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Abstract: [Objective] This study aims to analyze the drug resistance and molecular types of
Klebsiella pneumoniae isolated from giant panda (Ailuropoda melanoleuca), which is expected to
clarify the drug resistance and prevalence of K. pneumoniae in the captive population of giant panda
and to guide clinical drug use. [Methods] For the 178 K. pneumoniae strains of giant panda collected
from 2018 to 2019, the drug resistance phenotypes were analyzed with the Kirby-Bauer (K-B) disk
diffusion method, drug resistance genes and mobile genetic elements by Wafergen Smartchip
high-throughput fluorescent quantitative PCR, and sequence types (STs) by multi-locus sequence
typing (MLST). [Results] The 178 strains had the highest resistance rate to doxycycline (15.2%) and
the resistance to cefotaxime, imipenem, and azithromycin was significantly higher in strains isolated in
2019 than in 2018 (P<0.05). A total of 106 drug resistance genes (106/227) and 11 mobile genetic
elements (11/19) were detected. The resistance mechanisms were mainly efflux pumps (42.0%),
antibiotic inactivation (41.8%), and altered target sites of action (16.2%). MLST classified the strains
into 42 STs, and ST was correlated with drug resistance. [Conclusion] The resistance rate of
K. pneumoniae strains from giant panda to B-lactam and macrolide antibiotics increased from 2018 to
2019. The drug resistance mechanisms of the strains were mainly efflux pumps and antibiotic
inactivation. ST17, ST23 and ST4007 may be the dominant types. In the clinical treatment of giant

pandas, antibiotics should be rationally used to prevent further enhancement of drug resistance.

Keywords: giant panda; Klebsiella pneumonia; drug resistance; drug resistance mechanism; sequence type (ST)
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7.6% FTFE 2019 4£1Y 10.9% (http://www.carss.
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1.1 E#EKIE

178 AT 48 o B A1 TR 43 125 19 ik 5l P 5 K
REM R BT EESEAE , Horh 2018 4F 91 #k, 2019 4
87 Bk, KWHFHPrHEE R ATCC25922 HHA S
I EIRAT
1.2 E#HHFHELE

TETCHE R, ¥ 178 MR MR Rh T 22 e

UL B A B4R R T 5% R BlE (MIAC) 15 57
PEAT Al IR, 37 °C R BEF7 5 WA AT T 24
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TR A 2L e ARS8 AT 16S rRNA
JE DRI 7 7 v PR A T i S
1.3 ZHEEFELH DNA A2 EY
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1.4 16S rRNA EE %53

KA 8 5149 PCR P40 1 16S
rRNA S, § 879K/ Nk 1500 bp, 51975
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1492R: 5'-TACCTTGTTACGACTT-3', PCR /*
W A TR TR () B A B
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X, BRE B WA FNE . M GenBank HEH
4 BRI R SOERAAEE L 5 BRIAFE RS [ JE 2058 1
16S rRNA FE[H 7515 B AR 16S rRNA
FEHFES, {#H MEGA7.0 #4%, %] Neighbor-
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SRR S M
1.5 K-B AN Z55RE
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P v 4% TR AR 3D BHI [EMA R 5536 37 °C 1H IR
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37 °C IR 9% 16-18 h, K FH 22 I b i
WHE A E N 1.5x10° CFU/mL., FHXCH %
FENUE W, YA T MH SEARGER, =R
T4 3-5 min, FIJC BB 7R 24 AR H UG RS
FRILFRM, AN B AT 24 mm,
HRA R OMEALTF 15 mm, FFFEHRET
37 °C fHIERE 37 1824 h i, FHUAR & R4
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Table 1

2t AR 2 MLST M3k (https://bigsdb.pasteur.fr/
Klebsiella/klebsiella.html) P47 e 51 H %45 5% 17
) ST &, iz Ffl MEGA 7.0 #f4-% Ff] Neiber-joining
BEMERGE L BEMIEATRG M . &6
PRI 25 R 25 R A 5 ST A Z (Al Y
KE

2 ZREM

21 KREERIFEMAREEEEKNSEM
LEZER
2.1.1 KEEBBEMAREAENEZREER
FUHETHER

ST B MR FE MIAC 35383 2 57 Y
o, PN gL BT B T, B
PRI G P22 2 RY a1, F kR
Op R JE sl BRAFAR , A~ sBONHES s A A
ELER IR . PTG AR 2R 0 . SR . RERE
HEERE . frEmeh . RE . WA, 726,
RS L R R W e V-P R BH
B A A B W 5 B, A A R v TR A B
T 25 i A AL R AE .

Seven housekeeping genes’ primer sequences of Klebsiella pneumoniae

Target genes  Primer sequences (5'—3")

Amplicon size/bp

rpoB F: GTTTTCCCAGTCACGACGTTGTAGGCGAAATGGCWGAGAACCA 1075
R: TTGTGAGCGGATAACAATTTCGAGTCTTCGAAGTTGTAACC

gapA F: GTTTTCCCAGTCACGACGTTGTATGAAATATGACTCCACTCACGG 662
R: TTGTGAGCGGATAACAATTTCCTTCAGAAGCGGCTTTGATGGCTT

mdh F: GTTTTCCCAGTCACGACGTTGTACCCAACTCGCTTCAGGTTCAG 756
R: TTGTGAGCGGATAACAATTTCCCGTTTTTCCCCAGCAGCAG

pgi F: GTTTTCCCAGTCACGACGTTGTAGAGAAAAACCTGCCTGTACTGCTGGC 566
R: TTGTGAGCGGATAACAATTTCCGCGCCACGCTTTATAGCGGTTAAT

phoE F: GTTTTCCCAGTCACGACGTTGTAACCTACCGCAACACCGACTTCTTCGG 602
R: TTGTGAGCGGATAACAATTTCTGATCAGAACTGGTAGGTGAT

infB F: GTTTTCCCAGTCACGACGTTGTACTCGCTGCTGGACTATATTCG 462
R: TTGTGAGCGGATAACAATTTCCGCTTTCAGCTCAAGAACTTC

tonB F: GTTTTCCCAGTCACGACGTTGTACTTTATACCTCGGTACATCAGGTT 539

R: TTGTGAGCGGATAACAATTTCATTCGCCGGCTGRGCRGAGAG

P<actamicro@im.ac.cn, #010-64807516
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Z AT 25 RN AIET 10%).5 2018 M,
2019 443 B 14 fili 92 5 5 11 1R % Sk FL e i | IF i
5% T BT A B 2R 1Y 24 P I 2 G R (P<0.05),
XoF Sk AR PG T 24 2% I 2 BRI (P<0.05) 5 X PO 3R
R R PAE R 25 T, (R JE B

7 5 (P>0.05) (3 2).
23 KREEWIEMXREHEETHAERE
1%

T 245 5 DRUARG: 0 245 JR s , SIC I B AR L
i 106 F ARGs (106/227), #5 K 3| £ HE it 2y |

bp M1 2 3 456 7 8 91011121314 151617 18 19 20 21 22 23 24

wewwwwwwww LA A A

wwwewwwewwewewewewewewweewe wwww

1 500 bp

1 500 bp

M 1 252627 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

1 O REHEAE 16S rRNA EFE B PCR KRE

Figure 1

16S rRNA gene PCR test results of some Klebsiella pneumoniae strains. M: DL 2 000 maker; lane

1: the negative control (normal saline); lane 2—47: PCR amplification products of some K. pneumoniae

strains.
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Figure 2 16S rRNA gene phylogenetic tree of some Klebsiella pneumoniae isolated strains. Phylogenetic

tree generated by the neighbor-joining method based on 16S rRNA gene sequences of selected representative
strains from giant panda. Numbers in bracket represent the sequences accession number in GenBank. The
number of each branch points is the percentage supported by bootstrap 1 000. Bar, 0.01 sequence divergence.
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®2 KEEIEIRAK R EREX 37 Mt RN A ER(1=178)

Table 2 Drug resistance of Klebsiella pneumoniae from giant panda to 37 antibiotics (n=178)

Classification Antibiotic Drug resistance in 2018/% Drug resistance in 2019/% The total resistance/%
B-lactams PIP 1.1 4.6 2.8
MOX 0.0 0.0 0.0
CAZ 0.0 1.1 0.6
CFM 2.2 0.0 1.1
CMZ 1.1 0.0 0.6
FEP 0.0 0.0 0.0
CTX 0.0 4.6* 2.2
CA 2.2 23 22
Cz 5.5 2.3 3.9
CTR 0.0 1.1 0.6
FOX 6.6 0.0* 3.4
TZD 0.0 0.0 0.0
CXM 0.0 23 1.1
CEC 33 2.3 2.8
AMS 4.4 1.1 2.8
CFP 1.1 0.0 0.6
70X 0.0 0.0 0.0
AT 1.1 0.0 0.6
MEM 0.0 1.1 0.6
IPM 1.1 8.0% 4.5
Aminoglycoside K 1.1 1.1 1.1
GM 2.2 2.3 2.2
S 33 3.4 3.4
Quinolonones ENX 1.1 1.1 1.1
OFX 0.0 1.1 0.6
NOR 0.0 1.1 0.6
LOM 0.0 2.3 1.1
FO 0.0 23 1.1
LVX 1.1 34 2.2
CIP 0.0 1.1 0.6
GAT 0.0 0.0 0.0
Chloramphenicol C 6.6 12.6 9.6
Macrolides AZM 0.0 5.7* 2.8
Tetracycline DX 13.2 17.2 15.2
MI 5.5 4.6 5.1
Sulfonamides SXT 9.9 9.2 9.6
TMP 8.8 9.2 9.0

PIP: piperacillin; MOX: moxalactam; CAZ: ceftazidime; CFM: cefixime; CMZ: cefmetazole; FEP: cefepime; CTX:
cefotaxime; CA: cephalaxin, CZ: cephazolin; CTR: ceftriaxone; FOX: cefoxitin; TZD: piperacillin/tazobactam; CXM:
cefuroxim; CEC: cefaclor; AMS: ampicillin/sulbactam; CFP: cefoperazone; ZOX: ceftizoxime; AT: aztreonan; MEM:
meropenem; IPM: imipenem; K: kanamycin; GM: gentamicin; S: streptomycin; ENX: enoxacin; OFX: ofloxacin; NOR:
norfloxacin; LOM: lomefloxacin; FO: fleroxacin; LVX: levofloxacin; CIP: ciprofloxacin; GAT: gatifloxacin; C:
chloramphenicol; AZM: azithromycin; DX: doxycyline; MI: minocycline; SXT: cotrimoxazole; TMP: trimethoprim.
*: the statistical difference when compared with antibiotic resistance rate in K. pneumoniae between 2018 and 2019 at
P<0.05.
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Figure 3  The content of ARGs carried by
Klebsiella pneumoniae from giant panda.
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Figure 4 Drug resistance mechanisms of
Klebsiella pneumoniae from giant panda.

P<dactamicro@im.ac.cn, #8010-64807516

33.3%
8 [ntegron

Plasmids
0 Transposase

25.9%

5 RREMIRAE K RAEEIETH MGEs 155
Figure 5 The content of MGEs carried by Klebsiella
pneumoniae from giant panda.
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Bl 6 ET MLSTHMOREKFEMAREBERGLEN
Figure 6 Phylogenetic tree of some Klebsiella pneumoniae strains from giant panda based on MLST. A, B
and C is custom grouping. The number at each branch points is the percentage supported by bootstrap 1 000.

Bar, 0.005 sequence divergence.
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F=3 3NSTHWRXRERRENHWARE SNERH=178)

Table 3 Drug resistance phenotypes’ analysis results of three ST clusters Klebsiella pneumoniae (n=178)

Classification Antibiotic

Drug resistance of group

Drug resistance of group Drug resistance of group

A% B/% C/%
B-lactams PIP 4.5 0.0 0.0
CTX 4.5 0.0 0.0
CA 2.3 25.0 0.0
(ov4 2.3 25.0 0.0
FOX 0.0 25.0 0.0
CXM 2.3 0.0 0.0
CEC 2.3 0.0 0.0
AMS 23 0.0 0.0
IPM 13.6 50.0 0.0
Aminoglycoside K 2.3 0.0 0.0
GM 2.3 0.0 0.0
S 4.5 0.0 0.0
Quinolonones ENX 2.3 0.0 0.0
OFX 2.3 0.0 0.0
NOR 2.3 0.0 0.0
LOM 4.5 0.0 0.0
FOX 4.5 0.0 0.0
LVX 6.8 0.0 0.0
CIP 2.3 0.0 0.0
Chloramphenicol C 20.5 0.0 0.0
Macrolides AZM 9.1 0.0 0.0
Tetracycline DX 22.7 0.0 0.0
MI 6.8 0.0 0.0
Sulfonamides SXT 13.6 0.0 0.0
TMP 13.6 0.0 0.0

Boioh 2R rEA R E . 2019 450 B K BEAH
TR il R v B AR X P AR R 250 & F 2018
AP ELAR SR R A T i — 25 A5

MLST 23T 7 M8 B ¥ 51 43 B 1 ik
WATIE L M2 S AE DL 3 B vk, A BET
IR RE P AT 245 R AP KRR A T
1) ST A, 7erpE, A b FZ54T ST11
ST23 2 R& F F kAT ST218 (4F)!*1 . ST37
(%), ST258 (J%). ST60 (%)Fl ST11 (R)P,
AWFFE RN ST17. ST23 Fl ST4007 1K AEAH
it 5 i B AT BRT P ) 5 i e (430 R 5.88%), it
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