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Abstract A significant increase in carbapenemase-producing
Klebsiella pneumoniae (CP-Kp) bacteraemias has been ob-
served worldwide. The objective of the present work was to
study the risk factors and predictors of mortality of CP-Kp
bacteraemias among critically ill patients. During a 4-year
period (2012-3015), a matched 1:2 case-control study was
conducted. Klebsiella pneumoniae was identified by Vitek 2
technology. Antibiotic susceptibility was performed by the
agar disc diffusion method and Etest. The presence of the
blaxpc, blayy and blagpy genes was confirmed by polymer-
ase chain reaction (PCR). Epidemiologic data were collected
from the intensive care unit (ICU) computerised database.
One hundred and thirty-nine patients who developed a CP-
Kp bacteraemia were matched with 278 patients. The majority
of'isolates (128; 92.1%) carried the blay pc gene, seven carried
both blagpc and blay,, three blay and one carried blanpp.
Risk factors for the development of CP-Kp bacteraemia were
administration of tigecycline and number of antibiotics admin-
istered prior to CP-Kp bacteraemia. Overall, the 30-day mor-
tality was 36.0%. Multivariate analysis revealed septic
shock, Simplified Acute Physiology Score II (SAPS II)
upon infection onset, adjunctive corticosteroid administra-
tion and parenteral nutrition as independent predictors of
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mortality, while treatment with a combination of appropri-
ate antibiotics was identified as a predictor of good prog-
nosis. Among septic shock patients (n=74), Sequential
Organ Failure Assessment (SOFA) score upon infection
onset, adjunctive corticosteroid administration and strain
carrying the blaxpc gene were independently associated
with mortality, while the administration of combination
treatment was identified as a predictor of a good prognosis.
The administration of tigecycline predisposes to the induc-
tion of bacteraemia. Appropriate antibiotic treatment is as-
sociated with better survival, while concomitant corticoste-
roid treatment is associated with mortality.

Introduction

Carbapenemase-producing Klebsiella pneumoniae (CP-Kp)
constitute a significant public health issue reaching worldwide
proportions. During the previous decade, CP-Kp infections
reached a high level of endemicity in Greece, while only spo-
radic occurrence or single hospital outbreaks were reported in
other European countries [1, 2]. Since 2010, CP-Kp isolates
disseminated to almost all European countries. In 2015, three
more countries (Italy, Malta and Turkey) became CP-Kp en-
demic, while regional and interregional spread is reported
from most countries [1, 2].

CP-Kp infections are associated with high morbidity and
mortality due to limited therapeutic options, which include
only gentamicin, colistin, tigecycline and carbapenems
[2-5]. As shown in observational studies, combination treat-
ment has been associated with increased survival, while the
optimal regimen has not been identified, probably due to the
emergence and increase of isolates’ resistance to the afore-
mentioned therapeutic options [2-5]. Few studies have
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compared the impact of different carbapenemase type to mor-
tality, with KPC (K. pneumoniae carbapenemase) being asso-
ciated with reduced survival [6].

The aim of this study was to identify the risk factors for the
development of CP-Kp bloodstream infections (BSI) among
critically ill patients. We also investigated predictors of mor-
tality in patients with CP-Kp bacteraemia and in the subgroup
who developed septic shock.

Materials and methods

This 1:2 case—control study was performed in the general
intensive care unit (ICU; 13 beds) of the University General
Hospital of Patras, Greece, during a 4-year period (2012—
2015).

Cases were considered patients with a CP-Kp BSI, defined
as at least one positive blood culture for CP-Kp and clinical
symptoms consistent with bacteraemia. Primary or secondary
bacteraemia (urinary, respiratory, catheter-related, abdominal,
skin and soft tissue infections) was determined in accordance
with the US Centers for Disease Control and Prevention (CDC)
definitions [7]. Infection was categorised as sepsis or septic
shock according to new sepsis definition [8]. The date of col-
lection of the first positive blood culture was defined as infec-
tion onset. Appropriate antibiotic treatment was defined as one
that included an antibacterial agent with in vitro activity against
the infecting isolate, initiated within 72 h from the onset of
infection, at an adequate dosage [9, 10]. Combination therapy
was defined as the administration of at least two antibacterial
agents with in vitro activity against the infecting CP-Kp isolate.

Controls were patients without CP-Kp infection. Three pa-
tients that developed infection by carbapenem-susceptible
K. pneumoniae were not included in the analysis. Matching
parameters for controls included Acute Physiology and
Chronic Health Evaluation IT (APACHE II) score (3 points),
age (£2 years), as well as days at risk (4 days; time from
admission to BSI for cases and length of ICU stay for
controls).

The ICU’s computerised database (Criticus™, University of
Patras, Greece) and patients’ chart reviews were used in order
to collect epidemiologic data. Parameters assessed included
demographic characteristics (age, sex), co-morbidities, severity
scores of illness on admission and upon onset of infection
[APACHE 1II, SAPS 1I (Simplified Acute Physiology Score
II) and SOFA (Sequential Organ Failure Assessment) score],
prior surgery, length of hospitalisation, presence of invasive
catheters, tracheotomy, prior BSI, type of antibiotic administra-
tion, corticosteroid administration and enteral or parenteral
nutrition.

In the event of appearance of fever (>38.0°C) or clinical
presentation suggestive of BSI, two blood sets from peripheral
sites and one from the central venous line, as well as cultures
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from the suspected source (bronchial secretions, urine, pleural
or peritoneal fluid, pus, catheter tip etc.) were obtained and
sent to the microbiology laboratory. Klebsiella pneumoniae
isolates were identified using the Vitek 2 Advanced
Expert System (bioMérieux, Marcy I’Etoile, France) and
antibiotic susceptibility was performed by the agar disc
diffusion method (Kirby—Bauer). Susceptibility to carba-
penems, colistin and tigecycline was determined by the
Etest (AB Biodisk). The results were interpreted accord-
ing to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) guidelines [11]. The
presence of the blaxpc, blayyy and blaypy genes was
confirmed by polymerase chain reaction (PCR) [12].

Data analyses were performed by SPSS version 23.0
(SPSS, Chicago, IL) software. Categorical variables were
analysed by using Fisher’s exact test and continuous variables
with the Mann—Whitney U-test. Backward stepwise multiple
logistic regression analysis used all those variables from the
univariate analysis with a p-value <0.1. Factors contributing
to multicollinearity were excluded from the multivariate anal-
ysis. Odds ratios (ORs) and 95% confidence intervals (Cls)
were calculated to evaluate the strength of any association. All
statistical tests were two-tailed and p < 0.05 was considered
statistically significant.

Results

Among the 1390 patients admitted to the ICU during the study
period, 139 (10.0%) developed a CP-Kp bacteraemia within
an average of 17.5 days, and were matched to 278 non-
bacteraemic patients. The incidence was 10 infections per
1000 patient days. All isolates were resistant to carbapenems
[all exhibiting minimum inhibitory concentration (MIC)
>32 mg/L], while 84 (60.4%), 62 (44.6%) and 39 (28.1%)
were resistant to gentamicin, colistin and tigecycline, respec-
tively. The majority of isolates (128; 92.1%) carried the
blaxpc gene, seven carried both blaxpc and blayry, three
blayp and one carried blanpy. Primary BSI predominated
(88; 63.3%), followed by 46 (33.1%) catheter-related, four
abdominal (2.9%) and one ventilator-associated pneumonia
(0.7%).

Univariate analysis for CP-Kp BSI risk factors is shown in
Table 1. Risk factors independently associated with the devel-
opment of CP-Kp were administration of tigecycline (» 0.010;
OR 2.6, 95% CI 1.3-5.5) and number of administered antibi-
otics prior to CP-Kp bacteraemia (p 0.004; OR 1.3, 95% CI
1.1-1.5).

The overall 30-day mortality was 36.0% (50 patients).
Table 2 shows the univariate analysis of predictors of mortal-
ity of CP-Kp BSI. Multivariate analysis revealed septic shock
(» 0.001; OR 6.5, 95% CI 2.2-19.5), SAPS 1II upon onset of
infection (p <0.001; OR 1.1, 95% CI 1.0-1.2), corticoid
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Table 1  Univariate analysis of risk factors for carbapenemase-producing Klebsiella pneumoniae (CP-Kp) bloodstream infection (BSI) during
intensive care unit (ICU) hospitalisation

Characteristics Non-infected CP-Kp BSI p-Value OR (95% CI)
patients (n=278) (n=139)

Days at risk 18.4+11.0 17.5+17.0 0.532 -

Demographics

Age (years) 56.5+19.6 56.7+18.0 0915 -

Male gender 189 (68.0%) 106 (76.3%) 0.087% 1.51 (0.95-2.41)

Chronic diseases (number) 08+1.0 0.8+1.0 0915 -

Diabetes mellitus 36 (12.9%) 25 (18.0%) 0.187 1.47 (0.85-2.57)

Chronic obstructive pulmonary disease 39 (14.0%) 9 (6.5%) 0.023% 0.42 (0.20-0.90)

Chronic heart failure 20 (7.2%) 17 (12.2%) 0.101 1.80 (0.91-3.55)

Chronic renal failure 8 (2.9%) 4 (2.9%) 1.000 1.00 (0.30-3.38)

Malignancy 26 (9.4%) 18 (12.9%) 0.310 1.44 (0.76-2.73)

Corticosteroid use 17 (6.1%) 8 (5.8%) 1.000 0.94 (0.39-0.23)

Obesity 70 (25.2%) 35 (25.2%) 1.000 1.00 (0.63-1.60)

Admission data

APACHE II score upon admission 17.1+6.9 17.9+6.3 0.368 -

SAPS II upon admission 38.6+12.2 39.7+114 0.369 -

SOFA score upon admission 8.1+34 8.8+£3.2 0.051% -

Prior surgery 150 (54.0%) 66 (47.5%) 0.215 0.77 (0.51-1.16)
Prior emergency surgery 110 (39.6%) 44 (31.7%) 0.132 0.71 (0.46-1.09)
Prior abdominal surgery 68 (24.5%) 20 (14.4%) 0.022% 0.52 (0.30-0.90)

Antibiotic administration

Carbapenems 244 (87.8%) 129 (92.8%) 0.130 1.80 (0.86-3.76)

Quinolones 42 (15.1%) 28 (20.1%) 0.212 1.42 (0.84-2.41)

Third- and fourth-generation cephalosporins 28 (10.1%) 18 (12.9%) 0.408 1.33 (0.71-2.50)

Beta-lactam/-lactamase inhibitors 93 (33.5%) 56 (40.3%) 0.193 1.34 (0.88-2.40)

Colistin 91 (32.7%) 71 (51.1%) <0.001* 2.15 (1.42-3.25)

Aminoglycosides 84 (30.2%) 57 (41.0%) 0.037° 1.61 (1.05-2.45)

Glycopeptides 225 (80.9%) 110 (79.1%) 0.696 0.89 (0.54-1.48)

Metronidazole 38 (13.7%) 15 (10.8%) 0.440 0.76 (0.41-1.44)

Tigecycline 20 (7.2%) 39 (28.1%) <0.001* 5.03 (2.80-9.04)

Linezolid 69 (24.8%) 77 (55.4%) <0.001 3.76 (2.44-5.79)

Number of antibiotics administered 34+1.5 45+1.9 <0.001* -

ICU procedures

Tracheostomy 173 (62.2%) 90 (64.7%) 0.667 1.12 (0.73-1.70)

Catheters inserted” 144 (51.8%) 65 (46.8%) 0.351 0.82 (0.54-1.23)

Corticosteroid administration 155 (55.8%) 83 (59.7%) 0.464 1.18 (0.78-1.78)

Parenteral nutrition 118 (42.4%) 57 (41.0%) 0.833 0.94 (0.62-1.43)

Enteral nutrition 203 (73.0%) 101 (72.7%) 1.000 0.98 (0.62—-1.55)

Infection data

Prior Acinetobacter baumannii BSI 60 (21.6%) 25 (18.0%) 0.440 0.80 (0.47-1.34)

Prior Pseudomonas aeruginosa BSI 40 (14.4%) 16 (11.5%) 0.450 0.77 (0.42-1.44)

Prior Staphylococcus epidermidis BSI 21 (7.6%) 5 (3.6%) 0.135 0.46 (0.17-1.24)

Prior Candida spp. BSI 13 (4.7%)° 8 (5.6%)" 0.813 1.24 (0.50-3.08)

Prior BSI by other pathogens 16 (5.6%)° 4(2.9%)" 0.232 0.49 (0.16-1.48)

Data are number (%) of patients or mean + standard deviation

OR: odds ratio, CI: confidence interval, APACHE II: Acute Physiology and Chronic Health Evaluation II, SAPS II: Simplified Acute Physiology Score
I, SOFA: Sequential Organ Failure Assessment

#Factors that were included in the multivariate analysis

® All patients after ICU admission were intubated, mechanically ventilated and continuously monitored with a central venous catheter, an arterial catheter
and a urinary catheter. The number of catheters does not include the aforementioned catheters

¢Six C. parapsilosis, five C. albicans, two C. tropicalis
YFive C. parapsilosis, two C. albicans, one C. tropicalis
¢ Five Stenotrophomonas maltophilia, five Staphylococcus aureus, three Enterococcus faecalis, two Escherichia coli, one E. faecium

" Two S. maltophilia, one E. faecalis, one Serratia marcescens

administration during treatment of bacteraemia (p 0.027; OR ~ 95% CI 0.075-0.750) was identified as a predictor of good
3.1, 95% CI 1.1-8.6) and parenteral nutrition (p 0.048; OR  prognosis. Mortality among the 74 patients with septic shock
2.8, 95% CI 1.0-7.7) as independent predictors of mortality, = was 58.1%. Moreover, multivariate analysis identified SOFA
while combination antibiotic treatment (p 0.014; OR 0.237, score upon onset of infection (p 0.023; OR 1.4, 95% CI 1.0~
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Table 2 (continued)

Septic shock

All CP-Kp BSI

Characteristics

OR (95% CI)

=43) p-Value

Non-survivors (7

31)

Survivors (n

OR (95% CI)

=50) p-Value

Non-survivors (7

=89)

Survivors (n

0.99 (0.34-2.84)

1.000

11 (25.6%)

1.16 (0.54-2.49) 8 (25.8%)

0.699

15 (30.0%)

24 (27.0%)

Tigecycline resistance

Carbapenemase gene

4.92 (0.92-26.29)

0.062*

41 (95.3%)
1 (2.3%)

25 (80.6%)
5(16.1%)

1.55 (0.39-6.12)

0.746

47 (94.0%)
1 (2.0%)
1 (2.0%)
1 (2.0%)

81 (91.0%)
6 (6.7%)
2 (2.2%)
0 (0.0%)

KPC®

KPC-VIM co-carriage

VIM

1 (2.3%)

1 (3.2%)

NDM

Data are number (%) of patients or mean + standard deviation

OR: odds ratio, CI: confidence interval, APACHE II: Acute Physiology and Chronic Health Evaluation II, SAPS II: Simplified Acute Physiology Score II, SOFA: Sequential Organ Failure Assessment

? Factors that were included in the multivariate analysis

® As compared to monotherapy and no appropriate antibiotic treatment

¢ As compared to all other types of carbapenemase gene carriage

1.8), corticosteroid administration as adjunctive treatment (p
0.025; OR 6.0, 95% CI 1.3-28.3) and strain carrying only the
blaxpc gene as compared to other types of carbapenemases (p
0.041; OR 22.6, 95% CI 1.1-448.4) as predictors of mortality
among patients with CP-Kp, while administration of a combi-
nation treatment (p 0.029; OR 0.430, 95% CI 0.201-0.918)
was identified as a predictor of a good prognosis.

Figure 1 shows the Kaplan—Meier curves of the survival
probability of patients with CP-Kp BSI according to adminis-
tration of corticosteroid and number of active antibiotics
among patients with septic shock. Even though the adminis-
tration of cortisone did not alter survival among patients that
received one active or no active antibiotic (35.3% vs. 55.6%; p
0.800), its administration among patients receiving two or
more active antibiotics had a deleterious effect on survival
(21.4% vs. 71.4%; p 0.034). No difference among age, comor-
bidities, severity scores upon admission or upon onset of in-
fection was detected among patients with septic shock who
received or did not receive corticosteroids.

Discussion

We observe a high incidence of CP-Kp BSI (10 infections per
1000 patient days), with 10% of all patients admitted into the
ICU during the study period being infected by a CP-Kp iso-
late, confirming the endemicity of such isolates in Greek hos-
pitals. This high incidence can be explained by the high rectal
colonisation observed in a previous study from the same ICU
[3].

In accordance to previous studies, the present investigation
confirms that the total number of administered antibiotics is
associated with CP-Kp infection [13, 14]. Moreover, it is the
first study which identifies the use of tigecycline as a risk
factor for CP-Kp BSI development. This is peculiar, since
tigecycline is usually used extensively to treat such infections.
A possible explanation may be that almost one-third of iso-
lates were resistant to tigecycline.

In contrast to a previous Italian multicentre study which
showed that prior BSI by other pathogens was associated with
the development of CP-Kp, no such association was found in
the present study [15]. There are two main differences among
the present and the aforementioned study; first, non-
fermenting Gram-negatives, mainly Acinetobacter baumannii
and Pseudomonas aeruginosa, predominated in the present
study and second, in the Italian study, only patients colonised
by CP-Kp were included, while in the present study, no rectal
cultures were obtained during the study period in order to
determine the status of colonisation [15].

The all-cause 30-day mortality was 36.0%, which is com-
parable to other studies [3, 5, 6, 16]. As previously shown,
SAPS II or SOFA score upon CP-Kp infection onset were
associated with 30-day mortality [3, 17]. In our study, SAPS
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Fig. 1 Kaplan—Meier curves of survival probability of patients with
carbapenemase-producing Klebsiella pneumoniae (CP-Kp) bloodstream
infection (BSI) according to administration of corticosteroids among

II was independently associated with mortality of all CP-Kp
infections; the SOFA score was better in predicting mortality
in the subgroup of patients with septic shock.

The development of septic shock is another factor indepen-
dently associated with mortality [3]. The new definitions pro-
posed by the Third International Consensus were used to de-
fine septic shock [8]. Septic shock mortality was 58.1%,
which was higher than reported in a similar study (39.6%)
conducted at a university hospital in Rome, Italy [4]. In that
study, an important predictor of mortality was the resistance of
infecting isolates to colistin (51.3%) [4]. In our study, even
though resistance to colistin (44.6%) was comparable to that
of the aforementioned study, no difference among surviving
and deceased patients concerning resistance to any antibiotic
(colistin, tigecycline or gentamicin) was observed.

CP-Kp isolates carrying the blaxpc gene have mainly dis-
seminated into Greek hospitals, while other types of
carbapenemase-producing strains have been isolated to a less-
er degree [2, 6, 12, 14]. The type of carbapenemase gene
carriage by the infecting isolate did not have any effect on
mortality. However, in the subgroup of septic shock, the car-
riage of only blaxpc Was associated with reduced survival, as
compared to the carriage of blanpy or co-carriage of blaxpc
and blayyy. This is probably due to the higher rates of resis-
tance against the three principal antibiotics (colistin, tigecyc-
line and gentamicin) used for the treatment of such infections
[12]. KPC-producing isolates, as compared to isolates carry-
ing other carbapenemases, have been rarely shown to be as-
sociated with higher mortality [6, 16]. A need for multicentre
studies, including different types of carbapenemases, is need-
ed in order to extrapolate reliable conclusions concerning the
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propensity of KPC-producing isolates to provoke higher mor-
tality rates.

As consistently shown in observational studies, combina-
tion antibiotic treatment is associated with better survival as
compared to monotherapy [2—5, 16]. No combination of anti-
biotics has shown clear superiority. Only 27.3% received a
combination of active antibiotics, which is lower than that
from previous studies. This is mainly due to the high resis-
tance of all isolates to carbapenems (MIC to meropenem
>32 mg/L), excluding in that way a potent antibiotic category
that shows clear superiority when used as combination thera-
py [2, 16]. Moreover, infecting isolates showed high resis-
tance rates against gentamicin, colistin and tigecycline, ren-
dering the use of a combination treatment not always feasible.

As proposed by the Surviving Sepsis Campaign guidelines,
corticosteroid should be added in the treatment of septic shock
during the duration of inotropic administration [17]. An
alarming finding of the present study is that the use of corti-
costeroids as adjunctive therapy in infections caused by CP-
Kp has deleterious effects. This is clearly shown in the sub-
group of patients with septic shock. Corticosteroid use among
septic patients who received one active or no active antibiotic
did not influence mortality, while their use in patients who
received a combination of active antibiotics exhibited a cata-
strophic effect (21.4% vs. 71.4%; p 0.034). The effect of ad-
junctive corticosteroids in the treatment of septic shock due to
CP-Kp should be validated through randomised controlled
trials.

The study has several limitations, including its retrospec-
tive form and the relatively small number of CP-Kp. The
predominance of KPC-producing isolates limits the
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importance of our finding that these isolates are associated
with higher mortality rate among patients who developed sep-
tic shock.

In conclusion, the number of antibiotics administered and
the prior administration of tigecycline is associated with CP-
Kp BSI among critically ill patients. Either severity score
(SAPS 1II or SOFA) upon infection onset can be used for
mortality prediction. The development of septic shock is as-
sociated with higher mortality and the concomitant use of
corticosteroids may have a deleterious effect on the survival
of patients with CP-Kp bacteraemia. The use of a proper com-
bination antibiotic regimen, when feasible, is associated with
better survival.
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