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X MG At feiomit 27K, LlERGEEmTAEZ. [B 6] ALK EME T XA
13 MG o BHRGEABE R, & F AR RN, HEE MG GEREAFRE. [HE]1 A
MG Fa 82 ERFHRT 455 . hibikiF MG 9 B4k, #1A atpG. plsC. mraw. ugpA. DUF3196.
IgT #= dppC 3 7 A~% R R 34T % 42,5 5 7 9% (multilocus sequence typing, MLST)F M 2 4L F
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AR L4 A L22 B AR BATM G 547, Bit R H ARG K ERAT 5 X &4 28 B # SPF 2,
WM AE 10, 2042 30d BAERNRARE. LELAR MG ZEFREHMG. [£R] 5B 40EF
9 ¥k MG, HHRZILEH R YTX2. YTX5.6. YTX11. YTX12. YTXI13. YTX14 # YTXI15 498 K
A H plsC A= mraW A #4512 48, ID 5554 33 /231, X T#H MG > H#ET STI7T R, @mF
PR YTX9 #= YTX10 BT ST16 & . Fih MG 4 & #rad iR A kA i) B H AL (MIC<0.25 pg/mL), *F
R AFEAS BHIFRERZI(MIC<4 ng/mL), & F FFok T FE A — T A2L 0 25 (MIC>16 pg/mL);
J&T ST97 #9 7 A~ MG 4 Bt & R B & A/ F FAZEA B (MIC: 4-8 pg/mL); HIEF R YTXS.6.
YTX2 A= YTX10 % i 25 P4 48 % 49 23S rRNA A V45 43k . L4 F2 L22 & & A B N 5 547, B4R YTX5.6
F2 YTX2 f£ 23S tRNA A B V £ #1384 £ A2069G % ; Bk YTX5.6 /2 YTX2 ¢ L4 @ AR E 0
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G568T R, f£ 122 @ A B L H I T102C. T129C. T252C. C336T #= G404A R ; AT B £.
REWE. AYHEE. ARYKRF Z HIREHEN YTXI0 4R 55T BB E R MG Ro #AF 7] —3, R&
ARE, EREE 10 20 F230d, BAR YTIX5.6 AE HFLEAE KL RESAH 80%. 60%F= 80%;
H Ak YTX10 AF K HRAERRE 2044 30d BAAE L, LRENF A 40%F 20%, HAHE
BAZHFRPYREINPRAE R, AT HEFEGN N R A2 b A8 560838 B LY &
IR AP E(P<0.05), Bk YTXS5.6 AEXFAEREEH 20 RAFREEERSTE, FHEA
7 300.6 pm. BAR YTXS5.6 = YTX10 A8 s 7 KA L 10, 2042 30d &, A T4 MG HEH
FEE AR YTX5.6 A2 YTXI10 2R KEF X G, [£46] AL R A IEE T XA B LN B
9 Ak MG 4k, 551 BT ST97 #= ST16 A B A, 5 B AT B 31% F A £ A4 £ RRI AR 69 &t 2504,
F BRI R P ARR AR AMRAERR KR .
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Isolation, identification, genotyping, antibiotic resistance, and
pathogenicity of Mycoplasma galliscepticum from a chicken
farm in Shandong

ZHOU Feng"?, WANG Chenyan', HOU Bo"', GUO Jinyue’

1 Institute of Animal Husbandry and Veterinary Medicine, Fujian Academy of Agricultural Sciences/Fujian
Animal Disease Control Technology Development Center, Fuzhou 350013, Fujian, China
2 School of Life Science and Engineering, Foshan University, Foshan 528231, Guangdong, China

Abstract: [Background] Mycoplasma galliscepticum (MG) is the main cause of chronic
respiratory diseases in poultry. The different susceptibility to antibiotics and pathogenicity of
MG strains from different regions increases the difficulty in the prevention and control of MG
infection. [Objective] To clarify the genotypes, antibiotic resistance, resistance gene mutations,
and pathogenicity of MG isolates from a chicken farm in Yantai, Shandong, so as to provide a
scientific basis for the prevention and control of MG in this area. [Methods] The MG isolates
were obtained from the cleft palate swabs of chicken tested positive for MG. Seven housekeeping
genes (atpG, plsC, mraW, ugpA, DUF3196, IgT, and dppC) were used for multilocus sequence
typing (MLST), and a phylogenetic tree was constructed. The minimum inhibitory concentrations
(MICs) of eight antibiotics including chlortetracycline, spectinomycin, lincomycin, tylosin,
tylvalosin, tiamulin, valnemulin, and doxycycline against the isolates were determined. The 23S
rRNA V domain and L4 and L22 protein genes were sequenced. SPF-grade chickens of 28 days
old were infected by eye challenge and trachea challenge, respectively. [Results] Nine MG
isolates were obtained in this study, including seven isolates (YTX2, YTX5.6, YTX11, YTX12,
YTX13, YTX14, and YTX15) of sequence type 97 (ST97) and two isolates (YTX9 and YTX10)
of ST16. New alleles of plsC and mraW were identified in the seven strains of ST97, with the ID
of 33 and 31, respectively. All the MG isolates were sensitive to valnemulin and tiamulin
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(MIC<0.25 pg/mL), moderately sensitive to tylvalosin and doxycycline (MIC<4 pg/mL), and
resistant to chlortetracycline and lincomycin (MIC>16 pg/mL). The seven MG isolates of ST97
were moderately resistant to tylosin (MIC: 4—8 pg/mL). The mutation A2069G was identified in
the V domain of the 23S rRNA gene in strains YTX5.6 and YTX2. The mutation G568T
occurred in the L4 protein gene of strains YTX5.6 and YTX2, and the mutations T102C, T129C,
T252C, C336T, and G404A occurred in the L22 protein gene. The strain YTX10 sensitive to
tylosin, tylvalosin, tiamulin, valnemulin, and doxycycline showed the same sequence compared
with the control strain MG Ry,, with no mutation detected. The morbidity of air sacculitis was
80%, 60%, and 80%, respectively, 10, 20, and 30 days after tracheal challenge with the strain
YTX5.6. Air sacculitis occurred 20 and 30 days after tracheal challenge with YTX10, with the
morbidity of 40% and 20%, respectively. The tracheal mucosal thickening was severer in the
tracheal challenge group than in the eye challenge group (P<0.05). Severe tracheal thickening
was observed 20 days after tracheal challenge with strain YTX5.6, with an average thickness of
300.6 pm. Tracheal challenge with strain YTXS5.6 or YTX10 resulted in significantly higher MG
loads than eye challenge with same strain 10, 20, and 30 days post-infection. [Conclusion] In
this study, nine MG strains of ST97 and ST16 were isolated from a chicken farm in Yantai,
Shandong. The nine isolates demonstrated varied resistance to antibiotics and different
pathogenicity to SPF-grade chickens.

Keywords: Mycoplasma galliscepticum; antibiotic resistance; multilocus sequence typing;
determination of minimum inhibitory concentration; pathogenicity

75 37 J5 A (Mycoplasma. gallisepticum, MG)
FERPEE G, 51X 118 PEITI B 95 (chronic
respiratory disease, CRD)FI kX [y 14 etk £ 52
R, I RAER CLFEFTENE | ROk . A S VR AT
WEMS, KGHE T S8k, MG 53
s g R A TR A Y, QAR Ltk SR R
7 (infectious bronchitis virus, IBV)™, Bl aes
#(newcastle disease virus, NDV) & KM+
W QRO E T IRGERER . IE 10 4R ]
MG YA TARBUA SRR, k5 4P
2017 AEXPVLIR . IR R | LBIEEHIAY 6 986 7]
ARG 25 R B MG IR 14.21%; Wei
SRV 2022 AEXFI R L ATb DL K AR A S X 3
1250 3RS M ERE i A TR DN A B MG [H
MK 75.04%.

Z A 5 543 (multilocus sequence typing,
MLST) T 1988 4F 5 Y8 HI T 1 JiE 48 4% 38 A

(Neisseria meningitidis) ) FE K 7354, 15 MLST
JI S 2 T SR R A R < bRl T MLST
LA B B A8 R AL DR 5 Wl RS R L dERRE
RE 00T M (38 2R 12 PR W2 B 1) )RR ST 1Y
FRE, 2019 4 Ghanem Z5UOHE H—FHF
MG FEARIER B MLST 5k, ik 7474
MLST 43 RISR A 7 ME R BN atpG. plsC.
mraW, ugpA. DUF3196. IgT #1 dppC, #¥E
Hunter 1 Gaston DI {ECBFE 5 HE K42 0 P2
Je H DA AT X ALK F 95% , 127 % T o %o
MG B FRIEATIEE 43T, X MG 85 e RifttT
k.

KIANBGITAE ZAE S0S A A JL 1 FLIE
W 23S rRNA L1 V 45 H 51 2 058 37
PIIREERAZ R A BAE ], JF H RIS TR
ik 23S rRNA FEIR 11 45438, 748 {7 f 1 I s
AT IR VL IR (1 L4 A1 L22 iy ™=
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BAOMEEAERU. B AR EY MG XA
WEEZSHUAE R MM 25 15 23S tRNA JER Y 1T 5%
V SR A, DRGSR 1 L4 AN
L22 [ rplD il rplV LR RARZYIFHSE ), Li
X X 7 S JEAAR PG31 AT S6 R AE V1 TR vk JEE 11
Z DT R IR JE Wb bk i BeAL AU TE iy it 24
PMRBIFFEUE SEA AR B 11 L3 SR R B R, A
23S rRNA B:[H V 254581 2 058.2 059.2 061 .
2447 12 503 i B T RAE, XEERARX T
TR R | TR RS HA S N 254k
It HAE A2058G BY A2059G 13 &5 1 5728 % F K
HNTREPAERLAHER . BAZEMBRER
1 B 58 X 25 PR 10 U i A A
FIE B K IR  ER S i A 2 R AT 2 K it 2
1) MG B RS BURBRAR LG, L4 F1 L22 S A
JEANRIFE BT Z24b 54 . MG B0 1 5 35t
# H (GapA . CremA . PlpA) . # Kk w & H
(GroE1) . HHA AR AL HE [ (PvpA) I F0 5 P ke AH 56
HEH VIhA 24508 s, Levisohn M1
ARG MG LA I a8 08 B8 1 5
RO PEAT N T, 38 3o Wb 405 0 & 15 O
PEAT VAL, BB MG XIS 0% ) 5 Wik E
B AT C .

AWFEXT AR M 5 T BELL MG &gy i 5
LRI A G R A E IS R AR E T MG
WA . Ay BRI, IFXT MG 43 B AR T
MLST ZH 385 o T MG 43 Bk i 2515
B, MGE TR YT SRR 15 AR R i
/NP B W B (minimum - inhibitory concentration,
MIC) S A ST 24 36 DR g ARG O 5 e B 1k
PR RR N TG 28 H 4 JC e M5 I 4K (specific
pathogen free, SPF)XY, i o Ilfi AAEMR . i AR
AT D A et SR PE AN AN (] B ik B AN [R) T
J7 =A%) 28 H il SPF XS0 1. Ktk , A0F5%
FE L MG WA T SRR T2 &

BOWRPE, DU IS ST JR XS 2 S A 1Y B 4
BRI FE S R} 2 P AR .

1R

1.1 ##

25 Hi% SPF XY, Wik Z 8 A RA
A), B 2 A AR A RO B B R R
W 58 B s W) 18 B 22 B oo WAL (AL HE S
FAAS-AMC202302),2022 4 8 JI REM LA
A 5 T S RS AR 37 5 0L 285 S it A B e X B 1)
SR 20 13

FM4 8 S5 AR AR B 5 55 (5 I 20) A T AR
B 3% 334 W6 S 2 SOk [20]BE il . 2xRapid Taqg
Master Mix #l 2xTaq Pro HS probe Master Mix,
Vazyme /A F]; DL2000 DNA Marker, Jb5% ¥
FE PRA= ) B BHECA PR W) 5 4 34 8 20 DNA
MO &, KRR A RAR; BYHE
. BOTWE. ZHAR. FRER. KEY
ML R ER . RWERMEER, D%
R AR A R ] 5 SPE AEXS LA 1Dk, Bl
WP CRHD AR FRAF] S AE I MG ts-11
RET, MIHFNAEYGERA MR A F] . SPF AS M2
. N TS RS S S A PR vl 5 0.45 um
UE#T , Millipore 24wl 5 2¢tE it PCR {¥, Roche
]y A WSS, Nikon 23] o
1.2 &K MG P BEMEE

H RAE ) b SR R o BT S AR
TR, BMIRG IS4 0.45 pm 84 UE,
DL 2092 i 2 b 22 i 8 S AR AR 7R 0
37 CCRPERE IR, SRS th BOR LT 36 2 A ve
s BB R BE DS IR AR AR K IFET T PCR Al ¢
HEAN TR L 4] DNA $REGR & 5B 54 5 1
TR TR R B SR DNA, He R 2015 4
FE ZAT AR fE (8 SRR PCR AN 73k ) i
MG $553VES 14 MG-14F F1 MG-13R (£ 1)#fT
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Table 1  Primer sequences of this study

EIE/EXS 5191751 Fr BER/N 275 3k
Primer name Sequence (5'—3") Size (bp) Reference
MG-14F GAGCTAATCTGTAAACTTGGTC 185 [21]
MG-13R GCT TCC TTG CGG TTA GCA AC [21]
atpG-F GCAATGAAKATGCTTTCAACCG 668 [10]
atpG-R CACACTTTGGATTCAATTAAACAACC [10]
plsC-F GTTGCTTCTGATAGGTTTGCTG 647 [10]
plsC-R CAAAGAAAACCGCTTTAAGACCG [10]
mraW-F CAAGGACGAATAGTTTGGCTG 822 [10]
mraW-R GGTTTGGCGGTCATAGTTAC [10]
ugpA-F GGTTAAGATTTGGGTGCCATTAG 843 [10]
ugpA-R CGTAAGAATAAGCCGTATAAAGTTCC [10]
DUF3196-F TTGTGGTTAGTGGGGATAATGAA 740 [10]
DUF3196-R GGRTAAGAAGGATAATAATCTTGCAT [10]
IgT-F CATCAGCATAAAARAACATTTCAGAG 1071 [10]
IgT-R CAGGCAATCATACAATAAACGATAG [10]
dppC-F CTTCTTAATGAGTCTTGAACGG 956 [10]
dppC-R GAAACTGACGAATTTGTTGATCC [10]
23S rRNA S1-F TCAACATATCTCCGCATTTTA 3575 [16]
23S rRNA S1-R ATCTTTATTGTAAGCGTTTCA [16]
F-23S rRNA S1-F TTGTCGAGTGTTTTTGCGCC 1961 This study
F-23S rRNA S1-R GTGTCGTTTTGTTGGCGTGA This study
23S rRNA S2-F AAGGCTTATATAGCTACATTG 3390 [16]
23S rRNA S2-R CGCTAAATCTTAATCGTTAAA [16]
23S rRNA V-F AATCAAAGCTCCCGACTG 885 [16]
23S rRNA V-R GATGCTTTCAGCGTTTAT [16]
L4-F CAGTAATGATTTCAGGAGCTAT 887 [17]
L4-R TACTTTCTTGGTTCTGACA [17]
L22-F AAACTAGGTGAATTTTCTCCTAC 625 [17]
L22-R TAATCTTTTCGTCCTGAACA [17]
qPCR-F F: TTGCTAACCGCAAGGAAGC 110 [22]
qPCR-R CTCCATAGAAAGGAGGTAATCCA [22]
qPCR-Probe 6-FAM-CCGGTGATTGGAGTTAAGTCGTAACAAG-BHQ1 [22]

PCR K", PCR =4 A/NA 185 bp. PCR B ZEREW R E A0, HEEW R E 40 H PCR %
A Z (25 uL): 2xRapid Tag Master Mix 12.5 uL,  &F MG PHPERIFER R B ZE 107 fil 107, 55
RS I(10 pmol/L)4% 0.5 uL,ddH,0 9.5 uL, R A 78 R BEA RS FR 55 37 °CH5 5% 24-96 h,
Ffflh DNA 2 pL, PCR 454 : 94 °C 5 min; PRI TV TSR AR AR G 2 b 37 °Ci
94°C30s, 55°C30s, 72°C60s, 35 MEH;  EiifE, WEFREBRU R EH#ETT PCR K

72 °C 10 min. [FIFLL ts-11 281 hy B %o B, W, P MG PR R gk s aifh, R Fikid
PCR 25 o 54 7 By B bl e e B, K ARG 2 3 WEP REEFE, idh PLAL, =70 °CIRAF

1 PCR KD PRYERIAE AR LtL 35 A, B &1
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H MG 53 254k P1ACLCRAE ) B A S A T
IRBEFRILLL 10 RRESMRE, 43 BIHL 107, 10°°,
107, 107° 3% 4 MR BEEE A B 100 uL A S 1 mL
SRR AR A, MRS 6 M E
2, A 37 CREFF IR 10d, BAMENT AR
AR (L1 AR, TR TR TR VAR 0 (78 0 B
)] A B, #4218 Reed-Muench #3138 55
{648 {k 543 (color change units 50, CCUSO)[23]O
1.3 MG 5 E#%E MLST EE 5 &

DL MG 43 B B R 9 DNA AR, e B8 SCilk
[10]H MG Btk MLST JEF Rk, X 74>
BHREMN atpG. plsC. mraW, ugpA. DUF3196,
|gT 1 dppC #% 3% 1 5197 517 PCR ¥
B P A T AR TR (I By A PR ]
MR, B4 B DI 45 R % PubMLST il
(http://pubmlst.org/mgallisepticum/) , 43~ Fit. ¥} v /) ST
Y FR T XoF 43 5 TR R 1) K R TR gk A 7 D42
JF7E PubMLST il i AR U N A MG &
ML), FIH MEGA 7 % et 3k 8t 2
GREW.

1.4 MG 77 EHRE) MIC U E

KWaEHR. BARR. BEAEER. BPH
R, R, ZVHHRE, Kl ER LM
5 R MEREL T 1280 pg/mL YU, —40 °CI4:
R . B&H 10° CCUso/mL 1Y MG H K E
F 96 FLARH, A EiRBiAE R IFESE 2 5 B
% 0.062 5-32 pg/mL, FEZ 11 FLi% & FH XTI
(10° CCUsy/mL MG &), 1E5 12 FLixk & BT
X B G AR A 37 08, BFLIARFRCH 100 pL,
FE 37 CCEEFRATR R FE 7 do Y PHEXS BB (4 iy
BB er AR g e, iR RGBSk, LA
] S Jir A Y A 45 5 DR 0 Ak P e AR B A R vk
&R MG 53 85 PR 1) S5 /N R VR
1.5 MG 5 EHIm A EE o9

23S rRNA HLHA 2 M5 DL V g5 #4343

FITE 23S rRNA 19 2 M. SRR 1 g5l
# 23S rRNA S1-F/R., F-23S rRNA S1-F/R 5|
1 23S rRNA S2-F/R 43 5141 MG 43 B #5119 23S
rRNA FLHY 2 4~ V 855751 . PCR Je A
Z(25 pL): 2xRapid Tagq Master Mix 12.5 uL, I,
TG IY1(10 umol/L)4% 1 pL, ddH,O 7.5 uL,
it DNA 3 uL; PCR W 54 95 °C 3 min;
95°C 155, 55°C 15s, 72°C 120's, 35 MEHF;
72 °C 10 min. LA [ PCR =¥ mtsitk, #IH
51491 23S rRNA V-F/R 914 23S rRNA JEH 2 4>
AR V g5k 387 41 . PCR S0 1A 2 [H] i . PCR
FLW 242 95 °C 3 min; 95°C 15s, 55°C 155,
72 °C 30 s, 35 MMEXH; 72 °C 10 min, ZH
SCHR[ 171 L4-F/R F1 L22-F/R 5145 (F& 1)1
L4 1 L22 SEAERE A, P8R 15 0 PCR
PR A T AR TR () A AT BR S JI
Bl r 25 5 5 NCBI Wil E3R1S 1 MG Ry,
PR Gt 25 B N 72 GENEDOC % h Hh He *f 3
3T .

1.6 MG 9Bt 28 B SPF BRI EUH /1
vk

F4E MLST A 3 RIS R BEHE YTXS.6 Fl
YTX10 4 2R Gs 28 H iy SPF 5. ¥ 75
28 H ¥ SPF XSFEHLA R 5 40, B4 152, Gl
20 FH G BT B S D AR AAR 8 3% R AT R RN
SEAE X IR, G2 414538 5 IR T 7
YTX10 F# 100 uL (7% 107 CCUs), G3 £H 4
SAE IR YTX10 F 200 uL (5% 107 CCUs);
G4 H 5P IR EE YTXS5.6 B 100 uL (%
10" CCUsy), G5 HEPAE W YTX5.6 Wl
200 pL (& 107 CCUs).

YR HWER 2 3k, SRR POKRLR & AR
A TEREWE . A . KWK IR E R
2 JRYLJEES 10, 20, 30 REBEPLIER 5 H
AEA, WERLE  ERT T RMEE T,
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HOL B AR A e, AR TV b e R T
PP B . BUSE E 172 BEF PBS H1—40 °C
BRA7E, 12 BESE T 10%09 F RV T [
J& AT AL BV B 2E BT o

Fi R 2015 4F FE AT AR HECE 5K PCR
Rl gy i) Hp BRe S g Ab By BN, R RN
SEIRG 120 s, WHUEH 1 mL T 1.5 mL &0
FH, 12 000 r/min .0 10 min, /NOFE B
WG % AN DNA 42 B0 & 13 ] 45 42 B
iz , 2 BESCHR[22FI 2R 1 sR B 1 AR T
qPCR ¥, SV AAZ (20 uL): 2xTaq Pro HS
probe Master Mix 10 uL, |, Ti#5|4% qPCR-F/R
(10 pmol/L)#% 0.7 uL, ¥4t qPCR-Probe (10 pmol/L)
0.6 uL, ddH,O 5 pL, DNA 3 pL; SR &5/
95°C 120's; 95°C 10's, 60 °C 35 s (WL H(E
), 340 MER, IFRERHERLITE MG
FEASRIRE i 5 DL

P18 ) E ETRE K . B R
(DL NI IS SN 5N N7 N 1 I AN U GRS
(hematoxylin-eosin staining, HE)4e {4, | Jii/K . 1%

AbpM123456B

2000

750
500

250
100

1 MG 5 E#%8 PCR £ EERA)MEZFSB)

5: PAYEXTHE; 6. FHAMEXT A
Figure 1

BAE B e, A6 2 W AE TS
BB L GRG0, FIBRE 4 DX FROE
PATREFR I &, R SEE, 4
DL S (EER I 2201 TR o
1.7 it ot

fdi Ff} IBM SPSS Statistics 26 B 1% £ 45,
B MG o M E BRI T R Oy 2=
ST, 2 P>0.05 AR EZES, X P<0.05 B}
FRERBE, P<0.01 FRESWEE.

2 HERE4M

21 MG H5E. 4iLF CCUsy ME

X 20 o3 BE L8 S I A I L G T S 2R
TR IR ARG, g 9 AR AR H MG
FHYE(E 1A), PCR =¥ R/NA N 185 bp., it
srEaifb e, e YTX2, YTXS5.6.
YTX9. YTX10, YTX11. YTX12. YTXI13,
YTX14 fl YTX15 iX 9 #k MG 4r&tk, HHY
K B A HE . 43 PR AE S R T AR 5
S B )RR AR B R BRAR TRV (B 1B), il

N\

N N\
N

M: DNA FRUEST 105 1-4: I RAE S IR0 5

PCR identification results (A) and colony morphology (B) of MG isolates. M: DNA marker; 1—4:

Cultures of clinical samples; 5: Negative control; 6: Positive control.
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FE T AiA Ry PLAREE TR CCUso, HP BB
YTX5.6 1 YTX10 4350k 10%° CCUso/mL Fi
10° CCUs/mL, H:4x MG 43854k CCUs K F
10° CCUso/mL, H AR # YTX2 . YTX12.YTX13
KF 10" CCUsy/mL.
22 MG 9B MLST HEKEER#HK
vaRi

LI MG ¥k ts-11 DNA mt, X7 %4
% H:IH (atpG: 668 bp; dppC: 956 bp; DUF3196:
740 bp; IgT: 1071 bp; mraW: 822 bp; plsC:
647 bp Fl ugpA: 843 bp)iEfT PCR ¥ 1, &4
FAEH Y14 7 BN U (E 2). B 9 Bk
MG 7 BRI A K IL R 25 PCR 4738 F 17 /5
Iy 25 5 4E PubMLST ¥ 3 (http://pubmlst.org/
mgallisepticum/) F 73 FLFFSI L, 9 ¥k MG 73 25tk
FERN A9 2 ST16 F1 ST97, HrR Rk YTX9
FYTX10 53 E F#E R ST16 8, WAk YTX2,
YTX5.6. YTX11. YTX12. YTX13. YTX14
FYTX1S J& F & 9k & BRAY BT 9 JE R A ST97,
Hd & 5 L8 plsC F1 mraW 18 YRk & Bk 26
i3, ID S430 8 33 Fil 31 (3% 2).

9 Pk MG 73 BSRRIN A4S R B P 91 4% B —
iR ER B L 5 PubMLST %4 A /Y [ 4 4 MG

B2 MLST EXREE PCR ¥ &= 1B kAR
Figure 2 The results of PCR amplification for
MLST housekeeping genes. M: DL2000 DNA
Marker; 1: plsC; 2: atpG; 3: mraw, 4: dppC; 5: IgT;
6: ugpA; 7: DUF3196.

RFVER R THI AT XS, i MEGA 7 #4
AR BEMEAIET ST16 FLHAM YTX9 Al
YTX10 #R5%EE F thiE TR —43%, mET
ST97 FEN BRI 43 B #k YTX2 (1d504), YTXS.6
(id505) . YTX11 (id506) . YTX12 (id507) . YTX13
(id508) . YTX14 (id509)Fl YTXI15 (id510)%5
2022 4EFN 2023 AENFREHWIIL . =FF . L5,
1811 IR I SN i1 e[ 5 Y R Y S VA
] — 3 3 (K 3).

#*2 MG OEHERERFNERERFYSMEK ST &

Table 2 Serial numbers of housekeeping gene alleles and strain ST types of MG isolated strains

Strain atpG plsC dppC mraw ugpA DUF3196 IgT ST
YTX2 3 33 13 31 1 4 44 97
YTX5.6 3 33 13 31 1 4 44 97
YTX9 2 28 4 3 6 16
YTX10 2 28 4 3 16
YTXI11 3 33 13 31 1 4 44 97
YTX12 3 33 13 31 1 4 44 97
YTX13 3 33 13 31 1 4 44 97
YTX14 3 33 13 31 1 4 44 97
YTX15 3 33 13 31 1 4 44 97

TR 43 A5 43 e S5 o7 2 PR U R ST Al

The novel allele and ST types are shown in bold.
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1d340/Zhejiang/2022/WAP/China
1d431/Yunnan/2022/GZY/China
1d287/JS/2022-2/China
id491/Foshan/2023/CYX/China
id488/Foshan/2023/CYX/China

1d489/Foshan/2023/CY X/China
id415/Sichuan/2022/LYM|/China
id465/Hubei/2022/PAY/China
1d441/Guangdong/2022/LRDS5/China
1d298/Guangxi/2022/LGF-2/China
| id508/MG YTX13

id506/MG YTX11
id507/MG YTX12
id286/15/2022-1/China
id333/|Hebei/2022/WZP/China
| id74/YBS-2TK00-Al/Israel
| {d325/Fujian/2022/ZW/China
— id50/00.099-1-1P/USA
id82/Mostafa OSU2434/USA

id24/AL 2011 3/USA

id1/R low/USA
id7/k6372/USA
id4/S6/USA
— 1d100/Mostafa ZR2711/USA
id61/09.055-17-2P/USA
id3/F strain/USA
id266/SH/2020-1/China
MG YTX9
0.000 MG YTX10

3 9K MG TEHRSERNIINESZERNRRTLEN

Figure 3 Phylogenetic tree of 9 MG isolates and reference strains from domestic and overseas.

ZWZ(MIC: 0.5-1.0 pg/mL), MFBERHEZE. &
TR MROTE R RO AR R B
fit 25 (MIC>4 ug/mL), #[E ST BIH MG 425 kK

2.3 MG 9 E¥REI MIC M EFMTH 25 E E 4
R
MIC U %2 B 8 FE Rk YTX9 Fl YTX10 %4 55

. BNTWERE. BEWEER. BWEHE. KEW
ML ZHER . AT RARN R RS 8 it
He R ARURE S P PR ts-11 25 A —%L, A
Pk YTX2. YTX5.6. YTX11, YTX12. YTX13.
YTX14 Al YTX15 WX R R . IKJE P
HUR(MIC<0.25 pg/mL), XEHEZE . ZPHH

Xof [ AT AR A7 ZEARBL R B A (2 3)

B ST97 Fe K AU R bk YTX2 A1 YTXS5.6 DA K
ST16 KB bR YTX10 5 MG Ry, FHE T 24
FEALEXT o A 8L, Ak YTX2. YTX5.6 Fl
YTX10 i 23S rRNA LR H S2 BERY V 45 3]
FPON—3, ToRRHESE AR kA, F i 2 B 58
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®"3 MG SEHRX 8 FHERH MIC WELR

Table 3  The results of MIC determination for MG isolates against antibiotics (pg/mL)

LS BER BAWR FRER FOER KEDHK ZWHR HAIER KUER
Stain Chlortetracycline  Tylvalosin Tylosin Tiamulin  Valnemulin Doxycycline Lincomycin Spectinomycin
YTX2 >32 0.5 4 0.25 <0.062 5 0.5 >32 8

YTX5.6 >32 0.5 8 0.25 <0.062 5 1.0 >32 16

YTX9 16 <0.0625 <0.0625 <0.0625 <0.0625 1.0 >32 8

YTX10 8 <0.0625 <0.0625 <0.0625 <0.0625 0.125 16 8

YTX11  >32 0.5 4 0.125 <0.062 5 0.5 >32 8

YTX12  >32 0.5 4 0.125 <0.062 5 0.5 >32 8

YTX13  >32 0.25 4 0.125 <0.062 5 0.5 >32 8

YTX14  >32 0.5 4 0.125 <0.062 5 4.0 >32 16

YTX15  >32 0.5 4 0.125 <0.062 5 1.0 >32 16

ts-11 16 <0.0625 <0.0625 <0.0625 <0.0625 0.125 16 8

A S IHATEZIT S H; TAE 23S rRNA KL
o ST B V S5 B P 41 X R BB R YTX2
M YTX5.6 K1 A2069G 2875, Tk YTX10
FIDNT REME Row JPH—30(K] 4A). TEFE YTXS5.6 Fl
YTX2 i1 L4 B H B G568T 75 (1% 4B),
TE L22 FE A B T102C . T129C \ T252C .
C336T Fll G404A RAE (Kl 4C), 1M YTX10 thY5
S FETE PR Riow H L4 F1 122 75 1 2L X 41— 2
IR B AL
2.4 MG 5 Ekxt 28 Hitd SPF BRI RS
THER

VU I T2 WS 3 Iir A sh i 38 R e BT I
AL DL P E AR, I R 5 AROK R & B
o FEREYLSE 10, 20 1 30 d A A R 40k
YU A RS, 32 B PO M P IR
AR AT Y S 1 E0A K 6
VA, T IF e ko B XS A ) 37 i (1] 5. B
R YTXS.6 #MRAE R BB R LIRS
I 80% (4/5). 60% (3/5)F1 80% (4/5), YTX10
RS MO AL AE IR J5 20 d 7130 d HE A3
B, RIFHRSY N 40% (2/5)F1 20% (1/5), HA
XK I <R

3 20 ) S XS S AT A SO R 2R A R

B, BT SRR DL X A, bk
YTX5.6 Fl YTX10 S WA 7EI& YL )5 10, 20
30 d BRI R 0 2 B 2R (E 6
A 7, P<0.05); Bikk YTX5.6 Al YTX10 s HR
WAL S 10, 20 F1 30 KA 5h s 5
5 L BH X R 2 TG 8 3 22 5 (| 7, P>0.05).

FP PR YTXS.6 B WA AEIR YL 20 d 5K
EREEG EE, FREE L 300 pm, i
FF 1 Xk BE 2 A R T 2 SR BE A 50 pm UR
(E 7), —FAFEN B3 25 57(P<0.01) (& 6 FIIEL 7).
S AE L BT qPCR R4 R Bon, BRIITE
X RRZH PR YTX5.6 IR R AR 10d /s
MG il kg BAHEAN , R 5 MG BHPE(A 8).
Bk YTX5.6 Fl YTX10 S48 e 4 RIS 10,
20 F130 d J , KA I MG #33 FU AR R i SR
B 2H 5 (P<0.05), i, MR 21 I 5 ke R0 48 K
MG 3k B .

3 W54 #®

MG A 51 EZ & 18 1 P IE O A FE R
W, AL RS ARG P R I - AR FIBEAL R, e
PRAEAR ™ AR S R bR aE e s pl e, 53
At P B g D ) e e A A S B RS R
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VIO gy AC T AATL
MGYTXI0 . . . . . oo o e e
MGYTX2 . . . . e
MGYTXS5.6. . . . . .. . e

4 HMERMANERNEEMARERFTISH A YTIXI0, YTX5.6, YTX2 FIXfHEFk 23S rRNA J&
V L5 A 34T, B L4 8RR P L XT 408, C: L22 B L H 3 41 F Xt o M

Figure 4 Sequence alignment of related resistance genes to macrolide antibiotic. A: The sequence alignment
of V domain of 23S rRNA gene from YTX10, YTX5.6, YTX2 and R low strains. B: The sequence alignment

of L4 protein gene. C: The sequence alignment of L22 protein gene.

5 MG 9B# YTX5.6 SEIRZRE SPF B S ERMG A XA EW SN, B, By

LAY R, SN B T AR B (5 Sk )
Figure 5 Air sac lesions in SPF chickens challenged by tracheal injection with MG YTXS5.6 strain. A:
Normal air sac is thin and transparent from no-challenged chicken. B: Air sac markedly swelling and

inflamed, with a large amount of yellow cheese-like mass (arrow).
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6 MG 5 EHRERE 20 d M REA)MSERSHB)MHRBRE R
Figure 6 Pathological damage in the control group (A) and tracheal challenge group (B) after 20 days of

MG isolate infection.

3 YTX10 tracheal challenge =2 YTX10 eye challenge
Z2 YTXS5.6 tracheal challenge YTXS5.6 eye challenge
3 No challenge

E 600 okl

400

SRR

Thickness of tracheal mucosa (pm

200

(=)

Time (d)

El7 MG OBEHBRRESEMEEE
Figure 7 Tracheal mucosal thickness of SPF chickens
infected with MG isolates. *: P<0.05; **: P<0.01.

IO ICTT Rg 2 R IR B, RIRIN RS | Mg
Pt Mt 218 R 7B L 0 B2 e A 3R H i 88 BRIl R
RT3 220y, (BRI X LA
R S BC AR TR 251k 82 BT, FH
MRS 25 TR RS R IR RIS | PR o I e 21 70 78 )
H2 254 2Z A AE S U 250 R 1R T
MG 73 Btk Z 8] I BOwR T B AF IR K22 5, A
AN i X PR B O 24 AP EAR R 22 57 T

EAYTXI10 tracheal challenge 8 YTX10 eye challenge
ZAYTX5.6 tracheal challenge B3 YTXS.6 eye challenge
101

AT MGH 95 DU
MG copies of trachea (log,,)

= ) v
10 20 30
Time (d)

8 MG IERRRESETHMG HE
Figure 8 MG loads in the trachea of SPF chickens
infected with MG isolates. *: P<0.05; **: P<0.01.

I, XA X T MG A 115 300 K i 24574
MO A, XTER. HERPTE MG B
o EEIE IR X .

A GE N LR A8 0 55 T S RS Ab XS 3 2 43
23] 9 kR MG BkE, il MLST 2k [H 4381 % 3
9 #& MG 435I J&@ T2 K 5 ST16 A1 ST97 Wifh ST
AL, HAPTE 7B MG B ERER T ER
LI plsC F mraW b #T S  SE B, 3RAS 8 1Y
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ID 543510 33 F1 31, S5HAZAIEFRIER T
BrEgFEH AL STO7, LA N H N A IRk
., ST16 HEP TR G bk 5 36 (5 F k] I 45y
i, X AIRE S IR TG % v R A O, T
ST97 HE[AIRUEY 7 k3 25wk ] Ay & 30 A0 L K]
B, BT ENINE R KPR, £HZE
MG JEEYe SR AL A%

i MIC W A& T STO7 FERI AU 7 4~
MG 73 BT B ER . IR JE WD MRER Sy %
(MIC<0.25), XZRHER, @%F%, HAIER,
FMEE R WA R FE R T 25(MIC>4 pg/mL);
ST16 JLPH T B FHkk YTXO Al YTX10 %455 % |
BHWE., FREER. BUWE . IRk,
ZVUAER | MATEZ AR R 8 FiiA %R
) RS 5 28 P TR PR ts- 11 25 A o — 5, A I
ST BU % MG 53 25 MR [ Rl A= R A7 A2 AR LA B
(R 3).

Wei e ER15 19 ST78 ZE [T MG 4>
B RERT ZE WD T R M 25 (MIC: 8—128 pg/mL)ifi %}
2% SR T & U, T 7E PubMLST ¥ 2 Hh 20y
Mr &k BUARHEGE /3 BS 1 STO7 M B bk 55 ST78 AU
PRJE F A — 418, X R BT ST B MG
BB o B [ — LR, (R L 25 A AR AR R
225, X ATRES AN [R) Hb DX 0 A 208 A O 4
PG ABFFEMIFEIG ST B MG 4385 Bk X TR
—FpPi A RBUSEZ A K, 1 Wei 250505
# ) Guangdong/Q3 F1 Guangdong/3-3 £k A [A]
—A~ ST AY(ST81), {H MIC 45 RAKIER,
X FUH BN AR ST YRy MG 435 Rk H it 24
PEFFA—E ML, MAMRAHEFRA ST # MG
53 B AR 2535 AH AL AT BB 2 1 MG RIS HE R
AP AE R . XA DG 25 38 1K 4
Mr ik IRABESE KIS STOT 43 B AR X K FR P ik
FHR T I e S 25 7™ A — o R A T 2k
£ 23S tRNA JE[H V 2538 & A4 A2069G 7%,

5 Wu ZEUIR M R IR RS MG i 25 18 ik
RASNL B, RRIMEEE MG 28 5K i &K 1iif
2T MRAFAE R T 254 (MIC>256 pg/mL), @it 245
BRI Pk T BE A7 76 HAth 22 A M S it 245 5540 3 [R] 7
12 MIC 2253 0 T2 U700 A R 38 PN g2
2RI T MG TS 25 TR MR 7E A% B 11 L4 Rl 122
FEREIT 2L, BAMRAE L4
L22 AN WAL AR S, B HTE
RO E PR KRES, XATGES MG 1
LN AFEER X, R MG BT 25 B 5
=R

L IR AN AE R Ry A 28 H il
SPF XS H S0 1 A & B, e AR [R] 1 oo 37 =
T, G T N IR R b, R
PRI BB 5 B A, AT R SR MG DL,
R 25 B B Y T LA i ) A BB A R P s 81—
SETRRE , TR 2 R i A 38 . AL MG
PR E R W HUAIKE-, T2 MG 7EX
s, S BCE AR A RS
FEA™E, XM TAEHHFREE F AR AIR
o, AEHS R AT AR A e i B AR RO
YTX5.6 #RAEREEEREY 10 d fFaifes| ik
80% (4/5) R K%, L 30 d J5 AR
RIGHRAIRIR 5 80% (4/5), FFHAE T MG 1Y
AN BY BPER R TR, &
W MG &AEHE K, RRpge e, Bt
FEJ AR . fRERE AR B MG PR
ST ATHE, RIWRAE 70%-90%,
SR YTXS5.6 MG KB LA
ARWFFE B YTXS5.6 R w5 4R 5 3k
SEPSHE P ALY 43 B MG PR G B0 7K F
I, [EHTLRKEEOTHEAEY RSB H, <
BRI FE S BIE/NT 100 um, 8] MG 0%
J138 55 5 B0RE )y SRR R A K

UeAk, AWFEE E AN R R BT R
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plsC il mraW iS5 JE R, $R4587T /9 1D
SR 33 f1 31, S HARSEMILFIE N T
BT EE R R ST97, R B FK 1B MG IR YL R i 4 4% .
A X B 1B AR 2 AT 24 AN SO P 1 B
58, ERTREMEHIX MG 5 B8k BTH 251
BLANECE T, Sy HE AR A B A= IR T Bk TR
MG &Y HF 5 MG 7EFR MR 5s 12
e = I
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