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Resistance and virulence genes and antimicrobial susceptibility of
pet-derived Klebsiella pneumoniae from Guangdong Province
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Abstract: [Objective] To investigate the antibiotic resistance and virulence of pet-derived
Klebsiella pneumoniae in some areas of Guangdong Province. [Methods] Fecal swabs were
collected from dogs and cats for strain isolation, and 16S rRNA and khe genes were amplified by
PCR to identify the strains. The sensitivity of K. pneumoniae isolates to 17 antibiotics was
determined by the agar diffusion method. PCR was employed to detect resistance genes to
B-lactams (blaspv, blactx, and blargym), carbapenems (blaxpc and blanpn), aminoglycosides (rmtB),
quinolones (gnrS and ogxAB), sulfonamides (Su/l and Su/2), amphenicols (floR), tetracyclines (tet
(4)), and fosfomycin (fosA3) and some virulence genes (rmpA, maga, fimH, mrkD, uge, WabG, kfu,
Aerobactin, and ureA).[Results] A total of 126 strains of K. pneumoniae were isolated from 428
fecal samples, with an isolation rate of 29.4%. The 126 isolates had high resistance rates to
amoxicillin (75.40%), ampicillin (73.81%), and cotrimoxazole (61.90%). They were moderately
sensitive to ceftazidime, amikacin, apramycin, and enrofloxacin, and they were sensitive to
tigecycline, colistin, and meropenem. The detection rate of the resistance gene ogxAB was the
highest, which was 86.51%, followed by those of the B-lactam resistance gene blasyy (73.81%) and
the tetracycline resistance gene tet(A4) (52.68%). Other resistance genes were detected to varying
degrees (0.79% - 46.03%) and the carbapenem resistance gene blaxpc, colistin resistance gene
mcr-1, and aminoglycoside resistance gene rm¢B were not detected. Among the virulence genes, the
urease gene urea, lipopolysaccharide-related gene uge, and fimbria-related gene fimH showed the
detection rates of 100.00%, 95.54%, and 91.07%, respectively. Other virulence genes were detected
to varying degrees (2.70%—8.90%), while the capsule-related gene magA4 and the fimbria-related
gene mrkD were not detected. [Conclusion] In some areas of Guangdong Province, the antibiotic
resistance of pet-derived K. pneumoniae is serious, but its pathogenicity is relatively weak.
Monitoring of its drug resistance and pathogenicity should be strengthened. In addition, antibiotics
should be strictly managed and rationally used in the clinical practice, so as to avoid the generation
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and dissemination of multidrug resistant strains of K. pneumoniae.
Keywords: Klebsiella pneumoniae; pet-derived; resistance genes; virulence genes
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Table 1 Sequence information of primers used for bacterial identification and detection of drug resistance genes
N Bk 2] BN B AR 25 3CHk
Genes Primer sequences (5'—3") Target fragment (bp)  Annealing temperature (°C)  References
16SrRNA  F: AGAGTTTGATCCTGGCTCAG 1500 55 [10]
R: ACGGCTACCTTGTTACGACTT

khe F: TGATTGCATTCGCCACTGG 428 68 [11]
R: GGTCAACCCAACGATCCTG

mcr-1 F: TCGCGGCATTCGTTATA 535 52 [14]
R: GGTGGCGTTCAGCAGTC

blacrx F: TTAGGAARTGTGCCGCTGYA 688 56 [15]
R: CGATATCGTTGGTGGTRCCAT

blatgm F: ATAAAATTCTTGAAGACGAAA 1076 55 [16]
R: GACAGTTACCAATGCTTAATC

blasyy F: TTATCTCCCTGTTAGCCACC 795 55 [17]
R: GATTTGCTGATTTCGCTCGG

blagpc F: CGTCTAGTTCTGCTGTCTTG 566 55 [18]
R: CTTGTCATCCTTGTTAGGCG

blanpm F: GGTTTGGCGATCTGGTTTTC 621 53 [18]
R: CGGAATGGCTCATCACGATC

Sull F: TCGGACAGGGCGTCTAAG 925 56 [18]
R: GGGTATCGGAGCGTTTGCA

Sul2 F: CGGCATCGTCAACATAACCT 721 57 [19]
R: TGTGCGGATGAAGTCAGCTC

fosA3 F: GCGTCAAGCCTGGCATTT 282 56 [20]
R: GCCGTCAGGGTCGAGAAA

floR F: CTGAGGGTGTCGTCATCTAC 673 57 [20]
R: GCTCCGACAATGCTGACTAT

rmtB F: ACATCAACGATGCCCTCAC 725 52 [20]
R: AAGTTCTGTTCCGATGGTC

0qxAB F: GTCCAGCGATAATCAGGC 669 54 [21]
R: GGTCTCGGCAATCACTTT

qnrS F: ACGACATTCGTCAACTGCAA 417 54 [22]
R: TAAATTGGCACCCTGTAGGC

tet(A) F: CCAATCCATCGACAATCACC 583 53 [23]
R: CAGCCGAATACAGTGATCC

23
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Table 2 Sequence information of primers used for detection of virulence genes
P 721 R BN B IGREE E 2PN
Genes Primer sequences (5'—3") Target fragment (bp)  Annealing temperature (°C) References
rmpA F: ACTGGGCTACCTCTGCTTCA 535 55 [24]
R: CTTGCATGAGCCATCTTTCA
mrkD F: ATGTCGCTGAGGAAATTACTAACGC 958 56 [24]
R: TTAATCGTACGTAAGGTTAAAGATCAT
WabG F: ACCATCGGCCATTTGATAGA 683 54 [24]
R: CGGACTGGCAGATCCATATC
maga F: GGTGCTCTTTACATCATTGC 1283 53 [18]
R: GCAATGGCCATTTGCGTTAG
uge F: TCTTCACGCCTTCCTTCACT 535 55 [18]
R: GATCATCCGGTCTCCCTGTA
fimH F: TGCTGCTGGGCTGGTCGATG 550 57 [18]
R: GGGAGGGTGACGGTGACATC
kfu F: GAAGTGACGCTGTTTCTGGC 520 57 [18]
R: TTTCGTGTGGCCAGTGACTC
Aerobactin  F: GCATAGGCGGATACGAACAT 556 56 [18]
R: CACAGGGCAATTGCTTACCT
ureA F: GCTGACTTAAGAGAACGTTATG 337 54 [25]
R: GATCATGGCGCTACCTCA
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Klebsiella pneumoniae colonies in MIAC (A) and Gram-stained microscopic findings (B, 400x).
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Figure 2 The amplification of 16S rRNA (A) and khe (B) genes of isolated strains. Lanes 1-9: PCR results of
some isolated strains; Lane M: DL2000 DNA marker.
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Figure 3  The result of Klebsiella pneumoniae drug sensitivity test. AMP: Ampicillin; AMO: Amoxicillin; CTX:
Cefotaxime; CEF: Ceftiofur; CAZ: Ceftazidime; AMI: Amikacin; GEN: Gentamicin; NEO: Neomycin; APR:
Apramycin; TIG: Tigecycline; DOX: Doxycycline; CIP: Ciprofloxacin, ENR: Enrofloxacin; SXT:
Cotrimoxazole; FLR: Florfenicol; CL: Colistin MEM: Meropenem.
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