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Abstract: [Objective] To investigate the drug resistance status of wild birds carrying bacteria and to
explore their role in the transmission of bacterial drug resistance. [Methods] Four Klebsiella
pneumoniae were isolated from fresh feces of captured Alectoris chukar, Psittacula alexandri, Aratinga
solstitialis and Sturnus nigricollis, and were assessed for multidrug resistance phenotypes by
micro-broth dilution method. Bacterial genome-wide association analysis and comparative genomics
were used to trace the isolates and systematically analyze the association between the multidrug resistance
plasmids/genes and their hosts/homologous plasmids. [Results] Four strains of K. pneumoniae showed
different drug resistance phenotypes. Specifically, S90-2 from A. chukar was resistant to nine drugs
including ampicillin, cefuroxime, cefazolin, ceftriaxone and cefepime; S141 from P. alexandri was
resistant to ampicillin, cefuroxime and cefazolin; M911-1 from 4. solstitialis was resistant to ampicillin
only; S130-1 from S. nigricollis was sensitive to all of the 14 drugs. S90-2 belonged to ST629 type and
carried 30 resistance genes including blacrx.m.14, f0sA6, aac(3)-Iid and blasyy.i1, and its plasmid
pS90-2.3 (IncR) carried resistance genes of mphA, dfrA12, aadA2, qacEdeltal, sull, tet(A), aph(3')-1a,
sul2 and aph(3")-1b. S141 belonged to ST1662 type and carried 27 resistance genes including fos45 and
blasyv.17, and only plasmid pS141.1 [IncFIB(K)(pCAV1099-114)/repB] carried one resistance gene
adeF. M911-1 was a new ST type, carrying 27 resistance genes such as blasyy.; and fos46, and its
plasmid pM911-1.1 (novel) carried three resistance genes gnrS1, blajap., and tet(A). S130-1 belonged
to ST3753 type, carrying 27 resistance genes such as blasyy.;; and fosA6, and its plasmid pS130-1
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[IncFIB(K)] carried only one resistance gene tet(A). The plasmids pM911-1.1 and pS90-2.3 failed to

perform conjugative transfer, but their resistance gene fragments were derived from multiple

homologous chromosomes or plasmids of Enterobacteriaceae strains, and the formation of resistance

gene fragments (MDR region) involved interactions between multiple mobile element genes, resulting

in a complex and diverse structure of resistance plasmid. The homologous plasmids related to

pMO911-1.1 and pS90-2.3 were mainly from human bacteria hosts in China, such as K. pneumoniae and

Escherichia coli, and the K. pneumoniae ST11 was a major host for the above drug-resistant

homologous plasmids. [Conclusion] The multidrug-resistant K. prneumoniae from wild birds in this

study had resistance genes mainly from plasmids, which were mediated by transposons, insertion

sequences, integrons and prophage and other mobile elements, and these multidrug-resistant plasmids

were closely related to the human host bacteria.

Keywords: wild birds; multidrug-resistant bacteria; Klebsiella pneumoniae; drug-resistant plasmids
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Table 1 Drug resistance of strains

Name Host Non-susceptible phenotype® Susceptible phenotype®

S90-2  Alectoris chukar AMP, CXM, CZO, CRO, FEP, GEN,  SAM, TZP, MEM, GEN, AMK, CHL, LVX,
CHL, LVX, SXT SXT, TGC

S141 Psittacula alexandri  AMP, CXM, CZO, GEN TZP, MEM, GEN, AMK, CHL, LVX, SXT, TGC

M911-1  Aratinga solstitialis ~AMP CXM, CZO, CRO, FEP, SAM, TZP, MEM, GEN,

AMK, CHL, LVX, SXT, TGC
S130-1  Sturnus nigricollis N/A AMP, CXM, CZO, CRO, FEP, SAM, TZP, MEM,

GEN, AMK, CHL, LVX, SXT, TGC

*AMP: ampicillin; CXM: cefuroxim; CZO: cefazolin; CRO: ceftriaxone; FEP: cefepime; SAM: ampicillin/sulbactam; TZP:
piperacillin/tazobactam; MEM: meropenem; GEN: gentamicin; AMK: amikacin; CHL: chloramphenicol; LVX: levofloxacin;
SXT: trimethoprim/sulfamethoxazole; TGC: tigecycline; N/A: not applicable. Penicillins: AMP; cephalosporins: CXM, CZO,
CRO, FEP; B-lactamaseinhibitors: SAM, TZP; carbapenems: MEM; aminoglycosides: GEN, AMK; chloramphenicols: CHL;
fluoroquinolones: LVX; sulfonamides: SXT; glycylcyclones: TGC.
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[ B B [ 14 43 4

JFORE pMO11-1.1 42K 75 711 bp, 7EIEK &
pMO11-1.1-GI-1 (3-35 601 bp) FfF-7E trbB.
traY. tral. tral M traJ ILHFERE PR KL, (H
HARZI finO IEH 5528 tra/trb FEAHE, HA
Hg W eE 1. 2B pMI11-1.1-GI-2
(40 68745 449 bp) FWIAATE 1 A inel2 e JiE il
N (SI7 738 ~ 31 S I o 17 N2/ 7 P2~ S S
PlasmidFinder 4 % H A K 2 2] repA T & A
FHASHEISTY , ml RS2 B IU AN AH S TR (B 1A)o
PE—2 434, pMO11-1.1 #7F — 4~ MDR X35 (k

*2 FEEXMARBRRESBRERBEMRAETHAEER

Table 2 Genomic information of Klebsiella pneumoniae isolates from wild birds

Chromosome group or plasmid

. ST type® PlasmidFinder® Movable resistance determinants®
name of strain
Chr-S90-2 ST629 N/A blactxm.14, f0SA6, aac(3)-1id, blasyy.1q
pS90-2.1 N/A IncFIB(pKPHS1) N/A
pS90-2.2 IncFIA(HI1)/IncFII(K) N/A
pS90-2.3 N/A IncR mphA, dfrA12, aadA2, qacEdeltal, sull,
tet(A), aph(3')-la, sul2, aph(3")-1b
Chr-S141 ST1662 N/A fosAS5, blasyy.a17
pS141.1 N/A IncFIB(K)(pCAV1099-114)/repB  N/A
pS141.2 N/A IncFIB(pKPHS1) N/A
Chr-M911-1 Novel N/A blasyy.1, fosA6
pMI11-1.1 N/A Novel gnrS1, blay sp.,, tet(A)
pMI11-1.2 N/A IncR/IncFlI(pCTU2) N/A
pM911-1.3 N/A Novel N/A
Chr-S130-1 ST3753 N/A blagyy.11, fosA6
pS130-1 N/A IncFIB(K) tet(A)

*N/A: not applicable.
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Plasmid profiles of multi-drug resistant plasmids pM911-1.1 and pS90-2.3.
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Sy EWL, BEEE, I, EESEER
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A)

pMO911-1.1_MDR (50 659-63 762 bp) _

52500'

= < -W-N-

ISKpn19 tmpR qnrS1 | blagp.,
ISMaq2 insD

ISEcll msC2]

B)
pM911-1.1_MDR (50 65963 762 bp)

57 500

60 000" 62 500"

_ﬂm»

1S26 tnp

2 [RHI pM911-1.1 MDR Xig &5+ & E[E]IR F B 4519

Figure 2 Structure of plasmid pM911-1.1 MDR region and its homologous fragment structure. A: schematic
diagram of gene element combination in pM911-1.1 MDR region; B: comparison of pM911-1.1 homologous
fragment structure. Red fragment, drug resistance gene; blue fragment, transposase gene. The arrow direction

represents the gene coding direction.
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Figure 3  Structure of plasmid pS90-2.3 MDR region and its homologous fragment structure. A: schematic
representation of gene element assembly in pS90-2.3 MDRI1 region; B: comparison of pM911-1.1
homologous fragment structure; C: schematic representation of gene element assembly in pS90-2.3 MDR2
region. Red fragment, drug resistance gene; blue fragment, transposase gene; green fragment, integrase
gene; purple fragment, prephage; cyan, gene island. The arrow direction represents the gene coding
direction.
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Genome-wide evolutionary tree of plasmids pM911-1.1, pS90-2.3 homologous plasmids

Klebsiella pneumoniae host and strains M911-1 and S90-2.3. Red branch: main clustering branch of similar
plasmid hosts; orange pentagons: pM911-1.1 similar plasmid; blue diamond: pS90-2.3 similar plasmid.
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