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ABSTRACT Objective: To understand the molecular epidemic characteristics of Klebsiella pneumoniae in hospitals and analyze
their genetic homology correlation to provide laboratory basis for nosocomial infection control. Methods: Carbapenem-resistant Klebsiel-
la pneumoniae and Carbapenem-sensitive Klebsiella pneumoniae isolated from October 2017 to December 2018 were collected. Meriere
VITEK 2 Compact full-automatic microbial analysis system was used for bacterial identification and drug sensitivity analysis, supple-
mented by K-B method; and Cyper Xpert® Carba-R kit was used to detect carbapenem-resistant genes; Seven-housekeeper genotypes
and ST strains of the strains were analyzed using multi-site sequence analysis technology, and the etiological analysis of ST data was per-
formed using eBURST software. Results: A total of 63 strains of carbapenem-resistant Klebsiella pneumoniae and 211 strains of car-
bapenem-sensitive Klebsiella pneumoniae were collected. Compared with the sensitive group, the drug-resistant rates to penicillins,
macrolides, cephalosporins, quinolones, enzyme inhibitors, and tetracyclines of resistant group were significantly higher. Of the 63 resis-
tant strains, 96.83% (61/63) produced KPC enzyme, and 1.59% (1/63) produced KPC enzyme and NDM enzyme, 1.59% (1/63) did not
detect 5 carbapenemase genes; the carbapenem-resistant group obtained 8 ST types, including ST11 (54/63, 85.71%), ST15 (2/63,
3.17%), ST392 (2/63, 3.17%), ST45 (1/63, 1.59%), ST147 (1/63, 1.59%), ST659 (1/63, 1.59%), ST3228 (1/63, 1.59%), STrl (1/63,
1.59%), STr1 was a newly discovered type and belongs to the cloning complex 11; 30 carbapenem-sensitive groups obtained 25 ST
types, including ST35 (3/30, 10.00%), ST659 (3/30, 10.00%), ST147 (2/30, 6.67%), ST485, ST34, ST395, ST370, ST2388, ST893,
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ST11, ST2176, ST221, ST86, ST380, ST65, ST920, ST268, ST25, ST2154, ST2229 and 5 new ST types (STsl, STs 2, STs3, STs4,
STs5), accounting for 3.33% repectively. The ST type in the drug-resistant group was concentrated while that of the sensitive group was
discrete. Conclusion: Hospital carbapenem-resistant Klebsiella pneumoniae has a gene homology correlation and shows a trend of hori-
zontal transmission.
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Table 1 Drug sensitivity results of Klebsiella pneumonia

Resistance percentage( % ) Intermediate percentage( % ) Sensitivity Percentage( % )

Antibiotic CRKP CSKP CRKP CSKP CRKP CSKP
(n=63) (n=30) (n=63) (n=30) (n=63) (n=30)

Cefazolin 98.36 66.67 0.00 0.00 1.64 3333
Cefuroxime 98.36 48.39 0.00 3.23 1.64 48.38
Ceftazidime 93.65 16.13 1.59 3.23 4.76 80.64
Ceftriaxone 98.36 35.48 0.00 0.00 1.64 64.52
Cefepime 93.65 9.68 0.00 0.00 6.35 90.32
Ampicillin/sulbactam 98.36 38.71 0.00 6.45 1.64 54.84
Piperacillin/tazobactam 90.48 0.00 3.17 6.45 6.35 93.55
Cefoperazone/sulbactam 90.48 0.00 3.17 0.00 6.35 100.00
Meropenem 92.06 0.00 1.59 0.00 6.35 100.00
Imipenem 90.47 0.00 1.59 0.00 7.94 100.00
Biapenem 95.16 0.00 0.00 0.00 4.84 100.00
Tetracycline 42.37 43.33 3.39 0.00 54.24 56.67
Tigecycline 7.94 0.00 3.33 0.00 88.73 100.00
Amikacin 80.95 323 0.00 0.00 19.05 96.77
Gentamicin 84.13 29.03 0.00 0.00 15.87 70.97
Tobramycin 82.55 12.90 6.34 19.35 11.11 67.75
Levofloxacin 92.06 25.81 0.00 0.00 7.94 74.19
Ciprofloxacin 92.06 25.81 1.59 0.00 6.35 74.19
Cefotetan 91.80 6.45 0.00 0.00 8.20 93.55
Aztreonam 95.16 32.26 0.00 0.00 4.84 67.74
Sulfamethoxazole and 78.69 38.71 0.00 0.00 21.31 61.29

trimethoprim
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ST #I5I(STs1,STs2,STs3,STs4,STs5 ), H.rfr STs3,STs4 Fil STs5
SR 1A (n) 1A~ (n2) F 5 AT HE (n3, 04,05,
n6,n7), BARSFEAEE R 5 LK 3.

2.6 KPN EE [EiRES 47

{81 eBURST % CRKP 2H ST %1 3i| F FL45 {37 3 DA g i 5
KPNMLST #5485 i, 2 hloag e /K, K 3 fis.
CRKP 27 ST #3% 11 swf i 5K 19 SLV,
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Table 2 63 strains CRKP department distribution and ST type composition ratio

ST type Allelic profile Departments No. Composition ratio( % )
Gastroenterology ICU(23),Neurology ICU(7),Burns(8),
Gastroenterology( 4 ),Neurology( 2 ), Respiratory ICU( 2 ), Outpatient
ST A (2), Cardiac surggi:ry ICU(1 ),li);)logy( 1 )I,)Pedinics( 1 ),Hemiology > 871
(1), Transplant Center( 1), Physiotherapy( 1)
ST15 1-1-1-1-1-1-1 Gastroenterology ICU(1),Hematology (1) 2 3.17
ST392 3-4-6-1-7-4-40 Neurology ICU(1), Physiotherapy (1) 2 3.17
ST45 2-1-1-6-7-1-12 Gastroenterology (1) 1 1.59
ST147 3-4-6-1-7-4-40 Neurology(1) 1 1.59
ST659 66-1-65-1-9-11-18 Transplant Center (1) 1 1.59
ST3228 31-3-1-37-3-27-4 Neurosurgery ICU (1) 1 1.59
STrl 3-3-1-1-1-1-34 Gastroenterology ICU(1) 1 1.59
%3 30 #k CSKP #{ LI ST BAHE=
Table 3 Features of ST type newly discovered in CSKP strains
ST type Allelic profile Departments No.
STsl 2-1-2-1-10-4-7 Hematology 1
STs2 4-1-1-1-7-1-35 Rheumatology and immunology 1
STs3 18-22-n1-22-94-20-50 Geriatrics 1
STs4 16-24-21-107-53-66-n2 Neurology 1
STs5 9-n3-n4-n5-1-n6-n7 Traditional Chinese Medicine 1
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Fig.3 Distribution of phylogenetic relationships of 63 strains of CRKP
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Note: The red dots were the ST types shared by CRKP and KPNMLST

databases in the study, the green dot was the newly discovered type, and
the black dots were the other ST types in the KPNMLST database.
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