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Klebsiella pneumoniae is a common pathogen of nosocomial pneumonia worldwide and
community-acquired pneumonia (CAP) in Asia. Previous studies have shown that K.
pneumoniae bacteremic CAP is associated with high mortality. We aimed to revisit K.
pneumoniae bacteremic pneumonia in the current era and determine the risk factors
associated with 28-day mortality. Between January 2014 and August 2020, adult patients
with K. pneumoniae bacteremic pneumonia in a medical center in Taiwan were identified.
Clinical and microbiological characteristics were compared between CAP and nosocomial
pneumonia. Risk factors for 28-day mortality were analyzed using multivariate logistic
regression. Among 150 patients with K. pneumoniae bacteremic pneumonia, 52 had CAP
and 98 had nosocomial pneumonia. The 28-day mortality was 52% for all patients, 36.5%
for CAP, and 60.2% for nosocomial pneumonia. Hypervirulent K. pneumoniae was more
prevalent in CAP (61.5%) than in nosocomial pneumonia (16.3%). Carbapenem-resistant
K. pneumoniae was more prevalent in nosocomial pneumonia (58.2%) than in CAP
(5.8%). Nosocomial pneumonia, a higher Severe Organ Failure Assessment score, and
not receiving appropriate definitive therapy were independent risk factors for 28-day
mortality. In conclusion, revisiting K. pneumoniae bacteremic pneumonia in the current era
showed a high mortality rate. Host factors, disease severity, and timely effective therapy
affect the treatment outcomes of these patients.

Keywords: Klebsiella pneumoniae, community-acquired pneumonia (CAP), nosocomial pneumonia (NP),
bacteremia, mortality
INTRODUCTION

Klebsiella pneumoniae is an important and common pathogen of hospital-acquired pneumonia
(HAP) and ventilator-associated pneumonia (VAP) worldwide (Kalil et al., 2016). The emergence of
multidrug-resistant (MDR) and carbapenem-resistant K. pneumoniae that cause nosocomial
pneumonia represents a challenge for public health because of their limited treatment options
(Rodrıǵuez-Baño et al., 2018; Tamma et al., 2021). Notably, K. pneumoniae is also a common
gy | www.frontiersin.org June 2022 | Volume 12 | Article 9036821

https://www.frontiersin.org/articles/10.3389/fcimb.2022.903682/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.903682/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.903682/full
https://www.frontiersin.org/articles/10.3389/fcimb.2022.903682/full
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:ytlin8@vghtpe.gov.tw
https://doi.org/10.3389/fcimb.2022.903682
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#editorial-board
https://doi.org/10.3389/fcimb.2022.903682
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://crossmark.crossref.org/dialog/?doi=10.3389/fcimb.2022.903682&domain=pdf&date_stamp=2022-06-23


Chen et al. Klebsiella pneumoniae Bacteremic Pneumonia
pathogen of community-acquired pneumonia (CAP) in Asian
countries, while it is less common in other regions (Song et al.,
2008; Metlay et al., 2019). A surveillance study conducted in
eight Asian countries from 2002 to 2004 showed that K.
pneumoniae accounted for 15.4% of CAP cases and was the
second-leading cause of CAP after Streptococcus pneumoniae
(29.2%) (Song et al., 2008).

Pneumonia caused by K. pneumoniae is usually associated
with high mortality. In our previous study conducted from 2014
to 2016, the 28-day mortality rates of CAP and nosocomial
pneumonia caused by K. pneumoniae were 27.9% and 36.9%,
respectively (Juan et al., 2020). Bacteremia in patients with
pneumonia is associated with a more critical disease course
and higher mortality rate (Forstner et al., 2020). A study
conducted in Japan from 2004 to 2012 showed that the 30-day
mortality was 34.8% for patients with bacteremic pneumonia
caused by K. pneumoniae, which is significantly higher than that
of K. pneumoniae-associated non-bacteremic pneumonia
(11.3%) (Ito et al., 2015). Our previous study conducted from
2001 to 2008 showed that K. pneumoniae surpasses S.
pneumoniae as the dominant pathogen of bacteremic CAP in
Taiwan, and the 28-day mortality is higher for K. pneumoniae
(55.1%) than for S. pneumoniae (27.3%) infections (Lin et al.,
2010). Another study in Taiwan similarly reported K.
pneumoniae as the most common pathogen of bacteremic CAP
in Taiwan from 2008 to 2013, accounting for 21.9% of all cases,
with a high 30-day mortality of 54.1% (Yang et al., 2018).
However, studies on bacteremic nosocomial pneumonia caused
by K. pneumoniae are limited. Our previous study conducted in
2015 identified pneumonia as the source of bacteremia in 21.8%
of patients with K. pneumoniae nosocomial bacteremia (Juan
et al., 2019).

The high mortality in patients with bacteremic pneumonia
caused by K. pneumoniae represents a major problem in Taiwan.
The present study revisited the burden of K. pneumoniae
bacteremic pneumonia in the current era. We aimed to
investigate the clinical and microbiological characteristics of
patients with bacteremic pneumonia and investigate the risk
factors associated with 28-day mortality among these patients.
MATERIALS AND METHODS

Study Population
This retrospective cohort study was conducted at the Taipei
Veterans General Hospital, a tertiary care center in Taipei,
Taiwan. Adult patients diagnosed with bacteremic pneumonia
caused by K. pneumoniae between January 2014 and August
2020 were included. The diagnosis of pneumonia was based on
the American Thoracic Society and the Infectious Diseases
Society of America guidelines, which require new or
progressive pulmonary infiltrates to be identified via chest
radiography, and clinical symptoms of pulmonary infection,
including new onset of fever, purulent sputum, leukocytosis,
and decline in oxygenation (Kalil et al., 2016; Metlay et al., 2019).
All patients who had at least one positive blood culture of K.
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pneumoniae drawn within 24 h of diagnosis of pneumonia were
included. Patients with an infection focus other than pneumonia
at the time of diagnosis were excluded. Patients with
polymicrobial infections, defined as blood or respiratory
cultures that contained pathogens other than K. pneumoniae
within 48 h of diagnosis of pneumonia, were also excluded. For
patients with multiple episodes of K. pneumoniae bacteremic
pneumonia during the study period, only the first episode was
included. The study was approved by the Institutional Review
Board of Taipei Veterans General Hospital (2020-04-024BCF).
Informed consent was waived due to the retrospective nature of
the study.

CAP was defined as pneumonia that occurred before
hospitalization or diagnosed within 48 h of hospitalization
(Metlay et al., 2019). Nosocomial pneumonia included HAP
(non-VAP) and VAP; HAP was defined as pneumonia occurring
after at least 48 h of hospitalization, and VAP was defined as
pneumonia occurring after at least 48 h of mechanical ventilation
(Kalil et al., 2016). The guidelines by the Infectious Diseases
Society of America have grouped HAP and VAP together when
considering their treatment (Kalil et al., 2016), therefore we
grouped HAP and VAP together as nosocomial pneumonia.

Data Collection
Medical records of the patients were reviewed, and the following
data were collected on the day of pneumonia diagnosis: age, sex,
prior length of stay (LOS) for patients with nosocomial
pneumonia, comorbidities, and prior antibiotic exposures
within one month. An immunocompromised state was
documented if the patient met one of the following criteria:
neutropenia with an absolute neutrophil count <500/mm3 at the
time of pneumonia diagnosis, steroid use with an equivalent
dose of ≥10 mg prednisolone daily for more than one week
within one month, chemotherapy within one month, or
immunosuppressant use within one month. Malignancies that
were actively treated with chemotherapy or under palliative
treatment were documented.

Comorbidities were evaluated using the Charlson
Comorbidity Index. Disease severity was evaluated within 24 h
of pneumonia diagnosis using the Sequential Organ Failure
Assessment (SOFA) score and the Acute Physiology and
Chronic Health Evaluation II (APACHE II) score (Knaus et al.,
1985; Vincent et al., 1996), and whether the patient exhibited
septic shock.

Antimicrobial agents administered for at least 48 h after the
diagnosis of pneumonia were recorded. The therapy was
considered appropriate if at least one antibiotic with in vitro
activity against the clinical isolate was administered at an
appropriate dose, and adjusted for the patient’s renal function,
if necessary. Appropriate empirical therapy was defined as
appropriate therapy administered within 48 h of pneumonia
diagnosis. Appropriate definitive therapy was defined as
appropriate therapy administered within 24 h after
antimicrobial susceptibility test results were obtained by the
clinician (Juan et al., 2020). The primary interest of this study
was the 28-day mortality.
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Microbiological Analysis
We used Matrix-assisted laser desorption-ionization time-of-
flight mass spectrometry (bioMérieux, Marcy-l’Étoile, France)
for the identification of K. pneumoniae. The minimal inhibitory
concentration (MIC) of common antibiotics were evaluated by
Vitek-2 (bioMérieux Inc., Durham, NC), and the results were
interpreted according to the Clinical Laboratory and Standards
Institute criteria (CLSI, 2022). The capsular genotypes and the
presence of rmpA/rmpA2 genes of the isolates were determined
by polymerase chain reaction (PCR) as described previously (Pan
et al., 2015; Russo et al., 2018). Hypervirulent K. pneumoniae
strains were defined as strains with rmpA or rmpA2 genes, as
described previously (Russo et al., 2018; Russo and Marr, 2019).
Antimicrobial-susceptible strains were defined as strains with
non-susceptibility to ampicillin only (Juan et al., 2020). MDR K.
pneumoniae strains were defined as strains with non-
susceptibility to at least one agent in three or more
antimicrobial categories (Magiorakos et al., 2012). Plasmid-
borne extended spectrum beta-lactamase (ESBL) genes
(encoding CTX-M, TEM, and SHV) and AmpC-like genes
(encoding CMY and DHA) were detected by PCR, as
described previously (Lin et al., 2014). For carbapenem-
resistant strains, the presence of carbapenemase genes were
detected by PCR (encoding Ambler class A families KPC,
Ambler class B families NDM, VIM, and IMP, and Ambler
class D family OXA-48-type) as described previously (Lin
et al., 2019).

Statistical Analysis
Categorical variables were evaluated using the Fisher’s exact test.
Continuous variables were evaluated using the Mann–Whitney
U test. To evaluate the risk factors associated with 28-day
mortality, variables with a value of P < 0.1 in univariate
analysis, after checking for collinearity, were selected via
backward elimination in a multivariate logistic regression
model. The fitness of the model was tested using the Hosmer–
Lemeshow goodness-of-fit test. A two-tailed P < 0.05 value was
considered significant. All analyses were performed using R
software (v3.6.2, R core team, Vienna, Austria).
RESULTS

From January 2014 to August 2020, 182 patients with K.
pneumoniae bacteremic pneumonia were identified, among
which 32 were excluded because of polymicrobial infections,
and 150 patients were finally enrolled. Among the 150 patients,
52 (34.7%) had CAP and 98 (65.3%) had nosocomial pneumonia
(including 48 with HAP, and 50 with VAP). The patients had a
median age of 77.5 (interquartile range [IQR], 63–85.8); 114
patients (76%) were men. The median Charlson Comorbidity
Index was 8 (IQR, 6.2–10). The patients presented with high
disease severity, as the median SOFA score was 10 (IQR, 6–13),
the median APACHE II score was 30 (IQR, 23–35), and 97
patients (64.7%) presented with septic shock within 24 h of
pneumonia diagnosis. The 28-day mortality was 52% for all
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
patients, 36.5% for CAP, and 60.2% for nosocomial pneumonia.
The clinical characteristics of the patients are summarized in
Table 1. Univariate analyses showed that compared to patients
with CAP, patients with nosocomial pneumonia were younger,
more frequently immunocompromised, had more prior
exposure to antibiotics, were less frequently treated with
appropriate empirical and definitive therapy, and had higher
28-day mortality.

The antimicrobial susceptibility and microbiological
characteristics of the 150 K. pneumoniae isolates are
presented in Table 2. Except for amikacin, the susceptibility
rates for all antibiotics were higher for CAP isolates than those
for nosocomial pneumonia isolates. Antimicrobial-susceptible
K. pneumoniae was more frequently isolated from CAP (78.8%;
95% confidence interval [CI], 67.7%–89.9%) than from
nosocomial pneumonia (24.5%; 95% CI, 16.0%–33.0%).
Among all K. pneumoniae isolates, K2 (10.7%) was the most
common capsular type, followed by K1 (9.3%). Capsular types
K1, K2, K5, K20, K54, and K57 were more commonly found in
CAP isolates (53.8%; 95% CI, 40.3%–67.4%) than in
nosocomial pneumonia isolates (15.3%; 95% CI, 8.2%–22.4%).
A total of 48 hypervirulent strains were identified among the K.
pneumoniae isolates. All 30 strains with capsular types K1/K2
and 10/13 (76.9%) strains with capsular types K5, K20, K54,
and K57 were identified as hypervirulent strains. Among the
hypervirulent strains, 43 (89.6%) were antimicrobial-
susceptible strains, and 3 (6.2%) were MDR strains.
Hypervirulent strains were more commonly found in CAP
(61.5%; 95% CI, 48.3%–74.8%) than in nosocomial
pneumonia (16.3%; 95% CI, 9.0%–23.6%). MDR K.
pneumoniae was more frequently isolated from nosocomial
pneumonia (71.4%; 95% CI, 62.5%–80.4%) than from CAP
(19.2%; 95% CI, 8.5%–29.9%). Carbapenem-resistant K.
pneumoniae was also more frequently isolated from
nosocomial pneumonia (58.2%; 95% CI, 48.4%–67.9%) than
from CAP (5.8%; 95% CI, 0.0%–12.1%). As for resistance
mechanisms, ESBL and AmpC beta-lactamase-producing
strains were more commonly found in nosocomial
pneumonia (26.5%; 95% CI, 17.8%–35.3%) than in CAP
(7.7%; 95% CI, 0.4%–14.9%). Among the 98 isolates obtained
from patients with nosocomial pneumonia, 47 (48%) produced
carbapenemases, among which K. pneumoniae carbapenemase-
2 was the predominant carbapenemase (43/47, 91.5%).
Carbapenemase-producing K. pneumoniae was not isolated
from CAP.

The clinical and microbiological characteristics of patients
with nosocomial K. pneumoniae bacteremic pneumonia are
presented in Table 3. Univariate analyses showed that
compared to patients with HAP, those with VAP had longer
length of stay before pneumonia, lower Charlson Comorbidity
Index, were more frequently under hemodialysis, less frequently
diagnosed with malignancy, and had more prior exposures to
antibiotics, especially carbapenems. Hypervirulent K.
pneumoniae was more frequently isolated from patients with
HAP than those with VAP, while ESBL/AmpC-producing strains
and Carbapenemase-producing strains were more frequently
June 2022 | Volume 12 | Article 903682
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isolated from patients with VAP than those with HAP. No
significant difference in 28-day mortality was observed between
HAP and VAP cases.

The clinical characteristics of the 28-day survivors and non-
survivors are presented in Table 4. Univariate analyses showed
that nosocomial pneumonia, Charlson Comorbidity Index, prior
exposure to antibiotics (3rd or 4th generation cephalosporins,
beta-lactam-beta-lactamase inhibitors, and carbapenems), SOFA
score, APACHE II score, septic shock, and carbapenemase-
producing K. pneumoniae were associated with a higher 28-day
mortality; hypervirulent K. pneumoniae and appropriate
definitive therapy were associated with a lower 28-day
mortality. In multivariate analysis, nosocomial pneumonia
(adjusted odds ratio [aOR], 2.5; 95% CI, 1.09–5.75; P = 0.031)
and SOFA score (aOR, 1.29; 98% CI, 1.16–1.44; P < 0.001) were
positive predictors of 28-day mortality, and appropriate
definitive therapy (aOR, 0.08; 95% CI, 0.01–0.75; P = 0.026)
was a protective factor against 28-day mortality (Table 5).

For patients with CAP, univariate analyses showed that the
SOFA score, APACHE II score, and septic shock were associated
with a higher 28-day mortality (Additional file 1: Table S1). In
multivariate analysis, the APACHE II score (aOR, 1.1; 95% CI,
1.01-1.21; P=0.037) represented a risk factor for 28-day mortality
(Additional file 1: Table S2).
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
For patients with nosocomial pneumonia, univariate analyses
showed that the Charlson Comorbidity Index, prior exposures to
3rd or 4th generation cephalosporins, SOFA score, APACHE II
score, and septic shock were associated with a higher 28-day
mortality; appropriate definitive therapy was associated with a
lower 28-day mortality (Additional file 1: Table S3). In
multivariate analysis, the Charlson Comorbidity Index (aOR,
1.28; 95% CI, 1.08-1.51; P=0.004) and SOFA score (aOR, 1.32;
95% CI, 1.15-1.52; P<0.001) represented risk factors for 28-day
mortality; appropriate definitive therapy (aOR, 0.1; 95% CI, 0.01-
0.96; P=0.046) was a protective factor against 28-day mortality
(Additional file 1: Table S4).
DISCUSSION

In this study, we revisited the clinical and microbiological
characteristics of K. pneumoniae bacteremic pneumonia in
Taiwan in recent years. We found a remarkably high 28-day
mortality in the patients, especially for nosocomial pneumonia.
Host factors and disease severity were found to markedly affect
the treatment outcomes of patients with K. pneumoniae
bacteremic pneumonia. Additionally, timely and effective
therapy is essential to improve the survival of these patients.
TABLE 1 | Clinical characteristics of patients with K. pneumoniae bacteremic pneumonia.

Variable All patients n=150 CAP n=52 (34.7%) Nosocomial pneumonia n=98 (65.3%) P value

Demographics
Age 77.5 (63-85.8) 80.5 (69.2-86.2) 73 (60.2-85) 0.025
Male sex 114 (76) 41 (78.8) 73 (74.5) 0.688

Underlying disease
Charlson Comorbidity Index 8 (6.2-10) 8 (6.8-9.2) 9 (6.2-11) 0.366
Diabetes mellitus 55 (36.7) 20 (38.5) 35 (35.7) 0.859
Congestive heart failure 31 (20.7) 10 (19.2) 21 (21.4) 0.834
Chronic kidney disease 47 (31.3) 17 (32.7) 30 (30.6) 0.854
Hemodialysis 24 (16) 4 (7.7) 20 (20.4) 0.060
Liver cirrhosis 11 (7.3) 4 (7.7) 7 (7.1) 1.000
Cerebral vascular disease 40 (26.7) 16 (30.8) 24 (24.5) 0.441
Malignancy 68 (45.3) 21 (40.4) 47 (48) 0.394
Immunosuppression 60 (40) 13 (25) 47 (48) 0.008

Prior antibiotic exposure
Any antibiotic 87 (58) 12 (23.1) 75 (76.5) <0.001
1st/2nd generation CEF 13 (8.7) 4 (7.7) 9 (9.2) 1.000
3rd/4th generation CEF 40 (26.7) 6 (11.5) 34 (34.7) 0.002
BLBLI 48 (32) 7 (13.5) 41 (41.8) <0.001
Carbapenem 46 (30.7) 1 (1.9) 45 (45.9) <0.001
Fluoroquinolone 36 (24) 5 (9.6) 31 (31.6) 0.002
Aminoglycoside 10 (6.7) 1 (1.9) 9 (9.2) 0.166

Disease severity
SOFA score 10 (6-13) 10.5 (6-13) 10 (6-14) 0.673
APACHE II score 30 (23-35) 30 (23.8-35) 29.5 (23-35.8) 0.756
Septic shock at diagnosis 97 (64.7) 35 (67.3) 62 (63.3) 0.720

Treatment
Appropriate empirical therapy 123 (82) 48 (92.3) 75 (76.5) 0.024
Appropriate definite therapy 135 (90) 51 (98.1) 84 (85.7) 0.020

Outcome
28-day mortality 78 (52) 19 (36.5) 59 (60.2) 0.006
June 2022 | Volume 12 | Article
Data are presented as median (interquartile range) for continuous variables, and number (percent) for categorical variables. Categorical variables were evaluated using the Fisher’s exact
test. Continuous variables were evaluated using the Mann–Whitney U test. Statistically significant P values are highlighted in bold. CAP, community-acquired pneumonia; CEF,
cephalosporin; BLBLI, b-lactam-b-lactamase inhibitor.
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K. pneumoniae is a common pathogen of CAP in Asian
countries. We previously showed that the 28-day mortality of
bacteremic CAP caused by K. pneumoniae was 55.1% between
2001 and 2008 in our hospital, and capsular type K1/K2
comprised half of the clinical isolates (Lin et al., 2010). We
revisited the burden of pneumonia caused by K. pneumoniae
from 2014 to 2020 in the present study and found that the 28-day
mortality of bacteremic CAP caused by K. pneumoniae was
36.5%, and capsular type K1/K2 comprised 38.5% of the
clinical isolates. Recent advances in clinical care may be
responsible for the decreased mortality rates; however, these
findings highlight the serious health issues of K. pneumoniae
infections in Taiwan. Capsular types K1/K2 remained prevalent
among the K. pneumoniae isolates that caused bacteremic CAP,
consistent with the endemic nature of these strains in Taiwan
(Lin et al., 2010). The presence of such capsular types of K.
pneumoniae in the nasopharynx (Lin et al., 2015), and the
possibility of community spreading continue to represent
challenging issues. Moreover, it is alarming that MDR K.
pneumoniae comprised 19.2% of the strains isolated from
bacteremic CAP in the current study, while no MDR K.
pneumoniae strains were isolated from bacteremic CAP in the
previous study from 2001 to 2008 (Lin et al., 2010). One recent
study in Taiwan also showed that bacteremia-causing K.
pneumoniae strains isolated in 2017 had increased resistance to
most classes of antimicrobial agents compared to those isolated
in 2007 (Huang et al., 2020). Notably, in our study, 23.1% of the
patients with bacteremic CAP were exposed to antibiotics within
a month before the CAP episode. Antimicrobial exposure may
partially account for the increased antimicrobial resistance in the
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
current era, and highlights the urgent need to manage
antimicrobial resistance in communities.

In our previous study from 2014 to 2016, we demonstrated
that hypervirulent strains comprised 79.4% of the K. pneumoniae
isolates that caused CAP and 41% of the K. pneumoniae isolates
that caused nosocomial pneumonia (Juan et al., 2020). In the
current study, hypervirulent strains comprised 61.5% and 16.3%
of the K. pneumoniae isolates that caused bacteremic CAP and
nosocomial pneumonia, respectively. MDR strains comprised
6.2% of the hypervirulent strains in the current study, similar to
our previous findings from 2014 to 2016 (5.1%) (Juan et al.,
2020). Our findings suggest that hypervirulent K. pneumoniae
strains remain common in both community and hospital settings
in Taiwan.

In our previous study conducted from 2014 to 2016 on
pneumonia caused by K. pneumoniae, MDR K. pneumoniae
comprised 49.3% of the clinical isolates of nosocomial
pneumonia, and carbapenem-resistant K. pneumoniae
comprised 24.6% of the isolates (Juan et al., 2020). In our
current study, the proportion of MDR K. pneumoniae and
carbapenem-resistant K. pneumoniae increased to 71.4% and
58.2%, respectively. Therefore, the antimicrobial resistance of K.
pneumoniae in nosocomial pneumonia during the past five years
in Taiwan has increased to an alarming extent. Nosocomial
pneumonia itself is an independent risk factor for 28-day
mortality in all cases, and the increased spread of
antimicrobial-resistant strains represents a challenging issue for
physicians. When comparing the characteristics of CAP and
nosocomial pneumonia, MDR and carbapenem-resistant K.
pneumoniae were more commonly isolated in nosocomial
TABLE 2 | Antimicrobial susceptibility and microbiological characteristics of the K. pneumoniae clinical isolates.

Variable All patients n=150 CAP n=52 (34.7%) Nosocomial pneumonia n=98 (65.3%) P value

Antimicrobial susceptibility
Cefuroxime 70 (46.7) 43 (82.7) 27 (27.6) <0.001
Ceftazidime 73 (48.7) 46 (88.5) 27 (27.6) <0.001
Cefepime 86 (57.3) 51 (98.1) 35 (35.7) <0.001
Piperacillin/Tazobactam 77 (51.3) 47 (90.4) 30 (30.6) <0.001
Ciprofloxacin 72 (48) 44 (84.6) 28 (28.6) <0.001
Levofloxacin 68 (45.3) 41 (78.8) 27 (27.6) <0.001
Ertapenem 91 (60.7) 50 (96.2) 41 (41.8) <0.001
Imipenem 99 (66) 52 (100) 47 (48) <0.001
Amikacin 144 (96) 51 (98.1) 93 (94.9) 0.665
Gentamicin 111 (74) 48 (92.3) 63 (64.3) <0.001

Capsular types
K1 14 (9.3) 10 (19.2) 4 (4.1) 0.006
K2 16 (10.7) 10 (19.2) 6 (6.1) 0.023
K1 and K2 30 (20) 20 (38.5) 10 (10.2) <0.001
K1, K2, K5, K20, K54, and K57 43 (28.7) 28 (53.8) 15 (15.3) <0.001

Hypervirulent K. pneumoniae 48 (32) 32 (61.5) 16 (16.3) <0.001
Antimicrobial susceptible K. pneumoniae 65 (43.3) 41 (78.8) 24 (24.5) <0.001
MDR K. pneumoniae 80 (53.3) 10 (19.2) 70 (71.4) <0.001
Carbapenem resistant K. pneumoniae 60 (40) 3 (5.8) 57 (58.2) <0.001
Resistance mechanisms
ESBL/AmpC-producing strains 30 (20) 4 (7.7) 26 (26.5) 0.005
Carbapenemase-producing strains 47 (31.3) 0 (0) 47 (48) -
KPC-2-producing strains 43 (28.7) 0 (0) 43 (43.9) -
OXA-48-producing strains 4 (2.7) 0 (0) 4 (4.1) -
June 2022 | Volume 12 | Article
Data are presented as number (percent), and evaluated using the Fisher’s exact test. Statistically significant P values are highlighted in bold. CAP, community-acquired pneumonia; MDR,
multidrug-resistant; ESBL, extended-spectrum beta-lactamase; KPC, Klebsiella pneumoniae carbapenemase.
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pneumonia than in CAP. It may be associated with more
common previous exposures to antibiotics among patients with
nosocomial pneumonia compared to those with CAP.

The mortality associated with K. pneumoniae bacteremic
nosocomial pneumonia has not been previously reported, and we
demonstrated for the first time a high 28-day mortality of 60.2%
among these patients, despite the advanced clinical care in the
current era. Notably, appropriate definitive therapy was a
protective factor against 28-day mortality for all patients and for
those with nosocomial pneumonia, emphasizing the importance of
timely effective therapy according to the microbial culture and
antimicrobial sensitivity results. A recent study evaluating
bacteremia caused by carbapenemase-producing Enterobacterales,
among which 86% were K. pneumoniae, also showed that
appropriate definitive therapy is a protective factor against 30-
day mortality (Gutiérrez-Gutiérrez et al., 2017). In addition, a
higher SOFA score was also a risk factor of 28-day mortality.
However, the microbiological characteristics of the clinical isolates,
such as hypervirulence or carbapenem resistance, were not
significantly associated with mortality. This indicates that host
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
factors, disease severity, and timely appropriate therapy play more
important roles in determining the outcomes of these patients.

Our study has a few limitations. First, this single-center study
design may represent the epidemiology in Taiwan alone; however,
the findings are valuable given the global increase in carbapenem-
resistant K. pneumoniae prevalence and the high prevalence of
hypervirulent K. pneumoniae in Asia. Second, the retrospective
study design may contain selection bias. For example, patients with
severe pneumonia and undiagnosed bacteremia might not have
been included. Moreover, the relatively old age of our study
population, and the initial reasons of hospitalization for patients
with nosocomial pneumonia may have affected the mortality rate.
Third, we only used rmpA/rmpA2 genes to identify hypervirulent K.
pneumoniae, and the consensus of the markers for hypervirulent K.
pneumoniae was not concluded in the literature (Zhu et al., 2021).
Fourth, more than half of the nosocomial isolates were resistant to
carbapenem, and novel antimicrobial agents against carbapenem-
resistant K. pneumoniae, such as ceftazidime-avibactam, were not
available during the study period (Shields et al., 2017; Yahav et al.,
2020). Further studies are necessary to identify the benefits of novel
TABLE 3 | Characteristics of patients with nosocomial bacteremic pneumonia.

Variable HAP (non-VAP) n=48 (49%) VAP n=50 (51%) P value

Demographics
Age 76.5 (62.8-85) 69.5 (56.2-85) 0.363
Male sex 36 (75) 37 (74) 1.000
LOS before pneumonia, days 15 (7-31.5) 31 (11.5-94.8) 0.010

Underlying disease
Charlson Comorbidity Index 9 (7-11) 8 (5-10) 0.044
Diabetes mellitus 21 (43.8) 14 (28) 0.140
Congestive heart failure 9 (18.8) 12 (24) 0.625
Chronic kidney disease 14 (29.2) 16 (32) 0.828
Hemodialysis 5 (10.4) 15 (30) 0.023
Liver cirrhosis 2 (4.2) 5 (10) 0.436
Cerebral vascular disease 11 (22.9) 13 (26) 0.816
Malignancy 29 (60.4) 18 (36) 0.026
Immunosuppression 19 (39.6) 28 (56) 0.112

Prior antibiotic exposure
Any antibiotic 31 (64.6) 44 (88) 0.008
1st/2nd generation CEF 4 (8.3) 5 (10) 1.000
3rd/4th generation CEF 12 (25) 22 (44) 0.058
BLBLI 19 (39.6) 22 (44) 0.687
Carbapenem 14 (29.2) 31 (62) 0.001
Fluoroquinolone 11 (22.9) 20 (40) 0.084
Aminoglycoside 3 (6.2) 6 (12) 0.487

Disease severity
SOFA score 9 (6.8-12) 11 (6-15.8) 0.080
APACHE II score 27.5 (19.8-37) 31.5 (24.2-35) 0.141
Septic shock at diagnosis 29 (60.4) 33 (66) 0.676

Microbiological characteristics
Hvpervirulent KP 13 (27.1) 3 (6) 0.006
ESBL/AmpC-producing KP 8 (16.7) 18 (36) 0.040
Carbapenemase-producing KP 16 (33.3) 31 (62) 0.005

Treatment
Appropriate empirical therapy 34 (70.8) 41 (82) 0.237
Appropriate definite therapy 39 (81.2) 45 (90) 0.257

Outcome
28-day mortality 33 (68.8) 26 (52) 0.103
June 2022 | Volume 12 | Article
Data are presented as median (interquartile range) for continuous variables, and number (percent) for categorical variables. Categorical variables were evaluated using the Fisher’s exact
test. Continuous variables were evaluated using the Mann–Whitney U test. Statistically significant P values are highlighted in bold. HAP, hospital-acquired pneumonia; VAP, ventilator-
associated pneumonia; LOS, length of stay; CEF, cephalosporin; BLBLI, b-lactam-b-lactamase inhibitor; KP, Klebsiella pneumoniae; ESBL, extended-spectrum beta-lactamase.
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agents in the treatment of bacteremic nosocomial pneumonia
caused by carbapenem-resistant K. pneumoniae. However, our
findings are valuable since these new agents remain unavailable in
many countries.
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In conclusion, revisiting K. pneumoniae bacteremic
pneumonia in Taiwan in the current era showed a high
mortality rate, especially for nosocomial pneumonia.
Nosocomial pneumonia, SOFA score, and lack of appropriate
TABLE 4 | Characteristics of 28-day survivors and non-survivors.

Variable Survivors n=72 (48%) Non-survivors n=78 (52%) P value

Demographics
Age 75 (63-83.5) 80 (62.2-87) 0.100
Male sex 58 (80.6) 56 (71.8) 0.253
Nosocomial pneumonia 39 (54.2) 59 (75.6) 0.006

Underlying disease
Charlson Comorbidity Index 8 (5-9.2) 9 (7-11) 0.001
Diabetes mellitus 28 (38.9) 27 (34.6) 0.614
Congestive heart failure 14 (19.4) 17 (21.8) 0.841
Chronic kidney disease 20 (27.8) 27 (34.6) 0.384
Hemodialysis 9 (12.5) 15 (19.2) 0.276
Liver cirrhosis 5 (6.9) 6 (7.7) 1.000
Cerebral vascular disease 18 (25) 22 (28.2) 0.714
Malignancy 27 (37.5) 41 (52.6) 0.073
Immunosuppression 23 (31.9) 37 (47.4) 0.067

Prior antibiotic exposure
Any antibiotic 36 (50) 51 (65.4) 0.069
1st/2nd generation CEF 9 (12.5) 4 (5.1) 0.148
3rd/4th generation CEF 11 (15.3) 29 (37.2) 0.003
BLBLI 17 (23.6) 31 (39.7) 0.037
Carbapenem 15 (20.8) 31 (39.7) 0.014
Fluoroquinolone 17 (23.6) 19 (24.4) 1.000
Aminoglycoside 5 (6.9) 5 (6.4) 1.000

Disease severity
SOFA score 7 (5-11) 12 (9-15.8) <0.001
APACHE II score 25 (19.8-31.2) 33 (27.2-38) <0.001
Septic shock at diagnosis 34 (47.2) 63 (80.8) <0.001

Microbiological characteristics
Hvpervirulent KP 30 (41.7) 18 (23.1) 0.022
ESBL/AmpC-producing KP 10 (13.9) 20 (25.6) 0.101
Carbapenemase-producing KP 16 (22.2) 31 (39.7) 0.023

Treatment
Appropriate empirical therapy 61 (84.7) 62 (79.5) 0.524
Appropriate definite therapy 71 (98.6) 64 (82.1) 0.001
June 2022 | Volume 12 | Article
Data are presented as median (interquartile range) for continuous variables, and number (percent) for categorical variables. Categorical variables were evaluated using the Fisher’s exact
test. Continuous variables were evaluated using the Mann–Whitney U test. Statistically significant P values are highlighted in bold. CEF, cephalosporin; BLBLI, b-lactam-b-lactamase
inhibitor; KP, Klebsiella pneumoniae; ESBL, extended-spectrum beta-lactamase.
TABLE 5 | Logistic regressions for variables associated with 28-day mortality.

Variable Univariate Multivariate

P value OR (95% CI) P value aOR (95% CI)

Nosocomial pneumonia 0.006 2.63 (1.31-5.26) 0.031 2.5 (1.09-5.75)
Charlson Comorbidity Index 0.001 1.23 (1.09-1.38) 0.071 1.14 (0.99-1.32)
Malignancy 0.065 1.85 (0.96-3.54) 0.080 2.25 (0.91-5.56)
Immunosuppression 0.054 1.92 (0.99-3.74) – –

Previous exposure, 3rd/4th CEF 0.003 3.28 (1.49-7.23) – –

Previous exposure, BLBLI 0.036 2.13 (1.05-4.33) – –

Previous exposure, carbapenem 0.013 2.51 (1.21-5.19) – –

SOFA score <0.001 1.25 (1.14-1.37) <0.001 1.29 (1.16-1.44)
APACHE II score <0.001 1.11 (1.06-1.16) – –

Septic shock at diagnosis <0.001 4.69 (2.26-9.73) – –

Hvpervirulent KP 0.016 0.42 (0.21-0.85) – –

Carbapenemase-producing KP 0.022 2.31 (1.13-4.73) – –

Appropriate definitive therapy 0.009 0.06 (0.01-0.5) 0.026 0.08 (0.01-0.75)
Statistically significant P values are highlighted in bold. OR, odds ratio; CI confidence interval; aOR, adjusted odds ratio; CEF, cephalosporin; BLBLI, b-lactam-b-lactamase inhibitor; KP,
Klebsiella pneumoniae.
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definitive treatment were positive predictors of 28-day mortality
among patients with K. pneumoniae bacteremic pneumonia. The
increased proportion of carbapenem-resistant K. pneumoniae
among strains that cause bacteremic nosocomial pneumonia is a
serious problem, and studies on novel antibiotics against
carbapenem-resistant K. pneumoniae are necessary.
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