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Abstract: [Objective] To investigate the epidemic characteristics, drug resistance, multi-locus sequence typ-

ing (MLST) and genetic evolution background of Pseudomonas aeruginosa in Guangdong Province, and provide

a reference for clinical rational drug use.

[ Method] Samples from dead embryos of pheasant and their

surrounding environment were collected for separation and identification of P. aeruginosa. The K-B paper disk

diffusion method was used to analyze P. aeruginosa sensitivity to 22 kinds of antimicrobials. The MLST method

was applied to analyze the molecular epidemiology of P. aeruginosa strains. Seven house-keeping genes of each

ST type were spliced sequentially, and we used MEGA7 software to conduct genetic evolution analysis to the

spliced sequence. [Result] A total of 145 P. aeruginosa strains (isolation rate 28.2%) were isolated from the

collected 514 samples (405 dead embryo samples and 109 environment samples), including 24 strains from

environmental samples (isolation rate 22.0%, 24/109) and 121 strains from dead embryos (isolation rate 29.9%,

121/405). Antibiotic drug sensitivity test showed that 145 strains of P. aeruginosa were naturally resistant to

ampicillin, kanamycin and nalidixic acid, strongly resistant to complex sulfamethoxazole, chloramphenicol,

tetracycline, followed by cefotaxime, with the drug resistance rates of 100%, 80.0%, 77.2% and 23.4%

respectively. Except the natural drug resistance, the proportion of multiple drug resistant P. aeruginosa was up to

73.1% (106/145), and a certain proportion of P. aeruginosa strains which were resistant to imipenem appeared.

MLST analysis showed that 89 P. aeruginosa strains with a broad spectrum of resistance were divided into 18

ST types, presenting high diversity. Among them, six ST types were the new types discovered in this study. The

dead embryo isolates of P. aeruginosa were mainly ST-260, and the environmental sample isolates were mainly

ST-2100 and ST-3202. Genetic evolution analysis showed that P. aeruginosa strains in environment were

closely related to those in dead embryos. [Conclusion] There are different degrees of P. aeruginosa infection

or contamination in dead embryos and surrounding environment of three pheasant farms, and the isolates have

strong drug resistance. Therefore, it is recommended that we should not only strengthen the breeding

management and raise the awareness of bio-safety in the process of breeding, but also use antibacterial drugs

reasonably according to the results of the drug sensitivity test.
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WEf5 (Cefotaxime). Skt fi5 (Cefepime). SkfEAhAE
(Ceftazidime). Sk #IWK A (Cefoperazone). V[ 55 /e
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Fig.1 Morphological characteristics of Pseudomonas
aeruginosa on NAC solid medium
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Fig.2 Agarose gel electrophoresis of PCR product for opr/
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Table 1 Quantity and isolation rate of clinical isolates of
Pseudomonas aeruginosa from different breeding
poultry farms

FEARESE BHPEREEL .\ oo
TS FEA KR Collected Positive o %z./%
Poultry Isolation
£ Sample type sample sample
arm rate
number number
A HEIR 222 85 383
Dead embryo (87/227)
E2 857 5 2
Environment
B BEE 96 24 21.2
Dead embryo (28/132)
28 36 4
Environment
C SENt 87 12 19.4
Dead embryo (30/155)
28 68 18
Environment
it 514 145 28.2
Total (145/514)

2.3 MEAYERMY

3L 22 Fhbu B 25k SR o B A
145 A4 23 M PR B BT B8 R ) 25 P BBURR I, 45 31 (3R 2)
TR, BTG RR R0 ER RO ZEE R R SR 24
Ab, R 2R AR R R B R S T B B EE R DU R
i 245 11 5 it s R Ay Sk A 5 5 4 45 R B L 1 ) T
Jig 1 s Rz PG AR Sk At Sk IR IR N R 7 75 AR/
Aty e E5L 4 0 T LR AR PR 24 236 5 ARG I 380 % 55 B
A~ B KA 2 Sk IR AR/ A7 EIH A 2 B R B 2y
V) A P PR A BRI o TV R B 53 SRR ) 2 AP
L B AR TS 245 155 AR AL, (E PR S 5 0 B R I 2
PEELSR T AR 2 B Ak . T 2495 0 T (3R 3) BoR, F
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15 PP 2, b o M vk i 2 . B R IR 25 4b,
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Table2 Number and proportion of drug-resistant
Pseudomonas aeruginosa strain in dead embryo
and environment samples

EAN: ] SERR I Rt
Antimicrobial Dead embryo Environment Total
AMP 121(100.0) 24(100.0) 145(100.0)
NA 121(100.0) 24(100.0) 145(100.0)
K 121(100.0) 24(100.0) 145(100.0)
SXT 121(100.0) 24(100.0) 145(100.0)
C 92(76.0) 24(100.0) 116(80.0)
TE 90(74.4) 22(91.7) 112(77.2)
CTX 27(22.3) 7(29.2) 34(23.4)
LEV 7(5.8) 11(45.8) 18(12.4)
CIpP 7(5.8) 9(37.5) 16(11.1)
TOB 7(5.8) 6(25.0) 13(9.0)
CN 8(6.6) 5(20.8) 13(9.0)
PRL 10(8.3) — 10(6.9)
CFP 7(5.8) 3(12.5) 10(6.9)
ATM 7(5.8) 1(4.2) 8(5.5)
CAZ 5(4.1) — 5(3.5)
FEP 4(3.3) — 4(2.8)
TZP 3(1.9) — 3(2.1)
IPM 1(0.8) 1(4.2) 2(1.4)
MER — — —
AMI — — —
CES — — —
POB — — —

1) AMP: 2% &4k, SXT: £ 7 #7459, NA: g g, K:
ARE A, TE: @34, C: &% %, PRL: k42 @ 4k, CTX: k78
W/, FEP: k3anbf5, CAZ: kFatbrz, CFP: 3k Javk &, IPM:
TRz, ATM: 2 &, TZP: vk 35 i 4k/fbwd @38 TOB: %
HEF,CN: RXEF,CIP: XA 2, LEV: L8R 2,
IPM: & fic3% %, MER: £ ¥ 3%, AMI: FIKF 2, CES: k72
Wk ER/4T €38, POB: % 6 A B; 455 MALEA bk “—7
Ko AN B AT 25 A

1) AMP: Ampicillin, SXT: Complex sulfamethoxazole, NA:
Nalidixic acid, K: Kanamycin, TE: Tetracycline, C:
Chloramphenicol, PRL: Piperacillin, CTX: Cefotaxime, FEP:
Cefepime, CAZ: Ceftazidime, CFP: Cefoperazone, IPM:
Imipenem, ATM: Aztreonam, TZP: Piperacillin/tazobactam,
TOB: Tobramycin, CN: Gentamicin, CIP: Ciprofloxacin, LEV:
Levofloxacin, IPM: Imipenem, MER: Meropenem, AMI:
Amikacin, CES: Cefoperazone/sulbactam, POB: Polymyxin B;

1

The data in brackets are proportions; “—” indicates no drug-

resistant isolate

73.1%(106/145), R 2 Bl 251% . Hh, i} 3 2
VU 2R R AR B 2, 15 44.8%(65/145); HH
M 4 2%, 5 11.0%(16/145); 1if 5 2% 47 4.8%(7/145);
Mif 7 3515 4.1%(6/145).
24 BAURFHISE

M 145 Tk % AR 50 R TR B AR g BT 24 15
717 89 BRiFEAT MLST 737, 45 53 (5% 4) o, 89 #
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Table 3 Drug resistance spectrum and strain quantity of Pseudomonas aeruginosa

ik 245 i 2415 (7% e s
Drug-resistant number Drug resistance spectrum Strain number

4 AMP+K+NA+SXT 14

5 AMP+K+TE+NA+SXT 7
AMP+K+C+NA+SXT 18

6 AMP+K+TE+C+NA+SXT 59
AMP+CTX+K+TE+NA+SXT 6

7 AMP+CTX+K+TE+C+NA+SXT 12

AMP+PRL+CTX+CFP+K+NA+SXT
AMP+K+TE+C+NA+LEV+SXT
8 AMP+K+TE+C+NA+CIP+LEV+SXT
AMP+CTX+CFP+K+TE+C+NA+SXT
AMP+CTX+ATM+K+TE+C+NA+SXT
9 AMP-+PRL+K+TOB+CN+TE+C+NA+SXT
10 AMP+PRLACTX+K+TOB+CN+TE+C+NA+SXT
AMP+K+TOB+CN+TE+C+NA+CIP+LEV+SXT
AMP+CTX+K+CN+TE+C+NA+CIP+LEV+SXT
AMP+CTX+K+TOB+CN+TE+C+NA+CIP+SXT
AMP+CFP+K+TOB+TE+C+NA+CIP+LEV+SXT
11 AMP+PRLACTX+CAZ+CFP+ATM+K+TE+C+NA+SXT
AMP+PRLACTX+FEP+CAZ+CFP+ATM+K+TE+NA+SXT
AMP+CTX+K+TOB+CN+TE+C+NA+CIP+LEV+SXT
13 AMP+PRLACTX+FEP+CAZ+CFP+ATM+TZP+K+TE+C+NA+SXT
AMP+CTX+IPM+ATM+K+TOB+CN+TE+C+NA+CIP+LEV+SXT
15 AMP+PRL+CTX+CFP+IPM+ATM+K+TOB+CN+TE+C+NA+CIP+LEV+SXT
DAMP: £7F @ik, SXT: £ #1591, NA: Zo2 8, K: T %%, TE: Wi %, C: L% %, PRL: R4z B4k, CTX: kaENF,
FEP: k3L /5, CAZ: kFatewz, CFP: Sk F9k &, IPM: T3 g, ATM: &t dy, TZP: vk 42 M #h/fvk €38, TOB: %4 & %,
CN: KR F%,CIP: SR A Z,LEV: AR X
1) AMP: Ampicillin, SXT: Complex sulfamethoxazole, NA: Nalidixic acid, K: Kanamycin, TE: Tetracycline, C:
Chloramphenicol, PRL: Piperacillin, CTX: Cefotaxime, FEP: Cefepime, CAZ: Ceftazidime, CFP: Cefoperazone, IPM: Imipenem,
ATM: Aztreonam, TZP: Piperacillin/tazobactam, TOB: Tobramycin, CN: Gentamicin, CIP: Ciprofloxacin, LEV: Levofloxacin
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Table 4 Quantity and source of each ST type in 89 Pseudomonas aeruginosa strains

STALY R HCR Kk STHI (LS K

ST type  Strain number Source ST type Strain number Source
ST-260 43 BEME Dead embryo ST-3203 1 HuTE A 7K Excess surface water
ST-2100 15 SERR/EALHL ST-876 1 AL LIS 55 Incubator filth

Dead embryo/Incubator
ST-3202 10 AL ALY 5 Incubator filth ST-1336 1 FiELFodder
ST-1971 5 BEJI Dead embryo ST-2640 1 SEJE Dead embryo
ST-3200 2 SEHE Dead embryo ST-898 1 JELEV5 Y5 Cage shelf filth
ST-3201 2 XK Drinking water ST-1965 1 SEME Dead embryo
ST-3199 1 SEHE Dead embryo ST-3204 1 T AR 7K Excess surface water
ST-234 1 HuTEI K22 Ground dust ST-1054 1 HURER 530
Mechanical component filth

ST-2552 1 FHLI5YE Cage shelf filth ST-2670 1 M K42 Ground dust

1)ST-3199.ST-3200. ST-3201.ST-3202. ST-3203 . ST-3204 4 AAF 547 & 4§ STA
1)ST-3199, ST-3200, ST-3201 and ST-3202, ST-3203 and ST-3204 are the ST types discovered in this research
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“w” AR M R SEIE S BRI R A ST AL “n” SR B
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“m” : ST type of Pseudomonas aeruginosa strain isolated from dead
“0” : ST type of P. aeruginosa strain isolated from environment
“ A” : The common ST type of P. aeruginosa strain isolated from

embryo;

sample;

dead embryo and environment sample
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Fig. 3 Genetic evolution analysis of different Pseudomonas
aeruginosa ST types isolated from dead embryo and
environment samples
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