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Surveillance of drug resistance and extended-spectrum
beta-lactamase genes in Enterobacteriaceae from migratory
birds in Nansha Wetland Park, Guangzhou

LIN Xianguang', LI Tiegang %, XIA Yun"', LIU Yanhui®
1 School of Public Health, Guangdong Pharmaceutical University, Guangzhou 510310, Guangdong, China

2 Guangzhou Municipal Hospital of Chest Medicine, Guangzhou 510095, Guangdong, China

3 Guangzhou Center for Disease Control and Prevention, Guangzhou 510400, Guangdong, China

Abstract: [Background] Resistance genes can be transferred among environment, animal, and human,
and transferred for a long distance by migratory birds, thus posing a great threat to public health.
[Objective] We isolated and identified the main FEnterobacteriaceae bacteria from the feces of
migratory birds in Nansha Wetland Park, Guangzhou, and explored the resistance to common antibiotics
and the main resistance extended-spectrum beta-lactamase (ESBL) genes. On this basis, we assessed the
risk of migratory birds in Guangzhou carrying and transferring resistance bacteria and genes. [Methods]
From January to December 2019, 393 fecal samples were collected, and the bacteria were isolated,
cultured, and identified. Through drug susceptibility test, the resistance of the bacteria was detected.
PCR was performed to amplify the resistance genes blacry.uy, blargy, and blasyy, followed by sequencing
and BLAST alignment. [Results] A total of 59 Enterobacteriaceae strains (isolation rate 15.01%) were
detected from the 393 fecal samples, among which Pantoea agglomerans (36 strains, 61.02%) was most
abundant. Of the 59 strains, 89.83% were resistant to the tested antibiotics, and the resistance rates to
cefazolin (81.36%), sulfisoxazole (52.54%), and ampicillin (44.07%) were particularly high. Moreover,
55.93% of the strains were resistant to multiple antibiotics. In addition, 7 strains were resistant to
carbapenems. The sequencing result showed that 23 strains carried the resistance gene blazg.; (5.85%).
[Conclusion] Enterobacteriaceae bacteria in the feces of migratory birds in Nansha Wetland Park,
Guangzhou are intricacy, and the rates of drug resistance and multi-drug resistance are high. The result
suggests the risk of the migratory birds carrying carbapenem-resistant Enterobacteriaceae bacteria,
which has important public health significance.

Keywords: migratory birds; Enterobacteriaceae; drug resistance; drug resistance genes; TEM-1
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YA R 25 M o A 1) RAFREAR T W 1 4
W AITH 2578 [ ESBL M 253618, XAl fot & 17
fith /AL it 24 18 AT ESBL 3[R 8 JXURS: HLAT T 20
SCo B VDI H 2 B R T T R R AR s B
Ab T S IEFE RS LR b, RRAE AR A B R S 6
10 AL H, ABSERT 2019 4 RER ) M B H
D L2 Tl P i 55 FE A b i R TR R AN B 2R AT T
BIME | Z5aREG % ESBL it 25 KL DIAGIN, LA
V00 i 24 TR/ 24 5 DR A )T N e D T el
S oA iE Ol

1 #RE5xF*

1.1 HRKE

2019 4 1 H=12 A, #E7 Mg v
— AR I R 8 AR AL, TERTEE . R
IO AR B AR Y S RS, w
o E B KIE Y . HEAE TR 10 mL AR
HAGE T, 2-4 h WEHXER 2 0-4 °C IKFH
A7, HORET 393 Iy S MEREA
1.2 EFERKFIFMBRIERE

SAALBHALC, AR R A RA
Al A QPR AR 2 R AR, B AEE
HEHEARGRA A

Mg HL¥ VITEK 2 Compact 4> [ Zh 40 6 % 5
N 245, Bio Mérieux 2w Mk ihiE
WEHL KA . BERE AR RS, Bio-Rad 23 H],

# Pl B g (MacConkey agar, MAC)-F
M AR . B IR A O SR T 2ot
PER W35 A R TG R 15 57) . db st R B R
WA RRA T MR, RigRmEE
W ARA AT,
1.3 BHERHAESE. BEXRETE
1.3.1 BHERARESZ. EF

TCRHEAER 1 mL #5210 mL E3E RN
(RNEHHWN, 37 °C E AN FE SR 18 h, Bl

J A5 PR I T 2 b PR B AT 2R MAC AR
b, 37 °C BiFRMNEE SR 1824 h, WS
AL, ERORBE A
1.3.2 B

MEAC R AURE R 7%, 2 min J5IK
AR T A Bl 5 VR B0 (AU R B 1)
NI R R
1.3.3 BHTFERAEETE

M MAC ~F-H b kR A Pl 1 B 4 A T
wAEREA 3 mL JCH AR M % E T E
H, MR 5.0-6.2, K dE T HTRE R AL
W% VITEK 2 Compact 4= H 3 4 76 %5 € M 24511
RS ASNEE.
1.4 ZHHALE

C%5E R WA R ) 40 B 0 — 20 e 22 1M
PR b, 37 °C BiSRAINEG IR 18-24 h, DI#EZy
g

SR 22 G I P 75 A 24 A 0 e A3 i
Xf % 5E W A T B B A EAT 14 R BT
[T/ 5 R o AR 1 I AR R = W S N
(ampicillin, AMP). 2~ PYHk/&F L 3H (ampicillin-
sulbactam, AMS). lﬂl%?(tetracycline , TET).
A % & (chloramphenicol, CHL) . % J7 1 i B
(paediatric compound sulfamethoxazole tablets,
SXT). k7 Memk(cefazolin, CFZ). 3k 7fBE N5
(cefotaxime , CTX). =k ff i B (ceftazidime ,
CAZ). kPG T (cefoxitin, CFX)., K KHEZE
(gentamicin , GEN) . WV % 1% B4 (imipenem ,
IMI). ZEBERR (nalidixic acid, NAL). iz St
Sul) #1 % N ¥ A
(ciprofloxacin, CIP). Jii# Wtk N KinRA K
ATCC 25922, ™ B RAAHEDIEARAGIRE
Gk 2
141 BERH &S iE

MEEAT 12 mL 2480 M 1 S R ) 3 1

M (sulfamethoxazole
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HHR 100 pL {5 IR, A 24 B50Rar A B 2 %
REFLH . RGP EEFI RN 1.4 (R P AR b S E
DEHIER 2-3 mL KRR, IRAE
W, F0.5 2 Kb A R AT bb i (BT B2 29
1.5x10° CFU/mL). HU 60 pL b=
12 mL BEERE SR, TEREIRIR S48 LA
1 200 r/min 5 FHRGIRST 10 s, WA
WS 2O R SR TR B O A 96 LA
A ST, AL 100 pL, 35 °C BEFRAA M
7% 1820 h,
142 HYERPMEHE

il FHAUAE W) 25 0 /20 B0 i 3R G e B 2R
Ko, DARIR B S A B e, A 4Ln
AR R e . IR, 206 RLr ]k
PE, #HoREE . A, WEAUHIE, )
P 2 1 I R 52 36 = A #E AL 2% 51 23 (Clinical and
Laboratory Standards Institute, CLSI)FJAHR
HEAR A AR BUR(S) . Hr A BUR (D A 25 (R) 1Y
iR, BARGIEAW A E T R0 1,
1.5 ESBL i 25 £ E #2

WeHC 1.3.1 thifl & A A | mL 2 1.5 mL &
LMEH, 12 000 r/min .0 5 min, FF RIS
B 50 uL TCREZEIK, 100 °C K 10 min J5
12 000 r/min &5.0> 1 min, DL F3§AFE} DNA
M, BF-80°C vKARAT

H 5 SCHR[8-911 i Ml CTX-M. TEM #il
SHV MI&519, M) MRZRRAYEABRA A
G, Sl W 2. XA R B ESBL
it 25 3L K #E4T PCR 748, PCR Sz ik £ (AR
F125 ul): 2xTaq PCR Master Mix 12.5 uL., [,
FUFS14(10 pmol/L)4% 1.0 pL, #ik 2.0 uL,
ddH,O0 #5EE 25 pL. PCR I &1
blacryy: 94 °C 4 min; 94°C 30s, 56 °C 60 s,
72 °C 60 s, I 35 PMFIF; 72 °C 7 min,
blargy: 94 °C 4min; 94 °C 30's, 56 °C 60 s,

x1 BHERAEERMESS

Table 1 Species distribution of Enterobacteriaceae

BUA LY TR AU e
Antimicrobials Susceptible Intermediate Resistant
FRTGR AMP <8 16 >32
FFEVEM/EFEIH AMS <8/4 16/8 >32/16
PUIFE TET <4 8 >16
A E CHL <8 16 >32

57 Hrik B SXT <2/38 - >4/76
LAk CFZ <2 4 >8

L AumEls CTX <1 2 >4

L AufhIE CAZ <4 8 >16
SAEVE T CFX <8 16 >32
RKEF GEN <4 8 >16
e R IMI <1 2 >4
ZRIER NAL <16 - >32

Tith frie S5 W Sul <256 - >512
WHUWE CIP <1 2 >4

e o~ ZUEORTIN AR T DA 2 ) 0 v B 1 R AL TR AR
A H A U

Note: —: The intermediate susceptibility concentration of

strains to antibiotics was not included in the concentration
setting of antimicrobials in the drug susceptibility test
board.

x2 BHERAEMAEESY
Table 2  Primers of drug resistance genes in
Enterobacteriaceae

Primer Primer sequence (5'—3") Size
name (bp)

F: TTTGCGATGTGCAGTACCAGTAA 544
R: CGATATCGTTGGTGGTGCCATA

blacry.m

blazgy, ~ F: GTATCCGCTCATGAGACAATA 716
R: AGAAGTGGTCCTGCAACTTT
blagyy ~ F: GCCTTTATCGGCCTTCACTCAAG 885

R: TTAGCGTTGCCAGTGCTCGATCA

72 °C 60 s, 3 35 PMFEIH; 72 °C 7 min,
blasyy: 94 °C 3min; 94 °C 30's, 58 °C 60 s,
72°C 60 s, 3£35MFFF; 72 °C 10 min, §73
PR %S B F TR A I . 25 3R BH
=k 28 ) N 2 R A R A BR S JIN )
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e 25 S 847 BLAST (http://www.ncbi.nlm.nih.
gov) 7.

2 BREM

21 BHFERIMENSIESEE

XF 393 e S 2 oy B e Je , ARAS 59tk
TR, K 3 15.01% (59/393), 3
12 FPanEFp2s, WL 3. Hoep Az o £ 2
PEHRAE, K 36 tk, &S R E
61.02%, 5 393 (RFEMFEMAY 9.16%; itk
WA IR 4 bk, BiRSCEIAE 3 %, A
HEEAW 4 bk, &85 85 &R0
6.78%. 5.08%F1 6.78%; HAANFKH 1-3 £,
ARG HA WA AR AN, A28 AT
IR
22 HHPREER

L FH 25 Bk AR A T 25 B0, S5 AR BUR
53 BRIAFF ARG AT 2518, Tif 2550 89.83%
(53/59), T 245 VW A TR RH A0 B o S 2S5 it 4

*3 BHERMEEMEEESH

B B B 13.49%. AT RN, X
Sk TR IR (81.36%) itk Jiie 55 W Ak (52.54%) Fll 24,
RPGHR(44.07%) i 25 F8 e i 5 K il 7 AR R
M 25 W FF B B 48 1§ (carbapenem-resistant
Enterobacteriaceae, CRE), 435k 1 Az I
30k, MRFEEAATE 1 Ak, SEUNESCICH 1 Bk,

FIVANAF RIS S TR 2 R, I 4.

G AT TR R 35 A EG TR X S 760 s b 174 i
2RI, AN 80.56%F1 100.00%; i 4 e
T AT U N T AAORD VU BR 2K A TR 25 R de s, 1
N 66.67%, W3 4,

23 ZEMAWMNER

15 59 MRIGAT IR T, A 33 BRI A £
HN2y, ZEMZHRIE 55.93%, LIRS
YR 4> B B 8.40%. JLAZ TR A Z E i 25K
h 44.44% (16/36); KGR A 1A 1) 2 Eif 252K
H75.00% (3/4); A AR v B A TR Y 2 E i 2Y
W1 AR, SHETSCITIR k7T B A 25l 48 v A1
W, R T AR 33.33% (1/3), WA 1.

Table 3 The prevalence of different genera of Enterobacteriaceae

[ R334 AR
Genera Number of strains Isolation rate (%)
Pl FCHB /R #R IR T Yersinia aldovae 1 0.25

B AZ B Pantoea agglomerans 36 9.16
KA I#F R Escherichia coli 4 1.02

L RAFEBRIT I Citribacter farmeri 1 0.25
Jiti & 50 1A 8 Klebsiella pneumoniae 3 0.76
SN & SCIRTE Ewingella anericana 2 0.51

JEE PG EE AR TR 2E [ WP Morganella morganii ssp. morganii 1 0.25
IRV TR T Serratia plymuthica 2 0.51

15 1038245 # Escherichia vulneris 1 0.25

Z |64 Fr ¥ Budvicia aqutica 3 0.76
WALV TR T Serrratia liquefaciens 1 0.25
B8 W #F % 52 A 7 Enterobacter cloacae complex 4 1.02

& 711 Total 59 15.01
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Number of isolates

3DR 4DR 5DR 6DR 7DR 8DR
Drug resistance patterns

1 BIEMSEMAHER

Figure 1
different antimicrobials.

24 THAHERERNLER
24.1 THAERTEER

Xif Ao 5 2 H R 59 Bk B AT B A A0 TR R A T
blacryy blaggy M blagyy FRY 1, HIEH
blapsy T 25 3ERAAAE B R B, WK 2.
242 FEEEFEPBTEIRNARETHAER
1E5R

PCR ¥ 425 BIR, £ 23 HRANEK T
blargy, o BFEAFRES N 5 850 5.85%
(23/393), M BAFFEFHIEY 38.98% (23/59),
e N SR W S A e/ S sl S o W

2 B RERAE blargy EEFIEER
Figure 2 Gene amplification results of blargy in
Enterobacteriaceae. M: DL5000 DNA Marker.

Yersinia aldovae
Pantoea agglomerans
Escherichia coli

Citribacter farmeri

Klebsiella pneumoniae

Ewingella anericana

Morganella morganii ssp. morganii
Serratia plymuthica

Escherichia vulneris

9DR 10DR Budvicia aqutica

Serrratia liquefaciens

Enterobacter cloacae complex

3—10DR: FEERXF 3—10 i & 25 Wit 24

Results of multi-drug resistance in Enterobacteriaceae. 3—10DR: Strains were resistant to 3—10

46.00% (23/50). KK blacry.n F blasyy it 2
FEIH o 23 BRAEA Dlage, i 245 55 X B A v L 4
wH, RENZ 11 8R47.82%) . KRIFIR KA TE
2 BR(8.69%) . i S TR ATA 1 PR(4.34%), HA
PRI WG EE R B, A K H A BT FCHR R %
FCRR . YA PR AT P . 32 U B SCEG I A ik
VO B YIHE blare, T 255

YEHT blares Tif 24 3% K 1) W FF B R 20 B8 X 40
FPHAR-EF L PUIRER | L PE T MBS
FIIX 4 FI2h ) 0TS 25 28 i3 TR 454 blare, it 24
FETR BRI 25 i 2 3, LI 3. KL
A BO Y, JF5 NCBI S % BLAST Huxt, 45
RN, [T H5 2 H ¥ 5] (GenBank % 5%
5 CP055262. D)IAHMIELIE 100%, Fi A blarpu
it 25 3L K #5°8 TEM-1 B,

3 W54 #®

H T Rk A T A 5 i T R 5 R 2 O e
i B0 O TR AE 22 I I MK 85 2 1% 1% i
RN B 322 gy O LA Y R R
SRR
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cr — o M A 0 1 AT 0 40 B TR 40 T AR 9 41
NAL =—— -NZ'ZLW, S, T RE S 1 AT B B N A T S MR R A
éﬁdNIE K. MBZETE AL T H RN A S ik
CFX [ W, ATECRIEDIRZE . T R SO M AE B8,
] ——y A U Zhao %51k BRI 2R 7 I
CFZf V5 R S B HSNT A — e, AR
gﬁfi Kot B EZ B B E, BRI T 8 BRI

TET BN, $05 15 1 AT e HSN (UK
V] | | A 5 e 165 FF TR 20 T 9 16 245 % O
0 é;mmm@) 60 89.83% (53/59). BRT B-WNEEMRIIAR, K
L A S TR IS | W R A 9 K 1 T
3 EESRES blap,, BHEREERE A, BRI SHH ESBL AT
MY BERER  AMP: ZFPIHk AMS: BRI bl S BRIk 20 . ABFST

AETUAR-EF3H; TET: VUM E; CHL:. &A%
#; SXT: EHHritiH; CFZ: kfamkmk; CTX:
SLABENT; CAZ: KffthiE; CFX: kAT ;
GEN: B KEZE; IMI: WHHR; NAL: ZE0E
M2 ; Sul: FERGZREEME; CIP: FRAVAE

Figure 3  Results of drug resistance rates of

Enterobacteriaceae with and without blarg.;. AMP:

Ampicillin;
Tetracycline;

AMS: Ampicillin-sulbactam; TET:
CHL:  Chloramphenicol;  SXT:

Paediatric compound sulfamethoxazole tablets; CFZ:

Cefazolin; CTX: Cefotaxime; CAZ: Ceftazidime;
CFX: Cefoxitin; GEN: Gentamicin; IMI: Imipenem;
NAL: Nalidixic acid; Sul: Sulfamethoxazole; CIP:
Ciprofloxacin.

ARWFFERT 393 43T M BE VI Hh 2 el 7 4
PG RT3 8, JF R E AR
Bl P BRI RS 15.01% (59/393),
I8 F Liao 55U7E o [ 74 R 3 5 RS i 3 v 7 #F
R B A 2R (52.40%) , T LA Tt
G W0 1 S g 2E oh i AT TR R AN T R R
(6.40%)" 4 AR SR HY 14 B T BB A1 R A 465 AT
ZHW . KRR A R R RS, B
AT R AZ B, A0t st
S Hb DX A 5 i R A SR A R, SRR MR

J TR R A TR 24 B SR S T M i DR H 4 T 24
TR 2 SR (X Sk A bk | A i e N =R P
MRt 25) PO AL, ST E S IR
KIGFFH (FEXS ARV, 2R LTy
Brve I 25)P0 7 AR X AR R K B R A (2
BN §K JE T 2)P2R 2018 4F CHINET Hi [
0 AT 5 24 11 5 2k ok i 2 R 25)° o £
A RA TR, 3R] X & Fefii rp
() 1 TR R 200 T 24515 O 7T RE 5 22 = e b )
T 25 T AR AR OCHE , A5 — o, EELH
T S AT 22 TR T S 7 WA R ik e S U WAl T 24 3% e
5, 5 KampfPI g R e, (HE Sk
S BT 4 FAR 22 0T, R A [v) b X {1
LT 1 A (] A 24 T v L 24 26 Bty ] BE AN []
Munoz-Price ZEPVF5E 20, 25 40 6 X ik 7 55
IERPUAE R 2, W32 753X b 40 o 0k HoAth 22 b
PrA Ry, A5 R E ARG RSy, T ik
T 5 M 25 il R 58 87 1A 1 (carbapenem-resistant
Klebsiella pneumoniae, CRKP)R] 5| [l 7 JE& YL
BEB TR, RUFERE 7 %k CRE, &
H R T ARG A H 3220 B R VD
N TEE 5 A5 % 47 CRE/CRKP B XU, T B8
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A 000 3% 24 200 T 1 Ak 55 AR 9 ) B B A 47
ARSI FF TR B 41 TR 1 22 B T 24 %6.(55.93%)
9 TR I BTV R BT AT 2 £ Mg 1 A A T 1
ZEMLR, wT 2019 4FhE R Y HEEL
e 2016 AErpE AR B = BR e 2 N 2y R
Hy RO SRR TR )N e D 2 el % 1 485
1) 2 B 2 AT R T S R, FTRR S
e 5 BT ik ) K AR L AT G, 4 I B in ik
Xof A 5 15 5y o PR BRI v 22 B 24 T e . A
W BF 40 B 5 A 1 ESBL i 25 56 N 3= 2 2
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