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ABSTRACT

Background: Bloodstream infections caused by carbapenem-resistant Klebsiella pneumoniae (CRKP) often result
in high mortality rates. This study aimed to explore the local epidemiology and risk factors of CRKP bloodstream
infections, characterize the resistance and virulence genes of CRKP isolates in this region of China, and identify
the circulating hypervirulent Klebsiella pneumoniae strains locally.

Methods: In a case-controlled retrospective study, we examined the prevalence, patient background, and risk fac-
tors for CRKP BSIs.

Results: The overall CRKP BSI incidence was 2.2 (54/2,420,826) per 100,000 patient-days. Acute operation (p =
0.012), being a resident in a long-term-care facility (p = 0.019), transfer to ICU within 30 days (p = 0.014), pulmo-
nary diseases (p = 0.022), renal diseases (p = 0.004), liver diseases (p = 0.008), abdominal infections (p = 0.005),
gastric tube (p = 0.011), quinolone use (p = 0.029), carbapenem use (p = 0.001), and antifungal agent use prior to
culture within 30 days (p = 0.001) were risk factors for CRKP BSIs. In total, 88.9% (48/54) isolates were detected
with KPC carbapenemase, followed by NDM carbapenemase at 7.4% (4/54). YcfM, wabG, and entB were present
in all strains. The following four virulence genes had a positivity rate of over 90%: fimH (98.15%), mrkD
(96.30%), uge (92.60%), and kpn (92.60%).

Conclusions: Acute operation, being a resident in a long-term-care facility, transfer to ICU within 30 days, pulmo-
nary diseases, renal diseases, liver diseases, abdominal infections, gastric tube, quinolone use, carbapenem use,
and antifungal agent use prior to culture within 30 days were risk factors for CRKP BSIs. KPC carbapenemase
ranked first in isolates of CRKP BSIs. Virulence genes were widely present.
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INTRODUCTION

Carbapenems have been regarded as the first line of de-
fense in the treatment of BSIs (bloodstream infections)
caused by drug-resistant Gram-negative bacterial infec-
tions due to their broad spectrum of activity. Neverthe-
less, with the extensive use of carbapenems, many bac-
teria resistant to carbapenems have appeared, and now it
presents a particularly critical problem worldwide [1-4].
Among carbapenem-resistant Enterobacteriaceae, car-
bapenem-resistant Klebsiella pneumoniae (CRKP) is a
causative organism of nosocomial infections, as well as
community-acquired infections, the latter often involv-
ing hypervirulent strains [5]. Hypervirulent strains of
Klebsiella pneumoniae are closely associated with high
mortality and poor prognosis [5-7]. Carbapenem-resis-
tant isolates have already emerged as hypervirulent-type
Klebsiella pneumoniae [8,9].

Here, we conducted a study on CRKP BSIs in Xiamen,
a southern area in China, from January 1, 2019, through
December 31, 2021, and we considered the following
objectives: 1) to study the epidemiology and risk factors
of BSIs caused by CRKP in this area, 2) to clarify and
identify the resistant and virulent genes that encode for
CRKP in this area of China, and 3) to identify the hy-
pervirulent-type Klebsiella pneumonia in this area of
China.

MATERIALS AND METHODS

Patients and settings

With the intent of examining CRKP BSI prevalence, the
patients’ background, and the risk factors associated
with CRKP BSIs, we conducted a case-control study. A
retrospective epidemiologic surveillance study of BSIs
caused by CRKP was conducted within a 2,800-bed
academic medical center in the southern area of China
from January 1, 2019, through December 31, 2021.
Cases of CRKP BSIs during the inpatients’ hospital stay
were classified as the case group. BSI patients who
were negative for CRKP but positive for carbapenem-
susceptible Klebsiella pneumoniae (CSKP) during their
hospital stay, during the same study period, were used
as the selection pool for the control group. Exclusion
criteria were community-acquired BSIs, missing key
data, screening samples, and subsequent episodes in the
same patient. The same exclusion criteria were applied
to cases and controls [10].

CRKP cases, as determined by clinical culture, were se-
lected by review of microbiological reports. All identi-
fied inpatients were initially eligible to participate, and

their medical charts were reviewed. For inpatients with
multiple episodes of BSIs with CRKP, only data rele-
vant to the first episode were collected and analyzed.
Cases of CSKP BSIs were randomly selected as a con-
trol group from the same clinical departments during the
study period. Controls whose records had insufficient
information were replaced by other randomly selected
controls. For inpatients with multiple episodes of CSKP
BSIs, only data relevant to the first episode were col-
lected and analyzed. The age (+ 2 years) and genders of
the patients were matched to inpatients with CRKP
BSIs, and the ratio for the CRKP:CSKP group was 1:2.
We set a ratio of 1:2 in this study for two reasons: 1)
concern for sufficient numbers in a stratified analysis;
and 2) increase in power given the expected prevalence
of exposure among the controls [11].

Both case and control groups’ data were collected from
a database of hospital infection monitoring system. This
database identified the individual participants during
and after data collection. This database drew informa-
tion from numerous sources, including patients’ elec-
tronic health records, laboratory, microbiology, and
medication administration records, and it included ad-
mission and discharge data, age, gender, health care ex-
posure during the prior year (acute care hospitalization,
acute operation, dialysis, resident of a long-term-care
facility, transfer to ICU (intensive care unit) within 30
days and receipt of corticosteroids), underlying condi-
tions (diabetes mellitus, hypertension, cancer, neurolo-
gical diseases, blood diseases, pulmonary diseases, re-
nal diseases, liver diseases, heart diseases, abdominal
infections, and skin infections), body temperature prior
to culture, smoking history, drinking history, blood
transfusion history, chemoradiotherapy history, indwell-
ing devices prior to culture (central venous catheter,
gastric tube, tracheal cannula, and urinary catheter), lab-
oratory findings (white blood cell levels, platelet levels,
C-reactive protein levels, procalcitonin levels, total pro-
tein levels, and albumin levels), antimicrobial use prior
to culture within 30 days (quinolone use, cephalosporin
use, carbapenem use, tetracycline use, oxazolidinone
use, glycopeptides use, clistin use, metronidazole use,
aminoglycosides use, macrolides use, and trimethoprim-
sulfamethoxazole use), antifungal agent use prior to cul-
ture within 30 days, length of hospital stay, and dis-
charge disposition. Each patient’s first positive culture
was used to remove patients with multiple cases [12].
For identifying possible risk factors of CRKP BSIs, pa-
tients’ demographic characteristics and medical condi-
tions were collected from the electronic sources men-
tioned above by comparing the CRKP and CSKP
groups.

This study was approved by the local Ethics Committee
of Xiamen Hospital of Traditional Chinese Medicine
(2024-K046-01) and complied with the Declaration of
Helsinki (2008).
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Definition of CRKP

A case of CRKP BSIs was defined as the first positive
clinical culture from blood, with one or more of the fol-
lowing criteria: 1) minimum inhibitory concentrations
(MICs) for meropenem > 4 pg/mL, 2) MICs for imipen-
em >4 pg/mL, 3) MICs for ertapenem > 2 pg/mL, and/
or 4) MICs for doripenem > 4 pg/mlL.

Microbiological investigations

Species identification was performed with the Vitek 2
Compact automatic microbial analyzer (BioMerieux,
Marcy - I’Etoile, France) and confirmed by matrix-as-
sisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) (Zybio Inc., Chong-
qing, China).

Molecular detection

Multiplex polymerase chain reactions (PCRs) were used
to detect the presence of carbapenemase genes (blanpwm,
blaxpc, blamp, blaviv, and blaoxa-as-ike) and virulence
genes (rmpA, weaG, uge, fimH, mrkD, ycfM, entB, iutA,
k24, PEG-344, kpn, magA, wabG, iorN, and allS); the
primers are listed in Supplemental Table S1 [13-16].
PCR products were sequenced, and the nucleotide and
the deduced protein sequences were analyzed with soft-
ware programs that were available from the National
Center of Biotechnology Information (NCBI) website
(www.ncbi.nlm.nih.gov).

Antimicrobial susceptibility testing

With regard to the antimicrobial susceptibility test, min-
imal inhibitory concentrations (MICs) of ceftazidime,
cefepime, cefotaxime, ceftriaxone, piperacillin/tazobac-
tam, doripenem, aztreonam, amikacin, gentamycin, to-
bramycin, ciprofloxacin, levofloxacin, trimethopri-sul-
famethoxazole, and tigecycline were determined with
the Vitek 2 Compact automatic microbial analyzer (Bio-
Mrieux, Marcy-1’Etoile, France) according to the CLSI
guidelines. In addition, MICs of ertapenem, imipenem,
meropenem, ceftazidime/avibactam, and colistin-poly-
myxin-B were determined using E-test strips (BioMe-
rieux, Marcy-1’Etoile, France) according to the manu-
facturer’s instructions. Ertapenem, imipenem, merope-
nem, doripenem, and ceftazidime/avibactam MICs were
interpreted according to the CLSI guidelines. The inter-
pretive criteria for colistin-polymyxin-B was based on
the breakpoints of EUCAST. And the interpretive crite-
ria for tigecycline was based on the breakpoints of the
Food and Drug Administration (FDA).

MALDI-TOF MS

Autof (Autof KIT): The Klebsiella pneumoniae isolates
were plated on Columbia blood agar (bioMérieux,
Marcy I’ Etoile, France) and incubated for 18 hours to
24 hours at 37°C. Isolated colonies of each strain were
selected and used for MALDI-TOF MS identification
using the MALDI-TOF MS (Zybio Inc., Chongging,
China), as previously described [17]. The obtained
spectra were manually selected into the EX 3000-
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Smartspec software (Zybio Inc., Chongqing, China).
Then, the selected spectra could be clustered and calcu-
lated to form a dendrogram. Cluster analysis was per-
formed by spectra compared to each other in the data-
base, according to the manufacturer’s instructions (Zy-
bio Inc., Chongqing, China). Each dendrogram with dif-
ferences and similarities in relative terms represented
one fungus isolate, and the abscissa represented the dis-
tance of the isolates’ relationships. According to the
type assignment, the closer it is, the more likely it is of
the same type. Hierarchical clustering of the spectra was
performed by applying the Ward algorithm and cosine
distance between all pairs of peak profiles [18].

Statistical analyses

The incidence of CRKP BSIs were reported as the num-
ber of BSIs cases per 100,000 hospital patient-days.
Descriptive statistics were used to summarize the clini-
cal and epidemiologic characteristics of CRKP BSIs.
Continuous variables were presented as medians with
the range or interquartile range. For categorical vari-
ables, the percentage of patients or isolates in each cate-
gory was calculated. The chi-squared test was used to
compare categorical variables. The Mann-Whitney U
test was used to compare continuous variables. To iden-
tify risk factors for isolating CRKP, the chi-squared test
was performed. Factors showing p-value < 0.05 were
considered candidate predictors that were significantly
related to CRKP BSIs and were extracted; following
which, multi-variate analysis was performed for these
factors using the logistic regression model. All analyses
were performed using the IBM SPSS statistical software
package version 25 (IBM Corp, Armonk, NY, USA).

RESULTS

Prevalence of CRKP BSIs

The overall CRKP BSlIs incidence between January 1,
2019, and December 31, 2021, was 2.2 (54/2,420,826)
per 100,000 patient-days. During 2,420,826 patient-
days, we found that 293 BSI inpatients with Klebsiella
pneumoniae isolates were hospitalized, and 54 inpa-
tients with CRKP BSIs were eligible for screening in
this study. The overall detection rate of CRKP among
KP (Klebsiella pneumoniae) BSI inpatients was 19.5%
(54/293). During the three study years, the detection
rate of CRKP among BSI inpatients caused by KP in-
creased, 16.5% (16/97) in 2019, 11.7% (12/103) in
2020, and 28.0% (26/93) in 2021, respectively. The
characteristics of the inpatients are shown in Supple-
mental Table S2 and included 36 males and 18 females.
The median age was 69 years (range 0 - 94 years).

Clinical characteristics and outcomes

We found that 20.4% (11/54) of inpatients had function-
al status deterioration, as can be seen in Supplemental
Table S2. One inpatient in the ICU died within 30 days
of admission, which was not due to bloodstream infec-


app:ds:cefotaxime
app:ds:ceftriaxone
app:ds:levofloxacin
app:ds:chi-square
app:ds:chi-square

Table 1. Risk factors for BSIs isolating CRKP.

Li-Li Fang et al.

Univariate analysis Multi-variate analysis
Variables p-value
OR (95% CI) aOR (95% CI)
Acute operation 2.800 (1.123 - 6.982) 46.850 (2.341 - 937.536) 0.012
Being a resident in a long-term-care facility 33.927 (4.300 - 267.674) 156.556 (2.335 - 10,496.846) 0.019
Transfer to ICU within 30 days 11.414 (5.193 - 25.090) 16.140 (1.742 - 149.513) 0.014
Cancer 0.509 (0.262 - 0.991)
Neurological diseases 3.713 (1.580 - 8.725)
Blood diseases 2.484 (1.045 - 5.906)
Pulmonary diseases 3.099 (1.573 - 6.107) 8.955 (1.365 - 58.728) 0.022
Renal diseases 3.406 (1.604 - 7.235) 44.122 (3.304 - 589.144) 0.004
Liver diseases 2.000 (1.027 - 3.896) 14.346 (2.030 - 101.397) 0.008
Abdominal infections 5.054 (2.072 - 12.330) 30.514 (2.837 - 328.260) 0.005
Blood transfusion 4.009 (2.010 - 7.998)
Central venous catheter 4.420 (2.168 - 9.009)
Gastric tube 14.286 (6.474 - 31.525) 40.489 (2.335 - 702.148) 0.011
Tracheal cannula 5.788 (2.665 - 12.570)
Urinary catheter 6.914 (3.144 - 15.206)
White blood cells > 10,000/mm3 2.094 (1.077 - 4.069)
Platelets < 100 x 10°/L 0.375 (0.144 - 0.973)
Quinolone use 2.110 (1.077 - 4.135) 9.071 (1.247 - 65.971) 0.029
Cephalosporin use 3.166 (1.587 - 6.316)
Carbapenem use 4.808 (1.597 - 14.473) 122.854 (6.358 - 2,373.879) 0.001
Tetracycline use 6.651 (2.007 - 22.045)
Oxazolidinone use 4.430 (2.095 - 9.367)
Glycopeptides use 6.538 (2.367 - 18.062)
Clistin use 13.375 (1.567 - 114.159)
Aminoglycosides use 6.625 (1.290 - 34.024)
Macrolides use 10.918 (1.242 - 95.960)
UL o (‘l’;iy‘;r LG TG L 8.357 (3.881 - 17.995) | 451.634 (11.707 - 17,423.692) | 0.001
Length of stay 2.300 (1.412 - 3.745)

Table 2. Carbapenemase gene of 54 CRKP isolates.

OR: odds ratio, aOR: adjusted odds ratio, CI: confidence interval.

Carbapenemase I(SI(l)’l?)/toe)s
LIAE 48 (88.9)
NDM 4 (7.4)
IMP 0 (0.0)

KPC+NDM 1(1.9)
NDM+IMP 1(1.9)
Total 54 (100.0)

CRKP: carbapenem-resistant Klebsiella pneumoniae.
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Table 3. Carbapenemase of 54 CRKP isolates by year, 2019 - 2021.

Carbapenemase 2019 (n, %) 2020 (n, %) 2021 (n, %) Total (n, %)
KPC 12 (25.00) 10 (20.83) 26 (54.17) 48 (100.00)
NDM 2 (50.00) 2 (50.00) 0 (0.00) 4 (100.00)
IMP 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)

KPC + NDM 1 (100.00) 0 (0.00) 0 (0.00) 1 (100.00)
NDM + IMP 1 (100.00) 0 (0.00) 0 (0.00) 1 (100.00)
Total 16 (29.63) 12 (22.22) 26 (48.15) 54 (100.00)

CRKEP: carbapenem-resistant Klebsiella pneumoniae.

Table 4. Virulence genes of 54 CRKP isolates.

Virulence gene Isolates (n, %)
wcaG 0 (0.00)
k24 0 (0.00)
magA 0 (0.00)
iroN 0 (0.00)
allS 0 (0.00)
PEG-344 8 (14.81)
iutA 12 (22.22)
rmpA 25 (46.30)
kpn 50 (92.59)
uge 50 (92.59)
mrkD 52 (96.30)
fimH 53 (98.15)
yefM 54 (100.00)
wabG 54 (100.00)
entB 54 (100.00)

wecaG: guanosine diphosphate-beta-L-fucose synthetase, k2A4: speciffc to K2 capsule serotype, magA: mucoviscosity associated gene A, iro/V:
salmochelin, alIS: allantoin, PEG-344: putative transporter, iutA: ferric aerobactin, rmpA: regulator of mucoid phenotype A, kpn: FimH-like
adhesion, uge: uridine diphosphate galacturonate 4-epimerase, mrkD: type 3 ffmbrial adhesion, fimH: type 1 ffmbrial adhesin, ycfM: outer
membrane lipoprotein, wabG: biosynthesis of the core lipopolysaccharide, entB: enterobactin, CRKP: carbapenem-resistant Klebsiella pneu-

moniae.

tion but due to multiple organ failure caused by cancer,
same as for the one inpatient that died in the CSKP
group. CRKP group had higher medical expenses than
CSKP group, as shown in Supplemental Table S2 (p <
0.001).

Analysis of risk factors of BSI inpatients’ isolated
CRKP

The results of univariate analysis using the chi-squared
test in BSI inpatients with CRKP are shown in Table 1.
There were twenty-eight parameters associated with
BSI-isolated CRKP, namely acute operation during
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prior year (p = 0.023), resident of a long-term-care fa-
cility during prior year (p < 0.001), transfer to ICU
within 30 days (p < 0.001), cancer (p = 0.046), neurolo-
gical diseases (p = 0.002), blood diseases (p = 0.031),
pulmonary diseases (p = 0.001), renal diseases (p =
0.001), liver diseases (p = 0.040), abdominal infections
(p < 0.001), blood transfusion (p < 0.001), central ve-
nous catheter (p < 0.001), gastric tube (p < 0.001), tra-
cheal cannula (p < 0.001), urinary catheter (p < 0.001),
white blood cells > 10,000/mm?* (p = 0.025), platelets
<100 x 10%/L (p = 0.039), quinolone use (p = 0.028),
cephalosporin use (p = 0.001), carbapenem use (p =
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Figure 1. Hierarchical clustering of CRKP isolates by MALDI-TOF MS.

0.005), tetracycline use (p = 0.002), oxazolidinone use
(p < 0.001), glycopeptides use (p < 0.001), colistin use
(p = 0.009), aminoglycosides use (p = 0.029), macro-
lides use (p = 0.027), antifungal agent use prior to cul-
ture within 30 days (p < 0.001), and length of stay (p <
0.001).

Multivariate logistic regression analysis was applied to
analyze the prognostic significance of these 28 factors,
revealing that acute operation (p = 0.012, odds ratio:
46.850, 95% confidence interval [CI]: 2.341 - 937.536),
resident of a long-term-care facility (p = 0.019, odds
ratio: 156.556, 95% confidence interval [CI]: 2.335 -
10,496.846), transfer to ICU within 30 days (p = 0.014,
odds ratio [OR]: 16.140, 95% confidence interval [CI]:
1.742 - 149.513), pulmonary diseases (p = 0.022, odds
ratio OR: 8.955, 95% confidence interval [CI]: 1.365 -
58.728), renal diseases (p = 0.004, odds ratio [OR]:
44.122, 95% confidence interval [CI]: 3.304 - 589.144),
liver diseases (p = 0.008, odds ratio [OR]: 14.346, 95%
confidence interval [CI]: 2.030 - 101.397), abdominal
infections (p = 0.005, odds ratio [OR]: 30.514, 95%
confidence interval [CI]: 2.837 - 328.260), gastric tube
(p =0.011, odds ratio [OR]: 40.489, 95% confidence in-
terval [CI]: 2.335 - 702.148), quinolone use (p = 0.029,
odds ratio [OR]: 9.071, 95% confidence interval [CI]:

1.247 - 65.971), carbapenem use (p = 0.001, odds ratio
[OR]: 122.854, 95% confidence interval [CI]: 6.358 -
2,373.879), and antifungal agent use prior to culture
within 30 days (p = 0.001, odds ratio [OR]: 451.634,
95% confidence interval [CI]: 11.707 - 17,423.692)
were indeed independent risk factors for patients isolat-
ing CRKP (Table 1).

Antimicrobial susceptibility testing

Antimicrobial susceptibility results for CRKP are listed
in Supplemental Table S3. All isolates showed non-sus-
ceptibility to carbapenems and cephalosporins. Colistin-
polymyxin-B and tigecycline retained excellent activity,
with a susceptibility rate of 100%. The susceptibility
rate of ceftazidime/avibactam remained fully consistent
with the KPC-carbapenems-producing Klebsiella pneu-
moniae strains.

B-lactamase genes detection

There were 88.9% (48/54) CRKP isolates detected with
KPC carbapenemase, followed by NDM carbapene-
mase, accounting for 7.4% (4/54). Two CRKP strains
were detected to produce two types of gene for carbape-
nemase, one strain producing KPC and NDM, and the
other producing NDM and IMP (Table 2). When com-
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paring carbapenemase in CRKP isolates from 2019 to
2021, it was found that the detection rates of KPC car-
bapenemase increased, from 25.00% in 2019 to 54.17%
in 2021 (Table 3).

Virulence genes detection

Among 54 strains of CRKP, YcfM, wabG and entB were
present in all strains. Four virulence genes with a
positivity rate were over 90.00%, which were fimH
(98.15%), mrkD (96.30%), uge (92.60%), and kpn
(92.60%). The positivity rate of rmpA4 was 46.30%, the
positive rate of iut4 was 22.22%, and eight strains of
virulence gene PEG-344 were positive, with a positivity
rate of 14.81%. Virulence gene wcaG, k24, magA, iroN,
and allS were not found (Table 4).

Clonal typing CRKP by MALDI-TOF MS

All 54 CRKP isolates were correctly identified at the
species level by MALDI-TOF MS. The hierarchical
clustering of MALDI-TOF peak profiles identified four
different clusters. CRKP strains from ICU were assign-
ed to cluster I and II. Nearly all CRKP isolates recov-
ered from the geriatrics department were classified into
Cluster IV. Most strains from surgery wards were as-
signed to cluster 1. Strains from medicine wards were
assigned to cluster I and III (Figure 1).

DISCUSSION

In this study, a total of 54 consecutive, non-repeated
BSIs caused by CRKP were reported in three years.
During the study period, the detection rate of BSIs
caused by CRKP and the detection rates of carbapene-
mase increased, which is consistent with previous re-
ports [19,20]. KPC carbapenemase ranked first in
CRKP isolates, accounting for 88.9%, consistent with
the report from Ben-David et al. [21]. As the mortality
rate caused by CRKP is high [22], it is urgent to de-
velop scientific measures to prevent and control blood-
stream infections caused by CRKP, for example, active
screening of CRKP, strengthening of environmental
cleaning and disinfection, good hand hygiene, or train-
ing and education for healthcare workers.

Previously published reviews have reported several risk
factors for CRKP, including severe underlying diseases,
use of broad-spectrum antibiotics, use of carbapenem
antibiotics, a long hospitalization period, malignancies,
hematopoietic stem cell transplantation, tracheotomy,
mechanical ventilation, and indwelling catheters [23-
25]. In our study, multivariate regression analysis re-
sults showed that acute operation, being a resident in a
long-term-care facility, transfer to ICU within 30 days,
pulmonary diseases, renal diseases, liver diseases, ab-
dominal infections, gastric tube, quinolone use, carba-
penem use, and antifungal use prior to culture within 30
days were all risk factors for CRKP BSIs. Notably,
Klebsiella pneumoniae is part of the normal commensal
flora of the digestive tract. If digestive system diseases
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such as bleeding within the digestive tract, gastric ulcer,
and pancreatitis occur, Klebsiella pneumoniae may
enter the bloodstream and cause BSIs, including CRKP
BSIs. As to antimicrobial susceptibility testing, all KPC
carbapenems-producing Klebsiella pneumoniae strains
were sensitive to ceftazidime/avibactam, showing ex-
cellent antibacterial activity of ceftazidime/avibactam
against CRKP.

These CRKP strains carry virulence-associated genes,
which may encode capsules (magA, k24, wcaG), hyper-
mucoviscosity (magA, rpmA), adhesins (fimH, mrkD,
kpn), lipopolysaccharides (wabG, uge, ycfM), iron ac-
quisition systems (iutA, iroN, entB), and other virulence
factors (allS, hly, cnf-1) that enable them to overcome
host defenses[26-34]. Moreover, studies [35] have re-
ported that peg-344, iucA, rmpA, and rmpA2, and other
virulence genes can be used as candidate biomarkers for
identifying Klebsiella pneumoniae with high virulence
with an accuracy > 0.95. Due to the limited number of
strains included in this study, more data is needed to
support this conclusion. FimH and mrkD mediate adhe-
sion through encoding Klebsiella pneumoniae type 1
and type 3 fimbriae, and mrkD may promote develop-
ment of biofilms. In the present study, fimH and mrkD
were observed with a high positivity rate of over 90%.
Therefore, clinicians are advised to consider phenotypes
and genotypes of pathogens and to also carefully select
an appropriate catheter and more frequent catheter irri-
gation or replacement to reduce bacterial adhesion and
colonization. In the present study, virulence genes were
widely present.

MALDI-TOF MS is currently considered an essential
tool in clinical microbiology because it has the potential
to improve patient prognosis and decrease the length of
hospitalization [36]. Bacterial typing is an important
method to identify the route of pathogen transmission.
In this study, MALDI-TOF MS correctly identified
100% of the Klebsiella pneumoniae isolates. Hierarchi-
cal clustering of MALDI-TOF peak profiles identified
four distinct clusters.

There were three limitations of this study. First, this was
a retrospective study with a relatively small study popu-
lation, and the mortality rate was found to be very low.
Second, information on the clinical characteristics and
outcomes could not be completely acquired due to the
limitations that are inherent in a retrospective clinical
study. Third, this was a case-controlled design in which
the level of risk factors was not equal to the expected
level commonly seen in the population.

CONCLUSION

Acute operation, being a resident in a long-term-care
facility, transfer to ICU within 30 days, pulmonary dis-
eases, renal diseases, liver diseases, abdominal infec-
tions, gastric tube placement, quinolone use, carbape-
nem use, antifungal agent use within 30 days prior to
culture were indeed independent risk factors for CRKP
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BSIs. KPC carbapenemase ranked first in CRKP BSI
isolates. Virulence genes were widely present.
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