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Abstract: Objective: To investigate the frequency of antibiotic resistance profiles and virulence factors of Klebsiella 
pneumoniae isolated from our hospital. Methods: A total of 54 clinical isolates of Klebsiella. Pneumoniae from 
August 2018 to June 2019 were collected. The minimal inhibitory concentration (MIC) of antibiotics was deter-
mined by broth microdilution method. The phenotypes were identified by mCIM, MHT and string test. The antibiotic 
resistance gene, virulence gene and multilocus sequence typing (MLST) were detected by PCR. Results: The major-
ity of Klebsiella pneumoniae strains (83.3%) were MDR. PCR detection of β-lactamase genes showed the strains 
were positive for blaSHV (96.3%), blaTEM (64.8%), blaCTX-M-1 group (40.7%), blaCTX-M-2 group (53.7%), blaCTX-M-8 group 
(74.1%), blaCTX-M-9 group (38.9%) and blaCTX-M-25 group (3.7%) ESBLs-encoding genes, blaKPC (24.1%), blaNDM (9.3%), 
blaVIM (9.3%) carbapenemase genes, and blaDHA (44.4%), blaEBC (5.6%) AmpCs genes. All of the strains carried mrkD 
virulence genes, followed by fimH (88.9%), ybtS (51.9%), rmpA (20.4%), entB (9.3%), allS (7.4%), aerobactin (3.7%) 
genes and capsular serotype K1 (5.6%), K2 (3.7%), K5 (1.9%). MLST results showed that 32 STs were found in 54 
isolates, and ST11 (14.8%) was the dominant sequence type. Two new STs were assigned as ST5214 and ST5215. 
Conclusion: In this study, Klebsiella pneumoniae carried high frequency and diversity of β-lactamase genes and 
virulence genes. These strains are resistant to a variety of antibiotics. We can strengthen the surveillance and con-
trol of Klebsiella pneumoniae with coexisting antibiotic resistance and virulence genes.
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Introduction

Klebsiella pneumoniae, a Gram-negative op- 
portunistic pathogen, which is one of the most 
common pathogenic microorganisms found in 
hospitals and is responsible for community-
acquired infection. It can cause serious infec-
tious diseases, including pneumonia, liver ab- 
scess, meningitis, bloodstream infections and 
urinary tract infections [1]. Two different pathot-
ypes of K. pneumoniae have been recognized: 
classic (cKP) and hypervirulent (hvKP) strains. 
In recent years, the majority of K. pneumoniae 
infections are caused by cKP. These strains 
persist in the hospital environment and cause 
infections in immunosuppressed patients [2]. 
cKP has a tendency to acquire antibiotic resis-
tance. Due to overuse and pressure of antibi-
otic selection, K. pneumoniae continuously ac- 

cumulates resistance genes by mutation and 
obtains mobile genetic elements such as plas-
mids, thus producing multidrug-resistant (MDR) 
strains [3].

MDR strains usually contain plasmid mediated 
β-lactamases with extended-spectrum hydro-
lytic activities [4], such as extended-spectrum 
β-lactamases (ESBLs). ESBLs are widely distrib-
uted amongst Enterobacteriaceae due to the 
overuse or abuse of antibiotics [5]. There are 
hundreds of varieties of ESBLs, among which 
TEM, SHV and CTX-M are the most common [6]. 
In addition, AmpC enzymes, also known as ce- 
phalosporinase, is one of the β-lactamases. 
AmpCs can hydrolyze penicillins, cephalospo-
rins (except fourth-generation cephalosporins), 
cephamycins and β-lactamase inhibitors [7]. 
Nowadays, with the widespread use of car-
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bapenems in recent years, carbapenemase-
producing Klebsiella pneumoniae (CRKP) have 
increased rapidly. The surge in CRKP is mainly 
due to the emergence and spread of carbapen-
emases [8]. The common carbapenemases 
include KPC [9], NDM, VIM, IMP and OXA, which 
are widely disseminated worldwide [10].

In the mid-1980s and 1990s, hypervirulent 
Klebsiella pneumoniae (hvKP) was first descri- 
bed in Taiwan. HvKP was capable of causing 
community-acquired, invasive and metastatic 
infections, which may lead to serious and life-
threatening infections in younger healthy hosts 
and diabetic patients [2, 11]. For the past  
30 years, the number of hvKP infections has 
steadily increased in parts of Asia [12]. The 
pathogenicity of K. pneumoniae mainly arise 
from a variety of virulence factors, which assist 
in overcoming innate immunity of the host and 
maintain infection in patients [13, 14]. The 
main virulence factors that play an important 
role in pathogenicity are capsular polysaccha-
ride, lipopolysaccharide, siderophores, and fim-
briae [13]. HvKP have a hypermucoviscous phe-
notype, which are also highly associated with 
the genes encoding rmpA and capsular sero-
type K1/K2 [14-16].

The antibiotic resistant and hypervirulent iso-
lates were non-overlapping for a long time. In 
recent years, the multidrug-resistant and hyper-
virulent (MDR-HV) K. pneumoniae strains are 
increasingly being reported, which make clini-
cal infection complicated by devastating dis-
seminated infections [17, 18]. MDR-HV K. pneu- 
moniae are caused by two different mecha-
nisms: (1) HvKP strains acquire antimicrobial 
resistance genes or plasmids. (2) The virulence 
plasmid transfer into classic MDR K. pneu-
moniae strains [17]. For example, serotype K1 
ST23 ESBL-producing K. pneumoniae strains 
carrying transferable CTX-M-15 plasmids were 
found in Asia [19]. Carbapenem-resistant hy- 
pervirulent K. pneumoniae (CR-hvKP) were de- 
scribed sporadically in China [20]. K. pneu-
moniae infection has become an increasingly 
serious public health problem due to the exis-
tence of multidrug-resistant genes and viru-
lence factors, causing the deterioration of nos-
ocomial infection [21].

In this study, we analyzed the antibiotic re- 
sistance mechanisms and virulence factors of 
clinical K. pneumoniae collected recently from 

our hospital. We also investigated the distribu-
tion of antibiotic resistant and virulence genes, 
which enabled us to provide evidence for clini-
cal and nosocomial infection control.

Materials and methods

Clinical isolates and data collection

A retrospective analysis was conducted in The 
Affiliated Chaohu Hospital of Anhui Medical 
University. From August 2018 to June 2019,  
54 clinical strains of K. pneumoniae were col-
lected from different clinical samples. All st- 
rains were identified by VITEK II compact sys-
tem. The isolates were stored in BHI broth wi- 
th 15% glycerol at -80°C. Ethical approval was 
granted by the Affiliated Chaohu Hospital of 
Anhui Medical University Ethics Committee  
(No. KYXM-201807-003). Informed consent of 
the patients was waived as this research was 
retrospective.

Antimicrobial susceptibility testing

According to the Clinical and Laboratory Stan- 
dards Institute (CLSI), the antimicrobial sus- 
ceptibility of all K. pneumoniae isolates was 
analyzed by the broth microdilution method. 
The minimal inhibitory concentration (MIC) of 
antibiotics was determined following the CLSI 
M100-S29 standard. E. coli ATCC 25922 was 
used as the quality control for all antimicrobial 
susceptibility tests.

β-lactamase identification and hypermucovis-
cousity

The phenotype positive isolates of carbapene-
mase production were detected by the modi-
fied carbapenem inactivation method (mCIM). 
AmpC production was carried out by modified 
Hodge test (MHT) for cefoxitin resistant iso-
lates. The specific methods and results were 
determined according to CLSI. E. coli ATCC 
25922, K. pneumoniae ATCC BAA-1705, K. 
pneumoniae ATCC BAA-1706, and Aerobacter 
cloacae 029M were used as quality controls.

The hypermucoviscous phenotype of the strain 
was tested by the string test following previ-
ously described methods [15]. The strains were 
inoculated onto blood agar plates and incubat-
ed at 37°C overnight. The string test was con-
sidered positive if it generated a viscous string 
>5 mm when a standard bacteriological loop 
was used to stretch the colony on agar plate.
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Detection of β-lactamase genes

In this study, DNA of K. pneumoniae was 
extracted by the boiling method. The comm- 
on β-lactamase encoding genes were detect- 
ed by polymerase chain reaction (PCR) and 
sequenced. The ESBL-encoding genes (blaSHV,  
blaTEM, blaCTX-M-1 group, blaCTX-M-2 group, blaCTX-M-8,  
blaCTX-M-9 group and blaCTX-M-25 group), Carba- 
penemase-encoding genes (blaKPC, blaIMP, 
blaVIM, blaNDM, blaOXA-48) and AmpC encoding 
genes (blaMOX, blaCMY, blaDHA) were amplified by 
PCR with specific primers as previously de- 
scribed [22-28]. The primers and the length of 
expected PCR products are shown in Table 1. 
Amplified products were analyzed by electro-
phoresis in 1.2% agarose gel stained with 

ethidium bromide. Then the results were visual-
ized under ultraviolet (UV) light.

Molecular detection of virulence-associated 
genes

Virulence-associated genes were tested by 
PCR as described previously, including encod-
ing regulators of mucoid phenotype A (rmpA), 
type 1 (fimH) and type 3 (mrkD) adhesins, aero-
bactin, enterobactin (entB) and yersiniabactin 
(ybtS), associated with allantoin metabolism 
(allS), responsible for an iron uptake system 
(kfu) and capsular serotypes K1 and K2 K5, 
K20, K54 and K57 [15, 25, 29, 30]. The spe-
cific primers and the PCR products length are 
shown in Table 2.

Table 1. Sequences of primes used for detection of resistance genes

Resistance target Sequence (5’-3’), F/R Amplicon 
size (bp) Tm (°C) Reference

TEM CATTTCCGTGTCGCCCTTATTC 800 56.2 [23]
CGTTCATCCATAGTTGCCTGAC

SHV CACTCAAGGATGTATTGTG 885 52 [24]
TTAGCGTTGCCAGTGCTCG

CTX-M-1 ACAGCGATAACGTGGCGATG 216 58.3 [25]
TCGCCCAATGCTTTACCCAG

CTX-M-2 GCGACCTGGTTAACTACAATCC 351 56 [22]
CGGTAGTATTGCCCTTAAGCC

CTX-M-8 CGCTTTGCCATGTGCAGCACC 307 59 [26]
GCTCAGTACGATCGAGCC

CTX-M-9 GTGACAAAGAGAGTGCAACGG 857 58 [24]
ATGATTCTCGCCGCTGAAGCC

CTX-M-25 CACACGAATTGAATGTTCAG 924 50 [26]
TCACTCCACATGGTGAGT

KPC CGTCTAGTTCTGCTGTCTTG 798 53 [25]
CTTGTCATCCTTGTTAGGCG

IMP GGAATAGAGTGGCTTAAYTCTC 232 55 [27]
GGTTTAAYAAAACAACCACC

VIM GATGGTGTTTGGTCGCATA 390 57 [27]
CGAATGCGCAGCACCAG

NDM GGTTTGGCGATCTGGTTTTC 621 55 [27]
CGGAATGGCTCATCACGATC

OXA-48 GCGTGGTTAAGGATGAACAC 438 54 [27]
CATCAAGTTCAACCCAACCG

DHA AACTTTCACAGGTGTGCTGGGTCCGTACGCATACTGGCTTTGC 405 60 [28]
MOX GCTGCTCAAGGAGCACAGGATCACATTGACATAGGTGTGGTGC 520 58 [28]
FOX AACATGGGGTATCAGGGAGATGCAAAGCGCGTAACCGGATTGG 190 58 [28]
EBC TCGGTAAAGCCGATGTTGCGGCTTCCACTGCGGCTGCCAGTT 302 62 [28]
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Table 2. Sequences of primers used for detection of capsule serotypes and virulence genes
Gene Primer sequence (5’-3’), F/R Amplicon size (bp) Tm (°C) Reference
K1 GGTGCTCTTTACATCATTGC 1283 53 [29]

GCAATGGCCATTTGCGTTAG
K2 GACCCGATATTCATACTTGACAGAG 641 54 [29]

CCTGAAGTAAAATCGTAAATAGATGGC
K5 TGGTAGTGATGCTCGCGA 280 56 [29]

CCTGAACCCACCCCAATC
K20 CGGTGCTACAGTGCATCATT 741 58 [29]

GTTATACGATGCTCAGTCGC
K54 CATTAGCTCAGTGGTTGGCT 881 58 [29]

GCTTGACAAACACCATAGCAG
K57 CTCAGGGCTAGAAGTGTCAT 1037 56 [29]

CACTAACCCAGAAAGTCGAG
rmpA ACTGGGCTACCTCTGCTTCA 535 54.1 [25]

CTTGCATGAGCCATCTTTCA
mrkD CCACCAACTATTCCCTCGAA 226 54 [25]

ATGGAACCCACATCGACATT
fimH TGCTGCTGGGCTGGTCGATG 550 61 [25]

GGGAGGGTGACGGTGACATC
Aerobactin GCATAGGCGGATACGAACAT 556 54 [15]

CACAGGGCAATTGCTTACCT
ybtS GACGGAAACAGCACGGTAAA 242 52 [30]

GAGCATAATAAGGCGAAAGA
entB GTCAACTGGGCCTTTGAGCCGTC 400 60 [30]

TATGGGCGTAAACGCCGGTGAT
allS CCGAAACATTACGCACCTTT 508 55 [15]

ATCACGAAGAGCCAGGTCAC
Kfu GGCCTTTGTCCAGAGCTACG 638 59 [30]

GGGTCTGGCGCAGAGTATGC

Multilocus sequence typing (MLST)

MLST was performed in accordance with the 
protocol described on the K. pneumoniae ML- 
ST website (https://bigsdb.pasteur.fr/klebsiel-
la/klebsiella.html). Seven housekeeping genes 
(gapA, infB, mdh, pgi, phoE, rpoB, and tonB) 
were amplified by PCR and subsequent se- 
quencing. The sequencing results were up- 
loaded to MLST online database to define the 
sequence type (ST).

Results

Clinical characteristics of patients infected 
with K. pneumoniae

A total of 54 non-repeated K. pneumoniae iso-
forms from a tertiary hospital located in the 
central region of China were collected. Table 3 
shows the clinical characteristics and the sour- 

ce of these samples among the 54 patients. All 
patients had nosocomial infection. Most of the 
patients (44/54, 81.5%) used invasive proce-
dures and devices during hospitalization. The 
isolates were predominantly collected from 
sputum (32/54, 59.3%), and other sources 
including urine (10/54, 18.5%), blood (7/54, 
13.0%), wound secretion (2/54, 3.7%), pus 
(1/54, 1.9%), bile (1/54, 1.9%), and ascitic fluid 
(1/54, 1.9%).

Antimicrobial susceptibility test and 
β-lactamase phenotype detection

All of the K. pneumoniae strains showed resis-
tance towards AMP. The majority of the strains 
were resistant to CFZ (96.3%), CRO (88.9%), 
CTX (83.3%) and NIT (94.4%), respectively. The 
percentage of K. pneumoniae isolates towards 
other antibiotics was as follows: ATM (70.4%), 
GEN (68.5%), CAZ (66.7%), FEP (61.1%), TOB 
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Table 3. Clinical characteristics of patients 
with K. pneumoniae infections; n=54
Variable n (%)
Age (years), mean ± SD 65.22±14.89
Sex
    male 42 (77.8)
    female 12 (22.2)
Distribution of depart
    medical ward 20 (37.0)
    surgical ward 24 (44.4)
    intensive care unit 10 (18.5)
Infection source
    sputum 32 (59.3)
    urine 10 (18.5)
    blood 7 (13.0)
    wound secretions 2 (3.7)
    pus 1 (1.9)
    bile 1 (1.9)
    ascitic fluid 1 (1.9)
Comorbidity
    pneumonia 35 (64.8)
    cerebral vascular disease 18 (33.3)
    urinary tract infection 11 (20.4)
    diabetes mellitus 9 (16.7)
    coronary heart disease 6 (11.1)
    malignancy 5 (9.3)
    liver cirrhosis 2 (3.7)
    Immunosuppressiona 16 (29.6)
Invasive procedures and devices
    urethral catheter 38 (70.4)
    nasogastric tube 32 (59.3)
    tracheal aspiration 30 (55.6)
    endotracheal intubation 18 (33.3)
    tracheotomy 17 (31.5)
    ventilator 17 (31.5)
    surgical drainage 15 (27.8)
    central venous catheter 9 (16.7)
aImmunosuppression was defined as meeting one of the 
following criteria: neutropenia, use of corticosteroids or 
receiving chemotherapy.

(59.3%), CIP (59.3%), SXT (53.7%), TZP (50.0%), 
LVX (50.0%), CTM (27.8%), MEM (27.8%), IMP 
(25.9%), ETP (25.9%) and AMK (18.5%).

There were 45 strains (83.3%) which showed 
resistance to more than three classes of antibi-
otics (β-lactam, cephalosporin, monobactam, 
aminoglycoside, qouinolone, sulfonamides, ni- 
trofurans) and categorized as multidrug-resis-

tant (MDR). Based on results of the mCIM me- 
thod, 15 (27.8%) strains were carbapenemase 
producers. Thirty-three cefoxitin resistant stra- 
ins were additionally screened with the MHT 
test set of which 26 (78.8%) showed positive.

Detection of antibiotic resistance genes

Among the 15 carbapenem-resistant K. pneu-
moniae strains, 13 (24.1%) carried blaKPC. Five 
isolates harbored both blaKPC and blaVIM genes. 
Three isolates harbored both blaKPC and blaNDM 
genes. In addition, the K. pneumoniae isolates 
carried the blaSHV (52, 96.3%), blaTEM (35, 
64.8%), blaCTX-M-1 group (22, 40.7%), blaCTX-M-2 
group (29, 53.7%), blaCTX-M-8 group (40, 74.1%), 
blaCTX-M-9 group (21, 38.9%), and blaCTX-M-25 gr- 
oup (2, 3.7%) ESBL-encoding genes. This was 
followed by blaDHA (24, 44.4%), blaEBC (3, 5.6%) 
AmpC-encoding genes. One isolate harbor- 
ed both blaDHA and blaEBC genes (Table 4). The 
blaIMP, blaOXA-48, blaFOX and blaMOX genes were  
not detected.

Detection of hypermucoviscous phenotype and 
virulence genes

Further, String test was positive with 10 (18.5%) 
strains. PCR amplification results showed that 
only 6 strains of capsular serotype were detect-
ed, including K1 (3, 5.6%), K2 (2, 3.7%), and K5 
(1, 1.9%). K20, K54 and K57 serotypes were 
not detected. For virulence genes mrkD were 
detected in all isolates. A total of 48 (88.9%) 
carried fimH, 28 (51.9%) carried ybtS, 11 
(20.4%) harbored rmpA, 5 (9.3%) harbored 
entB, 4 (7.4%) contained allS, 2 (3.7%) con-
tained aerobactin gene, and the kfu gene was 
not found in this study (Table 4).

MLST

Multilocus sequence typing analysis revealed 
32 different STs among 54 K. pneumoniae iso-
lates. Eight isolates belonged to ST11, follow- 
ed by ST15 (4, 7.4%), ST307 (4, 7.4%), ST35 (3, 
5.6%), ST147 (3, 5.6%), ST1326 (3, 5.6%), ST29 
(2, 3.7%), ST340 (2, 3.7%), ST1887 (2, 3.7%), 
and single strains were identified in 21 other 
STs. Furthermore, the new STs were submitt- 
ed to the Instiute Pasteur website and were 
accepted by the PubMLST database. These two 
new ST types were assigned as ST5214 and 
ST5215 (Table 4).
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Table 4. Phenotypic, Resistance and Virulence genotypic characteristics of 54 K. pneumoniae Isolates

Strain ST Sting 
results Antimicrobial resistance

Resistance genes Virulence factors

Carbapenemase ESBL AmpC Virulence 
genes

K  
serotype

Kp1 ST1119 AMP, CFZ, CRO, CTX, FEP, GEN, TOB, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9 mrkD, fimH

Kp2 ST307 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-8 mrkD, fimH

Kp3 ST340 AMP, TZP, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-8 mrkD, fimH

Kp4 ST45 AMP, CFZ, CAZ, CRO, CTX, NIT TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-9 mrkD, fimH, ybtS

Kp5 ST5214 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-8 DHA mrkD, fimH K1

Kp6 ST3509 HM AMP, CFZ, CTM, CAZ, CRO, CTX, ATM TEM, SHV, CTX-M-1, CTX-M-9 DHA mrkD, fimH, ybtS, 
rmpA, aerobactin

K2

Kp7 ST35 AMP, TZP, IMP, MEM, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, SXT, NIT KPC TEM, SHV, CTX-M-2, CTX-M-9 DHA mrkD, fimH, ybtS, 
rmpA, aerobactin

Kp8 ST378 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-9 DHA mrkD, fimH, ybtS

Kp9 ST15 AMP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, SXT, NIT TEM, CTX-M-1, CTX-M-8 DHA mrkD, ybtS

Kp10 ST307 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-8, CTX-M-9 DHA mrkD, fimH

Kp11 ST5215 AMP, CFZ, CRO, ATM, GEN, SXT, NIT TEM, SHV, CTX-M-2, CTX-M-8, CTX-M-9 DHA mrkD, fimH, allS K1

Kp12 ST11 AMP, TZP, IMP, MEM, ETP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, AMK, 
TOB, CIP, LVX, SXT, NIT

KPC TEM, SHV, CTX-M-2, CTX-M-9 DHA mrkD, fimH, ybtS

Kp13 ST1922 AMP, CFZ, CRO, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-8 mrkD, fimH

Kp14 ST1552 AMP, CFZ, CRO, CTX, FEP, GEN, TOB, SXT, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9, 
CTX-M-25

mrkD, fimH

Kp15 ST219 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, SXT, NIT SHV, CTX-M-1, CTX-M-2, CTX-M-8 mrkD, fimH, ybtS

Kp16 ST307 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-8 mrkD, ybtS

Kp17 ST15 AMP, TZP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-8 DHA mrkD, fimH

Kp18 ST828 AMP, CFZ, GEN, SXT, NIT TEM, SHV mrkD, fimH

Kp19 ST35 AMP, TZP, MEM, ETP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX NDM TEM, SHV DHA, 
EBC

mrkD, ybtS

Kp20 ST15 AMP, TZP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-8 mrkD, fimH

Kp21 ST340 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, AMK, TOB, CIP, LVX, NIT TEM, SHV, CTX-M-1, CTX-M-8 mrkD, fimH

Kp22 ST1128 AMP, CFZ, CRO, CTX, ATM, GEN, TOB, CIP, LVX, NIT TEM, SHV, CTX-M-2, CTX-M-9 DHA mrkD, fimH

Kp23 ST218 HM AMP, TZP, IMP, MEM, ETP, CFZ, CAZ, CRO, CTX, ATM, NIT KPC TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-9 DHA mrkD, fimH, 
rmpA

Kp24 ST37 AMP, TZP, CFZ, CTM, CAZ, CRO, CTX, ATM, NIT SHV, CTX-M-2 DHA mrkD, fimH

Kp25 ST76 AMP, CFZ, CIP, LVX, SXT, NIT SHV mrkD, fimH, ybtS, 
rmpA

K5

Kp26 ST1326 AMP, TZP, IMP, MEM, ETP, CFZ, CAZ, CRO, CTX, FEP, ATM, TOB, CIP, LVX, SXT, 
NIT

KPC, VIM TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-8 DHA mrkD, fimH, ybtS

Kp27 ST307 AMP, TZP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-8 mrkD, fimH, ybtS

Kp28 ST1427 AMP, TZP, IMP, MEM, ETP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, 
SXT, NIT

NDM TEM, SHV, CTX-M-1, CTX-M-8, CTX-
M-25

EBC mrkD, fimH
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Kp29 ST1887 AMP, TZP, IMP, MEM, ETP, CFZ, CTM, CAZ, CRO, CTX, ATM, GEN, AMK, TOB, 
CIP, NIT

KPC, NDM TEM, SHV, CTX-M-8 DHA mrkD, fimH, allS

Kp30 ST1764 HM AMP, TZP, IMP, MEM, ETP, CFZ, CAZ, CRO, CTX, FEP, ATM, NIT KPC, NDM TEM, SHV, CTX-M-8 DHA mrkD, fimH, 
rmpA, allS

Kp31 ST17 AMP, CFZ, CRO, CTX, GEN, TOB, NIT TEM, SHV, CTX-M-2, CTX-M-8, CTX-M-9 DHA mrkD, fimH

Kp32 ST15 AMP, CFZ, CTM, NIT SHV EBC mrkD, ybtS

Kp33 ST11 HM AMP, TZP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, AMK, CIP, LVX, NIT TEM, SHV, CTX-M-2, CTX-M-8, CTX-M-9 DHA mrkD, fimH, 
rmpA, ybtS

Kp34 ST3691 AMP, CFZ, CRO, GEN, TOB, NIT SHV, CTX-M-8 mrkD, fimH, 
rmpA, ybtS

K2

Kp35 ST35 AMP, TZP, IMP, MEM, ETP, CFZ, CRO, CTX, ATM, GEN, SXT, NIT KPC SHV, CTX-M-2, CTX-M-8, CTX-M-9 DHA mrkD, fimH, 
rmpA, ybtS

Kp36 ST11 HM AMP, TZP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, AMK, CIP, LVX, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9 DHA mrkD, fimH, ybtS

Kp37 ST11 AMP, TZP, IMP, MEM, ETP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, AMK, 
TOB, CIP, LVX, SXT, NIT

KPC, VIM TEM, SHV, CTX-M-8 mrkD, fimH, 
rmpA, ybtS

Kp38 ST11 HM AMP, TZP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, CIP, LVX, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9 mrkD, fimH, 
rmpA, ybtS

Kp39 ST426 HM AMP, CFZ, NIT mrkD, fimH, 
rmpA

K1

Kp40 ST11 HM AMP, TZP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, AMK, TOB, CIP, LVX, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9 DHA mrkD, fimH, ybtS

Kp41 ST11 HM AMP, TZP, IMP, MEM, ETP, CFZ, CTM, CAZ, CRO, CTX, FEP, ATM, GEN, AMK, 
TOB, CIP, LVX, NIT

KPC, VIM SHV, CTX-M-2, CTX-M-8, CTX-M-9 DHA mrkD

Kp42 ST722 AMP, GEN, CIP, LVX, SXT, NIT TEM, SHV mrkD, ybtS

Kp43 ST716 AMP, CFZ, CRO, CTX, FEP, GEN, TOB, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9 mrkD, fimH, ybtS

Kp44 ST1887 AMP, TZP, IMP, MEM, ETP, CFZ, CTM, CAZ, CRO, CTX, ATM, GEN, AMK, TOB, CIP KPC, NDM SHV, CTX-M-8 DHA mrkD, fimH, allS

Kp45 ST11 HM AMP, TZP, CFZ, CTM, CAZ, CRO, CTX, ATM, GEN, AMK, TOB, CIP, LVX, NIT SHV, CTX-M-2, CTX-M-8 DHA mrkD, fimH, ybtS

Kp46 ST1326 AMP, TZP, IMP, MEM, ETP, CFZ, CAZ, CRO, CTX, FEP, ATM, TOB, CIP, LVX, NIT KPC, VIM TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-8 mrkD, fimH, ybtS

Kp47 ST29 AMP, CFZ, CRO, CTX, SXT, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9 mrkD, fimH, ybtS

Kp48 ST309 AMP, TZP, IMP, MEM, ETP, CFZ, CAZ, CRO, CTX, FEP, ATM, NIT KPC SHV, CTX-M-8 mrkD, fimH, entB

Kp49 ST1407 AMP, CFZ, CAZ, CRO, CTX, FEP, ATM, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-8 mrkD, fimH, entB

Kp50 ST29 AMP, CFZ, CRO, CTX, SXT, NIT SHV, CTX-M-2, CTX-M-8, CTX-M-9 mrkD, fimH, ybtS, 
entB

Kp51 ST1326 AMP, TZP, IMP, MEM, ETP, CFZ, CAZ, CRO, CTX, FEP, ATM, TOB, CIP, LVX, NIT KPC, VIM TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-8 mrkD, fimH, ybtS, 
entB

Kp52 ST147 AMP, CFZ, CRO, CTX, FEP, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-8 mrkD, fimH, entB

Kp53 ST147 AMP, TZP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-8 mrkD, fimH

Kp54 ST147 AMP, TZP, CFZ, CAZ, CRO, CTX, FEP, ATM, GEN, TOB, CIP, LVX, SXT, NIT TEM, SHV, CTX-M-1, CTX-M-2, CTX-M-8 mrkD, fimH, ybtS
AMP: ampicillin, TZP: piperacillin/tazobactam, MEM: meropenem, IMP: imipenem, ETP: ertapenem, CFZ: cefazolin, CTM: cefotiam, CAZ: ceftazidime, CRO: ceftriaxone, CTX: cefotaxime, FEP: cefepime, ATM: aztreonam, GEN: gentamicin, AMK: 
amikacin, TOB: tobramycin, CIP: ciprofloxacin, LVX: levofloxacin, SXT: sulfamethoxazole-trimethoprim, NIT: nitrofurantoin, HM: hypermucoviscous phenotype.
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Discussion

Klebsiella pneumoniae is considered to be the 
most clinically relevant pathogenic bacteria 
belonging to the Enterobacteriaceae family 
[13]. In recent years, the percentage of K. pn- 
eumoniae strains resistant to multiple antibiot-
ics is increasing, which is a global public heal- 
th problem [31]. K. pneumoniae infection be- 
comes difficult to treat as a result of the emer-
gence of antibiotic resistance. When a resis-
tant strain is associated with a hvKp strain, it 
will make the situation worse [31].

In this study, the majority of K. pneumoniae are 
MDR strains, are resistant to a variety of anti- 
biotics, including β-lactams, aminoglycosides, 
quinolones, and sulfonamides. MDR was defin- 
ed as acquired non-susceptibility to at least 
one agent in three or more antimicrobial cate-
gories [32]. K. pneumoniae as an invasive and 
virulent pathogen in Enterobacteriaceae car-
ries several antibiotic resistance genes, includ-
ing extended spectrum β-lactamases (ESBLs), 
AmpCs, and carbapenemases [33]. ESBLs-pr- 
oducing Enterobacteriaceae are widely preva-
lent in China [34]. Previous studies have shown 
that CTX-M was the predominant genotype in 
ESBLs [34, 35]. However, our PCR analysis of 
ESBLs demonstrated that blaSHV (96.3%) was 
the most common gene. It can be relative to  
the use of antibiotics and genetic variations in 
causative strains. In our study, ESBLs had a 
high frequency and diversity of the ESBLs. Ex- 
cept one K. pneumoniae, all of these carried 
ESBL-encoding genes, and most (94.4%) of iso-
lates co-produced two or more ESBL-encoding 
genes.

AmpC enzymes are β-lactamases encoded by 
resident chromosomal genes, but can also be 
mediated through plasmids in some species  
of Enterobacteriaceaes [7]. In our findings, we 
revealed that the genes producing DHA en- 
zymes were more frequent in all the AmpCs-
producing isolates. Previous studies have sh- 
own that the most common AmpC-encoding 
gene of K. pneumoniae is DHA in China [28].

Carbapenem was introduced into clinical prac-
tice in the late 1980s, and was used as the 
antibiotic of choice for the treatment of multi-
drug-resistant K. pneumoniae infections [36]. 
However, carbapenemase-producing strains 
have emerged. The infection caused by car-
bapenem-resistant Enterobacteriaceae (CRE) 

is widely distributed in the global community 
[10]. In our research, most of carbapenemase-
producing K. pneumoniae strains carried blakPC, 
which was consistent with previous investiga-
tions [37], indicating that the KPC-producing 
strains were the dominant carbapenemase pro-
ducers in various regions of China. Metallo-β-
lactamases (MBLs) can hydrolyze almost all 
clinically available β-lactamases. VIM and NDM 
enzymes are the type of MBLs with the widest 
geographical distribution and bacterial host 
range [38]. The strains carrying blaNDM and 
blaVIM were five, respectively. In addition, three 
isolates co-produced blaKPC and blaNDM were 
found to have high antibiotic resistance and 
carry a variety of virulence genes. One study 
has reported that 24 strains of K. pneumoniae 
produced by blaKPC and blaNDM have a high diver-
sity and frequency of resistance and virulence 
genes, which make the strains resistant to 
almost all antibiotics [39]. Therefore, strict in- 
spection and management is required.

HvKP is associated with community-acquired 
invasive infections and is described as a viru-
lent pathogen [12]. In hvKP strains, capsular 
polysaccharide is an important virulence factor. 
According to the composition of capsular poly-
saccharides, 78 capsular serotypes were iden-
tified in K. pneumoniae [40]. The important 
capsular serotypes were K1, K2, K5, K20, K54 
and K57 [29]. In Asia, the isolates are mainly 
serotype K1 and K2 [41], which were highly 
pathogenic [25]. The hypermucoviscous pheno-
type has been associated with plasmid medi-
ated rmpA gene, which encodes transcription 
regulators and can activate the biosynthesis  
of capsular polysaccharides [16, 42]. In our 
report, 20.4% of the isolates carried rmpA 
gene, 5.6% carried K1, 3.7% carried K2, and 
only one isolate carried K5. However, these 
were in disagreement with a previous study 
[43], which found that 64.3% of the isolates 
were K1 serotype, 19.6% were K2 serotype. 
The capsular serotypes of hvKP are associat- 
ed with community-acquired liver abscesses 
[41], but there were only several samples of 
liver abscess in this study. The hvKP was usu-
ally associated with antibiotic-sensitivity [43], 
whereas a majority of strains in our research 
were MDR.

Fimbriae is an important virulence factor of  
K. pneumoniae, facilitating adherence to mu- 
cosal surfaces as well as to abiotic surfaces, 
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which may be a determining factor in the ability 
of a microorganism to overcome host defense 
and cause infection [2, 44]. In K. pneumoniae, 
fimH and mrkD genes encode type 1 and type 3 
fimbriae, respectively, which are the primary 
adhesive structures [31]. Type 1 fimbriae is 
considered to enhance virulence through their 
ability to adhere to the mucosal or epithelial 
surface of the host; type 3 fimbriae also medi-
ates adhesion to the host cell surface, and 
more importantly, strongly promotes the forma-
tion of biofilms [14]. In the current investigation, 
all strains carried the mrkD gene, and plenty of 
strains (88.9%) contained the fimH gene. This 
result was in agreement with many other re- 
search [25, 45] that state that these fimbriae 
adhesions are ubiquitous in K. pneumoniae.

Siderophores are low-molecular weight, high 
affinity iron chelating molecules that are crucial 
for the proliferation and virulence of bacteria 
[14, 46]. Compared with cKP strains, hvKP 
have the ability to produce iron-acquisition mol-
ecules with more quantity and more biological 
activity [47]. HvKP mainly includes four kinds of 
iron carriers: enterobactin (entB), salmochelin, 
yersiniabactin (ybtS), and aerobactin [30], and 
kfu is a gene encoding iron uptake system. 
Previous studies have shown that enterobactin 
systems, yersiniabactin or aerobactin systems 
may be the key factors to enhance the viru-
lence of K. pneumoniae [48]. Yersiniabactin 
was important for the ability to maintain infec-
tion in a mammalian host, which can enhance 
the virulence of K. pneumoniae and also con-
tribute to a more virulent phenotype [48]. 
Aerobactin was a major virulence factor for the 
increase of siderophore production in hvKP 
strains, and may also be a factor in enhancing 
the virulence of hvKP [49]. In this research, 
ybtS was another prevalent virulence gene, it 
was identified in 51.9% of the cases, followed 
by entB and aerobactin which were found in 
9.3% and 3.7%, of all the strains, respectively, 
while kfu was not detected.

MLST results showed that ST11 was the domi-
nating ST type. Three strains carrying blaKPC 
belonged to ST11, and two of them were hyper-
virulent strains. ST11 has been proved to be 
the predominant clone of KPC-producing K. 
pneumoniae in Asia [50, 51]. A recent resear- 
ch study showed that the classic ST11 CRKP 
strains acquired a pLVPK-like virulence plas- 
mid [52]. These ST11 CR-hvKP strains were 

demonstrated as being simultaneously hyper-
virulent, multidrug resistant, and highly trans-
missible. The prevalence of CR-hvKP infecti- 
on and carriage of virulence plasmids among 
CRKP strains increased significantly from 2015 
to 2017 in multiple regions of China [53]. This 
presents significant challenges for public health 
workers and effective control of infection. In 
this study, the two strains of CR-hvKP strains 
were ST35, ST218 while ST1764 was only one 
strain, respectively. It has been rarely report- 
ed that KPC-producing hvKP strains belong to 
these ST genotypes [54]. At present, K. pneu-
moniae with hypervirulent and carbapenem-
resistant isolates is becoming an increasing 
concern in Chinese hospitals.

This study had some limitations. K. pneumo- 
niae isolates were not abundant. The limited 
cases may preclude further significant results 
from the comparison of clinical features. Lar- 
ger collections of isolates would be needed to 
obtain more meaningful results. In addition, 
our study was conducted at a single tertiary 
care teaching hospital and the isolates obtain- 
ed herein might not be representative due to 
different patient populations in other hospitals 
and countries.

Conclusion

In conclusion, K. pneumoniae carried a high 
frequency and diversity of the resistance and 
virulence factors in this study. The majority of 
the MDR strains harbored virulence genes. In 
CPKP strains, blaKPC were found to be the domi-
nant carbapenemase encoding genes. In addi-
tion to the potential hospital-based spread of 
the high-risk ST11 CR-hvKP isolates, attention 
should also be paid to STs with less common 
and high degrees of antimicrobial resistance. 
Also, two new types ST5214 and ST5215 were 
found in this study. These strains with resis-
tance and virulence factors create a serious 
threat to immunocompromised patients and 
even may infect healthy people. Therefore, we 
should take measures to prevent the spread  
of multidrug-resistant K. pneumoniae carrying 
virulence genes and strengthen its monitoring.
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