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B E [BH&)] TIREHN S Varroa destructor 273 W J7 %W Apis mellifera L. T ¥R & &3 72
M AR, DASB /S 2K PG 27 A xS S MR R B s, [ ik ] SRATLAAS O 2 Sl 444 11 2k
T PUIE RIS 35 22 e LI K S U X 420 e g O 422 e 1) 4l R T;&EA% PETR, XS BRI T4 diy
SRR O (XFHRZL ). 1 H. 2 FUMUAR M, Freo gzl A:J5 55 3 K (D3). % 6 X (D6). 5% 9 X (DY)
A Pt (Emergence ) F7F EB MM L F R . REARL . ET3R K A7 32 R 1A P 2 e s 7
( Deformed wing virus, DWV ) “EEEARY, [ G5FR ] JRRUS K FUIH 4 75 7 8RR IR Bl A8 . 16
EF O & B ARE , R IR IR G IR EHTRAE , JF MR R B T 5 Bl il 4 3 2
FIEAHSE (P < 0.000 1), SXFARAIAHEL, BRYLAKINT FLuk I % MR E 7E D6, D9 Fl H Fs i) [1] w35 82 35 R AIG
(P<0.001), HS54Migs 2B ERME (P<0.000 1), TR MHRHTAMEERE (P<
0.001 ), HIZW 5 e ) BRYL A I 6 50 H A 56 o 76 DO B, ST FUE 774k B E 3 T2 % DWV EF (P <
0.05), HE¥ DWV Fik/KF5ERgEH B3 (P<0.01), Ib4h, KT EHANE DWV £k
K525 FAR N DWV £k 2 BEEA (P <0.001 ), [ 58] Bk FUh 27 A % 76 )7 25 i T i i
W% T T IR R, oA A (e B BT R

R TR VIOTEYE; W, KE; RN

Effects of the parasite Varroa destructor on honey bee,
Apis mellifera L. development

LI Wen—Feng** HAN Ri-Chou™""

(Guangdong Key Laboratory of Animal Conservation and Resource Utilization, Guangdong Public Laboratory of Wild Animal
Conservation and Utilization, Guangdong Institute of Applied Biological Resources, Guangzhou 510260, China)

Abstract [Objectives] To investigate the physiological responses of Apis mellifera worker pupae to Varroa destructor, and
illustrate the effects of this parasite on the development of honey bees. [Methods] A gelatin capsule-based Varroa in vitro
rearing system was used to monitor the development of honey bee pupae infested by Varroa mites. Capsules containing early
fifth instar worker larvae were inoculated with 0 (Control), 1 and 2 mites, respectively, and kept at an appropriate temperature
in an incubator until the bees emerged. The appearance, body weight and mortality of larvae, and the DWV level of both hosts
and parasites, were recorded and analyzed three (D3), six (D6) and nine days (D9) after Varroa inoculation and at the time of
emergence. [Results] A range of deformities such as crippled or deformed wings, a shortened abdomen, developmental
retardation indicated by delayed compound eye pigmentation, were observed and the deformity rate was significantly
correlated with the number of mites (P < 0.000 1). The body weight of Varroa-infested bees was significantly less than that of
the control group on D6, D9, and at emergence (P < 0.001), and was negatively correlated with the number of mites

(P < 0.000 1). Bee’s life spans were inversely correlated with the number of mites (P < 0.001). Relative DWV levels were
significantly up-regulated by Varroa parasitism on D9, and were positively correlated with the number of mites (P < 0.001). In

addition, expressed DWV RNAs were positively correlated between hosts and the parasites (P < 0.001). [Conclusion]
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Varroa parasitism both retards the development and increases the mortality of honey bee worker pupae, thereby posing a

significant threat to colony health.

Key words Varroa destructor; Apis mellifera; pupal stage; development; deformed wing virus

VAR, MEREIZc % (Honey bee colony
losses ) TETEF M IMBL . B AA, IR T
AT 3 DG EFIHEAE . 1, A 2007 4ERKZE
2 2008 4FFZ, 16 W [ 5 1l A e il 2
T4 10%-35% 1 5t & ( van Engelsdorp and
Meixner, 2010); [ 2006 4Fie, #ELE 10 4F, %
[ oy 2 B A 4 AF 5 R 22.3%-35.8% ( van
Englesdorp et al., 2007, 2008, 2010, 2011, 2012;
Spleen et al., 2013; Steinhauer et al., 2014; Lee
etal., 2015; Seitz et al., 2016; Kulhanek et al.,
2017 )o FAUMGLIERE 401 2 3 B 4 BRE I A7 IR 2
FIRTETARA U

At A 85%1 FE B AN YA T
WAL R B B, Foh iR EY) L oA |
B IR | KRNI SRS E Wy I HAROR 25 e
ek (Klein et al., 2007 ), #EER2H; A8 B &1
RAEY R M, BAEENETE, 28
7, SR 2k 2 mT S (e VR W 520 ik 55 170 2 e
B AR, JEMG U fEL, S22k
MWEZ4 (Aizen and Harder, 2009 ).

T R RS A A 2K 1Y PR R ) R 22 5 T
1, ARG IRERK . RIEYH—1L
Fike . AR, DA AR S, Hodr, s
HEPIN N E FEE PR Z — (Ratnieks and
Carreck, 2010; van Engelsdorp and Meixner,
2010; Goulson et al., 2015; Steinhauer et al.,
2018 ), FIER FHEWM—F, Higl 2R 2
P iR FE AR, WA . Bl Ak
WA Horv, JkHTECWE Varroa destructor X WEHE
A AR Y JEUB JE ™ B (Le Conte et al.,
2010 ).

BRI PUIHG 2 — P e R SN AF A i, I Ay
NIRRT HEWE Apis cerana; H 20 42 50 FARAL
iR 2V 5% Apis mellifera 2 )5, KW
TG 5K 28 A BR A8 K2 PG e e e R L K
PO BN F LR FEZ — (De Jong et al.,

1982b; Rosenkranz et al., 2010), L TiEEK
MYHEAIT R Z IS, 2R B W A B Xt 2K ST B 396 1) 2%
AT AT AR T AZ P ARG U , A5 2k i LA
XR T e AR S FE (Rath, 1999), 5
ZHMR, ZR TR EAED L ERA, K%
FOVG T 0 B T 2k T PO 6 19 A 7 A B e 1 T
SRR, AR K0T PR AE VY Oy et rh
Al AP e FERE (Kurze et al., 2016 ).
2K Hr B W R A S R AT R 43 Sk A A
( Reproductive phase ) Flii# ] ( Phoretic
phase ), 7EAEFEN], WifFEAER ST, EFE
Wy, WA TR AEE A (Rosenkranz er al.,
2010 ). FAHTHIFERM, IO F R H £
PIRRIA, A2 JESEIA Itk I ( Ramsey
etal., 2018, 2019 ), ZkIr PLsHF A= X & A
FURE AR 1Y IF 5 A= am 1 3 34 18 L T A F 52 e
( Boecking and Genersch, 2008; Rosenkranz
etal., 2010; sRHiFIEEHEE, 2012), 7EMAK
Vo, B, TR A A R EUE R IEA R, W)
HFE A ( De Jong et al., 1982a; Bowen-Walker
and Gunn, 2001; Pedro efal., 2003; de Guzman
et al., 2013 ), ZERGI, B 5 T Ak B A
R A S B 1 B K A 1 B ) I 2 AR
( Bowen-Walker and Gunn, 2001 ) ; T.%Hf (#8
MRS ) ol ok 20 2 P B 32 5 ok L AR Al o
Pk ( Weinberg and Madel, 1985) . HAEWFH
R, B RO FO R R T N 8 Bk
91 L EFRMG R, TR i 1 Ik
P, 8 AW A2 K 0K (Posada-
Florez et al., 2018) o XLEPI RPN FECH 5
WEEFRAR | REREMR, HK, RBCEM A
AR PR, RIRYLE T 5l
27.6 d, TERGEEAR 13.6 d, HAEMKAEY
RGBT PO AR B 25 AR OC , T S04 A
% (De Jong and De Jong, 1983 ) . FIK, HEk
SRR A o ARG X BRAR L, SR
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K T B 2 e 1) SR R T 52 BT, A T HUE AR
S PR RI A 5 A O il R R 1 S 3R KO 3 R M
( Gregory et al., 2005; Yang and Cox-Foster,
2005 ) o [RIES, 2k 300 FL G 12 G fef 1 v e e e fi
64 FCIY KA R/ R, A dEAE TR IR |
RALTR . FRIRFBEIESS (Wueral, 2017) . I
J& , OV R AR A 5 R LR RIA B, 2R KIA
HEREFZEEWRAT . A el s
R K (Navajas ef al., 2008; Zhang
etal., 2010) . MAb, Zk I FC sk 2 2 o i
WEE, JLHZEE TR EE ( Deformed wing
virus, DWV ) RIR#AK( Chen and Siede,2007;
de Miranda and Genersch, 2010; Rosenkranz
etal., 2010) o kU7 PULIHEZF A= RE$2 5 2 A I
) DWV JKFF s B AR I JE %8 ( Yang and
Cox-Foster, 2005) , [FIH, fif DWV 74
FLe R IALHE (Martin et al., 2012; Wilfert
etal., 2016) .

BT, A AT BT FLIBETE A K P 2
B ) f 8 L LU T , (AT R AE A T B ]
BA i e, JUHOR X T 8 0% BUAERT I 2 B B
Bro tohn, Eweimi ik Em AL . JET R AIBR T
I AAMY K B A IE T RV, A TT i
— BB ARG o R, AT ISk 3T
PR 25 A8 B3 0 P p RS b B IR 43 iX
MY BeAF FE We AE RAVEAL AR L FISE
TGN, DL DWV SHEZK ARG A, B 1A
FELE TR A BT RGN GR XT3 — [ Be 2k Hr L i
Xof U B BRI

1 MRE5AEE

1.1 B hEFn ik Hy B g

BG4 ey B RN A, mellifera
ligustica, MIERFTPIERL 5 HISE LI, 1E4
P A AR I L B IR G IR RO S
(Nazzi and Milani, 1994 ), B, ®EEIHirid
1 AME R R A (2Rt B He R A FYA
WAL ); SRJE, MNEERE R —aK e,
175 W AN 25 M, FHAR I 2B A R e DX
A B w85 KL TR R R, ST

MR EATNEE; 12h )5, #HiZ T8, XRE
WA, 4TJF 12 h BB aa i) T bl o, i
AT (345 °C, 75%RH) 1-2 h; WrfEM
TG o HATICH ) T4, R

WS T KT ok A B, &%
( Dietemann et al., 2013 ) iR, MET
TFrogR B . 1o, Phikrhric 1 g E
FMERE (KRR IR ); SR)G, MiZRE
PE 12 9Kk E T IR, B —FT IS D 35 L 7 RE
{1 )y B/ 705 ZR 8 5 8 B Il A B RIS s
BE /IR ARAT UG 5 Hog W G 3 N A2 TR ISR B
TRIIEACRT IR, & PRI TS /T,
TE 1 h WoE TR ERAE ).

1.2 ¥R, SRR

ACYR 2 PN W06 A A R e R 2 0 B AR A1
¥ 2450 ( Nazzi and Milani, 1994; Piou et al.,
2016; Egekwu ef al., 2018 ), {#if] 00 5% BB
W e e ( Capsuline 23 H] ), FFFERCEE R I H R
HEHTAL o BRI Sk s ey e AN (1
Rl /e ); AR5, (0P 3RCTE il h dee i 42 o 22
gk R85 3 4, 0 mite. 1 mite A1 2 mites
. 0 mite ZH A XTHRZE, ANHEANIENE, 1 mite 20
Befp 1 Hugdh, 2 mites ZHEFD 2 Hbghl, #rx
Fofr 52 Jl ) 4 3% — 24 A 96 FL 1.5 mL 250 AR
LN (R4 ); SRETAIREE 34.5 °C,
75% RH M N TS M5f ( Lig—fERk 23 A R
NFE], B MGC-300H ) INEGFE, B3I
Bro —EUET 4 Wi E R .

HEEMSERGE , RERIFE 24 h XT 44 5>
TR B RS FBET G B A TG R BRI 5%, IF
fE553 K (D3), %56 K (D6), %9 K (D9)
A 7 (Emergence ) 4 /] 5435158 UEE
W SR I AR . B — R | D SR S
AR Y, (RIS, AR 2 e AR BRSO TR (£
FEIEH SEIE ), $ 450 0] b fhilk— 2 Al 7k
IEH ML o o B T -80 "CHYVKAR
AR,

1.3 2 RNA 2 #0 ¢cDNA 5

WRAE = S A, ] TRIzol K5
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(Invitrogen 2~ F] ) 437l DB I 28 e A i L/ 1
Bt BE IO RNA SRS , FIIFH DNase I Ambion
INF) ) RBREYE RNA FEF LR L] DNA
59, JFiz |l NanoDrop 8000 436G T

( Thermo Fisher Scientific 227 ) 7347 2. RNA ¢
AR RNA &, B RNA FERAFCT
- 80 °C£HI.

] 20 pL 33054 SR OV R A5 1 cDNAL 2
MARZALA: 2 uL BURNA (29 1 pug/uL) , 1 pL Fil
P19 (0.15 pg/pL ), 1 uL ANTP( 10 mmol-L "),
1 pL ZHRJEEE (0.1 mol'L™") , 4 pL 5X first
strand buffer, 1 pL SuperScript IIT ¥ %% 5% fiff

( 200 U/uL, Invitrogen 7y d) ) , A1 10 uL
nuclease-free water, KWV ERJFUNITF : 25 CLRER
5min; SR/, 50 CHHF 45 min; 5, 70 °C
{55 15 min, fTf5 cDNA 7L F-20 °C&H .

1.4 WEEE PCR
fEBhP St PCR (qPCR) FARM T 1
FEKHr LR N DWV i 8 3218 & 04T o g0 7E
CFX384 Touch real-time PCR system ~“F-5i#17
( Bio-Rad A ] ), K:l{554 SYBR green, 4~
BTG IR 1. WS HEE R B-actin, B 10 pL
PCR [ W AR R AL$E . 5 uL 2X Brilliant I11 ultrafast
SYBR green qPCR mix( Stratagene 23 A] ),0.25 uL
F#ESIY (20 mmol- L") , 025 uL RS
(20 mmol'L™ ") , 0.5 uL cDNA Hi#zFl 4 pL
nuclease free water, PCR W FEF M : 95 °CHF
%3 min; KR 40 MEH, FMEHN: 95 °C
FF2E 105, 3% 60 °CHE%E 45 s, 1 CFX Manager
3.1 ¥ft (Bio-Rad A ) AZhfH CriE, K5,
FAH B Crfd( AACT,( Schmittgen and Livak,
2008 ) i1 DWV XKk

®1 KHAREABNSIY

Table 1 Primer sequences used in this study

BN CBRT)

| (53 K (b X
Gene (GenBank accession SELN ) v EJE.(T; (bp) Z:7% 3R Reference
Sequence Amplicon length
number)
B-actin (%) TGCCAACACTGTCCTTTCTG (F) .
(NM_001185145) AGAATTGACCCACCAATCCA (R) 156 Mutti et al., 2011
B-actin (B FCH) GTCTCTGTTCCAGCCCTCGTTC (F)
(AB242568) TGAAGGTAGTCTCATGGATAC (R) 62 Moore et al., 2011
DWV CGAAACCAACTTCTGAGGAA (F) 174 DeGrandi-Hoffman e al.,
(NC_004830) GTGTTGATCCCTGAGGCTTA (R) 2010
L5 HESH FHMEKFE R P<0.05,
58 2 x 2 BIBRERF-R TR, o0 b dd iz ok
PR SRBAE A R WL &Rz 2 ERSITH

AISRIPE . FIH BN R J7 22500 ( ANOVA) 25
4 Tukey HSD Z 8 LLE ik, 43 Ak Hr BL oG 27
XA ERE S KN DWV £ RS
WA, DI A AL PR 2 R 2 S R

FIFH LA B a7 AR 5 e i e A g H |

W EDWV FEHEREH, UL %E DWV
F A . R Kaplan-Meier 15 fll log rank
5 Wilcoxon £ I # 17 4 17 40 #1 ( Survival
analysis ), FFiE—{# ] Wilcoxon #5617 4%
Ak B ) %) T P LA . BT et o B 4
SPSS18.0 # {4 (IBM SPSS /A#] ) 5. K it

21 RGTEWMFLESRFTELZTREERLA

T WS [ B ] 5 e AN R RIS K
B AR R B SR EES, W&
K ]2y I FIE R 2 255 S5IEH - MAM L,
WA AR B HAR SRR IE 7 &% B ARG 1) &
BIER (ZIRE @R ); 2) W/ R Ek; 3)
NEIREE4E ; 4) RGN Ad, sk (K
1: A), B4 Ab BHLH A I 0 IE A &
AEATR AT . B WA R B WY % 5 e i A
HEEME (P <0.000 1); FEEMEHEF%H
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Skt
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0
0 H e
0 mite

Bl % 7% Abnormal

B 1F % Normal

L s 2 et
1 mite 2 mites
Ll ds|

Number of Varroa mites inoculated

B 1 SEFICHT LR B SN AR R S
Fig. 1 The effect of Varroa inoculation on the appearance of honey bees
A, R [) I I B A S SR (AN IR RS A 238 s IE 3 MK, AR R AN s
B. AT SH T,
A. The observation of honey bee appearance at different time points (the normal and abnormal

individuals are showed in the left and right parts, respectively for each time point);
B. The percentage of different developmental patterns in honey bees.

Hahn, ANIEH K E 1 AR G d bl 2 T e
(E1: B),

22 URHFESHERFERERK

i 3 WEE T AN (R4 H BT FU i 27 AR5 3
K (D3), 6K (D6), 9K (D9) i
B 2F AR AR AL, BROUT P25 A2 X 25 EARE Y
I ULIE 2. 5 EN, H D6 e, Bk LA
AP EEF B R B EREL (D6, P<0.001; D9,
P<0.001; i, P<0.001), HiZzow 5%k
LI B A AE SR O, e & A R 1 (D3),
NIEH A (D3, P=0.410).

23 DHMEMTFESETFIRTRES

WA 24 h WEANCSRAF FIET- 5, o
ST B2 AR A A SR, A Ao A 2
SN 3 s o AR AL B A A7 A7 i 2 0 2
[ (log-rank test: y* = 54.421, df = 2, P < 0.001;

Wilcoxon test: y* = 46.116, df =2, P < 0.001 ); 5
XFHEZL (0 mite) AHEL, MG RMELL, %3
FFam i AR, SETO RN (1 mite: P < 0.001;
2 mites: P < 0.001); 5#F 1 mite ML, #F
2 mites i B W 2E A9 A FIET( P < 0.01 ). HIL,
AU P A R BT AT ORI . B
B2, Hazsgm 5 s g i e i 5 B A 6

24 WITEMEFEMNFEEAN DWV FEEE
B = M

W E AT O A AR S 3 R, 6
K. 59 KA b IR N DWV i 1L,
AF 5% 2K ST B 2 o X 27 A 1A 95 1 86 TR 7K OF- 1)
SR ([ 4), SXTRB4IAHEL, BRT D6 4k, HiAth
A5 LIS [ g PN, 2R e il 4 ) 5 1R P DWV
MG, LR e AR B E T,
RN DWV F£kKFEBBEZ . 78 D9 B, 2k
Hr FCu 27 A B R = T DWV £ (P <
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D3 De  __
0.14 - a 2 a 0.14 y= 0.20089x+0.1304
12 | a a R?2=0.9997
C 0. C) 0.12 b
~ = 0.10 ~ £ 0.10 1
0 5 w0 5
2% 0.08 <5 0.08 1
i# 2 0,06 2 0.06
ﬁg 0.04 - ﬁg 0.04 1
0.02 1 0.02 1
0 0-
0 HLige 16 1 5 il 2 e i 0 e gk 1 5 el 2 el
0 mite 1 mite 2 mites 0 mite 1 mite 2 mites
Herp e e Herp g e
Number of Varroa mites inoculated Number of Varroa mites inoculated
0.14 - D9 0.12 - H 5 Emergence
1 a y=-0.0163x+0.132 6 a y=-0.0146x+0.1139
C 8'10' ab  R=0.999 6 % 0.104 b R=09775
g Y c = (.08 c
25 0.08 22 006
i % 0.061 B = 0
% 0.041 &5 004
A 0.021 0021
0 - T P 4 0- j g
0} e 1 5 e 2 el 0 H e gy 1w 2 e
0 mite 1 mite 2 mites 0 mite 1 mite 2 mites
eS| Herpig g

Number of Varroa mites inoculated

Number of Varroa mites inoculated

2 EMUHEHEEIX (D3) £6X (D6) £9X (DY) MHERWEEESE
Fig. 2 Body weight of the honey bees at three days (D3), six days (D6), and nine days (D9) post
Varroa destructor inoculation and at emergence

HE EARCA R 51178 28 Tukey HSD £ 5 FE K 3045 Ab BRAE 1F] 22 5+ .35 (P < 0.05), T I&INA.
Histograms with different letters show significant difference by Tukey HSD tests (P < 0.05). The same below.

L e T

2 0.8 1
-
£ 0.6
2 (.4
= 0.2 .2 () mite
i — 1 mite

04 — 2 mites

0 2 4 6 8 10 12 14
b e e KB

Days post Varroa inoculationv

B3 #MRTRENTESF@Rm
Fig. 3 Effect of Varroa inoculation on the life
span of honey bee hosts

0.05 ), H# 1% DWV Kk /K- 5tk H B2 1E
FHOG (P<0.01), RPN FEEREIEIE DWV 1
BIEAR N ALRE SN GE . 340, BT B AN AF 1Y
DWV ZRiE=F B HT R . 2K U i o 1)
DWV FikK 525 RN DWV FikKF- i

EIFFX (P<0.001) (& 5),
3 g

H TG 5 2 e A Pk FUAi B 2 £ 2 05
FEARAT RS TR] PN, 15 B 5R 2 sc i i 3, k3
B85 7 A7 350 DA H) 1) 7R ST b DX 2 4 e 1) 4 Bk
JUT- i b DX (Y 7 e e e v, I 0 e i ft e
T EE M (De Jong et al., 1982b;
Rosenkranz et al., 2010 ). Ak B FL 5 %o 25 1 35 3k
1G22 BORZ 2R 5 Toie & 7E4) A1 A1
BUEH], R ACE RIS, #B AT I
ZHEEREMAAY2 I ( Boecking and Genersch,
2008; Le Conte et al., 2010; Rosenkranz et al.,
2010 ), #EEEMARTEL AN K& B SR FGH L5 00
BRI A A G s BRI, P Al R 5
T AZ T AR SRR R — i i 0 SR U )
FEAR A B A B A AR A7 o ASHIFSE 4 SR A A
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0L e .
O 1l 2 R
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3 D6
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&
=
s
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= E 11
A |
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O el 1 HMeigE 2 Hlid
0 mite 1 mite 2 mites
Herpissig E
Number of Varroa mites inoculated
8 - H 5 Emergence
S
6 -
# 2
# = 44
22
a
- T
) |
0-
Odl 1Ml 2L
0 mite 1 mite 2 mites
e g% B

Number of Varroa mites inoculated

4 EMUHEWEEIXR (DI) F£6X (D6). £9X (D) MHERWEEEN DWY FEFEE
Fig. 4 DWYV abundance of the honey bees at three days (D3), six days (D6), and nine days (D9)
post Varroa destructor inoculation and at emergence

307 y=1.2627x+6.6075
25 R*=0.850 1
20 +
15:-
10 -

<

-5 S0 -5 g |
.~'f . -10 A
_15 J

WA C, Varroa AC;

B 5 DWV EHEMTEMANREFEERRE

Fig.5 The correlation of DWV abundance between
Varroa mites and the parasitized hosts

<
<
®
5]
m
-
3 ~ 4
&
&

KT U 0 5 M A A 01 R RS L TERT AIESE
PYBERT b, B A MR 7R 1 Ak 3 PO R P 2 i
WHER BRI LA . RIEIEE.

R T AEAS TP e 3% 2 A A T T I A
WA FRBIRAS, ARFFER T 5 AR LT
RA—FEMEE IR 1k (De Jong et al., 1982a;
Bowen-Walker and Gunn, 2001; Pedro et al.,

2003 ), B P2 0T B i 25 O I AR SN 57 R B2
( Nazzi and Milani, 1994; Piou et al., 2016;
Egekwu et al., 2018 ), fEBIIZFRSE, LT
b2 P B N ST PR o = TV i
THFR SN BREEEN T EARTE T #T, A
RACRE B R SR R T A A A DR 2R R O 5 SR 1)

T

AR LI, KB AIEE EE MR E) S
e E B B IEAHOG, X5 Bowen-Walker
F1 Gunn (2001 ) WIRFFEEEFAH—E, ARIPE,
AWFF R B RIE RG] (B 29.1% ) ]
25T De Jong 55 (1982a) M Bowen-Walker Fl1
Gunn (2001) HYRIESSR (<10% ); R, A
AF 5% Hf G 6 % HE A 19 & 7 R TR A A L 4] 3k 3
12.0%, TR A5 5tk 78 A e il 2 e 1) 0 15
AL RE (<2% ) ALK BRI ( Bowen-
Walker and Gunn, 2001; Yang and Cox-Foster,
2005; de Guzman et al., 2013 ), EHIEB® LT
W Y ML AL R Bk (B(ZE46 ), & DWV
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JERGL PSSR, HAE IO P2 AR, DWV
TETF FRN — A T RAPERGRAS (Covert
infection ) M A~ H BH A {2 i IR ( de Miranda and
Genersch, 2010 ), AT LAFHEDN AN [ B i) 1 1 35, 1)
WA S FOiE A B T DWV AN R
PR BEANR], 30 W RER AN ] ( Ryabov et al. ,
2014, 2017), FEAEKIM PLHEVEHTT Eom ik
I LE AN [R] o SEBR I R A Rtk — 20 RS

HUAERBFR S R, Ao iy s A
PRAE BT D ) 2 IR A R 3R A, RIS
AR JEHZES % (De Jong er al., 1982a;
Bowen-Walker and Gunn, 2001 ), 2k, 5 LA
R R B, AR TG i )%
TEZ A0, X ELR R B T B i 49 sk T T AT
IIREE, KT HZARIERE RAE, KR E2EN
IR B0 IR X — L RVRRAE , HARR I Ny
EREAIER (K 1. A). 74, ik IH/ L
R iR R AMA (B 1. A), Hrr,
MEKFIRGE Wk B A KGRI B 77
A 6 RITIR I ; MEHBZELN | MR BUNESR
TEFE K 3y FUIH 27 A 205 9 R RN M mT WL ERE,
P T R B AN IE R RIERE LB B E
WOE R . AHHEH A AR B DWV REEG ],
MEEREIRE (ZIREGIER ), MENLNE
PR RHE T T RE R 7 R E A R AL, B
2K BLAHG B B B R .

A5 ¢ W AR 37 T i 27 A 5 U e ) A
R, ELIZRUN 5 T b 2 A 0 e il 45 B 3% 1Al
Koo 2L T A R P A T S A
IR ARE A, AR R TEOT FU 7 A5 6 K
M9 R, aF FREAEIS B —2L,
T RE G A5 B A 2k 0 UM 27 A2 20 3 K%, b PR S
XHRAL Z Ml AR A 2ZS (B 2), %
e A AR AT 55 Kk 3T B Al D27 2 8 U SR A DG HK
AF 9 3R W Bk 30 L6 7 5 LS 5 AR J AN A RITF
IEEUE (Rosenkranz ef al., 2010). N A{EHC
FUGAICE, BERE S S7Ear £ () 55
FKZATAL, il — DB IX (Feeding zone)

(Rosenkranz et al., 2010 ), #it, FAWFR L

73~ ME P G T BB AN 25 AN A R 1 1) T o AT
— AL, MHRTEZA & il 2 e AL A,
AR i AEHE R FL ( Egekwu et al., 2018 ), 7k
WTECIHE T /E 16 h P IEAT 23-33 YRELE , BRI
29 10s (Lietal., 2019), 54k, Bk ECIH
PR R KRS 18 HEM ;R PEHE Y AR
TR R TR RN FIEY 1 ul BEFRR
( Posada-Florez et al., 2018 ) . K, H MBIk
BT A2 HAR, 27 BRI S KA S =
BIRYT, MAFZLENEFRA L, BIESE R
RN FETF EREAR T, UK ERES
[R] R

P 2k Hr B 25 A= 5 & B R e R =2 R B
9% ( Varroosis ) ( Boecking and Genersch, 2008 ;
Rosenkranz et al., 2010 ) o 2K FLIEAS B 2 FL
g 1A B 2 B0 IR 2R, TR B T PL I Sy A A 7
4 1) 22 o 35 DUAS) B T B0 96 5 1) TR 9 B0 1R
% (Boecking and Genersch, 2008 ) , ifij H.2kr
FUIEAT DWV B Z P G T A G &R, 3
[} 25 77 A= fa 3 (Di Prisco et al., 2016) . B
SERBL, B LB H 59 3 DWV KRk P
FIEARSE (Shen et al., 2005) . A5 IR7E 3]
— L. ABRINIE, AR AT P
DWV ik /KT 5% % DWV Fik K- il 3 1E A
Koo PRI PLIE AT S ECEF E e E], TGS
RN DWV JEEE f  (Shen ef al., 2005;
Yang and Cox-Foster, 2005) , %5—J71fi, DWV
I B 72K T BLIBE AR YL RB 3G AR, SRS E Bl 2k
FLlE AR DI E, (BRE B ek, 15 HS
HWERS (Yue and Genersch, 2005; Chen
etal., 2006) .

KEZRMAEFRERE, EHEFERED
1000 Jiff. 7EJURFRIETAEE RS 1T,
E SR IS TR B RE . [, fEEE LY~
WESE WIS T — R EE A AR (&
B, 2020) o FRT, FRIEFREAE TSR THNIG & OR
FI 2K BUIE ) ™ UM o R T AR A AR 2K
LI 2R 2 A1, 3R E R T AR 7 2 ek
FLISEAILHRI AT | 46 W Ho i 7 LA KR rp B 200K
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TH1 B I B s A T A T R TRk (TR
2012; FWEFEE, 2012, 2016) .
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