected by K. pneumoniae. Cases were defined as
patients infected with carbapenem-resistant K. pneumo-
niae (CRKP) and controls were defined as patients in-
fected with carbapenem-susceptible K. pneumoniae
(CSKP). All cases and controls that met the inclusion
criteria were enrolled in the study. The outcome for the
case-control study was resistance to any carbapenem
(ertapenem, imipenem, meropenem or doripenem). In-
formation was retrieved from clinical records using a
form with standardized definitions. Characterization of
study population include: age, sex, type of infection, em-
pirical and targeted antimicrobial therapy, surgical ther-
apy, total length of hospital stay and all-cause mortality.
Exposures of interest for the risk factor analysis were: use
of antibiotic and duration of antibiotic use in the last 6
months, invasive medical devices at the time or 48 h be-
fore sampling, intensive care unit (ICU) hospitalization,
healthcare associated infection, surgery in the last year,
ICU stay and dialysis in the last 6 months and comorbidi-
ties. Because some limitations of a matching design to
control for confounding have been described, confounding
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was controlled in the analytical stage by the use of regres-
sion modeling [10, 11]. Confounders included in the ana-
lysis were time at risk, defined as the number of days
elapsing from admission to sampling, and comorbidities
measured as Charlson Index score [12].

Cohort study
A prospective cohort study was conducted using the
previously enrolled population to estimate the associ-
ation between carbapenem resistance and all-cause 30-
day mortality among patients infected by K. pneumoniae
and to examine whether mortality is mediated by in-
appropriate therapy. Patients with CRKP infections were
considered the exposed group and patients with CSKP
infections were considered the non-exposed group. The
outcome was all-cause 30-day mortality from the onset
of the infection (defined as the day of sampling for bac-
terial culture). As previously stated, confounding was
controlled in the analytical stage by regression modeling.
Potential confounders considered in the analysis were:
ICU hospitalization at the time of sampling, Charlson
index score, transfer from other facility, use of invasive
devices at the time of sampling, healthcare-associated
infections, surgical treatment (defined as any surgical
procedure for source control, including debridement,
amputation and surgical drainages) and type of infection.
Appropriate therapy was defined as treatment for ≥48 h
with at least one antimicrobial agent exhibiting in vitro
susceptibility. This was considered as an intermediate
variable between carbapenem-resistance and mortality.

Phenotypic methods for detection of antibiotic resistance
Resistance to carbapenems was defined according to
CLSI guidelines [13]. Isolates susceptible to all carbapen-
ems were considered carbapenem-susceptible. Other
tested antibiotics included piperacillin/tazobactam, cef-
triaxone, ceftazidime, cefepime, amikacin, gentamicin,
ciprofloxacin, and tigecycline. Phenotypic testing was
done using a VITEK 2 System (bioMérieux, Marcy
l’Etoile, France). Clinical breakpoint interpretations were
done following CLSI guidelines [13].

Strain typing of CRKP and CSKP isolates
Variants of blaKPC were identified using a molecular
beacon-based real-time PCR assay [14] and other carba-
penemases - blaVIM, blaIMP, blaNDM and blaOXA-48 -
were evaluated using a conventional multiplex PCR [15].
Strain typing was done on all carbapenem-resistant and
susceptible K. pneumoniae isolates using a molecular
beacon based real-time PCR to detect members of the
ST258-tonB79 cluster (ST258, − 512, − 379, − 418, − 554,
− 744, − 650, − 683, and − 745) [16]. Isoforms of Tn4410
were detected by PCR [17]. In addition, pulsed-field gel
electrophoresis (PFGE) was performed on all CRKP

isolates and on a randomly selected subset of CSKP
(20%), proportional to the number of isolates collected
in each month of the study. Details on the PFGE proced-
ure and analysis were described previously [18]. Repre-
sentative isolates of each PFGE patterns were further
subjected to multi-locus sequence typing (MLST) [19].

Statistical analysis
A description of the study population was done using
absolute and relative frequencies for qualitative variables,
and median and interquartile range for quantitative
variables with non-normal distribution. To identify risk
factors for CRKP infection, bivariate and multivariable
analyses were performed using a logistic regression
model. The multivariable model was built using
purposeful selection of covariables [20]. Briefly, clinical
relevant variables and those with p-value < 0.25 in the
bivariate analysis were selected for inclusion in the
model. The model was fitted containing all covariates
identified for inclusion at the previous step, and then
variables that do not contribute to the model were elimi-
nated. Next, we identified and included back covariables
changing > 20% the value of coefficients of the variables
retained in the model. The process of refitting, verifying
and deleting variables continued until all relevant vari-
ables were included in the model. Then the preliminary
main effect model was built and quantitative variables
remained in the multivariable model after determining
the linearity in the logit. The final model was adjusted
by time at risk and comorbidities and model estimates
were fitted by maximum likelihood with Firth’s correc-
tion and profile likelihood confidence intervals to reduce
estimate’s bias because of the small number of events
per variable [20].
Descriptive analysis of survival functions using

Kaplan-Meier estimates was performed. The Log-rank
or the Gehan-Wilcoxon tests was used to evaluate
whether selected variables influence the survival func-
tion. To estimate the association between carbapenem
resistance and all-cause 30-day mortality in K. pneumo-
niae infected patients a survival analysis was done. A
parametric survival model was fitted using a Generalized
Gamma (GG) distribution because the proportional haz-
ard assumption was not met. The model with Lognor-
mal distribution was selected among GG distributions
according the Akaike information Criteria (AIC). The bi-
variate and final multivariable accelerated failure time
(AFT) models were fitted using this distribution (Fig. 1).
This analysis estimates the ‘Relative Times’. As proposed
by Cox [21], given an unexposed population and an ex-
posed population with survival function of S0(t) and
S1(t), respectively, the relative times are defined for 0 <
p < 1 as the ratio of the corresponding quantile func-
tions, RT(p) = t1(p)/t0(p) = S1

− 1(1-p)/S0
− 1(1-p), where
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S1
− 1 and S0

− 1, are the inverses of the survival function.
Then, the time required for any percent of individuals in
the exposed population to experience the event of inter-
est is RT-fold the time for the same proportion of events
to occur in the non-exposed population [21]. To exam-
ine whether appropriate therapy mediates the effect of
carbapenem resistance on mortality, this variable was in-
cluded in the AFT final model. All statistical analyses
were implemented in RStudio Version 1.0.136 [22].

Results
Clinical characteristics of patients
A total 338 patients infected by K. pneumoniae were en-
rolled in the study, after excluding three patients with
no isolate recovered for microbiological testing. Forty-
nine (14.50%) patients were infected by CRKP and 289
(85.50%) were infected by CSKP. Most patients were
male (n = 198, 58.58%) and older (median age 67 years,
IQR 51–77). The most frequent infection was urinary
tract infection (UTI) (n = 95, 28.11%), followed by intra-
abdominal infection (n = 73, 21.60%). The median of
total length of hospital stay from admission to discharge
was 19 days (IQR 10–34) with a maximum stay of 194
days (Table 1). Overall, 15.09% (n = 51) of patients were
in ICU at the onset of infection, 60.36% (n = 204) had
previous hospitalization, 67.75% (n = 229) had previous
use of antibiotics, mainly piperacillin/tazobactam (n =
107, 31.66%), and 95.86% (n = 324) had at least one co-
morbid illness. The median of Charlson index score was
4 (IQR 2–6) (Table 2).

Isolates susceptibility testing and genotyping
A higher proportion of CRKP versus CSKP had MICs in
the resistant range to other antibiotic classes: 59.18% vs
0.35% to amikacin, 53.06% vs 24.91% to gentamicin,
79.59% vs 31.83% to ciprofloxacin, 69.05% vs 30.50% to
tigecycline and 27.27% vs 0.41% to colistin. Multidrug
resistance, defined as resistance to at least three anti-
biotic classes, was common in CRKP (n = 40, 83.33%)
compared to CSKP (n = 41, 14.19%); however, most
MDR isolates were susceptible to colistin (81.16%). The
most frequent profiles in CRKP isolates were resistance
to ertapenem + imipenem + meropenem + amikacin +
gentamicin + ciprofloxacin + tigecycline + colistin (n = 9,
18.3%) and ertapenem + imipenem + meropenem + ami-
kacin + ciprofloxacin + tigecycline (n = 8, 16.3%). Al-
though CSKP isolates were mostly multi-susceptible
(n = 135, 46.7%), the second most common resistance
profile was MDR with resistance to tigecycline + cipro-
floxacin + gentamicin (n = 30, 10.4%).
Carbapenemases genes detected in CRKP were KPC-3

(n = 28, 57.14%) and KPC-2 (n = 9, 18.37%). Other carba-
penemases genes were not detected. Most CRKP were
CG258 (n = 28, 57.14%), and one isolate within this clus-
ter proved to be ST512. Other clones were detected in-
cluding ST25 (n = 5), ST307 (n = 4), and one isolate each
of ST193, ST86, CC138, CC147, CC2675 and CC39 and
the new STs ST2833, ST2834, and ST2835. Among
CSKP ST307 (n = 6) and ST25 (n = 3) were also detected,
in addition to the new ST2836 (n = 1) and ST2837 (n = 1).
PFGE typing revealed a large cluster of CRKP isolates

Fig. 1 Cumulative hazard and survival functions of patients infected by K. pneumoniae fitted to Lognormal distribution
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belonging to the CG258 and clonal diversity among CSKP
isolates (Figs. 2 and 3, respectively).

Risk factors for carbapemen-resistant K. pneumoniae infection
The characteristics of patients infected by CRKP and
CSKP are presented in Table 2. The time at risk was
longer in CRKP (median 10 days, IQR 1–26) compared
to CSKP (median 3 days, IQR 1–12). CRKP patients had
higher ICU hospitalization (n = 51, 26.53%), invasive de-
vices at the time or 48 h before sampling (n = 38,
77.55%) and previous exposure to antibiotics (n = 43,
87.76%) compared to CSKP patients (Table 2). Bivariate
logistic regression analysis showed several of these char-
acteristics were associated to CRKP infection, including
time at risk, ICU hospitalization, use of invasive devices
(urinary catheter, central venous catheter, enteral nutrition
and mechanical ventilation), and previous use of antibiotics,
mainly meropenem and ciprofloxacin (Table 2). No previ-
ous exposure to imipenem was recorded in any of the pa-
tients included; only two patients had previous exposure to
ertapenem (one CRKP and one CSKP infected patients)
and one CRKP patient had exposure to doripenem.
After adjustment for time at risk and comorbidities to

control for confounding, the final multivariable model
showed that previous days of meropenem use (OR 1.18,

95%CI 1.10–1.28), previous days of cefepime use (OR
1.22, 95%CI 1.03–1.49), previous use of ciprofloxacin
(OR 2.37, 95%CI 1.00–5.35) and urinary catheter (2.60,
95%CI 1.25–5.37) were risk factors for CRKP infection
(Table 3).

Carbapenem resistance, inappropriate therapy and all-cause
30-day mortality in patients infected by K. pneumoniae
All-cause 30-day mortality among patients infected by K.
pneumoniae was 18.34% (n = 62) and median time to
death after the onset of infection was 8.5 days (IQR 4–17).
CRKP infected patients had significantly higher crude

30-day mortality compared to CSKP (32.65% vs.
15.92%); however, the median number of days until
death was similar for both groups (CRKP 6 days IQR
3.5–16.5 vs. CSKP 10.5 days IQR 4–17, p = 0,556).
Among CRKP patients, all-cause 30-day mortality in
KPC-producing infected patients was 35.13% (13/37)
compared to 25.00% (3/12) in the non-KPC-producing
infected group. Kaplan-Meier survival functions showed
CRKP infected patients had significantly lower survival
probability than CSKP infected patients (Log-rank test,
p = 0.0032) (Fig. 4).
In the AFT multivariable model, CRKP was a strong

risk factor for mortality (RT 0.44 95%CI 0.24–0.82) after

Table 1 Characteristics of K. pneumoniae infections according susceptibility to carbapenems

Characteristics Carbapenem-susceptible
K. pneumoniae n = 289

Carbapenem-resistant
K. pneumoniae n = 49

Total K. pneumoniae
infections n = 338

n % n % n %

Site of infection

Urinary tract infection (UTI) 82 28.37 13 26.53 95 28.11

Intra-abdominal infection 67 23.18 6 12.24 73 21.60

Surgical site infection 24 8.30 8 16.33 32 9.47

Bacteriemia 25 8.65 5 10.20 30 8.88

Catheter associated UTI 19 6.57 6 12.24 25 7.40

Pneumonia 19 6.57 3 6.12 22 6.51

Skin and soft tissue infections 18 6.23 2 4.08 20 5.92

Empirical treatment 262 90.66 45 91.84 307 90.83

Piperacillin/Tazobactam 169 58.48 21 42.86 190 56.21

Meropenem 59 20.42 21 42.86 80 23.67

Targeted treatment 270 93.43 39 79.59 309 91.42

Meropenem 125 43.25 30 61.22 155 45.86

Ciprofloxacin 49 16.96 4 8.16 53 15.68

Tigecycline 2 0.69 18 36.73 20 5.92

Colistin 0 0.00 10 20.41 10 2.96

Combined therapy 45 15.57 33 67.35 78 23.08

Surgical treatment 89 30.80 11 22.45 100 29.59

Hospital length stay (median, IQR) 18 (10–33) 26 (13–42) 19 (10–34)

30-day mortality (all-causes) 46 15.92 16 32.65 62 18.34
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Table 2 Bivariate analysis of risk factors for carbapenem-resistant K. pneumoniae infection in patients infected with K. pneumoniae

Variables Carbapenem-susceptible
K. pneumoniae n = 289

Carbapenem-resistant
K. pneumoniae n = 49

Total K. pneumoniae
infections n = 338

OR (95% CI)

n % n % n %

Sociodemographics

Age in years (median, IQR) 67 (51–77) 64 (55–74) 67 (51–76) 0.99 (0.97–1.01)

Male sex 164 56.75 34 69.39 198 58.58 1.73 (0.90–3.31)

Transfer from another facility 111 38.41 18 36.73 129 38.17 0.93 (0.50–1.74)

Clinical characteristics

Time at risk in days (median, IQR) 3 (1–12) 10 (1–26) 3 (1–14) 1.03 (1.01–1.05)

ICU hospitalization 38 13.15 13 26.53 51 15.09 2.38 (1.16–4.90)

Healthcare associated infection 118 40.83 30 61.22 148 43.79 2.28 (1.23–4.25)

Invasive devices 143 49.48 38 77.55 181 53.55 3.5 (1.73–7.17)

Urinary catheter 69 23.88 21 42.86 90 26.63 2.39 (1.28–4.47)

Central venous catheter 53 18.34 21 42.86 74 21.89 3.33 (1.77–6.32)

Enteral nutrition 30 10.38 11 22.45 41 12.13 2.49 (1.16–5.39)

Mechanical ventilation 25 8.65 11 22.45 36 10.65 3.05 (1.40–6.71)

Medical history (previous year)

Surgery 105 36.33 23 46.94 128 37.87 1.55 (0.84–2.85)

Medical history (previous 6 months)

Hospitalization 171 59.17 33 67.35 204 60.36 1.42 (0.75–2.70)

ICU stay 31 10.73 8 16.33 39 11.54 1.62 (0.70–3.77)

Dialysis 37 12.80 11 22.45 48 14.20 1.97 (0.93–4.19)

Previous use of antibiotics 186 64.36 43 87.76 229 67.75 2.59 (1.26–5.31)

Piperacilin/Tazobactam 90 31.14 17 34.69 107 31.66 1.17 (0.62–2.22)

Aztreonam 5 1.73 2 4.08 7 2.07 2.41 (0.45–12.82)

Cefepime 4 1.38 7 14.29 11 3.25 11.87 (3.33–42.30)

Meropenem 22 7.61 20 40.81 42 12.43 8.36 (4.08–17.13)

Ciprofloxacin 36 12.46 14 28.57 50 14.79 2.81 (1.38–5.72)

Amikacina 9 3.11 6 12.24 15 4.44 4.34 (1.47–12.80)

Previous days of antibiotic use(number of days) (median, IQR)

Piperacillin/Tazobactam 7 4–10 6.5 4–9.5 7 4–10 1.17 (0.62–2.22)

Aztreonam 4 3–6 8.5 8–9 6 3–8 1.25 (0.97–1.61)

Cefepime 7.5 4–11.5 8 7–12 8 7–12 1.27 (1.09–1.49)

Meropenem 9 5–12 13.5 8–18.5 11 6–14 1.20 (1.13–1.28)

Ciprofloxacin 6 4–16 7 2.5–10 6.5 4–13 1.03 (0.97–1.10)

Amikacina 4 1–7 9.5 7–20 7 1–12 1.18 (1.04–1.33)

Comorbidities 276 95.50 48 97.96 324 95.86

Charlson Index (median, IQR) 4 (2–6) 4 (3–5) 4 (2–6) 1.002 (0.88–1.13)

Cardiovascular disease 137 47.40 23 46.94 160 47.34 0.98 (0.53–1.80)

Diabetes Mellitus 91 31.49 12 24.49 103 30.47 0.71 (0.35–1.41)

Cancer 52 17.99 10 20.41 62 18.34 1.17 (0.55–2.49)

Renal chronic disease 53 18.34 5 10.20 58 17.16 0.51 (0.19–1.34)

COPD 50 17.30 7 14.29 57 16.86 0.80 (0.34–1.87)

Significant at α < 0.05
ICU Intensive Care Unit, COPD Chronic Obstructive Pulmonary Disease
‡Included in the multivariable analysis (p < 0.25)
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adjustment for age, healthcare associated infection, ICU
hospitalization, comorbidities (Charlson Index score)
and type of infection. CRKP infection reduced the sur-
vival time of patients by approximately 60% compared to
the CSKP group adjusted for other variables in the
model (Table 4). Finally, to examine whether increased
mortality occurs via inappropriate therapy, the inter-
mediate variable (appropriate therapy) was included in
the model, which resulted in an increase of the survival
time in carbapenem-resistant infected patients (RT =
0.81 95%CI 0.48–1.37).

Discussion
Our results highlighted the role of the length of previous
therapy with meropenem and cefepime in the emergence
of carbapenem resistance, as well as the role of previous
use of ciprofloxacin and urinary catheters are important
risk factors for CRKP infection in a KPC endemic set-
ting. In addition, a significant reduction of survival time

after confounding adjustment was found in patients in-
fected by CRKP compared to CSKP. Furthermore, geno-
typing of K. pneumoniae isolates also revealed that
CG258 still continue to cause most of CRKP infections
in our hospital, and notably the recently emerging
carbapenem-resistant and hypervirulent ST307 clones
were found among CRKP and CSKP infecting isolates.
Of note, in our study a detailed characterization of

antibiotic exposure (i.e., days of previous antibiotic ther-
apy) showed that length of meropenem and cefepime
use increases the odds of CRKP infection among the ex-
posed group (dose- response effect). The odds of infec-
tion with CRKP increase by 19% for every day of
meropenem use and 22% for every day of cefepime use.
These results suggest the potential protective effect of
short-course therapy to minimize the impact of anti-
biotic use on the emergence of drug-resistant bacteria.
Consistent with our results, previous studies have

found exposure to carbapenems [23, 24], ciprofloxacin

Fig. 2 PFGE dendrogram showing the genetic relationship among 49 isolates of carbapenem-resistant K. pnuemoniae. The Dice similarity
coefficient and the unweighted pair group method with arithmetic averages were used for dendogram generation in Bionumerics software. The
cluster of isolates belonging to CG258 had > 80% genetic relatedness
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[25–27], extended spectrum cephalosporins [27], and days
of antibiotic use [28, 29], were risk factors for CRKP infec-
tion. Broad-spectrum antibiotics, such as cefepime and
ciprofloxacin, probably select for colonization or infection
with more resistant bacteria, not only CRKP but also
MDR [30]. In addition, exposure to ciprofloxacin or ex-
tended spectrum cephalosporins probably co-selects
carbapenem-resistant strains because qnr genes respon-
sible for low-level ciprofloxacin resistance, blaCTX-M a
gene coding for an extended spectrum betalactamase, and
blaKPC genes might be found in the same mobile elements
within the same strain [31]. Alternatively, blaKPC-harbor-
ing plasmids can be transferred into ciprofloxacin-
resistant strains selected previously.
Of importance, a previous study showed an interaction

effect between the previous use of carbapenem and
fluoroquinolones, revealing that longer exposures to

both antibiotics boosted the risk of CRKP infection (OR
1.02, 95%CI 1.00–1.04) [29]. These results underscore
the importance of ongoing antimicrobial stewardship
programs in our hospital to optimize the treatment of
infections and reduce antibiotic misuse leading to the se-
lection of antibiotic resistant bacteria.
An additional recognized risk factor for CRKP infec-

tion/colonization is the use of medical invasive devices
such as urinary catheter [32], mechanical ventilation [28]
and venous catheterization [33]. Of note, our results
showed that patients using urinary catheters had a 2.60-
fold odd of infection with CRKP compared to patients
without urinary catheters. This suggests that strategies
for preventing infections related to the use of urinary
catheter, such as appropriate indication and length of
use, training of persons performing the procedure and
practices of hand hygiene and standard precautions, are

Fig. 3 PFGE dendrogram showing the genetic relationship among 56 isolates of carbapenem-susceptible K. pneumoniae. The Dice similarity
coefficient and the unweighted pair group method with arithmetic averages were used for dendogram generation in Bionumerics software. Most
isolates were not related genetically according to the Dice similarity coefficient < 80%
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useful to reduce infections with CRKP in our setting.
Several studies have shown that ICU stay is also associ-
ated to CRKP infection/colonization [26, 34]. However,
our results showed only 26.53% of the patients were hos-
pitalized in ICUs at the time of sampling, revealing that
most CRKP infections occurred in general wards. Al-
though in our study, endoscopy procedures were not
evaluated, these procedures have been also associated to
CRKP transmission in both endemic and epidemic set-
ting. In fact, endoscopy was associated to carbapenem
resistance in different K. pneumoniae strains, including
KPC producing (OR 6.71, 95%CI 1.25–36.0) and porin-
ertapenem resistant- K. pneumoniae (6.12, 95%CI 1.46–
25.6) in patients with healthcare infections [35].
Significantly, in this study a higher all-cause 30-day

mortality was found in patients infected with CRKP than
in those infected with CSKP. Estimates of mortality due
to CRKP from several studies have shown conflicting re-
sults. After adjustment for severity of illness, comorbidi-
ties, ICU stay and/or use of invasive devices, some

studies have reported CRKP did not contribute to the
mortality of infected patients [25, 33, 36], while others
have reported a significantly high all-cause mortality in
the CRKP group [23, 27].
A previous meta-analysis [37] reported an overall

pooled mortality of 42.14% (95%CI 37.06–47.31) in
CRKP and 21.16% (95%CI 16.07–26.79) in CSKP group.
A second meta-analyses in patients with bacteremia re-
ported a higher crude mortality among CRKP-infected
patients compared to CSKP-infected patients (un-
adjusted OR 2.16, 95%CI 1.78–2.62) [38], with high mor-
tality observed among studies including primarily KPC-
producing strains among CRKP (OR 2.92, 95%CI 2.15–
3.95) [38]. In our study, the overall all-cause mortality
was also higher in CRKP infected patients (32.65% vs
17.30% in CSKP group) and 35% patients died in the
KPC-K. pneumoniae infected group. Most worryingly,
the present study showed an approximately 60% reduc-
tion in the survival time of CRKP infected patients (RT
0.44 95%CI 0.24–0.82) after adjustment for age, health-
care associated infection, ICU hospitalization, comorbid-
ities (Charlson Index score) and type of infection.
Several studies have underscored the importance of

appropriate antibiotic treatment in the survival of
CRKP-infected patients. In the previous meta-analysis
the OR for mortality of CRKP compared to CSKP in the
subgroup of patients receiving appropriate initial
treatment was reduced from 2.66 (95%CI 1.83–3.87) to
2.21 (95%CI 1.29–3.81) [38]. In our study, the strength
of the association between carbapenem resistance and

Fig. 4 Kaplan-Meier survival functions and its 95% confidence intervals of patients infected by K. pneumoniae according to carbapenem resistance.
Patients infected with CRKP showed significantly lower survival probability than patients infected with CSKP (Log-rank test, p = 0.0032). CSKP:
carbapenem-susceptible K. pneumoniae. CRKP: carbapenem-resistant K. pneumoniae

Table 3 Multivariable logistic regression analyses of risk factors
for carbapenem resistance among K. pneumoniae infected
patients adjusted for time at risk and comobordities

Risk factors OR (95% CI)

Previous use of meropenem (days) 1.18 (1.10–1.28)

Previous use of cefepime (days) 1.22 (1.03–1.49)

Previous use of ciprofloxacin 2.37 (1.00–5.35)

Urinary catheter 2.60 (1.25–5.37)
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mortality was reduced when appropriate therapy was in-
cluded in the model (RT = 0.81 95%CI 0.48–1.37). These
results support that inappropriate therapy is an inter-
mediate variable between the exposure (infection with a
resistant bacteria) and the outcome (mortality), and con-
sequently CRKP leads to increased mortality via in-
appropriate antibiotic treatment [39]. In this study,
inappropriate therapy was defined as the use of antibi-
otics with no in vitro activity against the identified mi-
croorganisms as adopted by the American Thoracic
Society and the Infectious Diseases Society of America
[40, 41]. It is also necessary to recognize that a more
useful measure would be the adequacy of therapy, which
requires not only the selection of the correct (appropri-
ate) antibiotic but also the optimal dose and the proper
route of administration to ensure penetration to the site
of infection. However, this information is difficult to ob-
tain in observational studies.
The carbapenem-resistant K. pneumoniae pandemic is

driven by the global dissemination of CC258 [6], whose
members include ST258, ST512, ST11 and ST340.
Among these clones, ST512 and ST258 have been fre-
quently reported in CRKP isolates from Colombia [8]. In
our hospital CG258 is the main CRKP circulating clone
which contrasts to previous reports in other hospitals in
Medellin [8]. A previous work in the same center re-
vealed annual fluctuations of CG258 among CRKP iso-
lates: 83% in 2012, 66% in 2013, 76% in 2014 and 75% in
2015, with approximately 20 cases/year, suggesting that

most of the carbapenem-resistant infections are caused
by the dissemination of the successful CG258 clone.
ST307 isolates had been detected in our hospital since
2013 [42]; however, CG258 carbapenem-resistant iso-
lates still predominated in our setting. It has been sug-
gested that ST307 is a virulent clone that could possibly
replace ST258 in Italy, leading to a multi-clonal epi-
demic [43]. In addition, ST25 were detected for the first
time in our hospital in 2015. This clone has been related
to a hypermucoviscous hypervirulent phenotype associ-
ated with severe infections [44]. These findings indicate
CRKP endemics may be worsened by the dissemination
of simultaneously carbapenem-resistant and hyperviru-
lent clones.
In our hospital several infection control measures tar-

geting resistant organisms are in place including proto-
cols, training and signaling for precaution of pathogen
transmission, active surveillance of the most common
antimicrobial resistant pathogens (including CRKP),
verification of adherence to precaution measures, co-
horts of colonized/infected patients in internal medicine,
hematology, nephrology, surgery and ICU units, active
search of ESBL and carbapenemas-producing bacteria
and computer system alerts for bacterial species display-
ing a carbapenemase profile.
This study has some limitations. First, there is a lack

of information about the colonization status of the ma-
jority of patients because surveillance cultures are not
implemented in all patients. In our study, colonization

Table 4 Bivariate and multivariable Accelerated Failure Time model estimates of the survival time within 30 days after the onset of
infection among patients infected with K. pneumoniae

Variables Survivors (n = 276) Non-survivors (n = 62) Relative times
(95% CI)

Adjusted
relative times
(95% CI)

n % n %

CRKP infection 33 11.96 16 25.81 0.42 (0.22–0.76) 0.44 (0.24–0.84)

Male sex 161 58.33 37 59.68 0.91 (0.55–1.49) –

Age in years (median, IQR) 65 (51–76) 71 (55–78) 0.99 (0.97–1.00) 0.99 (0.98–1.01)

Transfer from another facility 103 37.32 26 41.94 1.21 (0.74–1.96) –

ICU hospitalization 31 11.23 20 32.26 0.61 (0.33–1.13) 0.77 (0.41–1.45)

Mechanical ventilation 23 8.33 13 20.97 0.92 (0.46–1.83) –

Charlson Index score (median, IQR) 4 (2–6) 4 (3–6) 0.92 (0.84–1.01) 0.90 (0.78–1.03)

Healthcare associated infection 103 41.53 33 58.93 0.58 (0.34–0.98) 0.72 (0.40–1.30)

Surgical treatment 81 29.35 19 30.65 1.22 (0.73–2.05) –

Type of infection

UTI-CAUTI 109 39.49 11 17.74 reference

Pneumonia 17 6.16 7 11.29 0.58 (0.22–1.48) 0.54 (0.20–1.44)

Bloodstream infection 32 11.59 16 25.81 0.52 (0.24–1.11) 0.58 (0.24–1.38)

Surgical site infection 24 8.70 8 12.90 0.62 (0.25–1.54) 0.87 (0.32–2.40)

Intra-abdominal 56 20.29 17 27.42 0.53 (0.26–1.05) 0.45 (0.21–0.94)

Other 38 13.77 3 4.84 2.44 (0.88–6.76) 1.93 (0.68–5.46)
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data was available for less than half of the study popula-
tion (46.75%). It is possible that the colonization status
and colonization pressure could be additional risk fac-
tors for infection with resistant bacteria [28], considering
that molecular typing also revealed the predominance of
the CG258 among CRKP infected patient. Second, avail-
able information about antibiotic exposure was limited
to hospital registries, consequently outpatient antibiotic
therapy was not retrieved and it can affect results from
this study. Similarly, information on length of previous
hospital stay was not collected, and it may confound the
association between antibiotic use and carbapenem re-
sistance, since longer length of previous antibiotic ther-
apy may reflect a longer previous length of hospital stay,
which can increase the risk of acquiring a drug-resistant
bacteria. Additionally, because of missing data on sus-
ceptibility to polymixin B and fosfomycin, analysis of ap-
propriateness of treatment was not performed in all
patients (316/338 patients had complete information to
define appropriate therapy). In addition, all-cause, but
not attributable mortality was assessed in this popula-
tion. Finally, results obtained here from an institution in
an endemic region for carbapenem resistance could not
be generalized to other institutions with low prevalence
of carbapenem resistance. It is also important to con-
sider that comparisons were done between CRKP vs.
CSKP infected patients, and consequently factors identi-
fied here are those involved in the emergence of carba-
penem resistance [45]. Likewise, additional risk factors
might be identified if uninfected patients are used as
control group.

Conclusions
The risk factors for CRKP infection were days of merope-
nem and cefepime exposure and use of urinary catheters.
These findings support the need to continue strict policies
for antibiotic use in hospitals and careful management of
patients with medical devices, mainly urinary catheters. In
this study it was also observed that CRKP infection was
associated with higher mortality and that CRKP leads to
increased mortality via inappropriate antibiotic treatment.
These results demonstrated the threat of antibiotic resist-
ance on patient survival in endemic settings. In addition,
the detection of recognized carbapenem-resistant and hy-
pervirulent clones alerts the future challenges to be faced
if efforts are not maintained to control antibiotic resist-
ance emergence and dissemination.

Abbreviations
AFT: Accelerated failure time model; AIC: Akaike information Criteria;
CAUTI: Catheter associated urinary tract infection; CC: Clonal complex; CDC/
NHSN: Center for Disease Control and Prevention’s National Healthcare
Safety Network; CG: Clonal group; CI: Confidence interval; CLSI: Clinical
Laboratory Standards Institute; COPD: Chronic Obstructive Pulmonary
Disease; CRKP: Carbapenem-resistant K. pneumoniae; CSKP: Carbapenem-
susceptible K. pneumoniae; DDD: Defined daily doses; ESBL: Extended-

spectrum beta-lactamase; GG: Generalized gamma; ICU: Intensive care unit;
IQR: Interquartile range; KPC: K. pneumoniae carbapenemase; MDR: Multidrug
resistant; MIC: Minimum inhibitory concentration; MLST: Multi-locus sequence
typing; OR: Odds ratio; PCR: Polymerase chain reaction; PFGE: Pulsed-field gel
electrophoresis; RT: Relative times; ST: Sequence type; UTI: Urinary tract
infection

Acknowledgments
We are thankful to Grupo de Epidemiología, Universidad de Antioquia for its
academic support. We also thank the team of curators of the Institut Pasteur
MLST and whole genome MLST databases for curating the data and making
them publicly available at http://bigsdb.pasteur.fr

Authors’ contributions
AVC designed the study, analyzed and interpreted patient and
microbiological data, performed literature search and prepared the
manuscript. AOR analyzed and interpreted microbiological data. PSV, FRB
and CRC participate in collection of patient’s data, classification of infection/
colonization status of each patient and data interpretation, GRV and HCL
participated in study design and data interpretation, JNJ designed the study
and interpreted patient’s and microbiological data. All authors contributed in
the writing of the manuscript and read and approved the final manuscript.

Funding
This work was supported by Colciencias [111565741641 to J.N.J]. The funders
had no role in study design, data collection and interpretation, or the
decision to submit the work for publication.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The Bioethics Committee for Human Research at the University of Antioquia
(CBE-SIU) and the hospital’s research ethics committee approved the study
protocol and waived the requirement for informed consent (approval of
CBE-SIU No. 14–355-72).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Línea de Epidemiología Molecular Bacteriana, Grupo de Microbiología Básica
y Aplicada, Escuela de Microbiología, Universidad de Antioquia, 050010
Medellín, Colombia. 2IPS Universitaria Clínica León XIII, 050010 Medellín,
Colombia. 3Clínica CardioVID, 050034 Medellín, Colombia.

Received: 11 December 2018 Accepted: 11 September 2019

References
1. Panamerican Health Organization. Platform for health information in the

Americas [Plataforma de información de salud en las Américas] 2013. http://
www.paho.org/data/index.php/es/temas/resistencia-antimicrobiana/323-
klebsiella-spp-es.html. Accessed 23 May 2018.

2. Llewelyn MJ, Fitzpatrick JM, Darwin E, Tonkin-Crine S, Gorton C, Paul J, et al.
The antibiotic course has had its day. Br Med J. 2017;358. https://doi.org/10.
1038/sj.bdj.2017.760.

3. Soontaros S, Leelakanok N. Association between carbapenem-resistant
Enterobacteriaceae and death: a systematic review and meta-analysis. Am J
Infect Control. 2019;0. https://doi.org/10.1016/j.ajic.2019.03.020.

4. Giacobbe DR, Maraolo AE, Viscoli C. Pitfalls of defining combination therapy
for carbapenem-resistant Enterobacteriaceae in observational studies. Eur J
Clin Microbiol Infect Dis. 2017;36:1707–9. https://doi.org/10.1007/s10096-
017-3010-z.

5. World Health Organization. Antimicrobial resistance: global report on
surveillance. 2014.

Cienfuegos-Gallet et al. BMC Infectious Diseases          (2019) 19:830 Page 11 of 13

http://bigsdb.pasteur.fr
http://www.paho.org/data/index.php/es/temas/resistencia-antimicrobiana/323-klebsiella-spp-es.html
http://www.paho.org/data/index.php/es/temas/resistencia-antimicrobiana/323-klebsiella-spp-es.html
http://www.paho.org/data/index.php/es/temas/resistencia-antimicrobiana/323-klebsiella-spp-es.html
https://doi.org/10.1038/sj.bdj.2017.760
https://doi.org/10.1038/sj.bdj.2017.760
https://doi.org/10.1016/j.ajic.2019.03.020
https://doi.org/10.1007/s10096-017-3010-z
https://doi.org/10.1007/s10096-017-3010-z


6. Munoz-Price LS, Poirel L, R a B, 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. https://doi.org/10.1016/
S1473-3099(13)70190-7.

7. Instituto Nacional de Salud. Results from the antimicrobial resistance
surveillance program in healthcare associated infections 2015. [Resultados
del Programa de Vigilancia por Laboratorio de Resistencia antimicrobiana
en Infecciones Asociadas a la Atención en Salud (IAAS) 2015]. 2015.

8. Ocampo AM, Chen L, Cienfuegos AV, Roncancio G, Chavda KD, Kreiswirth
BN. A two-year surveillance in five Colombian tertiary care hospitals reveals
high frequency of non-CG258 clones of Carbapenem- resistant Klebsiella
pneumoniae with. Distinct Clin Charact. 2016;60:332–42. https://doi.org/10.
1128/AAC.01775-15.Address.

9. CDC - Center for Disease Control and Prevention, National Healthcare Safety
Network. CDC / NHSN surveillance definitions for specific types of
infections. CDC/NHSN Surveill Defin Specif Types Infect. 2014:1–24. https://
doi.org/10.1016/j.ajic.2008.03.002.

10. Cavanaugh J. Handbook of Epidemiology, vol. 101; 2006. https://doi.org/10.
1198/jasa.2006.s89.

11. Evans SR, Harris AD. Methods and issues in studies of CRE. Virulence. 2017;8:
453–9. https://doi.org/10.1080/21505594.2016.1213473.

12. Charlson ME, Pompei P, Ales K, MacKenzie R. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40:373–83.

13. Clinical and Laboratory Standards Institutes. M100-S24 performance
standards for antimicrobial susceptibility testing; twenty-fourth informational
supplement. 2014.

14. Chen L, Mediavilla JR, Endimiani A, Rosenthal ME, Zhao Y, R a B, et al.
Multiplex real-time PCR assay for detection and classification of Klebsiella
pneumoniae carbapenemase gene (Bla KPC) variants. J Clin Microbiol. 2011;
49:579–85. https://doi.org/10.1128/JCM.01588-10.

15. Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multiplex PCR for detection of
acquired carbapenemase genes. Diagn Microbiol Infect Dis. 2011;70:119–23.
https://doi.org/10.1016/j.diagmicrobio.2010.12.002.

16. Chen L, Chavda KD, Mediavilla JR, Zhao Y, Fraimow HS, Jenkins SG, et al.
Multiplex real-time PCR for detection of an epidemic KPC- producing
Klebsiella pneumoniae ST258 clone. Antimicrob Agents Chemother. 2012;56:
3444–7. https://doi.org/10.1128/AAC.00316-12.

17. Chen L, Chavda KD, Melano RG, Jacobs MR, Koll B, Hong T, et al.
Comparative genomic analysis of KPC-encoding pKpQIL-like plasmids and
their distribution in New Jersey and New York hospitals. Antimicrob Agents
Chemother. 2014;58:2871–7. https://doi.org/10.1128/AAC.00120-14.

18. Durmaz R, Otlu B, Koksal F, Hosoglu S, Ozturk R, Ersoy Y, et al. The
optimization of a rapid pulsed-field gel electrophoresis protocol for the
typing of Acinetobacter baumannii, Escherichia coli and Klebsiella spp. Jpn J
Infect Dis. 2009;62:372–7.

19. Diancourt L, Passet V, Verhoef J, Patrick a D, Grimont P a D, Brisse S.
Multilocus sequence typing of Klebsiella pneumoniae nosocomial isolates
multilocus sequence typing of Klebsiella pneumoniae nosocomial isolates. J
Clin Microbiol. 2005;43:4178–82. https://doi.org/10.1128/JCM.43.8.4178.

20. Hosmer DW, Lemeshow SSR. Applied logistic regression. 3rd ed. Hoboken:
Wiley; 2013. https://doi.org/10.1002/9781118548387.

21. Cox C, Chu H, Schneider MF, Muñoz A. Parametric survival analysis and
taxonomy of hazard functions for the generalized gamma distribution. Stat
Med. 2007;26:4352–74. https://doi.org/10.1002/sim.2836.

22. RStudio Team. RStudio: integrated development for R. Boston: RStudio, Inc.;
2015. n.d. http://www.rstudio.com

23. Schwaber MJ, Klarfeld-Lidji S, Navon-Venezia S, Schwartz D, Leavitt A,
Carmeli Y. Predictors of carbapenem-resistant Klebsiella pneumoniae
acquisition anions hospitalized adults and effect of acquisition on mortality.
Antimicrob Agents Chemother. 2008;52:1028–33. https://doi.org/10.1128/
AAC.01020-07.

24. Okamoto K, Lin MY, Haverkate M, Lolans K, Moore NM, Weiner S, et al.
Modifiable risk factors for the spread of Klebsiella pneumoniae
Carbapenemase-producing Enterobacteriaceae among long-term acute-care
hospital patients for the CDC Prevention Epicenters Program. Infect Control
Hosp Epidemiol. 2017;2015:1–8. https://doi.org/10.1017/ice.2017.62.

25. Falagas ME, Rafailidis PI, Kofteridis D, Virtzili S, Chelvatzoglou FC,
Papaioannou V, et al. Risk factors of carbapenem-resistant Klebsiella
pneumoniae infections: a matched case - control study. J Antimicrob
Chemother. 2007;60:1124–30. https://doi.org/10.1093/jac/dkm356.

26. Hussein K, Sprecher H, Mashiach T, Oren I, Kassis I, Finkelstein R.
Carbapenem resistance among Klebsiella pneumoniae isolates: risk factors,
molecular characteristics, and susceptibility patterns. Infect Control Hosp
Epidemiol. 2009;30:666–71. https://doi.org/10.1086/598244.

27. Gasink LB, Edelstein P, Lautenbach E, Synnestvedt M, Fishman NO. Risk
factors and clinical impact of Klebsiella pneumoniae carbapenemas-
producing K. pneumoniae. Infect Control Hosp Epidemiol. 2009;30:1180–5.
https://doi.org/10.1086/648451.Risk.

28. Swaminathan M, Sharma S, Poliansky Blash S, Patel G, Banach DB, Phillips M,
et al. Prevalence and risk factors for acquisition of carbapenem-resistant
Enterobacteriaceae in the setting of endemicity. Infect Control Hosp
Epidemiol. 2013;34:809–17. https://doi.org/10.1086/671270.

29. Kritsotakis EI, Tsioutis C, Roumbelaki M, Christidou A, Gikas A. Antibiotic use
and the risk of carbapenem-resistant extended-spectrum-{beta}-lactamase-
producing Klebsiella pneumoniae infection in hospitalized patients: results
of a double case-control study. J Antimicrob Chemother. 2011;66:1383–91.
https://doi.org/10.1093/jac/dkr116.

30. Aloush V, Navon-Venezia S, Seigman-Igra Y, Cabili S, Carmeli Y. Multidrug-
resistant Pseudomonas aeruginosa : risk factors and clinical impact.
Antimicrob Agents Chemother. 2006;50:43–8. https://doi.org/10.1128/AAC.
50.1.43.

31. Andrade LN, Vitali L, Gaspar GG, Bellissimo-Rodrigues F, Martinez R, Darini
ALC. Expansion and evolution of a virulent, extensively drug-resistant
(polymyxin B-resistant), QnrS1-, CTX-M-2-, and KPC-2-producing Klebsiella
pneumoniae ST11 international high-risk clone. J Clin Microbiol. 2014;52:
2530–5. https://doi.org/10.1128/JCM.00088-14.

32. da Silva E, Maciel G, Correia F, Carvalhaes C, Rodrigues-Costa F, Ramos A,
et al. Risk factors for KPC-producing Klebsiella pneumoniae: watch out for
surgery. J Med Microbiol. 2016;65:547–53. https://doi.org/10.1099/jmm.0.
000254.

33. Correa L, Martino MDV, Siqueira I, Pasternak J, Gales AC, Silva CV, et al. A
hospital-based matched case-control study to identify clinical outcome and
risk factors associated with carbapenem-resistant Klebsiella pneumoniae
infection. BMC Infect Dis. 2013;13:80–8. https://doi.org/10.1186/1471-2334-
13-80.

34. Tian L, Tan R, Chen Y, Sun J, Liu J, Qu H, et al. Epidemiology of Klebsiella
pneumoniae bloodstream infections in a teaching hospital : factors related
to the carbapenem resistance and patient mortality. Antimicrob Resist Infect
Control. 2016. https://doi.org/10.1186/s13756-016-0145-0.

35. Orsi GB, Bencardino A, Vena A, Carattoli A, Venditti C, Falcone M, et al.
Patient risk factors for outer membrane permeability and KPC-producing
carbapenem-resistant Klebsiella pneumoniae isolation: results of a double
case-control study. Infection. 2013;41:61–7. https://doi.org/10.1007/s15010-
012-0354-2.

36. Hussein K, Raz-Pasteur A, Finkelstein R, Neuberger A, Shachor-Meyouhas Y,
Oren I, et al. Impact of carbapenem resistance on the outcome of patients’
hospital-acquired bacteraemia caused by Klebsiella pneumoniae. J Hosp
Infect. 2013;83:307–13. https://doi.org/10.1016/j.jhin.2012.10.012.

37. Xu L, Sun X, Ma X. Systematic review and meta-analysis of mortality of
patients infected with carbapenem-resistant Klebsiella pneumoniae. Ann
Clin Microbiol Antimicrob. 2017;16:18–30. https://doi.org/10.1186/s12941-
017-0191-3.

38. Kohler PP, Volling C, Green K, Uleryk EM, Shah PS, McGeer A. Carbapenem
resistance, initial antibiotic therapy, and mortality in Klebsiella pneumoniae
bacteremia: a systematic review and meta-analysis. Infect Control Hosp
Epidemiol. 2017:1–10. https://doi.org/10.1017/ice.2017.197.

39. Schwaber MJ, Carmeli Y. Antimicrobial resistance and patient outcomes: the
hazards of adjustment. Crit Care. 2006;10:164. https://doi.org/10.1186/
cc5019.

40. American Thoracic Society, Infectious Diseases Society of America.
Guidelines for the Management of Adults with hospital-acquired, ventilator-
associated, and healthcare-associated pneumonia. Am J Respir Crit Care
Med. 2005;171:388–416. https://doi.org/10.1164/rccm.200405-644ST.

41. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, Palmer LB,
et al. Management of Adults with Hospital-acquired and Ventilator-
associated Pneumonia: 2016 clinical practice guidelines by the Infectious
Diseases Society of America and the American Thoracic Society. Clin Infect
Dis. 2016;63:e61–111. https://doi.org/10.1093/cid/ciw353.

42. Ocampo AM, Chen L, Cienfuegos AV, Roncancio G, Chavda KD, Kreiswirth
BN, et al. A two-year surveillance in five Colombian tertiary care hospitals
reveals high frequency of non-CG258 clones of carbapenem-resistant

Cienfuegos-Gallet et al. BMC Infectious Diseases          (2019) 19:830 Page 12 of 13

https://doi.org/10.1016/S1473-3099(13)70190-7
https://doi.org/10.1016/S1473-3099(13)70190-7
https://doi.org/10.1128/AAC.01775-15.Address
https://doi.org/10.1128/AAC.01775-15.Address
https://doi.org/10.1016/j.ajic.2008.03.002
https://doi.org/10.1016/j.ajic.2008.03.002
https://doi.org/10.1198/jasa.2006.s89
https://doi.org/10.1198/jasa.2006.s89
https://doi.org/10.1080/21505594.2016.1213473
https://doi.org/10.1128/JCM.01588-10
https://doi.org/10.1016/j.diagmicrobio.2010.12.002
https://doi.org/10.1128/AAC.00316-12
https://doi.org/10.1128/AAC.00120-14
https://doi.org/10.1128/JCM.43.8.4178
https://doi.org/10.1002/9781118548387
https://doi.org/10.1002/sim.2836
http://www.rstudio.com
https://doi.org/10.1128/AAC.01020-07
https://doi.org/10.1128/AAC.01020-07
https://doi.org/10.1017/ice.2017.62
https://doi.org/10.1093/jac/dkm356
https://doi.org/10.1086/598244
https://doi.org/10.1086/648451.Risk
https://doi.org/10.1086/671270
https://doi.org/10.1093/jac/dkr116
https://doi.org/10.1128/AAC.50.1.43
https://doi.org/10.1128/AAC.50.1.43
https://doi.org/10.1128/JCM.00088-14
https://doi.org/10.1099/jmm.0.000254
https://doi.org/10.1099/jmm.0.000254
https://doi.org/10.1186/1471-2334-13-80
https://doi.org/10.1186/1471-2334-13-80
https://doi.org/10.1186/s13756-016-0145-0
https://doi.org/10.1007/s15010-012-0354-2
https://doi.org/10.1007/s15010-012-0354-2
https://doi.org/10.1016/j.jhin.2012.10.012
https://doi.org/10.1186/s12941-017-0191-3
https://doi.org/10.1186/s12941-017-0191-3
https://doi.org/10.1017/ice.2017.197
https://doi.org/10.1186/cc5019
https://doi.org/10.1186/cc5019
https://doi.org/10.1164/rccm.200405-644ST
https://doi.org/10.1093/cid/ciw353


Klebsiella pneumoniae with distinct clinical characteristics. Antimicrob
Agents Chemother. 2016;60. https://doi.org/10.1128/AAC.01775-15.

43. Bonura C, Giuffrè M, Aleo A, Fasciana T, Di Bernardo F, Stampone T, et al. An
update of the evolving epidemic of blaKPC carrying Klebsiella pneumoniae
in Sicily, Italy, 2014: emergence of multiple non-ST258 clones. PLoS One.
2015;10:e0132936. https://doi.org/10.1371/journal.pone.0132936.

44. Cubero M, Grau I, Tubau F, Pallarés R, Dominguez MA, Liñares J, et al.
Hypervirulent Klebsiella pneumoniae clones causing bacteraemia in adults
in a teaching hospital in Barcelona, Spain (2007-2013). Clin Microbiol Infect.
2016;22:154–60. https://doi.org/10.1016/j.cmi.2015.09.025.

45. Harris AD, Samore MH, Lipsitch M, Kaye KS, Perencevich E, Carmeli Y.
Control-group selection importance in studies of antimicrobial resistance:
examples applied to Pseudomonas aeruginosa, enterococci, and Escherichia
coli. Clin Infect Dis. 2002;34:1558–63. https://doi.org/10.1086/340533.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Cienfuegos-Gallet et al. BMC Infectious Diseases          (2019) 19:830 Page 13 of 13

https://doi.org/10.1128/AAC.01775-15
https://doi.org/10.1371/journal.pone.0132936.
https://doi.org/10.1016/j.cmi.2015.09.025
https://doi.org/10.1086/340533

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study site and population
	Case-control study
	Cohort study
	Phenotypic methods for detection of antibiotic resistance
	Strain typing of CRKP and CSKP isolates
	Statistical analysis

	Results
	Clinical characteristics of patients
	Isolates susceptibility testing and genotyping
	Risk factors for carbapemen-resistant K. pneumoniae infection
	Carbapenem resistance, inappropriate therapy and all-cause 30-day mortality in patients infected by K. pneumoniae

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

