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Objective: To investigate the clinical risk factors and molecular epidemiological characteristics of carbapenem-

resistant hypervirulent K. pneumoniae (CR-hvKP) infection, providing theoretical guidance for clinical prevention
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and treatment of CR-hvKP strains. Methods: The CR-hvKP strain was firstly isolated from the Affiliated Hospital
of Xuzhou Medical University from January 1, 2017 to May 31, 2019. The relevant clinical information was
collected, and the strain identification was performed by mass spectrometry. VITEK2 Compact automatic bacteria
analyzer was used for drug sensitivity test, multi-site sequence analysis (MLST) for homologous typing, and PCR
for common carbapenem resistance genes (KPC, SME, GES, VIM, IMP, OXA-48), serum capsular gene (K1, K2,
KS, K20, K54) and virulence genes (rmpA, magA, aerobactin, Iron) detection. Results: A total of 26 carbapenem-
resistant and highly toxic K. pneumoniae were collected. Most of the patients suffered from underlying diseases
(hypertension, diabetes and other chronic diseases). They have recently undergone invasive procedures or
treatments and used high-grade antibacterial drugs. The wire drawing experiments were all positive; the MLST
classification was mainly ST11 (73.1%); carbapenem gene was mainly KPC-2 (96.2%); serum capsule type was
mainly K1 and K2, mostly carrying rmpA, aerobactin virulence gene. Conclusion: CR-hvKP has the characteristics
of both hvKP and CRKP: high drug resistance, high invasiveness and high transmission. This bacterial infection
is serious, difficult to treat, and easily causes nosocomial infection. Preventive measures should be taken early,

like rational use of antibiotics, adherence to the principle of sterility, and timely isolation of patients to block the

outbreak of CR-hvKP in hospitals.
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Tablel Primer sequences and reaction parameters of drug resistance genes

i 24 Elk7 2] Fr BeiJE /op B/ °C

KPC F: ATGTCACTGTATCGCCGTC 882 59
R: TTACTGCCCGITGACGCC

SME F: AACGGCITCAITITTGITTAG 830 S8
R: GCITCCGCAATAGTII'TTATCA

GES F: ATGCGCITCAITCACGCAC 846 62
R: CTAITTGTCCGTGCTCAGG

VIM F: GCMCITCTCGCGGAGAITGA 257 S9
R: TGCGCAGCACCRGGATAGA

IMP F: CTACCGCAGCAGAGTCIITG 587 SS
R: AACCAGII'ITGCCITACCAT

NDM F: GAAGCTGAGCACCGCATTAG 982 S8
R: GGGCCGTATGAGTGAITGC

OXA-48 F: TTGGTGGCATCGATTATCGG 743 62
R: GAGCACITCITIIGTGATGGC
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Table 2 Capsular sera gene and virulence gene

A GlL7 2]l S B /bp B KR EE/ C
SR
K1 F: GGTGCTCIITTACATCAIIGC 1283 S1
R: GCAATGGCCAITTGCGTITAG
K2 F: GACCCGATATTCATACTTGACAGAG 641 S1
R: CCTGAAGTAAAATCGTAAATAGATGGC
Ks F: TGGTAGTGATGCTCGCGA 280 S1
R: CCTGAACCCACCCCAATC
K20 F: CGGTGCTACAGTGCATCAIT 741 SS
R: GITATACGATGCTCAGTCGC
KS4 F: CATTAGCTCAGTGGIIGGCT 881 5SS
R: GCITGACAAACACCATAGCAG
KS7 F: CTCAGGGCTAGAAGTGTCAT 1037 56
R: CACTAACCCAGAAAGTCGAG
B HE
rmpA F: ACTGGGCTACCTCTGCTICA 536 S1
R: CITGCATGAGCCATCIITCA
aerobactin F: GCATAGGCGGATACGAACAT 556 S8
R: CACAGGGCAATTGCTIACC
Kfu F: ATAGTAGGCGAGCACCGAGA 520 SS
R: AGAACCTIICCTCGCTGAACA
Alls F: CCGAAACATTACGCACCIIT 508 SS
R: ATCACGAAGAGCCAGGTCAC
magA F: GGTGCTCIITACATCAITGC 1282 59
R: GCAATGGCCAIITGCGITAG
Iron F: AAGTCAAAGCAGGGGIIGCCCG 655 63
R: GACGCCGACATTAAGACGCAG
R3 26 BEERIGRTH
Table 3 Basic clinical data of 26 patients
HEAEE &Sl % F L /9
Fi/ % >50 18 69.2
=50 8 30.8
el 5 19 73.1
E/8 7 26.9
PRAZEHY PRI 16 61.5
Ji(IR7.3 4 15.4
PR 3 115

iR Egtid 3

11.5
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Table 4 Drug resistance rates of 26 CR-hvKP strains to the

commonly used antibiotics
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Figure 1 Electrophoretogram of some strain resistance genes
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