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Abstract Objective To analyze the antibiotic resistance and drug resistance genes of Klebsiella pneumoniae
(KP) isolated from clinical departments in the second hospital of Anhui Medical University, so as to guide the rational

RS HEA: 2021-09-01

HEWH: ZRERBAREEM FTH %I (No. KI2019A0253)

fE&®IN: AN, &, AET19904, FESMLAHTTAE, BRI, Wy AR E L. £ EMZ 4%, E-mail: m15256987262@]163.com
“EIRE#E, E-mail: qinwang1025@163.com



712 HeBE2015—20194F il 5 5o T A T RO 25 18 Je M 25 L R 0 dr - /N 25 45

use of antibacterial drugs in clinical departments. Methods
clinical in the hospital from 2015 to 2019 were collected, and the VITEK-2 compact automated microorganism

2,416 strians of Klebsiella pneumoniae isolated from

system was used for bacterial identification. The MIC and K-B methods were used for drug susceptibility testing.
The WHONET 5.6 software was used to perform statistical analysis on the source of strains, the distribution of
departments, the detection rate, and the drug resistance rate. The SPSS 26.0 software was used to compare the
detection rate and drug resistance rate of strains during the five-year period and analyze the trend. The 19 strains of
carbapenem-type Klebsiella pneumoniae (CR-KP) in the internal medicine Intensive Care Unit (ICU) in 2019 were
selected to perform whole genome sequencing (WGS) on the next-generation sequencing platform. The ResFinder 4.0
of the Danish Technical University (DTU) Center for Genomic Epidemiology (CGE) (https://cge.cbs.dtu.dk/services/
ResFinder/) was used to select resistance genes, and the MORPHEUS (https: //software.broadinstitute.org/morpheus/)
A total of 2,416 KP strains were isolated from
clinical specimens from 2015 to 2019, mainly from sputum and urine, accounting for 51.7% (1,249/2,416) and 11.3%
(273/2,416) respectively. The departments were mainly distributed in internal medicine ICU and surgical ICU, and
respectively accounted for 23.2% (561/2,416) and 19.1% (461/2,416). The annual separation rate of KP strains was
increasing (y* trend=18.190, P<<0.001), and the resistance rate to commonly used antibiotics was increasing year

was used to make a heat map of resistance genes online. Results

by year. Except that the resistance rate to tigecycline cannot be counted, other differences in the resistance rates of
various antibiotics were statistically significant (P<0.001). The resistance rates to imipenem and meropenem increased
from 2.9% and 3.0% in 2015 to 16.0% and 13.7% in 2019 respectively. A total of 354 CR-KP strains were detected
in five years, mainly from sputum and urine, which accounted for 43.8% (155/354) and 10.7% (38/354) respectively.
The departments with higher distribution were surgical ICU and internal medicine ICU, and respectively accounted
for 14.4% (51/354) and 10.2% (36/354). The annual detection rate was increasing (y* trend=46.176, P<<0.001), and
the resistance rate to various drugs was increasing year by year. Except for the difference in the resistance rate to
gentamicin which was not statistically significant (P=0.105), and the difference in the resistance rate to tigecycline
cannot be counted, other differences in the resistance rates of various antibiotics were statistically significant (£<0.001).
WGS technology was used to analyze 19 CR-KP strains. A total of 15 kinds of resistance genes were detected,

including B-lactamase resistance gene (bla,, . ), quinolone resistance gene (¢gnrS1), fosfomycin resistance gene (fosA4),

KPC-2
tetracycline resistance gene (fet4), chloramphenicol resistance gene (cat42), and aminoglycoside resistance gene
(aadA2b and rmtB). Conclusion

and more serious. CR-KP strains carried multiple drug resistance genes, and their drug resistance phenotype were

The drug resistance of KP and CR-KP strains in this hospital was becoming more

diverse. The use of WGS combined with bioinformatics analysis technology to research the mechanism of bacterial
resistance will help the precise implementation of prevention and control measures for resistant bacteria, and will
become one of the mainstream technologies for the research of resistant bacteria in the future.

Key words Klebsiella pneumoniae; Antibiotics; Whole-genome sequencing; Drug resistance gene
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Isolation of Klebsiellarijafeumoniae in all clinical isolates
from 2015 to 2019

Tab. 1

AR MR GCE AR F bR IR RS E R AR %
2015 378 4392 8.61
2016 448 4555 9.84
2017 381 4401 8.66
2018 622 5916 10.51
2019 587 5294 11.09
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Tab.2 Comparison of the antibacterial activity of Klebsiella pneumoniae against commonly used antibiotics in various years from 2015

to 2019

2015(n=378) 2016(n=448) 2017(n=381) 2018(n=622) 2019(n=587)
2R b} Pl

R%  SI% R/% S/% R/% S/% R/% S/% R/% S/%
S UL 31 69 415 58.5 30.1 69.9 42.6 57.4 34.2 65.8  27.699  <0.001
DRITHEVS 26.5 45 35.7 63.4 24.6 0.4 40.4 59.6 38.3 613 1342917 <0.001
kAt 12.7 85.9 23.9 75 14.2 83.6 252 72.8 24.2 73.6  41.927  <0.001
kA EE 2.9 96.6 8 88.8 6.4 93.6 14.4 84.5 153 84  64.025(F) <<0.001
kAL 10.1 58.4 13.4 83.3 19.2 80 20.5 76.5 21.1 76.5  427.000  <<0.001
AR /A7 L0 3.2 90.4 13.9 80.5 4.4 94.3 13.4 76.9 16.8 749 102367  <<0.001
WIR 7 7 b /At e 2L 31 4.2 92.9 10.7 87.7 5.4 91.8 16.7 81.5 16.5 81.3 65.010  <0.001
Nl 18.5 52.6 20.8 783 18.8 1.1 30.4 69 29.3 70 1440366 <<0.001
W R v 2.9 91.8 9.8 87.5 22 97.2 16.1 82 16 81.6  108.912  <<0.001
EX 30 3 94.1 11.2 87.4 1.8 98 13.4 85.3 13.7 858  82.816(F) <0.001
B KR 4.2 95.8 6 93.5 2.6 97.2 13 86.7 12.8 86.4  62.178(F) <<0.001
RRE R 18.5 81.5 203 78.8 15.7 84.1 27.2 72 28.3 70.7  33.105(F) <<0.001
ZATER 11.1 79.1 145 74.3 13.4 81.9 18.8 703 20.8 67 427732 <0.001
AN 18.3 79.1 18.8 78.8 14.2 81 31.4 66.2 29.1 68.3 65.110  <0.001
T d b B 14.8 83.3 17.2 81.7 9.5 86.6 27.5 69.6 26.6 72.1 81.482  <0.001
575 TN 25.1 74.9 31.8 68.2 21.8 78.2 34.1 65.9 27 73 22.987  <0.001
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18.90%(72/381). 19.29%(120/622).
17.55%(103/587), SHEMHFZRMZERE S
F2 R X (x? =63.973, P<0.001), & EJhia
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Tab.3 Detection of carbapenem-resistant Klebsiella pneumoniae

from 2015 to 2019
e CR-KPHUH /MK iR B MEE /M RiF/%
2015 14 378 3.70
2016 45 448 10.04
2017 72 381 18.90
2018 120 622 19.29
2019 103 587 17.55

FEEEMIM 2, SRR EFHES . BRRPROR R 2 1
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2 R T 253 55 5 201545 1192.9%F177.8% I
THZE20194E19100.0%H198.8%, X Sk 71 B8 & A1l 25
RE TS, XS i fih e A0Sk i b R 24 2 55
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Tab.4 Comparison of antibacterial activities of carbapenem-resistant Klebsiella pneumoniae against commonly used antibiotics in

various years from 2015 to 2019

2015(n=14) 2016(n=45) 2017(n=72) 2018(n=120) 2019(n=103)

2R P! Pl

R/% S/% R/% S/% R/% S/% R/% S/% R/% S/%

PR LN 78.6 21.4 100 0 88.6 43 97.1 2.9 98.8 1.2 18.304(F) <0.001
Sk A A 78.6 7.1 97.8 0 90.1 3 94.1 5.9 99 1 13.147(F)  0.006
Sk fth e 64.3 35.7 97.8 22 92.2 2.4 94.1 5.9 98.1 1 17.155(F)  <0.001
PSok=El 66.7 333 64.4 15.6 82.4 11.7 84.8 9.1 932 49  21.858(F) <0.001
PR L 71.4 21.4 84.4 8.9 89.3 10.7 94.1 5.9 95.1 3.9 11.804(F)  0.013
Sk PR /Y L 3H 57.1 35.7 90.9 4.5 95.8 2.4 73.5 5.9 91 2 30.161(F)  <0.001
WR 7 PG AR/t i B2 30 64.3 21.4 88.9 4.4 91.3 3.8 94.1 5.9 94.2 2.9 11.650(F)  0.014
e 92.9 0 40 57.8 91.6 6 94.1 5.9 95.1 49  69.500(F) <0.001
DI 92.9 7.1 100 0 100 0 100 0 100 0 8.322(F)  0.01
X 77.8 222 97.7 2.3 95.2 4.8 91.7 8.3 98.8 12 12.683(F)  0.007
BoR R A 42.9 57.1 20 77.8 50.4 49.6 61.8 38.2 68 282 33.616(F) <<0.001
JRRER 71.4 28.6 68.9 28.9 76.1 21.9 85.3 11.8 83.5 146  7483F)  0.105
FATHR 64.3 28.6 64.4 24.4 70 18.6 73.5 11.8 85.4 8.7 11.439(F)  0.02
NS 50 429 64.4 333 83.8 13.7 91.2 8.8 91.3 58  28731(F) <<0.001
F A R 429 50 66.7 333 79.3 20.7 91.2 8.8 91.3 8.7 31.368(F) <<0.001
5 75 e R ST 57.1 429 73.3 26.7 75.9 24.1 82.4 17.6 58.3 417  18.286(F) <<0.001
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Fig. 1 Heat map of resistance genes of 19 CR-KP strains in ICU
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