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Isolation, identification, genetic evolution analysis, and
pathogenicity test of Riemerella anatipestifer PT-RA1

LIN Zhimin', LIN Binbin', XIE Bilin', XU Yijuan', LIN Fengqiang’, YAN Lu?, LI Cuiting’,
ZHOU Hai’ou’, LI Zhaolong

1 Putian Institute of Agricultural Science, Putian 351100, Fujian, China
2 Institute of Animal Husbandry and Veterinary Medicine, Fujian Academy of Agricultural Sciences,
Fuzhou 350013, Fujian, China

Abstract: [Background] Riemerella anatipestifer is a pathogen causing fibrinous pericarditis,
perihepatitis, and airsacculitis in ducks. With a variety of serotypes, this pathogen is difficult to
be prevented and controlled. [Objective] To understand the genetic characteristics, drug resistance
and pathogenicity of Riemerella anatipestifer in Putian city, and provide scientific basis for its
treatment and prevention. [Methods] Isolation and purification, 16S rRNA gene identification, and
serotype identification were performed on the brain tissue of 15-day-old ducklings suspected to be
infected with orrhomeningitis from a breeding farm in Putian. The 16S rRNA gene of this isolate
was sequenced, based on which the genetic evolution analysis was performed. Furthermore, the
antibiotic resistance of the strain and the pathogenicity to ducklings were determined. [Results]
A strain of Riemerella anatipestifer serotype 11 was isolated, named PT-RA1. The 16S rRNA gene
of PT-RA1 was in the same branch on the genetic evolution tree as those of the reference strains
(GZ-RA12, CZ-RAO03, and SD-RA2018) of R anatipestifer, with 100% similarity, which
suggested that R anatipestifer may have spread across different regions. The isolate was
resistant to 15 antibiotics including streptomycin, gentamicin, and kanamycin, while it was
sensitive to ampicillin, amoxicillin, cefazolin, ceftriaxone, cefixime, cefepime, tetracycline,
doxycycline, oxfloxacin, and florfenicol. The isolate caused a mortality rate of 80% in
ducklings, and the dead ducks showed typical symptoms such as fibrinous pericarditis,
perihepatitis, airsacculitis, and spleen enlargement of R. anatipestifer infection. [Conclusion] We
isolated and characterized a R. anatipestifer strain PT-RA1, which provided a basis for the
prevention and control of R. anatipestifer infection and subsequent research.

Keywords: Riemerella anatipestifer; isolation and identification; genetic evolution; pathogenicity

e 22 BL R EC AT T SR O WS A e 1 3R
R, J&= P9 2R O AT (Riemerella anatipestifer,
RAGIEM LA ERMEOER . HFHRK, K5
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RIRNGHEAT IR ERYT . MERFIOK A 30%3
R TRy . 2T T v T YR A T (LA
200 mL, i fizmsnE 80 g, HAAMANE 16 g). T
fifE ki, 2 W/d, PEGLEM 3-5d, JFm
SRAA SR R . 22 nlIB YT, 3 d 5 AR K BUHT YIRS
5dEMEERPIROLE TRE, JFZMIKE IEH .
ik — LRSI NG 35 5 A A N S e T i
B, AHEIE R AN 2 5 4l . 168 rRNA LA
YE L IME YA SR S 2 W TR T BT A
FE LT 77 58 S 1 i LR EC AT R SR, kAT
2 RO I AR TR RS P ORI, e Y B
PRS2

1A

1.1 #m

S 8t A T FH T 75 3 DX 7 S 5% 5 1 B ) U
YU A% e VIR AR 1) SRR TR RS A M ZH 2, R
Hi% 15d, RET 2021 4 10 A . 40 H KRR
FEATRERT . B E 1 H R0 4R WS (fe it 4
ML B} 25 BE B O R 5T T SE I s e B 5
oAb uE, HEUES . 202203FZ05), W9 EH H 7
WX BT RG T, 28 S 0 A A I H DL HIG A B
W98 . SN IO 2 . WS At/ Vi EE . TS
P2 HELPCAT B8 R0 12 FOAT B S I 2 B . il
A2 MY ) % IR B AR A, 15 H AR
HEA TG 2% B BR QAT 181 A9 B0 1R 12U
1.2 EERXFIFNEE

SCEGFTA L. 2. 6. 7. 10, 11, 13, 14 5
5 325 BEL IR ECFF TR BH A I 3, P AR R RO Bl 2
B 7 0 B 5T R AIE) . TSA . TSB M7k
ALBE, TONAI AR A R A E ok
bSO A2 AR B, bR AR iR A R
ANl HAETRAR L, TR DR A
AR F] 1 5L 4 DNA $2BGR 7 & .2xTaq
PCR Master Mix . DL2000 DNA Marker .

GeneRed MR YL FBiREHE, I H AL AE LR
HARAF. CO, #5554, il —ERH
ARRA T EREEAR, M EAE R A PR A
A RO HL, TR A S I AR T
KA MR PCRAY, P92 REERHA PR A
AKEHIKAL, dbmis— YR A RA R &
A% 0 245, Bio-Rad Al ; M Bles,
WARTER A A BR A A

1.3 EHWSTEDSL

TCTA R A JE TS g 21 21, R 2P0 5% 2%
BRI TSA AL, FHET 5% CO KisF
Firh, 37 °CH;FE 24-48 ho JCHEPRBCHAASE
W TE AR TE & 2% AL iR A Il TSB H, 37 °C
160 r/min J# % 35 3% 24—48 h,

14 EZREEHRR

P B 22 QY (VR AR O, PRI Al B: 57
B TR VR A T 22 IR YL B R A T
1.5 $%¥xE

F AL S e B R UL, Halifb oy B T IR A
0.06 mL, 7rill4&fh T4 4b0E . ke . IR,
FLBE . MR ER . IHRRERIA)E . IRE | KA .
2R . AR O ROK . AR . &
IR . 222008 THEE I . e S il 2R b
RAEH, BT 5% CO, HiFiffith, 37 °CHi¥F
24-48 h Ja M ETFiC w45 R .

1.6 9B 16S rRNA EEFFNERE
L2k s i)

225 SCHR (2115 TS 72 BLER FRAF B 16S tTRNA
FE S5 9 RA-16SF (5'-CTTCGGATACT
TGAGAGCG-3")Hl RA-16SR (5'-GCAGCACCT
TGAAAATTGT-3"), 5149t 48 M 15 A= 0 B £
BIRAFG . FHSEMEIEK A DNA $2EGR
M, PRPBUTEMRETY DNA, SRS 1L DNA
AR AT PCR 714 . PCR [ AR FR (50 uL):
2xTaqg PCR Master Mix 25 plL, RA-16SF .
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RA-16SR 5[#J(10 pmol/L)4$ 1 uL, #iHx 2 uL,
ddH,0 21 pL.PCR [ 5514 : 98 °C 6 min; 95 °C
1 min, 54 °C 50 s, 72 °C 1 min, 35 M§¥; 72 °C
10 min; 4 °CZ 1k ii. PCR =HLL 1.6%51
BB BB R L K R AT A, WA B R BN
} 960 bp.

H 3G 7 Wk A M SR AR W RO IR W
M, FrfF4lS NCBI Bl FEdEf T e,
DNAStar Lasergene 7.0 34X 4 E50EAT 17 £ RA
S5 BRIF) 168 rRNA KL[H 75 HEA T EL X0 #ir, 4
## 16S rRNA BH P RGE LB
1.7 MEREE

S 2 SCHR2)EA T DR 1 I35 B 25 7
1.8 Ik

Z: I8 3E [ I PR AN 52 36 %= b #E B 25 (Clinical
and Laboratory Standards Institute, CLSI, 2018)[8]9"]
K-B 40§ BO 0 E o vk & i . £
FEE B, ZVHE, 4FF. MHEHER. &
WA . AR VIA . BIBIPEAR . ShAamedk . Sk
o bs . Skl re s . Skl . BEEER . KK
THan. FRER. PKRE ., BisR. WHER.
WA, AR A, DA 250 . IR
iz . AR . R4 25 FipiAd: R st

B 0.5 22 FRBANT A 100 pl 43 B bk 4l 3% 5K
AT IRARBEAE B S WA T 5 2% A 240 i
TSA VA b, FFEWTRE, 48K A7
Wi F A TH, A2 aChH AllE 1.5 eme B F
5% CO, B3 3R46 R, 37 °CH53% 24 h, WLEE. I
IR R
1.9 EHMIEHEMEIRE

W40 H 15 H IR AEZR TS BEDL 53 ek gy 20 A
XTREA, JRGL Al 20 FUARE TR S i WL PR v
1.15x10° CFU/mL %% 5L 3K FCAT B 4 5 bk 4l Ak
B (1 mL/ )5 %FBEZE 20 HAERNS 4 BLA 1
SPAF AR RER K, A e a] B — R S R A R

I, WIRIESEMER 14 d, FEic st At 2 msg
KR ANBETG L o R R £ 3 S 28 18 1y 00
JEF HE AL 2 g 0 e LR AP B, AT 3 22
R A fp s ik, BJo 24T PCR Bk

2 BRS04

21 SEBEARLS

I3 BEARAE TSA WA B A K ORI | o
BER YR ANE . HRH 0.5-1.5 mm, £
RS AT WIR W A6, 2 IR 5 5
AT DL A A BB HE B 14 BR 1 /N A
Wiz B tkan 448 PT-RAL,
22 HWHRIELS

PT-RA1 7 B bR AE AL R W S5 SRR B, 153 85
MR K W22 200 . Al . HERmE . FLBEFI
WERE; HIELRIG A VP R . BEE . mYERER
W IR O B s A AR mAR S, AR A
GIREL, NAfRIRER, AIKARS 2R i 2
WAL A B A AL s S B, 7 A T BLER
AT T 9 2R AR R
2.3 16S rRNA EFLEELER

LI RA 16S rRNA R 55 5% 51 ¥ i 47 PCR
P, PT-RAL 7 kAT Y3 960 bp K/MAY
Z, HIUHAH RN —B(E 1) WSS
FF 514 BLAST FEXFZE 0 /R, PT-RAT 2 &bk
16S rRNA 5[5 5518 52 L BR FCAF TR A AR e 4o
99%, i A 1253 1S AR A G % B BR PR A
2.4 HET 16S rRNA EEMNRZ LB O

RERBEWERE R, PT-RAL 5B #k
(GenBank %55 C_AA048472.1)15 % 5% HLER [%
FFRZ% R Mk GZ-RA12 (GenBank %55
KY399255.1), dt 5 #k CZ-RA03 (GenBank % 5%
5 KT734781.1), 14k SD-RA2018 (GenBank
RS MK641456.1)4b7E A —idE ks 32 1, #
IPER 100%; 51253 AT 92 2% Rk R )1
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1 PT-RA1 4 E ¥k 16S rRNA E[E PCR /=
e kE  M: DL2000 DNA Marker; 1: PT-RA1
16S rRNA FEF A4 3874y ; 2. 25 F1%F B (ddH,0)
Figure 1 Electrophoretic map of 16S rRNA gene
PCR product of PT-RAT1 isolates. M: DL2000 DNA

Marker; 1: Amplified product of PT-RA1 16S rRNA
gene; 2: Blank control (ddH,0).

2 ET PT-RA1 77 E#kHY 16S rRNA EEFFIMENRZ L ER)

¥k RA-CH-2 (GenBank & 3¢5 CP004020.1), #H
I 99.8% (1 2).
25 MBEREELER

LR B X8 7 B AR VS AL, 45
FB/R PT-RAL S B HEM I 11 7Y,
2.6 HWHPIXIELER

X7 PT-RA1 Zr & tkiifr 2oL, 4510
INZAT BRI R . PR RAE . BiiR.
LR, HER. KRER. WamR., i
R ANV R IR A . ZRER . LRI |
Bodia . Z2EME B ARy, X
TRVEAR . BBIPGAR . SkAmeAk . kA . Sk
fvifs . Skfimkls . UERER ., ZTEHER ., AR
FRE U 1),

e E Rk, SR

GenBank J7415; HAM NS HFHR, 55 HEH GenBank 7315

Figure 2 Phylogenetic tree based on 16S rRNA gene sequence of PT-RAT1 isolates. The box represents the
isolated strain, with its GenBank sequence number in parentheses; Other strains are reference strains, with

their GenBank serial numbers in parentheses.
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=1 PT-RA1 T EHRBAFUIRELER

Table 1 Results of drug susceptibility testing of PT-RA1 isolates
2 24 FR J Wik e Judgment criteria T R AR R 2h sk
Drug name R 1 Diameter size of Drug sensitivity
antibacterial zone (mm) results
ZAFPIM Ampicillin <13 14-16 >17 20 S
FIZELPE AR Amoxicillin <13 14-17 >18 32 S
SLFmE AR Cefazolin <14 15-17 >18 30 S
Skl A Cefatriaxone <14 15-17 >18 33 S
A7 5 Cefixime <14 15-17 >18 34 S
LTS Cefepime <14 15-17 >18 36 S
5545 % Streptomycin <11 12-14 >15 0 R
R K# &K Gentamicin <12 13-14 >15 0 R
F IR % & Kanamycin <13 14-17 >18 0 R
B>k 45 £ Amikacin <14 15-16 >17 0 R
i £ Amikacin <12 13-16 >17 0 R
PUIF 2 Tetracycline <14 15-18 >19 26 S
Z MK Doxycycline <12 13-15 >16 29 S
£1 %5 % Erythromycin <13 14-22 >23 R
Pl 45 5% 2 Azithromycin <13 14-17 >18 R
E% V) B Enrofloxacin <15 16-20 >21 12 R
RN V) A Ciprofloxacin <15 16-20 >21 14 R
AV A Ofloxacin <12 13-15 >16 17 S
Wi 1P & Norfloxacin <12 13-16 >17 0 R
ZEWEMR Nalidixic acid <13 14-18 >19 13 R
IR AR Pipemidic acid <13 14-18 >19 10 R
2t SMZ-TMP <9 10-16 >17 R
%% & B Polymyxin B <7 8-11 >12 R
K% Florfenicol <12 13-17 >18 39 S
F)4EF Rifampicin <16 17-19 >20 0 R

S: BUE; 1. EEHUEG R T2y

S: Sensitive; I: Moderately sensitive; R: Resistant.

2.7 BRMRAEER

¥ PT-RA1 41 pkiefr 20 H 15 H {5
A 7 T S 450 2% B R 92 FEL R ECORF R 14 I ACRE
R, FEERIREIOAR, RE . oKDk
Peds, Hisk o Ba @ E, g, sk
R, BERE L AR RO EMAAER . fEEER 24 h
Je I ARG 4Rt BRAE TS, RWE 100%, =
R R ILIET 16 2, FET-% 80% (&l 3); *f
MR AL BG4 TS JCIET, K MOk S AR ¥ e

B o o HE K 0 A 7 S P A AT DL ML R Y R g EELEER
FRAF TR R BRAZ AL . S 90 I 0 B JEORY
i, AN#E, [ERMIGE, g DIME
AR WEHE S 2O OZRF RSB T
Yy 5 NHEE | JELINE i K55 IBLVE Y hematoxylin-eosin
staining (HE)® @7~ , H#E PT-RA1 S EAHEZETY
JEELTAE I BER, AR ORI, MRS
BT 7 200 B S G L O B e 2 AN A
T-(E 4). A HFP G s B8R [CAT 1 43 2 Akl e At
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Figure 3 Effect of PT-RA1 on the survival rate in
Muscovy ducks.

S 1870 R JEF 058 U v 82 3 B R
28 22 PR (0 A AL 0 48 7 45 2R R AT 5 T
HUBRICAT AR, PCR %08 4521 5 43 By MRA IR
IrEUEE SR B NI, AR R B M E

gE SRS R 25 5, i E AT 3RS i
o3 g 15 3 — RIS 922 B BR O 1A
3 Wik

% 3 L R FCFF TR A LY A 2 A 2, R
ZAFEE R EEEE T 14 MER(1. 2.3,
4,5.6,7.8,10, 11, 13, 14, 15, 17)l¢*4
R Al oA 2 ot 33 011N R E PR ASAA
210 U7 FEFRE F L 1.2.10,11 S FEPC
H Rl A [ 7K & FR A Y R R, S BLBR [CAT
DAL S0 L 37 TR i e A T — AR A i S
U e AR L TR AR M K
1051 FRAG Y HLER [OATF B A T IV L 28 e, R
MYE 7 B H ke B AR OC S i 3 B B A 34 i i
RO 1. 2 BEA TR I 6.

B4 PT-RA1 XF4EERE M2 AR A9 45 45

A: PT-RA1 I #4H. B: XHE4H. C: PT-RA1 BFAHK 5 1%
D: XFHRAAR 565, BEFk Fris 4 I IRFE AL

Figure 4 Damage of PT-RA1 in Muscovy ducks. A: PT-RA1 challenge group. B: Control group. C: PT-RA1
challenge group (5%). D: Control group (5%). The black arrow indicates the foci of cell necrosis.
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10 AU BT #, AU B8 —k 11 A
W5 2 LR EC AP A

I PR b A T B bR 107 28 3 A1 oA 2 H
= AR A LA R, 5 B0 v e Fh i
RORAHE, FRF AR Pl 2 L2 Y B i6 R ok
B 45 g 52 FLBR FCAF o8, Al FH B B AM
T FPTAE R, SN se B R ER AT P 7 2 ik 4
5 37T X6 258y (R T 24 1 i B, , BT T Tt ke
M) RBHER IR AT ALY 48 FR
G e HLBRCHF R X IR R R . RIRER . R
WV RS2y, W2y R 80%; X+
HE. BRRUAER., REER. EHDAE.
IR AL L R U M | T PR AR B 1)
Mif 25 R 9 7E 60%LL [ XFBTsEpish . Skumefs
R ILEE R T 25 RACT 30%. skals &% 3
Iy A EEOIX A 34 BRTS R HLER AT B R
MER . IKRER., TR, #&ER. W
BREVAERAEMAm 251, Ho 97%M T
WAEEZHM G, S vl 19 FigiA &R
ROCHEHFEPVEB 3 A IX Y 25 BERS
HERRHREMERER . HBR. THREIE
R ORISR R RNV BT 255415 F] 100%,
POEAI:- & SN NI/ NN = 1 St NN L3 <6
Mif 25 % J ik 80%. AWFFEAT PT-RAL 43 B AR 4T
25 AR AE R P A 15 R 25 (G R . Pk
TR HEHER. KKER. FIIER. 45X,
P amE . BinibAE . RN A . nEDA .
ZENERR . WURER . K BGE . ZFEE B M
FIRE), (HIZ5 BARXT E S TUAR . FA] 5 P A |
Sk, SkAunths . pUFRRE | Skphba . Sk
HyilG . ZUHE . ARDE . FORE UK,
A RIZ NS 3556 3 5 2 F 25 B A4k 5

PT-RA1 7} B R 16S rRNA JE K 51 <&
SERL RN AL AL A 25 SR BRI B AR S S s
HERCHT S E kT Mk GZ-RA12, Jbaihk

CZ-RAO03. 11 %#k SD-RA2018 Ab7E[R]—EAk 4>
b, BAEBERGEGER; K AANRHX A
PRI R 5t B R X A, X 5 P R o L SBR AT
B AT REES MO X AL 4K . BLAh, % BRI B
WIS R, EABSRIEORNE, WILER.
Shy S b A G 2 FLBR [OAF B, ) KSR
B L) SRR A ) i PR AR A SR R

4 Zi

AT L A B o 5 4iAk . 16S TRNA FE [
J7 91) S48 7 I T 245 S DA 9 A 7 WS 1 M 4 21
H AT B — bk 11 BURS R BRICHF IS, 1%
WEZE w255, BOtRm, 51
S, 16S rRNA JE [R5 L JELA b i 4%
SRRSO dent, I ARSEHLIX R E HLER FCHT
PSR 20O R AT, /R TS i B R PG AT B T RE AT
FEFSH AL . BRI, 7EIG IR BRI RNA A B
PR, BiIEm 2GRk = A, R TR A
[Fi) DX 210 118 00 53 0 3 o ) 85 e DX A4
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