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Abstract: Antibiotic-resistant bacteria and antibiotic resistance genes have become new
environmental pollutants causing public health problems in the world. The antibiotic-resistant
bacteria, especially multidrug-resistant bacteria, has received increasing attention in clinical
medicine, animal breeding, and environmental transmission. However, there are few studies
about the antibiotic resistance of bacteria in wild animals such as giant panda (Ailuropoda
melanoleuca). Giant panda (4iluropoda melanoleuca) is recognized as a rare wild animal in the
world and its population is vulnerable to a variety of diseases, especially intestinal bacterial
diseases. With the increasing use of antimicrobials in disease prevention and control, the harm
of antibiotic resistance is becoming more and more apparent. By reviewing the research reports
on the antibiotic resistance of giant panda-derived bacteria, we introduced the phenotypes,
genotypes, and mechanisms of antibiotic resistance as well as the horizontal transmission
mechanisms of the bacteria. This review aims to provide a basis for the prevention and control
of antibiotic resistance and the reasonable application of antibiotics in clinical practice, so as to
facilitate the ex situ conservation of giant panda.

Keywords: giant panda; antibiotic-resistant bacteria; antibiotic resistance phenotype; antibiotic
resistance gene; antibiotic resistance mechanism; horizontal transmission mechanism
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Table 3  Antibiotic resistance genes and mobile genetic elements carried by different bacteria isolated from

giant pandas

Giant panda-

derived bacteria

Antibiotic resistant genes and

classification

Role of antibiotic

resistance genes

Mobile genetic

elements cassettes

Escherichia coli

Klebsiella

pneumoniae

Salmonella

B-lactams (ampC, CTX, CTX-M,
CTX-M-28, CTX-M-55, OXA, SHV,
TEM, TEM-1, TEM-34), tetracyclines
(tetA, tetB, tetC, tetE, tetM, tetR),
aminoglycosides (aac (6')-Ib, aac(3)-1la,
aacC2, aacC4, aadA, ant(3')-Ia, aphA3,
aph(3")Ila, StrB), sulfonamides (sull,
sul2, sul3), quinolones (qnrB),
chloramphenicols (cmlA, catl, floR),
methylase (rmtA, rmtB)

B-lactams (ampC—02, ampC—04,
ampC—06, ampC—07, ampC—09,
ampC/blaDHA, CMY2-01, CMY2-02,
CTX-M-01, CTX-M—02, CTX-M-03,
CTX-M-04, CTX-M—05, CTX-M-06,
GES, IMP-01, KPC, KPC2-13,
MOX/CMY, NDM, NDM-1, OCH,
OXA10-01, OXA10-02, OXA/OXA30,
OXY, PER, SHV, SHV-01, SHV—-02,
TEM, VEB, VIM), tetracyclines (tetA,
tetA—01, tetA—02, tetB—01, tetB—02,
tetC—01, tetC—02, tetD, tetE, tetG—01,
tetG—02, tet], tetM—01, tetPB—01),
aminoglycosides (aac(6")—Ib, aac(6")—ly,
aac(6)—Ib(aka aacA4)—01 ,
aac(6)—Ib(aka aacA4)—02,
aac(6")—Ib(aka aacA4)—03, aac(6')I1,
aac, aacC, aacC2, aac(6")I1, aadAl,
aadA2-01, aadA2-02, aph, aph6ia,
aph(2')-1d-01, aphA1(aka kanR) ,
aphA3—-01, aphA3-02, ant(3")-I),
sulfonamides (sull, sul2, sul3),
quinolones (qnrA), Polymyxin (mecrl,
mcr2), MLSB (erm, ermA, ermB,
msrA-01), vancomycins (vanA,
vanB—01, vanC1, vanC2/vanC3,

vanHB, vanHD, vanSB, vanTC-02)
Aminoglycosides (aph(3')-1la,
ant(3')-Ia), tetracyclines (tetC, tetM)

Encoding resistance
to B-lactams,
tetracyclines,
aminoglycosides,
sulfonamides,
quinolones and

chloramphenicols

Encoding resistance
to B-lactams,
tetracyclines,
aminoglycosides,
sulfonamides,
quinolones,
polymyxin, MLSB

and vancomycins

Encoding resistance
to aminoglycoside
and tetracycline

Conjugate plasmid intI1 (dfrA12- [

(tbrC), transposon orfF-aadA2, [

(tnpA/Tn21, dfrA12- aadA2, [19-20

merA), insert dfrA17- aadAS5, [
dfrA27- aadA2, [

dfrAl- aadAl,

IS1133, ISEcpl, aacA4-aadAl-catB2,

1S26, ISabal, aadAl, aadA2,

1S903), integrators aadAS, dfrAl,

(class I, class II) ~ dfrA7), intI2 (dfrAl-
sat2-aadAl)

Conjugate plasmid intl1(dfrA12-

(tbrC), Transposon orfF-aadA2,

(tnpU, tnpA/Tn21, dfrA12-orfF)

merA, tnp513),

Insert Sequence

(ISCR1,

ISCR3/14, ISEcpl,

1S26, ISkpn7,

[Sabal, IS903,

IS613, 1S3),

Integrators

(Class I, Class 11,

Class III)

sequence
(IISCR3/14,

[27-28],
[34-38]

[13]

(525
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Giant panda- Antibiotic resistant genes and Role of antibiotic =~ Mobile genetic Integron and gene References
derived bacteria  classification resistance genes elements cassettes
Enterobacteriaceae B-lactams (CTX, TEM, SHV), Encoding resistance — - [34]
tetracyclines (tetA), aminoglycosides  to B-lactams,
(ant(3")-Ia), sulfonamides (sull) tetracyclines,
aminoglycosides
Staphylococcus B-lactams (bla Z, mec A), tetracyclines Encoding resistance — - [13,39]
(tet M, tet K), aminoglycosides (aac to B-lactams,
A-aph D, aph(3')-11a, ant(3')-1a), tetracyclines,
sulfonamides (sull), chloramphenicols aminoglycosides,
(floR), MLSB (ermA, ermB, ermC), sulfonamides,
vancomycins (Van A, Van B) chloramphenicols,
MLSB and
vancomycins
Streptococcus Chloramphenicols (cmlA) Encoding resistance — - [13]
faecalis to chloramphenicols
Pseudomonas Tetracyclines (tetC), aminoglycosides Encoding resistance — - [13]
aeruginosa (aph(3')-lia), sulfonamides (sull, sul3), to aminoglycosides,
chloramphenicols (cmlA, catl, floR) sulfonamides and
chloramphenicols
Enterococcus Tetracyclines (tetL, tetM), Encoding resistance — - [34,40]
aminoglycosides (aac(6’)-le-aph(2')-Ia), to tetracyclines,
macrolides (ermE) aminoglycosides, and
macrolides
Lactobacillus Tetracyclines (tetM) Encoding resistance — - [41]
salivarius to tetracyclines

— represents no relevant references or reports.

B, R WAAFEM 2 AR R R R E KL
Tk ——WFE gL, B, fAreim 25 R AR
FERTAF AR A B ) 3, 2k PCR $ AR AT LU
A X bR I B R TR 24 PR, A A A T
PRI 25270, RE B 4 343 B T AR A I R P A 3R
1S 245155 100 LA R it 25 WL o {H 258 PCR B ARAFE
FERGIAE BN, TAER AR, HFENFiE—3
A3 M RGN 45 SR 2 e 55 Y i HT-qPCR HA 38
. R PSS, T LA B RRAE i
IR SRR SN ST R sl I €
i 25 56 A 1) 4> T A 6L ). FRATTOR A HT-qPCR 4%
ARG R K B S F W 9E b 2018-2019 4
ST ESI 178 BRICHRESR R IH 4 v 75 A 1R Y 227 )
25 5L, LRI 106 M 25 5L, HhZ

25 2L B- N RS I 24 2L R 3 it f e
IR 33.2%F 26.6%7Y; RN R ATTHE— B
FH HT-qPCR 43 ARG I o5 4B K RE A 258 W 5% Sk b
2020 4E4r B0 30 BRKREN U5 2 55 1 24 fili 4% v
TEAATE Y 82 P25 LA, HAG I Y 50 R TR
A A 671 NG EE, FEREHEART T
it 255K K : vanTC-02 . aacC . CTX-M-04 . SHV-01 .
SHV-02 . ampC-04 . OXY . tetD . TEM Fl tetd-02,
NG T —RANPUE R 250, a0 B-IN B
AT T ERE . TR R
PUAER MM 250, Hd W o it 25 5 0 s T
B-N B KPR R, Xt 5 KAE S E
WF 5% F b KBRS AP 2 25T B-IN RSP AE &
i 25 () IR SEARFF A 24200, BSR R PCR H
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