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B, S50 7 MIREEIR R . S PERRFDRTE (Acute bee paralysis virus, ABPV ) | H#% F &% 8 ( Black queen
cell virus, BQCV) . &M% 7 ( Chronic bee paralysis virus, CBPV ) | ﬁ;‘éifﬁﬁ ( Deformed wing virus,
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Pathogen status of Apis cerana cerana in Zhejiang Province
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Abstract [Aim] To explore the prevalence of common diseases in Apis cerana cerana in Zhejiang Province, and thereby
provide important information for honey bee health management. [Methods] Samples were collected from 74 A. cerana
cerana worker bee colonies from 11 apiary sites in Zhejiang from July to December 2023 and PCR and RT-PCR used to
determine the prevalence of 10 honeybee pathogens. These included seven viral pathogens: Acute bee paralysis virus (ABPV),
Black queen cell virus (BQCV), Chronic bee paralysis virus (CBPV), Deformed wing virus (DWYV), Israeli acute paralysis
virus (IAPV), Kashmir bee virus (KBV), Chinese Sacbrood virus (CSBV). We also screened for two bacterial pathogens:
Melissococcus plutonius, which causes European foulbrood (EFB) and Paenibacillus larvae, which causes American foulbrood
(AFB), plus one parasite Nosema spp. (NOS). [Results] DWYV, IAPV, KBV, CSBV, NOS and EFB were detected, of which
EFB, NOS, CSBV and DWV were particularly prevalent. EFB was detected in all 11 cities and counties, eight of which had
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more than 50% infection rates, including three with 100% positive samples. Nosema spp. was detected in 8 counties, 6 of

which had more than 50% prevalence. CSBV was identified in three counties, two with more than 60% infection rates. DWV

positivity was observed in three counties, one of which had a 100% infection rate. IAPV and KBV were sporadically detected,
while ABPV, CBPV, BQCV and AFB were absent. Mixed infections were prevalent (52.71%), with EFB-NOS co-infection
being most common (35.14%), followed by CSBV-EFB (5.41%). Triple infections accounted for 5.41% of cases. [Conclusion]

The high prevalence of EFB and NOS infections in 4. cerana cerana colonies from Zhejiang Province indicates a significant

pathogen load on local bee populations. The co-existence of dual or triple pathogen infections further underscores this finding.

These results provide essential information for formulating region-specific disease management strategies.
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CE T - 80 °CukFa AN IR AF B B AT T —
R

1.1

1.1.2 EFEZiKF & RNA EEGLH & (YR201-
G10) FZRREZEGAT] (Y202-G10) 4 A ¥ JL2E
PR CHIM ) AIRA A O sl &
( PrimeScript™ Ist Strand ¢cDNA Synthesis Kit
6110A )FI T A 5 B 15 & pMD™ 19-T Vector
Cloning Kit ) ¥ A FEAY T (K& ) ARAHA
s 2xHieff ® PCR Master Mix Fll DNA marker
4% PCR R 0 [ 2 2 ARk (Bt )
B A PR AR ; BRiE B e DNA a1 i) &
(D1200-50 ) Wy AL st Z R FERHA PR
113 51 A5 BT S 1 i i
T A A RS F A . I RNase-free H,O
W EWRE N 10 umol/L, - 20 CLRfE#EH, A

K515 B L& 2,
F1 MIEZ NN ETREFEEEER

Table 1 Information of Apis cerana cerana collected from 11 counties and cities in Zhejiang Province

S NS EZE2 i TR
Location and abbreviations Longitude and latitude Number of colonies

RNk FE (YT) Yongjia, Wenzhou (YJ) 28°07'73" N, 120°64'01" E 11

BeMEFH (FY ) Fuyang, Hangzhou (FY) 29°98'01" N, 119°68'50" E 9

HIM 24 (CX) Changxing, Huzhou (CX) 30° 85'65" N, 119°76'85" E 13

IRMEGZE (FZ) Rui’an, Wenzhou (FZ) 27°94'68" N, 120°35'26" E 6

4%4:% (JH) Jindong, Jinhua (JH) 29°2724" N, 119°87'46" E 5

MY S (YW) Yiwu, Jinhua (YW) 29°2920" N, 120°11'50" E 5

4R (WY ) Wuyi, Jinhua (WY) 28°75'89" N, 119°76'36" E 5

WM IF4L (KH ) Kaihua, Quzhou (KH) 29°18'51" N, 118°40'78" E 5

MM 1L (CS) Changshan, Quzhou (CS) 28°94'85" N, 118°40'36" E 5

MM (JS) Jiangshan, Quzhou (JS) 28°65'00" N, 118°69'09" E 5

BMKE (TZ) Tiantai,Taizhou (TZ) 29°19'08" N, 120°9427" E 5

F2 10 MEERRRELUASIIER
Table 2 Primer information for the detection of ten bee pathogens

5184 SR (53) Mg b (o) R LE)
Primer name Primer sequence (5'-3") Usage Size (bp) temperature (°C) Reference
ABPV-F  TTATGTGTCCAGAGACTGTATCCA RT-PCR 900 60 Benjeddou ef al.,
ABPV-R  GCTCCTATTGCTCGGTTTTTCGGT 2001
BQCV-F TGGTCAGCTCCCACTACCTTAAAC RT-PCR 700 60 Benjeddou et al.
BQCV-R GCAACAAGAAGAAACGTAAACCAC 2001
CBPV-F  AGTTGTCATGGTTAACAGGATACGAG RT-PCR 455 55 Ribiére ef al.,2002
CBPV-R TCTAATCTTAGCACGAAAGCCGAG
DWV-F  ATCAGCGCTTAGTGGAGGAA RT-PCR 702 55 Chen et al., 2004
DWV-R  TCGACAATTTTCGGACATCA
IAPV-F  GGTCCAAACCTCGAAATCAA RT-PCR 840 55 Palacios e al. ,
IAPV-R  TTGGTCCGGATGTTAATGGT 2008
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££3k 2 (Table 2 continued)

BJGREE (°C)

3114 i BIHIFHI (53) i SN (bp) Sk
Primer name Primer sequence (5'-3") Usage Size (bp) temperature (°C) Reference

KBV-F GATGAACGTCGACCTATTGA RT-PCR 417 57 Stoltz et al., 2015

KBV-R TGTGGGTTGGCTATGAGTCA

CSBV-F  ACAAGAACGTCCACTACACCG RT-PCR 500 56 FEFTEE, 2021

CSBV-R  GGCGCACACTTAGCGTGAGTT

NOS-F GGCAGTGTGGGAAGTAACA PCR 208 55 Chen et al., 2008

NOS-R GGTCGTCACATTTCATCTCT

EFB-F GAAGAGGAGTTAAAAGGCGC PCR 812 55 Govan et al., 1998

EFB-R TTATCTCTAAGGCGTTCAAAGG

AFB-F  CTAATACATGCAAGTCGAGCGGA PCR 130 56 A 2015

AFB-R GGTATTAGCTCACGTTTCCGCA

NOS M5 | &7 P07 B0+ . Nosema apis FNAR 7 B AT B Nosema ceranae WY X I8 10— 4138 FHE 14

The NOS primers were designed as a set of universal primers in the conserved regions of Nosema apis and Nosema ceranae.

1.2 KA *E

1.2.1 ## 5 RNA 70 DNA 20 EBCRER G
TEREA, BRRFREREMLBEE 20 Sk, FFH F R AU
PR A, A IFREL 10 mg FHTHEEL RNA Al
DNA, #ZM G RNA #2800 & ( YR201-G10)
VLR YL, BT L 32 i 4 H shA% iR P sl
FBAY ( Purifier 32) M 400 pL AW A ShHEE
50 pL & RNA; 2B RREHOAH (Y202-G10)
VLB, 32 aiE [ sh iR R BN
500 uL AW H H Zh$2E 90 uL & DNA, fifi
Cytiva 4T (NanoVue ) il BEANEE &Y
DNA FI RNA W, F0RE A260/A280 HLfH7TE
1.9-2.1 040 B 3 = R i B0, B S DR A7 7
- 80 CUkFET .

1.2.2 RNA R e R G X 50 & v i
T, KRN B RNA OSSR SR —5E cDNA,
RZ T : RNA #i# 1 pL, Random 6 mers 1 pL,
dNTP Mix 1 uL, RNase Free dH,0 #ME % 10 pL,
65 °C, 5min 5, ¥ FiRZEMEE RV 10 uL 5
5%PrimeScript Buffer 4 pL , RNase Inhibitor
0.5 pL, PrimeScript RTasel pL, RNase Free dH,O
AR 20 pL 5 Z2181E ) ,30 °C 10 min, 42 °C,
60 min, 4 MEH)E 95 °C, 5 min, 5 PMEH,
5% 20 uL cDNA.,

123 REEN RIS cDNA FIfEH
f) DNA 347 RT-PCR Fll PCR J ¥, LA A 2 14

FE RN AR F2 B . cDNA FH 4347 7 Fh
TR, DNA H T Ariscdtl + sops Al 2 Fh i
Wio MG 10 FORFRRIES I (£ 2) , RH
AN B AR R AT G R -

ABPV ., BQCV. CBPV., DWV . IAPV . KBV
A1 CSBV:25 uL RT-PCR W1 & « 55 —4if cDNA
Btk 1 uL , b FUE51944 1 uL, 2xHieff © PCR
Master Mix 12.5 uL. RN 4cfF: 94 °C, FiALE
5min; 94 °C, A% 30s; %3 2 AFRAYIE KR
JEIR K 30s; 72 °C, FEf 60 s; I35 AMFIF;
)i 72 °CHEf 10 min,

NOS. EFB Fll AFB: 25 uL PCR [ WA % .

DNA #iff 1 uL, b, FHF544% 1 uL, 2xHieff”
PCR Master Mix 12.5 uL, JZW2cf4: 94 °C, il
21 5 ming 94 °C, ZBME 30 s; 1% 2 AFAYER
KIREEE K 3055 72 °C, FEAH 60 s; 335 M
R &5 72°CHEf 10 min,
124 HEXkEUEMNE P8R E, #H
1.5% 0 B R B 2 Fi S0 P W oA T ARG, e 9k 28
R, MG BAE BESE IR DNA  [m ik ) &
(D1200-50 ) X} Hbr a0 #EATUIR i, FAR 4
T #AR B &% RT-PCR M ™ 9 5
pMDI19-T FARIAT A, K H%E E iR
TR A BRA R AT, )5 45 5 i
NCBI 1 Blast #2752 LKA 1T LA, #
TABETE PR A 15 0L
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2 #ERESHR HE 2 EMABARA-E, K1 (AF) H 1
A 7 15 B0 T A A 2 5 B 1 ok P
21 HERBRRAERKER 2 (A-H) 4 11 A5 e G 252 s
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Fig. 1 RT-PCR detection of viral pathogens in Apis cerana cerana colonies

A-C. SRR RT-PCR 4R 5 D, RIS SPERRFN R RT-PCR 384555 E. S K/RIEREAY RT-PCR §73
555, B PiegiR 4y B RE Y RT-PCR #1252 . M: DL 2000 DNA marker; 1-16: fRFAIRAF% SR ;
CK: BATEXSIE; REESAHRAEIER 1, K2,
A-C. Results of RT-PCR amplification of deformed wing virus; D. Results of RT-PCR amplification of
Israeli acute paralysis virus; E. Results of RT-PCR amplification of Kashmir bee virus; F. Results of RT-PCR
amplification of chronic bee paralysis virus. M: DL 2000 DNA marker; 1-16: Representation of colonies
from different apiary sites in A. cerana cerana; Sampling site name abbreviations are shown in
Table 1, the same for Fig. 2.
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Ebp M1234567891011121314151617 Fbp M1234567891011121314151617
2 000—
2 000 1 000—
1 000 75
750
500
250
100
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500 _
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100 2507
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O eV ed e eD N Ve eX D adavaraXas SOV AEORD VD XD D Ve X eH
PR GRS R P Ao ARS8 8885 F
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B2 g4 RRRBRIMAE L RRRERN PCR &7
Fig. 2 PCR detection of parasitic and bacterial pathogens in Apis cerana cerana colonies
A-D. T HUAY PCR P 3845 B-H. WM 4 HUS BRI Y PCR 4 845 58
A-D. Results of RT-PCR amplification of Nosema spp.; E-H. Results of PCR
amplification of European foulbrood pathogens.
22 HNLEBRERPEERREIARS BQCV Fl AFB HRFAGI i o 78 11 MR s

EFB (199 J5U: H R de i (77.03% ), Hikoh NOS
(54.05% ) . CSBV(10.81% ) il DWV(9.46% ) .
DA 1 BRI T IAPV F1 KBV (® 3) . 7E

ARG ZER Box, EFTEMEAET 114
TRIFR ) 74 A0 T MEMETE ) 10 Fhas i 1y DLy
SRR 6 PR B A, i ABPV., CBPV,
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A A B R, A 11 4 (14.86% ) BEREAR
o DU B I, B — IR AR AR R 280N EFB
(32.43%) 1 NOS (5.41%) . HA 35 Pugpt
HPRURYY, (5 47.30%, Hirh NOS 1 EFB AU
JRYL B s 35.14%, Kk JE CSBV+EFB
(5.41% ) #1 DWV+NOS( 4.05% ) , DWV+CSBV
F1 CSBVHNOS 15 1.35%., Itah, 74 P ift
A 4 DR =ERY, Hrh DWV+CSBV+NOS
JRYL RN 2.70%, IBPV+KBV+EFB #1 DWV+
NOS+EFB [BYLR 1 1.35% (K 4) .
2.3 HTARERPEERRESRRERS T
W VLA SR A v AR 5 I 1 0 1 O R A
DWV. CSBV. IAPV 1 KBV, # £ % ABPV
BQCV Fll CBPV, DWV 7& 3 4~ ( &) Fiki i,
HEXEG G DWV K HPRIAE] 100%, M IHIF
b (20.00% ) FHAMAE 4 (7.69% ) 4 Dk
ths CSBV 7E 3411 (B ) ik b 2 Al &
111 60.00% . &5 M1 K 55 60.00% A1 M VT1L1 40.00%;
IAPV il KBV 7EiRM K Rl — e, H
HAb b I SR ARAG (B 5)

ToIRk Y
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1.35%
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1.35% \
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2.70% =
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1.35%
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1.35%

DWV+NOS
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CSBV+EFB__—~

5.41%
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35.14%
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S O O
T

54.05

S O
T T T

— N W A NI X
(=] (=}
T

9.46 10.81
0. 0 Q135135 [ 0
T AR RAA A SR
Q,Ogégz’Q \Yg@cf&éoé Y{&
R R4 FR Pathogen name

B3 #IaRERPEEEERH
10 FhEERRH BARITE
Fig. 3 Overall prevalence of ten honey bee epidemics
in Apis cerana cerana from Zhejiang
Province sample sites

ABPV: 2B TE; BQCV: BIE T 5/ #; CBPV:
TBYERRRTE; DWV: BRBNRE; TAPV: DI S
R RE ;. KBV: sefioKIKEE; CSBV: hig4ik4)
HU R ; NOS: fiftl F 1t ; EFB: BRIHA) U 505 ; AFB:
TS B R . K 4 TA]

ABPV: Acute bee paralysis virus; BQCV: Black queen cell
virus; CBPV: Chronic bee paralysis virus; DWV: Deformed
wing virus; IAPV: Israeli acute paralysis virus; KBV:
Kashmir bee virus; CSBV: Chinese sacbrood virus; NOS:

Nosema spp.; EFB: European foulbrood; AFB: American
foulbrood. The same for Fig. 4.

(=}

(=}

WRERATRE S (%)

Percentage of pathogen prevalence (%)

bol

Y,

EFB

7 27.03%

\ NOS

5.41%

4 WIARESPEREERD 6 MERRRBRERESBERER
Fig. 4 Infection and co-infection patterns of the six honey bee pathogens in
Apis cerana cerana from Zhejiang Province sample sites
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B 5 #I&ERERREREERD
fRERRRENKGHE
Fig. 5 The detection rate of viral pathogens in Apis
cerana cerana from Zhejiang Province sample sites

YJ: BINAKE; FY: BUNEH; CX: BIMEL;
FZ: MEi%; JH: @RER; YW: &8 15;

WY: MR KH: I L; CS: MM s
JS: WML TZ: AMRE. B 6 FE 7 [H.

Y1J: Yongjia, Wenzhou; FY: Fuyang, Hangzhou; CX:
Changxing, Huzhou; FZ: Rui’an, Wenzhou; JH: Jindong,
Jinhua; YW: Yiwu, Jinhua; WY: Wuyi, Jinhua; KH: Kaihua,
Quzhou; CS: Changshan, Quzhou; JS: Jiangshan, Quzhou;
TZ: Tiantai, Taizhou. The same for Fig. 6 and Fig.7.
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25 HNIENEESREEENAETREREH
Ro

2023 4 7 H-12 FIE], #iiLes sRee s ag
EWE AR R TE 8 N (B IR,
HA 64 (5 il dupass R it 50%,
PAEAAER L (100% ) . 5K A (80.00% ) .

100.00 100.00 100.00

MERR AL TR (%)

Detection rate of bacterial pathogens (%)
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Fig. 6 The detection rate of bacterial pathogens in
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B e BT Y e A O R A TR Y
PR 3 (A S A A 0T A 2 0 R AP
FERYPR TR o R R A L | ARSI L
dee BT AR R B AR R B VA OC ( Devi
etal., 2021) o m T8 R i 7E R AE R8T
FAE S AN AL R R AT IR oKk, PR
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T AR X2 IR i 2 e 1) 6 B 3 . 7S
RAINR], S8 el D Ah ) 25 30 S0, AT
S B R LR (Rowland et al., 2021) . Devi
85 (2021 ) FEXZR 7 B B A T 155 DL VA 2 I
B, EFB 9 A9 3826 Sl « REXT N B2 R T
7 A (17.50% ) , 72508 . AHXHEE
AR 3 H Oy Ak (0.80% ) , 5H] EFB AUAT
5REE | W HESR BRI A G, Gisder 45 (2010 )
Xof 7 AN ) b DX PGy S etk A T 1A 5 AR Y
NOS JEEHLAFIBFFE, Horb g 74 0y 1 R 54 AH
X FALE A Oy, B NOS FEfIKIR T Hkht 11
2%, HALREFIFE ) n] G52 B FEVR AR Y 1 T 52
e [RVEF, AR Ak AT DA 4 52 e 2 0 (1) 4 7 R AR
AT, MURAER B R R IR, I S R & B
BEZMAGE, 4P BB UK 2l % i 1 30 [l Y =
F, X AR Al o P BN R Z R LA S EAT Y
AETE A7 Az H B0 SRR 22 8] 7 A BT Y 3 4 G &R
( Nand Rai and Ravuiwasa, 2019 ) .

B AR SN, w1 5 A i
BRSO R VA OC, T IR E g SR
TR AR S | M A2 SUIBR L FT Rl S B e 19 FRUi
Fgm (XIEL, 2017) , I HIRE g i AL
HH LB 1949 4F[ 90.0% FFEE] 1991 4F Y
26.6%, XU AT BE NV 7 2 I 78 2 2R
J7 %% (Forsgren et al., 2015) . AR}, W
DRI AR 5342 B AT T8 A4, PN AT R
B 5 RURZE(ERS, 88T RERR TG g,
TEWHE 2h JUd R R T 1L 2 @ Fegh Bt ( Ansari
etal., 2017) o FLL, #FR8 N D1 H & RS
PRAEAKING, R 22 ) Bl 2 s S0, e ELVH 5
APIE, 209 15 DA 8 g e T A% 4 2 i e e
( Ribiére et al., 2010) ,

T A Ok [ PN 2 2 X 22 0 DL T
WATIE AT T 40, B 28 Ry 17—
AL I AE W T A TR O, B 2 RN A
Ji B RS 1 DU o ASBIFFE Ay T VLA HE
DX e ) 32 U AT OO, e L A A R R
HAE T4 vh AR S 08 AR T RE i P T DWV
IAPV. KBV # CSBV iX 4 Fip s Al 1 iy kL
HUBE NOS LUJZ 1 FhANEA M99 EFB fE7E

T T T, DX e 8 e AR A 11 55 B 0 I O
A, ARSI T 7 FhE L R R TS
W, Z5RER, FEHEADR T DWV, IAPV,
KBV il CSBV 4 #p 8¢ , A kil t ABPV .BQCV
I CBPV., 7Ef W EEH, CSBV AUKG %5
=, 15 10.81%, BERY) UK EE (SBV) T 1913
AR RAEEE Vb R, 5 R AE T
B & T 7258k CSBV (Ma, 2014) . {HfEE
(R, PR SBV RN, T b
g Y CSBV ] iE S8 AL T-( Blanchard
etal., 2014) o RIFHEFEIAE 3 DAFMIX F
KRBT CSBV, HA 2 XY RE L 50%,
S H A X rh AR e CSBV JER YL R 45 i AH
) (Chenetal., 2021) . It4h, DWV kG H %
H 9.46%, T DWV it FLUE Varroa spp &#E,
11 Hh 4 2% e EL A AR i 0 IR T B I AR B 1 1k
( Gisder et al., 2009) , {4 DWV 7£FR A I h
(RS H IR T PE 0%, Li 45 (2012) e E
X 4448 Hh PG 7 B W 1 DWV S50 1 2 235 SR Al 11 B
T XA HARRIEA /R DWV ZE G MK G e
EIEPRIREHRIBE] T 100%, X s & ]
REA7AE LI 1R Y 0 LWy, LR W b A7 A /D i
DWV 102 HA FUIHE 12 e (VAR JXURG:

HRTC A IAPV W18 F 270 %% (de
Miranda e al., 2010 ) , KBV f#) 15 3] 25k
H SRR AR 5 % 1 % 4 ( Bailey and Woods,
1977 ) , AR JHA 7E TR 7K 5 1) v A 8 e i
hE I BT TAPV fil KBV, iX—&55 %
IAPV Ji 73 1E £ ] BEC N PU B e R 8 AR &
W, AL AFE (2012 ) Xf 8 M4 3 1Y IR A pF oy o B
WET XA RE, HBFAEmmaE . Wivs . BIeT.
IR 5 AR E bR A R TAPY, H LG
ikF] 18%. KBV WfL#ki&ie 5 DWV £l, #f
S PLI A4 , 2SR e 1 3 1 1R W AT REAEAE
FLIRAR, X5 Wang 55 (2019) FERIAWTITA
JEY FUIHE ) Hh AR e RGN I KBV 25 SR 26
Bl H PR R IR AL FAELE , B2 RS
TR IR AR I — 25 e HT T

W LA P4 EFB Ml AFB, JHrf EFB
FE B o T HE AT o B A TR e | TR
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M4y L, iy DU A R e P | g el B R
25 5y 5 B0 B O I 55 119 e A (XN R AH
7, 2023) o 1 AFB X755 % 1 BAT ek
ERE HORARAR, TR A AR AFB W41
TE B B T0 2 /i £ 28 9% T 035 BEEL L ( Chen
etal., 2000 ) o FT LAASYRXTHTITAS AR s IR A
(R S A RGN T EFB, I BEA K Y AFB
PIZERAEG TS E N . [FRT EFB fE 4 1%
bR, X$EnE EFB & i
DX R S e ) i R S, HLELAT 5 ke Ry
T TR I T AR KU o

A 5T 2 BH A7 A MU T o e
ZIRFELEE R R | IF HA I TCRE IR v AR 9
ALLF- ] LA A o 0 0 R 15 2 T VAE AT BH SRR ) D
BHOCFRfESE, 2022) o BLRIAA WoR, #iiTibix
SRRl - T T (Ul W o e v |
54.05%, H TR F 5] & BB e s fb 1B 5
e, ARG HUR Y il A2 B IR, RO
s SRR T 25 5y A= YL e, IR T5 e 22 P il
E YL & 5E (Valizadeh et al., 2020) , X
FE TR IR YL T R 1 FE R W R T RE AR £
YL

P A [R) 99 i 22 180 5t 7 = A AR LA AT LA
SN A0 7™ SRR FE R A T2, BIERR T HR 5%
B —JR YL A | I B A 0 v g SR T L
3VEE . ASCH EFB F1 NOS B4y rh AR 25 i
Lol s, NPT REEAEAS T EFB A 3 i
=, PEOAR I E S R AR . AT e
J&=H T EFB 1 NOS Wi&EikisfemEEE, #2E
AT T W Ay D) R E PR A A [
if, Valizadeh % (2020 ) BFEHE HUEY: NOS )
FE S ML TUEAT 407, I 5 S0 1 B 1 4
Mg A AF AR URE ) R R, AT B2 PR i
SRR Z — P REEIR G  CSBY
H1EFB WY HLB Y 5.41%, X5 FERT4 (2021)
TEWIVTAA 2 B AT A 25 A, HX 2 Fhoig Ji
HFEFESTEERN CSBV Ha B ETHR.
NOS F1 DWV fE i A8 % i iR & 8 4y 5 e
4.05% , BF5% & IAE DWV B 1) F 1 B BL , NOS
AT LA LA S S %) 7 XOn i A2 SR YL 4 1) DWV

Sl (HRfESE, 2022) o Al % (2012) BIWFSE
B DWV H CSBV J AR5 e B BB & 2L %
e IR ATEDL . 7EFTA IR AR Bl
NOS FHAE R AR A B B il %, JRIH
Al EJE NOS ZiAEfEE e i L A, S
IEHHAPLAEE 20K (Panek et al., 2018) ,
AT 30 e o L At s P IR P ST R . RIS
AR A 1 B EEK APV, KBV fil EFB
RA P EMAER, X—BRtE Wang %
(2019 ) FE RSy FLAHE Y B v L8 3] 1) o B SR e
THBCAHRL, 15 FH b P ) 285 e W] B JER Y T FLAG
ki - A AR - R 22 8] A A AR R T
SO RIS, IR T A T A 25 S v R i
(R S e, ) SR e T 5 5 B R TR 4 T iR
PR AR IR 5 28 G 0 R S ARSI 3% o 1t
Ak, BT AWEFE G PCR Al RT-PCR J7¥E4h,
B RT-PCR. RS 35 HE R 4 A0y i
K w6 g 7 TaqMan BREHE W) 1212 T4 1%
e IR (SKBAE% 0 2021) , i PCR R+
AR R | RS R X T D ARG I
RWA M

H AT, 250 e B 2 N FR 400 K 1
FEERER, BRPIA TR SRR ARZ
AN [ 1t DX PR 0 ] R0t o) B %) s o T
MR AL R, Wi X p e E %Y EFB 5
NOS AR E XL i A F7 A 5L 75 ZE AR
PR R T Tk, AT IERRIHELM, 153550
R PERE A O e T, R ERIR SRR, SRERARL
(24 i (BR/ADIESE ) 2024 ) , Jf Hon@ad A
AIF T 14 8 25 45 S 5 3 11 W VA8 v s 3 B R
TAE
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