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Abstract

To investigate the prevalence of common viruses in migratory birds inhabiting wetlands around
Urumgqji, fecal samples were collected during spring and autumn from 2021 to 2025. Polymerase
chain reaction (PCR) and reverse transcription PCR (RT-PCR) were employed to detect circovirus,
coronavirus, avian influenza virus (AIV), Newcastle disease virus (NDV), and avian hepatitis E virus
(aHEV), and the positive rates, annual dynamics, and seasonal distribution characteristics were an-
alyzed. A total of 2,705 samples were collected, of which 272 tested positive for at least one virus,
yielding an overall positive rate of 10.06% (272/2,705). Four pathogens, including circovirus, coro-
navirus, AlV, and aHEV, were detected, whereas NDV was not identified in any sample. Circovirus
and coronavirus were the predominant pathogens, with positive rates of 4.70% and 3.51%, respec-
tively, accounting for 81.62% of all positive samples. The positive rates of AIVand aHEV were 1.00%
and 0.85%, respectively. The annual overall positive rate fluctuated within a narrow range of
9.41%~10.43%, and no statistically significant differences were observed in the annual or seasonal
positive rates of individual viruses (P > 0.05). However, within each season, the detection rates of
the four viruses differed significantly (spring: x2=73.12, P < 0.01; autumn: 2 =47.50, P < 0.01). The
positive rate of circovirus was higher than that of coronavirus and avian influenza virus, and these
differences were statistically significant (P < 0.05). These findings preliminarily characterize the
viral prevalence patterns in migratory birds in wetlands around Urumgqji, providing reference data
for the prevention and control of avian diseases in this region.
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1. 5|15

i 2 PR 5 I A A T D A5 G R A 0 X Sy ) o 2 A ETEDJ(% JUH T H 5K, #iA
J& F YRR 35 (Avian Influenza Virus, AIV)FERTE 2 —[1]. (EITAEEFES, i ndd 38 SR mHE
NG, 380 T 5 S B R AR A SR I rT Be P [2] - B AIV 4b, TR 55 (Avian Coronawrus) [3]-[5]-
Bk 25 (Newcastle Disease Virus, NDV) [6]-[8] & IR 455 B2 [9] [10] 55 EA% & Hh A A HE 4RO, IX LLg 2311
FERERT REXT FRIENVIE A BFIR,  E o0 BRIEAFAE— 8 I AFE TAE KRS . BRIk, 7E0% ST pE VR 2R g s
ORI R R IR, ] SR DA S ATRAAE R o3 A 4 AU A B p e S 4%

TS L A VT A 5 2R — ROROR G ST A S I [11], BRI A 2 A BRI 12]
[13]e & AT IR HAT T-5 1T AR MY ER, 25 i il X dz —, 5 H BiE X X 0T 1 % 5
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TRERE ORI IR FA BN PR . A 78T 2021~2025 475 5 G AT A IR MR AR 0 S 38 RE AR, R
FI PCR TP A N S B 2« WP EE . MW EE . B R S B R AT 23, TR R
A SN P ATRRAL, DU T A XOAEAE  S SAROL,  N E SRR M 4R S 1K dfe

2. M5 5%
2.1 M8

2.1.1. HamAR
AWEITT 2021~2025 A B PET:, FEHTSE S B AT IR AT fh RS . SRR [R5 T4
ZF(3~5 A)AIRKZR(9~11 H)itpkmvagty], H¥kis Rt T, Chsb il 5 R AN R B IR K B/ E

2.1.2. EERFIFLE

F EEFIEAE T # A% R P U TIANamp Virus DNA/RNA Kit (RAREMEHEHRA ). AT X
#5341 Transcriptor High Fidelity cDNA Synthesis Kit (¥ [i2 W7 fh (L) G R A F]). T PCR ¥ 2
x Tagq PCR MasterMix Il (RARAE RS A BR A 7)&F: 32 BAUIR B A& G4 = A 7R 5 DAL (R BR KRB
(FENERAT) FEGEG A A EY TREGEINE R A F)5E.

22. &

221 HmRE

KA T 20 T S 5 8 ) 2 X I BROH S S (R fr o DATIC T W 25 b i i e B S A o 2 (G
FHE B AHE RR), BENTLHEAE, M 2~39. R, —IRVEREM B W50, FEicRE
JESLRNE T KRR A RIRE 7, SRR EE R =,

2.2.2. H@mmAE

FREX 0.4 g MR A 1.5 mL EW &0, TN 3 R JC 1 B ER (BN ER) & 1 mL 1 x PBS 220,
B AR SRS, P50 Hz #FEE 4 min, H 3 K. BEERAE S N-80 CUKAH¥ % 15 min,
BFUK B, REGR 3 K. EMEHE, T 4°C. 12000 r/min 2c4F T &0 10 min, WECEE EH1
TR ELE, T ESEZREE.

223 HERBRIEMSRER

Table 1. Reverse transcription system using random hexamer primers
= 1 M ABESIYIRERER

SSE2H 53 FT RIARR L
Wi EEHE 2 RNA 11
Random Hexamer Primers (Roche) 2
5xTranscriptor Reverse Transcriptase Reaction Buffer (Roche) 4
Protector RNase Inhibitor (Roche) 0.5
dNTPs (Roche) 2
Transcriptor Reverse Transcriptase (Roche) 0.5
Total 20

%8 TIANamp Virus DNA/RNA Kit $i B 1552 U7 # DNA/RNA. DNA F=#F-20'CHRfE, HT/E%:
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PCR #ll; RNA 435 LABEHL /S ARSI YAN oligo(dT)1s 5140347 I 3%, REEFARR WA 1. % 2. BEHL
INBARGI W) I 55 464429 25°C 10 min. 55°C 30 min. 85°C 5 min; oligo(dT)1s 514 f % 5 46449 55°C 30
min, 85°C 5min. EEF=YERFIRS)E T-20CIRFSH .

Table 2. Reverse transcription system using oligo(dT)1s primers

5% 2. oligo(dT)1s REFIAE R

SRSy Ft A& AR IWL
i FE ALK 41 RNA 12
oligo(dT)1s (Roche) 1
5xTranscriptor Reverse Transcriptase Reaction Buffer (Roche) 4
Protector RNase Inhibitor (Roche) 0.5
dNTPs (Roche) 2
Transcriptor Reverse Transcriptase (Roche) 0.5
Total 20

2.2.4. PCR #30

PRYE SR B RS X P AR S 519, 51015 B 3. 519 Rilg2E TAEMHE ARG BRA &
2 PAGE 4lifJ5, H RNase Free ddH20 ¥ ERLHI AL 10 uM TAEK, —20°C o2 0f/ft .

PCR [ A% %4559 20 uL: 2 x Taq PCR MasterMix I1 10 pL 10 uM _E R #5144 0.5 uL. 4% 2 pl,
I ddH20 554 20 uLo BIFAEE LLERHLK) DNA AR, A8 LU 5% cDNA IR . SR EEy 1
AT

[R5 94°CTIAEME: 5 min; 94°C 45 s, 55°C 45s. 72°C 455, 30 MEHF; 72°CLA&IEM 10 min.
AlV: 94 CHiAEE 5min; 94°C 45s. 52°C 45s. 72°C 45s, 35 AMEHN; 72°C44EfH 10 min. NDV: 94°CHi
PE 5min; 94°C 455, 55°C 30s. 72°C 45s, 30 MEH; 72°CALE(H 10 min. AR EE(E K PCR): HHS
94°C 5min, 94°C 30s. 48°C 30s. 72°C50s, 30 MiEH; V#e 94°C 5min, 94°C 30s. 50°C 30s. 74°C 45
s, 35 MEH. AR F(E N PCR): H#6 94°C 5min, 94°C 30s. 50°C 30s. 74°C 45s, 35 ME¥; K§e
95°C 5min, 94°C 30s. 50°C 30s. 74°C 455, 35 M. PCR P44 1.5%E5 fi bt i F vk Al o

Table 3. Primer information

F3 5IMER

LioRIINER 7N 514 S FF(5—3) Bk /Mop
RdRp-1F GGKTGGGAYTAYCCKAARTG
810
R RdRp-1R TGYTGTSWRCARAAYTCRRTG
PR B
RdRp-2F GGTTGGGACTATCCTAAGTGTGA
440
RdRp-2R CCATCATCAGATAGAATCATCAT
HEV-1F GAGCTTGTGAAGGGCGTTGAGG
359
. HEV-1R ACCCAAGATCAACGGCGCTC
TR 5
HEV-2F CGGCAAGTCGTCGTCTGTTGACCAT
221
HEV-2R CCCCCAGCATAACAACATCGCGC
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NDV F ATGGGCYCCAGAYCTTCTAC
YR I B 535
NDV R CTGCCACTGCTAGTTGTGATAATCC
Cap-U TTGAAAGGTTTTCAGCCTGGC
[ A5 B 317
Cap-D AGGAGACGAAGGACACGCCTC
M-U TTCTAACCGAGGTCGAAAC
B 229
M-L AAGCGTCTACGCTGCAGTCC
3. &R

3.1 HER&EER

2021~2025 4E 18] F 5@ ASF LB IR EREA 2,705 1. Hidr, 2021 £EK4E 487 1y, 2022 4EK
04y, 2023 4EK4EE 712 1), 2024 4E%4E 825 17, 2025 4E R4 681 1.

3.2. PCR/RT-PCR #4558

A

M 12 3456 789101112

2000 bp
1000 bp

500 bp
250bp [

100 bp

13 14 15 16 17 18 19 20

M 21 22 2324252627282930 313233 34 35363738394041 424344

2000 bp
1000 bp
500 bp
250 bp
100 bp

C

2000 bp
1000 bp

500 bp
250 bp
100 bp

2000 bp
1000 bp

500 bp
250 bp
100 bp

34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

317bp

317bp

2000 bp
1000 bp

500 bp
250 bp
100 bp

2000 bp
1000 bp

500 bp
250 bp

100 bp

2000 bp
1000 bp

500 bp
250 bp

100 bp

2000 bp
1000 bp

500 bp
250 bp

100 bp

9 10 1112 1314 15 16 17 1819 20 21 22 23 2

229bp
229bp

3456 78 91011121314 151617 1819 20 21 22 23 2
21 bp

M 25 26 27 28 29 3031 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
21 bp

Figure 1. Selected PCR/RT-PCR electrophoresis results of positive samples. M. DL2000 DNA Marker: A. Circovirus; B.

Avian influenza virus; C. Coronavirus; D. Avian hepatitis E virus

1. ¥4 PCR/RT-PCR #&;ME2 k&, M.DL2000 DNA Marker: A. BI¥ff%s5; B. @mEwsS; C. Bik%=; D. &

KBRS E

%957 PCRIRT-PCR ¥ 38722 1.5%3 bt VKA . LA DL2000 DNA Marker 7> F 2,
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I EE Cap LK 16 F BEZ) 317 bp, AIV M JE[KZ) 229 bp, iRip# RARp K% 440 bp, & AT 4%
B2 221 bp, HSHUA R BOR/MERE. NDV JTA RS IR R 261 o BB 20 BHIERE it F Pk & SR L] 1.

3.3. TRIENERBHRHFR

45 12.00%
40 0
10.06% ~ 5% 10,009
35
30 8.00%
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6.00%
20
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Figure 2. Detection of various viruses in different years
E 2. TRIEHERBRHER
6.00%
4.85%
5.00% | 4.50% 4.64% 4.73% 0
3.96%
4.00% 3.49
3.00%
2.00%
1.44%
1.17%
/
1.00% 0.62% v
20.70% 0}83% \0.44%
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Figure 3. Annual positive rates of various viruses
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2021~2025 AFILRTIRE S 2705 4y, K HUEEBHPERE S 272 £y, EFHTEZEN 10.06%. FHA, 2022 4
BT ARIF RN TAE, TR AR HRF0 SR 08: 2021 4 10.06% (49/487). 2023 4 9.41%
(67/712).2024 4 10.30% (85/825) J% 2025 4F 10.43% (71/681), 25 F UL 5] 2. 4F JiF 7] B4 A M 7 9.419%~10.43%
Z ), ZRIguihsE X (x? = 0.4871, P > 0.05).

FIREEER AR I 3, BRI 4.52% ~ 4.85% (¥ = 0.07661, P > 0.05), iRIGH A
2.91% ~ 3.96% (> = 0.6132, P > 0.05), & i/&i N 0.44%~1.33% (> = 4.206, P > 0.05), & KA %3 8¢
N 0.62%~1.17% (= 1.353, P > 0.05), 4 Fui #8545 FE (Al Y R LG i 24 2 7

34. TREFHHBHEER

FEMREE T THE(B~5 H)NKTFEO~11 H). Hr, FFIREMN G 1488 4, FHIEZN 10.69%
(159/1488); KL RAEFES: 1217 177, FHTEFRA 9.29% (113/1217). WEE HF, HE M HMERE T,
ZEERTS R (P >0.05).

MR ARG, HREESTGE N 4.97% (74/1488), KZH 4.35% (53/1217); eIRI%
FHREMIEN 3.83% (57/1488), TZEH 3.12% (38/1217); AIV HEZEK HHE N 1.21% (18/1488), k=N
0.74% (9/1217); & IRAUAT 495 5 H TG HI %N 0.67% (10/1488), A 1.07% (13/1217), W[ 4. %%
RN Z R TLLHHE (P > 0.05). M4k, Famdsrs. KEHERKH.

80 10.00%
0 9.00%
8.00%
60
7.00%
50 6.00%
40 5.00%
%0 4.00%
3.00%
20
2.00%
10 1.00%
0 0.00% 0.00%

ER%E  BRRE  ARERS  AFRS  FHERS
—T T ———EERE % BRI /%

Figure 4. Seasonal distribution of various viruses
4. BERBFETIHIER
35. REHHEENFRE DD HHHE

ARILATIAE S 2705 47, NDV Riwt, B mRmEE. AV &R WA .
[R5 B3 A0r tH %6 4.70% (127/2705), 235 i Tl MR 75 (3.51%, 95/2705) (Fisher Fiffitul:, P<0.05), —#&
A 5 BA PR KT 81.62%. AV (1.00%, 27/2705)H1E 147 4 7 4.(0.85%, 23/2705) i H 2614 2 2 41%
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T E I EE(P < 0.01) . 4 Flp 75 75 BH A & AR ARG R bE 22 S0 5. 25 (% = 73.12, P < 0.01), FLAARRI AL 5.
TR G 125 SRR, 259 43 BH I RE S A B — i B /B4R (95.22%) , 13 13 BHIEFE SO RN R S AIV
TRA Y (4.78%), AR WIHADR B A M =P DL B,

BRI A TR

Figure 5. Composition of various viruses in positive samples

5. PRIMEAE SR & AR

4. ¥W1ig

Z I FTUESE[14]-[17], 15 2 Z PP & 8 20 B S8 E £ 5 85 XSG FR d i « A 9T 2021~2025 4FAE
B B IR 55 ] T e B D S i3 — 28 R A DX A A% S 5 A R DL B DA R MO EE A e IR 5
FLIE AR A H 2 T RN 23 (P < 0.05) 0 [ BAE R4S H A AT iy, X AT et LG BEMB 25 14 [ 18] FA 5%
BT TIR IV A FHRF ARG, HAXBRAEFS M nl ke o 8, DRI S8 B4 PCR J7ik o e R 5 AROAS: HY
2(3.51%) NI T8 A A V. (15.3%) [19] A2 I 22 (4.2%) [20]25 H [X (9 B 1 Wa Kt o X 25 53 v g 5 SRR
Moy RFERS ] RFEA SR E R 2 AH O [FIF, AN [RIAF 70 X el S5 PRy F 1 22 St P R s M HH 25 2R

s U HA T [ A5 E A HH KA P AR (P > 0.05),  $27 1208 BEAE 12 DX 345 S A4 A 4R Rr AH O AR 1455
WA GEAFEIDBMHHESAAKETEY, B95FKE WA 5 AL M KR
FERRIIAR . BRIk, 5 AR b 0 B A 0L, WOAFRE Y R e iR S K .

HEMHFEAR, AV EARTFE TR EACFEAL, SRH N 1.00%, I8T5#650 AR S X 1)
RIE[21] [22]0 X b X2 vl RE S AN R B X IR AR SR 0% AR X A% S B B v, AIV
TERT S - 58 - PRBRIE) (GRS NG RR, T BT SR DX A T4 . SRAMRE S, nTREHIH] RNA J B 7RI 5%
ifaEr:, SEFMEREAST AIV BRI RS, oh, AWFRCRPEER T340, %052 RR IR
AR R R N R 2 — . WEERNOKE, AV KT I E#ESI(P > 0.05). ST iZX AL
TSR - ARV AEEIE SR X, FRE il AV 75 2 K8 A A B AT AT 3 22 3

B IR R TR AR AT R SR Ry 0.85%, [EREAL THU/KE, AERER KT B E 484k,
(P>0.05), ItAl, ZREEKEA HFL.07%) 5 THZ(0.67%), A HEREERE: A FK RS RN 1
PIARHERE R A E 22 5, BRE HA S - NSRRI IRER 55 [23].

NDV TERT A FEM R, 145 0] BE 2 i AR AT 2 R R 3t Rl s . WOk G, Bl
P95 5 AT PPIROE G I, A I 7R W A0 B I R P A 0 e v T ML B A A, DRI
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TEH R PR R R & T IHIE AL [24] . A FACK SRS, 75 RNA =R, H NDV
fEN RNA Ji#e, FSEERFANAEIH 5% RNA BEREfR, MIMsZmte i Ze. soh, ANFEEFA NDV 157
FAR S A RE SRS VIULECLRE R . MWIRATIR 2R A, B S 1E R NDV [ RRTE 3, A5 108k LR EUR
PEY Class | J¢ Class IR, WYY E[25], &YYo RImPRAEIR[26], B AR EREFEEHR . /5
S AT IR AT A TR, JER A 2 2R RN P 757k, T RE S IR mm A R

TEIRA R, AR 13 4 A 25 5 S B0 15 & B &, IR A BN 4.78%, 4t
TR o WA TR ALBRAE (7] — (3 ZSE R S b RIS Y, AR R AR % X & vh R 77 7E, R TR
KA — 15 F RN ERGE T IX PR EE,  MAHR R 2 B R IR 45 R AR IE .

MIXIRA S S B AT S, SEARSTTHA P EAEBIE 5 7R W~ W] 76 A 2y by
JE 2005 b 5 S PN SR A R BT e AR T B VT R 5 RS I S KU PP AR S
[5R] FA975 2 R L PR B K i At R R B, SRR R K B TR N B 1 5 R 8 IR BT s O P 97 B s 1
P B O B M AT AL TARK FIEADIRES, (BT ANV 7E5F S R 54T B A B a4, ekl
WA BE . RFFAFELL TR —=2 2022 FARRER M, SEFE RINEIRAES:: R RE
RICFKYIFME R, OB WA A SRR R R B4 22 s~k T30 PCR AN 45 SN e S s 25
RIRAFAE, AREX S SRR, I R GRS VURIRE B B E B D, MERLAT
Gttt . RRBEF AT 4G EVIFN S E . o B B IR S A, DA A T R 8 s 1% X 3%
Jod BEAS T RFAE o
5. &g

AHIFT 2021~2025 FAE L EARTE R L MRHIT FEEPENE a3 T, 45 SRR W% X 3% 1 DL A9
B R RIS IEHNE,  SRUBON RS BT SO R R AR, WOROR R R . R
SRR VE R LR BON T A2(P > 0.05), KL AKTAHIL . AHIE T 45 R ATy 24 85 R B2 ST
16 S5 9 B AT I A FU PR S KT

EEWH

WEBLEE R FA X ARBLEFE 4 % BT H (2023D01AT76); 558 /A B R A A Rk 5 35 1 R BT
Tl H (2023D03007) »
SE K
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