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Isolation, identification, and pathogenicity analysis of ST25
Klebsiella pneumoniae from Alligator sinensis

LIANG Yinlong', GE Mengli', XU Jiajun', WU Fei', MI Jiawei', DING Qiying', CHEN Hongchao',
ZHOU Yongkang?, YI Pingsi’, XU Qianming""

1 College of Veterinary Medicine, Anhui Agricultural University, Hefei, Anhui, China

2 Anhui Alligator sinensis National Nature Reserve Administration, Xuancheng, Anhui, China

Abstract: [Objective] To determine the cause of death of an adult crocodile in the Alligator
sinensis Management Center in Anhui Province.[Methods] Bacteria were isolated from the heart,
liver, lung, and spleen via the culture method, and the isolates were identified by morphological
observation, biochemical tests, and molecular biological methods. Furthermore, the mucus
phenotype was determined by means of the string test. Multilocus sequence typing (MLST) was
conducted on the basis of seven housekeeping loci. Virulence gene analysis, pathogenicity test,
drug resistance gene analysis, and antimicrobial susceptibility testing were conducted to clarify the
pathogenicity and drug resistance of the isolates. [Results] The pathogenic bacteria isolated from
the four organs were morphologically consistent Gram-negative bacilli. Through biochemical tests
and 16S rRNA gene and khe sequencing, the isolates were identified as Klebsiella pneumoniae
YZEO1, capsular serotype K2. String test showed that the strain was hypermucinous K.
pneumoniae, and MLST analysis showed that the strain belonged to sequence type 25 (ST25). The
strain carried six virulence genes: fimH, entB, rmpA, rmpA2, mrkD, and wabG. Pathogenicity tests
showed that some of the tested mice died within 24 h after infection with YZEO1, and the same
strain was isolated from the heart, liver, lung, and spleen. The lung tissue of infected mice showed
hemorrhage and congestion lesions to different degrees. In addition, RT-qPCR revealed that the
transcript levels of IL-1p, IL-6, IL-8, and TNF-o in the lung peaked at 12 h post-infection and then
declined. The strain carried three drug resistance genes (blaSHV, armA, and ermB), and it was not
sensitive to cephalexin, cefazolin, ampicillin, streptomycin, gentamicin, erythromycin,
roxithromycin, and clindamycin. [Conclusion] The isolated strain K. pneumoniae YZEO1 carries a
variety of virulence genes and has strong pathogenicity and drug resistance. It is considered as a
major cause of death in 4. sinensis. The findings are conducive to the prevention and control of
diseases in A. sinensis.

Keywords: Alligator sinensis; Klebsiella pneumoniae; isolation and identification; pathogenicity;
drug resistance

Y v s (Alligator sinensis)fE I ERFA R — 5 [ RRIPERE TN BGED M. T LEAER,
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Table 1 Sequences of relevant primers
Gene names Primer sequences (5'—3") Amplicon size/bp Annealing temperature/°C
khe F: TGATTGCATTCGCCACTGG 428 58
R: GGTCAACCCAACGATCCTG
16S rRNA 27F: AGAGTTTGATCCTGGCTCAG 1465 60

1429R: GGTTACCTTGTTACGACTT
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PCR amplification results of 16S rRNA
gene and khe gene from the isolated strain YZEO1. A:
16S rRNA gene PCR amplification results; B: khe
gene PCR amplification results. Lane M: DL2000
DNA marker; Lane 1: Negative; Lane 2: The isolated

strain.

Figure 1
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— Klebsiella pneumoniae YZEO01 (PX588409)
Klebsiella pneumoniae INF144-sc-2279979 (LR890569)
Klebsiella pneumoniae KP_NORM_BLD_112922 (CP153828)

96| Klebsiella pneumoniae B3824 (CP070425)

10

—_—

0.02

B2 9 EEFR16S rRNAREFEI ARG . B

Klebsiella pneumoniae 307 (OW848921)

Klebsiella pneumoniae KP08 (0Z259499)

86(Klebsiella variicola CBNU_22MS (PP596896)

Klebsiella variicola MW121LK (OR722220)

62 | Klebsiella aerogenes KCTC 2190 (NR102493)
Klebsiella aerogenes SH 8 (OM535901)

L Klebsiella aerogenes TL3 (PP577623)

9 Klebsiella aerogenes CIFRI.U1 (PV697369)

Klebsiella aerogenes NSKA102 (PP922375)

Pseudomonas aeruginosa DSM 50071 (NR026078)

Figure 2 Phylogenetic tree of 16S rRNA gene sequences of isolated strains. The phylogenetic tree depicts

evolutionary relationships among strains, with terminal branches labeled by strain names and corresponding

GenBank accession numbers; Bootstrap values at nodes indicate statistical support for each clade; The scale bar

(0.02) represents nucleotide substitutions per site.
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Figure 5 Identification results of virulence genes. A: rmpA gene; B: rmpA2 gene; C: entB gene; D: fimH

gene; E: markD gene; F: wabG gene. Lane M: DL2000 DNA marker; Lane 1: Negative; Lane 2: The isolated

strain.
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Figure 6 Comparative necropsy of mice and identification of bacteria isolated from various organs. A: Survival
curves; B: Laparotomy diagram (a: Experimental group; b: Control group; c—d: Lung; e—f: Liver); C: Colony
morphology of bacterial isolates from various organs (a: Isolated heart bacteria; b: Isolated liver bacteria; c:
Isolated spleen bacteria; d: Isolated lung bacteria); D: khe gene-based identification of bacterial isolates from
various organs (Lane M: DL2000 DNA marker; Lane 1: Negative; Lane 2: Spleen; Lane 3: Liver; Lane 4:

Kidney; Lane 5: Lung; Lane 6: Heart).
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Significant difference; ** P<0.01: Highly significant; *** P<0.001: Extremely significant.
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Identification results of drug resistance genes. A: blagsyy gene; B: armA gene; C: ermB gene. Lane M:

DL2000 DNA marker; Lane 1: Negative; Lane 2: The isolated strain.
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R2 DBRERAEIREER
Table 2 Susceptibility test results of isolated strains

Types of antibiotics Antimicrobial Diameter of the Sensitivity
bacteriostatic zone/mm
B-lactams Cephalexin 16.67+0.58 R
Cefoperazone 13.3341.53 1
Cefazolin 18.33+0.58 R
Ceftriaxone 22.33+2.08 S
Ceftazidime 19.00£1.73 1
Ampicillin 0.00+0.00 R
Sulfonamides Trimethoprim/sulfamethoxazole (co-trimoxazole) 21.67+0.58 S
Aminoglycosides Streptomycin 0.00+0.00 R
Gentamicin 9.67£1.15 R
Amikacin 18.00+0.00 S
Tetracyclines Tetracycline 11.3340.58 I
Doxycycline 13.00+1.00 I
Quinolones Ofloxacin 16.67+£0.58 S
Norfloxacin 20.00+0.00 S
Ciprofloxacin 20.67+1.53 S
Macrolides Erythromycin 0.00+0.00 R
Roxithromycin 0.00+0.00 R
Azithromycin 8.33+1.15 1
Peptides Polymyxin B 17.67+1.53 S
Lincosamides Clindamycin 7.33+0.58 R
Amido-alcohols Florfenicol 11.00+0.00 I

S: Susceptible; I: Intermediate; R: Resistant.
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