HEEE 2026,57(1) :360-368
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 01. 031 . N [E] 575
: FHAME (HBES) T

#7128 (OSID) !;F

15 7 1 75 2Y iy B8 % BB B R AT & & 1 £ FH 4 i A0
it 25 1 53 A7

FRMLKMHEELRFR, S ELH OB
(1. Hfrdelr R2sh e 2257, 22 M 73007032, 3 8 4l K3 BE 2 5%, 35 5 266109)

 OE BAE T TR A DX e LR ECAT BA 43 B AR A i 24 R i o B R A A A O, OR A K-B AT E 15 Rl v
UG E HLER EC R B X 1O R I R B FH BT B 25 0 11 BURR | TR] PSR B PCR B AR St AS [R) 0l 3 Y RA 43 38 Bk 64T T 16 Ff
i 24 35 DRI 16 Fofr i o 56 DR R AR 0 o 235 SR 8 T, T ke Sk Bl 5 G R it 2 3R 93, 33 %6, U U AR AY ifit 25 Rk 80 %%
Tif$ 245 6 DRUAG 00 285 05 S 7, DO BR R 2K 19 red (XD E TN BE R B2 10 fToR SE N LB SEME 1126 19 aph(3") - 1 3 H BG4 114 3R 4%
T 93.33% .80% .73.33% , B 1 KL AL B WK, (/R . ThdR1, TR .CAMP Fl AS87-0405 5 7k R K H 3% ik
1, 43R 86. 67 % .86. 67 % .80% . 73. 33% . 73. 33 %0 o 13X L4 B MR X DU IR S v TR 2 | I M S 2 ) A K
Xt 3~ PR B e 28 24 W LA A T A T 24 T Ik 3 2 0 B Bk Y 2 AR LN T RE WUR B LA R . DL g
SR Sy 3 1] 38 43 b X 2 BEL R ECFF R0 B P B AL T — 2 1 B R O

SCERRIA - W L BR PR B 5 B 0 IR 5 T 24 B PR T 24

HRES S S852.61 kARG A M EHS: 0366-6964(2026)01-0360-09

Detection of Virulence Genes and Drug Resistance Analysis of 15 Serotypes of

Riemerella anatipestifer
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(1. College of Veterinary Medicine, Gansu Agricultural University, Lanzhou 730070, China;
2. College of Veterinary Medicine, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: In order to understand the drug resistance and virulence gene distribution of Riemerella
anatipestifer isolates in some areas of China, K-B method was used to determine the sensitivity of
15 serotypes of R. anatipestifer to 10 commonly used antibiotics, and PCR technology was used to
detect 16 drug resistance genes and 16 virulence genes of different serotypes of R. anatipestifer
isolates. The results showed that the resistance rates of amoxicillin and ampicillin were 93. 33% and
80% , respectively. The detection results of drug-resistant genes showed that the detection rates of
tet(X) gene of tetracycline, floR gene of amide alcohol and aph(3')- Il gene of aminoglycoside were
93.33%, 80% and 73.33% respectively. The results of virulence gene detection showed that R,
TbdR1, TR, CAMP and AS87-0405 had the highest detection rates, which were 86.67%,
86.67%, 80%, 73.33% and 73.33% respectively. These isolates are sensitive to tetracyclines,
quinolones and amide alcohols, and have high resistance to f -lactams. At the same time, these

isolates carry a variety of virulence genes, which may indicate that they have strong virulence. The
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above results provide some reference for the prevention and control of R. anatipestifer in some areas

of China.

Keywords: Riemerella anatipestifer; virulence gene; drug resistance gene; drug-fast
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Table 1 Sequence information of drug resistance gene primers
i 25 25 3191551 (53 PR bp B JCRLEE/C
Resistance gene Primer sequences Product length Annealing temperature
aac(6)-11 F: TTGCGATGCTCTATGAGTGGCTA 480 52
R:CTCGAATGCCTGGCGTGTTT
aph(3)-1l a F: TGACTGGGCACAACAGACA 717 54
R: TCAAGAAGGCGATAGAAGGC
aph(3)-11 F: TCTGAAACATGGCAAAGGTAG 582 54
R:AGCCGTTTCTGTAATGAAGGA
rmtC F:CGAAGAAGTAACAGCCAAAG 711 55
R:ATCCCAACATCTCTCCCACT
tet (A) F:GCGCCTTTCCTTTGGGTTCT 831 51
R:CCACCCGTTCCACGTTGTTA
tet (B) F:CATTAATAGGCGCATCGCTG 930 55
R: TGAAGGTCATCGATAGCAGG
tet (C) F:GCTGTAGGCATAGGCTTGGT 888 55
R:GCCGGAAGCGAGAAGAATCA
tet (X) F:ATGACAATGCGAATAGATACAGAC 1167 53
R:CAATTGCTGAAACGTAAAGTC
blaSHV F:CACTCAAGGATGTATTGTG 885 55
R: TTAGCGTTGCCAGTGCTCG
blaDHA F:AACTTTCACAGGTGTGCTGT 387 56
R:CCGTACGCATACTGGCTTTC
qnrA F:ATTTCTCACGCCAGGATTTG 516 58
R:GATCGGCAAAGGTTAGGTCA
gnrB F:GATCGTGAAAGCCAGAAAGG 469 58
R:ACGATGCCTGGTAGTTGTCC
gnrS F:ACGACATTCGTCAACTGCAA 417 53
R: TAAATTGGCACCCTGTAGGC
Sull F:GTGACGGTGTTCGGCATTCT 779 68
R:CCGAGAAGGTGATTGCGCT
Sul2 F:CCTGTTTCGTCCGACACAGA 435 51
R:GAAGCGCAGCCGCAATTCAT
FloR F:CTGAGGGTGTCGTCATCTAC 673 58
R:GCTCCGACAATGCTGACTAT
H, BL150~200 VR T MG TAEHRIKZ PP 1.6 EHRIZ AN
UK FHBE RS AR A S5 R Z: W5 [E] 1 R A 52 5 25 B 1 3 22 (Clinical &

2 B A < BH M X BN B 475 bp 19 H 19 5%
AL T B X BE O TG e A5 o R R RR A B PH
Xof BRSO A%y, D) SR BE P 5 5 000
BH A .

Laboratory Standards Institute ) i) Kirby-Bauer i , 45
A I PR 24 S B, Xof G 92 BELCER TR T 4 15 b 0 A7
LV AR R U AR B VD R AR 10 i 2 W i) B
TS, 0 R AT R B AR AR 24 A 8 U
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Table 2 Sequence information of virulence gene primers

9 3£ 8 BB (53 oo I

Target genes Primer sequences Product length lcmpCZalung

luxC F:CGCGGATCCATGAATATCAGTATTAAAATTTC 1035 52

R:CGCGTCGACTTAGTCTATGGTTCTTAGAAAAG
luxrl F:CGCGGATCCATGGAAGATATCAATGGTTT 759 52
R:CGCGTCGACTTAAATCAGTTTATTAATTTTAGC

AMT F:CGCGGATCCATGAATATGTTTTTGTAGACG 258 52
R:CGCGTCGACTCAATCATAATGAAATCTGC

luxE F:CGCGGATCCATGCCTTCTATTTTTGATATTA 999 52
R:CGCGTCGACCTAAGAAACCAAAAGGCTAC

IS1 F:CGCGGATCCATGATAGAAATTAAGACCTTG 654 52

R:CGCGTCGACCTAATACCAAAAATATATTTTC

tctR F:CGCGGATCCATGAGCAACAGGATATTATT 687 52
R:CGCGTCGACTTAATTTTTAACTAGAAGCC

lipid A F:CGCGGATCCATGCTAAATAATATCCTTTT 885 52
R:CGCGTCGACTTTATTGTTTAGCAAAAGTT

TR F:CGCGGATCCATGGAAGATATCAATGGTTT 759 52

R:CGCGTCGACTTAAATCAGTTTATTAATTTTAGC

cwaH F:CGCGGATCCATGAGAAGATTTATTGGTTT 522 52
R:CGCGTCGACTTAAAGTATTCTTTTTGCAA

CAMP F:ATGAAACAATCTATTATCTTAGGTA 1026 55

R:TTACTTTGCATTTAACTCATATC
ThdR1 F: TCGTGGGGCAATCTAAACTAAGC 427 55
R:AGCCCTGCCCAAACATCATAA
wza F:AGTCTTTAGACAAGTAGATGCC 936 50
R: TTACTTTGCATTTAACTCATATC
AS87-0405 F:AGGCCGCTTTAGGTTCTGTTC 585 55
R:CTTCGCCTATTTTCTCATCGTATTT
SIpP F:ATGCCTAAGACACCGAAATGGATG 729 55
R: TTACAAACCTTGTTTTCCTTCCACC
luxr2 F:CGCGGATCCATGGGGGATTTTGACGGT 759 52
R:CGCGTCGACTTACACTAATTTATTAATTTTAG
Fur F:ATGGAACATCAAGAGAAAGATATAG 468 49

R: TTATGCTTTTTTATGACCGTAGA

A CLST iy 25 850K 7 br e, 23 50 L RO 25) (T(rp
) VS CHURE) X H O 25 TR . S
Magiorakos 45" Xf 22 5 fiif 25 1 1) 22 X, %t 3 Fh K LA
it 25 5 ok 2 25T 25 TR AR
1.7 WMHAERMSHERNKD

MG SCk [ 12-14 17 it fr %58 o

2 5 R
2.1 HESBEEE

Zeid ey aliAl (PCR % AL T 24 70 1Y, A A
Or R AR B AR AT I . R REE KE
GERTEILER 3,384 PCR &S5 R WL 1.
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Table 3 Information of clinical isolates of Riemerella anatipestifer

¥ i IX 43 B e [E] R b Tl H % /d 1ML 5 7
No. District Isolation time Breed Age (Day) Serotype
1 i 2022-09 A 282 14
2 AR 2022-10 P 34 6
3 AR 2022-10 P 29 11
4 AR 2022-10 A 33 13
wdL 2022-10 PR 27 12
6 wdL 2022-11 PR 32 10
7 IR 2022-11 A Fil 485 56 4
8 i} 2022-12 PR 32 16
9 IR 2023-01 14 18 1
10 2R 2023-02 L 24 15
11 I 2023-12 GLE 20 5
12 ITER 2022-09 L 27 17
13 e 2023-08 H Y 250 7
14 2R 2023-05 P S 24 9
15 A 2023-12 P 5 18 2
M12456791011121314151617--bp
475

M. DL2000 DNA A% 43 F Bt bR v 5 1-17. AS[5] 10385 28 B AR AL & 5 - 934 ) 1R

M represents DL.2000 marker; 1-17 represent strains sample of different serotypes; - represents negative control

E1 HOPBEPCREELER
Fig. 1 PCR identification of isolated strains
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o, Xof ] 5P MR 24 38 e L A 31 93,3300, K,
XFECR VIR (80%0) I Wik Wl (73.33%) BERE R
(26. 67 %0 ) B TR 24 3 A0 5y, T ) O 3 3% 26 s 5 )
e TR e 2 24 ) D) L 3 UK
2.3 TAEREEN

X 15 AN [a) i 355 784 fr W5 925 HEL BRI FF 1A i 4T 16
Foft S 24 e DLAG I, 25 S 40 38 5 B o o, rer(X)
SR Laph(3) - 11 = Firifif 24 3 B 19 46 th 3 K F
70% , 4 M 93.33% .80% .73.33% « aac(6")-1I .

tet(C) qnrB  Sull | Sul2 F.Fh i 25 3 {9 K 568
H6.67%  HARRK
2.4 FSHEBEKN

XF 43 B 15 Bl AS [7) 0l 385 750 Ay W8 2 L BRI AT P
PEAT 16 Fh g Sy SE A, 25 Stk 6 ok . Hiop,
SR /R . CAMP , ThdR1 4y 5] & ik 86.67% .
80% . 86.67%; # JJ K& A TR, SIP % & i %
73.33% .73.33% ;8% S5 luaC WS H AR, 12
M 6.67% . MM, IMLTE R 10 Y 13 7Y e LR FC AT
WA R ) BN CE R 2 0 136D, 14 ALK Y 12
i, 6 AUAG HE 11 R, 5 AU G i FLER [CAT T 2 ) 2 PR A
AR D AR AT
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Table 4 Drug susceptibility test results of isolated strains

25 4 B 1fiL 7% #4 Serotype f{ﬁ@ﬁ%ﬁ/%
Drug name 1 2 4 5 6 10 11 12 13 14 15 16 17 prugressianee
9 < rate

iR R S R R S R S s S S S S R S s S 26. 67
Streptomycin

RREE S S R S S S S s S s S s R s s 13.33
Gentamicin

ZVHHFR S S I R R S S S I S S S S S S 13.33
Doxycycline

DTS s § S S sS sS sS sS sS SsS S s s s S 0
Tigecycline

FRTIA R R R S R R R I R R R R R R S 80
Ampicillin

i 5 7 bk R R R R R R R R R R R R T R R 93.33
Amoxicillin

Bt & S S S S S I S S I S R S R S I 13.33
Enrofloxacin

SNTRU S S S S S I R S I S I S I S S 6.67
Ciprofloxacin

5275 i S R R 8 R R R R S R S R R R R 73.33
Co-trimoxazole

AR s 1 I §s s s s s s 1 S S R S S 6.67
Chloramphenicol
R. i 2y;S. 8U; L o

R represents resistant; S represents susceptible; I represents intermediate
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Table 5 Detection rate of resistance genes of isolated strains

ﬁﬁT?’i% 1fiL 7% 74 Serotype *‘/j\&%_/%
Resistance Detection
gene 1 4 5 6 7 9 10 11 12 13 14 15 16 17 rate
aac(6)-11 + 6.67
aph(3')-1La

aph(3")-11 + + + + + + + + + + + 73.33
rmtC

tet (A)

tet (B)

tet (C) + 6.67
tet(X) + + + + + + + + + + + + + 93.33
blaSHV

blaDHA

gnrA

gnrB + 6. 67
qnrS

Sull + 6.67
Sul? + 6.67
floR + + + + + + + + + + + 80
&1l Total 2 4 2 2 3 3 3 3 2 4 4 2 3 3
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Table 6 Detection rate of Virulence genes of isolated strains

1 ML Serotype ot/ %
Virulence Detection
genes 1 2 4 5 6 7 9 10 11 12 13 14 15 16 17 rate
luxC + 6.67(1/15)
luxr + + 4+ 20.00(3/15)
AMT + + + + 26.67(4/15)
luxE + + + + + + + + 53.33(8/15)
IS1 + + + + + + + 46.67(7/15)
tciR + + + + + + + + + + + + 4+ 86.67(13/15)
lipidA + + + + + + + 46.67(7/15)
TR + + + + + + + + + + +  73.33(11/15)
cwaH + + + + + + +  46.67(7/15)
CAMP + + + + + + + + + + + + 80(12/15)
ThdR1 + + + + + + + + + + + + +  86.67(13/15)
wza + + + + +  33.33(5/15)
AS87-0405 + + + + + + + + 53.33(8/15)
SIP + + + + + + + + + + +  73.33(11/15)
luxr2 + + + 20.00(3/15)
Fur + + + + + + + 46.67(7/15)

11 Total 6 5 5 4 11 8 9

—
w

9 8 13 12 1 8 8

RIS & B

2GR B0 25 SR R AR BIE 9T A s R G T B
- 3k % AT B PG R 2 P AR L B2 R e B R R R
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o (HASE A IS, 15 FhAS ] 1 775 259 19 5% B R AT

B cet (X)) TS 24 56 5 BH 1 8 &5 35 93.33% (14/15)
tet(X) J& — Bh 5 2 MM 1 58 U L mT DL AE A AR
NADPH B 4E T X5 U 3R 3 s A7 Ak 2z 18 A, fi 22k
FUE PR L IXCRPAE U VR R A A I R b A n B
REWRRRPAEFR . AR LI, RA T DL
Z B rer P 25 3K [H, IF HLOT 8 A2 rer (X0 2 A 9 15 Sk
T 32, TR0 J8 2 zer (X)) G AL 45 22 1 PR AL 1 11
KA T S TR]E A Y rer(X) 3 R AT B KIS ££
7 20 HoAb sh i L B N2 B b % T 325 3 ok A B
K5, K B R AT rer (X)) 40 T 15 Y B BR B v Al
RE A7 76 T8 76 AURS: .

i85 g2 FELIBR TR B A9 B0 M 5 L5 A 00 7 ) Sk
PR o 24 R 85 o % U0 AH G o AR F 5 6 R 16 i 0 A
K HEAT %, 16 P AL & dp B A i o Hod,
tctR . CAMP . ThdR1,TR .SIP ;i R 1E 70% L) I .
M6 % 10 %0 13 %1 14 BUKS: H f0 55 g 56 H 4 i
A3 TRl 13 F0 (13 Rl 12, AS [a] i 7 9 B0 Pk
5 559 2 A DR R 3 S B Oy D IR AR A5 R IR
FERF5Y .
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