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Abstract

Objective: This study analyzed the characteristics and tendencies of resistance to common

antibiotics for Klebsiella pneumoniae to provide a basis for clinical treatment and prevention.

Methods: A total of 71,743 isolates were collected from hospital clinical specimens following

standard procedures from 2006 to 2020. Statistical analyses were conducted on laboratory test

results.

Results: A total of 3054 isolates of K. pneumoniae were mainly isolated from sputum (53.77%),

urine (14.70%), and blood (8.42%). Isolation rates of strains in the AIDS, hepatology, and intensive

care wards were 9.72%, 12.52%, and 16.45%, respectively. Resistance rates of imipenem, cefazo-

lin, gentamicin, tobramycin, ciprofloxacin, and ceftazidime respectively increased from 2.33%,

27.91%, 16.28%, 13.95%, 18.60%, and 9.30% to 12.83%, 40.82%, 21.57%, 25.07%, 44.61%, and

17.78%, while piperacillin–tazobactam resistance decreased from 13.95% to 13.70%. Differences

in resistance rates to seven antibiotics were significant among specimen types. Detection rates of

carbapenem-resistant K. pneumoniae were significantly different among blood, sputum, and urine

specimens, and between wards.

Conclusions: The prevalence and drug resistance of K. pneumoniae showed an upward trend

over time, and resistance varied according to ward and specimen source. The prevention of

nosocomial infections and rational drug use must be emphasized to reduce antimicrobial

resistance.
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Introduction

Klebsiella pneumoniae (K. pneumoniae), as a
common opportunistic pathogen, is a main
cause of nosocomial infections, which affect
the lung, bloodstream, and urinary tract.1

K. pneumoniae is second only to
Escherichia coli for the highest detection
rate among Gram-negative bacteria in
China.2 E. coli was the most isolated bacte-
rium from blood and urine samples in
major hospitals in China during 2018, and
showed serious drug resistance,3 while that
of K. pneumoniae is also increasing in
severity.

Hu et al.3 found that the resistance rates
of K. pneumoniae to imipenem and merope-
nem increased more than eight-fold from
2005 to 2018 (from 3.0%–25% and from
2.9%–26.3%, respectively), while those to
ceftazidime and ciprofloxacin increased
from 19.7% to 21.7% and from 17.3% to
22.4%, respectively, from 2014 to 2019.2

The resistance mechanism of K. pneumoniae
mainly includes the production of
b-lactamase, the lack of membrane porin
proteins, and the active efflux of antibacte-
rial drugs. Extended-spectrum b-lactamase
(ESBL)-producing K. pneumoniae has a
high degree of drug resistance, which can
simultaneously present with multiple resis-
tance mechanisms, often resulting in multi-
drug resistance.4

Carbapenem antibiotics are commonly
used in the clinic for the ESBL-producing
K. pneumoniae. However, their overuse
has led to significant increases in K. pneu-
moniae resistance rates in recent years.
For example, the China Antimicrobial

Resistance Surveillance Network
(CHINET) showed that the resistance rate
of K. pneumoniae to carbapenems was over
20% in 2018.3 Carbapenem-resistant
K. pneumoniae (CRKP) causes nosocomial
infections with high morbidity, high mortal-
ity, and requiring extensive hospital stays;
this has become a global problem with a
high socioeconomic burden.5 To under-
stand the prevalence of K. pneumoniae
infection in Hangzhou, China, and to pro-
vide a basis for clinical treatment and nos-
ocomial infection control, this retrospective
study investigated and analyzed the preva-
lence and resistance trends of K. pneumo-
niae in Hangzhou Xixi Hospital Affiliated
to Zhejiang Chinese Medical University
from 2006 to 2020, which specializes in
treating liver disease and AIDS.

Materials and methods

Specimen sources

A total of 3054 routine clinical specimens,
including sputum, urine, and blood, were
taken from patients infected with K. pneu-
moniae who had been admitted to different
wards of Hangzhou Xixi Hospital Affiliated
to Zhejiang Chinese Medical University, a
tertiary infectious diseases hospital, from
2006 to 2020. Informed consent was not
required because the samples were obtained
for a previous study. Patients were divided
into two groups: the older group (�65 years
old, n¼ 1196), and the younger group
(<65 years old, n¼ 1858). Strains of
K. pneumoniae were isolated from the sam-
ples using standard microbiology laboratory
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procedures, and identified using the VITEK 2
compact system (bioM�erieux, Craponne,
France). Duplicate strains, defined as the
same bacterial species from the same speci-
men source from the same patient, were
excluded from analysis. This study was
approved by the local medical ethics commit-
tee of Hangzhou Xixi Hospital.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing with the
VITEK 2 compact system was performed
using the VITEK 2 AST-GN13 card
(bioM�erieux). Based on the suggested
groupings of antimicrobial agents that
should be considered for testing and report-
ing on non-fastidious organisms by the
Clinical and Laboratory Standards
Institute (CLSI)6, we selected group A anti-
biotics for analysis. This included antimi-
crobial agents considered appropriate for
inclusion in a routine, primary testing
panel, as well as for the routine reporting
of results for the specific organism group.
Ultimately, we assessed resistance to seven
antibiotics: imipenem, cefazolin, gentami-
cin, tobramycin, ciprofloxacin, piperacil-
lin–tazobactam, and ceftazidime. E. coli
ATCC 25922 was used as a quality control.

Statistical analyses

Statistical analysis was performed with

WHONET5.67 and IBM SPSS Statistics

for Windows, Version 25.0 (IBM Corp.,

Armonk, NY, USA). Categorical variables

were described as counts and percentages,

and compared using the chi-square test (v2).
P-values <0.05 were considered statistically

significant.

Results

Distribution of K. pneumoniae

A total of 71,743 K. pneumoniae isolates

were collected from clinical specimens

between 2006–2020. Annual isolate num-

bers ranged from 55 to 1316. The largest

number of isolates was detected in 2017

(n¼ 1316), and the detection rate peaked

in 2020, accounting for up to 32.30% of

the total isolates (Figure 1).

Characteristics of K. pneumoniae

Between 2008 and 2020, detection rates of

K. pneumoniae were 9.72%, 12.52%, and

16.45% in the AIDS ward, hepatology

ward, and intensive care unit (ICU),

Figure 1. The number and positive rate of K. pneumoniae infections from 2006 to 2020.
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respectively, and 61.31% in other wards.

There was no detailed division of wards in

2006 to 2007, so this analysis was excluded.

Figure 2 shows that the numbers of

K. pneumoniae detected in the ICU and

AIDS ward increased over time, especially

in the ICU between 2015 and 2017, while

numbers in the hepatology ward remained

relatively stable.
K. pneumoniae strains were mostly isolat-

ed from sputum (53.77%) and urine

(14.70%). Strains were also isolated from

blood (8.42%), pus (7.89%), ascites

(2.69%), bile (2.10%), and other specimens

(10.45%). The proportion of K. pneumoniae

isolated from sputum was consistently high-

est. The number of K. pneumoniae isolated

from urine, but not blood, increased over

time. K. pneumoniae isolated from bile

and ascites occupied a relatively small

percentage of the total bacterial population

(Figure 3).

Antibiotic resistance of K. pneumoniae

K. pneumoniae resistance rates to six of the

antibiotics increased in varying degrees

from 2006 to 2020, while that to piperacil-

lin–tazobactam was relatively stable

(Figure 4). Increases in resistance rates
were significant for imipenem (which
increased from 2.33% to 12.83% from
2006–2020; P< 0.05), and ciprofloxacin
(which increased from 18.60% to 44.61%
from 2006–2020; P< 0.05). Resistance
rates were not significantly different for
the other five antibiotics (Table 1).

Considering resistance trends of K. pneu-
moniae isolated from blood, sputum, and
urine samples, we detected the highest resis-
tance rate to cefazolin, regardless of the
specimen analyzed (Figure 5). K. pneumo-
niae resistance rates to different antibiotics
were then compared between different
sample types. Only cefazolin and ciproflox-
acin resistance rates showed significant dif-
ferences between blood and sputum
specimens (P< 0.05; Figure 6). Significant
differences in the resistance rates of all
seven antibiotics were identified between
blood and urine specimens and between
sputum and urine specimens (P< 0.05;
Figure 6).

Isolated CRKP were then compared
with respect to specimen type, patient age,
and hospital ward. The detection rate of
CRKP in older patients (15.55%) was sig-
nificantly higher than in younger patients

Figure 2. The number of K. pneumoniae infections in different hospital wards. Because there was no
detailed division of wards in 2006–2007, this analysis was not included.
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(5.49%) (P< 0.05). Detection rates of
CRKP among blood (8.17%), sputum
(9.56%), and urine (13.36%) specimens
were also significant (P< 0.05). Similarly,
data analyzed from 2011 to 2020 showed
that CRKP detection rates differed signifi-
cantly among the hepatology ward (1.37%),
ICU (21.19%), and AIDS ward (5.88%)
(Table 2).

Discussion

As an important conditional pathogen of

hospitals, K. pneumoniae can cause multiple

systemic infections such as pneumonia, uri-

nary tract infections, and bloodstream

infections.1 K. pneumoniae is the second

most common pathogen of nosocomial

infections in China.3 This study analyzed

Figure 4. Resistance rates of K. pneumoniae to different antibiotics from 2006 to 2020
IPM, imipenem; CZO, cefazolin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin;
TZP, piperacillin–tazobactam; CAZ, ceftazidime.

Figure 3. Percentage of different specimens with positive K. pneumoniae isolates from 2006 to 2020.
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data from Hangzhou Xixi Hospital
Affiliated to Zhejiang Chinese Medical
University, a tertiary that takes site-
directed admissions of infectious disease
cases in Zhejiang Province, China.
Between 2006 and 2020, the isolation rate
of K. pneumoniae has progressively grown
from 1.57% to 32.30%, and now exceeds
the national average. This suggests that
K. pneumoniae is becoming increasingly
widespread and dominating in this area.2,8

The treatment of AIDS and liver disease
is a feature of our hospital, and ICU
patients are prone to opportunistic infec-
tions because they are immunocompro-
mised. Accordingly, we observed the
highest detection rate of K. pneumoniae in
the ICU; the rate increased rapidly between
2015 and 2017, and remained at a high level
since then. A moderate increase was
observed in the AIDS ward, while the rate
was relatively stable in the hepatology

Table 1. Comparison of K. pneumoniae drug resistance.

Antibiotic Resistance rate in 2006 (%) Resistance rate in 2020 (%)

IPM 2.33 (1/43) 12.83 (44/343)*

CZO 27.91 (12/43) 40.82 (140/343)

GEN 16.28 (7/43) 21.57 (74/343)

TOB 13.95 (6/43) 20.07 (86/343)

CIP 18.60 (8/43) 44.61 (153/343)*

TZP 13.95 (6/43) 13.70 (47/343)

CAZ 9.30 (4/43) 17.78 (61/343)

*P< 0.05. IPM, imipenem; CZO, cefazolin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; TZP, piperacillin–

tazobactam; CAZ, ceftazidime.

Figure 5. Resistance of K. pneumoniae to different antibiotics among specimens.
IPM, imipenem; CZO, cefazolin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin; TZP, piperacillin–
tazobactam; CAZ, ceftazidime.
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ward. A possible explanation for this is that

the ICU primarily admits patients with
severe disease, including critically ill

patients with infections and those with mul-

tiple diseases. Moreover, cross-infection can
occur through a variety of channels, includ-

ing treatment devices and equipment.
Conversely, patients in the AIDS and hep-

atology wards have usually received some
treatment and developed a level of

immunity. Patients in the ICU may also

be at a higher risk of developing
ventilator-associated pneumonia (VAP)

because invasive mechanical ventilation

damages the respiratory tract’s local muco-
sal barrier. Indeed, in Taiwan, Thailand,

and Singapore, K. pneumoniae is one of
the most prevalent bacteria causing

hospital-acquired pneumonia and VAP.9,10

We recommend that increased attention be

Figure 6. The number of antibiotic-resistant K. pneumoniae among different specimens. *P< 0.05.
IPM, imipenem; CZO, cefazolin; GEN, gentamicin; TOB, tobramycin; CIP, ciprofloxacin;
TZP, piperacillin–tazobactam; CAZ, ceftazidime.

Table 2. CRKP analysis between 2006 and 2020.

Characteristic

Total K. pneumoniae

cases, n (%)

CRKP cases,

n (positivity %) P-value

Patient age (years)

�65 1196 (39.16%) 186 (15.55%) <0.05

<65 1858 (60.84%) 102 (5.49%)

Specimen

Blood 257 (8.42%) 21 (8.17%) <0.05

Sputum 1642 (53.77%) 157 (9.56%)

Urine 449 (14.70%) 60 (13.36%)

Ward

Hepatology ward 292 (10.38%)† 4 (1.37%) <0.05

ICU 472 (16.79%)† 100 (21.19%)

AIDS ward 289 (10.28%)† 17 (5.88%)

†Data from 2011 to 2020.
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paid to the management of hospital depart-
ments to prevent and control the spread
and cross-infection of K. pneumoniae.

With respect to K. pneumoniae detection
among different specimens, we observed the
highest rate in sputum samples, followed by
samples of urine and blood, which is con-
sistent with nationwide findings in China.3

This suggests that K. pneumoniae is one of
the main pathogenic bacteria of respiratory
tract infections, which should be taken into
account during diagnosis. Several studies
have analyzed K. pneumoniae isolated
from blood or urine specimens.11–14

Zanichelli et al. showed that the isolation
frequency of K. pneumoniae from urine
samples in Switzerland between 2009 and
2016 was secondary only to that of E. coli,
and the drug resistance trend was increas-
ingly serious, which was consistent with the
findings of Ding et al. in Chongqing, China.
Most pathogens associated with urinary
tract infections were previously shown
to be Enterobacteriaceae, while 5% to
10% were K. pneumoniae.15,16 Moreover,
K. pneumoniae was reported to be the
second most prevalent Gram-negative
bacilli pathogen of bacteremia in hospitals
and communities, after E. coli, and to have
a high mortality rate.17

Increasing resistance rates of K. pneumo-
niae to imipenem, resulting in CRKP, pose
a huge challenge to clinical treatment. In
our study, CRKP detection rates were high-
est in the ICU, which is consistent with pre-
vious findings.5 The main risk factors of
CRKP infection were reported to be
sputum suction18 and admission to the
ICU.19,20 We observed significant differen-
ces in the resistance rates of K. pneumoniae
to seven antibiotics among blood, urine,
and sputum specimens, indicating that dif-
ferent antibiotic treatment schemes should
be adopted for patients with different infec-
tion sites.

CHINET data from 2018 revealed
increased resistance rates of K. pneumoniae

to imipenem and meropenem,3 while the
resistance rate of K. pneumoniae to carba-
penem similarly increased from 2% to 12%
in Singapore,21 and showed steady increases
in Vietnam, Thailand, Malaysia, the
Philippines, and Italy.22,23 As one of the
most important treatments for ESBL-
producing bacteria, carbapenem antibiotics
are widely used to treat serious infec-
tions.22,24 However, the overuse of antibiot-
ics has increased the spread of CRKP, and
even resulted in the emergence of extensive-
ly drug-resistant bacteria, which has caused
challenges for clinical treatment.11

Carbapenemase production is the main
cause of K. pneumoniae resistance to
carbapenems. The first K. pneumoniae
carbapenemase-1-producing K. pneumoniae
strain was reported in the USA in 2001 by
Yigit et al.25 It caused CRKP nosocomial
outbreaks in many countries and regions
because of the easy transmission of genes
encoding KPC-1 enzymes.26–29 In China,
the first KPC-2-producing K. pneumoniae
was reported in Zhejiang Province in
2007;30 KPC-2 strains are currently the
most common isolates in the clinic.5,31

The present study has some limitations.
Because of its long time span, the antibiot-
ics used for susceptibility testing at the start
of the study differed from those used more
recently. Accordingly, we did not analyze
the resistance of K. pneumoniae to all anti-
biotics, but only seven. Additionally, this
was a single-center study of K. pneumoniae
drug resistance trends, which does not nec-
essarily reflect the entire region. Future
work will analyze the underlying molecular
biology of the CRKP resistance mechanism
identified here.

Conclusion

We observed a significant increase in the
K. pneumoniae detection rate at our hospital
between 2006 and 2020, particularly in
the ICU. We also detected significant
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differences in K. pneumoniae resistance to
seven antibiotics among different types of
specimens. Although the detection rates of
CRKP observed in this study were lower
than those reported by CHINET, the
rising trend is still of concern. We suggest
that increased efforts should focus on the
prevention and control of hospital infec-
tions, and the management of antimicrobial
clinical applications to maximize bacterial
resistance surveillance.
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